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Abstract : 
 

  A Hybrid Genetic  algorithm combined with Tabu search has been proposed for the Maintenance Schedule 
(MS) of electric generation units. The performance of the Hybrid Genetic  algorithm  is  promising.  The  
Hybrid Genetic  algorithm  tested  by  power  system problems for 4 units. The algorithm was developed, 
implemented and tested on an integrated model for the MS problem. The model used two criteria: 
Minimizing the total generator operating cost and leveling the reserve. Each of the above criteria is used with 
the following constraints: maintenance completion, crew size, precedence, and reserve and resource 
constraints. The Hybrid Genetic algorithm was used to check the validity and the quality of the solution and 
compared with Tabu search based MS. 
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1.INTRODUCTION 

 
The reliability of system operation and 

production cost is affected by the maintenance of 
generating facilities. Suboptimal maintenance 
schedules contribute to higher production costs 
and lower system reliability. The maintenance 
schedule affects  many  short  and  long  term  
planning functions. For example, unit 
commitment, fuel scheduling, reliability 
calculations and production costing all have a 
maintenance schedule as input. A suboptimal 
schedule could affect each of these functions 
adversely.An optimal generator maintenance 
schedule increases system operating reliability, 
reduces generation cost, and extends generator     
lifetime.     Additionally,     optimizedsome 
capital expenditure for new plants and allow 
critical maintenance work to be performed.The 
Maintenance  Scheduling  (MS)  of  thermal 
generation units is a large-scale combinatorial 
optimization  problems  with  constraints.  The 
number of independent variables in a 
mathematical model is determined by the number 
of units end by the number of time-stages 
considered in the planning horizon. The 
astronomical number of possible maintenance 
schedules and the complexity of the constraints 

and objectives make the maintenance problem a 
difficult one. 

 
2.OBJECTIVE OF THESIS 

 
The above review reveals that the MS 

problem is adequately formulated as an MIPM 
with different or multiple objectives. The 
combinatorial nature of the MIPM model makes 
it hard to solve using exact methods, such as 
branch and bound, cutting planes or implicit 
enumeration. In order to solve large –scale 
problems a heuristic approach seems as a viable. 
In this thesis a Tabu search algorithm is 
proposed for solving the MS problem.There are 
two objectives, for solving the MS of generating 
units using Tabu search is, 
To minimize the total generating operating cost 
and 
Leveling the 
reserve. 
 
3.MAINTENANCE 
SCHEDULING 
 

Maintenance Scheduling is required to 
reduce the risk of capacity outage and to 
improve 
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the availability of units. Optimal maintenance plan 
can lead to sup optimal savings in operations cost 
and requires complex mathematical analysis. A 
number of maintenance scheduling methodologies 
have been developed by various researches over the 
time. 

 
Maintenance Scheduling is a significant part 

of the overall operations scheduling problem. The 
task of maintenance scheduling involves specifying 
dates at which man power is to be allocated to an 
overhaul of a major functional element or group of 
elements in a single power plant such that overall 
system scheduling level is acceptable, costs to the 
utility are minimized and constraints are met. 

 
For the purpose of preventive maintenance 

scheduling, the important costs are energy 
production costs and maintenance cost. The later is 
of importance if planned outage durations are 
allowed vary within given limits dictated mainly by 
availability of additional manpower either through 
increased staff or overtime. 

 
3.1 FACTORS CONSIDERED IN 
MAINTENANCE SCHEDULING 

 
Maintenance activities for a generating unit 

include the following factors, for a fossil fueled 
generating unit, the major maintenance activities 
include check up and maintenance of boiler 
(typically once a year) of turbine  (typically once 
every five year). There are other checkups such as 
regulators, generators, scrubbers (for those coal 
units furnished with scrubbers) condensers etc. For 
Nuclear Units, reactors form the major component 
that needs maintenance checkups. Minor 
maintenance checkup activities for nuclear units 
includes checkups of turbine, condenser, regulators, 
generators etc. 

 
A number of uncertainties are involved in 

dealing with long term maintenance scheduling 
problem. These include load uncertainty, fuel 

supply and price uncertainty, generating unit 
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reliability (forced outages) uncertainty in resource 
and crew availability. 

3.2UNITS CLASSIFICATION: 

(BASED ON MAINTENANCE 
REQUIREMENTS) 
 

Units Fixed on Maintenance, 
 

Units available only part of the year and 
requiring half period of maintenance, 

 
Units fully available for the year and requiring 
half period of maintenance, 

 
Units fully available requiring full period of 
maintenance and 

 
Units not requiring maintenance during the 
year. 

 
3.3 LEVELING THE RESERVE 
 

The electricity supply reliability is closely 
related to its capacity reserve, including spinning 
reserve and cold reserve. The capacity reserve is 
influenced by load variation of generating unit 
maintenance outage. The levelised reserve method 
is a very difficult and intensive method which draws 
up a maintenance schedule by equalizing as far as 
possible the systems net reserve in the whole year, 
taking into account the generating unit maintenance 
outages. This is a method conventionally used in 
power system maintenance scheduling of it finds 
wide applications in electric utilities as the concept 
is simple, clear and the amount of computation is 
relatively small. 
 

The period of maintenance scheduling is 
usually one year. For convenience in scheduling, 
the whole maintenance period is divided into „T‟ 
stages, Viz t = 1, 2, ……T. Every stage is either 
one week, ten days or one month. When a stage is 
one week, the maintenance period  T = 52 
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4.GENETIC ALGORITHM 
4.1 OVERVIEW OF GA 

Genetic algorithms are search algorithms 
based on the mechanics of natural selection and 
natural genetics. They combine survival of the 
fittest among string structures with a structured yet 
randomized information interchange to form a 
search algorithm. In every generation, a new set of 
artificial strings are created using bits and pieces of 
the fittest of the old and an occasional new part is 
tried for good measure. GA were developed by 
Prof. J.H. Holland, his colleagues and his students 
at the University of Michegen, Ann Arbor, and 
USA. Simplicity of operation and power of effect 
are the two main attractions of the Simple GA 
approach. GA operates through a simple cycle of 
four stages. Each cycle produces a new generation 
of possible solutions. The various stages of one 
generation are represented 
4.2 POPULATION INITIALIZATION 

The GAs process population of strings. 
Hence the implementation procedure begins with 
the creation of a population. The algorithm does not 
operate on the solutions as such but on the coded 
values of the solution. The advantage of working 
with the coding of variables is that the coding 
discretizes the search space even though the 
function may be continuous. So to start off the 
solution has to be coded into a fixed length of 
string. Bit string encoding is the most classical 
approach used because of its simplicity and 
traceability. 

In this type of encoding each member of the 
population is represented by a string of ones and 
zeros. Each string is called a chromosome. The 
length of the chromosome is usually determined 
according to the desired solution accuracy. 
4.3 OBJECTIVE AND FITNESS 
FUNCTION 

Objective function is the mathematical 
statement of the optimization problem in hand. In 
many practical problems, the objective is stated as 
the minimization of some function rather than 
maximization. Even if the problem is stated in 
maximization form, non-negative fitness value is 

not always guaranteed. As a result, it is often 
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necessary to map the natural objective function to a 
suitable form. This function which is derived from 
the objective function through the application of 
some transformation is called the fitness function. 
For example 
F(x) = 1/(1+f(x)) 

In the above equation, F (x) is the fitness 
function and f (x) is the objective function. From 
the above fitness function, the fitness value of each 
chromosome in the initial population is evaluated. 
4.4 GENETIC OPERATORS 
The three genetic operators are. 
a. Selection - Reproduction 
b. Crossover 
c. Mutation 
4.4.1 Selection - Reproduction 

This operator selects the mating pool from 
the population in proportion to their fitness values. 
The basic principle is that string with higher fitness 
values will have a higher chance of surviving to the 
next generation. Selection reproduction operator 
performs the task by selecting the pair of strings by 
roulette Wheel selection process. 
4.4.2 Crossover 

This operator does the operation of mixing 
the parent strings. The basic idea of mixing is that 
the parent strings are crossed over a randomly 
selected position. After crossover two new strings 
are formed. The crossover location is selected at 
random. If the crossover is not applied means 
crossover points at the zero position, the child 
string pair will be the same as the parents strings. In 
this project, we have considered three types of 
crossover operations. They are, 
(i). Single (or) one point crossover 
(ii). Two point crossover 
(iii). Three point crossover 
4.4.3 Mutation 

Mutation is a means to avoid the loss of 
important information at a particular position in the 
string of a chromosome. By mutation, a 
chromosome is changed. As the process is 
probabilistic, mutation may either happen in a 
number of places of just reproduce the same string 
as it was before mutation. 
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Before mutation 

 

1 0 1 1 1 0 1 

 
After mutation 

 

1 0 1 0 1 0 1 

 
 
The probability of mutation Pm  is generally set 
very low when compared to the probability of 
crossover Pc. 
5.TABU SEARCH 

The basic concept of Tabu Search as 
described by Glover (1986) is "a meta-heuristic 
superimposed on another heuristic. The overall 
approach is to avoid entrainment in cycles by 
forbidding or penalizing moves which take the 
solution, in the next iteration, to points in the 
solution space previously visited (hence "tabu"). 
The Tabu search is fairly new, Glover attributes it's 
origin to about 1977 (see Glover, 1977). The 
method is still actively researched, and is 
continuing to evolve and improve. 
The Tabu method was partly motivated by the 
observation that human behavior appears to operate 
with a random element that leads to inconsistent 
behavior given similar circumstances. As Glover 
points out, the resulting tendency to deviate from a 
charted course, might be regretted as a source of 
error but can also prove to be source of gain. The 
Tabu method operates in this way with the 
exception that new courses are not chosen 
randomly. 
Instead the Tabu search proceeds according to the 
supposition that there is no point in accepting a new 
(poor) solution unless it is to avoid a path already 
investigated. This insures new regions of a 
problems solution space will be investigated in with 
the goal of avoiding local minima and ultimately 
finding the desired solution. 
The Tabu search begins by marching to a local 
minima. To avoid retracing the steps used, the 
method records recent moves in one or more Tabu 
lists. The original intent of the list was not to 

prevent a previous move from being repeated, but 
rather to insure it was not reversed. 
The Tabu lists are historical in nature and form the 
Tabu search memory. The role of the memory can 
change as the algorithm proceeds. At initialization 
the goal is make a coarse examination of the 
solution space, known as 'diversification', but as 
candidate locations are identified the search is more 
focused to produce local optimal solutions in a 
process of 'intensification'. In many cases the 
differences between the various implementations of 
the Tabu method have to do with the size, 
variability, and adaptability of the Tabu memory to 
a particular problem domain. 
5.1 TABU LIST 
The second caveat that is added to the line search 
method is the concept of a Tabu list. This list stores 
the last few positions that were scanned and 
restricts their being rescanned. The size of the Tabu 
list and the restriction level are user-defined 
parameters. 
The Tabu list starts with all zeroed, and each time a 
position is randomly selected for scanning, the 
Tabu list is checked and that position is add to the 
top of the Tabu list with each other member of the 
list moving down one position. This means that the 
position that is third on the list will be removed 
from the list once a new position is scanned. 
If the randomly chosen position is on the Tabu list, 
the user-supplied restriction level is enforced. In 
practice, two different restrictions are used. Instead 
another position is randomly chosen until one is 
found that is not on the list and this position is 
scanned and added to the top of the Tabu list. The 
other restriction is known as the aspiration criteria. 
If this occurs, this position is moved to the top of 
the Tabu list and those positions that are above it 
on the list are moved down one place. If the 
aspiration criteria is not met, the solution array is 
not changed at all (nor is the Tabu list) and a new 
position is randomly chosen. 
Tabu list records better solutions in recent iterations 
and prohibits moving back to these solutions to 
avoid being trapped by local optimums. Thus, the 
length of the list cannot be too short. Otherwise, the 
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searching process may fall into a cycle and may not 
have chances to find a global optimum. 
On the other hand, the Tabu list should not be too 
long. Otherwise, the searching process could 
become inefficient and may be limited to a small 
feasible space and thus reduce the chance to find a 
global optimum. There is no universal principle to 
determine the length of the Tabu list. Glover (1990) 
suggested a magic number of seven, which can be 
the first guess. 

The basic role of the Tabu list is to prevent 
cycling. If the length of the list is too small, this 
role might not be achieved; conversely a too long 
size creates too many restrictions and it has been 
observed that the mean value of the visited 
solutions grows with the increase of the Tabu list 
size. 
5.2 ASPIRATION CRITERION 

Tabu lists containing attributes are much 
more effective, although they raise a new problem. 
With forbidding an attribute as Tabu, typically 
more than one solution is declared as Tabu. Some 
of these solutions that must now be avoided might 
be of excellent quality and have not yet been 
visited. 

To overcome this problem, aspiration 
criteria are introduced which allow overriding the 
Tabu state of a solution and thus include it in the 
allowed set. A commonly used aspiration criterion 
is to allow solutions, which are better than the 
currently best-known solution.In order to intensify 
the search in promising regions, we first have to 
come back to one of the best solution found so far. 
Then the size of the Tabu list may be simply 
decreased for a "small" number of iterations. In 
some cases, more elaborate techniques may be 
used. Some optimization problems can be 
partitioned into sub problems. Solving these sub 
problems optimally and combining the partial 
solutions leads to an optimal solution. The 
difficulty with such a strategy obviously consists in 
finding a good partition. 
5.3 DIVERSIFICATION SCHEME 
In order to avoid that a large region of the state 
space graph remains completely unexplored is 

important to diversify the search. The simplest way 
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to do it is to perform several random restarts. A 
different way which guaranties the exploration of 
unvisited regions is to penalize frequently 
performed moves or solutions often visited. This 
penalty is set large enough to ensure the escape 
from the current region. 

The modified objective function is used for 
a given number of iterations. It is also possible to 
use a penalty frequently performed moves during 
the whole search procedure. 

During this diversification phase, the 
solutions visited are not necessarily feasible (since 
constraints have been relaxed). For obtaining a 
feasible solution again, the penalty for the violation 
of the relaxed constraints is gradually increased. 
The diversification stage encourages the search 
process to examine unvisited regions and to 
generate solutions that differ in various significant 
ways from those seen before. Again, such an 
approach can be based on generating subassemblies 
of solution components that are then “fleshed out” 
to produce full solutions. 
 
6.MS OF GENERATING UNITS USING 
HYBRID GA 
 

GA utilizes the coded discrete information 
of the artificial strings, it can be applied to ill- 
structured discrete optimization problems as well as 
continuous optimization one. Moreover, it searches 
population of several points in parallel, not a single 
point, and the possibility of finding a near optimum 
in a early generation is very high. Therefore, GA 
can search global optimum with stable 
convergence. 

TS is a meta-heuristic procedure in which 
the process of finding optimal solutions consists in 
a subordinate heuristic that should be designed for 
each particular problem. The memorization of the 
visited solutions is a characteristic aspect of TS 
methods, whose main novelty is a use of flexible 
memory system for taking advantage of the history 
of search. Therefore, TS has a local searching 
ability rather than global searching in a short time. 
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In the proposed algorithm, TS makes up for a 
weakness of GA, which is poor at local searching 
ability, while global search is prominent. 
The main strategy of HGA intends to strengthen 

maintenance completion constraints also ensure 
that a unit is maintained just once during the 
planning horizon. 

 

intensification in TS. In other words, solution 
attributes in tabu list (memory space) are used to 
adjustment of mutation probability in GA. 

 

xit =  0 

 

∀t =k ,......,k +Mi −1 
else where Ei ≤t ≤k ; 

 
 
(k +Mi −1)<t ≤Li 

Therefore, this algorithm is expected to be a faster 
convergence in a global space than using GA only. 

zik  = 0 
if uniti beginsmaintenance in thekth week 
elsewhere 

 
 

6.1 PROBLEM STATEMENT 
 

The considerable impact of generator 
maintenance on power system reliability and on 
production costs has led to the utilization of 

The maintenance completion constraint can 
be expressed as : 
 
 
 

k + M i −1   
advanced optimization techniques for MS. MS (1 − z ik )Q ≥  ∑ x it − M i  (z ik −1) Q 

E ≤ k ≤ L 
involves the specifications of the optimal period in 
which the generators should be committed for Li 

 t = k 
 

 i i 

 

maintenance. The periods scheduled for the start of 
maintenance should satisfy operating end planning ∑ zik  = 1 

k = E 
i = 1,..........I ; 

constraints. They should also meet certain objective 
criteria. Each generating unit has to be maintained 
over a certain period. A maintenance window is 
given that specifies the earliest and latest times that 
a unit can start maintenance. Electric utilities have 
a limited maintenance manpower. In many 
instances, a precedence constraint exists that 
specifies the maintenance sequence of the units. 

i 

where Q is a large number. 
6.2.2Crew Constraints 
 

The crew constraints depend on the 
manpower that is available and they specify that no 
two units can be simultaneously maintained by the 
same crew. 

k + M i1 −1  
 

The problem is to generate the time 
sequence of a preventive maintenance schedule for 
a given set of units over a certain period, such that 

(1 − z )Q  ≥  
 

∑ xi2 ,t 
t = k 

− 0 
 

all the operating constraints are satisfied and the 
objective criteria are met. The criteria used in this 

(z i1 ,k 

≥ −1 )Q 

thesis are to minimize the total operating costs and 
to level the system reserve. 

E i1 ≤ k ≤ L i1 

 
 
 

6.2Model Formulation for the MS problem 
6.2.1Maintenance Completion Constraints 

 
The maintenance completion constraints 

ensure that once a unit is removed from the 
system for maintenance, it completes the 
maintenance without interruption and that it 
does so in a time period that is exactly equal to 

its maintenance duration of Mi weeks. The 
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6.2.3Precedence constraints 
 
There are situations that require the 
maintenance of the most critical 
generating unit first before committing 
the other units in the system for 
maintenance. The MS model 
handles this requirement using the 
precedence constraints. The 
precedence constraint specifies the 
order in which maintenance on the 
units has 
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to be performed. 

 
 
 

 

 
 
 
 
 
k −1 

 

 
 
 
 
k + M i1 −1     

min 
I 

∑ 
i =l 

 
 

∑168(a i 
t =1 

 

 
 
+ b i p it 

 

 
 
+ c i p it 

 
 

)(1 − x   ) + 

(1 − z  )Q ≥   x  + ∑ xi 2,t   − 0 I  T 

∑  ∑168p itν i x it
 

 t = Ei 2 t =k     
i =l 

 
t =l 

(z i1 −1 )Q Where 

≥ E i1  ≤ k ≤ Li1 

6.2.4Resource constraints 
 
The resource or the capacity constraint ensures that 

168: Number of hours in a week 
6.3.2Leveling the reserve 

The second objective function tends to 
levelize the reserve and is given by 

T    
the maintenance outage capacity does not exceed 
the gross reserve during any stage of maintenance. 

 

 
T 

 
 
 
where: 

 
 
min 

∑ N 
t = l 

− Nt 

∑ xit Ri ≤ Gt 
t =1 

i = 1,......I The net reserve is 
T I 

where Nt  = 
I 

∑Gt 
t = l

 
− ∑Ri M i 

i = l 

IC : Installed capacity = ∑i =1 
Ri The average reserve is 

Gt : Gross reserve in period t =  T  I   
IC - Dt N =  ∑Gt − ∑ Ri M i   

| T |  t =l i =l   
6.2.5Reserve constraints 

 
In order to ensure that the total available power is 
greater than the demand, even when a random 
outage of one unit occurs, the reserve constraint is 
imposed. 

 
 

I 

6.4 IMPLEMENTATION OF THE HGA 
FOR MS SOLUTION 
The Implementation of the Hybrid genetic 
algorithm for electric generator maintenance 
scheduling is described. In the first half of the 
algorithm, the steps from creating initial population 
to the crossover, which  is an ordinary search 
procedure. After the crossover, Tabu solution is 

∑ Ri (1 − xit ) ≥ Dt + Rmin 
i=1 

t = 1,......T conducted to enforce the search ability. Among the 
generation, the best solution is selected and 

6.3 Objective criteria of the proposed MS 
optimisation model 
The proposed algorithm is tested using the MS 
model under two independent objective functions. 
6.3.1Minimizing the total generator operating 
cost 
The MS model seeks to minimize the total 
generator operating cost over the operational 
planning period. The objective function is stated as 
follows: 

compared with the attributes of solution in Tabu 
list. In this case, if a new attribute of this solution 
exists in Tabu list, mutation is carried out in order 
to obtain another new solution. Otherwise, this 
solution is recorded in Tabu list and the current 
solution is replaced. 
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I Ri Ei Li Mi a b c vi 

1 200 1 5 4 78 7.97 0.00482 0.2 

2 200 1 7 2 80 7.80 0.00462 0.2 

3 300 1 7 2 110 7.65 0.00465 0.4 

4 90 1 8 1 60 8.40 0.00610 0.5 
 

t(week) Demand 
 

Dt (MW) 

Gross 
 

Reserve 
 

Gt(MW) 

1 249 541 

2 265 525 

3 276 514 

4 279 511 

5 256 534 

6 307 483 

7 187 603 

8 295 495 
 

 
 

 
6.5 Flow Chart for HGA 

 
 

Start 

t = 0 

Create Initial 
 
 
 

Evaluation fitness 

mutation rate ,generation gap rate and   population 
are set to 0.85,0.008,0.15and 20. 
 
7.1 DATA AND RESULT OBTAINED FOR A 
4-UNITS 
 

The hybrid genetic algorithm is used to 
provide the MS for a 4 unit System.  The length of 
the planning horizon considered is 8 weeks. It is 
required to schedule each of the 4 generators for 
maintenance just once during the planning horizon. 
 
Table 7.1 .1Unit System Data 

 
 

Reproduction 
 
 

Crossover 
 
 
 

Y 
 
 
 
 
 
 
 
Mutation 

 
Tabu solution 

Satisfied? 
 

N 
Update the 

 
 
 
t = t +1 

 
 
 
Table 7.1. 2 Weekly loads and gross reserves 

for the 4 – unit System 

 
 

t > Max N 
Iter 

 

Y 
End 

 
7.SYSTEM DATA  AND  SIMULATION 
RESULTS 

 
The  HGA  is tested on two power system 

problems consists of 4 units 22 units respectively. 
The optimization problem considered in this case is 
to minimize the total generator operating cost. The 
objective function in this optimization problem is 
used  as  a  fitness  function.  The  following 
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parameters are used for the GA.The crossover rate, 
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7.1.3  Final solution for the Maintenance scheduling of 4 Units 
 
 

------------------------------------------------------------------------ 
Hybrid Genetic Algorithm For Maintenance Scheduling . . . 

------------------------------------------------------------------------ 
Week Capacity On   Available Peak Units In 
No Maintenance  Generation Load Maintenance 

------------------------------------------------------------------------ 
1 200 590 249 1 
2 200 590 265 1 
3 290 500 276 4,  1 
4 200 590 279 1 
5 200 590 256 2 
6 200 590 307 2 
7 300 490 187 3 
8 300 490 295 3 

------------------------------------------------------------------------ 
------------------------------------------------------------------------ 

Hybrid Genetic Algorithm For Maintenance Scheduling . . . 
------------------------------------------------------------------------ 

Week Actual Cost 
No 

------------------------------------------------------------------------ 
1 924791.28 
2 924791.28 
3 780914.40 
4 924791.28 
5 931511.28 
6 931511.28 
7 763729.68 
8 763729.68 

------------------------------------------------------------------------ 
Total Cost For Maintenance Scheduling is 6945770.16 

------------------------------------------------------------------------ 
The Net Reserve is 2316.00 MW 

------------------------------------------------------------------------ 
The Average Reserve is 289.50 MW 

------------------------------------------------------------------------ 
Execution Time Of The Program is : 0.281 Sec 
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Table 7.1.4 Comparison of TS and HGA for 
4 Units System 

 

 
 

Methods 

 
Execution 
Time Sec 

Total Cost Of 
Maintenance 
Scheduling 

Rs 
 
Tabu Search 

 
0.107 

 
6956354.15 

 

Hybrid 
Genetic 

Algorithm 

 
 

0.281 

 
 

6945770.16 

 
An approach is proposed for solving Maintenance 
Scheduling problem in power system. The method 
uses HGA for solving the MS problem. While the 
method  is  reasonably  accurate,  results  obtained 
from the analysis of the sample systems reveal the 
adequacy and suitability of the proposed method 
for solving MS problem. 

The cost of maintenance scheduling when 
compared with the Tabu search method is less, but 
the time for operation is more when compared with 
the Tabu search method. 
8.Conclusion 

 

A hybrid genetic algorithm has been 
developed for the scheduling the maintenance of 
electric generating units. The algorithm was 
implemented and tested on two power system 
problems.The hybridization of GA could also 
improve the solution quality. The results obtained 
by  the  hybrid  GA  are  evaluated  to  check  the 

validity and the quality of the solution. Moreover 
these results are compared with the corresponding 
results obtained by Tabu search method and it was 
found that the proposed method yields better results 
in respect of total generator operating cost and 
computational time. 
Thus  the  hybrid  genetic  algorithm  offers  a 
promising  viable  approach  for  the  MS  of 
generators. 
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