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Abstract — Researchers claim that use of MANET
transmission help to save energy in ubicomp [54]. Another
strategy would be by applying location-aware
transmission in MANET. The resulting method of
operation remains a cooperation being required from all
nodes present in the topography. A desirable feature in
cooperation is to know “what is the proportion of energy
being required by the MANET node compared with the
sending node itself, together with corresponding trends?”
Such a study is provided in another paper [18] whereby a
future work identified was “How to gauge Fairness
features being reached”, as concerns the proportion of
nodes spending more or less energy than the sender node.
To bring answers to this issue, in this paper, another
metric Min_R is put forward together with the
corresponding model of trend over varying node densities.

This paper adds up to the area of modelling in ubicomp
and will be used by designers to better bound the
resources and architecture needs for ubicomp. This paper
is a follow-up of previous research [1-18].
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1. Introduction

Many factors affect energy consumption in MAUC [2].
A very significant factor remains use of MANET
transmission and a corresponding subsequent factor is
node density. When using MANETS, sender nodes
together with nodes forming part of MANET routes,
are spending energy. Sender nodes transmit to closest
neighbouring node, which in turn, relays data to next
closest neighbour [18]. It is a form of cooperative
strategy to achieve functionality of networking. It is
legitimate for cooperating nodes to know how much
assistance (in this case, energy requirements), they are
being required to give compared to the sender’s own
effort. Such a study has been provided in another paper
[18], whereby a metric ECR was tackled. A question
which builds up over that previous study [18] is “How

much fairness is being reached as concerns energy
distribution among cooperating nodes”.

It is definitely important to devise more
methods/metrics for analysing resulting situations
evolving in MANETs as concerns fairness among
cooperating nodes. One such metric identified is the
Min_R derived from ECR [18] which also is heavily
affected by same changes in MANET routes as
mentioned in the other paper [18].

The key contributions of this paper is firstly, the
development of a metric Min_R, which is derived from
ECR [18], including its definition and rationale, and
secondly, the model of trend put forward for the metric
Min_R with results for varying node densities from 7
until 56. The model suggested in this paper is the
exponential model. The rest of this paper is organised
as follows: section 2- New Derived Metric- Minimum
Ratio, section 3- Min_R Trend Assessment over
Varying Node Numbers, 4- Conclusion and References.

2. New Derived Metric:

Minimum_Ratio.

Min_R is defined as “the smallest ECR value that has
been discovered during the whole of a CBR
transmission”. Min_R values will also be positive
values just as ECR values [18]. Min_R values can also
be of 3 categories:

i. Min_R values less than 1: it can imply that one or
more nodes will spend less energy than the sender
node. This can be the result of high rate of MANET
topology change resulting in some nodes
participating very briefly in a MANET route or even
that the sender has its closest neighbours quite far
and some support may be needed.

ii. Min_R values equal to 1: it implies that at least one
node is spending just as much energy as the sender.

iii. Min_R values greater than 1: it implies that each of
the node in the MANET routes, excluding the
sender node itself, have spent more energy than the
sender, which is a fully unfair situation.

The metric Min_R, if accurately gauged and tracked,
can assist in purposes explained in another paper [18].
Additional purposes include QoS policy formulations:
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i. Sender may decide to delay transmission or adopt 24 : 6.73516 . -284604 0179933 | 0.0250402 18
25 667292 287142 0189215 00377831 @ 19
_ Ferry Transport Protocols [55]. _ 26 705673 281728 0196115 00387505 20
ii. Sender may decide to transmit in a piecemeal 27 727039 | -298977 | 0207749  0.0444484 | 21
; ; ; 28 758135 313306 0197445 00527878 @ 22
fa}shlon spread ov.er time expecting that by next ST 73575 T 356071 0208 154 T 00650605 1 23
piece of information, the network topology may 30" 73593 202775 0194668 00527803 24
improve in its favour. 31 768371  -288271 0184567 : 0.0624286 25
. . . 32 739402  -275489 | 0179418  0.0519515 26
ifi. MANET nodes may use this information to decide 35573538 58 506 50194 431 00515880 57
to forward or not forward packets, and a delay after | 34 734457 : -27.8422 0199711 @ 00348197 : 28
; . ; : 35 | 7.266 -26.8618 0179291 00364951 : 29
_ which decision will be reviewed. 36753629 28.06 0.193665 | 0.0351564 | 30
iv. History tracking of Min_R into a “database” may 37 672668 : -26.1976 : 0197014 : 0.0612098 31
help for further policy-based decision making, .38....6:48243 | -24.3448 0189305 00429179 32
. . . 39 645631  -24.7332 | 0.19888 0.0396915 = 33
including extent of needs for infrastructure support. 45" "6559 4 558758 0186038 0.048 4856 T 34
41 605609 @ -21.7224 0199071  0.0487899 35
. 42 656781  -237959 0199613  0.0548317 | 36
3. Min_R Trend Assessment 43 600087 221701 0196554 | 00696005 37
. 44 512355 182781 : 0164468  0.0340632 | 38
over Varylng Node Numbers. 45 573121  -199774 0178805 00528701 39
) ) 46 594711 219112 0.200792  0.056 867 40
3.0 Major Observations. 47 1586932  -209401 : 0.187 86 0.0425872 41
; ; 48 603673  -220523 0200332  0.0492702 42
The:\ trends for Min_R achieved fc_Jr node numbers 7 T e B B T e b 15
until 56 have followed the exponential model of form: 50665493 19,886 0194392 7 0.0415426 44
G(x) = a * exp (b*(x — 0.01)) + c 51 545589 | -19.055 0.205536  0.0411715 45
52 | 54825 -18.7283 | 0.186848  0.0468158 : 46
. 53 550723  -18.274 0.169024  0.0402154 47
In all the plots for node humbers 7 until 56, the leftmost 54 547194 184914 0185193 0,058 343 48
plot at x-coordinate 0.00 has been very outlying with .55 ;531469  -176478 . 0166317 = 00359742 49
hiah value of dinate. thouah this d 56 | 527827  -17.1815 | 0166944 : 0.0321239 50
ve_ry _'g Va_ue ot y-coordinate, Oyg IS decreases Table 1: results for Min_R equations of curves node num 7-56
with increasing node numbers. This corresponds to
same _observapon as in ECR [18]. Hence, this point has 5 5 Graphical Plots for Results Obtained.
been ignored in trend analyses. This analysis is performed in gnuplot in Linux.
. . . . 1. Node Number 7
The rightmost plot was at 1.0 since in the experiment, . o
Min_R was considered inclusive of the sender node = e -
also. Hence maximum value of Min_R could be 1.0.
However, it also appeared as outlying, since the plot
tends to be decreasing asymptotically. The x-range
taken was therefore 0.01 until a value ensuring that at . '
least 95 % of CBRs have been covered.
3.1 Tabular Summary of Results. ‘
Below is a tabular summary for results of equations of
curves. Column headings are: A->node number, e
B->Value of parameter a, C>Value of parameter b, o
D-> Value of parameter ¢, E-> reduced chi-square Figure 1: % cbr for Min_R node_number 7
value of plot, F=> Corresponding figure number. 2. Node Number 8
A B C D E F b .
7 1.64687  -24.8646 . 0.0735534 | 0.0094732 1 mebled sin ratiun. ok mien
8 1.64684 230865 . 0.141432 0.00824207 @ 2
9 1.78137 248173 | 0.145397 : 0.00895401 @ 3
10 635021  -39.9017  0.152042  0.0235414 4
11 646812 394128  0.158373 | 0.177 031 5 d|
12 672478 394619  0.164117 00183372 6
13 714888 452409  0.16289 0.0303323 7 |
14 7.0047 -41.77 0.172149  0.0365612 8
15 687613  -39.3437  0.164934 00168241 9
16 685353  -39.0901  0.17006 0.0347282 10
17 743839 357882 0190177 | 0.0279298 11 \
18 758333 387469  0.191434  0.039328 12 ‘
19 793145 410857 0212465  0.0537576 13 LS
20 772202  -39.728 0.230289  0.058575 14 .
21 758037  -348765 0192683 . 0.0387213 @ 15 i
22 730381  -334084  0.187666 . 0.0372768 @ 16 Figure 2: % cbr for Min_R node_number 8
23 688545  -30.8634 : 0.201145 | 0.035507 17
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Figure 30: % cbr for Min_R node_number 36
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4. Conclusion.

This piece of research was aimed at developing one
method towards studying Fairness reachable in energy
consumption by nodes participating in a MANET
transmission, in a topography of 300 x 300 m?. For this
purpose, one metric, Min_R, was derived from another
previously explained metric, ECR [18]. The trend for
metric Min_R has also been put forward. This research
remains empirical based and was implemented over
same experiment as explained in another paper [15].
The model put forward is the exponential model. Here,
again, several components are assumed as available
even if they remain subjects of research, e.g.
lightweight algorithms for location-aware transmission
in mobile environments, lightweight MAUC OS
support for efficient and very rapid binding/unbindings
of MANET nodes and appropriate  multi-
threading/parallel communication in  modules of
MANET nodes.

The further works identified may include: trend
analyses of parameters of equation for the model,
formulating method of predictability for metric Min_R
and its trend and reporting observations of certain
critical values identified. Other research avenues
remain development of other metrics for assessing
fairness in energy expenditure of participating nodes in
MANET transmission, together with the trend analyses.
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