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Abstract - The Teaching Learning Based Optimization
(TLBO) algorithm is one of the important algorithms
which is based on effect of teacher on outputs of learner
class. In literature TLBO algorithm is used to solve the
large scale complex problems and real time applications.
The purpose of this algorithm ranging from different
application like scheduling, hydrothermal energy, water
forecasting in urban development for forecasting the
demand of water. This report presents a brief intro to the
TLBO algorithm and its applications as well as the
variations. The main purpose of this paper is to overview
of applications solved using TLBO algorithm and findings
of remarkable point to improve the solution.

The paper is organized in remaining part as follows:
Section II gives brief about TLBO algorithm with brief idea
and a flow chart of the algorithm. Section III is about
overview about the applicatio em solved using
TLBO algorithm. Section IV de
of TLBO algorithm.
discussion of conclusi

II. TEACHING LEARNI
Teaching Learning Ba:

SED OPTIMIZATION (TLBO)

Optimization (TLBO) is a
rithm proposed in [2, 4],
sed on effect of teacher on

population based, parameter less
the t learning ess is
output of learner cla he population for TLBO algorithm is

co of learners.
Keywords—Teaching Learning Based Optimization algorithm works into two phases—
(TLBO), Application and variants of TLBO ‘Teacher Phase’ a ‘Learner Phase’. In the algorithm,
le

I.  INTRODUCTION

To figure out the real world problems, e
optimization problems, the traditional approa
steepest decent, linear scheduling, dynamic
are not capable due to its limitations such as

noise data, inflexible structure. e
optimization techniques are best sui o

problems like scheduling, foreca's‘:F large scale

problems, problems that have y local optima . In
paper [3] has described the brief overview of different nature

s

swarm optimization
swarm of birds. Lik

on the principle of

optimization problems.

of the mentioned algorithms to
solve the optimization problem is all algorithms are required
the parameter for proper working. Proper selection is
important for optimum result. Hence there should be need of
parameter less algorithm where algorithm are not depends on
any parameter hence there is no any effect on solution [2]. The
Teaching Learning Based Optimization (TLBO) [4] algorithm
introduce in 2012 which is parameter less algorithm
effectively used to solve the engineering optimization
problem.

arning of the teacher phase of the teacher or instructor and
1 g of Learner Phase is between learners in various ways.
working of teacher phase is as follows: after

of population, calculate the mean of each subject

subject, T; is the teacher selected as M. It tries to move
mean M; towards, its own level. The solution of the population
is updated according to the difference between the existing
main and the new meaning given by

Difference Mean, = r,(M_,,, — T;M,] (D)
Where,
i = any random number between 0 and 1
T =Teaching factor
M; =it is mean of population at particular iteration

M, = best result that is teacher in population

In equation (1) the value of teaching factor is probably the
part which decides the mean value to be changed. The value of
1; is random no within range of 0 and 1. The value of teaching
factor Tr can be either 1 or 2 and decided randomly with
equal probability as,

Te = round [1 +rand (0142 — 1}

@3]

This difference modifies the solution according to the
following equation

Kosw = Xpg + Dif ference_Mean
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The working of Learning Phase as follows:

Learner can increase their knowledge by following ways:
v Input through the teacher to increase the knowledge
v Another way is the interaction between them

Select randomly another Xi and Xj such way that (i#j)

If fiX) < 7%
Koew = Koz [‘l'ri{:'{i_:'{j}I

Else f(X) = if f(X;)
Koew =Xoid_i+ri{xi' _Ki}

Accept X,y if it gives a better function value.
And check termination condition, also finalize the solution.
Figure 1 shows the flow chart of the TLBO algorithm.

[II. DIFFERENT PROBLEMS/APPLICATIONS SOLVED
BY TLBO ALGORITHM
TLBO algorithm widely applied to engineering
optimization problem, linear scale problems and performance
tested over the different benchmark function as well as for

different problems. There is less literature available for the Moo - ‘e
TLBO algorithm applied to the combinatorial problemsf e better than exksing? _—

scheduling. The main aim of development of metaheuri

algorithm (GA, PSO, ACO etc.) The author mentio r
same problem in [5], also author mentioned detailed literatu T T q
overview about hoe TLBO applied to the rial il e

problems with the advantages. Scheduling is
and complicated the combinatorial search prob

A. Flow Shop and Job Shop Scheduli obl :
In paper [6], the Adil Baykasog'luet. e
TLBO algorithm for problem of flow shop scheduli
shop scheduling problem. Author uses the Giffler and
Thompson (G&T) algori
scheduling in the TLB
the idea how to appl

problems like Flow
and idea about the

e algorithm over the
ow shop scheduling is

| Tninialize mumbser of siudents (population), ermination crilefion |

| Caleulste the mean of each design varisble ]‘ 3
| Identify the: best solution (reacher) |
Moty solution based on best solution '> Teacher
Noew=X i+ Xrcher - Ty Mt} Phase

Mo " 15 new solution T B
Reject — e "t Accept
. bener than cxisiing? =

J
N\
Select amy two solutions randomly X; and X;, |-
.--"- -
Is X, bewer than X; Dee Mo
Xaws=Xaa# HXi-Xj) \_ Student
_’— Phase
1 4
Is new solution Yes
J

. Criteria satisfied?

’ Yo
Final value of solutions

Fig. 1 Flow Chart of TLBO algorithm\

B. Job Shop Scheduling Problem :

In paper [7], the author explains about the optimization of
JSSP. The goal of the author is to find the job operation
scheduling list that minimizes the make span value. The
results are compared with PSO, ABC, and MA. The advantage
is TLBO algorithm cannot trap in local minima, as problem
size increases, it is able to give the most optimal solution.

C. Permutation Flow Shop Scheduling Problem :

In paper [8, 9], the author explain the permutation flow
shop scheduling using TLBO. The author combines TLBO
and VNS algorithm for fast solution improvement to hybrid
Teaching—Learning-Based Optimization algorithm (HTLBO).
This proposed algorithm used for PFSP to determine the job
sequence with minimization of make span criterion. With the
experiment result author shows it works well and it is an
effective approach. The future scope is for implementing the
methodology for the Multiobjective flow shop and hybrid flow
shop scheduling problems.

D. Optimal Multi Distributed Generator (DG) Placement
Problem:
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In paper [10], the author proposed TLBO algorithm for
solving the optimal multi Distributed Generator (DG)
placement problem which was defined by the author for
minimization of loss, capacity release of transmission lines
and voltage profile improvement and it was working in two
stages. The obtained results have been compared with other
optimization algorithms like GA (Genetic Algorithm) and
PSO (Particle Swarm Optimization). The experimental Results
showed significant reduction in power loss and line flows and
significant improvement in voltage profile.

E. Short Term Hydro-thermal Optimal Scheduling:

In paper [11, 16], the author solves the Short Term
Hydro-thermal Optimal Scheduling using TLBO algorithm.
The author formulates the problem as minimization of the cost
and emission units. The author combines the approach of DE
and TLBO algorithm to solve the problem. The proposed
method is tested on scenarios of a hydro-thermal power
system. Author tested results and conclude that the results
have overall enhanced the overall search ability of the
algorithm.

F. Flexible Job-Shop Scheduling Problem:

In Paper [12] address the Flexible Job-Shop Scheduling
Problem with fuzzy processing time using TLBO approa:
Effectiveness of algorithm is shown by comparative stud
analysis of result with other algorithms like ABC, PSO.

G. Realistic flow shop scheduling problem:
In Paper [1] describe the Discrete TLBO for realistic flow
shop scheduling problem by modifying the teacher and learner
phase. The experiment carried out for 90 realisti
rescheduling instances with other eﬁA
indicate that the proposed algorithm is capa?)le i
searching quality, robustness, and efficiency.

using TLBO. The
transmission
reactive po
1. Unconstrai roblems based on GPGPU

In paper [14] introduce the GPGPU based
TLBO algorithm for unconstrained optimization problem for
improvisation of results and result compare with ABC
algorithm. Here author concludes that quality of solution
obtained by TLBO is better as compared to ABC algorithm.

These are the some applications/problems from existing
literature where TLBO algorithm is used and it gives the
efficient results rather that other evolutionary algorithms. Next
section gives more idea about the available variants of TLBO
algorithms which introduce with different aim such as is
improvement of the performance.

IV. VARIENTS OF TLBO ALGORITHM:
A. non-dominant sorting TLBO (NSTLBO):

In paper [15], the author describes Optimization of fused
deposition modelling process using TLBO algorithm. In this
work author works on single and Multiobjective optimization
problem widely used rapid prototyping (RP) process. Here
author proposed new variant that is non-dominant sorting
TLBO (NSTLBO) algorithm which was proposed to solve the
Multiobjective  optimization problems of the fused
decomposition (FDM) process. In this work the population is
sorted after the evaluation of poj;tion in teacher phase and
the learner phase after evaluation of population in respective
phase. The non-dominated solutions identify in the first
sorting run and assigned rank deleted from
solution. The remaining solutions sorted, and procedure is
repeated until all the ns set PWd ranked.

B. Elitist TLBO algorith

In paper [17, 18], the e
for global function optimization.

TLBO algorithm is proposed
is-variation is proposed by
]. The concept of elitism

R. Venkata Rao and Vivek Patel
is uti Ty gene,l the worst solutions are replaced by
the elite solutions. the TLBO algorithm, at the end of

lea duplicate solutions exist after replacing
e utions with elite solutions then it is necessary to
modify the duplicate solutions in order to avoid trapping in the

learner. The entire group of learner split into different
of learner according to their level and individual teacher
assigned to the group where teacher responsible for
improvisation of result. Author compared the algorithm result
with Basic TLBO algorithm and on basis of experimental
result they shows ITLBO work better than TLBO because of
multiple teacher tries to improve the result. Here Teaching
factor is also calculated based on best result. Same algorithm
is used to design the linear phase- Finite Impulse Response
(FIR) filters in [21].

D. Multi Objective-ITLBO and Multi Objective -TLBO:

In paper [21] author Introduce MO-ITLBO to solve the
Multiobjective problem by using the grid based approach
while paper [22] describe the MO-TLBO and uses the concept
of non-determinant sorting and ranking process after
evaluation of population.

E. Group Leader Dominated-TLBO:

In paper [23], the author introduce Group Leader
Dominated-TLBO  where learners are not directly
communicate with each other. Each learner is assigned to at
least one group where group leader is responsible for
improvisation of learner knowledge. Teacher phase of LTLBO
same as TLBO only modification is in only learner phase
where each learner can be member of more than one group ,
so to do this the concept of neighbourhood used from PSO and
ring topology.
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F. learning experience ~-TLBO:
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