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Article history: The paper p a new optimization algorithm inspired by group decision-making process of honey

Received 14 June 2013 bees. The es search for the best nest site among many possible sites taking care of both speed
.E:E_":E""Ed - rE'.""SEd form and a %{ The nest site selection 15 analogous to finding the optimality in an optimization process.
j.?ciec:dmﬁ{:ﬁl::fzmd Suc %leifﬁ between two processes have been used to cultivate a new algorithm by learning from
.ﬂ.'.-'allTbIE anfine 12 March 2014 each r. Varous experiments have been conducted for better understanding of the algorithm. A
f \ rﬁyljzlrehcnslw: experimental investigation on the choice of various parameters such as number of bees,
Keywords: X arting point for exploration, choice of decision process etc. has been made, discussed and used to
Genetic Algocithm (GA) XYformulate a more accurate and robust algorithm. The proposed Directed Bee Colony algorithm (DBC) has

Evolutionary Algorithm (EA)

Particle Swarm optimization {FS0) been tested on vanous benchmark optimization problems. To imvestigate the robustness of DBEC, the

Harmony Search {HS) scalability study is also conducted. The experiments conducted clearly show that the DBEC generally
Differential Evolution {DE) outperformed the other approaches. The proposed algorithm has exceptional property of generating a
Arrificial Bee Colomy [ABC) unigque optimal solution in comparison to earlier nature inspired approaches and therefore, can be a
k better option for real-time online optimization problems.

© 2014 Elsevier BV, All nghts reserved
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1. Introduction &

. . ) . .
Mature is a vast source of informafvon which is being used by
various species for their survival R@ colonies of social insects and
species can adapt themselves aqb}.‘nrding to the change In environ-

ment. The colonies of ant ar@o%ees are the best examples of such
cases. The group decision E{iﬁ(ing process used by bees, ants, birds,

fishes and swarms f&ﬂ%ean:hlng out the best food resources
among the various gossible solutions are the best and robust
examples of sw@?hajed decision methods. These group deci-
sions processes can be mimicked and used for inding out solution
for vanous optimization problems as well as their applications in
various engineering helds |322.37|.
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2. Working principle of bee in mg@@.

Q
In the last couple of years \ﬁ researchers have paid great
attention to study of the behaor of socal insects In an attempt to
use the Swarm ]ntel]lgenn;g&nncept for developing various artifi-
clal systems. Group decéﬁ&ms taken by natural swarms are robust

In all senses, as these \'l\:lt only give the best and acourate result but

also save a lot of {Q%rm's energy.

\(\\,
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4. Experiments and results Q&QJ

In order to determine the impact of cﬁ?tm] parameters, the
author has conducted full factorial experiments for the proposed
DBC algorithm for the nine hench@él: problems. These bench-
mark problems are summarized {Eﬁ’a bles 1 and 2. The benchmark
functions in this section pr-mri&\a balance between multi-modal

with many local minima aap% functions with only a few local
minima as well as easy @él difficult functions.

This section Is diy‘ﬂed into three parts. First, impact of bee
decision making the performance of DBC i1s studied with
experimental r . In the second part, the impact of the number
of bees and starting point on the performance of DBC is compiled
and discussed. In the third section, the algorithm has been tested
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5. Conclusion @0

The paper hrst analyzes tlg(\namre inspired algorithms and
discusses their known pru::hl@hs of consistency In solution and of
premature phenumennn.é@‘%new optimization algorithm DBC has
been proposed and ch?énhed. The upshot of the proposed algo-

rithm is that it gengﬁ- es better optimal solutions as compared to

its counterparts. Faé algorithm is based on natural swarm group
decision meth@' by bees to find next site. One has to select
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title @6
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research work N
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&
Title: Meaningful and brlef%o“'
@\

Directed Bee C\quny Optimization Algorithm

_ &Q
is better than &

A Novel Nature Inspired Algorithm Incorporating Bee Behavior
with Deterministic Frame work for Optimization Problems
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Paper Writing- Abstract \

"0'0 .
ABSTRACT E’urpose Paran@c?ers LTests Conclusion
— L O | N —
(The paper presents a new Dprimizar;éﬁ algorithm inspis®” § group decisio| jmaking proce f honey )
bees. The honeybees search for the best nest site amgug y possible site| faking care of| |h speed

and accuracy. The nest site selection is ana]uguus@ findiy [the optimality | | an optimizati, process.
Such similarities between two processes haw:@é’n used t{ rultivate a new { jgorithm by lea, png from
each other. Various experiments have bee nducte::l fol | better understa| |ding of the al{f [thm. £
comprehensive experimental investigation$@n the choice of\various paramete |s such as numb |of bees,
starting point for exploration, choic ,g( ecision process eétc. has been maile, discussed an |used to
formulate a more accurate and rob gorithm. The proposed Directed Bee Cplony algorithm | DBC) has
been tested on various benchmark optimization problems. To investigate the robustness of| DBC, the
scalability study is also condpQed. The experiments conducted clearly show that the DBC |lenerally
outperiormed the ofther appwaches. Ihe proposed algonthm has excepiional property ol genfrating a
unique optimal solution in comparison to earlier nature inspired approaches and therefore, tan be a
_ better option for real-time online optimization problems.
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Nature is a vast source of information which is being used by @)
various species for their survival. The colonies of social insects and S
species can adapt themselves according to the change in environ- &Q
ment. The colonies of ant and bees are the best examples of such éQ
cases. The group decision making process used by bees, ants, bir
fishes and swarms for searching out the best food reso Background
among the various possible solutions are the best and fpbust
examples of swarm-based decision methods. These gt deci-
sions processes can be mimicked and used for findin solution
for various optimization problems as well as theqy lications in

various engineering fields [32,37]. . ®6

'

A lot of classical methods have be veloped and are being
used for optimization problem. Gnl‘c%ex section search, Fibonacci
search, Newton's method and Se¢ant method are some one
dimensional search methnd,%\, radient methods, Newton's
method, Conjugate directionCwiethod and Neural Networks are
commonly used for unconstrained optimization |[4). These meth-
ods are problem specific and use gradients. Consequently, they are
applicable to a much smaller classes of optimization [26].

Issues
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In past decade a vast research has been carried out Qg.cfhe
development of nature-inspired optimization algorith Qf«hrhich

include Genetic Algorithm (GA), Evolutionary ngr:rrithnbo ), Parti-
cle Swarm optimization (P50), Harmony Search {H@. ifferential

Evolution (DE), Bacterial Forging Optimization (g, and Artificial
Bee Colony (ABC) [7,16,1,37 |. These algorithms population based
algorithms, a class of meta-heuristics. Po ion based algorithms
trust on iteratively updating a populatioh of candidate solution,
while foraging algorithm differs at ﬂ\ﬂicﬁﬂd espoused for updating
and search patterns |32]. ((0'

Similar Algorithms

Evolution Algorithm {Eﬂ‘oi) inspired by the theory of evolution
by means of natural non. Specifically the technique is
inspired by rnacru—h:w{l’én-r the species-level process of evolution Issues
(phenotype, hereditary, variation) and is not concerned with the
genetic mechanisms of evolution as in ase of GA |15, 16]. Tourna-
ment feature selection with direcded mutation has been developed

and concluded that such hybrid algorithms overcome some dis-
advantages of existing one and proves better solvers [9].



Scientific Paper Writing

Paper Writing- Main Text \

2. Working principle of bee in nature 6(9

In the last couple of years, the researchers ha i great
attention to study of the behavior of social insects (fQn attempt to
use the Swarm Inteligence concept for develo 'ﬁarhu& artifi-
cial systems. Group decisions taken by natu rms are robust
in all senses, as these not only give the bi'{l_@‘u:l accurate result but
also save a lot of swarm's energy. é(\

In nature, initially some bees go fns\@l:ardiing the nectar sources.

Upon arrival on nectar site, bee | a lot of nectar and returns to
hive relinquishing the nectar en to store bee and go to "dance
floor™ to perform waggle [29]. This dance gives predse

information to other be&d megarding the gquality, distance and
direction of flower pa’& Each individual's knowledge of outside
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\
Experimental procedure or theoretical analyﬁ\s

Usually a list of all materials or equipm@?fs you used for the
experiment X

The theoretical model used In y@%nalysis

list all steps in the correct o@é@

Experimental paper: e%@f}%ment, materials, method
Modeling paper: as\szﬁ‘mptions, mathematical tools, method
Computationalxgéber: Inputs, computational tools, method
Explain what §5 especially different about your method
Give sufficient detail that the reader

Don’t mix method with results or discussion
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QJ@
achieve goals. Following are the assumptons made in the pnbﬁ
posed algorithme: ‘{é
O .
® Bees live and act in a given environment. & Assumptlons
e Bees attempt to achieve particular goals or p-:rforrnzﬁa’rti:ular
tasks. ((\
® Information exchange process acoompanies 5e5,
® Bees will never die and henoe number of mains cons tant
during the process. . ®6
D
Definition 1. An exploraton region E& e, d=1._.n is a
bounded region that represents \jSbl: solution to some
problke m ,i
60
Definition 2. A grid on %&:[5}521 is defined as a set of
elements, E, such that Ej e @, E,e®9 E, n E;=, i#] and .
U E;= FSR, where E; denotes the interior of E, and & is the Definations

empty seb.

Definition 3. A sub exploration region E; =FIV™ is a vector of m
integers that represents feasible solutions to the problem.
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In order to determine the impadt of control @%m:n:rs, the
author has conducted full factorial t:{p:rh'ncn@% the proposed
DBC algorithm for the nine benchmark prgblems. These bench- ,
mark problems are summarized in Tables@ind 2. The benchmark Experimental
functions in this section provide a between multi-modal — setup
with many local minima and fungbons with only a few local
minima as well as easy and diFﬁ@ fundtions.

This section is divided i @thu:c parts. First, impact of bee
decision making on the ﬂ:l"fmnancc of DBC is studied with .
experimental results, [r&ﬁ second part, the impact of the number Various
of bees and starting @’nt on the performance of DBC is compiked Experiments
and discussed. In the third section, the algorithm has been tested

4. Experiments and results
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@)
6(9

4.1. Impact of bee dedsion making on the ;Elfurmmcg@‘ﬂﬂf

Experiments have been carried out to ccgh%an': the two
deasion making process in the bees for tﬂJ%&III‘IH:I‘IbLE. as well

42 Impact of parameters on the Wdﬂlﬁm of DBC

The solution provided by D rq}_c not same throughout, it
depends upon its step size aru:\ebu: range of parameters. Different

60
43. Comparison with otheXsimilar alporithms

O
The proposed DBC algorithm has been tested for a number of
standard optimization problems of different classes and results

alk.ssas dk s sabicska szs csad cdimakccs af cscsscssad clcactek o ssass
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 EXxtract principles, relationships, geng@aations.

* Present analysis, model or theory @*0

« Show relationship between thg@sults and analysis, model or
theory. %0
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Figures R

Flow charts show methods, proqe%lures.

Graphs plot data \0\1_0@

Schematics show how @ﬁulpment works, or illustrate a

N
mechanism or modéf}
Drawings andcp‘hotographs Illustrate equipment,

microstructures etc
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O

Table 1 A companson of FIFA Worid Cup 2002, 2006 and 2010 - the use of med:cahon pe{@(ﬂch and per tournament.
o 2010 2006* QO 2002

No of players 7 No of players &\)‘ ) _ No of players _ _

Per match Duting toutnament Per match R uring tournament Per match During tournament

(n=2944) (%) (m=736) (%) (n=2944) (*3;{ - (m=736) (%) (n=2944) (%) (n=136) (%)
Any medication 1418 8.2% 528 ni% 1257 (@3% 508 69.0% 133% 453% 500 67.9%
NSAIDs 1020 34.6% 403 54.6% 855 29.0% 395 54.2% $€0 326% 403 54.5%
Injections* 98 3.3% 54 13% 103 \1- 5% 58 1.9% 120 1% 17 10.5%
Anaigesics 189 6A% 109 14.8% X 371% 83 11.3% 131 4% 9 12.4%
[3-2 agonists 58 20% 20 2.71% fo'g% 1% 12 1.6% 3 1.2% 8 1%
Antihestamines B4 2.2% 42 ?\%&& 106 36% 55 15% &0 2.0% 43 58%
Any supplement 1019 34.6% 353 1 104} 35.4% 3n 13.1% 925 314% K)L) 42.7%

v
*Corticostercid and local anaesthetic injections only.’ 6’.‘
NSAID, non-steroidal anti-inflammatory druys.

O
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«Abstract is an overview of the entire paper
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optimal results. A set of benchmark functionsdyave been used to
test DBC in comparison with GA, EA, PS0, BFQYHS, DE and ABC for

both lower dimension and higher dimensigh. Experimental results
prove the robustness and accuracy uE'DgE'uw:r other search based

approaches. The results show that performs better and also
removes the randomness in the rithm. All other evolutionary
algorithms generate different séfutions on different runs whereas
DBC generates unique opli solution. Hence it gives a better

option to optimize n:al—@nl: and on-line optimization problems.
Although DBC has priven better algorithm over presented algo-
rithms but other clh$seés of improved, mutated, directed and hybrid
alporithms like X¥PS0, DM-GA, HSDM, EPSDE are still to be
mmpared am:l%

[l be agenda for future research.
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