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Abstract

A security constrained economic dispatch problem with
prohibited operation zones for a lossy electric power system
is formulated. An iterative solution method that is based on
modified subgradient algorithm operating on feasible values
is employed to solve it. Bus voltage magnitudes and phase
angles, off-nominal tap settings and susceptance values of
svar systems are taken as independent (decision) variables
in the solution algorithm. Since load flow equations are
added into the model as equality constraints, actual power
system loss is used in solution of the optimization model.
The proposed technique is tested on IEEE 30-bus test
systems. The minimum total cost rates and the solution
times obtained from F-MSG algorithm and from the other
techniques are compared, and the outperformance of the F-
MSG algorithm with respect to the other methods in each
test system is demonstrated.

1. Introduction

Economic dispatch problem in power systems is a
constrained non-linear optimization problem. The solution of it
gives the minimum of total active power generation cost rate so
that all equality and inequality constraints of the problem are
satisfied.

In the literature, many methods have been developed and
applied to solve economic dispatch problem with prohibited
operation zones. Some of these methods use the quantum-
inspired evolutionary algorithm [1], the hybrid particle swarm
optimization technique [2], particle swarm optimization
technique [3], differential harmony search algorithm [4], the 0-
PSO algorithm [5]

The modified subgradient algorithm operating on feasible
values (F-MSGQG) is a deterministic solution method, which uses
deterministic equations at one point to produce the next solution
point being closer to the optimum solution in the solution space.
In the proposed dispatch tecnique based on F-MSG method [6],
the bus voltage magnitudes and phase angles, the off nominal
tap settings and the susceptance values of svar systems are taken
as independent variables. Since all the constraints and cost
function can be expressed in terms of those independent
variables, the transmission line capacity constraints, bus voltage
magnitude constraints and svar systems’ susceptance value
constraints are handled together in the same model easily. The
load flow equations are inserted into the model as equality
constraints; therefore, the actual system loss is added into the
solution process automatically.
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In the F-MSG algorithm, the upper bound for the cost
function value is specified in advance and the algorithm tries to
find a solution where the cost function is less than or equal to
the upper bound and all constraints are satisfied. If it finds it
(feasible total cost), the upper bound is decreased a certain
amount, otherwise (infeasible total cost) the upper bound is
increased a certain amount. The amount of decrease or increase
on the upper bound for the next iteration depends on if any
feasible or infeasible total cost value was obtained in the
previous iterations. This process continues until absolute value
of the change in the upper bound is less than a predefined
tolerance value.

F-MSG algorithm has already applied to non-convex
economic dispatch problem [7]. Furthermore, power dispatch
problem including limited energy supply thermal units [8] and
nonconvex pumped-storage hydraulic unit scheduling problem
[9] were solved via F-MSG method. However none of the
mathematical models in [7-9] consider the prohibited operation
zones. To our knowledge, the proposed algorithm has not been
applied to the problem considered in this paper so far.

2. Problem Formulation
In this section, a nonlinear programming model is presented

for the economic power dispatch problem considered in this
paper.
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Note that active generation of the ith unit, P, , should satisfy

one of the inequality shown in equation (3). In Other words, P,



should not be contained by any of the mutually disjoint

prohibited zone sets P, ¢ ( Pz, pz;”),mzl,Z,manI . The

meanings of the symbols used in this paper are given in the list
of symbols section.

2.1. Determination of Line Flows and Power

Generations

In order to express the total cost rate function in terms of

independent variables of our optimization model, line flows
should be written in terms of bus voltage magnitudes and phase
angles, off-nominal tap settings, susceptance values of svar
systems (see equations (1) and (2)). The following equations
give the active and reactive power flows over the line being
connected between buses i and j [10].

G

+gxhiJ
uu

- J [g,-,COS(fSI —3J,)+b,;sin(J, - 5,)]

i

&ij

2
i

Pij =U,
©))

DPji =U/2(gij+gsh/)

uu
L [g”. cos(6; = 6,) + b, sin(J; —é})}
i

a
b
_Uiz( P +b.vhij
a

Uu
la . [g‘./.sin(é‘i —6,) b, cos(9; —(5})}

(10)

'y
(1

4q;i :_U,Z'(b[/'"bmx)

U

, (12)
'?’ (&

g, 5in(8, = 8) =B, sin(8, - 8)]

In the equations above, U, is the voltage magnitude of bus
i, o, is the phase angle of bus i, r +jx, is the series
impedance of the line between buses 7 and j, g, + jb,; is the
series admittance of the line between buses i and j where
&, +tib,=1/(n;+jx,;) s &uitiby=8gui+ (b, +b

capi svari
the sum of the half line charging admittance and external shunt
susceptance (svar system) if any, and a, is the off-nominal tap

) is

setting with tap setting facility at bus i. p,, and g;; are the

active and reactive power flows going from bus i to j at bus i
border, respectively. —p,, and —q,, are the active and reactive
power flows going from bus i to j at bus j border, respectively.

With the help of equations (9)-(12), from equation (2), the
active and reactive power generations of the ith unit (connected
to bus i ) can be calculated by the following expressions:

Foi=Prowi + z Dij (13)
JENE;

Q6= Orouti ¥ 2. 4 (14)
JeNg;

The total loss of the network can be calculated as follows:
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Plossij = Dij T Pji (15)

Ploss = Z Z Pij (16)
ieN jeN,j#i

The cost rate function of the ith unit is taken as

F(P,,)=b +cP, +d.P., ie N; (17)

., d, are constant coefficients. The total cost rate is

2

where b, ¢
then determined as:

Fo=Y FE(R)  (RID) (18)

ieNg

2.2. Converting Inequality Constraints into Equality
Constraints

Since the F-MSG algorithm requires that all constraints
should be expressed in equality constraint form, the inequality
constraints in the optimization model should be converted into
corresponding equality constraints. The following method is
used for this purpose since it does not add any extra independent
variable (like in the slack variable approach) into the
optimization model. It is therefore the solution time of the
considered dispatch problem is reduced further [11]. The
double sided inequality x; <x,<x can be written as the

following two inequalities:

h(x)=(x,—x/)<0, h(x)=(x —x)<0 (19)
Then we can rewrite the above inequalities as a single equality
constraint form as follows:

B (x J=max {0, [max {0, (x =, )}+max {0> (x—x; )}]}:0 (20)

If x;7 <x,<x/, it is obvious that (x,—x;) <0, (x; —x,)<0

and max{O, (x,—x;)}=0, max{O, (x;—x‘.)}=0 So,

inequality constraints in (19) can be represented by the
corresponding single equality constraint in (20). In this paper,
the double sided inequality constraints given in equations (3)-(8)
are converted into the corresponding single equality constraints
in this manner. By using the same logic that is explained in the
above, the union of two sided inequalities shown in equation (3)
can be converted into the corresponding single equality
constraint that is given in the following equation.

the

[max {O, (Pg" =Py )} + max {O, (P, — pz, )}] s

he(P,;) =min [max {0, (pz;— PG[)} + max {0, (P, — pz,, )}], =0,
- -[maX{O, (pz, - PGf)} + max {O, (P — B3 )}}
ie N,
21

It should be noted that when P, takes an infeasible value,

all quantities inside the square brackets in equation (22) become
positive numbers and therefore the equality constraint is not
satisfied. In the opposite case, once P, takes a feasible value,



one of the quantities contained by the square brackets becomes
zero, so the equality constraint is satisfied in this case.

3. The Modified Subgradient Algorithm Based on
Feasible Values

The nonlinear optimization problem described by equations
(1)-(8) can be represented in the standard form given below:

Min F.(x)
h(x)=0
xe K

22
Subject to { @2)

where
x=[UUU,.8,8,.8, a0, ., b

2, > Dsvart>

b b,

is the independent variable vector consisting of the voltage
magnitudes and phase angles of the buses (except the reference
bus), tap settings of the off-nominal tap ratio transformers and
susceptance values of the svar systems in the network. F,(x) is

the objective function that is given in equation (18), and
h(x):[@(x),hz(x), ------ h (x)] in (22) is the equality

g0
constraint vector. It includes all the original equality constraints,
which are given in (2), and the equality constraints which are
obtained from converting all the inequality constraints given in
(3)-(8) into the corresponding equality constraints via the
method given in Section 2.2. K is a sufficiently large compact
set containing the potential values of x . Region K is bounded
by the upper and the lower limits of the voltage magnitudes of
the buses and the upper and the lower limits of the tap settings
of the off nominal tap ratio transformers, and the upper and the
lower limits of the susceptance values of svar systems which are
given in equations (6)-(8). Note that the voltage magnitude and
phase angle of the reference bus, (U,,, J,, ), and voltage

magnitudes of the voltage controlled buses are not included into

X since they are not independent variables and remain constant
during the solution process. In solving the constrained
optimization problem given by equation (22), the first step is to
convert it into unconstrained one by constructing the dual
problem. This can be done using various LaGrange functions
[12]. LaGrange function must guarantee that the optimal
solution of the dual problem be equal to that of the primal
constrained problem. Otherwise, there will be a difference
between the optimal values of these problems, in other words, a
duality gap will occur. Classical LaGrange function guarantees
the zero duality gaps for the convex problems. However, if the
objective function or some of the constraints are not convex,
then the classical LaGrange function cannot guarantee this.
Therefore, for the non-convex problems, suitably selected
augmented LaGrange functions should be used. Considering the
non-convex nature of our problem, we form the dual problem
using the following sharp augmented LaGrange function:

L(x,u,c)=F.(x) +cHh(x)H—(u,h(x))
= FT(x)+c([hl(x)]2 [ +~~-+[hnw(x)T) (23)

() +uhy (x) -+, b, ()

ngo ngg
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where u,u,, -+, u ge% and ¢=0 are LaGrange multipliers

T

(dual wvariables). The dual function associated with the
constrained problem is defined as
H(u,c)= Min L(x,u,c). 24)
xe K
Then, the dual problem is given by
Max H(u,c) (25)

(n,c)e R x R,

For the given dual problem, the conditions of(guaranteeing
zero duality gaps are proven in [13].

3.1. The F-MSG Algorithm

Initialization Step: Select arbitrary active and reactive power
generations, tap settings and susceptance values of the svar
systems for all subintervals. Then, perform AC power flow
calculations with the corresponding selected active and reactive
power generation values in all subintervals to obtain the initial
values for the voltage magnitudes and phase angles of the buses

in all subintervals. Calculate the initial total cost /7, .

Step 1) Choose positive numbers &, &,,A; and M (upper
bound for m) . Set n=1, p=0, g=0,and H, =Fr .

Step 2) Choose (u],c/)e R™ xR and /((1)>0 and set
m=Lu, =uj,c,=c,

Step 3) Give (u
satisfaction problem (CSP)

mCm) > solve the following constraint
Find a solution x, € K such that

(26)
F(x,)+c,|h(x,)|—(u, . h(x,)) <H,

If a solution to (26) does not exist or £(m) > M , then go to Step
6; otherwise, if a solution x, exists then check whether
h(x,)=0.1If h(x,)=0 (or if Hh(xm)H < g ) then go to step5,
otherwise go to step 4.

Step 4). Update dual variables as

unﬁ-l = um - asmh(xm) (27)
Cpr =€, + (14 @5, () (28)
where s,, is a positive step size parameter defined as

Aa(H —-L(x ,u
0 < sm = ( n (xm um cm )2) (29)

(@ +(1+a) ||h(x,)

where & and A are constant parameters with ¢ >0 and 0 <A< 2.

Step size s, corresponding to the dual variables (u,,c,,)

should also satisfy the following property:
(s, e, )]+, =, [) > £Gm)

Set m=m+1, update /(m) in such a way that {(m) — +eo as
m — +eo , and go to step 3.

(30)

Step 5) If p =0, it means that any infeasible total cost rate value

has not been chosen yet, then set A, =A , otherwise set



A, =(1/2)A, . If A

optimal primal solution, and (u

<&,, then stop, x,, is an approximate

n+l m

»C,) 1S an approximate dual

= min{F(xm)’ Hn _An-H} 2
g=q+1, n=n+1,and go to step 2.

otherwise set H

n+l

solution;

Step 6) If ¢ =0, it means that any feasible cost rate value has
=A

<&, then stop, and in this case, the last

not been chosen yet, then set A
A, =1/2)A, If A

calculated feasible x, is an approximate optimal primal

=4, ; otherwise, set

n+l

solution, and (,

m?>

¢,) 1s an approximate dual solution;

otherwise, set H,,, =H, +A,,,, p=p+1, n=n+1 and go to
step-2.

In this algorithm, steps 3 and 4 can be considered as the
inner loop, and steps 2, 5 and 6 can be considered as the outer

loop. We call any outer loop, in which a feasible cost rate value

is generated by the algorithm, as a feasible state, n, . The
following problem is solved by using GAMS® solver:
Minimize f =0
L(x,u,c)-H, <0 31
Subject to{ (x,u,0) = H, @D
xe K

where f is a ‘fictitious’ objective function which is identically

zero, or can be taken as any constant value [6].

The way of updating the dual variables (u,,c,) in step 4

will force the solution in Step 3 to converge to the feasible
solution (see Theorems in [6]).

4. Numerical Example

The proposed dispatch technique was tested on IEEE 30-bus
test system. Please refer to reference [2] for necessary data for
the test system such as active and reactive generation limits of
the generators, prohibited operation zones for all generators,
active power transmission capacity limit for all transmission lines,
active and reactive load schedules for the test system,
coefficients of fuel cost rate functions. The parameters,

explained in section 3.1, and 3.2, are chosen as £1=5><10’5,
£,=0.05,A, =100, M =500, u} = [0,0,...0,0] 4 13)» ¢ =5000,

{(m)=m . Bus 1 is taken as the reference bus and its complex
voltage is taken as 1.05£0 pu. The upper and lower limits of the

bus voltage magnitudes for all buses are taken as U™ =0.95,
U =105 pu, i#l.

Initial bus voltage magnitudes and phase angles in each
subinterval are calculated by carrying out a load-flow solution
with the selected initial generation values, which are given in
Table 1. No more load flow calculation is carried out in the
subsequent stages of the solution process. The simulation
program was coded in MATLAB and GAMS was used to solve
CSP given by equation (26).

In the following two cases, we solved the dispatch problem
by using the F-MSG algorithm and compared the found results
with the ones obtained via different methods such as simulated
annealing (SA), shuffle frog leaping (SFLA), partical swarm
optimization (PSO) and hybrid shuffle frog leaping and
simulated annealing (Hybrid SFLA-SA) methods (please see
reference [2]).
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Table 1. Selected initial generation values

INITIAL GENERATIONS (MW)
PG] PGZ PGS PGX PGll PG]3 PLOSS FT
103.40[60.00/45.00[ 15.00| 30.00 [35.00 [ 5.00 |885.51

4.1. Case 1: Prohibited Operation Zones are Not
Considered

To show that the proposed method satisties the prohibited
operation zone constraints, first we solved the dispatch problem
with the assumption that the prohibited operation zones do not
exist. Therefore, we did not consider the prohibited operation
zone limits in equation (3) and we applied the F-MSG algorithm
to the dispatch problem with the calculated initial bus voltage
magnitudes and phase angles. The solution-point active and
reactive power generations for the current case are given in
Table 2.

4.1. Case 2:
Considered

Prohibited Operation Zones are

In this case, the prohibited operation zone limits in equation
(3) are added into the dispatch problem and it is solved by
means of the F-MSG algorithm by using the same initial bus
voltage magnitudes and phase angles. The solution-point active
and reactive power generations for the current case are given in
Table 3.

5. Discussion and Conclusion

In this paper, we propose a solution to security constrained
power dispatch problem with prohibited operation zones by
using the F-MSG algorithm for a lossy power system area. The
dispatch technique is tested on the IEEE 30 bus test system. As
seen from Table 2 and Table 3, the proposed technique provides
the lowest total cost and the shortest solution time values,
among the results obtained from the techniques given in
reference [2]. We are currently performing research on
application of the F-MSG algorithm to economic power dispatch
problems including prohibited operation zones with non-convex
total cost curve.

Table 2. Comparison of the results that are obtained by the other
methods with ones found via the F-MSG for case 1.

METHODS
F-MSG SI;{Z’_ iSd | sFLa | s4

Py (MW) | 176.01 | 172.78 | 181.16 | 192.51
P, (MW) | 4884 | 48.02 52.11 | 48.40
Py (MW) | 2154 | 23.94 2282 | 19.55
Py (MW) | 2270 | 23.85 1559 | 11.62
Py (M) | 1213 12.60 10.00 | 10.00
Pys (MW) | 12.00 12.00 12.18 | 12.00
Poss (MW) | 9.82 9.79 10.46 | 10.68
F,(R/h) | 803.67 (ggégz)b égig?;b 804.10
ST* (sec) | 12.73 18.93 1922 | 98.74

“Solution Time

# The values taken from ref [2].

®The values, which are calculated by using the respective generation
values shown in Table 2 and cost rate functions given in [2].



Table 3. . Comparison of the results that are obtained by the
other methods with ones found via the F-MSG for case 2.

SOLUTION METHODS
F-MSG S;I{Z’_ ’g | PSO | s4

B (MW) | 17831 | 181.45 | 174.26 | 181.70
Py (M) | 45.00 45.00 57.02 | 57.92
Fos (MW) | 21.81 21.53 23.54 | 17.11
P (MW) | 23.16 22.08 1416 | 16.52
Py (MW) | 13.17 11.98 11.00 | 10.00
By (MW) | 12.00 12.00 14.51 | 12.00
Byoss (MW)| 10.05 10.64 11.09 | 11.85

F,(R/h) | 804.74| 805.81 (Sggfgd (2(1)3:;21;"
ST(sec) | 15.21 22.19 2494 | 123.86

¢ The values taken from ref [2].

4 The values, which are calculated by using the respective generation
values shown in Table 3 and cost rate functions given in [2].

6. List of Symbols

R : afictitious monetary unit
N : number of buses in the network.

N, ,: set contains all buses to which a generator is connected.

NQ )

connected.

set contains all buses to which a reactive power source is

N, : set that contains all buses directly connected to bus i.

N, ,L:

tap >
the network, respectively.
p, - active power flow on line /, (pu or MW).

Fsi> Qs
respectively, (pu or MW, MVar).
Podi> Oroaai
MW, MVar).

Pm[n min Pmux

Gi *=ZGi > T Gi

sets that contains all tap changing transformers and lines in

. . . th .
active/reactive power generations of the i unit,

active/reactive loads of the i bus, respectively, (pu or

max

;i : lower/upper active/reactive generation limits

of the " generation unit, respectively, (pu or MW, MVar).
pz,,, pz,, : lower and upper limits of the mth prohibited zone for the
ith unit’s active power generation, respectively.
max . . . . T
p,;"" : maximum active transmission capacity of transmission line l,

(pu or MW).

n,.;: number of prohibited zones for ith generating unit.

Prohibited

zones are numbered in such a way that

+ + _
PZim1y < PZipy> M= 2737""an1’ :

Mgy, Ny - number of equality constraints and independent variables,
respectively
n,,. - number of static var systems in the network.

#,,, - numbers of off nominal tap ratio transformers in the network.
X" : independent variable vector obtained at the m” iteration of

the inner loop of the n" outer loop iteration.

n
u,,

c”7 : dual variables calculated at the m"™ iteration of the inner loop

m

of the n™ iteration of the outer loop.
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s, : positive step size parameter calculated at the m™ iteration of the
inner loop.
F}" : total cost value which will be checked in the n" outer loop, (R).

A

iteration, according to whether £ is feasible or not, (R).

.41 - decrement/increment on F value, at the end of n" outer loop

n

£, &, : tolerance values for Hh(x)H and A, respectively.

7. References

[1] Neto, JXV., Bernert, DLdA., Coelho, LdS., "Improved quantum-
inspired evolutionary algorithm with diversity information applied
to economic dispatch problem with prohibited operating zones",
Energy Conversion and Management, vol.52, pp.8—14, 2011.

Niknam, T., Narimani, MR., Azizipanah-Abarghooee, R., "A new
hybrid algorithm for optimal power flow considering prohibited
zones and valve point effect", Energy Conversion And Management,
vol.58, pp.197-206, 2012.

Mohammadi-Ivatloo, B., Rabiece, A., Soroudi, A., Ehsan, M.,
"Iteration PSO with time varying acceleration coefficients for
solving non-convex economic dispatch problems", Electrical Power
and Energy Systems, vol.42, pp.508-516, 2012.

Ling Wang., Ling-po Li., "An effective differential harmony search
algorithm for the solving non-convex economic load dispatch
problems", Electrical Power and Energy Systems, vol.44, pp.832—
843,2013.

[5] Hosseinnezhad, V., Babaei, E., "Economic load dispatch using 6-
PSO", Electrical Power and Energy Systems, vol.49, pp.160-169,
2013.

Kasimbeyli, R., Ustun O., Rubinov, AM., “The modified
subgradient algorithm based on feasible values”, Optimization, vol.
58, (5), pp. 535-561, 2009.

[7] Fadil, S., Yazici, A., Urazel, B., “A solution to security constrained
non-convex economic dispatch problem by modified subgradient
algorithm based on feasible values”, International Journal of
Electrical Power and Energy Systems, vol.43, pp.849-858, 2012.

3

[t}

[4

flnar}

[8] Fadil, S., Yazici, A., Urazel, B., “A Security-constrained Economic
Power Dispatch Technique Using Modified Subgradient Algorithm
Based on Feasible Values and Pseudo Scaling Factor for a Power
System Area Including Limited Energy Supply Thermal Units”,
Electric Power Components and Systems, vol.39, pp.1748-1768,
2012.

[9] Fadil, S., Urazel, B., “Solution to Security-constrained Nonconvex
Pumped-Storage Hydraulic Unit Scheduling Problem by Modified
Subgradient Algorithm Based on Feasible Values and Pseudo Water
Price”, Electric Power Components and Systems, vol.41(2), pp.111—
135, 2013.

[10] Jegatheesan R, Nor NM, Romlie MF. Newton-Raphson power
flow solution employing systematically constructed Jacobian

matrix. 2nd IEEE International Conference on Power and
Energy;2008:180-6.

[11]Burachik, RS., Gasimov N., Ismayilova, NA., Kaya CY., “On a
modified subgradient algorithm for dual problems via sharp
augmented lagrangian” J. Of Global Optimization”, vol. 34, pp. 55-
78, 2006.

[12]Rubinov, AM., Gasimov, RN., “The nonlinear and augmented
lagrangians for non-convex optimization problems with a single
constraint” Applied and Computational Mathematics, vol 1, p.142-
158, 2002.

[13] Gasimov, RN., “Augmented lagrangian duality  and
nondifferentiable ~ optimization ~ methods in  non-convex
programming”, Journal of Global Optimization, vol. 24, pp. 87 104,
2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


