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ABSTRACT

The article presents an analysis of the model for assessing delays in access
networks. A mathematical model for calculating the parameters of functioning of
distributed data processing systems using wireless technologies with competing access
Is considered. Some methods used in the analysis of the model for assessing delays in
subscriber access networks are presented, as well as an example of Maple 13 software
for a numerical solution. The developed mathematical model helped to calculate the
law of distribution of packet delivery time, to determine their parameters.

Keywords: probability of collisions, decreases time delays, the limiting
probabilities, graphs of the change in delivery, packet sending intensity.

AHAJIN3 MOJEJIM OHUEHKHA 3AJEP’KEK B CETAX JOCTVYIIA

AHHOTAIIUA

B cmamve npeocmasnen ananuz mooenu oyenku 3a0epiicek 8 cemsx 0oCcmynd.
Paccmompena  mamemamuueckas ~— moodenv 01 pacuema  NApAMempos
DYHKYUOHUPOBAHUSL CUCTEM DACHPeOeNeHHOU 00padomKu OAHHbIX, UCNOb3VIOUWUX
becnposoOHble MmexHoao2UU ¢ KOHKypupyiowum oocmynom. Ilpedcmasnenvl He
KOmMopble Memoowl, UCNONb3YeMble NPU AHATU3E MOOeIU OYECHKU 3A0ePAHCEK 8 CemsixX
AOOHEHMCKO20 O0CMYNA, a maKxice npumep npocpammnozo obecnevenus Maple 13 ons
yucienHo2o peutenus. Paspabomannas mamemamuueckas Mooeib NOMO2NA
paccuumams 3aKOH PACnpeoeneHuss 8pemMeHu 00CMasKu NaKemos, onpeoeisims ux
napamempet.

Knrouesvle cnosa: seposimnocmo KoIMU3UL, YMEHbULCHUE BDEMEHHBIX 3A0ePIHCEK,
npeoenbrble  BePOSIMHOCMU, 2PAPUKU  USMEHEHUs OOCMABKU, UHMEHCUBHOCHb
OMNPABKU NAKEMO8.
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INTRODUCTION

As technologies develop and improve, the quality of information transmission
Improves, noise immunity increases, and time delays in the network decrease.
Mathematical modeling of information transmission processes also contributes to
solving these problems.

When transmitting data in wireless Wi-Fi networks, a distributed coordination
function DCF is used, which uses the carrier sense multiple access with collision
avoidance (CSMAJ/CA) method together with the binary exponential backoff
algorithm. This method is used to organize equal access to the data transmission
medium in IEEE 802.11 standards and allows for the possibility of errors in
information transmission. The transmitting side does not receive an ACK frame about
successful reception if the transmission was unsuccessful (due to station collisions or
interference), and then the size of the contention window for the transmitting node after
each unsuccessful attempt almost doubles according to formula 2, where n = 5,...,10
(for 802.11a). The maximum window size is 1023, 1021 slots. Thus, as the number of
collisions increases, the window size increases dynamically, which reduces the
probability of collisions and decreases time delays. The sequence of information
exchange (for the 802.11a standard) in the case of successful transmission of one
packet (fragment) is shown in Figure 1, and in the case of unsuccessful information
transmission on the first attempt, but successful on the second - in Figure 2.
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Fig. 1. Successful transmission of one fragment on the first attempt
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Fig. 2. Unsuccessful transmission of one fragment on the first attempt
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Fig. 3. State graph for possible unsuccessful transmission of one packet by one
station with delay

Let us describe the states shown in Figure 3: po is the initial state (there are no
packets to send); p1 is packet generation by the transmitting station; p, is pause 1 (the
station waits for DIFS + Backoff Time_1); ps is the station sending a packet with a
delay; p4 is the station unsuccessfully transmitting some packets the first time; ps is
pause 2 (the station waits for ACK-Timeout and Backoff Time-2); ps is successful
transmission of “unsuccessful” packets, p7 is the transmitting station waiting for SIFS;
ps is the receiving station transmits an ACK acknowledgement packet with a delay
[1,2]. Here A; is the information transmission intensity, A, packets/s is the information
transmission intensity by the transmitting station, k is the unsuccessful sending
coefficient (percentage of sent packets). The delay time takes the values 50, 75,100,125
of the delay t [us].

RESEARCH OBJECT AND METHODS
Solution method. To find the limiting probabilities of the system states and the
law of distribution of the information transmission time, we construct a system of
Kolmogorov equations corresponding to this graph:
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with initial conditions:

{pu(U):l,
p(0)=0 (i=1...8).

For the numerical solution of system (1)-(2), the parameter values from the IEEE
802.11a standard were used: SLOT TIMER t = 16 ps, SIFS t = pus, DIFS SIFS SLOT
TIMER t = 100 ps, ACK Timeout t = us BACKOFF SLOT TIMER ty (ig is a random
value of the Backoff Time timer, in this case 14 = 31, 24 = 63), the ACK packet size is
14 bytes, the size of the transmitted FRAGMENT packet is 798 bytes (770 bytes plus
28 bytes of service information). Data transfer rate K is 100 Mbit/s. The solution to the
system was found numerically on the segment [0;0.04] with the number of partition
segments N = 2000 [3,4].

RESEARCH RESULTS AND THEIR DISCUSSION

For the numerical solution, the Maple 13 software package and the Runge-Kutta
Felberg method of 4-5 orders were used. The constructed mathematical model allows
calculating the law of delivery time distribution and determining its parameters. For
the coefficient of unsuccessful sending k = 0.1%, the influence of different values of
the delay time t (50, 75,100,125) of the delay t on the information delivery time was
estimated for different values of the packet sending intensity A; (A, varies from 200 to
10000 packets/s). Figure 4 shows the graphs of the change in delivery time for different
values of A; with changing values of the delay t. The nature of the curves is close to
linear, and the curves are parallel. With increasing intensity, the delivery time
decreases, and the higher the intensity, the closer the graphs are to each other [5,6].
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Fig. 4. Change in delivery time for different values of A; with changing values
of delay t
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Figure 5 shows graphs of change in delivery time for a fixed value of delay t for
changing values of A;, and shows an exponential decrease in delivery time with an
increase in the intensity of sending packets, and for small values of A; the time values
are very close, and for large values they differ slightly, increasing with an increase in
delay t.

Td
6,00E-03 -
5,00€-03 T .
il 50
4,00€-03 - e
3,00E-03 - 100
4125
2,00€-03 -
21
1,008-03
0,00E400 -

0 1000 2000 3000 4000 5000 &000 7000 8000 S000 10000

Fig. 5. Change in delivery time at a fixed delay value t for changing values of A,

Figure 6 shows graphs of changes in delivery time differences at fixed values of
differences t=delay-0 for changing values of A;. The nature of the curves is practically
constant. With an increase in the values of differences t=delay-0, the difference in
delivery times increases.
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Fig. 6. Change in delivery time differences at fixed values of t=delay—0
differences for changing values of A,
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SCIENTIFIC RESEARCH RESULTS AND CONCLUSION

Figure 7 shows graphs of change in delivery time differences for different values
of A; at changing differences of 50, 75, 100, 125 delay values t = 0. The graphs
practically merge with each other, and with an increase in the differences t=delay-0,
the difference in delivery times increases linearly [7,8].
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Fig. 7. Change in the differences in delivery times for different values of i; with
changing differences in the values of t delay =0

FINAL CONCLUSION

The constructed mathematical model provides for the possibility of an error
occurring during the information transfer process on the first attempt and allows
analyzing the operating modes of the Wi-Fi network when changing various
parameters: packet generation intensity, data transfer rate, unsuccessful sending rate,
delay time. This model can be useful both in designing wireless sections of a distributed
information processing network and in their modernization. The model allows
estimating and investigating the delivery time of one packet by one station depending
on various parameters: delay time, unsuccessful sending rate, packet sending intensity,
data transfer rate, etc. The packet exchange process is considered to be homogeneous
Markov with discrete states and continuous time. To find the marginal probabilities of
the system states and the law of distribution of the information transfer time, a marked
state graph and the corresponding system of Kolmogorov equations are constructed.
The results of calculating the change in the packet delivery time depending on various
parameters are presented. This model can be useful both in designing wireless sections
of a distributed information processing network and in upgrading them. Keywords: Wi-
Fi, CSMA/CA, WLAN, MAC, data transmission modeling, delay, interference,
throughput, medium access protocol.
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