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Abstract—Reservoir model calibration, called history
matching in the petroleum industry, is an important task to make
more accurate predictions for better reservoir management.
Providing an ensemble of good matched reservoir models from
history matching is essential to reproduce the observed production
data from a field and to forecast reservoir performance. The
nature of history matching is multi-objective because there are
multiple match criteria or misfit from different production data,
wells and regions in the field. In many cases, these criteria are
conflicting and can be handled by the multi-objective approach.
Moreover, multi-objective provides faster misfit convergence and
more robust towards stochastic nature of optimization algorithms.
However, reservoir history matching may feature far too many
objectives that can be efficiently handled by conventional multi-
objective algorithms, such as multi-objective particle swarm
optimizer (MOPSO) and non-dominated sorting genetic algorithm
II (NSGA 1II). Under an increasing number of objectives, the
performance of multi-objective history matching by these
algorithms deteriorates (lower match quality and slower misfit
convergence). In this work, we introduce a recently proposed
algorithm for many-objective optimization problem, known as
reference vector-guided evolutionary algorithm (RVEA), to
history matching. We apply the algorithm to history matching a
synthetic reservoir model and a real field case study with more
than three objectives. The paper demonstrates the superiority of
the proposed RVEA to the state of the art multi-objective history
matching algorithms, namely MOPSO and NSGA 1I.

Keywords—history matching; multi-objective optimization;
many-objective optimization; reservoir simulation

[. INTRODUCTION

History matching is the process of calibration of a reservoir
model to obtain an acceptable match between the simulated
model response and the observed dynamic data from the fields,
wells or regions by adjusting uncertain model parameters. The
dynamic data can be pressure, gas to oil ratio, water cut, oil
production rate, and water production rate. Model parameters
that may be modified include rock properties (porosity,
horizontal and vertical permeability), fluid properties
(compressibility, oil and water relative permeability, capillary
pressure), and geological properties (fault transmissibility,
aquifer volume).

The nature of history matching as an ill-posed inverse
problem with non-unique solutions makes it one of the most
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challenging and resource-intensive stages in reservoir
management. To overcome this challenge, history matching
powered by stochastic population-based sampling algorithms
has been used widely to generate an ensemble of matched
models [1]-[3]. These algorithms minimize objective function
(defined as a measure of discrepancy between simulated and
observed data) and thus obtain a reservoir model that best
approximates the dynamic variable data recorded during
reservoir life. The outcome of this process is an ensemble of
matched models due to the non-uniqueness solution of the
inverse problem. Providing an ensemble of good matched
models is essential to support the decision-making process based
on the predictions from these models.

The nature of reservoir history matching is multi-objective
because there are multiple wells and match criteria in well and
regions in the field. In many cases, these match criteria are
conflicting, and no feasible solution optimizes all of them
simultaneously. For instance, an improvement in oil rate match
in one well causes a deterioration of the gas rate in another well.
In this case, we look for acceptable trade-off rather than a unique
solution, referred to as Pareto optimality. A set of feasible
solution vectors is called Pareto optimal if no other feasible
vector would improve some criteria without causing a
simultaneous deterioration of at least one other criteria. All
Pareto optimal vectors are called non-dominated.

History matching involving multiple and conflicting
objectives have been traditionally handled by single-objective
optimization [1]-[3]. In single objective history matching, we
sum up all the objective components from different wells by the
weighted-sum and, next, solving the equivalent single objective
optimization problem to obtain the best possible matches. This
approach reduces the algorithm’s sensitivity to variations in
match quality within different parts of the reservoir and across
various production data. Moreover, it is difficult to obtain the
right set of weighting factor due to the behavior of observed
production data from different wells and regions can be strongly
uncorrelated. Additionally, the weight also depends on the
scaling of each objective which may have a different order of
magnitude. The use of this single objective approach without
appropriate scaling results in extremely rough response surface
of objective functions.

A multi-objective optimization approach can be used to
address the issues mentioned above in the single objective



history matching [4]-[9]. It can effectively handle multiple and
conflicting objectives in the reservoir history matching. A multi-
objective approach uses a number of objective components to
guide the algorithm to different areas of objective space that lead
to a diverse set of models with high match quality. Moreover,
multi-objective history matching is faster and more robust
towards stochastic nature of optimization algorithm [S]-[7]. A
recent study in [10] demonstrates that ensemble of matched-
models from multi-objective history matching, coupled with
Bayesian uncertainty quantification framework, provides more
reliable reservoir forecasting than single objective history
matching under uncertainty in the model parameterization.

However, reservoir history matching may feature far too
many objectives that can be efficiently handled by conventional
multi-objective algorithms. For example, a medium-size oil field
can have more than 100 wells and multiple production data to
match in history matching. In this situation, multi-objective
history matching handled by Pareto and dominance-based
algorithms, such as MOPSO and NSGA 11, are less effective as
the majority of solutions are non-comparable due to most points
becoming non-dominated in high-dimensional objective space.
As the results, the performance of multi-objective history
matching deteriorates with a high number of objectives, i.e.
slower misfit convergence and lower match quality as illustrated
in Fig. 1(a). Fig. 1(b) shows the exponential increase of non-
dominated solutions with increasing number of objectives from
multi-objective history matching a synthetic reservoir model.
Similar figures can be found in [11].

This paper applies one of the recent many-objective
optimization algorithms, a reference vector-guided evolutionary
algorithm (RVEA) [12], to history matching. The algorithm
utilizes predefined reference vectors to balance the convergence
and diversity. The reference vector-guided selection method
helps convergence by successfully addressing the loss of
selection pressure in many-objective optimization. The
solutions diversity can also be effectively achieved with the aid
of reference vectors. A diverse set of matched models is
important to generate better reservoir forecasting. Two case
studies are presented: history matching of a standard
benchmarking reservoir model and a real field case study.

II. MANY-OBJECTIVE HISTORY MATCHING AND CASE STUDIES

In a minimization problem, without loss of generality, the
multi-objective optimization can be defined as:

minimize (f, (%), f,(2), -, fu ()
subject to hl < x; < h¥ (1)
x = {x1, X3, e, Xpy o, XN}

where  F(x) = {1(x), L(x), ..., fu(x): RV > RM , x=
{x1,%3, ..., Xy, ..., x5} 1s the vector of the N model parameters,
while M is the number of objective functions, and the variables
Rl and h¥ represent the lower and upper boundary for each
model parameter. The objective function in history matching
measures the discrepancy between reservoir model response and
the observation data. It is generally called the misfit and is the
negative log of likelihood. In history matching, the misfit
generally comprises multiple components as a typical petroleum
reservoir is characterized by multiple wells and production data.
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Fig. 1 (a) An example of the deterioration of performance on multi-

objective history matching with increasing number of objectives; (b)
Percentage of the non-dominated solutions with increasing number of
objectives in multi-objective history matching a synthetic reservoir model.

From this, we can see that the number of misfit components to
be minimized can easily be more than three, as the reservoir is
mostly developed with more than one well and for each well
there are multiple observed production data to match. This
makes history matching a many-objective optimization
problem.

In the petroleum literature, some studies have dealt with
more than three objectives in history matching. Han [13] used a
multi-objective evolutionary algorithm (MOEA) for history
matching with four objective functions. They demonstrated that
use of multi-objective history matching improves the
predictability of production forecasts in a waterflooding project.
Similarly, in [14], non-dominated sorting genetic algorithm II
(NSGA 1II) was applied for history matching with four objective
functions to measure the mismatch of the geological and seismic
data. In [7], Christie et al. applied multi-objective particle swarm
optimization (MOPSO) to four-objective history matching on a
real field case study. In this study, we use MOPSO and NSGA
II as the benchmarks due to the successful application of both
algorithms to real field case studies and codes availability.

We use two case studies: a small synthetic reservoir model
based on a real field that allows for a reasonable number of flow
simulations and another larger, real oil field with more
expensive objective function evaluations. Examining these case
studies allows us to demonstrate the applicability of the
proposed algorithm to real-world problems.

A. PUNQ-S3

1) Problem: PUNQ-S3 (Production forecasting with
UNCcertainty Quantification variant 3) is an industry standard
benchmark for history matching, uncertainty quantification,
and optimization. It is a synthetic reservoir model based on a
real field operated by Elf Exploration and Production [15]. A
dome shape reservoir model has a gas cap and oil rim and is
bounded on the east and south by a fault as shown in Fig. 2(a).
The reservoir model has 2660 grid blocks (19x28x5), of which
1761 are active. The grid blocks have equal sizes in the x and y
directions of 180 m. There are six production wells, namely
PRO-1, PRO-4, PRO-5, PRO-11, PRO-12, and PRO-15, which
are located near the initial gas-oil contact (GOC).

The truth case was generated using Gaussian Random
Fields for porosity and permeability properties [16]. Pressure,



volume and temperature (PVT) data from the original model
was used to complete the model. Reservoir simulation was then
used to generate production data (bottom hole pressure BHP,
water cut WCT, and gas-oil ratio GOR) and Gaussian noise was
added to account for measurement error.

2) Model Parameters and Objective Functions: We use a
layer cake model description with 5 vertical layers and 9 lateral
zones following the original dataset from the benchmark study
[16]. The model parameterization following [10]
(Parameterization Set 1) includes 12 regions: 9 sand channels
(3 channels each in layer 1, 3, and 5), 1 floodplain, 1
homogeneous layer 2, and 1 homogeneous layer 4. In total,
there are 24 parameters to modify in history matching
consisting of 12 parameters for porosity (¢) and 12 parameters
for horizontal permeability (k;) multiplier (Mulf) which are
related as in (2) and (3). The ranges of these parameters with
the implied permeability ranges are shown in Table I.

log(k;,) =log(Mult) +(0.77+9.03¢) 2)
k,=3.124+0.306k, 3)

TABLE 1. POROSITY AND MULTIPLIER RANGE WITH THE IMPLIED
HORIZONTAL AND VERTICAL PERMEABILITY IN PUNQ-S3 CASE STUDY
Zone [0) Mult ki (mD) ky (mD)
Layer 1,3, 5 0.15-0.30 0.1-10 133 -3013 44 — 925
Background 0.05-0.15 0.1-10 16 — 133 844
Layer2and4 | 0.05-0.15 0.1-10 16 — 133 8—44

Eight years of production history data including bottom hole
pressure (BHP), water cut (WCT) and the gas-oil ratio (GOR)
from all wells are used for the history matching. The data are
uncorrelated and following the original dataset [16]. The
objective function, misfit, to be minimized is defined as:

1 1 1 obs;j—sim;; 2

M=EZiEZjn_tZk(Wijk$) 4)
where n,, is the number of evaluated wells with i runs over it,
n,, is the number of observed production data with j runs over it,
n, is the number of time steps for the j** history data with k runs
over it, obs is the observed history, sim is the simulated value,
o? is the variance of the measurement errors, and w is the weight
factor, with runs over i, j and k. From (4), we, can see that there
are 18 misfit components in PUNQ-S3 (misfits from 6
production wells with 3 production data from each well to
match).

In this study, we approach the history matching with many-
objective optimization of 6 objective functions by decomposing
the misfit function in (4) based on production wells as in (5)

{minimize (My(p), My (D), ..., Mg(p))

5
p = {BHP,WCT,GOR} )

where M, to My correspond to the misfits from production wells
PRO-1, PRO-4, PRO-5, PRO-11, PRO-12 and PRO-15
respectively, which are summed up on all production variable p
over all time steps with unity weights. For instance, M; =
(Mgup + Mycr + Mor)pro-1-

B. Zagadka

1) Problem: The Zagadka field is located in Western
Siberia and is a medium-size oil field. It has 95 wells, some of
which have 10-15 years of history. The field is produced by a
combination of reservoir aquifer and water injection for
pressure support to maintain production rates. The reservoir
model has a dimension of 108 x 265 x 7 with around 135,000
active grid blocks. We are supplied with the model consisting
of 95 wells in 9 groups. The field is compartmentalized with
possible sealing faults creating seven compartments. Fig. 2(b)
shows the multiplier region map of the Zagadka reservoir
model. More details about the field can be found in [7].

2) Model Parameters and Objective Functions: We use the
same model parameterization as in [7] for history matching
study. The parameterization depicts geological structure
zonation of the field. It has 19 parameters: 7 global kj,
multiplier, 1 global k, multiplier, 3 capillary pressure (P,)
values, 4 oil relative permeability (k,,) values, 1 water relative
permeability (k) value, 1 fault transmissibility, and 2 aquifer
support multipliers. Table II gives the description and range of
these parameters.

TABLE IL. PARAMETER RANGES IN ZAGADKA CASE STUDY
Parameter Number Range
ky, multiplier 7 1-30
k,, multiplier 1 0.1-0.9
Capillary pressure 1 1 18 -23
Capillary pressure 2 1 9-13
Capillary pressure 3 1 1.01-3.0
Oil relative permeability 1 1 0.5-1
Oil relative permeability 2 1 0.6-0.9
Oil relative permeability 3 1 0.1-0.3
Oil relative permeability 4 1 0.02 —0.095
Water relative permeability 1 02-1.25
Fault transmissibility 1 0.0-1.0
Aquifer support multiplier 2 2.5-45

In Zagadka, all wells are grouped into 9 groups: G1 to G9
based on the geological structure, fault block in the model, and
the time when the wells were drilled. The wells in the group G1
are the exploration wells located in different regions across the
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Fig.2 (a) PUNQ-S3 and (b) Zagadka reservoir model.



field, whereas the wells in the other groups are clustered in
particular regions of the field following the drilling schedule.

We use the historical data of the group oil and water
production rates (GOPR and GWPR) in the history matching.
The objective function to be minimized is defined as:

n ng (0bsjjr—sim;; z
M=Z?”Zj”wij2kf7(0 Syk=simi) (0)

2
Zal-jk

where ng is the number of groups with i runs over it, n, is the
number of observed production data with j runs over it, n; is the
number of time steps for the j¢* history data with k runs over it,
obs is the observed history, sim is the simulated value, o2 is the
variance of the measurement errors, and w is the weight factor,
with runs over i and j. From (6), we can see that there are 18
misfit components in Zagadka (misfits from 9 groups with 2
production data from each group to match).

In this study, we group these 18 misfit components into four
objectives as in (7) based on production start time from each
group and four predominant clusters where the wells are
located:

{minimize (My(p), My (p), ..., My(p)) 7

p = {GOPR,GWPR}

where M, to M, correspond to the misfit from groups (G1), (G2
and G3), (G4 to G7), and (G8 and G9), respectively, which are
summed up on all production variable p over all time steps with
unity weights. For instance, M, = (Mgopr + Mgwpr)g2 +
(Mgopr + Mewpr)es-

III. REFERENCE VECTOR-GUIDED EVOLUTIONARY ALGORITHM

In recent years, methods for improving the performance of
Evolutionary Algorithms (EAs) in many-objective optimization
problems have gained popularity since problems of this type
abound in real world applications of science and engineering
[17]. A comprehensive review of these different methods can be
found in [18].

In this section, we describe reference vector-guided
evolutionary algorithm (RVEA) [12], a recently proposed
algorithm to solve many-objective optimization problems. The
general framework of the RVEA algorithm is shown in
Algorithm 1. RVEA has a similar elitism strategy to non-
dominated sorting genetic algorithm II (NSGA II) [19].
However, compared to NSGA II, there are three main
differences with RVEA: (1) a set of predefined reference vectors
is required for input in RVEA; (2) reference vectors are used to
guide the selection of elitist solutions; (3) there is a reference
vector adaptation strategy to cope with different scales between
objectives. Traditional genetic operators, i.e. simulated binary
crossover (SBX) [20] and polynomial mutation [21], are used to
generate the offspring population and then combined with the
parent population for elitism selection. Steps 1, 9, and 10 in the
Algorithm 1 will be further detailed in sections III. A, B, and C.

Algorithm 1 The general framework of RVEA [12]
1:  Imput: maximum number of generations t,,,,, a set of unit
reference vectors Vo = {vo1, Vo5, Von
2:  Output: final population P ;

3. /*Initialization*/

4: Initialization: create the initial Population P, with N
randomized individuals;

5: /* Main Loop*/

6: whilet < t,,, do

7: Q; = offspring creation (P;);

8: Py =P UQy

9: P, ., = reference vector guided selection (t,P;,V;);
10: Vi+1 = reference vector adaptation (t,Ps11,V;, Vp);

11: t=t+1,
12:  end while

A. Reference Vector

Reference vectors are used to divide the objective space into
smaller subspaces. Its usage has been demonstrated successfully
to improve the convergence and diversity of many-objective
optimization problem [12], [22].

In this work, without loss of generality, we use unit reference
vectors generated uniformly in the first quadrant with the origin
as the initial point as illustrated in Fig. 3. The canonical simplex-
lattice design method [23] is employed to generate a set of
uniformly distributed points on the hyperplane as in (8) and then
mapped to the hypersphere by the transformation as in (9) [12]:

w; = (uj,uf, ') ®
J 01 H M T _
ui E{E'E""'E}' jzlui =1
v =k ()]

Il l

where i =1,..,N with N being the number of uniformly
distributed points, M is the number of objectives, H is a positive
integer for the simplex lattice design, and v; are the unit
reference vectors. A total number of N = (") uniformly
distributed reference vectors can be generated, given M and H,
according to the property of simplex-lattice design. For instance,
there are N = 10 reference vectors if we defineH =3 inM =3
objective problem.

B. Reference Vector-Guided Selection

In RVEA, selection of the next generation is done separately
on each subspace partitioned by the reference vectors. This
selection strategy consists of three steps: (1) objective value
translation; (2) population partition; and (3) angle penalized
distance (APD) calculation, which is followed by the elitism
selection [12].

@ Reference Points

Fig. 3 An example of generating ten uniformly distributed unit reference
vectors in a three-objective optimization problem (after [12]).



1) Objective Value Translation: The objective value
translation makes sure the initial point of the reference vectors
is always the origin, and all the translated objective values are
in the first quadrant, as illustrated in Fig. 4 for the two-objective
optimization problem. Objective values in population P, ,
denoted as F; = {f;1,f¢2 -, fe|p,)}, Where t is the generation
index, are translated into F{ by:

fi;="fo—z"" (10)

where i=1,..,|P|, fy;, f{; are the objective vectors of
individual i before and after the translation, and z*™ =
(zm, zm, ..,z represents the minimal objective values
calculated from F;.

2) Population Partition: The translated objective values in
population P, are partitioned to N subpopulations
P¢1, Py 5, ..., Pry by associating each individual to the closest
reference vector, as illustrated in Fig. 5, where N is the number
of reference vectors. The spatial relationship between each
translated individual subpopulation to the reference vector is
determined by the acute angle, as in (11). Additionally, the
closest reference vector to which the individual subpopulation
will be allocated is based on the largest cosine value of (11), as
in (12):

r
fii Ve

COSGt’i’j ZW (11)
Pyy = {Ip;|k = argmax cos 0, ;} (12)
jE{1,..,N}

where 8, ; is the angle between objective vector f;;, and the
reference vector v.; , I; represents the /-th individual
subpopulation in Py, with i = 1, ..., |P|.

3) Angle Penalized Distance (APD) Calculation: In RVEA,
the ideal point is always the axis origin as the objective values
have been translated in (10). Hence, the convergence criterion
can be represented by the distance of f;; to the origin, i.e.,
[|Ife:ll. whereas the diversity criterion is naturally represented
by the angle 6, ;, as in (11). Angle-penalized distance, d,; ;, is
introduced to balance these criteria (convergence and
diversity), an important feature of RVEA for history matching
problem, with a scalarization as in (13):

dt,i,j = (1 + P(Gt,i,j)) " ”fé,l“ (13)

f2

o ] 2

Fig. 4 An illustration of the objective value translation in two objective
optimization problem (after [12]).

f2

>

Fig. 5 An illustration of the population partition in objective space for 2
objective optimization problem (after [12]).

with P(6,; ;) being a penalty function related to 6, ;:

t \% 04
P(0¢) = M- (tm) yt_tj (14)
Yoo, = ie{1T,}vn},i¢j(vt""va) (15)

where M is the number of objectives, N is the number of
reference vectors, t,,,, is the maximum number of generations,
a is the parameter governing the rate of change of P(6, ), and
Yv,, is the smallest angle value between reference vector v ;

and the other reference vectors in the current generation. Angle
Yv,; 18 used to normalize the angle specified by v, ;.

Following all three of these steps, the elitist solutions
selection is performed based on the smallest APD, as in (13)
and (14), for the population in the next generation. Further
details on the reference-guided selection can be found in [12].

C. Reference Vector Adaptation

In real world optimization problems, we often encounter an
issue with different scales of objective values from different
objectives. In this problem, uniformly distributed reference
vectors will not produce uniformly distributed solutions as
illustrated in Fig. 6(a). A reference vector adaptation strategy is
employed in RVEA to cope with this problem as illustrated in
Fig. 6(b). It works by adapting the reference vectors based on
the ranges of the objective values as in (16)

max_,min

_Y0i0 (e ~Ze1) (16)

v = -
EHLE ™ g0 (21185 21|

where i =1,...,N, v;,q; represents the i-th adapted reference
vector for the next generation ¢+ 1, v,; represents the i-th
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Fig. 6 The Pareto optimal solutions (red dots) with objective values
scale of different ranges specified by (a) 10 uniformly distributed reference
vectors and (b) 10 adapted reference vectors on a Pareto Front. Objective
f1 has values range 0-0.2 and objective f, has scale range 0-1. (after [12]).



initial uniformly distributed reference vectors, z*4* and z*
represent the maximum and minimum values of the objective in
the t + 1 generation respectively, and the o operator represents
the Hadamard product. By applying this adaptation strategy, the
RVEA can obtain uniformly distributed solutions on the
problem with different scale of objective value ranges.

The reference vector adaptation strategy should not be used
too frequently during the search process to ensure a stable
convergence [24]. A parameter f;, is introduced in RVEA to
control the frequency of using the adaptation strategy. Further
details on the reference vector adaptation strategy can be found
in [12].

IV. COMPARATIVE RESULTS

In this section, we compare the many-objective history
matching results on both case studies described earlier from
RVEA with MOPSO [5] and NSGA II [19]. For each case study,
10 trial history matching runs are performed, where the variation
between run is caused by the initial choice of random seed and
the subsequently generated random numbers in the stochastic
optimizer.

A. Parameter Settings

Table III describes the parameter settings for each algorithm
in both case studies. A termination criterion of 1500 and 250
function evaluations is set for PUNQ-S3 and Zagadka case
studies, respectively, as there is no significant improvement of
misfit value beyond these iterations.

TABLE III. PARAMETER SETTINGS FOR EACH ALGORITHM
. PUNQ-S3 Zagadka
Algorithm | Parameters 6 Obje(gtives) “ Ob%ectives)
(Hy, Hy) 2,0 2,0
(a, ) (2,0.1) (2,0.1)
RVEA Mer Per Mo Pm)* (30, 1, 20, 1/24) (30, 1, 20, 1/19)
Population size 21 20
Ref. vectors 21 10
(@61, ¢ (0.729, 1.494, (0.729, 1.494,
MOPSO T 1.494) 1.494)
Population size 20 20
NSGA 11 (Uc'ch?‘m'Pr‘n)a (30, 1, 20, 1/24) (30, 1, 20, 1/19)
Population size 20 20

* SBX distribution index (1), crossover probability (p.), polynomial mutation distribution index (7,,) and

probability (p,,).

b Inertia weight (w), cognitive (c,) and social (c,) parameters.

B. Performance Measures

Maintaining a good balance between misfit convergence

and diversity of the matched-models is particularly crucial to
the history matching powered by stochastic algorithms. The
goal in history matching is to obtain high quality of matched-
models fast and an ensemble of diverse matched-models for
robust and reliable forecasting [10].

1) Misfit Value Evaluations and Convergence Speed: We
compute the global sum of misfits after many-objective history
matching runs from all three algorithms to evaluate the quality
of matched-models. Fig. 7(a) and Fig. 7(b) show the average
and standard deviation of best-so-far misfit values evolutions
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Fig. 7 Average and standard deviation of best-so-far misfit value over 10
trial history matching runs from three different algorithms on (a) PUNQ-
S3 and (b) Zagadka case studies.

from 10 trial history matching runs from each algorithm for
PUNQ-S3 and Zagadka case studies, respectively. In both case
studies, the average of best-so-far misfit values of history
matching with RVEA is predominantly below the lower bound
of best-so-far misfit values from history matching with MOPSO
and NSGA II. These figures also show that the upper bound of
best-so-far misfit values from RVEA are always below the
average of best-so-far misfit values from MOPSO and NSGA
II. These results demonstrate not only the robustness of history
matching with RVEA but also its better performance than
MOPSO and NSGA 1I for obtaining high quality matched
models given the same number of flow simulations

Significant improvements of history matching with RVEA
from MOPSO and NSGA II are summarized in Fig. 8. Fig. 8
shows the boxplot of the final best-so-far misfit values from 10
trial history matching runs from each algorithm for PUNQ-S3
(a) and Zagadka (b). We use the Wilcoxon rank sum test for the
statistical significant test as it is more sensitive than the #-test,
safer since it does not assume a normal distribution and the
outliers have less effect [25]. In both case studies, the
improvements of history matching with RVEA on the final
misfit values from MOPSO and NSGA 11 are highly significant
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Fig. 8 Box plot of best-so-far misfit value at the end iterations over 10
trial history matching runs from three different algorithms with statistical
significance test comparing RVEA with MOPSO and NSGA 1I on (a)
PUNQ-S3 and (b) Zagadka. (**:p-value < 0.01; ***:p-value < 0.001).

(p-value = 0.00098 and p-value = 0.002, respectively) as shown
in Fig. 8(a) and Fig. 8(b).

History matching with RVEA also provides faster misfit
convergence than MOPSO and NSGA II in both the PUNQ-S3
and Zagadka case studies, as shown in Fig. 7. In PUNQ-S3,
RVEA is 6.8 and 3.6 times faster than MOPSO and NSGA 11,
respectively, as demonstrated in Fig. 7(a). In Zagadka, history
matching with RVEA is 6.25 and 3.1 times faster than MOPSO
and NSGA 1I, as shown in Fig. 7(b).

2) Diversity of the Matched-Models: We use radial
coordinate visualization (RadViz) [26] to evaluate the diversity
of the matched-models in the objective space. RadViz is a
multi-dimensional visualization technique that can display data
of three or more objectives in a 2-dimensional projection. The
objectives (called dimensional anchors) are distributed evenly
along the perimeter of the unit circle after normalization. Each
objective vector is held with springs that are attached to the
anchors, and the spring force is proportional to the value of the
corresponding objective or anchor. The objective vector is
depicted as a point in the circle and located in which the spring
forces are in equilibrium. For example, a point that is located
close to an anchor of one objective have a higher value in that
objective than in any other objective. Objective vector with all

equal objective values is located exactly in the center of the
circle.

A diverse set of models can be identified by the distribution
of the points to different areas in the circle. The points where
are concentrated in one particular area in the circle indicate less
diverse models than the ones where are more dispersed to
different areas in the circle.

Fig. 9(a) and Fig. 9(b) show the RadViz plots of all the
matched-models from one run in PUNQ-S3 and Zagadka case
studies, respectively, with three different algorithms and color-
coded with their total misfit values. A similar trend is observed
with the rest of the nine runs. In PUNQ-S3, history matching
with RVEA provides more diverse set and higher quality of
matched-models than MOPSO as in Fig. 9(a.3, a.l). The
diversity of the matched models from NSGA Il is comparable
with RVEA as showed in Fig. 9(a.2, a.3). However, the quality
of most matched-models from NSGA II are lower (higher misfit
value) than RVEA. History matching with MOPSO results in
the worst performance amongst others (low match quality and
the least diverse set of matched models) as showed in Fig.
9(a.1). In Zagadka, history matching from all algorithms shares
a similar diversity of the matched-models as showed in Fig.
9(b). However, history matching from RVEA results in models
with higher quality than NSGA II and MOPSO. These results
demonstrate that, from the three compared algorithms and
presented case studies; RVEA is the best algorithm to provide
high quality and diverse matched-models followed by NSGA 11
and MOPSO consecutively.

V. CONCLUSION AND FUTURE RESEARCH

We demonstrated one of the challenges of multi-objective
history matching with a high number of objectives (more than
three) by dominance-based multi-objective algorithms. As the
number of objectives increases, the performance of these
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(a) PUNQ-S3
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Fig. 9 Radial visualizations of all the models from history matching of
(a) PUNQ-S3 and (b) Zagadka, with three different algorithms and color-
coded with their total misfit values. Lower misfit values indicates higher
quality models, and vice versa. M; is the objective as defined in Eq. (5) and
Eq. (7) for PUNQ-S3 (6 objectives) and Zagadka (4 objectives),
respectively, with their values are normalized in this plot.



algorithms, e.g. MOPSO and NSGA I, deteriorates, producing
slower misfit convergence and lower match quality.

We introduced a recently proposed many-objective
algorithm, RVEA, to solve history matching problems with high
numbers of objectives. We applied the algorithm to history
matching of the PUNQ-S3 synthetic reservoir model, with six
objectives, and a real field Zagadka, with four objectives. In both
case studies, history matching powered by RVEA can achieve
fast misfit convergence, high match quality, and a diverse set of
matched models.

We compared history matching results by RVEA with
MOPSO and NSGA 1I. We observed a significant improvement
in history matching performances by RVEA from the ones with
MOPSO and NSGA 1I based on statistical test over 10 history
matching runs. History matching with RVEA results in more
robust misfit evaluation (smaller variation between 10 runs) and
better match quality than MOPSO and NSGA II. In PUNQ-S3,
history matching with RVEA can achieve up to 6.8 and 3.6 times
faster misfit convergence than history matching with MOPSO
and NSGA 1, respectively. In the real field case study, Zagadka,
the misfit convergence from history matching by RVEA can be
up to 6.25 and 3.1 times faster than MOPSO and NSGA II,
respectively.

RVEA also successfully maintains the diversity of the
matched models in both case studies which are essential for
better forecasting. In general, history matching with RVEA
provides a more diverse set of models than MOPSO and NSGA
II. The diversity on the ensemble of these models ensures good
uncertainty quantification in the forecasting period from these
models [5]-[7], [10].

As for future research, the user preference articulation to
define the reference vectors in RVEA should also be explored in
real-world optimization problems. In this case, the search
process to find optimal solutions can be guided by the set of
reference vectors defined by the user preferential.

ACKNOWLEDGMENT

We thank BG, E.ON, JOGMEC, and RockFlowDynamics
for financial support, Epistemy for providing RAVEN history
matching software, RockFlowDynamics for providing
tNavigator reservoir simulator and Schlumberger GeoQuest for
providing ECLIPSE 100 reservoir simulator.

REFERENCES

[1] L. Mohamed, M. A. Christie, and V. Demyanov, “Reservoir Model
History Matching with Particle Swarms: Variants Study,” in SPE-
129152-MS, Mumbai, India, 2010.

[2] Y. Hajizadeh, M. A. Christie, and V. Demyanov, “History matching
with differential evolution approach; a look at new search strategies,”
in SPE-130253-MS, Barcelona, Spain, 2010.

[3] A. Abdollahzadeh, A. Reynolds, M. Christie, D. W. Corne, G. J. J.
Williams, and B. J. Davies, “Estimation of Distribution Algorithms
Applied to History Matching,” SPE J, vol. 18, no. 3, pp. 508-517, Apr.
2013.

[4] R. W. Schulze-Riegert, M. Krosche, A. Fahimuddin, and S. G. Ghedan,
“Multi-Objective Optimization with Application to Model Validation
and Uncertainty Quantification,” in SPE-105313-MS, Manama,
Bahrain, 2007.

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

(21]

(22]

[23]

(24]

[25]

[26]

L. Mohamed, M. A. Christie, and V. Demyanov, “History Matching
and Uncertainty Quantification: Multiobjective Particle Swarm
Optimisation Approach,” in SPE-143067-MS, Vienna, Austria, 2011.
Y. Hajizadeh, M. A. Christie, and V. Demyanov, “Towards
Multiobjective History Matching: Faster Convergence and Uncertainty
Quantification,” in SPE-141111-MS, The Woodlands, Texas, USA,
2011.

M. Christie et al., “Use of multi-objective algorithms in history
matching of a real field,” in SPE-163580-MS, The Woodlands, Texas,
USA, 2013.

H.-Y. Park, A. Datta-Gupta, and M. J. King, “Handling Conflicting
Multiple Objectives Using Pareto-Based Evolutionary Algorithm for
History Matching of Reservoir Performance,” in SPE-163623-MS, The
Woodlands, Texas, USA, 2013.

M. S. Kanfar and C. R. Clarkson, “Reconciling flowback and
production data: A novel history matching approach for liquid rich
shale wells,” Journal of Natural Gas Science and Engineering, 2016.
J. J. Hutahaean, V. Demyanow, and M. A. Christie, “Impact of Model
Parameterisation and Objective Choices on Assisted History Matching
and Reservoir Forecasting,” in SPE-176389-MS, Nusa Dua, Bali,
Indonesia, 2015.

A.R.R. de Freitas, P. J. Fleming, and F. G. Guimaraes, “Aggregation
Trees for visualization and dimension reduction in many-objective
optimization,” Information Sciences, vol. 298, pp. 288-314, Mar. 2015.
R. Cheng, Y. Jin, M. Olhofer, and B. Sendhoff, “A Reference Vector
Guided Evolutionary Algorithm for Many-Objective Optimization,”
IEEE Transactions on Evolutionary Computation, pp. 1-19, 2016.

Y. Han, C. Park, and J. M. Kang, “Estimation of Future Production
Performance Based on Multi-objective History Matching in a
Waterflooding Project,” in SPE-130500-MS, Barcelona, Spain, 2010.
M. E. Niri and D. E. Lumley, “A Multi-Objective Optimization Method
for Creating Reservoir Models That Simultaneously Match Seismic and
Geologic Data,” in SEG-2014-0065, Denver, Colorado, USA, 2014.

C. Bos, “Production forecasting with uncertainty quantification,” Final
report of EC project, NITG-TNO report NITG, pp. 99-255, 2000.
Imperial College London, PUNQ-S3.

P. J. Fleming, R. C. Purshouse, and R. J. Lygoe, “Many-objective
optimization: An engineering design perspective,” in Evolutionary
Multi-Criterion Optimization, Guanajuato, Mexico, 2005, vol. 3410,
pp. 14-32.

C. von Liicken, B. Baran, and C. Brizuela, “A survey on multi-objective
evolutionary algorithms for many-objective problems,” Comput Optim
Appl, vol. 58, no. 3, pp. 707-756, 2014.

K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist
multiobjective genetic algorithm: NSGA-IL,” IEEE Trans on Evol
Comp, vol. 6, no. 2, pp. 182-197, 2002.

K. Deb and R. B. Agrawal, “Simulated binary crossover for continuous
search space,” Complex Systems, vol. 9, no. 2, pp. 115-148, 1995.

K. Deb and M. Goyal, “A combined genetic adaptive search (GeneAS)
for engineering design,” Computer Science and Informatics, vol. 26,
pp. 3045, 1996.

K. Deb and H. Jain, “An evolutionary many-objective optimization
algorithm using reference-point-based nondominated sorting approach,
part I: Solving problems with box constraints,” IEEE Trans on Evol
Comp, vol. 18, no. 4, pp. 577-601, 2014.

J. A. Cornell, Experiments with mixtures: designs, models, and the
analysis of mixture data, 3rd ed. Wiley, 2002.

1. Giagkiozis, R. C. Purshouse, and P. J. Fleming, “Towards
understanding the cost of adaptation in decomposition-based
optimization algorithms,” presented at the IEEE International
Conference on Systems, Man, and Cybernetics, Manchester, 2013, pp.
615-620.

J. Derrac, S. Garcia, D. Molina, and F. Herrera, “A practical tutorial on
the use of nonparametric statistical tests as a methodology for
comparing evolutionary and swarm intelligence algorithms,” Swarm
and Evolutionary Computation, vol. 1, no. 1, pp. 3—18, 2011.

P. Hoffman, G. Grinstein, K. Marx, I. Grosse, and E. Stanley, “DNA
visual and analytic data mining,” presented at the Visualization’97.,
Proceedings, 1997, pp. 437-441.




<<
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 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 150
  /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 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 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


