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This work focuses on predicting the expected throughput value of the
network at a certain throughput range. A probability model for
multiple users’ real time data environment was developed for
estimating the probability of obtaining UDPupT on the network for
different signal ranges. Normal distribution was implemented to
obtain a general function for predicting the probability distribution

function (PDF) and cumulative distribution function (CDF) for
obtaining the different variables. The probability model provides an
additional way to predict a particular throughput value and not a
range of value, so we can describe the probability of obtaining
Signal to noise ratio (SNR) virtually in all the SNR cases is either
very high or low. The study shows that the probability model
developed from a combined multiple users’ data environment for
UDP protocol in a WLAN system trusted for estimating UDPupT has
a high throughput within the range of 8 to 9.99 Mbps.
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1. Introduction

The past few decades have witnessed an explosion in information sharing. Wireless access has played
a crucial role in enabling users connect to the internet at any time and from anywhere for the purpose
of information sharing [6]. In recent times, unlimited broadband access is now being provided for users
using wireless broadband technologies such as Wireless Local Area Network (WLAN). WLAN allows
the sharing of data between computers and workstations employing radio frequency technology and
IEEE wireless standards [3]. WLAN based on the IEEE802.11 standards is popularly used in computer
networks around the world. The IEEE802.11 standards are widely accepted because it offers high speed
data rates and low cost of end user equipment.

WLANS can be deployed in homes, schools, university campuses, office buildings etc. to enable users
share information easily and efficiently. As WLAN is being deployed in various environment, there is
need to monitor the end-to-end communication between the end devices through a WLAN network.

[8]

The transport layer from the TCP/IP application which is at the 4th layer of the Open System
Interconnection (OSI) model shown in table 1 can be used to access the network. [7]
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7 LAYERS OF O51 MODEL
APPLICATION LAYER HTTE, FTF, SMTP

JPEG, GIF, MPEG

Appde Talk, Winsock

TRANSPORT LAYER TCP, UDP

~ ~ P, ICRP, IPX [Rowtar)
NETWORK LAYER

DATA LINKE LAYER Ethernet, ATM |Switch, bredge

Ethernet,

PHYSICAL LAYER .

Table 1: The 7 Layers of the OSI Model. [1]

The OSI model is a very important protocol in networking that allows different system to communicate.
The OSI model system can be used as the layered protocol whereby WLAN system can be predicted.
For example: In analyzing/predicting the throughput performance of the WLAN system, the transport
layer which comprises of Transmission Control Protocol (TCP) and User Datagram Protocol (UDP) can
be used to predict the network. This protocol is an internet protocol suite used by programs running in
different computers, it is used for sending messages called datagram [4].

The TCP is characterized with a reliable data connection while UDP as an unreliable data connection.
With TCP, a packet sent from one point is received at the other end in correct order. TCP requires
acknowledgment and flow control. TCP is also called a three-way handshake protocol. Considering two
computers communicating, one as the sender and the other the receiver, a synchronization packet sent
to a receiver computer, is replied with an acknowledgment message informing the sender it has received
the message. And finally, the sender computer sends an acknowledgment message back to the receiver.
Once this process has taken place data can be delivered. But in the case of UDP it does not establish a
connection or guarantee delivery of data. Packets are either lost, duplicated or even received out of order.
Though UDP has better speed and is more efficient compared to Transmission Control Protocol for
applications that do not require guaranteed delivery of data [9]. UDP uses a simple transmission model
also known as a linear model which reduces communication to a process of transmitting information [2].
The communication is essentially point-to-point and its uses the client/server model of communication
where a computer requests and is provided a service by another computer in the network [10].

UDP is a suitable protocol for predicting the throughput of the WLAN network. Predictive tools for UDP
throughput are rarely available. Thus, the availability of such a model will provide UDP predictive tools,
thereby making the network installation process easier and more efficient for UDP applications.

This study seeks to proffer a probability model that predicts the expected throughput value of the network
at a certain throughput range. The probability model provides an additional way to predict a particular
throughput value and not a range of value, so we can describe the probability of obtaining SNR virtually
in all the SNR cases is either very high or low.
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2. Methodology

The study was carried out within the University of Benin main campus. This location lies within the
coordinates 6.3350°N and 5.6037°E. Three different environments (open space, hallway, and
administrative office building) that can fairly represent an actual networking environment for
WLAN users/clients were identified within the campus for this study. These environments were
labeled for the purpose of this report as environment 1, 2, and 3 respectively. Though this study is
mainly based on environment 1 (open space).

To determine this work, the performance of WLAN in terms of UDP throughput focus on the
upstream assessment of TCP/IP layer behavior which was monitored in this work in real-time
measurement. The work also considered received signal strength level at the client terminal as an
important parameter to measure. The throughput is measured in Mbps while the RSSL is measured
in dBm. In this study, both hardware and software tools were used to achieve the field work
involving data collection. The software tools used is Tamosoft Throughput Test and inSSIDer
version 2.1. The experiment was done using an Access Point (AP) mounted on a pole depending on
the environment being used as shown in Figure 1.

Figure 1: Open space (Environment 1)

The AP has a data speed up to 100MHz, operating at 2.4GHz band. It also supports both IEEE
802.11b and g standard. The Ethernet cable used was CAT 5. The AP has an integrated adaptive
antenna that enables the network users within its coverage area to receive radio waves The AP was
powered from the 12Vdc output from the power adapter, and connected with a Power over Ethernet
(PoE) cable terminated at RJ45 connector. The AP was configured with a private IP address
192.168.1.30. Laptops representing servers and clients were also connected to the network.
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2.1 Probability prediction

The probability prediction provides an additional way to predict a particular throughput value and not
a range of value, so we can describe the probability of obtaining SNR virtually in all the SNR cases as
either very high or low. For example, the network engineers are more interested in the probability that
a throughput value falls above or below 10Mbps rather than the probability that is equal to 10Mbps.

In achieving this, the data collected was combined and used to predict the probability of obtaining
UDPupT on the network for different signal ranges. Normal distribution was implemented to obtain a
general function for predicting the probability distribution function (PDF) and cumulative distribution
function (CDF) for obtaining the variable. The mathematical model shown in equation (1) defines the
Normal/Gaussian distribution

f(x)

N (C ST RO w
_ eZ o2 (-co<x<+00) (1)

oV2am

where o is the standard deviation of the population, p = population mean, x =
variable (UDPupT) been measured. F(x) =probability distribution function of obtaining x Mbps.

Table 2 shows the combined environment of the variable (UDPupT) data statistical parameter. This
was obtained and inserted into equation 1 by using standard deviation and mean values for the
different categories of SNR to obtain the probability density function model. Equation (1) estimates
the probability of obtaining a specific value of x Mbps and not a range of values. This has little
practical significance due to the fact that what is more realistic for network engineers is an estimation
of a range of x Mbps values obtainable. This leads to the evaluation of the cumulative distribution
function (CDF) in terms of standard units where the throughput is never negative but always at the
range from zero to infinity (0 < x < ). In order to achieve this, equation (1) is thus transformed to
a standard normal form shown in equation (2)

f(Z)
1 _1@2)?

= e 202
oV2m

The normally distributed random variable is standardized for researchers to determine with ease
the probability associated with a range of values of that variable by using a standardized
distribution table shown in Appendix A. The standardize value of the normally distributed random
variable is called Z score and is calculated using the formula shown in Equation (3)

(—oo<x<+») (2)

Where Z:% (3)

where o is the standard deviation of the population, p = population mean, x =
variable (UDPy,T) being measured. F(x) = probability distribution function of obtaining x Mbps.

The equation is standardized by subtracting the population mean of the distribution from the variable
and then divide the difference by the standard deviation of the distribution
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3. Results and Discussion

This section describes the probability of obtaining the variable for different ranges from which the
statistical parameter as shown in Table 2, where the mean and standard deviation are inserted into
the CDF for a combined environment of UDPupT shown in equation (4).

The value considered for Z can be obtained as UDPupT

_X-7.92

2.265 ()
According to Ify (2011) cumulative distribution function (CDF)
_ 1z Ly
F(Z)_\/ﬁ Jo e du (5)

For any value of Z score in equation (4), the CDF can be found from the standard normal
distribution Table in the Appendix A.

Table 2: UDPy, T CDF Probability Model Values all environments combined (Multiple Users)

UDPuT (Mbps) | Statistical Parameter CDF Probability model value from the Z table
>12 Probability 0.0359
10-11.99 Probability 0.1429
8-9.99 Probability 0.3372
6-7.99 Probability 0.2808
4-5.99 Probability 0.1615
2-3.99 Probability 0.0373
0-1.99 Probability 0.0044

Table 2 represent the unadjusted CDF probability model values using Z tables in order to
accurately predict the probability of obtaining UDPy,T for different signal ranges in the multiple
users’ environment.

The probability prediction from the combined multiple users’ environment can be relied on for
estimating UDPupT, this has a high throughput within the range of 8-9.99 Mbps as shown in Table
2 which shows that the probability of obtaining a high throughput of about 10Mbps is high within
the range of 0.34. However, the prediction describes adequately the behavior of UDP in this mode
of operation.

4. Conclusion

The probability model predicts what the empirical model cannot predict (variables with no
correlation). For example, it provides a throughput prediction that the throughput value can either fall
above or below 10Mbps rather than the probability that is equal to 10Mbps. In this work, the
probability prediction shows that a WLAN system can be relied on using UDP as the transport
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layered protocol. Thus, the need for more predictive tools while carrying out network design and
installation to achieve better customer’s satisfaction is the core aim of this work.
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List of Abbreviations

AP Access point

CDF Cumulative distribution function Probability
IEEE Institute of Electrical Electronic Engineering
IP Internet Protocol

Mbps Megabits per second

PDF Probability density function

PoE Power over Ethernet

RSSL Received Signal Strength Level

SNR Signal to noise ratio

TCP Transmission control protocol

UDPypT User Datagram Protocol Upstream throughput
Wi-Fi Wireless fidelity

WLANS Wireless local area networks
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Standard Mormal Probabilities
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STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 | .50000 50399 50798 51197 51595 51994 .52392 52790 53188 .53586
0.1 | .53983 54380 54776 55172 55567 .55962 .56356 56749 57142 57535
0.2 | 57926 58317 58706 59095 59483 59871 60257 .60642 61026 .61409
03 | 61791 62172 62552 162930 63307 .63683 .64058 64431 64803 .65173
0.4 | .65542 .65910 66276 .66640 .67003 .67364 67724 .68082 68439 .68793
0.5 | .69146 .69497 69847 70194 70540 .70884 71226 71566 71904 72240
0.6 | .72575 72907 73237 73565 73891 74215 74537 .74857 75175 .75490
0.7 | .75804 76115 76424 76730 77035 77337 77637 77935 78230 .78524
0.8 | .78814 79103 79389 79673 79955 .80234 80511 80785 81057 81327
0.9 | .81594 .81859 82121 .82381 .82639 .82894 .83147 .83398 83646 .83891
1.0 | 84134 .84375 84614 84849 .85083 .85314 .85543 .85769 85993 .86214
1.1 | .86433 86650 .86864 87076 87286 .87493 .87698 87900 88100 .88298
1.2 | .88493 .88686 88877 .89065 89251 .89435 .89617 .89796 .89973 90147
1.3 | 90320 90490 90658 90824 90988 91149 91309 91466 91621 91774
1.4 | 91924 92073 92220 92364 92507 92647 92785 92922 93056 93189
1.5 | 93319 93448 93574 93699 93822 .93943 94062 94179 942905 .94408
1.6 | .94520 94630 94738 94845 94950 95053 95154 95254 95352 .95449
1.7 | 95543 95637 95728 95818 295907 95994 96080 96164 96246 96327
1.8 | .96407 96485 96562 96638 96712 96784 96856 96926 96995 .97062
1.9 | 97128 97193 97257 97320 97381 97441 .97500 97558 97615 97670
2.0 | 97725 97778 97831 97882 97932 97982 98030 298077 98124 98169
2.1 | .98214 98257 98300 98341 98382 .98422 98461 98500 98537 98574
2.2 | 98610 98645 98679 98713 98745 98778 98809 98840 98870 .98899
2.3 | 98928 98956 98983 99010 299036 99061 99086 99111 99134 99158
24 | 99180 .99202 99224 .99245 99266 .99286 .99305 99324 99343 .99361
2.5 | 99379 99396 99413 199430 99446 99461 99477 99492 299506 .99520
2.6 | 99534 99547 299560 199573 99585 99598 99609 299621 99632 99643
2.7 | 99653 99664 99674 99683 99693 .99702 99711 99720 99728 99736
2.8 | 99744 99752 99760 99767 99774 99781 99788 299795 299801 99807
29 | 99813 99819 99825 199831 99836 .99841 .99846 99851 99856 .99861
3.0 | 99865 99869 99874 99878 99882 99886 99889 299893 299896 .99900
3.1 | 99903 99906 99910 99913 99916 99918 99921 99924 99926 .99929
3.2 | 99931 99934 299936 199938 299940 99942 99944 299946 299948 99950
3.3 | 99952 .99953 99955 99957 99958 .99960 99961 99962 99964 .99965
3.4 | 99966 99968 99969 99970 99971 .99972 .99973 99974 99975 .99976
3.5 | 99977 99978 99978 99979 299980 99981 99981 99982 99983 .99983
3.6 | .99984 99985 99985 99986 299986 .99987 99987 99988 99988 .99989
3.7 | 99989 .99990 99990 99990 299991 99991 99992 299992 299992 99992
3.8 | .99993 .99993 99993 .99994 99994 .99994 .99994 99995 199995 .99995
3.9 | 99995 99995 99996 99996 99996 .99996 .99996 .99996 99997 .99997

20



Ayidu N. Joy and Elaigwu. O. Victor/ Journal of Energy Technology and Environment
4(2) 2022 pp. 12-21

STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 02 .03 .04 .05 .06 .07 .08 .09
-3.9 | .00005 {00005 00004 .00004 .00004 .00004 .00004 00004 .00003 .00003
-3.8 | .00007 .00007 00007 .00006 .00006 .00006 .00006 00005 .00005 .00005
-3.7 | .00011 .00010 .00010 .00010 .00009 .00009 .00008 00008 .00008 .00008
-3.6 | .00016 .00015 00015 00014 .00014 .00013 .00013 200012 .00012 .00011
-3.5 | .00023 .00022 00022 .00021 .00020 .00019 .00019 00018 .00017 .00017
-3.4 | .00034 00032 00031 .00030 .00029 00028 .00027 200026 .00025 .00024
-3.3 | .00048 00047 00045 .00043 .00042 .00040 .00039 00038 .00036 .00035
-3.2 | .00069 00066 00064 .00062 .00060 00058 .00056 00054 .00052 .00050
-3.1 | .00097 00094 .00090 .00087 .00084 .00082 .00079 00076 .00074 .00071
-3.0 | .00135 00131 00126 .00122 .00118 00114 .00111 00107 .00104 .00100
-29 | .00187 {00181 00175 00169 00164 00159 00154 00149 .00144 .00139
-2.8 | .00256 00248 00240 .00233 .00226 00219 .00212 00205 .00199 .00193
-2.7 | .00347 .00336 00326 00317 .00307 .00298 .00289 00280 .00272 .00264
-2.6 | .00466 .00453 00440 00427 .00415 00402 .00391 00379 .00368 .00357
-2.5 | .00621 00604 00587 .00570 .00554 00539 .00523 200508 00494 .00480
-2.4 | .00820 00798 00776 00755 00734 00714 .00695 00676 00657 .00639
-2.3 | .01072 01044 01017 .00990 .00964 .00939 .00914 00889 .00866 .00842
-2.2 | .013%90 {01355 01321 01287 01255 01222 .01191 01160 01130 .01101
-2.1 | .01786 01743 01700 01659 01618 01578 01539 201500 .01463 .01426
-2.0 | .02275 .02222 02169 .02118 .02068 02018 .01970 01923 .01876 .01831
-1.9 | .02872 02807 02743 02680 02619 02559 .02500 02442 02385 .02330
-1.8 | .03593 03515 03438 03362 .03288 03216 .03144 03074 .03005 .02938
-1.7 | .04457 04363 04272 04182 .04093 .04006 .03920 03836 03754 .03673
-1.6 | .05480 {05370 05262 05155 05050 04947 .04846 04746 04648 .04551
-1.5 | .06681 06552 06426 .06301 06178 06057 .05938 05821 .05705 .05592
-1.4 | .08076 07927 07780 07636 07493 07353 07215 07078 06944 .06811
-1.3 | .09680 09510 09342 09176 .09012 08851 .08691 08534 .08379 .08226
-1.2 | 11507 11314 1123 10935 .10749 10565 .10383 .10204 10027 .09853
-1.1 | 13567 13350 13136 12924 12714 12507 12302 12100 11900 11702
-1.0 | .15866 15625 15386 15151 .14917 14686 14457 .14231 14007 13786
-0.9 | .18406 18141 17879 17619 17361 17106 16853 16602 16354 .16109
-0.8 | 21186 20897 20611 20327 20045 19766 .19489 19215 18943 18673
-0.7 | 24196 23885 23576 .23270 22965 22663 .22363 22065 21770 21476
-0.6 | .27425 27093 26763 26435 26109 25785 25463 25143 24825 24510
-0.5 | .30854 30503 30153 .29806 .29460 29116 28774 28434 .28096 .27760
-0.4 | .34458 34090 33724 33360 32997 32636 32276 31918 31561 31207
-0.3 | .38209 37828 37448 37070 36693 36317 35942 35569 35197 .34827
-0.2 | .42074 41683 41294 40905 40517 40129 39743 39358 38974 .38591
-0.1 | .46017 45620 45224 44828 44433 44038 43644 43251 42858 42465
-0.0 | .50000 49601 49202 48803 48405 48006 47608 47210 46812 46414
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