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Goal of Optimization
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Find values of the variables thgt%inimize or maximize the

objective function Whilgi_%é’t\lsfying the constraints.
Y

é’QJ
&&

\
«9‘3'\
L




Malaviya National Institute of Technology, Jaipur

Mathematical Formulation of Optim'\zation

Problems 006
&
minimize the objective function Q@
min f(X), X = (X, Xy, .eene. X, ) \$<§
subject to constraints @‘é '
c.(x)>0 \Q\L-‘Example
2
. =0 N\ : 2 2
G () & min| (% -2)" +(% ~1)" |
Qé'\ subject: x,* — x,” <0
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Classification of Optimization Problems  \&&2¥
« Single variable \
« Multi-variable X
 Constrained @
« Non-constrained
« Single objective >
« Multi-objective O
e Linear
« Non-linear \&
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Local and Global Optimizers WS
f(X) st
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feasible region

 which of tw’inima Is found depends on the starting point
+ such minima often occur in real applications
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Major Techniques used in Optimization

Lagrange-multiplier Method Leap-frog method enalty function

-

Gradient Projection Method Linearised Sea@method

Generalised Reduced Gradient Method \ / Simulated/@e'aling
-~

< - : 2 e ‘Q
Feasible Direction Method f : | Swarnyhtelligence
Constrained &
Genetic Algorithms J\ Clqné\SeIection principle

Evolutionary Computing l
Cultural Algorithm il > AOKColony algorithm
A 4
Direct Search method $ & Co-evolutionary approach

Evolutionary Computing

& R Evolutionary  Genetic Algorithms
Computing T :
|Evolutionary Strategy

Immunity based @
0 Goal Programming
@mo — Random-search algorithm Q_
) éo Fuzzy Arithmetic

Simulated Annealing

\ [ Multi-objective }M
Swarm Intelligence &(b'

Immunity based

e Optimisation technique

—{Reliability based olutionary Computing Swarm Intelligence
—* WInverse Reliability Strategy

% ’ Tabu Search
Ko

athematical Programming

f DehalingI Randomised approach Evolutionary Computing
it = T
"\f’g derseigns RoByst | Deterministic approach nteractive L_Mathematical programming
requirements Evolutionary Computing Fuzzy approach
Increasing
Evolutionary Computing designer
Sequential Aproximate confidence ; :
iUncertain environment}— optimisation — E!volutlonary Computing
Deterministic algorithm Qualitative |—Evidence Theory
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Motivation

« The new optimization algorithr'rke?@_,__\
Inspired by group decision—malé{ﬁa
process of honey bees for best ngst'site = &
which Is analogous to the op&iqﬁzation _

ProCcess. 3)&'
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Working principle of bee In nature
 Initially some bees go for searching the nectar sourges.
N
O
* Then the bee loads the nectar and returns tngﬁe hive to relinquish and
performs the waggle dance. éQ
@
« The waggle dance gives mform%[@n about the quality, distance and
direction of flower patch. &
&

)
* The recruited bees will %v%?uate the quality of source upon exploring it.
A
&
 If the patch Is s{g{l&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 tgx)a decision for
Q

finding out the best nest site. e
» Consensus: Widespread agreement angzem%g the group Is taken
Into account. 0&6

e Quorum: The decision for best sjft§happens when a site crosses
the quorum (threshold) valu\?_cf0

 |n DBC, both consensus. @fiﬁ guorum have been mimicked,
compared and presengéz’?or finding out the optimum solution.

\
«9‘3'\
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Directed Bee Colony Algorithm

 1/10 ™ of total bees (known as scouts) gQ@
for searching next site. @

« Information of best site through Wﬁggle

dance (Q
 Decision making Process: >

—Consensus
— Quorum &
 Inform other bee&;t%rough piping

K
&
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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 swarg WS-
rather than on the copbs 9
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 dlreCtIOQ\\l'
to the food source »\Q,

» Duration of the *ggle
run relates \t\) the
distance tg&?he food
source ©
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The proposed Directed Bee Colony (O
Optimization algorithm =

. DBC is a computational system in which severalbees work,
Interact with each other and in unison take degision to achieve

goals. @99
« Assumptions made in the proposed alq&%ithm
=Bees live and act in a given enwerMent
=Bees attempt to achieve partlcgfar?goals or perform particular
tasks. \Q
=Information exchange pcg%ess accompanies no losses.

=Bees will never die a{ﬁ? hence number of bees remains constant

during the process o,\

xS
&
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DBC Algorithm

» In DBC, all bees live in an environment i.e. FSR.MAN environment
IS organized in a structure as shown below fogd(1,2,3) parameters:

e Lk ke s &

ALY
CAE

h2 3

‘V‘I»

Fig. 3. Domain of the objective function with three independent parameters.
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1 2 3 B
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Fig. 2. Domain of the objective function with two independent parameters.




Malaviya National Institute of Technology, Jaipur

« A point inside each volume is chosen as the s’;%%&fng point for
the search process, which in proposed appro IS the midpoint of
that volume through various investigatiorggf’

\
« The midpoint of total cluster can be cQt&Jlated using (1)

Wi+ Wa+ ﬁ/ +
1i W 1f 2i W.E_.F ﬂ WV 4 wl:l'f
230" (1)

2 '- 2 \&'& 2
O
* |f thereisone parameter,gghc‘iy one bee explores the search.
 |If the parameters are W‘ii = 1,W,; = 6 then 5 bees are sent for
exploration for the@3<|s given by two parameters d{and d,
o If the paramete{@%re Wy =1LWiy=5and Wy =1,Wy =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-fendency of
remembering only four locations at a tim&é"

a b : C é d
e A,
J#‘__.»-'}fff '3 f'/ffﬁ? I <
o ;f-' g f’ﬂ"fﬁf" Fi @v [0S
d. I;;'r - i / / \)@
/ | / '/ \3&. A -
/ j G
S (&7 ”
| , < p S
} 2] 503 & S[2] 2] S[0]

Fig. 4. Bees search movements with the proposed Dptlﬁ;ﬂﬂn algorithm: {a) starting of the motion in search of solution, {b) extension in the direction of good optimal

point, (c) contraction of the movement in case optimal @oint quality is not good, and (d) shrinking of the space towards optimistic solution.
*

xQ
. The author has®ised 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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1: Initial Simplex 2: Center 0@& 3: Reflection
mthoutt@urst point) (Default:p = 1.00)

%($ ff ! u'= {1-0).[1

. i II"\
o °®
4a: Contraction 4b: Expansion 5:Shrinkage
(Default:y = 0.50) (Default:x = 2.00) (Default:o = 0.50)
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Communication of the information R
through waggle dance

The individual optimal solutions of bees are cor(gknunicated to the
centralized system that chooses best preferakde solution.

Definition 5. A food quality index FQI : Ii&fli(i> R Is a measure of
the quality of the solution that is repregéited by the bee food
search procedure. O

For optimal minimum cases It s tts the best optimal
solution which can mathema}é@é ly expressed as
FQI(i) = mu ] 2
Ql1) rilrl%@%!ir (2)
where, FV(i) represeg\lbche different search value equivalent to

food value obtain y a bee.
\Q&’&
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Global Optimal Solution Selection

* When bee encounters multiple global optimal sglutions with same

fitness value it selects the optimal solution negper to the starting

point (Fig. 5). Q)@O"

* This is due to the natural phenomenorl&%ed by bees when it find

nectar site with same fitness value. °
\-

a Optimal solution with x constarins
0 Oplm al solutio g_

Single Optimal solution

1F e £ Wwithin constraints
08 | - 08 |
06 ] ., @6 06
04} (a\ 0.4
0.2 : * 02
z 4 - f
artin : . 0int
*

aw

-1/

Fig. 5. Solution report by bee to hive: (a) with x constraints and (b) without constraints.

N
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Bee based decision processes-consensus L
and quorum N

Consensus: Once exploration and waggle dance{transmission of
data) is finished the global optimized point is€hosen by comparing
the Fitness Values of all the optimized poigf?’in the optimum
vector table i.e. global best, gbest as Iin SQEe of PSO [10,11].

: : : .\
Point with the lowest Fitness Value isselected as the global

Malaviya National Institute of Technology, Jaipur

optimized point (X¢). N

&
XN, .
Quorum: In quorum methe®, if the number of bees providing an
optimized solution rea h& qguorum threshold (eq) then that
optimum solution is ansidered as the final solution and further

search of optimu;@%sult IS stopped and hence saves time.
&
sQ
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Flow Chart for DBC

FLOWCHART FOR DIRECTED BEE COLONY ALGORITHM ‘
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Fig. 6. Flowrchart for the proposed DBEC algorithm
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Impact of bee decision making on the g
performance of DBC

« The decision making processes consensus and rum are

compared (Table 3).

« Performance can be increased by switchi{@%etween the two
decision making processes.

 Two choices of parameters can be W 5d: number of bees and
quorum (threshold) value.

« As the quorum value is incr
towards the global value

Table 3

Experimental results for banana function for consensus and QUi &

I Quoruim threshnl‘ Time (5]
COMSensus 0 &O 1.3999102
Quorum DEC 12173 =009 }1& (11949080

12173 =009 0.4097410

12173 =009 B0 0.4621518

G.1001e =029
0
1

70
ED
100

140418157
135418157
1.4M1E157

OO

'&éQ

(@*

d the optimal solution approaches

%\tz%n expense of tlmep (F|g7)

Fig. 7. Varlation in splutbon of Rosenbrock banana function for quoram m ethoed.
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- oN
Choice of parameters:

Effect of number of bees: More the number of Rges, more is the
computational time taken for processing but yth increased
accuracy towards the optimal result (Fig. §f’

&

20 = : ——r
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R o i ||
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Mumber of Bees

Fiz B. Vamation in Ackley functson value as found by different bees.



Malaviya National Institute of Technology, Jaipur _ -'

Comparison with other similar algorithms:
Case study-1: normal benchmark problems &

Mean and standard deviation (5D) of the benchmark function optimization results (N=2)

D4
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Case study-I: normal benchmark
N Wy
problems N
 DBC performed either better or at same level w@t\l the other
algorithms at lower dimensions. 90

* The t-tests show that DBC perform betterqfﬁyan most of
algorithms and in a statistically significgat manner.

* The uniqueness of the solution by tl@roposed algorithm is
evident from the zero standard dgfviation (SD) which is novel
character of proposed algorithgn(\and can be recommended for
real time applications. G}\\i’

The t-test results of comparing DBC with the other algorithms, ®§’
t-Test for DBC vs. sphere schwefel's 222 Y\é{ﬁimnhmck Rotated-hyper schwelel's 2.26 Rastrigin Ackley E-rIE-'.r.lal'lll
&
\Q

TLEEEED

i g g e g ped g g
0 o= oo o s e o
i g i g g ped g g
O o O ol b b ) e
(=T =Dy = = Q= = i = = |
el Gl el G Ged Gl Bl d
e g e g i i i g
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s
] =
- ] 5 2
C tudy-11: scalability stud &/
ase study-11: scalability study )/
N
* The dimension of the functlons IS mcreased frogq\z to 30 and
Mean and standard deviation [5D) of the benchmark funcissn optmizaten resulcs (M=30). 0,6
Alzorithm Functions ﬁ({)
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Case study-II1: shifted and shifted

rotated benchmark problems
« A set of CEC 2005 benchmark problems shifted,
and hybrid composite is evaluated for DBC alggﬁthm 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 propos@ f new DBC

optimization. o
« Upshot of the proposed algorithm: Generate%?better optimal solutions
as compared to its counterparts. &Q

« One has to choose between consenstd%nd guorum, can go for
consensus for better accuracy. @

 |In case of quorum better solu&bn can be obtained by increasing the
threshold. ,b\

e The results show that I'\)&t performs better and also removes the
randomness in the algbrlthm when compared to other algorithms at
lower and hlgher,@nensmns 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.





