Proc. of Sixth International Conference On Advances in Computing, Electronics and Electrical Technology - CEET 2016
Copyright © Institute of Research Engineers and Doctors. All rights reserved.
ISBN no. 978-1-63248-109-2 doi: 10.15224/ 978-1-63248-109-2-04

Model of Overall Energy Consumption Fairness
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Abstract — Managing energy consumption in ubicomp is a
serious topic of research. MANET transmission may help
in energy containment in ubicomp [57]. Location-aware
transmission can enhance this method for energy
containment. It is assumed that in a MANET for ubicomp,
nodes present will work in an automated collective fashion
to achieve transmission, thereby sharing the workload. It
is a conception that for sharing of workload is achieved
equitably among all nodes present and hence energy
consumption is reduced for each contributing node with
increasing node density.

In situations of cooperation, it remains important for each
cooperating node to gauge what is the degree of effort it is
providing, in forms of metric and trends achievable,
presented in previous research [19-21] which is referenced
against sender node’s effort. Another set of metrics for
gauging Fairness compared to an assumed equitable
energy amount reached if the total energy consumed for a
CBR transmission is divided equally among all nodes
present in a topography, is also possible. A first metric in
this direction, presented in this paper, is ECFP, along
with its corresponding trends over varying node densities.

This paper adds up to the area of modelling in ubicomp
for designers to better provision for resources and
architecture needs. This paper is a follow-up of previous
research [1-21].
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1. Introduction

MANET transmission remains a considerable factor
affecting energy consumption in MAUC [21], whereby
workload is distributed among nodes in MANET routes
to achieve cooperative and complete transmission till

receiver. Since, the situation is cooperation here, the
first conception is that the workload may be distributed
equitably among all nodes present. This workload
would be assumed to be decreasing if the topography
has greater number of nodes. This conception remains
an assumption even if mostly, it will not be achieved as
only nodes concerned in MANET routes will be
spending energy. The concept of equitable energy
consumption distribution may not apply for short
duration CBR where only certain nodes might have
been used. However, as CBR durations tend to increase
significantly, and MANET topologies experience high
volatility, more and more nodes in the topography may
be concerned and hence this “equitable distribution” of
energy needs become relevant for study.

Previously defined metrics ECR [18], Min_R [19],
Max_R [20] and OFR [21] give indication of energy
consumption gauged against sender’s effort only. One
big limitation of this method of measurement remains
that overall contribution and effectiveness of all nodes
present in the topography cannot be appropriately
estimated and questions like “How reliable is the
topography nodes present for distributing workload
fairly?” remain unanswered.

There is need for ubicomp reliability studies to well
define the equitable distribution of overall energy
requirements among all nodes with appropriate
mathematical bounds. This definition may then be used
for further studies about Fairness. It is desirable in the
field of ubicomp to define appropriate metrics, among
which some will be relevant to this equitable
distribution, and well define its rationale and purposes.

The key contributions of this paper is firstly, the
development of two metrics BFEA and ECFP which
follow from previous experiments [14]. The two
metrics are defined and the rationale of metric ECFP is
sufficiently elicited. Secondly, the model of trend is put
forward for the metric ECFP with results for varying
node densities from 7 until 56 in a topography of 300 x
300 m? The model proposed combines linear and
exponential model. The rest of this paper is organised
as follows: section 2- Metrics BFEA and ECFP, section
3- ECFP Trend Assessment over Varying Node
Numbers, 4- Conclusion and References.

SEEK
DIGITAL LIBRARY



Proc. of Sixth International Conference On Advances in Computing, Electronics and Electrical Technology - CEET 2016
Copyright © Institute of Research Engineers and Doctors. All rights reserved.
ISBN no. 978-1-63248-109-2 doi: 10.15224/ 978-1-63248-109-2-04

- 12 274038  -1.21282 156055 | 0.044 1422
2. Metrics BFEA and ECFP. 1377273725 127098 154798 0.043591 8
; ; ; 14 273593  -1.33076 154272 1 0.0356326
Strictly assuming that all nodes in the MANE'!' ar.e TS AL 460 66 TE5ats T o056 1
expected to contribute equally, a new metric is 16" 273194 1,420 01 152717 | 0.028328
introduced here: the “Basic Fairness Energy Amount” 17270514 | -145901 151938 00153685
18 270306  -15066 151138 " 0.0214786
(BFEA). 19 270094 155088 150313 | 0.0100176
BFEA = Overall energy spent for a CBR transmission 20 | 2.699 23 -1.587 63 1.496 47 0.008 919 23
Number of nodes in the topography. 21 269845  -1.62136 149322 1 0.0136481
22 269493 | -1.67887 14793 0.013 832 6
. L . . 23 269408  -1.68179 147629 1 0.0110339
Following the a_bove definition, anqther metric ECF.P IS ST Ee T 0698 T 466 7 0000 465 €8
developed using results obtained in previous @ 25 269114  -1.73969 1.464 5 0.009 552 61
; 26 269121  -1.76129 146457 1 0.0111097
experiments [14]. L 27 268901 | -1.79335 145584 0.006 043 57
ECFP = energy spent by a node for a CBR transmission 28 | 2.687 59 -1.802 58 1.450 46 0.009 803 26
BFEA 29 | 2.6939 -1.6306 147671 1 0.0345217
30 268648  -1.8204 144616  0.009 248 71
Another way of understanding the ECFP is by what .31..2:68526  -1.89367 144017 00053598
. . - 32 268392  -1.8831 143546  0.008 153 49
factor is the energy expenditure of a node deviating 357568375 1893 83 143458 0,009 260 05
from that value obtained in the scenario whereby the .34 268384 ' -1.89472 143517  0.0081911
. I 35 2683 -1,920 48 143166 0.007 860 14
overall energy gxpendlture was equally distributed 5g-5es e o536 T A58 48T 6,007 178 78
among all nodes in the topography. It can also serve as | 37 . 2.6888 -1.730 84 1.45745  0.0359029
; 38 268814  -1.74014 145492 0.0346 124
a measure of rellanc_e _on top_ograph_y _nodes to _share D T T T e T 650 516
work of CBR transmission. This metric if appropriately 407 72686 55 176131 144886 0.027 3212
gauged or even predicted, may also serve purposes 41 267861 . -198703 14144 0.007 589 03
lab di . 21 42 268597 17851 144632 ©0.0284301
elaborated in previous paper [21]. 43268631 | -178042 144762 | 0.0233208
44 267975 | -1,968 71 141882  0.005 055 03
45 268502 | -1.8085 144252 1 0.0214516
3. ECFP - Trend Assessment 6 26860 18437 1441 0.020567 7
47 268422 | -1.83415 143925 0.0189808
1 48 268346 | -1.84086 143637 00207305
over Varylng Node Numbers. 49 268228 | -1.8622 143187 00218281
3.0 Major Observations. 50 | 2.68097 | -1.86778 142719 1 0.0221503
: 51 268052  -1.88306 14255 0.022 265 6
For many plots, the leftmost point has been fgund tobe FerSEeEs T TR 1 T 15185 6,635 6763
very outlying and hence the leftmost coordinate at x- {53 267881 | -1.909 36 141884 © 0.0239569
value 0.0 is not considered. 54 267813 | -1.92373 141601 | 0.0183675
55 267792 | -1.92094 141526  0.0198861
56 267781 | -1.92525 141489 | 0.0211068

A peak value after the 5™ point is observed. Previous to
this peak value, the plot is convincingly linear of form:

Table 1(a): summary of results for OFR equations of curves node
numbers 7-56

F(x) =d * x + £

A F G H I

7 7.4852 0.0213966  0.0774396 1

As from the peak value onwards, the exponential .8 6.440 62 -0.342 55 0.0480863 = 2

tend is found with tion of form: 9 5,998 75 0.212 095 0181385 3

endency is found with equation of form: 16 7 i35 0555 656 071797 T

11 8.767 91 0.0798865 0121207 5

G(x) =a *exp (b * (x-c) ) 12 9.341 61 0.0961224 0101858 6

13 10.456 2 -0.115 705 0159502 7

14 11.652 2 -0.470 805 0156011 '8

3.1 Tabular Summary of Results. 15 10.24 0.150 817 04701 9
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tabular summary for results of equations of curves i3 1146677 0315 E08 0341 A i1
(F(x) and G(x)) is shown below. Column headings are: 18 11.893 3 0.195 458 0468112 12
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chi-square value of plot G(x), F> Value of parameter ..22......13.7575 :0.225939 057217 16
. 23 14.258 6 -0.328 156 0801312 17
d, G> Value of parameter f, H-> reduced chi-square 5, 145647 037696 0693879 18
value of plot F(x), 1> Corresponding figure number. 25 14.967 4 -0.511 128 0.710069 19
26 14.636 2 -0.347 342 0717674 20
27 15.603 1 -0.619 78 0914949 21
A B ¢ D E 28154999 -0.541 17 0940157 22
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34 16.967 3 -0.965 285 0.975 781 28
35 17.2914 -1.066 89 0.975 787 29
36 17.378 6 -1.059 94 0.998 23 30
37 18.589 9 -1.332 89 1.31209 31
38 18.882 -1.41376 1.286 08 32
39 19.099 8 -1.430 88 1.350 59 33
40 19.27 -1.473 32 1.367 53 34
41 18.1399 -1.190 65 1.246 3 35
42 195181 -1.57772 1.430 16 36
43 19.916 5 -1.677 33 141167 37
44 18.586 2 -1.324 72 1.327 84 38
45 20.2619 -1.78101 1.63735 39
46 20.402 5 -1.846 64 1.583 82 40
47 20.8218 -1.9729 17571 41
48 21.086 3 -2.03711 1.717 29 42
49 21.2021 -2.054 99 1.76117 43
50 21.2057 -1.97598 1.547 88 44
51 21.4352 -2.05571 1.64411 45
52 21.504 -2.060 76 1.67938 46
53 21.616 -2.07924 1.699 56 47
54 21.957 -2.164 29 1.797 53 48
55 221204 -2.200 29 1.777 63 49
56 22.042 9 -2.180 74 1.770 67 50

Table 1(b): summary of results for OFR equations of curves node

numbers 7-56

3.2 Graphical Plots for Results Obtained.
This analysis is performed in gnuplot in Linux.
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Figure 5: % communicating nodes for ECFP node_number 11
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Figure 6: % communicating nodes for ECFP node_number 12
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Figure 7: % communicating nodes for ECFP node_number 13
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Figure 8: % communicating nodes for ECFP node_number 14
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Figure 9: % communicating nodes for ECFP node_number 15
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Figure 10: % communicating nodes for ECFP node_number 16
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Figure 11: % communicating nodes for ECFP node_number 17
12. Node Number 18
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Figure 12: % communicating nodes for ECFP node_number 18
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Figure 13: % communicating nodes for ECFP node_number 19
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Figure 14: % communicating nodes for ECFP node_number 20
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Figure 15: % communicating nodes for ECFP node_number 21
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Figure 16: % communicating nodes for ECFP node_number 22
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Figure 17: % communicating nodes for ECFP node_number 23
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Figure 18: % communicating nodes for ECFP node_number 24
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Figure 19: % communicating nodes for ECFP node_number 25
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Figure 20: % communicating nodes for ECFP node_number 26
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Figure 21: % communicating nodes for ECFP node_number 27
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Figure 22: % communicating nodes for ECFP node_number 28
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Figure 23: % communicating nodes for ECFP node_number 29
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Figure 24: % communicating nodes for ECFP node_number 30

25. Node Number 31

o g Lot P iy, e e 1L

S A

A e o L R e T e

‘
L S L L L Y g §
'

~

Figure 25: % communicating nodes for ECFP node_number 31
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Figure 26: % communicating nodes for ECFP node_number 32
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Figure 27: % communicating nodes for ECFP node_number 33
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Figure 28: % communicating nodes for ECFP node_number 34
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Figure 29: % communicating nodes for ECFP node_number 35
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Figure 30: % communicating nodes for ECFP node_number 36
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Figure 31: % communicating nodes for ECFP node_number 37
32. Node Number 38

Ev g o e S ey, tule_sec

R SN WA e S ey ol
W L O MR e By STU

Frwwam il irm waey
-
__

L

5\

o

= ~ = = B

Figure 32: % communicating nodes for ECFP node_number 38
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Figure 33: % communicating nodes for ECFP node_number 39

34. Node Number 40

Bror s tomn L0 s am_ P swmmary, ol st 61

e G ORI B S N e STLL
Sk S W LM 3 AN
w —
s
§
o
. fl
2
¥
't
;] ‘
i 1 ‘
= ‘P
1
\
i
]
L)
4

5 = L

Figure 34: % communicating nodes for ECFP node_number 40
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Figure 35: % communicating nodes for ECFP node_number 41
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Figure 36: % communicating nodes for ECFP node_number 42
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Figure 37: % communicating nodes for ECFP node_number 43
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Figure 38: % communicating nodes for ECFP node_number 44
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Figure 39: % communicating nodes for ECFP node_number 45
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Figure 40: % communicating nodes for ECFP node_number 46
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Figure 41: % communicating nodes for ECFP node_number 47
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Figure 42: % communicating nodes for ECFP node_number 48
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Figure 43: % communicating nodes for ECFP node_number 49
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Figure 44: % communicating nodes for ECFP node_number 50
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Figure 45: % communicating nodes for ECFP node_number 51
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ekt s gy~ s 4. Conclusion.
: This piece of research was aimed at studying trends of
fairness reached in ubicomp as concerns energy load
! distribution. This research differs from previous work
[18-21] in the sense that here, equitable distribution of
energy among all topographic nodes present is
assumed. For this purpose, a metric BFEA has been
developed to define this equitable distribution of
\ energy. Following definition of BFEA, another metric,
, 2 ECFP, has been developed and its rationale and
' " . purposes also put forward. This study remains
Figure 47: % communicating nodes for ECFP node_number 53 empirical-based and was implemented over same
48. Node Number 54 i experiment as explained previously [15]. The model
[ —_— -- —— e put forward combines the exponential and linear
| e S B ™ models. Again, previously stated assumptions [21]
o | hold, e.g. availability of lightweight algorithms for
location-aware transmission in mobile environments,
[ lightweight MAUC OS supports for efficient
binding/unbinding of MANET nodes and appropriate
multi-threading/parallel communication in modules of

MANET nodes.

\

L8

The further work identified may include: trend analyses

S = ‘ - of parameters of equations for the model, formulating
Figure 48: % communicating nodes for ECFP node_number 54 methods of predictability for metric ECFP and its trend
49. Node Number 55 and reporting observations of certain critical values
R e 3ty P identified. Development of further metrics for studying

= ik by kv Fairness in ubicomp remain desirable. Other research

avenues remain development of further metrics and
methods for assessing Fairness in energy expenditure of
ih participating nodes in MANET transmission, together
with the trend analyses.
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