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ABSTRACT

Context. High level of industrial noise increases the loss of information frames during transmission, which in turn decreases the
network throughput. We propose a mathematical model of IEEE 802.11 networks operation under conditions of increased interfer-
ence intensity.

Objective. The purpose of this paper is to express in an explicit analytical form the effect of bit error rate (BER) on the probabil-
ity of frame transmission and the network throughput.

Method. We have proposed the method for constructing a model that allows you to directly calculate the dependence of the
frame transmission probability on the number of stations operating in saturation mode, which is convenient for engineering calcula-
tions. The values of the model coefficients were selected by comparing the calculation results with the results obtained using the
known Bianchi model, which describes the network operation in the form of a Markov process. In the range of up to 23 stations
working with one access point, which corresponds to a collision probability of up to 0.5, the indicated dependences for both models
satisfy each other with an accuracy sufficient for the practical application. An expression for the network throughput has been de-
fined.

Results. The results of the model development were used to take into account the effect of interference intensity on the informa-
tion transfer process. This made it possible to explicitly express the effect of BER on the probability of frame transmission and the
network throughput in the case of variations in the length of the frames and with a different number of competing stations. The de-
gree of throughput reduction has been determined for BER = 107, 5-107, 10~ and increasing value of minimum contention window.

Conclusions. In this work, a mathematical model has been developed for direct calculation of the probability of frame transmis-
sion and network throughput at different levels of BER.

KEYWORDS: IEEE 802.11 networks, mathematical model, frame, transmission probability, collision, throughput, interference

intensity.

ABBREVIATIONS

BER is a bit error rate;

CSMA/CA is a Carrier Sense Multiple Access with
Collision Avoidance;

DCEF is a Distributed Coordination Function;

FER is a frame error rate;

OFDM is an Orthogonal Frequency-Division Multi-
plexing;

WLAN is a Wireless Local Area Network.

QAM is Quadrature Amplitude Nodulation.

NOMENCLATURE

ACK is a frame acknowledgment;

DIFS is an interframe space;

SIFS is an short interframe space;

E[Fr] is an average frame payload size;

H is a frame header transmission time;

L is length of the frame data field in bits;

m is a number of window doublings allowed;

MAC,,, is a frame channel layer header transmission
time;

N is a number of features characterizing original sam-
ple;

n is a number of competing stations;

p 1s a probability that a transmitted frame encounters a
collision;

Py, is a bit error rate;

Pris a frame error rate;
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PHY,, is a frame physical layer header transmission
time;

R is a data transfer rate;

R_onror 18 a control information transfer rate;

S is a network throughput;

SIFS is a short inter-frame space;

T. is an average time the channel is sensed busy be-
cause of collision;

T is an average time the channel is sensed busy be-
cause of successful transmission;

W is a contention window;

W, is a minimum value of contention window;

W, 1s an average backoff window;

a is a multiplicative constant coefficient;

j is a power constant coefficient;

d is a propagation delay;

1 is a number of empty slots;

o is a duration of one slot;

T is a probability of frame transmission according to
the proposed model;

T is a frame transmission probability by the station in
the Bianchi model;

T, is a probability of successful frame transmission in
a noisy channel.

INTRODUCTION
The IEEE 802.11 WLAN:Ss are increasingly being used
for applications with stringent performance requirements



e-ISSN 1607-3274 PapioenexTpoHika, iHpopmaTuka, ynpasminss. 2022. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 2

due to their ease of deployment and low costs. An impor-
tant component of these WLANs performance is the im-
plementation of the contention resolution process known
as DCF [1]. The DCF is a distributed process created to
achieve fair medium sharing among single type stations
without any centralized scheduling control of the medium.
A distributed channel access process is based on
CSMA/CA algorithm.

Even though the maximum physical layer rates are in-
creasing with the introduction of new generation WLANSs
such as 802.11ac and 802.11ax, the effective throughput
remains low, especially with a significant number of si-
multaneously operating stations and a high level of indus-
trial interference. In its most basic form, the DCF consists
of a carrier sensing function and a random backoff proto-
col. Carrier sensing allowed stations to wait when the
medium is busy and to resume transmission attempts until
the medium becomes free. If two or more stations have
frames to send, the probability exists that their transmis-
sions will immediately collide as soon as the medium
becomes free. To avoid collisions, stations will backoff
their attempts to transfer frames for a random number of
slot times, based on a random variate selected from a con-
tention window. If two or more competing stations select
the same transmission slot times, their transmissions will
collide again. They will detect the collision base on the
lack of the positive acknowledgement of the frame recep-
tion from the access point. Stations that collide will in-
crease their contention window size and repeat transmis-
sion, and reset the contention window upon eventual suc-
cessful transmission.

High level of industrial interference increases BER in
transmission channel. The result is an increased loss of
information frames during transmission, which in turn
decreases the network throughput. The problem lies in the
limited ability of algorithmic support to cope with the
complexity of the wireless channel due to fading, colli-
sions, co-channel and external industrial interference.
Network nodes cannot distinguish one type of loss from
another because the symptoms are the same — lack of pos-
itive acknowledgment from the access point.

The object of study is the process of information
transmission in wireless computer networks of the IEEE
802.11 standard.

The subject of study is the class of mathematical
models that describe the operation of wireless networks
with infrastructure topology.

The purpose of the work is to express in an explicit
analytical form the effect of BER on the probability of
frame transmission and the network throughput.

1 PROBLEM STATEMENT
The performance analysis of IEEE 802.11 DCF net-
works based on bidimensional Markov — chain model
with ideal channel conditions showed [2—4] that the frame
transmission probability by the station in a randomly cho-
sen slot time is
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(1=2p)(Wy +1) + pWp[1-(2p)"]

where Wy = CWin, CWonax = 2" W,

In a special case m = 0 the probability t results to be
independent of p, and (1) becomes the much simpler one
independently found in [5] for the constant backoff win-
dow problem t=2/ (W, + 1).

However, in general, T depends on the collision prob-
ability p, which is still unknown. The probability p that a
transmitted frame gets into a collision is the probability
that, in a time slot, at least one of the n — 1 remaining sta-
tions transmit. At steady state, each remaining station
transmits a frame with probability t. This yields [2]

p=1-(1-0"" )

The purpose of this work is to develop a mathematical
model expressing explicitly the dependence of the prob-
ability of successful frame transmission on the number of
stations operating in saturation mode. Within the frame-
work of this model, it is necessary to study the similar
dependence for network throughput, and to determine the
effect of the BER value on the probability of frame
transmission and the throughput with varying frame
lengths and a different number of competing stations.

2 REVIEW OF THE LITERATURE

Collisions are more likely to happen when there are
many stations in the network with large numbers of
frames to send. This situation is well modeled by apply-
ing a saturation load. In this mode every station always
has a frame available for transmission after the comple-
tion of each successful transmission. In a well cited work
published by Bianchi [2] and later updated by Tinnirello,
Bianchi, and Xiao [3], the authors proved, with a Markov
— chain analytical model and with network simulation that
the DCF mechanism will converge to a stable and fair
allocation of the medium under a saturation load, and
provided throughput performance prediction as a function
of station transmits probability in a randomly chosen slot
time and number of competing stations.

The model takes into account all the exponential
backoff protocol details, and allows define the saturation
throughput performance of DCF for both standardized
access mechanisms [6]. Bianchi showed that if the traffic
is saturated, nodes can be modeled as being equally likely
to send in any slot, and this assumption also roughly holds
for unsaturated traffic which nearly Poisson [7, 8].

The system throughput S is defined as ratio of average
payload information transmitted in a time interval to the
length of this interval

5= E[ payload information transmitted in an interval time]
E[length of an interval time] NE))
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In accordance with [2]

S = Pl‘rRsE[Fr]
(1_Ptr)n6+PterTsc +Br(l_R€)Tc

“4)
where P, =1-(1-1)", P, =nt(l- t)"_l /P,.. In accor-
dance with DCF

T, =H+ E[Fr]

+SIFS +8+ ACK + DIFS +3 , 5)

E[Fr]

T.=H+ +DIFS +6. (6)

Contention window is initially set to W,. If p is the
collision probability, then the frame is successfully trans-
mitted with probability (1 —p) and the average backoff
window is (W, — 1)/2. If the first transmission fails, the
frame is successfully transmitted on the second attempt
with probability p(1 — p) and the average backoff window
Wag is (2Wy—1)/2, and so on. Based on the average
backoff window, the probability that a station attempts to
transmit in an arbitrary slot is given by 1/W,, [9]. The
probability that during the transmission of an arbitrary
station there is no other active station is (1 — 1/ Wavg)”’l.
Thus the collision probability is given by

p=1-(1- ! yiL

(7

avg

The probability that a station accessed a channel de-
pends on whether the channel was idle or busy in the pre-
vious time slot. The authors in [10] proposed an analytical
model taking into account this post — DIFS effect by ex-
tending the Markovian model developed in [2]. Their
analysis did show some impact of the post — DIFS slot.
However, the obtained numerical results for collision
probability seem too low for such a saturated WLAN
networks.

The authors of [11] have proposed the method where-
in contending stations make their windows dynamically
converge in a fully distributed way solely by tracking the
number of idle slots between consecutive transmissions.

In [12] authors propose that initially if the intensity of
collisions is low the contention window is increased in

x/E factor then after four collisions the size of the con-
tention window will be doubled in consecutive collisions.

3 MATERIALS AND METHODS

Methods for describing functioning of wireless net-
works with infrastructure topology using Markov chains
modeling as the basic allowed the authors [2—4] to ex-
press the probability of frame transmission as a function
on the collision probability in form (1). In turn, the prob-
ability of collision depends on the probability of the frame
transmitting and the number of stations competing for
access to the transmission channel (2). This system of
equations (Bianchi model) explicitly is not solved. Data
obtained by numerical solution of equations (1) and (2)
with W,=16 and m = 6 are presented in Table 1 and Ta-
ble 2.

This model does not demonstrate an explicit depend-
ence of the probability of a successful frame transmission
T on the number of simultaneously operating stations #,
which would be appropriate for engineering calculations.

For these reasons, by analogy with (7), we propose to
determine the probability of frame transmission to the
access point as follows

t=T= 2 8
M+am-D" 280D 41 ®

With n =1 (one station in the network) T =2/(W,+ 1).
This corresponds to expression (1) at zero collision prob-
ability. The values of the coefficients a and B were se-
lected by comparing the results of calculating t in accor-
dance with the Bianchi model (presented in Tables 1 and
2), and the results of calculating T according to expres-
sion (8) at the same values of n. The corresponding de-
pendences t(n) and T(#n) for 0 =0.05, f =0.2 and o= 0.1,
B =0.2 are shown in Fig. 1.

As can be seen from the graphs in Fig. 1 in the region
1 < n <23, which corresponds to the collision probabil-
ity 0 < p <0.5, the dependences T(n), calculated in accor-
dance with (8), generally correspond to the dependence
t(n), calculated in accordance with the Bianchi model.
With a further increase in the number of competing sta-
tions n > 35, which corresponds to p > 0.55, the above
dependences diverge: the values of the dependences T(n)
are practically zero, and t(n) decreases very slowly and
reaches 5% of the initial value only at n = 285.

Table 1 — Results of calculations using the Bianchi model in the range p =0 — 0.50

p 0 0.10 0.17 0.25 0.30 0.35 0.40 0.45 0.50
T 0.118 0.105 0.094 0.080 0.070 0.060 0.049 0.039 0.031
n 1 2 3 4 6 8 11 16 23
Table 2 — Results of calculations using the Bianchi model in the range p = 0,55 — 1,00
p 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
T 0.024 0.018 0.013 0.010 0.008 0.006 0.004 0.003 0.0025 0.002
n 35 52 79 121 285 443 705 1190 7000
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Figure 1 — Dependencies of frame transmission probability
(t, T) on the number of simultaneously operating stations 7 at
Wy=16: Ty 5 corresponds to a = 0.05, B =0.2, and Ty,
corresponds to a=0.1, =0.2 in (8)

Let us determine the system throughput S (4) taking

into account (8). We represent 7 (8) in the form
T=2/(Q+ 1), where

O=[1+a(m-1]"- 2P0 )

Then we obtain

G 2n- E[Fr]

(T, —TJ+<Q—1>[<%)"TC (T, -ney (10

Let’s calculate the dependence S(n), using the values
of O, which correspond to T s and T, as well as expres-
sions (5), (6). Wherein:

Ty =T, =SIFS+ ACK +3,
H = PHY};, + MACyy,,
PHY),,. = 4us-50FDM symbols,
ACK = PHY,,, + L(ACK)/ R ool -

(11)

Here T¢ is defined by expression (6). In the calcula-
tions, we used the following parameters values [13, 14]:
SIFS =16 ps, DIFS=34 ps, 8 =0.33 ps (the distance
between the transmitter and the receiver was taken to be
100 m), 6=9 ps, PHY,;,,=20 ps, L(ACK) =112 bits,
Reonror= 6 Mbit/s, L(MAC,4) = 288 bits, R =54 Mbit/s,
W(): 16.

The corresponding dependences of the throughput S
on the number of simultaneously operating stations » at
Wy= 16 are shown in Fig. 2.

Note that n =79 corresponds to the collision probabil-
ity p=0.65.

An increase in the data transfer rate R to 300 Mbit/s
does not change the general nature of dependence S(n).
However, the maximum values of S; ¢s and S, ; increase to
47.3 and 51.6 Mbit/s, respectively.
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Figure 2 — Throughput S versus the number of competing
stations n for Wy = 16: S o5 corresponds to o= 0.05, § = 0.2, and
Sp,1 corresponds to o= 0.1, $ = 0.2 in (8)

Let us consider the influence of the initial value of the
contention window Wy = CWp, on the dependence S(n).
To do this, we will double the value of W, (W,=32) and
repeat the procedure of selecting the coefficients o and
in expression (8). The closest to t(n) dependences T(n)
were obtained at a=0.1, f=0.15 (To;) and a=0.15,
B=0.2 (To5). They are shown in Fig. 3.
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Figure 3 — Dependencies of frame transmission probability (t,
T) on the number of simultaneously operating stations n at

Wo=32: Ty corresponds to a.=0.1, § = 0.15, and Ty ;5 corre-
sponds to o = 0.15, 3= 0.2 in (8)

In Fig. 3, n =57 corresponds to the collision probabil-
ity p=10.55. With a further increase in the number of
competing stations n > 57, dependence t(n) decreases
very slowly and reaches 5% of the initial value only at
n="1780.

The corresponding dependences S(n) for W,=32 are
generally similar to the dependences shown in Fig. 2. In
this case, the maximum values of S are lower by about
20%, and practically zero values S are achieved at n = 81,
which corresponds to p = 0.60.

4 RESULTS
This section summarized the results of investigation of
the BER effect on the throughput with varying frame
lengths and a different number of competing stations.
We use for transmission a discrete in time Gaussian
channel without memory. In such a channel, bit errors are
independent and equally distributed over the bits of the
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frame [15]. Probability that a frame will be transmitted
undistorted is equal:

q=(1=By)(1=Pp)(1=Fya)--(1=By ) =(1=B)*,  (12)
where Phl :P/,ZZP[,3 =...= PbL:P[,.

In this case, the probability of frame distortion is equal
to:

Pr=1-(1-P)". (13)

In conditions of increased interference intensity, the
probability of successful frame transmission to the access
point can be determined as follows:

Ts=T(1-F)", (14)
where T is determined by equation (8).

With the L =12000 bits and BER = 10, the multi-
plier (1 — P,)* =0.89, with BER =510 this factor is
0.55, and with BER = 10, which corresponds to a high
noise intensity — 0.30. Taking into account (14), the ex-
pression for the throughput S takes the following form:

2n(1-P)E - E[Fr]

S =

2n(1-B)H(T, —Tc)+[Q+1—2(l—Pb>L1{[

The corresponding dependences for Syos (o= 0.05,
B=0.2) at Wy=16, and (1 — P,)* =0.89, 0.55, 0.30 are
shown in Fig. 4. Similar dependences for Sy s (o= 0.15,
B=0.2) at Wy=32 and the same values of (1 — P;)" are
shown in Fig. 5.
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Figure 4 — Dependences of the throughput S o5 (o = 0.05,
B =0.2) at W= 16 on the number of competing stations » at
different levels of g = (1 — P,)"

As follows from the plots shown in Fig. 4 and 5, with
an increase in the interference intensity (BER) and, as a
consequence, a decrease in the value of ¢, the throughput
S decreases. As before, this effect increases with the
expansion of the initial contention window W,
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Figure 5 — Dependences of the throughput Sy o5 (o0 = 0.05,
B =0.2) at Wy= 16 on the number of competing stations » at
different levels of ¢ = (1 — P;)"
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0+1 (15)

—= 1"T.-(T.-mo
Q+1—2(1—Pb)L] ¢~ (T = )}
5 DISCUSSION

Along with the main advantages of the Bianchi model,
such as versatility of the solution, compliance with the
DCF — process and algorithm CSMA/CA, this model has
some disadvantages.

First, this model does not make it possible to directly
calculate the probability of frame transmission depending
on the number of stations simultaneously working with
one access point. The same applies to throughput calcula-
tion. This complicates the use of the Bianchi model in
engineering practice.

Secondly, as follows from the results shown in Ta-
ble 2, with an increase in the probability of collisions be-
yond p=0.5, the convergence of the t(n) dependence
worsens and it decreases very slowly.

With such as intensive traffic, the dependence t(n),
corresponding to the original model (1)—(2), has only a
qualitative character.

When studying the effect of noise, we used a channel
for transmission in which the bit errors are independent
and equally distributed over the bits of the frame. The
probability of a successful transmission by a station de-
pends on the BER and the number of competing stations.
There is a practical interest in expressing explicitly the
dependence of the network throughput on the BER for
different frame lengths and different number of simulta-
neously operating stations. This allows the engineering
staff to directly calculate the throughput based on the
noise level and the quantitative characteristics of the net-
work.

A reduction in the electromagnetic interference influ-
ence on the transmission of a frame is observed with a
decrease in its size. But this increases the relative weight
of overhead, that is, the service information required to
ensure a successful transfer [16, 17]. All this affects the
value of throughput and its dependence on the number of
competing stations. The study of these processes will be
carried out in the next work.

CONCLUSIONS
The scientific novelty. For the first time in an explicit
analytical form, the influence of interference intensity



e-ISSN 1607-3274 PapioenextpoHika, inpopmaTuka, ynpasminas. 2022. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 2

(BER) on the probability of frame successful transmission
and the network throughput is determined in case of
variations in the frame length and the traffic intensity. The
resulting expression for the throughput makes it possible
to evaluate the combine effect of the BER and the inten-
sity of collisions, which depends on the number of sta-
tions operating in the network.

The practical significance. The practical significance
of this work consists in the possibility of carrying out the
engineering calculations in an explicit analytical form of
the wireless network throughput at different layers of
BER, different frame lengths and minimum contention
window sizes for a given number of stations operating in
the network.

One of the priorities of IEEE 802.11 technologies is
their use for the automation of production processes in
mechanical engineering, metallurgy and a number of oth-
er industries. A common factor that reduces the efficiency
of wireless networks is the increased interference level in
the shops of industrial enterprises, due to the operation of
technological equipment. Therefore, the study of such
networks operation at increased interference intensity
(BER = 10°-10* carried out in this paper is of signifi-
cant practical importance.

Prospects for further research. Increasing the data
transfer rate in the IEEE 802.11ac and IEEE 802.11ax
networks to several Gbps necessitates the use of extended
channels with a width of 160 MHz, which leads to an
increase in the noise power in the channel. Improving the
coding, that is, moving from 256 QAM to 1024 QAM
increases the data rate too. However, being denser, sub-
carriers are more susceptible to mutual interference.
Therefore, 1024 QAM technology provides speed im-
provements at a shorter distance from the access point and
under normal conditions the signal to noise ratio de-
creases sufficiently fast as the coverage area is expanded.
Thus, the use of modern high-speed technologies for
wireless data transmission in industrial conditions re-
quires the development of methods and means to increase
the interference immunity of computer networks.

Improving the interference immunity in wireless net-
works can be achieved by reducing the size of transmitted
frames. However, this increases the relative weight of
service information, which reduces the throughput. The
study of these processes on the basis of the mathematical
model developed in this paper is promising.
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MOJEJIOBAHHS POBOTHU KOMII'IOTEPHUX MEPEX IEEE 802.11
B YMOBAX BUCOKOI IHTEHCUBHOCTI 3ABAJ]

Xangeubkuii B. C. — 1-p TexH. Hayk, npodecop, 3aBigyBau KaQeapu eNCKTPOHHUX OOUYHMCIIFOBAIBHUX MaIlWH JIHIIPOBCHKOTO
HalioHaJbpHOTO yHiBepcuTety imMeHi Onecst ['onuapa, Jquinpo, Ykpaina.

Kapnenko H. B. — kanz. ¢i3.-mar. Hayk, JOLEHT Kadeapu eleKTPOHHUX OOYMCITIOBAIBHUX MaliuH J[HIMPOBCHKOrO HAliOHATb-
Horo yHiBepcutety iMeni Onecst ['onuapa, [lninpo, Ykpaina.

AHOTANIA

AxTyanbHicTh. Brcokuii piBeHb IPOMHUCIIOBOTO MIyMy 30ibIIye BTpaTH iH(MopMamiiHuX GpeiMiB B mpomeci nepenadi, mo, y
CBOIO 4epry, 3MEHIIy€E MIPOITyCKHY 3/1aTHICTh Mepeski. Mu IponoHyeMo MaTteMaTuaHy Mojens podoru mepex IEEE 802.11 B ymoBax
IT1IBUILEHO] IHTEHCUBHOCTI 3aBaJl.

Merta 1i€i cTaTTi MoJsirae B TOMy, 11100 B SIBHIM aHANiTH4HI GopMmi BimoOpa3suTH BIUIMB iHTEHCHBHOCTI OiToBHX noMuiiok (BER)
Ha IMOBIpHICTh HIepeaadi GppeimMy i mpOoIyCKHY 34aTHICTh MEPEXi.

Mertop. 3ampornoHoBaHO MeTOA MOOYI0BH MOJEI, sika /103BOJIsie Ge3mocepeIHhO OOUUCIUTH 3aJICKHICTh IMOBIPHOCTI Mepeaayi
(dpefiMy Bin KiIBKOCTI CTaHIIH, MPAIIOIOYMX B PEKUMI HACHUYCHHS, IO € 3pYyYHHUM U IHKEHEPHUX PO3PaxyHKiB. 3Ha4eHHs Koedi-
Li€HTIB MOAETI OynH 00paHi IUITXOM HOPIBHAHHS PE3yJbTaTiB 00UHCIICHb 3 Pe3yIbTaTaMy, OJep>KaHIMH IIPH BUKOPUCTAHHI BiZIOMO1
Mozeni bianki, sika onucye (yHKIIOHYBaHHS Mepexi y BUIIsAI MapkoBchkoro npouecy. B mianasoni go 23 craHmii, sSKi NparooTh
3 OJIHIEIO TOYKOIO JOCTYITy, IO BIAMOBIIAE iIMOBIPHOCTI Koumi3ii 1o 0,5, 03HaYeHi 3aJIe)KHOCTI IIst 000X MOJIETIeH BiIIIOBIIal0Th OTHE
OJTHOMY 3 TOYHICTIO, 1110 BiNIOBiae NpakTHYHUM BUMoraM. OziepkaHo BUpa3 [UIs IPOITYCKHOT 31aTHOCTI MEPEexi.

PesyabTaTn. Pesynsratu po3poOku Mozeni Oy BUKOPHCTaHI ISl ypaxyBaHHs BIUIMBY IHTEHCHBHOCTI 3aBaJl Ha MPOLEC Mepe-
navi indopmanii. Ile n03BONMIO B SBHOMY BHIJIAI BHPA3WTH BIUIMB iHTEHCHBHOCTI OITOBHMX IOMHJIOK Ha iIMOBIPHICTH mepenadi
¢bpeiiMy 1 IpONyCcKHY 3AaTHICTh Mepexki y BHIAIKy Bapialiil JOBXuHU (peiiMy i KibKOCTI KOHKYpyIouux cTaHuiid. CTymiHb 3MeH-
LICHHS TPOIYCKHOI 3aTHOCTI Oyia BusHaueHa murst BER = 107, 5:107°, 107 i 36ibIueHHs BeNMYMHA MiHIMATBHOTO KOHKYPEHTHOTO
BiKHa.

BucHoBku. Y paniit po6oTi Oymna po3poOiieHa MaTeMaTHYHA MOJEND A Oe3MoCcepeHOr0 OOYHMCICHHS IMOBIPHOCTI Mepeaadi
(bpeliMy Ta IPOITyCKHOT 3JAaTHOCTI MEPEXKi MPH Pi3HUX PIBHIX IHTCHCUBHOCTI 3aBajl.

KJIFOUOBI CJIOBA: IEEE 802.11 mepexi, MaTeMaTHuHa MOAeNb, (hpeiiM, IMOBIPHICTD Hepenadi, KOmi3is, MPoITycKHa 3/at-
HICTh, IHTEHCHBHICTH 3aBaJl.

YJK 681.3.07

MOJEJUPOBAHHUE PABOTbI KOMIIbIOTEPHbIX CETEM IEEE 802.11
B YCJIOBHUSIX BBICOKOU HHTEHCUBHOCTH TIOMEX

Xangeukuii B. C. — 1-p TexH. HayK, mpodeccop, 3aBeAyIOmui kadeapoit >IeKTPOHHBIX BEIYUCIUTEIFHBIX MAIH [[HENPOBCKO-
ro HallMOHAJIbHOro yHuBepcuTera umeHu Onecs ['onuapa, [lHenp, Ykpauna.

Kapnenko H. B. — xanx. ¢us.-mar. Hayk, TOIEHT Kadeapsl 2JIeKTPOHHBIX BEIYMCINTEIBHBIX MAINH JIHETIPOBCKOTO HAIHOHAIb-
Horo yHuBepcureTra uMeHu Onecs I'onuapa, /{nenp, Ykpauna.

AHHOTALUA

AKTYaJIbHOCTB. BbICOKHMI ypOBEHb IPOMBILIIEHHOTO LIyMa YBEIMYMBACT MOTEPH MHOOPMAIMOHHBIX (QpeiiMOB, YTO, B CBOIO
ouepenib, yMEHbBIIAET MPOMYCKHYI0 CHOCOOHOCTh ceTH. MBI mpeanaraeM MaTreMaTHueckyio monens pabotsl ceteid IEEE 802.11 B
YCIIOBUSIX TIOBBIIICHHOH HHTCHCUBHOCTH TTOMEX.

Ilenb 1aHHOH CTAaTBM COCTOHMT B TOM, YTOOBI B SIBHOH aHAIHTHYECKOH (hopme O0TOOpasUTh BIHSHHE WHTEHCHBHOCTH OHTOBBIX
omm6ok (BER) Ha BeposTHOCTS Iepeiaun peiiMa U IMpoITyCKHYIO CIIOCOOHOCTH CETH.

Merton. IIpeanoxen MeTOx MOCTPOCHUST MOAENHN, KOTOPasi MO3BOJISIET HEMOCPEICTBEHHO BEIUHUCIUTE 3aBUCHMOCTH BEPOSTHOCTH
nepenayn pperiMa OT KOJINYECTBA CTAaHIUH, pabOTAIOMNX B PEXKUME HACHILICHUSI, YTO yI00HO IS MH)KEHEPHBIX PAacyeTOB. SHAUCHUS
K03 GUIIHEHTOB MOJIeIH OBIIM BBIOPAHBI IIyTEM CpPaBHEHHS Pe3yJIbTaTOB BEIYHUCICHUH C pe3ysIbTaTaMy, MOTy4YeHHBIMHU TP UCIIONb-
30BaHMM M3BECTHOI Mozaenyn BbuaHku, koTopas omuchiBaeT (YHKIMOHHPOBAHUE CETH B BUAE MapKoBCKoOro mpouecca. B nruanaszone
10 23 cTaHLuii, KOTOpble paboTaIOT C OJHOM TOYKOIl AOCTyMa, YTO COOTBETCTBYET BEpOATHOCTH Koymu3uu 10 0,5, ykazaHHbIE 3aBH-
CHMOCTH JUIsl 00eHX MOJieNieil COOTBETCTBYIOT JIPYT JPYTY, C TOYHOCTBIO, COOTBETCTBYIOMLIEH MpakTHYecKUM TpeboBanusaM. ITomyye-
HO BBIP@)XEHHE JUISl IPOITYCKHOW CIIOCOOHOCTH CETH.

Pe3yabTaThl. PedynbraTs! pa3paboTku MoJenH ObIIM UCIIONB30BaHBI JUIS YUeTa BIMSHIS HHTCHCHBHOCTH IIOMEX Ha Ipolece I1e-
penaun nHGOpPMAIMU. DTO TTO3BOJIMIIO B IBHOM BHJIE BEIPA3UThH BINSHNEC HHTEHCUBHOCTH OMTOBBIX OMIMOOK Ha BEPOSTHOCTH ITepe/ia-
4yn (peliMa 1 IPOIYCKHYIO CIIOCOOHOCTH CETH B Cllydyae Bapualuii JUIMHbBI (peiiMa W KoJlMyecTBa KOHKypupyoomux craniuid. Cre-
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IICHb YMEHBIICHUS TPOITYCKHOW crlocoOHOCTH OblIa ompezencHa aius BER = 107, 5-107, 107 1 MOBBIIICHHS BEIMYUHBI MHHHMAITb-
HOI'0 KOHKYPEHTHOI'O OKHa.

BreiBoasl. B nanHoii paborte Gbuta pazpabotaHa MaTeMaTHyecKasi MOJEIb JUIS HEMOCPEACTBEHHOIO BBIYMCIICHUS BEPOSTHOCTH
nepenayn pperima U MpoIyCcKHOH CIIOCOOHOCTH CETH HPH Pa3InYHbIX YPOBHIX HHTCHCUBHOCTH [TOMEX.

KJUIIOYEBBIE CJIOBA: IEEE 802.11 cetu, maremaTHdeckas MOAENb, GppeiiM, BEPOSTHOCTH Nepeaayun, KOJIH3Us, POy CKHast
CHOCOOHOCTh, HHTEHCHBHOCTB TIOMEX.
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