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ABSTRACT

Context. Aggregating frames into blocks when transmitting information in wireless IEEE802.11 networks helps to significantly
reduce overhead costs and increase the transmission rate. However, the impact of noise reduces the efficiency of such transmission
due to an increased probability of distortion of longer messages. We compared the efficiency of data transmission by variable and
constant size blocks formed from frames using VBS and FBS mechanisms correspondingly under conditions of noise varying inten-
Sity.

Objective. The purpose of this article is a comparative study of VBS and FBS mechanisms used for the formation and transmis-
sion of different sizes frame blocks under medium and high noise intensity.

Method. A simple model used in IEEE 802.11 networks to determine the DSF throughput for transmitting frames in infrastruc-
ture domains was modified by us to transmit frame blocks of different sizes under conditions of medium and high intensity noise
affecting the transmission process. 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 frame. The scale factors of the model for the number of frames
in a block k= 640 at an average noise level corresponding to BER = 107 and k= 4-15 for high-intensity noise at BER = 10~ are
determined. The algorithm for calculation of the network throughput has been generalized. The investigation of the dependences of
the throughput on the number of frames in the VBS blocks showed the presence of local maxima in dependences, located in the re-
gion of average values of the frames number. These maxima are more pronounced at increased data transfer rates.

Results. It is shown that with a small number of frames in a block (kK = 6—9) and high-intensity noise, the efficiency of the FBS
mechanism exceeds the efficiency of the VBS block formation mechanism. However, at the same noise level, an increase in the
number of frames in a block (k> 10) makes the use of the VBS mechanism more preferable. This advantage is explained by the fact
that the VBS mechanism at each subsequent stage of transmission forms a block from frames distorted at the previous stage, there-
fore the size of the blocks at subsequent stages decreases, increasing the number of frames successfully transmitted to the AP (due to
the increase in the probability of transmitting shorter blocks). At the same time, the constant and small probability of successful
transmission of a constant size block at each stage makes the probability of transmission of frames distorted at the previous stages
low. The situation changes for noise of medium intensity. Here the transmission of each subsequent block in the range of up to 25
frames per block using the VBS method requires the use of two stages. The application of the FBS method in these conditions shows
that only the first set of frames requires the use of two stages for its complete transmission. Then, due to the accumulation of frames
at the previous stages, each subsequent stage of transmission completes the formation of the corresponding set in the memory of AP.
Thus, when the noise intensity decreases to BER = 107® and below, the use of the FBS mechanism becomes more effective. The ob-
tained results are illustrated with specific examples characterizing the formation and transmission of various frame blocks.

Conclusions. In this article, using a mathematical model modified by us, a comparative study was conducted on the efficiency of
various mechanisms for forming and transmitting a frame block of different sizes under conditions of the impact of different intensity
noise on the transmission process. The algorithm for calculating the network throughput was generalized, and the values of the
throughput were determined when using the VBS and FBS network functioning mechanisms.

KEYWORDS: IEEE 802.11 wireless networks, throughput, noise intensity, BER, frame blocks, VBS and FBS mechanisms.

ABBREVIATIONS BFER is a block frames error rate;
AP is an access point; DCEF is a Distributed Coordination Function;
STA is a station; ACK is a frame acknowledgment;
BER is a bit error rate; DIFS is an inter-frame space;
FER is a frame error rate; SIFS is a short inter-frame space;
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MAC is a Medium Access Protocol;

BAR is a Block ACK Request;

BA is a Block ACK;

TCP is a Transfer Control Protocol;

EDCA is an Enhanced Distributed Channel Access;
VBS is a variable block size;

FBS is a fixed block size;

WLAN is a Wireless Local Area Network.

NOMENCLATURE

bE is a number of erroneous bits;

R is a data transfer rate;

¢ is a transmission time;

La 18 a length of the frame data field in bits;

E} is an energy per bit;

Nyis a noise power spectral density;

Py is a bit error probability;

Py is a frame error probability;

P is a probability of a data block collision in ideal
channel;

Py is a probability of a data block corruption by inter-
ference during transmission;

Py, is a relative probability of successful block trans-
mission;

Py is a probability of successful block transmission;

k is a number of frames in a block;

Tpirs s an inter-frame space duration;

Tsrsis a short inter-frame space duration;

Tprynaris a transmission time of the frame’s physical
layer header;

T, is an average length of the backoff;

CWhin 1s @ minimum contention window length;
T4cx 1s an acknowledgment frame duration;

S;41s an ideal DCF throughput;

Sy 1s a real throughput when using block transmission;
d is a propagation delay;

G is a duration of one slot.

INTRODUCTION

The share of traffic transmitted by Wi-Fi devices in
the total traffic of wireless networks over the past decade
is approximately half. Wi-Fi technologies are rapidly de-
veloping, maintaining their positions in competitive activ-
ity [1, 2].

Despite significant progress in solving WLANSs prob-
lems, achieved in the development of modern networks
such as IEEE 802.11ac and 802.11ax, the effective
throughput increases slowly, especially in dense networks
operating under conditions of high external and internal
noise intensity [3-5].

As noted by US Federal Communications Commis-
sion (FCC), an urgent problem for technologies using
wide frequency channels (Af'= 160 MHz) is “clearing the
frequency range”. The effect of increasing interference is
also observed with a decrease in the inter-symbol interval
of transmitted data and with an increase in the number of
subcarrier frequencies. The concentration of several spa-
tial streams in one region of the channel leads to an in-
crease in the mutual influence of signals too. This effect is
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further enhanced with an increase in the intensity of ex-
ternal noise, blurring the distinctive features of signals of
different streams. Another challenge in wireless networks
is the handover, which is the process of switching users
from one AP to other [6].

Electromagnetic interference increases significantly
when wireless networks operate in industrial environ-
ments. Sources of electromagnetic radiation such as vehi-
cles, industrial equipment, electric motors, switching de-
vices, high-voltage equipment, and fluorescent lamps
produce intense noise.

High level of industrial interference increases BER
(bit error rate) in transmission channel [7, 8]. The result is
an increased loss of frames during transmission, retrans-
mission of frame copies which in turn decreases the net-
work throughput.

To reduce the overhead costs when transmitting data
in separate frames, a block transfer mechanism was pro-
posed [9-11]. This mechanism provides that a block of
frames from one flow can be sent without acknowledging
that the AP has correctly received each individual frame.
After the block transmission the STA initiates a BAR
frame to enquire the number of frames that have been
received successfully. The AP then responds with a BA
frame. The efficiency of this scheme comes from the fact
that the overhead is greatly reduced, because DIFS and
backoff intervals only occur before the first frame of the
block and only one acknowledgment is used for all frames
in the block (BA).

A similar principle is used by the TCP transport pro-
tocol when transmitting data segments in wired networks
[12,13].

The concept of EDCA used in IEEE 802.11¢ [14-16]
provides two mechanisms for composition of frame
blocks during the transmission process. A block of data
can be formed using only those frames that were cor-
rupted during the transmission of the previous block. In
such a case referred to as VBS, data frames block size
varies over time from one transmission stage to next. In
other cases, a data block can also be composed on cor-
rupted frames as well as newly transmitted frames, so that
the data frames block size is kept at the maximum size
specified at the initial stage. Thus, the data block size
does not change over time and refers to this as FBS.

The object of study is the process of transmitting in-
formation in wireless networks using VBS and FBS
mechanisms for the formation and transmission of frame
blocks under conditions of medium and high intensity
external noise.

The subject of study is the mathematical models of
IEEE.802.11 BA networks using VBS and FBS operating
mechanisms under conditions of noise influence on the
transmission process.

The purpose of the paper is a comparative study of
the efficiency of frame blocks transmission formed using
the VBS and FBS mechanisms under the influence of

variable intensity noise.
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1 PROBLEM STATEMENT

Interferences that have various physical natures differ
in their spectral composition. At the same time, it is im-
portant to study the general patterns of the interference
influence on data transmitted in wireless networks over a
radio channel. For this purpose, it is advisable to use
Gaussian noise as the most general noise model that de-
scribes a wide range of noise sources and their superposi-
tion quite well [8, 17]. An example of a simple channel
model that is widely used in information theory is addi-
tive white Gaussian noise channel without fading [18].

One of the changes that modern digital communica-
tion systems have brought to radio engineering is the need
to end-to-end performance evaluations. The measure of
that performance is usually bit error rate (BER), which
quantified the reliability of the radio system from “bits in”
to “bits out” [19]:

BER = number of corrupted bits _ Il;_Et ’ 0

total number of bits

where bE is the number of erroneous bits, R is the data
transfer rate, ¢ is the transmission time.

In a noisy channel, the BER is often expressed as a
function of the normalized carrier-to-noise ratio denoted
Ey/Ny. The Gaussian approximation of the noise in deter-
mining the BER is used to estimate the number of itera-
tions needed to the convergence of the parity code de-
coder in function of the level of noise power [20]. Bit-
error rate analysis of low-density parity-check codes us-
ing Gaussian approximation of a channel is considered in
[21].

In general, errors at different locations of an informa-
tion sequence of length L can occur with different prob-
abilities. In this article, we use for transmission a time-
discrete channel without memory with white Gaussian
noise. A channel of this type is characterized by the fact
that the bit errors in it are independent and equally dis-
tributed over the bits of the frame data [22, 23].

Let L and P, correspond the frame length and bit error
rate (BER), respectively, and P, correspond the frame
error rate (FER). Then the probability that a frame of
length L will be transmitted undistorted is equal:

q=(1-B)(1-By)1-B3)..0-B)=1-B)", (2

where Py ;= Pyy= Py;=...= Py;= P,. In this case, the prob-
ability of frame distortion is equal to

Py =1-(1-P)". &)

The probability of successful (error-free) transmission
of a data block by the STA to AP can be expressed as
follows:

Py =(1-F)(1-Pg) =(1- R)(1- B)*E. 4

The Pc is traditionally determined using Markov-
chain models [24-26].

Let us analyze the influence of the intensity of exter-
nal interference or, in other words, the noise level in the
communication channel on the probability of the block
successful transmission. At the same time, since in accor-
dance with (4) the influence of the collision’s intensity Pc
and external interference P, is carried out on Pgseparately
[27], it is possible, without reducing the reliability of the
analysis, to fix Pc at the certain level and consider the
influence P, on the relative value of Pg,= Pg/(1-P¢).

Table 1 shows the dependence of Pg on k
(L=12000 bits) for three levels P,~BER=10", 10°, 10°°.

If we assume that P is zero, then Ps= Pgand from
Table 1 it follows that the probability of a block success-
ful transmission in case BER=P,=10" decreases signifi-
cantly with increasing k.

In the ideal case, the channel is regarded as perfect,
i.e. neither error not collisions occur, and in any transmis-
sion cycles there is only one active STA which always has
backlogged frame in queue between the MAC and its up-
per layer waiting to be transmitted. The receiver (AP — in
infrastructure network) only responds with ACK (AC-
Knowledgment) and the other STAs just sense the chan-
nel and wait. Then the ideal DCF throughput S, taking
into account [9, 28] can be defined as

Sid _ Lata s (5)
TDIFS +TCW +TF +TACK +28
6-(CWpi ~1) L
where 7. — and 7= Ty, + e T

Each frame includes a common physical header whose
duration Tpyyq-has to be added to the frame transmission
time [10].

The block transmission scheme in protected mode is
illustrated in Fig. 1.

Table 1 — Dependences of Pg, on & for different values of noise intensity P,

BER=P,=10"
P, 0.999 0.998 0.996 0.995 0.994 0.993 0.990 0.988 0.982 0.976 0.965
k 1 2 3 4 5 6 8 10 15 20 30
BER=P,=10"°
Ps, 0.988 0.976 0.965 0.953 0.942 0.931 0.908 0.887 0.835 0.787 0.697
k 1 2 3 4 5 6 8 10 15 20 30
BER=P,=10"
Py, 0.887 0.787 0.697 0.619 0.549 0.487 0.383 0.301 0.165 0.09 0.03
k 1 2 3 4 5 6 8 10 15 20 30
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| DIFS | backoff | PHYyq | frame | SIFS [ ACK [ SIFS [ PHYynq | frame | SIFS

| PHYya | frame [ STFS [ BAR [SIFS | BA |

Figure 1 — The scheme of data frames block transmission

The transmission speed can be significantly increased
by combining frames into blocks and transmitting them
using the VBS and FBS mechanisms. It is of considerable
interest to conduct a comparative analysis of the effi-
ciency of these mechanisms when changing the sizes of
transmitted blocks and in the presence of Gaussian noise
of varying intensity in the transmission channel.

2 REVIEW OF THE LITERATURE

Supporting real-time communications over IEEE
802.11 WLANS is very important yet challenging due to
limited channel capacity, unstable channel conditions and
a low transmission delay requirement of real-time traffic
[29]. In [30] the authors provided a closed formula, based
on some approximations, for the configuration of the pa-
rameters CWp, and CWy,.y, where CW is the contention
window in backoff mechanism of a frame transmission.
In [31] the authors built an analytical model to derive an
average delay estimate for the traffic of different priorities
in the unsaturated 802.11e WLANS.

The majority of analytical works on the delay per-
formance of IEEE 802.11 focuses on predicting only the
mean MAC delay, although higher layer application and
protocols are interested in the total performance of the
MAC layer. The analysis presented in [32] applies to the
priority schemes of the of the EDCA mechanism of the
IEEE 802.11e standard. However, by using an appropriate
parameter setting, the results presented are also applicable
to the legacy 802.11 DCF. In [33] authors note that for
analytical tractability and simplicity, most exiting per-
formance models of transmission opportunity (TXOP)
have been restricted to unrealistic working scenarios
where the traffic follows a Poisson process, which is un-
able to capture to heterogeneous characteristics of multi-
media traffic. IEEE 802.11e EDCA induces service dif-
ferentiation by appropriate joint turning of for adjustable
contention parameters.

In [3] authors consider the situation in which a trans-
mitter attempts to communicate reliably over a discrete
memoryless channel. In [34] authors analyze additive
white Gaussian noise at both the receiver and the warden
for covert communication. The next generation of wire-
less communication technologies is accelerating the trans-
formation of industrial Internet of things (IIoT) [4]. In [5]
authors consider adversary’s noise and channel uncertain-
ties and analyze their impact on throughput of covert
messages.

Congestion is the main cause of losses in wired net-
works, but in today’s heterogeneous networks, loss events
can also be introduced due to higher error rates on wire-
less channels, host mobility and frequent handovers [35].
Interference is the main performance-limiting factor in
most wireless networks [36]. The interference ranges in a
mentioned literature are set without fully considering the
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effect of the networks. The setting of the interference
range is rather heuristic and remains an open problem
[37].

In the case of collision, at least two stations (STAs)
start transmission in the same slot, each of them sends out
a whole block and BAR frame and then waits for the BA
frame. The access point (AP) shall not send back the BA
frames when it detects a collision. The STAs can’t receive
the BA frames successfully, and then they have to retry
their transmission again.

In the erroneous case due to interference STA sends to
AP a whole block and BAR frame as usual. The AP then
sends back a BA frame to indicate which frames are cor-
rupted.

The authors of article [10] justify the expediency of
using the frame block protection mechanism during
transmission. In this case, successful transmission of the
first frame in a block is notified via immediate ACK.
Otherwise, even if the first frame in a block collides with
other frames transmitted by other stations, the transmit-
ting station will continue to transmit the next frames in a
block since it cannot determine such a collision. This can
lead to severe performance degradation.

The BA frame contains information about the recep-
tion of the whole block through a corresponding bitmap.
Both the BAR and BA frames are transmitted at the same
rate used for the data frame transmission. After each BA
the STA transmits the corrupted frames composed in a
subsequent block.

Network performance is affected by two different
states: the probability of having successful channel access
and the channel utilization efficiency [24]. The first state
depends on the number of competing stations. The second
state depends on the overhead, in terms of headers, con-
trol frames and retransmissions required for the data de-
livery, and it is a function of the frame error rate.

3 MATERIALS AND METHODS

If the mechanism of variable blocks size (VBS) is
used when transmitting data, then after receiving frame
BA the next block is formed only from frames distorted at
the previous state. Let’s analyze the operation of this
mechanism at average noise intensity BER=P,=10° using
the example of a block with &=20. The corresponding
transmission scheme using the protection mode is shown
in Fig.2.

In the fields of the scheme in Fig. 2, designated by the
letter F, we integrate the physical layer header PHY g, the
frame itself and the short inter-frame interval SIFS.

The probability of successful transmission of a sepa-
rate frame F1, which performs the block protection func-
tion, is equal to P¢=0.988, and we assume that this frame
will be successfully transmitted. The probability of suc-
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cessful transmission of an entire block consisting of 20
frames at BER=P,=10¢ is equal to

that is, we can assume that statistically approximately
16 frames from a block successfully passed to the AP, and
4 distorted frames (for example F3, F7, F11, F15), as

Pg k=20 =(1-F, )L0~k =0.787, (6)  shown in Fig.2, are transmitted at the second stage. In this
case, taking into account (5), the throughput is
21'Ldata

Sk=20

B Z(TDIFS +TCW +TACK)+4TSIFS +25'TF +2TBAR +2TBA +83

)

| DIFS [ backoff [ F1 | ACK | SIFS | F2 | F3 | F4

|F5 [ Fs | F7

[ F21 [ BAR [SIFS | BA |

| DIFS | backoff [ F3 | ACK | SIFS | F7 [ F1l | F15 | BAR [ SIFS | BA |

Figure 2 — The VBS transmission scheme for a block containing k = 20 frames at BER = P,=10"°

For forty frames in a block (k = 40) with the same level of interference in the channel (BER = P,= 10°), the trans-

mission scheme is shown in Fig. 3.

DIFS | backoeff | F1 | ACK | SIFS |F2 | F3 |F4 |F5 |F6 |F7 F41 | BAR | SIFS | BA

DIFS | backoff | F2 | ACK | SIFS | F4,F7, F10, F13,F16, F19, F21, F24, F27, F30, | BAR | SIFS | BA
F33, F36,F38, F40

DIFS | backoff | F4 | ACK | SIFS | F21 BAR | SIFS | BA

Figure 3 — The VBS transmission scheme for a block containing & = 40 frames at BER = P,=10"°

The probability of successful transmission of a block,
consisting of k=40 frames, calculated similarly to (6), is
equal to Pg—4=0.619. Thus, it can be assumed that sta-
tistically approximately 25 frames from a block success-
fully passed to the access point, and 15 frames (for exam-
ple F2, F4, F7, F10, F13, F16, F19, F21, F24, F27, F30
F33, F36, F38 and F40), as shown in Fig. 3, are transmit-

41- Ldata

ted at the second stage. The probability of successful
transmission of a block formed at the second stage and
containing 14 frames at BER:PI,:IO’6 is Pg;—14=0,845.
From this number, statistically 12 frames will success-
fully reach the access point, and 2 frames (for example
F4, F21) will be distorted and will be transmitted already
at the third stage. In this case, the throughput is

Sk=a0 =

Similar calculations were carried out for blocks with
k=6, 10, 15, 25 and 30. The resulting throughput values
for blocks of different lengths when changing the data
transfer rate R are shown in Table 2. The following pa-
rameters were used in the calculations [9, 38]:
Tars=16 ps, 6=9 us, Tprs=34 us, Tpuyar = 20 ps,
CWmin:16, 26:0,7 us, TBAR:2138 us, TBA:31 us,
L4.:c=12000 bit.

Graphical dependencies of throughput S on the num-
ber of frames in a block k at different data transfer rates R

73(TD1FS +TCV7+TACK)+6TSIFS +58TF +3TBAR +3TBA +128

®)

are shown in Fig.4. As can be seen from the figure, the
curves are characterized by the presence of a maximum in
the area of average k values. As data rates increase, these
maximums become more pronounced.

Let’s analyze the effect of high-intensity noise with
BER=P,=10" on the process of block data transmission
using the VBS mechanism. The process of transmitting a
block with 4=15 frames in protected mode is described
schematically in Fig. 5.

Table 2 — The throughput values S; at different k and R when BER=P,=10"°

Sk

k R, Mbps

108 162 216 270 324 378 432 486
6 67.8 85.8 98.9 108.8 116.7 123.0 128.2 132.6
10 63.0 79.9 92.3 101.8 109.3 115.4 120.4 124.6
15 62.6 80.0 93.0 102.9 110.9 117.3 122.7 127.2
20 61.5 79.5 93.1 103.8 1123 119.4 1253 130.3
25 60.9 79.2 93.2 104.3 113.3 120.7 126.9 132.2
30 56.6 73.6 86.6 96.9 105.2 112.1 117.9 122.8
40 53.7 70.2 82.9 93.0 101.2 108.0 113.8 118.7
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140

——R=270 Mbps

130

—B—R=378 Mbps
R=486 Mbps

20 .\\I—/"’_’.—‘:.T -
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100
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0 10 20

T 1k
30 40

Figure 4 — Dependence of network throughput S; on the number of frames £ in a block. Data transfer is carried out using the VBS
method at BER=P,=10°

‘DIFS backoff‘ Fl ‘ACK ‘ SIFS ‘ F2 ‘1:3 ‘F—'l F5 | E6 ‘F? ‘ « | F16 ‘BAR ‘ SIFS ‘BA ‘

‘ DIFS backoff‘ F2 [ ACK ‘ SIES ‘ 4 ‘ F6 ‘ F7 ‘PS ‘FQ ‘PIU ‘ FI1 | === | F16 ‘ BAR‘ SIFS ‘ BA ‘
‘ DIFS backoff‘ T4 ‘ ACK ‘ SIFS ‘ F7 ‘ F9 ‘ Fil ‘ F12 [ F13 ‘ Fi4 ‘ FI5 ‘ Fi6 ‘EAR ‘ SIFS ‘BA ‘
‘ DIFS backoff‘ F7 ‘ ACK ‘ SIFS ‘ Fl11 ‘1:13 ‘ F15 ‘ F16 ‘BAR ‘ SIFS ‘BA ‘

‘ DIFS

backoff‘ Fl1 ‘ ACK ‘ SIFS ‘PIS

BAR ‘SIPS ‘BA ‘

Figure 5 — The VBS transmission scheme for a block containing k = 15 frames at high interference intensity (BER=P,=10")

The probability of successful transmission of a fifteen
frames block when BER=P,=10" is equal to

P 15 = (1= B)0* =0.165, )

that is, at the first stage statistically 2 frames successfully
pass through the channel, and 13 are distorted (F2, F4, F6,
F7, F8, F9, F10, F11, F12, F13, F14, F15, F16 in the des-
ignation of the blocks of the scheme in Fig. 5).

These frames are transmitted at the second stage, with
F2 acting as a diagnostic frame, and a last 12 forming a
block. The probability of successful transmission of this
block is 0,237, therefore we assume that at this stage 3
frames successfully pass through the channel (F6, F8 and
F10), and 9 are distorted (F4, F7, F9, F11, F12, F13, F14,
F15, F16).

13- Ldata

The indicated 9 frames are transmitted at the third
stage, with F4 acting as a diagnostic frame, and a last 8
forming a block. The probability of successful transmis-
sion of this block is 0.383, so we assume that at this stage
on average 3 frames successfully pass through the channel
(F9, F12 and F14), and 5 are distorted (F7, F11, F13, F15,
F16).

These frames are transmitted at the fourth stage, with
F7 acting as a diagnostic frame, and a last 4 forming a
block. The probability of successful transmission of this
block is 0,619, therefore we assume that at this stage on
average 2 frames successfully pass to the access point
(F13 and F16), and 2 are distorted (F11 and F15). As
shown in the scheme, they are successfully transmitted at
the fifth stage.

In this case, the network throughput is calculated as
follows:

Sk=15

Similar calculations were carried out for blocks with
k=4,6,8, 10, and 12. The throughput values for all these
blocks when changing the data transfer rate R are shown
in Table 3.

Graphs of the throughput S; on k& dependences for
R =270, 378, and 436 Mbps are shown in Fig. 6.
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- S(TD[FS +TCW +TACK)+10TS1FS +45'TF +5TBAR +5TBA +206

(10)

As can be seen from figure 6, the curves characterized
by the presence of a local maximum in the vicinity of
k=10. The values of these maxima, as well as the absolute
values of the throughput at high noise level BER=P,=10"
are significantly smaller compared to the previous case
described in section 4.1 where BER=P,=10"°.
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Table 3 — The throughput values S at different k and R when BER=P,=10"

Sk
k R, Mbps
108 162 216 270 324 378 432 486
4 41.5 50.5 56.7 61.2 64.6 67.3 69.5 713
6 389 48.0 54.3 58.9 62.5 65.3 67.6 69.5
8 36.2 45.2 51.7 56.5 60.2 63.2 65.6 67.6
10 355 44.9 51.8 57.0 61.1 64.4 67.2 69.5
12 32.0 40.2 46.2 50.7 54.2 57.0 58.1 61.3
15 25.1 32.0 37.2 41.2 443 46.9 49.1 50.9
Sz, Mbps

80

75

70 § § —4—R=270 Mbps

65 .\.\'/-i —@—R=378 Mbps
60 ‘“-—M N R=486 Mbps
55 —

- \%i.

45
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Figure 6 — Dependence of network throughput S; on the number of frames £ in a block. Data transfer is carried out using the VBS
method at BER = P,= 107

In this work, to study the efficiency of data transmis-  Keeping the simplicity of the original model, we propose
sion using the VBS method under noise, we modified to determine the influence of noise within the framework
expression (1), which was originally proposed to calculate  of the following model:
the throughput of a WLAN in ideal case of no noise.

Sk _ (k+1)'Ldata (ll)
a(Tpirs + Tej + Tack ) +BTsirs +¥IF +(Tpar +Tpg) + A0

The values of the coefficients a, B, y, n, and A for all £  collected in Tab.4. The dependences of the coefficient y
involved in calculation and two noise levels (BER) are  on & for different noise levels are shown in Fig. 7.

Table 4 — Values of coefficients in model (11)

Noise level, Number of frames in Model coefficients
BER each block & o B Y n A
6 1 2 7 1 4
10 2 2 12 1 6
15 2 4 18 2 8
1076 20 2 4 25 2 8
25 2 4 32 2 8
30 3 4 41 2 10
40 3 6 58 3 12
4 2 4 7 2 4
6 3 4 11 2 10
10° 8 3 6 16 3 12
10 3 6 21 3 12
12 4 8 29 4 16
15 5 10 45 5 20
© Khandetskyi V. S., Karpenko N. V., Gerasimov V. V., 2025
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Figure 7 — Dependences of coefficient y in (11) on the number of frames in block & for different noise levels

Let us generalize the algorithm for determining the
network throughput.

1. At the first stage, using the noise level BER=P, and
the total data length of the frame’s block Lk we calculate
the probability of successful block transmission Pg'" us-
ing formulas (6). By multiplying the resulting probability
Ps" by the number of frames in the block & and going to
the nearest integer, we will obtain the average number of
frames that will be successfully transmitted to the access
point AP:

kK =1k - PO, (12)
where [] denotes going to the nearest integer value.

If the number of frames k" is less, than the number of
frames in the block £, then they difference indicates
frames distorted by interference, which, in accordance
with the VBS method, will form a new block for trans-
mission in the second stage:

K =1 —k1. (13)

2. One is subtracted from the obtained value kp® (10)
(one frame performing the channel diagnostic function is
transmitted before the block and its delivery is confirmed
by a separate receipt ACK), the remaining number of
frames is subjected to a procedure similar to (12):

K168 - B0 -0-a-p) 0% 0 (9)

In this case, the number of frames distorted during
transmission at the second stage and intended for trans-
mission at the third stage is

kD =k -n-kD. (15)

3. These frames form the corresponding block at the
third stage and the procedure is repeated:

Kp=T6) - B=16) - -a-py @, (16)
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4 3 3
KD =& -1)-kG). (17)
Continuing this algorithm, we obtain its generalization
in the following form:

KD =) ) P 1=[&) -0y @y, (18)

KD = (kD —1y -9, (19)
Here symbol i denotes the number of transmission
stages in the VBS method.

4 EXPERIMENTS

Let us first consider the transmission of blocks of a
fixed size under conditions of high-intensity noise
BER=P,=10". Let’s assume that the transmitted block
contains 6 frames of standard length (see section 3). The
probability of successful transmission of the entire block
is equal to Pgj— =0.487, that is, approximately half of the
frames of this block will be distorted (for example F2, F4,
and Fo).

But, unlike the VBS method, now, in order to main-
tain the constant block size, these frames are comple-
mented with four new frames with the following numbers
in order, forming the block — F2,, F4,, F6, F8, F9, F10,
and F11 (the symbol d hereinafter denotes distorted
frames; at the first stage, frames from 1 to 7, inclusive,
took part in the transmission process and F1 diagnoses
transmission environment). From the frames distorted at
the first stage of transmission, we select a frame that will
be diagnostic at the second stage, for example F2,. This
frame is separately confirmed by a receipt, and according
to Section 3.2, the probability of its successful transmis-
sion is 0,887, that is, it is sufficiently high. Thus, at the
second stage, the following block is formed for transmis-
sion: F4, F6, F8, F9, F10, and F11.

We assume that, as in the first stage, three frames are
successfully transmitted to the access point, and three are
distorted. Let’s estimate the probability that copies of
frames F4,, F6, will be included in the number of suc-
cessfully transmitted frames at the second stage. For this,
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we will use the well-known formula of a probability the-
ory [17]:

m . n—m
Py = Cu Cn-m (20)
Cy
Here
e - N(N =1)(N =2)...1 @)

[n(n—=1)(n—2)..1]-[(N —n)(N—n—1)(N —n—-2)..1]"

In these formulas N is the number of frames in the
sent block (N =6); n is the total number of frames that
were distorted during transmission (n = 3); M is the num-
ber of copies of distorted frames included in the block for
transmission at the second stage (M = 2); m is the number
of frame copies that are planned as successfully transmit-
ted to the AP. In our case, for m =2, P,= 0.2, i.e. success-
ful transfer at the second stage of copies F4, and F6, is
the rare event. However, for m =1, P,= 0.6, i.e. success-
ful transmission of F4, or F6, can be accepted. Let’s as-
sume that it is F4,.

Thus, frame F6,,is included in the block for transmis-
sion at the third stage, as well as, for example, frames F8,
and F10,. From among these frames, a frame diagnosing
the transmission environment in protected mode is se-
lected. The probability of choosing the F6,, frame out of
three is 1/3, and the total probability for the third and
fourth stages of transmission is 2/3. Therefore, it can be
assumed that the F6,, frame will be sent at one of these
stages, and all 7 frames of the first set (F1 — F7) will fi-
nally be collected in the buffer memory of the AP. At the
same time, it will be possible to form this set of frames in
the required sequence and send it to the network. In the
best case, this will be done after the third stage of transfer,
in more likely — after the fourth stage. In the case of using
the VBS method (see subsection 3.2), the formation of the
entire first set in the desired sequence of frames took
place immediately after the third stage of transmission.

But it should be taken into account that in the third
and fourth stages, the frames of other sets will also be
stored in the memory of the AP, which characterizes the
potential possibility of forming complete sets for trans-
mission over the network in the following stages. Let’s
consider this.

After the first stage of transmission, the access point
will receive frames F1,, F3,, F5;, F7,, from the first set. It
will not be able to send these frames to the network until
this set is received completely and its frames are formed
in the required sequence.

After the second stage of transmission, copies of
frames F2, and F4, are added to the first set, and frames
F9 and F11 from the second set are added to the access
point.

After the third stage of transfer, frame F6,, is not add-
ed to the first set (the most realistic option is selected),
and 3 frames are added to the second and third sets, for
example F10, F13 to the second and F15 to the third
block.
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After the fourth stage of transmission, a copy of the
F6,4, frame is finally added to the first set, completing its
formation, and two more frames enter the memory of the
AP, for example, F14, to the second block and F17 to the
third block.

As a result, after the end of the fourth stage of trans-
mission, the access point contains: a fully formed first set
of frames (F1 — F7), as well as 5 frames of the second and
2 frames of the third set, which in total is equivalent to a
complete set of frames.

Thus, under the considered conditions: a significant
intensity of external noise — BER =10~ and a small block
length (k= 6-9 frames), it can be assumed that the effi-
ciency of the FBS method exceeds the efficiency of the
VBS method, which was studied in the previous section.

Let’s analyze for comparison the option of transmit-
ting longer blocks of frames (k=10) with the same sig-
nificant noise intensity BER=10"".

At the first stage, the following set of frames is pre-
pared for transmission: F1, F2, F3, F4, F5, F6, F7, F§, F9,
F10, F11. The probability of successful transmission of a
ten frames block (F2-F11) is Pg;-10=0.301, which as-
sumes the successful delivery of three frames plus a diag-
nostic frame F1. Suppose it will be F3, F5, F7.

Then, in the second stage, frames F2,, F4,, F6, F8,,
F9, F10, F11, F12, F13, F14, F15 will be prepared for
transmission. Seven frames from this set were distorted in
the process of the first stage of transmission, so copies of
they were prepared for transmission, which were supple-
mented to a complete block by four new frames with con-
secutive numbers. A copy of the distorted frame is chosen
as the diagnostic frame due to the higher probability of
such a choice.

From the composition of this block, three frames will
be successfully delivered to the access point. Due to the
large number of the frame’s copies in the set, we believe
that there will be two copies and one frame from among
the added ones, for example F4,, F8,and F13. Thus, after
the second stage of transmission, frames F1, F2,, F3, F4,,
F5, F7, F8, from the first block and F13 from the second
block will be accumulated in the buffer memory of the
access point.

At the third stage of transmission, copies of distorted
frames F6dd, F9dd: FlOdd, F1 1dd: F12d, F14d, F15d will be
used to form a block, which will be supplemented with
frames F16, F17, F18, F19. The BA frame sent by the AP
will contain information about distorted frames. Consider-
ing, that 4 out of 7 frames were distorted in the first stage,
and in the second it was repeated with their copies, it is
reasonable to choose a diagnostic frame from among
them, let it be F6,,. Then, in the third stage, will be sent
the next set of frames: F6,, F9,4, F104, Fll,4; F12,,
F14, F154 F16, F17, F18, F19. Three groups of frames,
separated by the sign ";" are approximately equal in num-
ber, so let’s assume that frames F10,, F14, F17, one
from each group, will reach the AP undistorted. Thus,
after the third stage of transmission, 9 frames of the first
set will be accumulated in the memory of AP (two frames
are missing from the full set, according to our example,
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these are F9 and F11), as well as frames F13, F14, F17
from the second set.

COpieS of frames F9ddd; F1 lddd; Flde, Flde, Fl6d,
F18, F19, will be included to block in the fourth stage of
transmission; which will be supplemented with frames
F20, F21, F22, F23. The distorted frames form three, ap-
proximately equal groups, so it is more reasonable to ex-
pect that F9,,, or F11,,, will be used as a diagnostic frame
at the fifth stage. The probability of successful delivery of
one of these frames to the AP is 1/10, that is, it should not
be expected to be delivered in the near stages. Replenish-
ment of the second set of frames in the memory of the AP
at the fourth stage will most likely take place with three
frames; at the fifth stage a maximum of two is possible.
The process then becomes more and more delayed, since
the fewer unsent frames of a given set remain, the less
likely it is that they will be among those successfully de-
livered.

At the same time, it should be noted that according to
the calculation carried out when k= 10, using the VBS
method allows us to fully form the first set in AP after the
third stage of transmission.

5 RESULTS

Thus, it can be concluded that in conditions of signifi-
cant interference intensity (BER = 107) and an increase
in the length of the transmitted block beyond k = 10, the
VBS method is preferable for use. This advantage is due
to the fact that when using the VBS method, at each sub-
sequent stage of transmission, the length of the transmit-
ted block is reduced and, accordingly, the absolute num-
ber of successfully delivered frames increases (due to the
increase in the probability of delivery) from this already
reduced block. The convergence of the algorithm is accel-
erated.

In the case of FBS, the large block length results in a
low delivery probability value that remains constant at
each transfer stage. Therefore, the number of successfully
delivered frames at each stage of transmission is small
and, as calculations show, this is not compensated by the
successful delivery and accumulation of frames from sub-
sequent sets.

Let’s compare these two methods when working in
conditions of medium interference intensity (BER = 10°%).

According to subsection 4.1, when VBS mechanism
works for £ =10, the completion of the first set formation
in access point is observed after the second stage of
transmission. And then the transmission of the frames of
the second set begins. The same is true for subsequent
sets of frames. Two stages of transmission are required to
transmit each block here. A similar situation is observed
for blocks containing up to k = 25 frames.

For the FBS method at the first stage of transmission,
the set of frames looks like: F1 _F2, F3, F4, F5, F6, F7,
F8, F9, F10, F11. The probability of successful block
transfer is Pg;-10=0.887, so statistically approximately
9 frames from the set F2—F11 will be successfully deliv-
ered, and, for example, F3 will be unsuccessful.
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At the second stage we will receive the following set:
F3, F12, F13, F14, F15, F16, F17, F18, F19, F20, F21
and from this block (F12-F21) approximately 9 frames
will be successfully delivered to the AP too.

Thus, if we use the FBS method in these conditions,
after the second stage in memory of the AP the first com-
plete set of frames F1-F11 will be located, as well as
9 frames of the following second set, which will be
formed on the third stage. By conducting a similar analy-
sis, we find that sets 1, 2 and 3 will be formed in the AP
after the fourth stage of transmission, and the entire set 4
will be added to them after the fifth stage, and so on.

Under these conditions, the use of the FBS method is
more preferable.

6 DISCUSSION

We compared the efficiency of data transmission by
variable and constant size blocks formed from frames
using VBS and FBS mechanisms under conditions of
noise varying intensity. It is shown that with a small
number of frames in a block (k=6) and high-intensity
noise (BER = 107), the efficiency of the FBS mechanism
exceeds the efficiency of the VBS block formation mech-
anism. However, at the same noise level, an increase in
the number of frames in a block (k> 10) makes the use of
the VBS mechanism more preferable. This advantage is
explained by the fact that the VBS mechanism at each
subsequent stage of transmission forms a block from
frames distorted at the previous stage, therefore the size of
the blocks at subsequent stages decreases, increasing the
number of frames successfully transmitted to the access
point (due to the increase in the probability of transmit-
ting shorter blocks). At the same time, the constant and
small probability of successful transmission of a constant
size block at each stage makes the probability of trans-
mission of frames distorted at the initial stages low. This
is due to both the low probability of transmission of the
rather long blocks themselves and the relatively small
number of copies of frames in the block that have already
been distorted several times at previous stages of trans-
mission. The above factors complicate the formation of a
correct and complete sequence of frames of a given in-
formation message, significantly slowing down this proc-
ess.

For medium-intensity noise (BER =10°), the trans-
mission of each subsequent block in the range of up to
25 frames per block using the VBS method requires the
use of two stages. The application of the FBS method in
these conditions shows that only the first set of frames
requires the use of two stages for its complete transmis-
sion. Then, due to the accumulation of frames at the pre-
vious stages, each subsequent stage of transmission com-
pletes the formation of the corresponding set in the mem-
ory of access point. Thus, when the noise intensity de-
creases to BER =10° and below, the use of the FVS
mechanism becomes more effective.

The obtained results are illustrated with specific ex-
amples characterizing the formation and transmission of
various frame blocks.
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These studies were conducted under the condition of a
fixed probability of collisions. In the future, it is planned
to continue comparing the efficiency of various mecha-
nisms for forming frame blocks under conditions of dif-
ferent noise intensities, taking into account the change in
the number of collisions in 802.11 networks.

CONCLUSIONS

1. A simple model used in IEEE 802.11 networks to
determine the DSF throughput for transmitting frames in
infrastructure domains was modified by us to transmit
frame blocks of different sizes under conditions of me-
dium and high intensity noise affecting the transmission
process. The scale factors of the model for the number of
frames in a block k= 6—40 at an average noise level cor-
responding to BER = 10°° and k = 4-15 for high-intensity
noise at BER =10 are determined. The algorithm for
calculation the network throughput has been generalized.

2. For the first time, comparative studies of VBS and
FBS mechanisms used for the formation and transmission
of different sizes frame blocks under medium and high
noise intensity were conducted.

3. The process of step-by-step dynamic transmission
of blocks with a decreasing number of frames from stage
to stage, formed within the VBS mechanism, in an envi-
ronment with medium and high noise intensity was stud-
ied.

The investigation of the throughput dependences on
the number of frames in the FBS blocks showed the pres-
ence of local maxima, located in the region of average
values of the frames number. These maxima are more
pronounced at increased data transfer rates.

4. 1t is shown that with a small number of frames in a
block (k=6) and high-intensity noise (BER =10"), the
efficiency of the FBS mechanism exceeds the efficiency
of the VBS block formation mechanism. However, at the
same noise level, an increase in the number of frames in a
block (k> 10) makes the use of the VBS mechanism more
preferable. When the noise intensity decreases to
BER = 10°® and below, due to the accumulation of frames
at the previous stages of transmission the use of the FVS
mechanism provides a wider throughput and therefore
becomes more effective.

The scientific novelty of obtained results consists in
determining the throughput of wireless computer net-
works IEEE 802.11 using the mechanisms of VBS and
FBS for the formation and transmission of frame blocks
under the influence of variable-intensity noise on the
transmission process. The study of the dependence of
through put on the number of frames in VBS blocks
showed the presence of local maxima of the dependences,
which are located in the region of average values of the
frames number. These maximums are observed in the
range of medium and high noise intensities and are more
pronounced at higher data transfer rates.

The practical significance of obtained results con-
sists in the possibility of a reasonable choice of a suitable
mechanism for the formation and transmission of frame
blocks in accordance with the noise level in the data
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transmission environment and the determination of the
optimal number of frames in the block corresponding to
the maximum throughput under given transmission condi-
tions.

Prospects for further research are to study the pos-
sibility of using congestion control algorithms in fiber-
optic TCP networks, when transmitting data segments
using sliding windows, for use in wireless networks with
the implementation of automatic regulation of the length
of transmitted frame blocks and adaptation to the noise
level in the transmission medium. The model created by
these studies must also take into account the impact of
collisions caused by active frame generation by other sta-
tions in the wireless domain.
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AHOTALIA

AktyanabHicTb. O0’eqHaHHA QpeiiMiB y OokH mpu nepeaaBanHi iHGopmamii B 6e3aporoBux mepexkax IEEE 802.11 nonomarae
CYTTEBO 3MEHIINTH HaKJIaTHI BUTPATH 1 MiABUIIMTH IIBUAKICTH Nepenadi. OJHOYACHO 3 MM, BIUIMB IIYMY 3MEHIIyE €(EKTUBHICTH
Takoi mepenadi BHACIHIZOK ITiJBUINCHHS IMOBIPHOCTI BHKPHUBIJICHHS OLTBII JOBIHX HOBIIOMIICHb. MU MOPIBHIOBAaIH €(EKTUBHICTH
nepenadi JaHUX 3 BUKOPHCTAHHSAM 3MIHHOTO Ta MOCTIHHOTO po3MipiB OJ0KIB 3 (peiiMiB, o GpopMyroThCst 3 BUKopuctanusaMm VBS ta
FBS mexani3MiB, B yMOBax Aii 1IyMy 3MiHHOT iHTEHCHBHOCTI.

Meta po6oTu. MeToro wi€l cTaTTi € nmopiBHLIBHI nociipkerHs: VBS ta FBS mexaHi3MiB, 0 BUKOPHUCTOBYIOTECS I (OpMy-
BaHHsI 1 niepeaadi O10kiB (peiiMiB pi3HOro po3Mipy B yMOBaxX CEpPeAHbOI Ta BUCOKOI iIHTEHCHBHOCTI IIyMY.

Merton. [Tpocta mozens, mo BukopuctoByerbes B IEEE 802.11 meperxax ans BuzHadenus DCF npomyckHoi 3AaTHOCTI pH mie-
penaBaHHI QpeiiMiB B iHPpacTpyKTYypHUX IOMEHax Oyina moamdpikoBaHa HaMHU Ui mepeaadi OJOKiB (peiiMiB pi3HOTO PO3Mipy B
YMOBAaXx CepeaHboi Ta BUCOKOI iHTEHCHBHOCTI LIIyMY, LIIO BIUIMBA€ HA MpOLEC nepeaadi. Mu BUKOPUCTOBYEMO JUIsl epesiadi JUCKpET-
Huil y vaci ['aycoBmii kanan 6e3 mam’sati. Y TakoMy KaHaji 0iTOBI HOMMIJIKH € HE3aJeXHHMH 1 PIBHOMIPHO PO3NOALICHUMH Cepe
OitiB ¢peiimy. Busnaueni macmrabyrodi koedimieHTH MoJeNi Ul KiabKocTi ¢peiimMiB B 61omi k = 6—40 mpu cepeHbOMY piBHI ITy-
My, 1o Biamosizae BER = 107, i k=4-15 nna Bucoxoro pisus mymy mpu BER = 107, V3aransHeHO aIropuTM Uis pO3PaXyHKY
MIPOITYCKHOT 3aTHOCTI Mepexi. J[ocimKeHHs 3a1eKHOCTEl IIPOIyCKHOI 34aTHOCTI Bix KibkocTi ¢peiiMiB y VBS 610kax nokasaino
HasBHICTH JIOKAIIbHUX MaKCHMYMIiB 3aJI©XKHOCTEH, sIKi pO3TaIlIoBaHi B 001acTi cepeHiX 3Ha4eHb KinbKocTi Gpeiimi. L{i Mmakcumymu
€ OLIbII BUPAXKEHUMH TPH MiABUIICHHUX IBUAKOCTAX Nepeadi JaHuX.

PesyabTaTtu. [lokazano, mo npu HeBENHKii KiTbKOCTI ¢peiiMiB B Giomi (k= 6-9) i BUCOKOIHTCHCHUBHOMY IIyMi €()eKTHBHICTH
FBS wmexanizmy nepesuinye edektuBHicts VBS Mexanismy dopmyBanHs 070KkiB. [IpoTe, mpu TakoMy X piBHI IIyMy, IiIBUIICHHS
KinpKocTi ¢peiiMiB B Goui (k> 10) poduts BukopucranHs VBS mexanizmy kpammM. Ls mepeBara mosicHIoeTbesl THM (hakToM, IO
VBS Mexani3M Ha KOXHIilf HacTymHIH craaii mepexadi ¢popmye OJIok 3 (peiiMiB, BUKPUBICHNX Ha MONEpenHill cTafii, Ipu nboMy
po3Mip ONOKIB Ha HACTYNHUX CTalisX Iepefadi 3MEHIIYEThCS, MiABHITYIOUH YucIo (peiiMiB, ycmimHo neperanux AP (BHacmigok
IiIBUIEHHST IMOBIPHOCTI Iepenadi OiIbI KOPOTKKX OJIoKiB). OHOYACHO 3 LUM, NOCTIiiHA i HEeBEJIMKa IMOBIPHICTh YCIHIIIHOT Hepe-
navi OJIOKIB MOCTIITHOrO po3Mipy Ha KOXHiH cTaiil poOUTh IMOBIpHICTH nepenaui (ppeiiMiB, MOMIKOMKEHUX Ha MONEPEeIHIX CTalisX,
HU3bKO10. CUTYyaIlisl 3MIHIOETBCS ISl IIYMY CepeAHboi inTeHcuBHOCTI. TyT mepenada KO)KHOrO HACTYITHOTo OJIOKY B Aiama3oHi 1o 25
¢peiimiB Ha G110k 3 BUKOpHCTaHHIM MeToqy VBS motpelye nBox eramiB. 3acTocyBaHHs k MeToay FBS B mux e yMoBax Mmokasye,
10 TITBKY TepIuuii Habip gpeiiMiB moTpedye BUKOPUCTAHHS IBOX CTaill A oro moBHOI mepenadi. [1oTiM, BHACTITOK HAKOTUYEH-
HA (QpeiiMiB TonepenHix crajiiid, Ha KOXKHiM HACTYMHIHM cTail mepeaadi 3aBepUIyeTHCS MOBHE (popMyBaHHS BiATIOBIIHOTO HAOOpy B
mam’siti AP. TakuM 9MHOM, KOJH IHTEHCHBHICTH IIyMy 3MeHIIyeThest 1o BER = 107 i mmxue, BukopucranHs FBS mexanismy crae
Oinpmr edpexTrBHEM. OneprkaHi pe3yIbTaTH ITIOCTPYIOTHCS CIEIU(BIYHIMY PHUKIATaMH, IKi XapaKTepu3yIoTh (GopMyBaHHS i Tepe-
Jady pi3HUX OJIOKIB (peiiMiB.

BucHoBkH. VY 11iii cTaTTi, BHKOPHUCTOBYIOUH MOIU(IKOBaHY HAMH MAaTEMAaTUYHY MOJICIb, IPOBE/CHI MOPIBHSIIBHI JOCIIIKSHHS
e(eKTHBHOCTI MeXaHi3MiB (opMyBaHHs 1 epenayi OJI0KiB GppelimMiB pi3HOro po3Mipy B yMOBax BIUIMBY LIyMy Pi3HOI iHTEHCHBHOCTI
Ha Mpolec nepesayi. Y3arajlbHEeHO aaropUTM JUIS PO3PAaXyHKY MPOMYCKHOT 34aTHOCTI, BU3HAYEHI BEJIMYMHH MPOIYCKHOT 34aTHOCTI
rpu BukopuctanHi VBS ta FBS mexani3miB QyHKIIOHYBaHHS MEPExi.

KJIFOYOBI CJIOBA: IEEE 802.11 6e31poToBi Mepexi, MpOoImycKHa 3/aTHICTh, iHTeHCUBHICTh mymy, BER, 610ku ¢peiimis,
VBS Ta FBS mexanizmu.
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