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Trend Analyses of Critical VValues Obtained for Maximum
Fairness Proportion Achievable in Ubicomp MANETS Using

Location-Aware Transmission Strategies.
M. Kaleem GALAMALLI, Assoc. Prof Nawaz MOHAMUDALLY

Abstract — Momentous research is on the way for the fields
of location-tracking, ubicomp functionalities and MANET
transmission strategies [1-55]. Attempts for their merging
are presently not yielding so commendable output yet.
One factor over which such merging depends on is correct
protocol design approaches, which is presently considered
as heuristic and insufficiently adapted for implementation
[93]. Progresses in middleware services and ubicomp
network architecture are also awaited [94, 95].

A perspicaciously defined objective along such vision for
ubicomp advancement is to attain “realism” in design and
evaluation of wireless routing protocols [96]. Such studies
may generate technical constituents for further studies of
predictability in ubicomp. Such constituents are of utmost
importance since “realism” will propagate into every
aspect of ubicomp. One such particular aspect was studied
previously [24] to assess the trend of Maximum Fairness
Proportion (Max_FP) observable for CBRs under
different sets of node densities in ubicomp environments.
This study was strengthened by the study of Max_FP
parameter of equations [40].

To put up “realism” in knowledge of these trends, in this
paper, the next study required is stated as: “What are the
observable critical values in Max_FP trends over varying
node densities and trends of such critical values?”
Following these fine-tunings, the design of more realistic
ubicomp scenarios will entail. These are esteemed to be
more commodious for sustained testing of experimental
middleware components and communication protocols.
This study is a follow-up of previous research [1-55].

Key terms: Ubicomp- Ubiquitous Computing, MAUC-
Mobile and Ubiquitous Computing, Max_FP- Maximum
Fairness Proportion, CBR- Constant Bit Rate, MANET-
Mobile Adhoc Network, CV- Critical Value.
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1. Introduction

Some of the future ubicomp environments are projected
to be impecuniously equipped with networking devices
and hence the circumstantial solution would be the use
of MANETSs. In MANETS, the task of transmission is
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repartitioned among well-behaving nodes leading to
energy consumption being repartitioned. In such
resulting situations, the notions of Fairness must be
well understood. One such notion is from the viewpoint
of metrics, one of which is Max_FP, studied in
previous paper [24] for node densities varying between
7 until 56. The trend observed was split into two with
respect to a peak value observed.

e Previous to a peak value, the linear tendency is
observed of form:
F(x) = d * x + f
e From the peak value onwards, the decreasing
exponential trend is observed of form:
G (x) (b * (x = k))

+

a * exp c
A follow-up study [40] was conducted to
mathematically model the six parameters observed
above. Results obtained will plausibly serve towards
better understanding of the evolution and predictability
of ubicomp environments. These progresses, though
sluggishly occurring, will facilitate designers in
preparing more realistic simulation scenarios using
which testing manoeuvres can be undertaken over
experimental components for middleware and
communication protocols.

The investigation now required for metric Max_FP is
the identification of observable critical values obtained
during experiments execution and formulation of
corresponding theoretical trend of such CVs over
varying node densities. Six such CVs were observed.

The key contribution of this paper is the mathematical
formulation of the trends of variations for each of the
six CVs observed for metric Max_FP illustrated before
[24, 40] over node numbers ranging from 7 until 56.
Such kinds of information should inescapably be
delivered in the right form to constructively assist
ubicomp designers to understand the evolution and
predictability —of ubicomp behaviour and be
appropriately sustained to carry credulous simulation
scenarios over which new communication protocol
features could be tested. The rest of this paper is
organised as follows: section 2- Max_FP Critical
Values, section 3- Critical Values Trend Analyses-
Metric Max_FP, section 4- Conclusion and References.
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2. Max_FP Critical Values.

2.0 Critical Values Identified.

Six CVs were identified as follows: Column headings

are: C1->Max_FP CV, C2->Meaning of Max_FP CV,

C3->Corresponding figure number for Max_FP CV.

Cl cC2 C3

Minimum value of max_FP

Maximum value of max_FP

Range of Max_FP

Modal value of Max_FP

% CBR at modal value of Max_FP

% CBR before modal value of Max_FP
Table 1: Max_FP Critical Values

DO IW NIF-
DO IWINIF

2.1 Experimental Critical Values Obtained.

The values obtained during experiments have been
summarised below. Values have been rounded to a
maximum of 9 decimal places. Column heading NN >
Node Number.
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Table 2: Experimental Critical Values Obtained

3.

Critical
Analyses- Metric Max_FP.

Values

Trend

3.0 General Procedure Adopted.
The initial step is to plot the tabulated data for each

“extracted_other_paramctersl.det” Using 35 +
“extracted_other_parametersl.dat” using 315
F(

F(80) = 2.011 356 542

NN CV1 CV2 CV3 CV4 CV5 CV6
7 13 70 57 1.8 8587301587 :15.968253968 Max_FP CV on gnuplot. The successive step is to
8 15 80 65 2117226997771 119.675262655 undertake graphical analyses and report the general
515907521 6698412698 20.634920635 observations. As the third step, the applicability of
10 /1.3 100 | 8.7 | 2.0 16.634920635 /13.746031746 some selected equations of fit is explored. Choice of
11 14 110 96 20 5714285714 14.4444441a4 best fit is made considering values of least reduced chi-
12 1.4 1120 10.6 2.2 6.200317965 24.753577107 o
13 1.4 113.0 11.6 2.2 5.507936508 22.444444444 square and best extendability produced at node
A Tis a0 s 56 15615647610 190 506345708 numbers 80, 100 and 120 for all CVs. In the fourth
15 1.6 150 13.4 2.4 5825396825 28.222222222 step, the values of parameters for each Max_FP CV
16 1.5 16.0 14.5 2.5 5444444444 31.396825397 equation is recorded.
17 1 1.5 17.0 15.5 2.6 5.603174603 :34.412698413
18 16 180 16.4 2.5 5682539683 28.031746032 3.1 Trend Analysis — Max_FP CV1.
19 1 1.5 19.0 17.5 2.2 5.063492063 14.761904762 Here, some staircase feature is observed. Generally, the
20 i 1.6 120.0 18.4 | 2.6 14.936507937 30.174603175 smooth bezier depicts an increasing linear trend.
21 1.5 21.0 19.5 | 2.6 4.952380952 :29.603174603 , e fp: vinimn velus oF e fp
22 115 122.0 20.5 2.4 4.809523810 18.714285714
23 115 123.0 215 2.6 4.555555556 24.682539683 "
24 115 1240 225 2.9 4.968253968 35.396825397
25 1.6 125.0 23.4 2.7 4.873015873 26.476190476 .
26 1 1.5 126.0 245 3.0 4.555555556 40.349206349
27 1 1.7 127.0 253 2.4 4.761904762 14.285714286 s
28 1 1.6 28.0 26.4 2.5 4.492063492 18.634920635 £
29 1 1.6 129.0 27.4 2.8 5.730158730 28.238095238
30 i 1.7 130.0 28.3 2.7 4.365079365 24.047619048 L
31 1.7 131.0 29.3 3.2 4.396825397 41.904761905
32 1.7 132.0 i30.3 | 2.4 :4.650793651 :10.476190476 v w15 % 3;: h35 w48 s s &
33 1.7 133.0 31.3 3.0 4.206349206 31.666666667 . .
34 1.6 34.0 32.4 2.7 4.349206349 19.412698413 Figure 1. Max_FP Critical Value 1

F(x) =d * x + £
35 1.6 135.0 33.4 3.1 4.539682540 33.317460317
36 16 360 344 2.8 3.952380952 20.476190476 Ch_sq = 0.005 184 85
37 1.7 37.0 353 3.2 4.699158597 33.275123035 F(100) =2.173 565 426  F(120) = 2.335 774 309
38 1.7 138.0 36.3 3.2 14.000000000 i32.428571429 Parameters of fit are: d = 0.008 110 44 , f = 1.362 52 .
39 1.7 139.0 37.3 | 2.6 :3.825396825 i11.984126984 Here a tolerance of +1 may be applied.
40 1.6 40.0 38.4 3.1 4.444444444 28.698412698
41 1.8 41.0 39.2 3.0 4.079365079 24.174603175 3.2 Trend Analysis — Max FP CV2.
42 17 420 403 $ 2.8 4.222222272 16.317460317 A very clean linear increase is depicted. A maximum
43 1.7 43.0 413 3.6 4.000000000 45.285714286

value of Max_fp is exactly equal to node number.
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Figure 2: Max_FP Critical Value 2
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Sum square residuals =0  F(80) = 80.0
F(100) = 100.0 F(120) = 120.0

3.3 Trend Analysis — Max_FP CV3.
Here, a clean linear increase is depicted. Range of
Max_fp is proportional to node number.

wax_fp: range of max_p
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Figure 3: Max_FP Critical Value 3
F(x) d * x + £
Ch_sg = 0.005 184 85 F(80) = 77.988 643 457
F(100) = 97.826 434 573 F(120) = 117.664 225 690
The parameters of fitare: d=0.99189, f=-1.362 52

10 15 20 25

3.4 Trend Analysis — Max_FP CV4.
The plots are quite scattered. Mostly an increasing
tendency at a decreasing rate is observed.
The potentially applicable equations are:
1.F(x) d * x + £
Ch_sq = 0.055 603 9

F(80) = 4.043 226 890
F(100)=4.568 268 907  F(120)=5.093 310 924
F(x) = a * log ((b*x)+c) + d

Ch_sq=0.054 7178 F(80) = 3.599 308 503
F(100)=3.794 151908  F(120)=3.955 980 267

2.

Choice of best fit for Max_FP Critical Value 4

The equation in part 2 above has been selected because
of smallest ch_sqg and good extendability.

The parameters obtained for best fit are:

a=0.957 794, b = 0.169 014, c = 1.462 49, d = 1.006 6

nax_fp: modal value of max_fp

tersd,dat” using 3t +
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Figure 4: Max_FP Critical Value 4
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3.5 Trend Analysis — Max_FP CV5.
Mostly a decreasing curve at decreasing rate is found.

max_fp: ZCER at modal value of max_fp
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Figure 5: Max_FP Critical Value 5
F(x) =a / exp ((b*x) +c) +d

Ch_sq = 0.124 005
F(100)=4.142 707 191

F(80) = 4.143 979 844
F(120)= 4.142 557 368

The parameters obtained for best fit are:

a=2.13665,b=0.10697,c=-1.256 97 ,d =4.14254

A tolerance of 0.4 is suggested here.

3.6 Trend Analysis — Max_FP CV6.

The plots are very scattered here. Mostly a mildly

decreasing tendency is observed.

wax_fps #UER before modal value of na_fp

“extracted_other_parameters.dat” using 3:12  +
“extracted_other_parancterst.dat” using 3:12
Fix)

value of parameter

25 30

nod

Figure 6: Max_FP Critical Value 6
F(x) d* x + £
Ch_sq=74.338 4
F(100)=28.100 117 949
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The parameters obtained for best fit are:
d=0.0412517,f=23.9749

4. Conclusion.

The aim of this investigation was to identify the
prominent CVs observable for metric Max_FP and
analyse their corresponding trends over varying node
densities in a MANET topography of 300 x 300 m?
The models described in this paper, are composed of
mathematical equations of varying complexity. The
output detailed here will add to the set of existing tools
for more expert studies of MANETs for ubicomp
environments viewed from software engineering. These
output can meticulously be implemented in
computational algorithms to develop better simulation
scenarios which may, in turn, serve for enabling better
testing  procedures over communication and
middleware components.

This experiment was undertaken in NS-2 over Linux.
Plottings and “Fit” attempts were done with gnuplot
software. Selection of best fit was made using least
reduced chi-square and best extendability produced at
higher node numbers. Assumptions mentioned in
earlier papers [24, 40] are maintained here also.

This study stands as a follow-up of prior studies [1-55].
Upgrades to these results are possible in the future. A
possible future work remain the formulation of
predictability for metric Max_FP and its trend.
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