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B crari 3anporionoBana anajiituydHa MOJe/b (parmMeHranil makeriB B pajioKaHaJi nepejadi gaHux. Tak gk
MaKCAMAaJIbHA JOBXKWHA MMAKeTy /I KAHAJIHHOrO Ta (i3wvHOro piBHIB BH3HAUEHA 3 yMOB edeKTHBHOI pobOTH
Mepexi B IIJIOMyY, TO JOBXKMHA [TAKETy [IPYU MAJINX 3HAYEeHHs 61TOBOI MOXUOKY B KAHAJI MOYKe Oy TH 3HATHO MEHIIIOI0

BiZ OITMMAJIBHOI, a TPV BEJIMKUX 3HAYEHHST GITOBOI MOXMOKM TIPOMIOHYETHCS BUOMPATH MOBXKUHY (DPArMeHTIB

JJIEHHSM MaKCUMAJIHHOI JOBXKWHM HA PiBHI YACTHHM, 32 YMOBU IOJINNIEHHS €(eKTUBHOI NIBUAKOCTI [I€pemsadi.
Po3spobiiena anamiTudHa MOJIEIb I03BOJISE, /IJIsi BUOPAHUX MapaMeTpiB MUKJLy mepeaadi garux nporokoiay ARQ 3
Stay And Wait, po3zpaxyBaTu 3HaueHHsI TMOBIPHOCTI GITOBUX MOMUJIOK TPU SAKUX HEOOXIIHO 3MIHUTH MapamMeTpu
dparmenTarii qis OTpuMaHHS Kpanioi epeKTUBHOI NIBIIKOCTI Hepeasi.

Karowosi caosa: dparmenranis; pagiokanai; ARQ; SAW

Bceryn

AjanTuBHI aJIrOpUTMK KEPYBAHHS HA PI3HUX PIBHAX
apxiTekTypu 3a0e3MevyI0Th sIKiCHY poOOTy paJioMeperxKi
i3 MaKeTHOIO Iepejadero JaHuX.

EdexTrBHa mBHAKICTH mepemadi JAHWX B paJioka-
HaJl MepexKi BU3HAYAETHCH IapaMeTpaMHu MTPOTOKOTY
0oOMiHy Ha KaHAJbHOMY Ta (PI3MIHHUX PIBHAX i XapakTe-
pUCTHKAMU KAHAJLy M[OMIMPEHH: XBWJb. Jlyisi rapanTo-
BAHOI JOCTABKYU MAKETIB BUKOPUCTOBYIOTH TEXHOJIOTIIO 3
KOHTPOJIEM JOCTOBIPHOCTI OTPUMAaHHS MAKETIB CITOXKUBA-
gem (ARQ, Automatic Repeat-reQuest) [1]. imosipricTs
MIOMHUJIKH B TIAKETI 3aJeXKUATh Bixa fiMoBipHOCTI 6GiTOBOI
nomunku (BER, Bit Error Rate) ta gosxunu naxery.
HasBHicTh MOMIJIOK B IAKETAX BEMAra€ IMOBTOPHOI Iepe-
Jadi, 10 TPU3BOANUTH [0 3MeHITeHHs e(DeKTUBHOI TITBU/I-
KOCTi mepenadi mannx. OparmMenTariia MakeTiB 3MeHIITYE
WMOBIPHICTh MOMWJIKH B TAKeTi, 3aTPUMKY ITOBTOPHOI
nepemadi pparmeHTa, 1m0 MOJMMNIIye epeKTUBHY IIBHI-
KicTb nepegadi. Kpurepiem Bubopy po3mipy ¢dpparmenTis
nakery € #MoBipHiCTH 6iTOBOT TOMUIKK B KaHasi [1-4].

MaxkcumajibHa JTOBXKHHA IAKETy B Meperkax odmpa-
€ThCS 33 KpHUTEpieM edeKTUBHOCTI pobOTH Mepexi B
mistomy. Ilpu dikcoBaHiil TOBKUHI TAKETY BUKOPUCTAHHS
METOAVKYM BUOOPY OMTHUMAJIBHOI MOBXKWUHU (DPArMEHTIB
[2-4] yCK/IAIHIOE aJIrOPUTM Ta IPU3BOJUTH [0 HOSBU
KOPOTKHUX (pparMeHris, micis Bubopy (pparMeHTiB ONTH-
MaJIbHUX JOBXKWH, 1 BiAMOBiAHO 10 3MeHIIeHHS ede-
KTUBHOCTI. 7151 ycyHeHHsT TaKOTo ebeKTy Ta CIIPOIIEHHS
QJITOPUTMY TPOMOHYETHCS BUKOHYBATH (DPArMEHTAIIIO
METOJIOM JIiIeHHS MMaKeTy Ha PiBHI YACTUHU B 3aJIE2KHOCT1
Bim fimoBipHOCTI GiTOBOI TOMUIKK B KaHAJI.

1 TIlocranoBka 3agadi

Meroro pobotu € moOym0Ba aHATITUIHOI MO /I
BU3HAYEHHS TOYOK, HA KA IMOBIPHOCTI BITOBUX ITOMU-
JIOK, B IKUX HEOOXiTHO 3MIHIOBATH JOBXKUHY (PpParMeHTiB
MAKeTy JJIsT OTPUMAHHS KPaIol e(eKTUBHOI TBUIKOCTI
nepegadi JaHuX.

2 PesyabraTu mociimazKeHb

Posrusinemo edexrusnicrs nporokosy ARQ i3 3y-
nrHKOIO Ta ouikyBaHHsAM (SAW - Stay And Wait), sknit
sukopucroByerhbest B IEEE 802.11 [5,6].

CrpykTypa npoTokosibHOro nukiy [1] nakernoi nepe-
nmagi marmx ARQ SAW nokazana wa puc. 1.

to

A

ta tf tp “tack < ta <« fP=

Puc. 1. Mukn nepegadi maHux 3 MiATBEPIKEHHIM

3arajbHa, TPUBAJIICTD UKy TTEPEIati

n n
to = 2tq + 2tp +tf + tack = 2(ta + ) + — + —= (1)

R R
Je R — mBuUAKicTh Tepenadi B KaHAJi, Ny — 9YUCIO OIT
KOpHucHOI iHdopwMmarii, n, — Yucao OIT Hmakery Biamo-

Bini (ACK, Acknowledge), ng —

qucao OiT CayKO0BOT
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incdopmariii, B gKi BXOAATH 3aroJIOBKH, KOHTPOJIbHA CY-
Ma HakKery, t, — TPUBAJICTD HOMUPEHHS , BU3HAYAETHCA
BiJICTAHHIO MiXK CTaHIiAMHM, ty — TPUBAJICTL Hepeaadi
TMaKeTy, t, — TPUBATICTh OOPOOKM MakKeTy B Hpwuitmarti,
task — TPUBAJICTH nepenadi Bianosinl (KBuraHmii).

IIpu BTparTi makery BiAIOBii MOBTOPHA Mepegatia ma-
KeTYy JAHUX BUKOHYETHCA TICA 3aKiHUYEHHS Yacy TaiM-
ayTy t¢.

EdexTuBHa mBuaKicTh mepeaadi KopucHoi indopma-
il BUBHAYAETHCS

ny —no

Res -

(2)

Mincrasumo (1) B (2) Ta orpumaemo edeKTUBHICTDH
Cy WBUAKOCTI Lepesadi JaHuxX B KaHaJi 0e3 wiymiB Ta
3aBaI

nf—no

Co=—1 = ns
R 1+ %; + 2(tat+tp)R

nf

_ o

3)

IIpu GiTOBMX MOMMJIKAX 3 BHUIAAKOBHM PO3MOIiIOM
B KaHaJi HMOBIDHICTh HOMHUJIKM B IaKeTi JOBXKHHOIO 77
Bu3Ha4aeTncd (2] Pf =1 —-P =1—-(1—p)™, nep -
WMOBipHiCTD GITOBOI MOMUJIKH.

CepeiHiil yac MUKy TePeIati MaKeTiB 3 IMOBIPHICTIO

fo'e) .
P; susmawaervca (1| Eft;] = to + >, (i — 1)t (1 —
i—1 _ ti Py

Pr)Py™" = to + 155
Bubparu t; = tg, TO

ne t; - dac rtaifim-ayty. Ko

to

E[tt] = ﬁ

(4)

IMixcrasnsemo (5) B (3) Ta orpuMyeMo ebeKTHBHICT
C mepejadi mpoTOKOJYy 3 3yHUHKAME Ta OYiKYBAHHSIM

(ARQ SAW )

(5)

B mepexxax MakcuMaldbHA JOBXKHHA IMAKETY 33713~

ma, tak B IEEE 802.11 Bimnosimae 2312 Gaiitam [5], i
BUOMPAETHCSA 3 YMOB e(heKTUBHOI pOOOTH BCi€l MEpexi.

IMo6yayemo rpadik edexrusrocri nporokory (5) B
3aJ€KHOCTI Bif, p J/Is Pi3HUX MOBXKUH (PPArMeHTiB Ma-
KeTy OTPUMAHHUX IILIAXOM [iJIeHHH MAKCHUMAJIbHOI JI0B-
KuHM Ha 2, 3,4 ...k ama 3amannx napamerpis R =1,5-
10° Gir/cex, ny = 2312 Gaiir, ng = 8 Gaiit, n, = 8 Gaiir,
te=5-1079, t, = 10-10—6 nuxny nepenadi jaHux (puc.
1).
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Puc. 2. Banexwuicts edexkTuBHOCTI Iepesadi Big iMOBIp-
HOCTI 6ITOBOT MOMUJIKH TIPH PI3HUX JOBXKUHAX (PpaArMeH-
TiB HaKeTy

[Ipu BuGOpi pparmeHTariil maKeTy ILISIXOM JILTCHHS
MaKCHMAaJIbHOI JOBXKUHU Hakery Ha 2,3,4...k, makcu-
MaJIbHa, €(hEeKTUBHICTD TIBUIKOCTI TIepenadi JaHux Oye
JIOCSATATHCh, SIKIO PYXATHUCh MO 00BiHIi rpadikis 371iBa
nanpago. J[o rouku A dparmentariio ne BUKOHyeMO. le-
perada JaHuX BUKOHYETHCS HA MAKCHMAJIbHIN JOBXKUHI
HaKery, dka subpana B Mepexi. Bix rouku A ;10 B naker
mimMo Ha aBa dparmentu, Bim touku B mo C maker
IiMMO Ha Tpu (hparMeHT i T. 1.

i BU3HAYEHHST P B TOYKAX, /i€ HEOOXiTHO BUKOHY-
Baru 3miny JoBxkunu dparmentis (rouku A, B, C ... ),
CKJIaJIEMO PiBHAHHS

1 — 2o
n nf
(]‘_(1_(1_p) f))1+h+2(ta+tp)R_
ny ny
nf - nm}k
L e ireen LI O
+ ng/k + ng/k

Ie ny — OOBKUHA (BPArMeHTy 10 TOUYKH 3Minu, ny/k —
IoBXKUHA (PPArMEHTY TIC/IS TOYKU 3MiHHU.
Hasenemo amasituyuni pimenns pisuganusg (6) (Touku
D, E ua puc. 2 He noka3ani): Touka A
pa=1-— ((nanf —2ngno — 2npng + n? + 2Rnyst,—
—4Rnotq + 2Rnyt, — 4Rnoty,) /(2nens — 2neng — non g+

2
+n% + 4Rngt, — 4Rnot, + 4Rngt, — 4Rnotp)) s
Touka B
pe =1— ((6667n,ns — 10000n,n¢ — 100007 fn0+
+ 6667nfc + 13334Rnyst, — 20000Rnot, + 13334 Rnst,—

— 20000Rngt,)/(10000n4m; — 10000n,n0 — 6667n0n f+
+ 6667703 + 20000Rnst, — 20000Rngt,+

10000
+20000Rn t, — 20000 Rnot,)) "5

Touka C
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pc=1-— ((3nanf —4dngng — dngng + 3n3‘- +6Rnst,—
—8Rnot, +6Rnst, —8Rnot,)/(4ngan s —4ngng —3nno+

4
+3n% + 8Rnyt, — 8Rnot, + 8Rnyt, — 8Rnoty)) ™

Touka D

pp=1— ((4nanf — Bngng — dnygng + 4n? + 8Rnyt,—
— 10Rnot, + 8Rnyt, — 10Rnoty)/(5nans — Sngno—
— dnyng + 4n7 + 10Rnst, — 10Rngta+

-

+10Rn;t, — 10Rngt,)) ™1

Touka E

pr =1 — ((8333n,ny — 10000n,n9 — 100007 s10+
+8333n2 + 16666 Rnst, — 20000Rnot, + 16666 Rn ;t,—
— 20000Rnot,)/(10000n,nf — 10000n,n0 — 8333n0n 5+
+8333n2 + 20000Rnft, — 20000 Rnot,+

10000

+20000Rn ;t, — 20000 Rnot,,)) "0

B tabn. 5 mpuBeneni pesysbraru BUMIPIOBAHHS 3HA-
9eHb P 1o rpadiky Ta po3paxyHKy 1o (opmynax.

Tabs. 5

Toukn wa rpa- | BuwmiproBanus Pozpaxynok p
diky Ha rpadiky p

A 1,007 -10° 1,0078 - 1076
B 3,016 - 107F 3,0147 - 1076
C 6,018 - 1076 6,0186 - 10~°

dAxmo Bubmparu n0BxkuHY (HPArMEHTIB IIEHHIM
JOBYKUHHA MAKCHUMAJIbHOTO TMakeTy Ha 2,4,8..., To Ajsa
BU3HAYEHHS TOYOK II€PEXOAy Ha IHIIY JOBXKUHY dpa-
IMEHTIB JOCTaTHbO OHOIO pillleHHs PiBHAHHSA B TOYLi A.

JIjist OIHKYM BiJXWJIEHHS BHOPAHOI MOBXKUHU (Dpa-
TMEHTIB BiJ ONTHMMAaJ/JIBLHOI TPW 3aJaHiil #MOBIpHOCTI p
BU3HAYNMO 3 (5) ONTHMAJIbHY JOBXKUHY HaKeTy

Nopt = Mo /2 — N4 /2 — Rty — Rty — (4R*2 + 8R?*t,t )+
+4R*t2 +4Rngt o +4Rngt, +4Rnot, +4Rngt, +2nano+
+n2 +n2)log(l — p)® + (—8Rt, — 8Rt, — 4n, — 4ng)-

log(1 — p))% /2log(1 —p) (7)

OnrumaibHa JIOBXKWHA TAKETy [JIsT BUOPAHUX ITa-
paMeTpiB MUKJIy Mepeaati JAHUX MpPU 3HAUYEHHAX D =
1,0078 - 1076 B Toumi A. JIoB:KMH3 maKeTy Nopt CIIPa-
Ba Bim Toukum A Mmenme, a 3mipa Oinpma ma 30 % Bin
BuOpaHNX JOBXKUH (dparMenTis n, = ny = 2312 Ta
n; = nyg/2 = 1156. B okoui rouok 3minu posmipy dpa-
TMEHTIB e(EeKTUBHA, IMIBUIKICTHL Meperadi JaHuX MEHIIe
ONTUMAJIBLHOI Yepe3 HEeBIAMOBIIHICTh PO3MIPIB JTOBXKU-
HA (PParMeHTIiB ONTUMANbHIM JOBXKWHI, aje J0CATa€ 11
BEJIMYUHU B IEHTPAJIbHIN YaCTHUHI iHTEpPBAJTY.

Busnauumo 3 (7) #imosipHicts P, 6iroBOI HOMHUIKE
JUls 3313aH01 10BKkuHK BparMenTy

P, =1-1/exp((nge + no + 2Rty + 2Rt,)/(Nyyng—
— Nyuno — nang + N2 + 2N,, Rt, + 2N, Rt ,—

—2Rn0ta - 2R7’L0tp)) (8)

ne N,, — IOBXKWHA (pparMenry.

Pospaxyemo 3HageHHst p, g SAKUX JO0BXKUHU (Bpa-
TMEHTIB 1, Ta Ny OyAyTh ONTUMATLHUME P, = 5.0448 -
1077, Py = 2.032- 1078, Takum umHOM, 3MiHE KiTBKO-
cri ¢dpparmentiB B Touni A MOXKyTb OyTH BUKOHAHI 1LIpU
3mauenni p = 1.0078 - 107° a6o B cepenmni inTepBamny p
Bix 2.032-107% 10 5.044 - 10~ 7.

Hapeneni anasituuni pimends piBaaaHga (6) 103BO-
JITIOTh BUKOHATH PO3PAXyHOK HMOBIpHOCTI GiTOBHX IIO-
Muiiok B Toukax A, B, C, E, D npu 3a/janux mapaMerpax
[UKJIy TIepeadi JaHuX i BuOpaTtu BianoBigHuilt Koedirri-
€HT JiIeHHS Makery HA (DPATMEHTH.

BucuaoBku

3amponoHOBAHO aJIrOPUTM (DparMeHTaril [/ KaHa-
JiB mepenadi maHux 3 (PiKCOBAHOIO MAKCHMAJIHHOIO JTOB-
JKUHOIO IAKEeTIB IJISAXOM JIIJIEHHS IaKeTy Ha PiBHI 4a-
CTWHU Ta OTPUMAHI aHAJITHIHI BUPA3U JJIsT OOUNCIEHHS
3HAYEHDb WMOBIpHOCTE!H OITOBOI MOMWJIKM TOYOK, B SKUX
HEOOXi/THO BUKOHYBATH 3MiHY JOBXKUHU (PpPArMeHTiB 1
OyIb-IKMX MTapaMeTpiB MUKy Mepeaadi TaHnuX.
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®parMeHTanusg NaKeTOB B pPaAMOKaHAJIAX
nepesadum JaHHBIX

Toaosun B. A.

B crarbe npemjioxkena aHaJIUTAYECKasd MOJIEb (hparMeH-
TAIV TTAKETOB B PAJMOKAHAJIE TEepeIatn MaHHBIX. Tak Kak
MaKCHMAaJIbHAS JINHA MaKeTa IS KAaHAJIBHOTO 1 (QU3NIECKO-
ro ypoBHell ompeesiena u3 ycjoBuil 3ddeKTUBHON PaboThI
CeTH B IIEJIOM, TO [IMHA TIAKETA IPHU MAJbIX 3HAUEHUs OU-
TOBOi1 OmIMOKK B KaHAJE MOXKET OBITh 3HAYUTEIHLHO MEHbIIe
OTHMAJIbHOIM M He MOXKeT ObITh W3MeHEHa, a IPHU OOJIbUINX
3HAYEHUsT OMTOBON ONMIMOKYW MTpemIaraeTcss BHIOMDATH IJIHHY
dparmvenToB genenreM MaKCHMAJIbHOHM [JIMHBI HA DABHbBIE
9acTU,IpH yCaI0BHU yiaydiieHus 3(hdeKTuBHON CKOpOCTH Iie-
pemaun. Pazpaborana aHaINTHYIECKAS MOIEIIH TO3BOJISIET [JIsT
BBIOPAHHBIX [IAPAMETPOB IUKJIA IT€PeJati JAHHBIX [[POTOKOJIA
ARQ c¢ Stay And Wait, paccuurarb 3HaYeHUE BEPOITHO-
cTH GUTOBBIX OIMMOOK IIPM KOTOPBIX HEOOXOAMMO M3MEHUTH
mapameTpbl dparMeHTanuy IS HOIydeHus jydqmnieii adbde-
KTUBHOI CKOPOCTH II€peatiu.

Karuesoie caosa: dparmenTanis; pagiokanag; ARQ);

SAW

Fragmentation of packets in the radio data
channels

Golovin V. A.

Introduction. Effective data transmission speed in the
radio data channels network is determined by the parameters
of the exchange report on the data link layer and physi-
cal levels and the wave emission channel characteristics.
For guaranteed delivery of packets the technology with the
supervision of packages receiving validity by consumer is
used. Errors availabilities in packets demand retransmission,
which leads to a decrease the effective data transmission
speed. Fragmentation of packets reduces the probability of an
error in the packet, the delay of the fragment retransmission,
which improves the effective transmission speed. Problem
statement. The maximum packet length for data link layer
and physical levels is determined according to the conditions
of the effective network functioning in general, consequently
the packet length with low values of bit error in the channel
can be significantly less than optimal, and with large values
of bit error the possibility to select the division fragments of
the maximum length into equal parts exists, under the terms
of improving effective transmission speed. The aim of this
work is to build analytical model for points determination
on the scale of probability of bit errors, where the length
of packet fragments is necessary to be changed in order
to better efficiency of data transmission speed. Theoretical
results. Based on the analysis of data transmission report
with a stoppage and expectations the analytical model of
effective data transmission speed in the radio data channel
with bit errors and random distribution is received. There is
equation to calculate the bit errors probability at the points
of the fragments length changing. The obtained analytical
solutions of the equations allow calculating the value of the
bit errors probability for any parameters of data transmission
cycle. Also, analytical expressions for calculating the optimal
fragments length with a given probability of bit errors and
probability of bit errors for a given fragment length are obtai-
ned. Conclusion. Proposed analytical model and analytical
calculations can be used on data link layer and physical levels
of the channels with packet data transmission according to the
ARQ SAW algorithm to select parameters of fragmentation
depending on the bit errors in the channel.

Key words: fragmentation; radio channel; ARQ; SAW
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