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Goal of Optimization

Find values of the variables that minimize or maximize the

objective function while satisfying the constraints.
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Mathematical Formulation of Optimization 

Problems
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Classification of Optimization Problems

• Single variable

• Multi-variable

• Constrained

• Non-constrained

• Single objective

• Multi-objective

• Linear

• Non-linear

ht
tp

s:
//

dr
ra

je
sh

ku
m

ar
.w

or
dp

re
ss

.c
om

/



Malaviya National Institute of Technology, Jaipur

Local and Global Optimizers
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• which of the minima is found depends on the starting point

• such minima often occur in real applicationsht
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Major Techniques used in Optimization
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• The new optimization algorithm

inspired by group decision-making

process of honey bees for best nest site

which is analogous to the optimization

process.

Motivation
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Working principle of bee in nature

• Initially some bees go for searching the nectar sources.

• Then the bee loads the nectar and returns to the hive to relinquish and

performs the waggle dance.

• The waggle dance gives information about the quality, distance and

direction of flower patch.

• The recruited bees will evaluate the quality of source upon exploring it.

• If the patch is still good enough for nectar, then they perform waggle

dance to convey the same which enables quiescent bees in recruitment

of more bees to explore the patch.
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Decision Process

• Two methods used by bee swarms to reach to a decision for 

finding out the best nest site.

• Consensus: Widespread agreement among the group is taken 

into account.

• Quorum: The decision for best site happens when a site crosses 

the quorum (threshold) value.

• In DBC, both consensus and quorum have been mimicked, 

compared and presented for finding out the optimum solution.
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Directed Bee Colony Algorithm

• 1/10 th of total bees (known as scouts) go

for searching next site.

• Information of best site through waggle

dance

• Decision making Process:

–Consensus

– Quorum

• Inform other bees through piping
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Honey Bee Algorithm

• Waggle dance

• Calculation of angle b/w

sun and flowers

• waggle dance occurs on

the surface of a swarm

rather than on the combs

inside a hive.
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Honey Bee Algorithm

• Bee runs through a

figure-eight pattern on a

vertical comb

• Angle of the run

indicates the direction

to the food source

• Duration of the waggle

run relates to the

distance to the food

source
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The proposed Directed Bee Colony 

Optimization algorithm

• DBC is a computational system in which several bees work, 

interact with each other and in unison take decision to achieve 

goals. 

• Assumptions made in the proposed algorithm:

Bees live and act in a given environment.

Bees attempt to achieve particular goals or perform particular

tasks.

Information exchange process accompanies no losses.

Bees will never die and hence number of bees remains constant

during the process.
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DBC Algorithm

• In DBC, all bees live in an environment i.e. FSR. An environment 

is organized in a structure as shown below for d(1,2,3) parameters:
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• A point inside each volume is chosen as the starting point for

the search process, which in proposed approach is the midpoint of

that volume through various investigations.

• The midpoint of total cluster can be calculated using (1)

• If there is one parameter only one bee explores the search. 

• If the parameters are 𝑾𝟏𝒊 = 𝟏,𝑾𝟏𝒇 = 𝟔 then 5 bees are sent for 

exploration for the axis given by two parameters 𝒅𝟏𝒂𝒏𝒅 𝒅𝟐
• If the parameters are 𝑾𝟏𝒊 = 𝟏,𝑾𝟏𝒇 = 𝟓 𝒂𝒏𝒅𝑾𝟐𝒊 = 𝟏,𝑾𝟐𝒇 = 𝟓

then bees are sent for exploration. 
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Bee search methodology

• In the proposed optimization, the analogy has been derived with

the search approach adopted by bees and the tendency of 

remembering only four locations at a time.

• The author has used a very popular optimization technique (Fig. 4) 

usually known as Nelder–Mead method (NM) based on geometric 

operations (reflection, expansion, contraction and shrinking). 
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Communication of the information 

through waggle dance

• The individual optimal solutions of bees are communicated to the 

centralized system that chooses best preferable solution. 

• Definition 5. A food quality index FQI : FSR- ℛ is a measure of

the quality of the solution that is represented by the bee food

search procedure.

• For optimal minimum cases it selects the best optimal

solution which can mathematically expressed as

where, FV(i) represent the different search value equivalent to 

food value obtained by a bee. 
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Global Optimal Solution Selection

• When bee encounters multiple global optimal solutions with same 

fitness value it selects the optimal solution nearer to the starting 

point (Fig. 5). 

• This is due to the natural phenomenon used by bees when it find 

nectar site with same fitness value. 
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Bee based decision processes-consensus 

and quorum

• Consensus: Once exploration and waggle dance (transmission of 

data) is finished the global optimized point is chosen by comparing 

the Fitness Values of all the optimized points in the optimum 

vector table i.e. global best, gbest as in case of PSO [10,11]. 

• Point with the lowest Fitness Value is selected as the global 

optimized point (𝑿𝑮).

• Quorum: In quorum method, if the number of bees providing an

optimized solution reaches quorum threshold (εq) then that

optimum solution is considered as the final solution and further

search of optimum result is stopped and hence saves time. 
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Flow Chart for DBC
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Benchmark Functions:
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Impact of bee decision making on the 

performance of DBC

• The decision making processes consensus and quorum are 

compared (Table 3).

• Performance can be increased by switching between the two 

decision making processes. 

• Two choices of parameters can be used: number of bees and 

quorum (threshold) value. 

• As the quorum value is increased the optimal solution approaches 

towards the global value at an expense of time (Fig. 7).
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Choice of parameters:

• Effect of number of bees: More the number of bees, more is the 

computational time taken for processing but with increased 

accuracy towards the optimal result (Fig. 8).
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Comparison with other similar algorithms: 

Case study-I: normal benchmark problems

ht
tp

s:
//

dr
ra

je
sh

ku
m

ar
.w

or
dp

re
ss

.c
om

/



Malaviya National Institute of Technology, Jaipur

Case study-I: normal benchmark 

problems

• DBC performed either better or at same level with the other 

algorithms at lower dimensions. 

• The t-tests show that DBC perform better than most of 

algorithms and in a statistically significant manner.

• The uniqueness of the solution by the proposed algorithm is 

evident  from the zero standard deviation (SD) which is novel 

character of proposed algorithm and can be recommended for 

real time applications.
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Case study-II: scalability study

• The dimension of the functions is increased from 2 to 30 and

the performance with different algorithms is noted.

•
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Case study-III: shifted and shifted 

rotated benchmark problems
• A set of CEC 2005 benchmark problems shifted, shifted rotated

and hybrid composite is evaluated for DBC algorithm and compared 

with the counterparts. 
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Conclusion
• The nature inspired algorithms are analyzed and problems are 

identified there by making a way for the proposal of new DBC 

optimization. 

• Upshot of the proposed algorithm: Generates better optimal solutions 

as compared to its counterparts. 

• One has to choose between consensus and quorum, can go for 

consensus for better accuracy. 

• In case of quorum better solution can be obtained by increasing the 

threshold.

• The results show that DBC performs better and also removes the 

randomness in the algorithm when compared to other algorithms at 

lower and higher dimensions by generating unique solution.

• Other classes of improved, mutated, directed and hybrid algorithms 

like CLPSO, DM-GA , HSDM, EPSDE are still to be compared and 

will be agenda for future research.
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