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Abstract—Electricity consumption comprises a significant frac-
tion of total operating cost in data centers. System operators are
required to reduce electricity bill as much as possible. In this
paper, we consider utilizing available energy storage capability
in data centers to reduce electricity bill under real-time electricity
market. Laypunov optimization technique is applied to design an
algorithm that achieves an explicit tradeoff between cost saving
and energy storage capacity. As far as we know, our work is
the first to explore the problem of electricity cost saving using
energy storage in multiple data centers by considering both time-
diversity and location-diversity of electricity price.

Index Terms—Cloud computing, electricity cost, data center,
energy storage, Laypunov optimization

I. INTRODUCTION

With the popularity of cloud computing [1], more and more
data centers are envisioned to be built in the future in order to
meet the growing demand of large-scale computing resources.
It is common for a cloud service provider to have multiple
data centers each having hundreds of thousands of servers.
Those data centers are geographically distributed for reliability
as well as performance improvement. A critical issue in the
operations of those data centers is the energy consumption,
including both servers and air conditioning. According to the
estimation from [2], large companies such as Google and
Microsoft pay tens of millions of dollars for just electricity cost
every year, and 30%-50% percentage of operational expenses
in data centers come from electricity.

The huge energy consumption in data centers has motivated
a lot of research works toward energy-efficient data centers.
Power Usage Effectiveness (PUE), which measures the ratio of
total building power to IT power, i.e., the power consumed by
the actual computing equipment, is a popular metric to judge
the energy-efficiency of a data center. Various engineering
techniques, such as virtualization, advanced cooling and DC
power have been developed to reduce PUE (See [3], [4] for
a survey on these issues). These works focus on reducing the
energy usage of the data centers.

Another stream to handle the energy consumption issue in
data centers is based on the observation that electricity price
is different across different time and locations under real-
time electricity market. Qureshi et al. are the first to discuss
the opportunity of utilizing such electricity price diversity to
reduce total electricity cost by distributing more traffic to data
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centers with low electricity price [2]. Rao et al. investigate
the problem of total electricity cost for data centers in multi-
electricity-market environment subject to QoS guarantee and
propose a linear programming formulation to approximately
solve it [5]. Other works [6], [7] consider a similar problem
with some improvements on delay and energy consumption
model. These works focus on directly reducing total electricity
cost using electricity price diversity. However, none of the
aforementioned works consider using available energy storage
capacity, typically UPS unit, in data center to further reduce
the electricity cost.

Data centers have uninterrupted power supply (UPS) units
to keep them powered using stored energy in case of electricity
failure, before the backup diesel generation can start up and
provide power. Usually, the transition to use diesel generation
takes only 10-20 seconds while UPS units have enough capac-
ity to power data center at its maximum power need between 5-
30 minutes. These excess energy storage capacity can be used
to save electricity cost by the simple intuition of charging when
outside electricity price is low while discharging when outside
electricity price is high. Our work is mainly motivated by [8],
which considers the case of a single data center with energy
storage under time-varying electricity price. Different from
previous works, our work considers the total electricity cost
minimization of an Internet-service provider having multiple
data centers with energy storage under both time-varying and
location-varying electricity price.

The rest of this paper is organized as follows. Section II
presents the models of power consumption cost in multiple
data centers, which is formulated as a stochastic programming
to minimize the time-average expected electricity cost. Section
IIT solves the optimization problem by first considering a
relaxed problem and then, using the Laypunov optimization
technique to design an algorithm to approximately solve the
original problem. Section IV gives the performance analysis,
and Section V concludes the paper.

II. MODEL AND FORMULATION

In this section, we describe our models for workload,
battery, delay and electricity cost. Then we present our control
objective to minimize the time-average expected electricity
cost. The block diagram of our system model is shown in
Figure 1, which is described in detail as follows. We consider
a time-slotted system.
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Fig. 1. Block diagram for system model

A. Workload Model

Let N denote the total number of geographically located
data centers, where each data center ¢ has a total number of
M; homogeneous servers. We assume that there is a traffic
aggregator (such as DNS) which is responsible for distributing
the total incoming workload to different data centers. The
incoming traffic is a Poisson process with average arrival
rate L(t) at time slot t. Let A;(¢) denote the average traffic
rate distributed into data center i at each slot ¢, A(f) =
(A (t), Aa(t), ..., An(t)), then we have

N

> Ailt) = L(t), (1

Xi(t) >0, Vie[l,...,N] )

B. Battery Model

There are limited times of charging/discharing cycles for
each battery. Besides, conversion loss occurs both in charging
and discharging processes. Stored energy is also subject to
dissipation with time. For notational simplicity, we ignore
these factors. We assume that the battery has capacity E; a0z
in each data center ¢ and data centers operate independently
of each other.

Let P;(t) be the external energy drawn from power grid,
R;(t) be the charging energy into the battery, and D;(t) be
the discharging energy from the battery in each time slot
t at data center . The total amount of energy supplied to
support current traffic in time slot ¢ at data center ¢ is given
by P;(t) — Ri(t) + D;(t). We assume P;(t), R;(t) and D;(t)
are nonnegative and upper bounded by F; a4, f2i maz and
D; maq respectively, ie.,

0 S R’L(t) S Ri,mama O S Dz(t) S Di,m.aza (3)

O § Pz(t) S Pi,ma:v (4)
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The update equation of battery energy level E;(t) at data
center ¢ is given by

Ei(t+1) = Ei(t) + Ri(t) — Di(t). )

More complicated model of battery can be easily incorporated
into our model without affecting the following analysis. As
we are only interested in total charging or discharging amount
during each time slot, we assume, without loss of generality,
that charging and discharging can not be done simultaneously.
In other words, in each time slot ¢, we have

R;(t) > 0= D;(t) =0,D;(t) > 0= R;(t) =0. (6)

Battery energy level should be always nonnegative and can not
exceed the battery capacity. So in each time slot ¢, we need
to ensure that for each data center 7,

0 S Ei(t) S Ei,maw- (7)

From constraints (5), (6), and (7), we get the following
equivalent constraints in each slot ¢:

0< Ri(t) < min{RLmawa Ei,maw - Ei(t)}a ®)
0< Dl(t) < miH{Di,maamEi(t)}' ©)
C. Delay Model

As in [5], we use a M /M /n queuing model to analyze the
average waiting time in data center ¢ when traffic rate is \;(¢)
and there are m;(t) active servers, each with service rate j;.
Note that m;(t) is an integer variable and has a maximum
value M; at each data center i. Using the result from queuing
theory [9], the average waiting time W;(¢) is mPQ
where Pg is the queuing probability. Without loss of generality
in a data center, we assume the servers are always busy if
turned on. Hence, Py = 1 and W;(t) = m To
meet the quality of service of customers, a maximum average
waiting time W; 4, exists for each data center i. Therefore,
we have the following delay constraint:

1
mi () s — Ai(t)
0 <m;(t) < M;,m; € N.

S Wi,maaca (10)

(11)
D. Electricity Consumption and Cost

We are only interested in server energy consumption cost
without considering cooling cost. We do not consider power-
proportional issue here either, that is, we assume each server
at data center ¢ consumes either its maximum power H; when
active or zero when inactive. Hence, we have the following
equation:

P;(t) — Ri(t) + D;(t) = m;(t)H;. (12)

As analyzed in [2], electricity price in real-time electricity
market has both time-diversity and location-diversity. At each
data center i, we have time-varying electricity price C;(¢) in
unit of energy with maximum value C; ,,4,. Moreover, C;(t)
and P;(t) are independent. Different data centers may have
different prices at the same time due to location difference.
Hence, the total electricity cost of [V data centers in time slot

N



E. Problem Formulation

In this paper, we are interested in minimizing the time-
average expected electricity cost. Based on the above models,
our problem can be formulated as the following stochastic
optimization, called Problem One:

- min = Q=
A(t),m(t),P(t),R(t),D(t)
(13)
subject to constraints (1), (2), (3), (4), (6), (8), (9), (10), (11),
(12) where the constraints are for each time slot ¢ and data
center t =1,...,N.

III. PROPOSED SOLUTION

From the above formulation, there are two key control
designs: (i) traffic distribution decision X(t) ; and (ii) external
energy drawn from power grid P (t) at each time slot. Once
they are determined, other control variables can be easily
derived. As mentioned before, the statistics of L(t) and C(t)
may not be known and we need to design an optimal control
algorithm under uncertainty. We use the recently developed
technique of Lyapunov optimization [10]. The algorithm we
propose can achieve the range of O(1/V") within the optimal
objective value, where V is a parameter related to the battery
capacity of each data center i. One salient feature of our
algorithm is that it does not need any future knowledge of
the system and can be implemented online.

Define the time-average value of charging and discharging
at data center ¢ under any feasible control policy of Problem
One respectively as follows:

E:

= =
A ; E{R:i()}, Di = lim — tz_; E{D;(t)}.
B k (14)
Since battery energy level is evolving according to Eq. (5),
summing over all ¢t € 0,1,2,...,T — 1, taking expectation
of both sides, dividing both sides with 7" and taking 7" —
oo yields R; = D;. Hence we have the following relaxed

problem, called Problem Two:

T—1 N
1
B min = lim — E{P;(t)C;i(t)}.
(). m(6),P(),B(t),D(t) T—oo T ; ;

15)
subject to constraints (1), (2), (3), (4), (6), (10), (11), (12),

R; =Dy,

where the constraints are for each time slot ¢ and data center
i=1,...,N.

Denote the optimal objective value of Problem One as
QOPT and the optimal objective value of Problem Two as
QREL. As discussed before, any feasible solution to Problem
One is also a feasible solution to Problem Two. Hence,
QFFL < QOFPT From the framework of Laypunov optimiza-
tion [10], we have the following theorem. The proof is similar
to that in [8] and follows from the framework in [10], [11]. It
is omitted here for brevity.
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Theorem 1: If C(t) and L(t) are i.i.d. over slots, then
there exists a stationary, randomized policy that takes con-
trol decisions XSt (¢), mstat(¢), Pstat(t), Rstat) (¢), Dstat(¢)
every slot purely as a function (possibly randomized) of
the current workload L(t) and electricity price C(t) while
satisfying the constraints of Problem Two and providing the
following guarantees:

N

E{R;™ ()} = E{D;"! (1)}, E{Y_ P ()Ci(t)} = QRFP,
i=1

where the expectations above are with respect to the stationary

distribution of L(t), C(t) and the randomized control deci-

sions.

In order to derive such a policy, we need to know the statis-
tical distribution of all combination of C'(t) and L(t), which
usually has the problem of “Curse of Dimensionality” [12]
if solved by dynamic programming. Moreover, this control
policy may not be a feasible solution to Problem One. Instead,
we use the existence of such a policy to help us design our
control policy that meets all constraints of Problem One and
derive the performance bound of our algorithm.

Before presenting our algorithm, we define a virtual queue
S;(t) as a shifted version of battery energy level F;(t) in time
slot ¢ at each data center ¢ as follows:

Sz(t) — Ez(t) - ch}maa: - (16)

Di7maa:

where V' > 0 is a constant control parameter which affects
the distance to the optimal value and is related to the battery
capacity. S(t) = (S1(t), S2(t),...,Sn(t)) is used to ensure
that the constraint (7) is satisfied in our algorithm as illustrated
later. According to Eq. (5) of E;(t), we have the same update
equation for S;(t) at each data center i:

Si(t+1) = S;(t) + Ri(t) — D;i(¢).

Our proposed algorithm works as follows:

a7

1 At the beginning of each time slot ¢, observe C(t), S(t), and
L(t)

2 Choose control action X*(t),77*(t), and P*(t) as the solution
to the following optimization problem, called Problem Three:

N
min Y “{—Si(t)mi(t)Hi + Si(t)Pi(t) + VPi(t)Cs(t)}, (18)

subject to constraints (1), (2), (3), (4), (6), (10), (11), (12),
where the constraints are for each time slot ¢ and data center
i=1,...,N

3 . Choose the charging and discharging values as follows:

s PI@) —=mi(t)H; if PF(t) > mi(t)H;
o= {0 else
Di(t) = {gﬁ OH =PI R0 <m0

4 Implement them and update queue variables S(t)

For each time slot ¢, Problem Three is a mixed-integer lin-
ear programming. However, in practice, a data center usually



contains thousands of servers, of which a large fraction are
active. Hence, we can relax the integer constraint on m;(t),
round the resulting solution without significant cost penalties
and get a simple linear programming optimization problem,
which can be solved efficiently in polynomial time using
interior-point method [13]. The objective in Problem Three is
derived from the proof process, which will be clear in Section
Iv.

The optimal solution to Problem Three has the following
property that is useful for the future analysis of algorithmic
performance:

Lemma 1: The optimal solution to Problem Three has the
following properties:

o If S;(t) > 0, the optimal solution always choose R} (t) =

0.
o If Si(t) < —VC,;mas, the optimal solution always
choose D} (t) = 0.
Proof: Part 1: For each data center 4, when S;(t) > 0,
suppose Rf(t) > 0, then we have D} (t) = 0 and P/ (t) >
m?(t)H,. The value of the objective is

D {=Sitym (O H; + (S5() + VC;(6) P (D)} +

i

{=Si(t)ymi () H + (Si(t) + VCi(t)) P (1)} >

D {=Sitym () H; + (S() + VCi(6) P (D)} +

j#i

{=5i(@®)m; () H; + (Si(t) + VCi(t))m; (t) Hi}
where the last step follows from the facts that S; (¢)+V C;(t) >
0 and P7(t) > m(t)H;. In this case, the objective with all
power drawn from the gird is smaller. Hence, when S;(¢) > 0,
R?(t) can not be greater than zero.

Part 2: When S;(t) < =V Cj mmqq. suppose D} (t) > 0, then

we have R} (t) = 0 and P/ (t) < m}(t)H;. The value of the
objective is

D A=Si(tym; () H; + (S;(8) + VO, (£) P} (1)} +

j#i

{=Si(®)m; () H; + (Si(t) + VCi() P (1)} >

D A=Si(t)ym; () H; + (S;(t) + VO, (£) P} (1)} +

j#i

{=Si@®)m; () H; + (Si(t) + V Ci(t))m; (t) Hi }
where the last step follows from the facts that S;(¢)+V C;(t) <
V(Ci(t) — Cimaz) < 0 and P}(t) < m}(¢t)H;. In this case,
the objective with all power drawn from the grid is smaller.
Hence, when S;(t) < —VC; masz, D;(t) can not be greater
than zero. ]

IV. PERFORMANCE ANALYSIS

In this section, we analyze the feasibility and performance
of our algorithm. First, we define an upper bound V,,,,, on
parameter V' as follows:

- Ri,maa: - Di,maa:

CimLam

Then, we have the following theorem:

i,max

19)

Vinaz = mjn
i
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Theorem 2: Suppose the initial battery energy level
E; ini € [0, Ej maz). Implementing the above algorithm with
any fixed parameter V' € [0, V;,,q.] for all time slots, we have
the following performance guarantees:

1) The battery energy level F;(t) is always in the range
[0, E; maz] for all time slots ¢.

2) All control decisions are feasible.

3) If L(t) and C(t) are i.i.d. over slots, then the time-
average cost under our algorithm is within bound B/V
of the optimal value:

T—-1 N
Jim > Y E{P)Ci()} < QT+ B/V (20)
t=0 =1

where B is a constant given by

N N max{R? D% 1

B= Z Bz = Z z,m;w’ i,max

i=1 i=1

21

In the following, we prove Theorem 2.

Proof: Part 1: To show 0 < E;(t) < E; pqq. according
to the definition of S;(t), it is equivalent to show that for each
data center i,

- Vc’i,mam - Di,mam S Sz (t) S Ei,maz - Vc’i,maw - Di,mam

(22)
As 0 < B ini < Ej e, the above inequality holds for ¢ =
0. We prove that this constraint is satisfied at all slots ¢ by
induction. Suppose inequality (22) holds for time slot ¢, we
need to show that it also holds for time slot ¢ + 1.

o We first prove S;(t+1) < E; mazr — VCimaz — Dimaz:
if 0 < Si(t) < Eimaz — VCimazr — Di maz. then from
Lemma 1, we must have R} (t) = 0. Using Eq. (17) and
0 < Di(t) < Djmaz, we have S;(t +1) < S;(t) <
Ei,mam - Vci,maac - Di,max; if _Vci,maw - Di,max <
S;(t) <0, then from Eq. (17) and R;(t) < R; maz. We
have S;(t + 1) < R; maq. For any 0 <V < V44, from
the definition (19) of V.44, We have E; 00—V Ci maz —
Di,maw Z Ei,maw - Vmaxci,ma:v - Di,ma:v > Eim’bam -

i maz—Ri,maz—Di max C.
(e} i,mazx

Si(t+ 1)llg;(l)mm the above discussion, we get S;(t+1)
Ei,max - VCi,ma:I: - Di,ma:r~
e Then we prove S;(t + 1) > —VCimazr — Dimas:
if _Vci,maa; - Di,maw < S’L (t) < _Vci,maza then
from Lemma 1, we must have D}(¢t) = 0. Using the
Eq. (17) and 0 < R;(t), we have S;(t + 1) > S;(t) >
_VCi,ma:r - Di,mam; if _VCi,ma:r S Sz(t) S Ei,maz -
VCimaz — Dimaz. then from Eq. (17) and D;(t) <
D; maw> Si(t+1) > =V Ci 1maw—Di maq- From the above
discussion, we get S;(t + 1) > =V C; mae —
Part 2: As the constraint on F;(t) for each data center 7 is
satisfied as showed in Part 1 and we make our decisions to
satisfy all constraints in Problem Three, combining them to-
gether, all constraints of Problem One are satisfied. Therefore,
our control decisions are feasible to Problem One.
Part 3: We make use of Laypunov optimization [10] to de-
rive the performance bound of our algorithm. Define Laypunov

- Di,max = Ri,ma;z

2
<

Di,max'



function as L(S(t)) = Z S2(t). Define the conditional 1-

slot Laypunov drift as f0110WS'
A(S(8)) = B{L(S(t + 1) = L(S(1))|S()}-

From Eq. (17), squaring both sides, we have for each data
center 1,

S2(t+1) — S2(1) _
2 2

(23)
For any feasible solution, in each time slot ¢, only one of R;(t)
and D;(t) can have non-zero value. Hence,

(Db(t) — Rz(t))2 < maX{Rz max) D?max}
2 - 2
Taking expectations of both sides of (23) given S;(¢) and
summing over all data centers i, we have

N
)SZB

Adding penalty term V' Z E{P;(t)C;()|S(t)} into both sides

of the above mequahty, We have the followmg inequality:
1St} < Z Bi—
N

ZSZ VE{D;(t) — Ry(t)|S(t }+VZE{P

=1 =1
From the Eq. (12), we have D;(t) — Ri(t) =
Plugging into the above inequality, we get

ZS JE{D;(t) = Ry(1)|S(1)}.

A(S +VZE{P

i=1

i(1)]S(6))

| A

N
AS(#) + V> E{P(t)Ci(t)

N
Z]E{_Si(t)

Comparing with the objective of Problem Three, it is obvious
that our algorithm is always trying to greedily minimize
the R.H.S. of the above inequality at each time slot ¢ over
all possible feasible control policies including the optimal,
stationary policy given in Theorem 1. Plugging this policy
into R.H.S. of the above inequality, we obtain the following:

» ey e

mi(t)H; + Si(t)Pi(t) + VP()Ci(1)|S (1)}

A(S(t) +VZE{P )|S(t }<ZB+

4 ZE{Pf’f“t(t)Ci(t)lg(t)} =B+VQ"r <B+VQUT
i=1

where B = Zil B;. Taking the expectation of both sides,
using the law of iterative expectation, and summing over ¢ €
{0,1,2,... T-— 1} we have

Ci(t)|S(t)} < BT +VTQO"™
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Diving both side by T', let 7" — oo and using the facts that
E{L(S(0))} are finite and E{L(S(t))} are nonnegative, we
arrive at the following performance guarantee:

T—1 N
Jim SN E{R(®)Ci(H)} < QOFT + B)V.
t=0 i=1

where QOFT is the optimal objective value, B is a constant,

and V is a control parameter which has a maximum value
given by Eq. (19). |
V. CONCLUSION

In this paper, we apply the Laypunov optimization technique
to solve the problem of optimal traffic distribution and battery
charging/discharging management in Internet data centers un-
der location-varying and time-varying electricity price. The
algorithm we propose matches the intuition of distributing
more traffic into data centers with low electricity price and
charging when electricity price is low while discharging when
electricity price is high. Moreover, it is easy to implement
online and can give analytic bound on the performance.
With the increase of battery capacity, our algorithm can get
arbitrarily close to optimal value. However, our algorithm
is centralized and we plan to design decentralized control
algorithm in the future.

REFERENCES

[1] M. Armbrust, A. Fox, R. Griffith, A. D. Joseph, R. Katz, A. Konwinski,
G. Lee, D. Patterson, A. Rabkin, I. Stoica, and M. Zaharia, “A view
of cloud computing,” Communications of the ACM, vol. 53, no. 4, pp.
50-58, April 2010.

[2] A. Qureshi, R. Weber, H. Balakrishnan, J. Guttag, and B. Maggs,
“Cutting the electric bill for internet-scale systems,” in ACM SIGCOMM,
Barcelona, Spain, August 2009.

[3] S. Albers, “Energy-efficient algorithms,”
vol. 53, pp. 86-96, May 2010.

[4] A. Beloglazov, R. Buyya, Y. C. Lee, and A. Y. Zomaya, “A taxonomy
and survey of energy-efficient data centers and cloud computing
systems,” 2010. [Online]. Available: http://arxiv.org/abs/1007.0066

[5] L. Rao, X. Liu, L. Xie, and W. Liu, “Minimizing electricity cost:
Optimization of distributed internet data centers in a multi-electricity-
market environment,” in Proc. of IEEE Conference on Computer Com-
munications, INFOCOM 2010, San Diego, March 2010.

[6] J. Li, Z. Li, K. Ren, X. Liu, and H. Su, “Towards optimal
electric demand management for internet data centers,” 2010. [Online].
Available: http://www.ece.iit.edu/~kren/Electricity_Datacenter_10.pdf

[71 A.-H. Mohsenian-Rad and A. Leon-Garci, “Energy-information trans-
mission tradeoft in green cloud computing,” in Proc. of IEEE Global
telecommunications conference, Globecom’10, Miami, March 2010.

[8] R. Urgaonkar, B. Urgaonkary, M. J. Neely, and A. Sivasubramaniam,
“Optimal power cost management using stored energy in data centers,”
in ACM International Conference on Measurement and Modeling of
Computer Systems, SIGMETRICS 2011, SAN JOSE, June 2011.

[9] D. P. Bertsekas and R. G. Gallager, Data networks, 2nd ed. Prentice-

hall New York, 1992.

M. J. Neely, Stochastic Network Optimization with Application to

Communication and Queueing Systems. Morgan Claypool, 2010.

L. Georgiadis, M. J. Neely, and L. Tassiulas, Resource allocation and

cross-layer control in wireless networks. Hanover, MA, USA: Now

Publishers Inc., April 2006, vol. 1.

D. P. Bertsekas, Dynamic Programming and Optimal Control, 2nd ed.

Athena Scientific, 2000.

S. P. Boyd and L. Vandenberghe, Convex optimization.

University Press, 2004.

Communications of the ACM,

[10]

(1]

[12]

[13] Cambridge




<<
  /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 /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 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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


