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Abstract—In this paper, enhanced genetic algorithm (EGA) is 
used to solve the short-term unit commitment problem (UCP) 
and the enhanced lambda iteration (ELI) method is used to solve 
the economic dispatch (ED) sub-problem. Based on EGA, the 
problem specific operators have been integrated in the simple GA 
algorithm and thus, enhanced the quality of the solution. 
Performance of EGA is tested on 2 test systems comprising of 4-
unit and 10-unit over the scheduling time horizon of 8 hours and 
24 hours respectively. Results demonstrate that the proposed 
method is superior to the other reported methods in the 
literature. 

Keywords—economic dispatch; genetic algorithm; unit 
commitment 

I.  INTRODUCTION 
Unit Commitment Problem (UCP) is one of the most 

important optimization task which has to be performed by 
power engineers in a daily operation planning of power 
systems so that obtained generation schedule results in a great 
savings of dollars for power generation companies especially in 
a deregulated environment where each GENCO runs its own 
generator in order to obtain more profit. Since the load demand 
varies throughout the day and reaches to a different peak values 
from one day to another and thus, the total power generation 
can’t be kept constant [1]. The main objective of conventional 
UCP is to minimize the total generation cost (operating fuel 
cost, start-up and shutdown costs) over the scheduling time 
horizon of 24-h or 168-h with 1-h time interval subject to the 
number of system (or coupling) and unit (or local) constraints. 

Many optimization techniques have been proposed in the 
past to solve the UCP and mainly classified into three groups. 
These groups are classical (or mathematical) techniques, 
stochastic (or heuristic) techniques and hybrid techniques. The 
mostly used mathematical techniques are priority list (PL) 
method [2], dynamic programming (DP) [3], branch-and-
bound (BB) method [4], mixed-integer linear programming 
(MILP) [5] and lagrangian relaxation (LR) method [6]. Out of 
which, PL method is fast but produces sub-optimal solution. 
DP faces dimensionality problem as the problem size increases. 
MILP requires large memory and suffers from great 
computation delay for large scale UCP. LR suffers from 
numerical convergence and solution quality problems. 
Although the solution produced by mathematical techniques is 

accurate and optimal, but requires large computation time even 
for medium sized UCP. The stochastic techniques are highly 
heuristic in nature and mainly classified as simulated annealing 
(SA) [7], evolutionary programming (EP) [8], genetic 
algorithm (GA) [9,10], particle swarm optimization (PSO) 
[11], differential evolution (DE) [12], bacterial foraging 
algorithm (BFA) [13], imperialistic competition algorithm 
(ICA) [14], harmony search algorithm (HSA) [15] and artificial 
bee colony algorithm (ABC) [16]. Since these techniques are 
parameter sensitive and thus, require proper tuning in order to 
obtain the near global optimal solution in least execution time. 
Improper tuning of these parameters results in premature or 
slow convergence which may lead the solution to local 
optimum. Some hybrids of the methods have been also 
proposed in the past which utilizes the feature of one method to 
overcome the drawback of another method. The mainly consist 
hybrid methods are GA and LR [17], GA and tabu search (TS) 
[18], artificial neural network (ANN) and DP [19]. The 
hybridization reduces the search space for large scale UCP and 
thereby, reduces the execution time. 

The GA is a population based search algorithm based on 
the mechanics of natural selection and genetics [9]. GA has 
been successfully applied to many non-linear large scale 
engineering optimization problems. In this work, enhanced GA 
(EGA) is used to decide the ON/OFF status of the thermal units 
in each hour of the scheduling time horizon and the power 
generation values of the committed units are determined by 
solving the economic dispatch sub-problem using enhanced 
lambda iteration (ELI) method adopted from [20]. Moreover, 
the performance of EGA for UCP has been enhanced by 
integrating the problem specific operators to the simple GA 
algorithm. 

The rest of the work is organized as follows: Section II 
presents the unit commitment (UC) problem formulation, 
Section III presents the mapping of EGA for UCP, Section IV 
provides the simulation results and their discussions and finally 
Section V concludes the paper. 

II. PROBLEM FORMULATION 

A. Objective Function 
The main objective of UCP is to determine the optimum 

ON/OFF schedule so as to minimize the total generation cost 
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(TC ) over the scheduling time horizon of 24-h with 1-h time 
interval by satisfying various system and unit constraints. 
Mathematically the problem to be minimized [2] is 
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where ( )i
t

iF P  is the quadratic fuel cost function representing 
production cost of thi  unit at hour t in S/h, ia , ib  and ic  are 

the fuel cost coefficients of thi  unit, t
iP  is the real power 

generation of thi  unit at hour t in MW, ,i tSU  is the start-up 

cost of thi  unit at hour t in S/h, iHS  and iCS  are the hot and 

cold start-up costs of thi  unit in $/h respectively, t
iU  is the 

ON/OFF status of thi  unit at hour t (1  ,  0on off→ → ), N is 
the number of thermal units, T is the number of scheduling 
time intervals in hours, ,i downT  is the minimum-down time of 

thi  unit in hours, ,
t

i offT  is the continuously-off time of thi  unit 

till time t in hours, ,i coldT  is the cold start-up time of thi  unit in 
hours. 

B. Constraints 
The various system and unit constraints imposed on the 

system are: 
1) Power balance constraint: The generated power must 

be equal to the load demand as follows 
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where t
DP  is the load demand at hour t in MW. 

2) Spinning reserve constraint: System spinning reserve is 
expressed as excess power generation as follows 
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where max
iP  is the maximum power generation capacity 

of thi  unit in MW, tR  is the system spinning reserve at 
hour t in MW. 

3) Generation limit constraint: Each committed unit must 
be within its specified generation limits as follows 

min maxt t t
i i i i iP U P P U≤ ≤                                 (6) 

where min
iP  is the minimum power generation capacity 

of thi  unit in MW 
4) Minimum up and down time constraint: A unit must be 

on/off for a minimum number of hours before 
committing and decommitting as follows 
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where ,i upT  is the minimum-up time of thi  unit in 

hours, 1
,
t

i onT −  is the continuously ON time of thi  unit till 
hour (t-1) in hours. 

III. ENHANCED GENETIC ALGORITHM (EGA) FOR UNIT 
COMMITMENT PROBLEM (UCP) 

In this section, the implementation of EGA for UCP has 
been presented. The control parameters involved in EGA are 
population size (number of chromosomes), selection 
mechanism, crossover and mutation probabilities and the 
maximum number of generations required for obtaining the 
optimal solution. 

A. Representation of Chromosomes for UCP 
In UCP, the decision variables are binary strings which 

show the ON/OFF status of the thermal units over the complete 
scheduling time horizon. If N is the total number of thermal 
units and T is the complete scheduling time intervals, then a 
chromosome in a population consist of N T×  binary bits. 
Each bit in a chromosome represents a gene having 1 or 0 
binary values. A chromosome in a population itself represents 
an individual solution for UCP. 

B. Population Initialization 
For the complete PN  chromosomes, each chromosome jX  

is randomly initialized as follows 
1 2[ ... ... ] ; {1,2,..., } ; {1,2,..., }d n

j j j j j PX x x x x j N d n= ∈ ∈    (8) 

where j represents the chromosome in a population, d 
represents the dimension of a chromosome, n represents the 
total number of binary variables equals to N T×  binary bits 
and PN  is the population size (number of chromosomes). The 
position of d

jx  is generated using a uniformly distributed 
random number, which generates either 0 or 1 and they are 
equally likely. 

C. Fitness Function Evaluation 
After generating the initial population, the economic 

dispatch (ED) has to be performed only on feasible 
chromosomes so as to economically dispatch the load demand 
in each hour of the scheduling time horizon. The enhanced 
lambda iteration (ELI) algorithm is used to solve the ED sub-
problem and then the production cost can be calculated using 
(2). The fitness of each chromosome is the total generation cost 
(TC) which can be calculated using (1). The chromosome 
having least TC has the highest fitness value. 

D. Generate trial solutions 
In simple GA, the three basic operators viz. selection, 

crossover and mutation have been used to update the solution 



of UCP throughout the generations whereas in EGA three more 
operators are proposed which are described as below: 

1) Selection: The parent chromosomes are selected based 
on their fitness values using Roulette wheel selection 
mechanism. The chromosomes are selected based on 
the probability proportional to the parent genotype 
relative fitness within the population. Then, the new 
offspring genotypes are produced by means of two 
other genetic operators namely crossover and mutation. 

2) Crossover: The selected parent chromosomes from the 
current population form a mating pool to produce the 
new offsprings. The crossover operation is a random 
process of recombination of parent chromosomes and 
their bit values are exchanged at the crossover sites 
based on the crossover probability ( cp ) to produce 
offsprings. These offsprings have the feature of two 
parent genotypes and thus, may have better fitness. 
After performing the crossover operation, a new 
poulation of offsprings have been formed. 

3) Mutation: Mutation introduces new genetic material 
into the gene at some low rate. With a small mutation 
probability ( mp ), randomly chosen bits of the offspring 
genotypes change from 0 to 1 and vice versa and thus, 
introduce the diversity in the solution search space. 

4) Swap Window Operator: This operator is applied to 
every genotype of the population with a probability of 
0.2. The two units, a time window of width w (hours) 
and a random window position between 1,2,…,T 
scheduling intervals are arbitrary selected from a 
genotype. The bits of the two selected units included in 
the window are exchanged and thus, a new offspring is 
formed. If a new offspring is better than the current one 
then the new one is selected else the old one is restored. 
This operator acts like a sophisticated mutation 
operator. 

5) Window mutation operator: This operator is also 
applied to all the genotypes of the population with a 
probability of 0.2. In this operator, only one unit is 
randomly selected with time window of width w 
(hours) and a random window position between 
1,2,…,T scheduling intervals. Then, all the bits of that 
unit lie within the time window are flipped from 1 to 0 
and vice-versa. This operator act as a multi-point 
mutation operator. 

6) Swap mutation operator: This operator is applied only 
to the so-far found global best chromosome within the 
current population. The two units are randomly 
selected and their bits are exchanged for a specific hour 
i.e. their ON/OFF status is exchanged. If a better 
solution is obtained then the solution is kept otherwise 
it is restored to its old solution. This operator resembles 
the stochastic hill climbing method. 

The above mentioned three advanced mutation operators 
worked simultaneously to generate the offsprings based on the 
two target probabilities 1 2 1t tp p0 ≤ ≤ ≤ . If a uniformly 

distributed random number 1(0,1) trand p≤  then, a swap 
window operator is to be performed else if 2(0,1) trand p≥  
then, a swap mutation operator is to be performed else if 

1 2(0,1)t tp rand p< <  then, a window mutation operator is to be 
performed. This will balance the exploration and exploitation 
process and thus, produce the near global optimal solution. 

E. Repairing Infeasible Solutions 
When the solution is randomly initialized and whenever the 

modification in the solution is made throughout the search 
process, the infeasible solutions have to be repaired in order to 
improve the solution quality at faster rate. The constraints in 
(5) and (7) have been repaired based on the strategies adopted 
from [11]. 

F. Elite Strategy 
In order to avoid the loosing of best solutions throughout 

the search process, an elite strategy has been adopted from 
[13]. In this strategy, the parent and offspring chromosomes are 
first combined together and sorted according to their fitness 
values. Then, the first 50 % of the best solutions of the 
combined population are selected as the population for the next 
generation. 

G. Procedural Steps for UCP using EGA 
The step by step procedure to solve the UCP using EGA is 

as follows: 

Step 1: Initialize EGA parameters like PN , cp , mp , 1tp  
and 2tp  and maximum generations ( maxg ) as 
termination criteria. 

Step 2: Randomly generate the PN  chromosomes by 
satisfying all the constraints from (4) to (7) with 
the structure shown in (8).  

Step 3: Perform ED on feasible chromosomes in order to 
determine the power generation values over the 
complete scheduling time horizon and then 
calculate the production cost of each unit in each 
hour using (2). 

Step 4: Evaluate the fitness function as in (1). 
Step 5: Select the parent chromosomes from the current 

population using Roulette wheel selection 
mechanism.  

Step 6: Perform 1-point crossover operation on the 
selected parent chromosomes to generate the 
offsprings. 

Step 7: Perform advanced mutation operators explained 
in previous section to modify the offsprings. 

Step 8: Repair infeasible solutions and then perform ED 
on the feasible offsprings to calculate the total 
production cost and then evaluate the fitness 
values of these offsprings. 

Step 9:  Apply elite mechanism to preserve the best 
solutions found so far. 



Step 10: If maximum number of generations ( maxg ) are not 
reached then go to step 5, otherwise stop the 
procedure and print the optimal generation 
schedule. 

IV. SIMULATION RESULTS 
To demonstrate the feasibility and effectiveness of the 

proposed EGA method for UCP, EGA is applied to two test 
systems comprising of 4-unit and 10-units over the scheduling 
time intervals of 8-hour and 24-hour respectively. The spinning 
reserve is considered as 10 % of the total load demand in each 
hour of the scheduling time horizon and thus, reduced the 
probability of load interruptions [7]. The simulation is 
performed on Intel core2duo, 2.20 GHz processor PC and 
written in MATLAB 7.9. 

A. Test System 1 
This test system comprises of 4 thermal units over the 

scheduling time horizon of 8 hours with 1-h time interval. The 
cost characteristics and load demand are adopted from [1] and 
mentioned in Tables I and II respectively. For this system, the 
population size was kept 10 and the maximum generation 
count was kept 100. The crossover and mutation probabilities 
were kept 0.7 and 0.015 respectively. The range of two target 
probabilities are [0,1]. The best UC schedule along with the 
dispatch values, production cost ( cos tP ), start-up cost ( SU ) and 
total generation cost (TC) are listed in Table III. From Table 
III, it can be deduced that the obtained UC schedule has 
satisfied all the problem constraints and thus, produces the 
quality solution. Also, the total online capacity of generators in 
each hour of the scheduling time horizon is more than the load 
plus spinning reserve requirements. The same problem was 
also solved with GA and compared with EGA and the results 
are presented in Table IV which also presents the comparison 
of obtained results with that of LR. Since, it is a small system 
comprising of 4 thermal units, best cost was also achieved by 
GA but a marginal difference was found in CPU time. 

TABLE I.  UNIT CHARACTERISTICS FOR 4-UNIT SYSTEM [1] 

 Unit 1 Unit 2 Unit 3 Unit 4 
max (MW)iP  80 250 300 60 
min (MW)iP  25 60 75 20 

ia ($/h) 213.00 585.62 684.74 252.00 

ib ($/MWh) 20.875 17.998 17.458 23.800 

ic ($/MW2h) 0.00396 0.00261 0.00289 0.0051 

iINS (h) -5 8 8 -6 

,i upT (h) 4 5 5 1 

,i downT (h) 2 3 4 1 

iHS ($) 150 170 500 0 

iCS ($) 350 400 1100 0.02 

,i coldT (h) 4 5 5 0 

TABLE II.  LOAD PATTERN FOR 4-UNIT SYSTEM [1] 

Hour (h) 1 2 3 4 5 6 7 8 
Load (MW) 450 530 600 540 400 280 290 500 

TABLE III.  OPTIMAL GENERATION SCHEDULE FOR 4-UNIT SYSTEM 

T Dispatch Values (MW) 
costP  ($) SU ($) TC ($) U1 U2 U3 U4 

1 25 174.23 250.77 0 9782.53 150 9932.53 
2 25 216.27 288.73 0 11303.69 0 11303.69 
3 30 250 300 20 13003.46 0.02 13003.48 
4 25 221.52 293.48 0 11495.29 0 11495.29 
5 0 161.09 238.91 0 8573.23 0 8573.23 
6 0 98.03 181.97 0 6332.32 0 6332.32 
7 0 103.29 186.71 0 6517.54 0 6517.54 
8 0 213.63 286.37 0 10470.83 0 10470.83 

Total generation cost in 8-h ($) 77,478.89 150.02 77,628.91 

TABLE IV.  COMPARISON IN TERMS OF COST ($) AND CPU TIME (S) 

Method Cost ($) CPU time (S) 
LR [6] 76,975.33 2.5 

GA 77,628.91 3.96 
EGA 77,628.91 3.62 

B. Test System 2 
This test system comprises of 10 thermal units over the 

scheduling time horizon of 24 hours with 1-h time interval. The 
cost characteristics and load demand are adopted from [14] and 
presented in Tables V and VI respectively. In order to fine tune 
the EGA parameters, the simulation was repeated for 10 
random trials.  In each trial, the population size was kept 30 to 
show the effect of small population size and the maximum 
number of generations was kept 100, in order to reduce the 
computational efforts. 

TABLE V.  UNIT CHARACTERISTICS FOR 10-UNIT SYSTEM [14] 

 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 
max (MW)iP  455 455 130 130 162 
min (MW)iP 150 150 20 20 25 

ia ($/h) 1000 970 700 680 450 

ib ($/MWh) 16.19 17.26 16.60 16.50 19.70 

ic ($/MW2h) 0.00048 0.00031 0.00200 0.00211 0.00398 

iINS (h) 8 8 -5 -5 -6 

,i upT (h) 8 8 5 5 6 

,i downT (h) 8 8 5 5 6 

iHS ($) 4500 5000 550 560 900 

iCS ($) 9000 10000 1100 1120 1800 

,i coldT (h) 5 5 4 4 4 
 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 

max (MW)iP 80 85 55 55 55 
min (MW)iP 20 25 10 10 10 

ia ($/h) 370 480 660 665 670 

ib ($/MWh) 22.26 27.74 25.92 27.27 27.79 

ic ($/MW2h) 0.00712 0.00079 0.00413 0.00222 0.00173 

iINS (h) -3 -3 -1 -1 -1 

,i upT (h) 3 3 1 1 1 

,i downT (h) 3 3 1 1 1 

iHS ($) 170 260 30 30 30 

iCS ($) 340 520 60 60 60 

,i coldT (h) 2 2 0 0 0 



TABLE VI.  LOAD PATTERN FOR 10-UNIT SYSTEM [14] 

Hour 
(h) 

Load 
(MW) 

Hour 
(h) 

Load 
(MW) 

Hour 
(h) 

Load 
(MW) 

1 700 9 1300 17 1000 
2 750 10 1400 18 1100 
3 850 11 1450 19 1200 
4 950 12 1500 20 1400 
5 1000 13 1400 21 1300 
6 1100 14 1300 22 1100 
7 1150 15 1200 23 900 
8 1200 16 1050 24 800 

 
The range for crossover probability was kept 0.4 to 0.9 (per 

genotype) and the range for mutation probability was kept 
0.005 to 0.025 (per bit). When pre-mature convergence was 
observed, the crossover probability was lowered by 0.1 while 
mutation probability (per bit) is increased by 0.005. When 
excessive diversity occurs, the crossover probability is 
increased by 0.1 while mutation probability is lowered by 
0.005. The two target probabilities range from 0 to 1. 

TABLE VII.  OPTIMAL GENERATION SCHEDULE FOR 10-UNIT SYSTEM 

T Generating Unit 
1 2 3 4 5 6 7 8 9 10 

1 455 245 0 0 0 0 0 0 0 0 
2 455 295 0 0 0 0 0 0 0 0 
3 455 370 0 0 25 0 0 0 0 0 
4 455 455 0 0 40 0 0 0 0 0 
5 455 390 0 130 25 0 0 0 0 0 
6 455 360 130 130 25 0 0 0 0 0 
7 455 410 130 130 25 0 0 0 0 0 
8 455 455 130 130 30 0 0 0 0 0 
9 455 455 130 130 85 20 25 0 0 0 
10 455 455 130 130 162 33 25 10 0 0 
11 455 455 130 130 162 73 25 10 10 0 
12 455 455 130 130 162 80 25 43 10 10 
13 455 455 130 130 162 33 25 10 0 0 
14 455 455 130 130 85 20 25 0 0 0 
15 455 455 130 130 30 0 0 0 0 0 
16 455 310 130 130 25 0 0 0 0 0 
17 455 260 130 130 25 0 0 0 0 0 
18 455 360 130 130 25 0 0 0 0 0 
19 455 455 130 130 30 0 0 0 0 0 
20 455 455 130 130 162 33 25 10 0 0 
21 455 455 130 130 85 20 25 0 0 0 
22 455 455 0 0 145 20 25 0 0 0 
23 455 425 0 0 0 20 0 0 0 0 
24 455 345 0 0 0 0 0 0 0 0 

TABLE VIII.  BEST COST SOLUTION FOR 10-UNIT SYSTEM 

T cos tP  

($/h) 
SU 

($/h) 
TC 

($/h) T cos tP  

($/h) 
SU 

($/h) 
TC 

($/h) 

1 13683 0 13683 13 30058 0 30058 
2 14555 0 14555 14 27251 0 27251 
3 16809 900 17709 15 24150 0 24150 
4 18598 0 18598 16 21514 0 21514 
5 20020 560 20580 17 20642 0 20642 
6 22387 1100 23487 18 22387 0 22387 
7 23262 0 23262 19 24150 0 24150 
8 24150 0 24150 20 30058 490 30548 
9 27251 860 28111 21 27251 0 27251 
10 30058 60 30118 22 22736 0 22736 
11 31916 60 31976 23 17645 0 17645 
12 33890 60 33950 24 15427 0 15427 

Total generation cost in 24-h ($) 559,848 4090 563,938 
a. All decimals are rounded off to the nearest integers. 

The simulation was again repeated 20 times on the best 
found parameters mentioned above. The best generation 
schedule obtained in a set of 20 independent runs is presented 
in Table VII whereas Table VIII shows the cost solution 
comprising of  production cost ( cos tP ), start-up cost ( SU ) and 
total generation cost (TC) obtained on the best generation 
schedule mentioned in Table VII. From Table VII, it can be 
inferred that the obtained UC schedule has satisfied all the 
problem constraints imposed on the system and thus, produces 
the quality solution. Fig. 1 shows the convergence graph for 
simple GA and EGA for UCP and it is revealed that the quality 
of the solution has been enhanced by integrating the problem 
specific operators in simple GA. Fig. 2 shows the curves for 
total online capacity of units, load and spinning reserves and it 
is inferred that the sufficient amount of generation is available 
in each hour which can satisfy the load plus reserve 
requirements.  
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Fig. 1. Convergence characteristics of EGA and GA for 10-unit system. 
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Fig. 2. Online capacity, load and spinning reserve curves for 10-unit system. 

Table IX shows the comparison of EGA solution with the 
other classical and stochastic methods reported in the literature 
like enhanced priority list (EPL), lagrangian relaxation (LR), 
simulated annealing (SA), evolutionary programming (EP), 
improved binary particle swarm optimization (IBPSO), 
differential evolution (DE), bacterial foraging algorithm 
(BFA), imperialistic competition algorithm (ICA), harmony 
search algorithm (HSA), binary/real artificial bee colony 
algorithm (BRABC), hybrid of LR and GA (LRGA). From 



Table IX, it is revealed that EGA produces quality solution in 
terms of total generation cost compared to most of the 
methods. Although the BRABC method produces 
approximately the same best cost solution, but computationally 
slow compared to the proposed EGA method. Moreover, the 
CPU time taken by EPL, LR and SA are less than that of EGA, 
but produce sub-optimal cost solutions compared to the 
proposed EGA method. 

TABLE IX.  PERFORMANCE COMPARISON OF PROPOSED EGA WITH THE 
OTHER METHODS FOR 10-UNIT SYSTEM 

Method Best Cost 
($) 

Mean Cost 
($) 

Worst Cost 
($) 

Time 
(s) 

EPL [2] 563,977 - - 0.72 
LR [6] 565,673.13 - - 6.9 
SA [7] 565,828 565,988 566,260 3.35 
EP [8] 564,551 565,352 566,231 100 

IBPSO [11] 563,977 564,155 565,312 27 
DE [12] 563,938 - - 27.4 

BFA [13] 564,842 - - 110 
ICA [14] 563,938 564,408 - 48 
HSA [15] 565,827 - - 79 

BRABC [16] 563,937.72 564,040 565,640 40.75 
LRGA [17] 564,800 - - 518 

GA 564,217.08 564,377.21 564,878.96 31.11 
EGA 563,937.57 564,082.12 564,248.22 14.56 

V. CONCLUSIONS 
In this paper, enhanced genetic algorithm (EGA) is 

successfully implemented to solve the unit commitment 
problem (UCP) for 4-unit and 10-unit test systems over the 
scheduling time horizon of 8 hours and 24 hours respectively 
and enhanced lambda iteration (ELI) method is used to solve 
the economic dispatch (ED) sub-problem. In order to enhance 
the exploration and exploitation process of the search space, 
the problem specific operators are integrated with the simple 
GA and thereby, reduced the chance of search to be trapped at 
local optimum solution. Moreover, the constraint repairing 
strategies keep the search space feasible and thus, accelerate 
the convergence process. The obtained results demonstrate the 
robustness of the proposed EGA algorithm for UCP. 

REFERENCES 
 

[1] A.J. Wood, and B.F. Wollenberg, Power Generation, Operation and 
Control, 2nd ed. India: Wiley, 2007, pp. 131-155. 

[2] T. Senjyu, K. Shimabukuro, K. Uezato, and T. Funabashi, “A fast 
technique for unit commitment problem by extended priority list,” IEEE 
Trans. Power Syst., vol. 18, no. 2, pp. 882-888, May 2003. 

[3] P.K. Singhal and R.N. Sharma, “Dynamic programming approach for 
solving power generating unit commitment problem,” in Proc. IEEE Int. 
Conf. Computer and Communication Technology, Sep. 2011, pp. 298-
303. DOI: 10.1109/ICCCT.2011.6075161 

[4] C.L. Chen, and S.C. Wang, “Branch-and-bound scheduling for thermal 
generating units,” IEEE Trans. Energy Convers., vol. 8, no. 2, pp. 184-
189, Jun. 1993. 

[5] M. Carrion, and J.M. Arroyo, “A computationally efficient mixed-
integer linear formulation for the thermal unit commitment problem,” 
IEEE Trans. Power Syst., vol. 21, no. 3, pp. 1371-1378, Aug. 2006. 

[6] P.K. Singhal, “Generation scheduling methodology for thermal units 
using lagrangian relaxation,” in Proc. 2nd IEEE Int. Conf. Current 
Trends in Technology, pp. 1-6, Dec 2011. 

[7] N. Simopoulos, S.D. Kavatza, and C.D. Vournas, “Unit commitment by 
an enhanced simulated annealing algorithm,” IEEE Trans. Power Syst., 
vol. 21, no. 1, pp. 68-76, Feb. 2006. 

[8] K.A. Juste, H. Kita, E. Tanaka, and J. Hasegawa, “An evolutionary 
programming solution to the unit commitment problem,” IEEE Trans. 
Power Syst., vol. 14, no. 4, pp. 1452-1459, Nov. 1999. 

[9] D. Datta, “Unit commitment problem with ramp rate constraint using a 
binary-real-coded genetic algorithm,” Appl. Soft Comput., vol. 13, pp. 
3873–3883, 2013. 

[10] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist 
multiobjective genetic algorithm: NSGA-II,” IEEE Trans. Evolut. 
Comput., vol. 6, no. 2, pp. 182-197, Apr. 2002. 

[11] X. Yuan, H. Nie, A. Su, L. Wang, and Y. Yuan, “An improved binary 
particle swarm optimization for unit commitment problem,” Exp. Syst. 
Appl., vol. 36, pp. 8049–8055, 2009. 

[12] D. Datta, and S. Dutta, “A binary-real-coded differential evolution for 
unit commitment problem,” Int. J. Electric Power Energy Syst., vol. 42, 
pp. 517-524, 2012. 

[13] M. Eslamian, S.H. Hosseinian, and B. Vahidi, “Bacterial foraging-based 
solution to the unit-commitment problem,” IEEE Trans. Power Syst., 
vol. 24, no. 3, pp. 1478-1488, Aug. 2009. 

[14] M.M. Hadji, and B. Vahidi, “A solution to the unit commitment problem 
using imperialistic competition algorithm,” IEEE Trans. Power Syst., 
vol. 27, no. 1, pp. 117-124, Feb. 2012. 

[15] Y. Pourjamal, and S.N. Ravadanegh, “HSA based solution to the UC 
problem,” Int. J. Electric Power Energy Syst., vol. 46, pp. 211-220, 
2013. 

[16] K. Chandrasekaran, S. Hemamalini, S.P. Simon, and N.P. Padhy, 
“Thermal unit commitment using binary/real coded artificial bee colony 
algorithm,” Electr. Power Syst. Res., vol. 84, pp. 109-119, 2012. 

[17] C.P. Cheng, C.W. Liu, and C.C. Liu, “Unit commitment by lagrangian 
relaxation and genetic algorithms,” IEEE Trans. Power Syst., vol. 15, 
no. 2, pp. 707-714, May 2000. 

[18] A.H. Mantawy, Y.L.A. Magid, and S.Z. Selim, “A new genetic-based 
tabu search algorithm for unit commitment problem,” Electr. Power 
Syst. Res., vol. 49, pp. 71-78, 1999. 

[19] C. Wang, and S. M. Shahidehpour, “Effects of ramp-rate limits on unit 
commitment and economic dispatch,” IEEE Trans. Power Syst., vol. 8, 
no. 3, pp. 1341-1350, Aug. 1993. 

[20] P.K. Singhal, R. Naresh, V. Sharma, and K.N. Goutham, “Enhanced 
lambda iteration algorithm for the solution of large scale economic 
dispatch problem,” in Proc. IEEE Int. Conf. Recent Advances and 
Innovations in Engineering, May 2014, pp. 1-6.  DOI: 
10.1109/ICRAIE.2014.6909294 

 
 
 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


