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Abstract—Any system (whether in the area of finance, man-
ufacturing, administration, etc.) that operates in a dynamic
environment needs to be adaptive to changes; it should also
anticipate possible adverse events to remain competitive. In
our previous research in this area we experimented with one
particular approach: Mapping of Task ID for Centroid-Based
Adaptation with Random Immigrants (McBAR) to address prob-
lems of environmental changes for Resource-Constrained Project
Scheduling (RCPS) problem, especially when the latter involves
changes in task numbers. However, at that time, McBAR was
applied as reactive tool only. In this paper we extend McBAR
approach to the RCPS problem in a proactive-reactive way. The
system handles also three competing objectives: cost, makespan,
and the risk of failure.

We have not found any papers that deal with risk on the
RCPS problem and utilize the attributes of plans from the past
environmental changes. This particular aspect is incorporated in
McBAR – experimental results indicate the efficiency of such
approach in finding optimal solutions for a current change. In
this paper we also analyze, under the effects of environmental
dynamics, the variation of risk computed via McBAR and of
parameters related to optimization. Further, we compare McBAR
to other Evolutionary Algorithm approach in the same problem.

Index Terms—adaptation, dynamic environments, multi-
objective optimization, risk management

I. INTRODUCTION

In most decision-support systems that deal with planning
problems, risk must be addressed explicitly. Better plans
(with respect to some key performance indicators) might be
rejected due to high risk associated with them. The reason
is uncertainty of the input data and variability of processes -
elements which are present in most businesses and industries.
Thus it is crucial to consider risk in planning activities.

Clearly, the values of environmental variables often cannot
be anticipated during creation of a plan and when an unex-
pected event occurs, the current plan may no longer be optimal
or even feasible [1]. Thus, it is necessary to revise this plan to

cope with the new state of the environment. Many real-world
problems are set in this type (dynamic, non-stationary) of
environment, where objectives, constraints, or even variables
may change in time. In this paper we propose a combination
of proactive and reactive approaches to address the issue of
finding and modifying optimal plans.

There have been various approaches in planning that con-
sidered risk. The work of Bui, et. al [2] was proactive in
its approach, but did not consider dynamic environment.
However, the authors dealt with the Resource Constrained
Project Scheduling (RCPS) problem with three conflicting
objectives: cost, makespan and risk. In finance, several authors
employed stochastic programming [3], [4]. Hochreiter [5] and
Tometzki and Engel [6] dealt with multi-objective problems
involving risk. Several authors dealt with the problem of
dynamic environment involving risk but not on the RCPS
problem; e.g. [7], [8] to name a few. In particular, Ouarda
and Labadie [9] employed Lagrangian function for a dynamic
multi-reservoir system. Lambrechts, et. al, [1] enumerated
strategies on proactive and reactive approaches to the RCPS
problems. RCPS with multiple-objectives but without consid-
ering risk nor dynamic environments are found in [10], [11]
and in [12] which dealt with three objectives – makespan, cost,
and tardiness. However, direct application of memory-based
Evolutionary Algorithm (EA), to the best of our knowledge,
is absent in these areas.

This paper applies our previous approach, Mapping of Task-
ID for Centroid-Based Adaptation with Random Immigrants
(McBAR) in a proactive and reactive manner to the RCPS
problem. In this application, a risk-anticipative baseline sched-
ule is first made and then revised when changes occur, with
each revision still anticipating risk for the remaining unim-
plemented components while preserving on-going or finished
components of the schedule from previous change. In this
way, the search for new optimal schedule is still geared
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towards lower risk despite environmental changes. McBAR is
a memory-based EA which was proven in our previous works
[13], [14] to be versatile in dynamic environment, especially
when task number varies in time.

The main contribution of this paper is the analysis, under
the effects of environmental dynamics in the RCPS problem,
on the variation of risk computed via McBAR with respect
to changes in task duration, task number, and resource avail-
ability. We also analyze variation of parameters related to
optimization such as solution convergence and hypervolume.
Further, we compare the performance of McBAR to another
technique in EA.

The paper is organised as follows. A brief review on
schedule adaptation in dynamic environment is discussed in
Section II, followed by discussion on risk in Section III. This
is followed by a brief description of multi-objective problems
in Section IV and then by the description of the McBAR
approach in Sections V and VI. Next, the mathematical model
for the convergence of hypervolume with respect to number of
generations in Evolutionary Algorithm is presented in Section
VII. The experimental set-up is described in Section VIII and
the experimantal results are discussed in Section IX. Finally,
the conclusion and future works are discussed in Section X.

II. ADAPTATION IN DYNAMIC ENVIRONMENT

As stated in the Introduction, execution of plans can en-
counter various disruption and there might be a need to
revise these plans. This scenario belongs to a class of so-
called Dynamic Optimization Problems (DOPs) [15], [16].
Approaches to DOPs could be categorize as follows:

1) Reactive: Methods in this category employ a solution
found through some optimization and is used as baseline.
This baseline is then revised to become optimally suit-
able to the new state of the environment whenever the
latter changes. The revision does not consider future un-
certainties. Further, revision of the solution components
which are in-progress might be extremely expensive and
hence must be preserved.

2) Proactive: In this category, methods anticipate future
uncertainties. This anticipation could be based on some
probabilistic distribution, or some other information, to
search the optimal solution which, are robust under
environmental changes [17], [18], [19]. The anticipation
could be by adding slack time, resource slack, and cu-
mulative instability weight [1]. Methods in this category
may involve sensitivity analysis, such as Monte-Carlo
simulation.

3) No-baseline: Unlike reactive methods, in this category
baselines are not employed. Rather, every time environ-
ment changes, a new optimization search is perform to
find a new adaptive solution.

Cumulative Instability Weight (CIW) described in [1] cre-
ates a schedule by arranging its components according to the
decreasing order CIW. Instead of CIW parameter this paper
employs probability of risk failure defined in Equation 1.

RCPS is a popular test environment in the study of dynamic
environments [20]. Schedule in this context is composed of
tasks obeying some precedence as illustrated in Figure 1.
Further, active tasks are constrained not to exceed resource
limit. To be compatible with RCPS, we modify MOEA’s
genetic operators as described in [13]. Problem formulation
for this test environment is described in [21] added with
probability of risk in defying resource constraint defined in
Equation 1.
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Fig. 1. Task Precedence: All new tasks present

III. MEASURE OF RISK

In the literature, risk is measured in various ways: In a
financial application, risk is measured as a monetary value
lost after a given time bound [7]. In a fleet scheduling appli-
cation, risk is the probability that a fleet would be unable to
accommodate load or passengers [22]. An axiomatic approach
was presented in [23] to define risk measure. In an RCPS
application, risk was measured in [2] as the probability that a
given plan will violate resource constraint when task durations
are varied given that task starting times are fixed.

The last definition of risk measure is adapted in this paper
which we now introduced. Let a plan be denoted as 𝑃𝑖.
The probability 𝑃𝑓𝑖 of a plan to violate resource constraint
due to task duration variation is calculated by Monte Carlo
simulation:

𝑃𝑓𝑖 =
1

𝑇

𝑇∑
𝑗=1

𝑥𝑖
𝑗 (1)



where 𝑗 is the simulation index whereby in this simulation
tasks durations are varied randomly that is statistically inde-
pendent across all tasks and all simulations; 𝑇 is the number
of simulations; and 𝑥𝑖

𝑗 represents whether the plan violates
resource constraints or not and is determined as follows:

𝑥𝑖
𝑗 =

{
1 if 𝑃𝑖 violates the constraints
0 otherwise

(2)

IV. MULTI-OBJECTIVE OPTIMIZATION (MOO)

Another aspect to be taken into account in creating a plan is
a possible presence of conflicting objectives, where it is nec-
essary to weight one objective against the other: If a company
desires to reduce production time it is likely to spend more.
However, if it will reduce production cost, manufacturing time
will be longer. Therefore, the two objectives cannot be reduced
as low as desired at the same time.

Our previous works [13], [14] dealt with this issue by
employing Multi-Objective Optimization using Evolution-
ary Algorithm (MOEA) which produces a set of solu-
tions/plans/schedule, called Non-Dominated Set (NDS) [24],
with comparable quality. A popular MOEA method is Non-
dominated Sorting Genetic Algorithm II (NSGA2) [25]. No
element of NDS excel in all objectives over other elements
in the set. It is from this NDS that decision-makers may
pick one to implement in the field. Elements of NDS lie in
the hypersurface called Pareto Optimal Front (POF). For two
solutions −→𝑥 1 and −→𝑥 2, we denote −→𝑥 1 ⪯ −→𝑥 2 if −→𝑥 1 dominates−→𝑥 2.

It is essential to compare the performances of different
methods. One way to make this comparison is through the
Set Coverage. Given two sets 𝐴 and 𝐵 (each produced by
the two methods to be compared), Set Coverage is found by
counting the number of solutions in 𝐵 that are dominated by
solutions in 𝐴:

𝑆𝐶(𝐴,𝐵) =
∣𝑏 ∈ 𝐵∣ ∃ 𝑎 ∈ 𝐴 : 𝑎 ⪯ 𝑏

∣𝐵∣ (3)

Note that 𝑆𝐶(𝐴,𝐵) is not necessarily equal to 𝑆𝐶(𝐵,𝐴).
In the foregoing, it will be assumed that ∣𝐴∣ = ∣𝐵∣. If
𝑆𝐶(𝐴,𝐵) > 𝑆𝐶(𝐵,𝐴) then there are more solutions in 𝐴
that dominates those of 𝐵 than the converse. For the former
case, we say that the method producing 𝐴 performs better or
superior than that of 𝐵.

V. CENTROID-BASED ADAPTATION WITH RANDOM

IMMIGRANTS (CBAR)

Our previous works [13], [14], every time an environmental
change occurs, MOEA is reapplied to find new set of NDS,
𝑆𝑛𝑒𝑤, optimally suitable for the new state of the environment.
It is possible that 𝑆𝑛𝑒𝑤 is strongly related to the set of NDS,
𝑆𝑝𝑎𝑠𝑡, corresponding to some past changes, such that it should
be worthwhile to use the attribute of 𝑆𝑝𝑎𝑠𝑡 as input information
to MOEA to speed-up the search of 𝑆𝑛𝑒𝑤. In our previous
work [13], the attribute employed was the centroid of NDS

calculated for each 𝑆𝑝𝑎𝑠𝑡. It shows the overall tendency of
its corresponding 𝑆𝑝𝑎𝑠𝑡 towards 𝑆𝑛𝑒𝑤. This centroid, together
with randomly generated plans, forms part of input infor-
mation to MOEA to compute for 𝑆𝑛𝑒𝑤. This technique is
called Centroid-Based Adaptation with Random Immigrants
(CBAR). The said work showed CBAR’s significant improve-
ment over some techniques in finding better solutions under
the effects of environmental dynamics.

Let a plan/schedule/solution be represented by a string of
components which represent tasks in RCPS. In Evolutionary
Algorithm terminology, this string represents chromosome
and components represent genes; the chromosome is called
individual and its set is called population. A preliminary
centroid 𝐶𝑝(𝑡) will be defined prior to that of the actual
centroid. This is a chromosome whose 𝑖𝑡ℎ gene is the mean
[13],

𝐶𝑝
𝑖 (𝑡) = 𝑟𝑛𝑑

⎛
⎝ 1

𝑁𝑑

∑
𝑥𝑗(𝑡)∈𝑃𝑛𝑑(𝑡)

𝑥𝑗
𝑖 (𝑡)

⎞
⎠ (4)

where 𝑖 = 1, . . . , 𝑁𝑔 is the gene index in a chromosome with
𝑁𝑔 number of genes; 𝑥𝑗(𝑡) is an individual in a population
𝑃 (𝑡) produced by MOEA associated to the 𝑡𝑡ℎ order of
environmental change; 𝑗 is the individual index; 𝑥𝑗

𝑖 (𝑡) is
the gene’s attribute at (𝑖, 𝑗); 𝑃𝑛𝑑(𝑡) is the set NDS in 𝑃 (𝑡)
(meaning, 𝑃𝑛𝑑(𝑡) ⊆ 𝑃 (𝑡)); 𝑁𝑑 = ∣𝑃𝑛𝑑(𝑡)∣ > 1; and 𝑟𝑛𝑑() as
the rounding operation of real-value to integer.

The preliminary centroid, in the context of RCPS, may not
be necessarily task-precedence-feasible. Its infeasible genes
are repaired as described in [13] employing a function
ℛ (𝐶𝑝

𝑖 (𝑡)) that transforms an infeasible gene 𝐶𝑝
𝑖 (𝑡) to a

feasible one. The preliminary centroid will be repaired to
become 𝐶(𝑡) through,

𝐶𝑖(𝑡) =

⎧⎨
⎩

𝐶𝑝
𝑖 (𝑡) 𝐶𝑝

𝑖 (𝑡) is precedence feasible

ℛ (𝐶𝑝
𝑖 (𝑡)) otherwise

(5)

where 𝐶𝑖(𝑡) is the 𝑖𝑡ℎ gene of the repaired centroid.
As cited in the previous section, MOEA requires an initial

population 𝑃0(𝑡) which our previous works employed, for the
𝑡𝑡ℎ environmental change,

𝑃0(𝑡) ≡ 𝐶𝑛𝑒𝑤 ∪𝑅𝑛𝑑 (6)

where 𝐶𝑛𝑒𝑤 = ∪𝑡−1
𝑘=𝑡𝑜

𝐶(𝑘), 𝑡𝑜 = max{𝑡 − 𝑁𝑐, 1}, 𝑁𝑐 is
the maximum number of centroids, and 𝑅𝑛𝑑 is the set of
𝑁 − ∣𝐶𝑛𝑒𝑤∣ solutions randomly generated, i.e., the random
immigrants. This approach is called, Centroid-Based Adapta-
tion with Random Immigrants (CBAR).

VI. MAPPING TASK ID FOR CENTROID-BASED

ADAPTATION WITH RANDOM IMMIGRANTS (MCBAR)

Our previous work [13], dealt on changes in task duration,
task precedence, and availability of resources in RCPS prob-
lems. In our preliminary investigation [14], we extended the
types of changes to include the increase in the number of tasks,



i.e., change in problem dimension. CBA is unsuitable for this
type of change. We now discuss the remedy to this problem.
Before proceeding, lets take the notation 𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡) to
denote populations produced by MOEA from change order
𝑡𝑜 to 𝑡 − 1 where 𝑡𝑜 is defined in relation to Equation 6
constraining the number of centroids to at most 𝑁𝑐.

When for the first time new tasks (circular objects in Figure
1) are introduced to our RCPS system at change order 𝑡, the
previous populations of MOEA solutions 𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡)
become inappropriate since these solutions have lesser number
of genes/tasks than what the new state of the system requires.
We resolve this problem by inserting the new genes, corre-
sponding to new tasks, to their immediate predecessors for all
chromosomes in 𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡), as demonstrated in Figure 2
where tasks 31 to 40 are the new tasks. This gene insertion
is only performed when there is an increase in task number.
Further, the order of precedence for new tasks are preserved
as demonstrated in Figure 2 where tasks 39 is preceded by
task 38 in accord with Figure 1(b).

Fig. 2. Sample gene insertion

Considering that increases in number of tasks cannot be
anticipated in practice, it is convenient to label genotype’s task
IDs from one to current number of tasks. With this setup,
when task number increases, newly inserted tasks must have
task IDs greater than the maximum ID of tasks in the previous
environmental changes. As exemplified in Figure 2, this causes
a large discontinuity of task ID values along the chromosome,
which degrades CBA’s performance as proven in [14].

Let the order of precedence of a task be defined as the
maximum number of arcs that connects it to the start of the
task precedence graph. For example, task 16 in Figure 1 (a)
has 5 maximum number of arcs that connects it to the start
of the precedence graph thereby making it to be of 5𝑡ℎ order
of precedence. Now, the insertion side-effects was resolved
in [14] by mapping IDs such that resulting IDs belonging to
similar task order of precedence are as near as possible to
each other. To illustrate, in Figure 1 (b), tasks at second order
of precedence such as 5, 10, 14, 6, 7, and 12 where mapped
to itself while tasks 31, 32, and 33 were mapped to 8, 9,
and 11 respectively. Let the function ℐ (𝑑), where 𝑑 is the
original ID, represents this mapping operation. This function,
as demonstrated in [14], resolves the insertion side-effect to
the extent that it almost nullified the effect of increase in task
number.

After the task insertion, the mapping function ℐ (𝑑) is
applied to all elements in 𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡) then for each
𝑘, 𝑡𝑜 ≤ 𝑘 < 𝑡, the preliminary centroid of this modified 𝑃 (𝑘)
is computed using Equation 4. Once again, this centroid could
be infeasible. Now, for a centroid to represent its associated

population as close as possible after being made feasible, it
must be perturbed minimally. With this purpose, the function
ℛ in Equation 5 was modified to inflect minimal perturbation
to the preliminary centroid as follows: Consider an already-
made feasible section of the centroid comprised with genes
having index 1 ≤ 𝑘 < 𝑖 where 𝐺𝑖 is the current gene under
consideration. Now if 𝐺𝑖 will make the section 1 ≤ 𝑘 ≤ 𝑖
feasible then its ID 𝐼𝐷𝑖 will not be replaced. Otherwise, it
will be replaced by another gene not found in the feasible
section which can make this section feasible and whose ID is
nearest to 𝐼𝐷𝑖. For example, suppose the first two genes of the
centroid are made feasible already and that gene 𝐺3, with ID
of 3, does not make the first to third genes feasible. Further,
suppose there are unassigned genes whose IDs are 1, 4, and
7 which are feasibly suitable replacements for 𝐺3. Then gene
of ID number 4 (closest to ID number 3) will replace 𝐺3.
Let the function ℳ (𝐺𝑖), called Minimal Repairer, represents
this minimal perturbation that transforms infeasibility-causing
gene to a feasibly suitable one. ℳ (𝐺𝑖) will replace ℛ (𝐺𝑝

𝑖 (𝑡))
in Equation 5 appropriately to formally define the minimal
repair of the preliminary centroid.

A resource in our system carries ID of task utilizing it,
such that the mapping operation is not only applied to gene’s
task ID but also to resource’s task ID for the entire system
to be in a mapped mode. Under this mode, MOEA computes
the optimal solution for the 𝑡𝑡ℎ change producing population
𝑃 (𝑡).

If the first increase in task number occurs at change order
𝑡 and if there is no increase in task number at order 𝑡 + 1,
the only steps involve are (1) the computation and (2) repair
of centroid, and (3) feeding them to MOEA to compute for
the optimal solution 𝑃 (𝑡 + 1). The mapping of elements in
𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡 + 1) is not applied. If the second increase in
task number occurs at 𝑡+ 𝑛𝑥, the sequence of steps (1) – (3)
are repeated up to 𝑡 + 𝑛𝑥 − 1. At change order 𝑡 + 𝑛𝑥, each
𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡+ 𝑛𝑥) have all of its elements’ gene ID inverse
mapped ℐ−1 and also the resource’s task ID, i.e., the system
will be restored to unmapped mode. Then the new tasks are
inserted followed by a different mapping ℐ – appropriate for
the current state of the system – on gene ID of elements of
𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡 + 𝑛𝑥). Again centroid of 𝑃 (𝑡𝑜 ≤ 𝑘 < 𝑡 + 𝑛𝑥)
is computed then repaired. Resource’s task IDs are similarly
mapped to restore the entire system back to mapped mode on
which MOEA computes optimal solution 𝑃 (𝑡 + 𝑛𝑥). These
schemes are applied appropriately to all succeeding changes.
In this way, MOEA always sees a mapped system starting at
the moment of first increase in task number. This approach is
a vital partner of the mapping operation ℳ, since it facilitates
the computation of optimal solutions – as environment changes
by – to proceed as though task insertion has no effect.

Copy of the computed schedules/plans under mapped mode
will be inverse-mapped when presented to decision-makers or
when other parameters (such as set coverage or hypervolume)
are needed to be extracted from them.

The Minimal Repairer ℳ replacing ℛ in Equation 5; the
mapping operation ℐ; the insertion of new genes to all chro-



mosomes; and the maintenance of system at mapped mode for
MOEA; and the utilization of random immigrants in Equation
6 is called, Mapping Task IDs for Centroid-Based Adaptation
with Random Immigrants (McBAR). All these innovations to
CBA were demonstrated in [14] to enhance the search for
optimal solution better than CBA; hence justifying them.

As in the case of CBA, McBA will not be employed to find
the initial population that will be feed to MOEA to compute for
baseline solution. Further, prior to an increase in task number,
McBA is practically equivalent to CBA except for ℳ.

VII. CONVERGENCE MODEL

In the domain of Multi-Objective Optimization, it is of
interest to find the hypervolume of NDS [26] which is re-
lated to the measure of optimality of NDS. Computation of
hypervolume is based on minimization of objectives such that
higher hypervolume values implies lesser objective values.

MOEA begins with an initial population whose individuals
are located in some hypersurface with some hypervolume. As
MOEA evolves this population, the evolved individuals could
be at different points in the new hypersurface resulting to the
population’s hypervolume changing with respect to number
evolution generation 𝑡. It would be of importance to find how
fast hypervolume converge to a certain asymptotic value. To
achieve this, we model hypervolume data by,

𝑦 (𝑡) = 𝐷𝐶 − 𝑒𝑃 (𝑡)

𝑡+ 1
(7)

where 𝐷𝐶 is a constant and is derived from the asymp-
totic horizontal line of the data on hypervolume; 𝑃 (𝑡) =∑𝑁

𝑛=0 𝑐𝑛𝑡
𝑛 is a polynomial whose coefficients are 𝑐𝑛 and 𝑁

chosen to avoid under and over fitting. The polynomial 𝑃 (𝑡)
makes 𝑦 (𝑡) fits best given data of hypervolumes 𝑑 (𝑡) in the
least square sense, i.e.,

min
𝑐𝑛
∥𝑙𝑛 ∣(𝐷𝐶 − 𝑑 (𝑡)) (𝑡+ 1)∣ − 𝑃 (𝑡)∥2 (8)

The convergence rate is defined as the number of generations
at which hypervolume is very close to its asymptotic value:

𝜏 = 𝑦−1 (𝐷𝐶 − 𝑒𝑐0 [1− 𝜉]) (9)

where 𝜉 is a chosen value.

VIII. EXPERIMENTS

Experiments were performed for RCPS problem type to
show the behavior of McBAR, under proactive-reactive ap-
proach, with respect to environmental changes. As discussed
in Section II, in revising schedules, on-going and finished tasks
must be preserved to avoid high cost. Thus, McBAR is use
to find an optimal revise schedule for the tasks which are
not executed as yet only. However, this search is still based
on cost, makespan, and probability of failure such that risk
anticipation is still applied every time environment changes.

Types of environmental changes in these experiments are
listed in Table I. The first column is for labels of change
type, the second is for parameters that changes simultaneously.
These types of changes are chained to form various sequences

of changes, labeled by 𝑆𝑖 in Table II. For example, sequence
𝑆3 begins and is followed by a change in task duration (zero
in Table I), then by simultaneous changes in task duration,
task number, and resource availability (6 in Table I). The
last column in Table II is the time at which changes occur.
Within the sequence 𝑆𝑖 is a set of task number increases.
For example, 𝑆1 has change types 2, 6, 5, 3 occurring at
change orders 4, 6, 10, and 11 respectively where all of these
change types involve task number changes based on Table I.
The series of task number increases forms a sequence, labeled
by 𝑇𝑘 in Table III. For example, on 𝑆1, task number increases
sequence (TNIS) could be 3, 2, 2, and 3 at change orders
4, 6, 10, and 11, respectively. Various TNIS employed in the
experiments are shown in Table III. There are 15 experiments
types performed whose attributes are shown in Table IV. In
particular, experiment labeled 7 is of sequence type 𝑆1 and
with TNIS 𝑇5. Note that experiments at similar row has similar
TNIS. Lastly, the experiment and change order pair (𝑋#, 𝐶#)
will be called case.

TABLE I
TYPES OF ENVIRONMENTAL CHANGES

Type Parameter
0 task duration
1 resource availability
2 task number

3
task duration
task number

4
task duration
resource availability

5
task number
resource availability

6
task duration
task number
resource availability

TABLE II
SEQUENCES OF CHANGES OF VARIOUS TYPES

��������Order
Label

𝑆1 𝑆2 𝑆3 Time

1 0 0 0 4
2 0 0 0 6
3 0 2 6 8
4 2 1 0 12
5 0 0 4 13
6 6 3 0 16
7 1 0 0 19
8 4 4 5 23
9 0 6 1 26

10 5 5 2 30
11 3 0 0 33
12 0 0 3 37

A. Parameter Settings

Each experiment in Table IV has 30 starting tasks having
precedence relationship given in Figure 1 when circled tasks
removed. Being obliged to adapt to new situation during the
execution of an RCPS plan, a total of 10 more tasks were



TABLE III
TYPES OF TASK NUMBER INCREASE SEQUENCE (TNIS)

��������Order
Label

𝑇3 𝑇4 𝑇5 𝑇6 𝑇7

1 3 4 5 6 7
2 2 4 3 2 1
3 2 1 1 1 1
4 3 1 1 1 1

TABLE IV
TYPES OF EXPERIMENTS

𝑆1 𝑆2 𝑆3 TNIS
1 2 3 𝑇3

4 5 6 𝑇4

7 8 9 𝑇5

10 11 12 𝑇6

13 14 15 𝑇7

added, enclosed by circle. RCPS is applied to military mission
planning and with this, the types of resources 𝑅𝑖 are:

∙ Light Mortar Batteries (𝑅1) 16
∙ Infantry Companies (𝑅2) 17
∙ C130s (𝑅3) 5
∙ Apache helicopters (𝑅4) 16

The associated number to 𝑅𝑖 is the limit on the total number
of in-use resources.

During task duration change, task duration 𝑑𝑖 is randomly
varied following normal distribution 𝑁𝑚 according to,

𝑑𝑖 ←− 𝑁𝑚(𝑑𝑖 + 𝛿, 𝛿) (10)

with 𝛿 = 3.0.
Our MOEA employs a population size of 40, mutation rate

of .15, and crossover rate of .9, and terminates evolution
after 2000 generations. To eliminate the stochastic property in
MOEA, we repeated each experiment 30 times with different
random seed. To compute for the probability of risk, our Monte
Carlo simulation has 1000 simulations with task duration
varied according to normal distribution having a standard
deviation of 1.0. Note that variation of task duration for Monte
Carlo simulation adds to that of task duration change by
the environment. Further, when task duration is varied in the
simulation the task starting times are fixed. Finally, we choose
𝜉 = .95 in Equation 9.

IX. RESULTS AND DISCUSSIONS

Relationship of resource cost and makespan found through
McBAR, under dynamic environment, was thoroughly dis-
cussed in our previous works [13], [14]. Probability of plan
failure in relation to these two objectives will be discuss in
this section with respect to environmental dynamics, types of
environmental changes, and diversity of solutions to RCPS
problem. Further, McBAR will be compared to an EA tech-
nique called Random Immigrant (RI).

A. Dynamics of Instances

As indicated in Section VIII, experiments are repeated
for 30 times with each run having different random seed.

Results from these runs at similar case (experiment-change
order pair) were combined and plotted, called Risk Probability
Distribution (RPD). Selected RPD are shown in Figure 3
with vertical axis as the resource cost, horizontal axis as the
makespan, and grey-scale (yellow to blue scale in colored
print) as the probability of plan failure; will be called risk value
from here onwards. Risk values on identical cost-makespan
point were averaged then interpolated using TriScatteredInterp
command of Matlab. Subfigure labels correspond to case, e.g.,
Figure 3(1,5) is for results on various runs at case (1,5). This
case does not have high risk – risk greater than .6; Figure
3(6,4) has high risk along the left boundary; and Figure 3(5,12)
has high risk on the bottom boundary. RPD of distribution
profile similar to Figures 3 (1,5), (6,4), and (5,12) are called,
mild, left, and bottom, respectively. Not shown due to space
limitation, some cases have RPD of high risk either in the
middle, lower left, scattered or arcing.

TABLE V
RISK DYNAMICS ON VARIOUS SEQUENCES

Order DRPD 𝑆1 DRPD 𝑆2 DRPD 𝑆3

1 mild 0 mild 0 mild 0
2 mild 0 mild 0 mild 0
3 mild 0 left 2 left 6
4 mild 2 left 1 various 0
5 various 0 mild 0 left 4
6 left 6 left 3 left 0
7 various 1 mild 0 various 0
8 mild 4 various 4 mild 5
9 mild 0 mild 6 various 1
10 left 5 left 5 various 2
11 left 3 left 0 left 0
12 left 0 left 0 left 3

When a makespan in RCPS is shorter, likely, more number
of tasks were performed simultaneously at some time intervals
and hence more resources are utilized simultaneously as
well. Now if task durations are varied during Monte Carlo
simulation – with task start times fixed – intuitively, there will
be increase in number of resources consume simultaneously
and hence more likelihood of defying resource constraint and
therefore high probability of plan failure. This could explain
the left type RPD in Figure 3(6,4). The logic being: the shorter
makespan is or the less resources are invested the higher is the
risk of failure in executing a plan. Figure 3(5,12) demonstrates
high risk at lesser resource costs.

It was observed from the experimental results that cases
(4,4), (7,4), (10,4) and (13,4) are all of mild type. These cases
are for experiments 4, 7, 10 and 13, respectively, which all
belong to sequence type 𝑆1 and whose TNIS are 𝑇4, 𝑇7, 𝑇10,
and 𝑇13, respectively, based on Table IV. In general, RPD
was observed not to be influenced by TNIS type; a result
that could be attributed to the efficiency of McBAR where
change in number of task is almost nullified, as supported in
[14]. For this reason DRPDs in Table V were arranged with
respect to sequence type and change order only. The column
labeled 𝑆𝑖 is for sequence type whose entries are change types
corresponding to the change order at the first column. Let
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Fig. 3. Risk probability for selected cases (experiment, order)

sequence-change order pair be called instance. Note that some
cases of similar sequence type does not have dominant RPD
types. The entry for this in the table is “various”, such as
instance (8,4).

In Table V, transitions from change type zero (change in
task duration) to type zero – such as instances (2,11) to (2,12),
(1,2) to (1,3), etc. – did not change DRPD in general. This
could imply that successive random changes in task duration
is not compounding. Also, DRPD did not change in the
transition between change types 2 and 1. Type 6 in Table I
is a simultaneous changes in task duration, task number, and
resources. Transitions between Types 6 and 0 in Table V –
such as instances (1,5) to (1,6), (3,2) to (3,3), etc. – always
result to DRPD of left RPD type which could be due to the
simultaneity in Type 6 change. Same could be said in transition
between Types 3 and 0.

Seemingly random changes in DRPD on other transitions
could be explained by the non-linearities of the system.

B. Types Of Changes

Relationship of the three objectives will be illustrated in this
section with respect to change type. As above, results relating
the three objectives from all runs are combined with risk values
at similar cost-makespan location averaged then the resulting
set of risk values interpolated. Let the resulting plot of the three
objectives be called RPD per Change (RPDC). Not shown,
RPDC for change type zero shows high risk values in region
of lesser to average makespan. The high risk values at lesser
makespan conforms with the stated logic above while those
at average makespan could be attributed to various transitions
between change type zero and other change types. As cited
above, change in task number is almost nullified by McBAR.
Consequently, change type 3 – simultaneous change in task
duration and task number – could effectively be type zero
(change in task duration only); as supported by the observation
that type 3 RPDC is strongly related to that of type zero. RPDC
for change type 4 – a simultaneous change in resources and
task duration – shows higher risk values at lesser makespan,
which conforms with the logic above, but at larger range and
higher values of resource cost, which could be attributed to
transitions between this type and other change types.

RPDC for other change types have sparse region of high
risks which could be attributed to system’s non-linearity.

C. Hypervolume Dynamics

The dynamics of hypervolume with respect to evolution
generation looks like those of Figure 4 where it starts at lower
values and levels off starting at 1000 generations. The DC level
in Equation 7 is the asymptote of this dynamics. For similar
reason associated with Table V, DC values in Table VI are the
averages over runs and over cases of similar TNIS. Further,
Table VI has similar structure to that of Table V except for
DRPD replaced by DC levels.

The DC level between the change type transitions zero
and 2 – such as instances (1,3) to (1,4), (1,4) to (1,5), etc.
– are approximately equal which could be attribute to the



TABLE VI
HYPERVOLUME DC LEVELS ON ALL SEQUENCES TYPES

Order DC Level 𝑆1 DC Level 𝑆2 DC Level 𝑆3

1 911,629 0 919,095 0 905,213 0
2 941,764 0 935,753 0 945,411 0
3 941,058 0 932,088 0 916,516 6
4 939,240 2 918,146 2 895,056 0
5 943,035 0 900,549 0 911,868 4
6 896,815 6 901,722 6 907,495 0
7 931,317 1 910,256 1 926,900 0
8 898,375 4 930,372 4 899,591 5
9 900,074 0 902,876 0 909,605 1
10 915,373 5 912,832 5 911,497 2
11 914,559 3 907,152 3 913,815 0
12 911,280 0 911,127 0 911,081 3

effectiveness of McBA where change type 2 is effectively
type zero. The change type transition from zero to 6 – such
as in (1,5) to (1,6), (3,2) to (3,3), etc. – is an increase in
complexity considering that type 6 has changes in both task
duration and resources while type zero only have task duration
change. This increase in complexity could degrade McBAR’s
performance in its search of optimal solution, as supported in
our previous work [21], and hence lower objective values can
hardly be reached resulting to lower DC levels. The converse
happens to the transition from change type 6 to zero, 5 to
one, and 6 to one where there is a decrease in complexity.
The transitions from change type 5 to 3, zero to 3, 3 to zero,
and one to 2, by the efficiency of McBAR, are effectively
transitions from change type one to zero, zero to zero, zero
to zero, and one to zero, respectively. Thus, no significant
change in problem complexity and by the previous reasoning
will result to approximately equal DC level as reflected in the
table.

All unaccounted transitions cannot be generalized and could
be due to system nonlinearities.

D. Diversity on Types of Changes

The hypervolumes computed for a given change type were
averaged. Selected results are plotted in Figure 4 where the
noisy graph is the actual data and the smooth graph as the fitted
data derived through Equation 7. The “*” in the figure is the
point whose generation component is the convergence rate 𝜏
in Equation 9. For change types zero to 6 the convergence
rates are 146, 279, 135, 143, 105, 555 and 163 respectively.
As supported in [21], complex changes degrades McBAR’s
performance which will cause it to take more generations
to find optimal values than for simpler types of changes. It
is then expected that complex change types require larger
converge rate. The enumerated convergence rates increases
from change type zero to one, and from four to five which
could be explain by the increase in complexity. As previously
mentioned, McBAR’s efficiency almost nullify the effect of
change in task number, which could explain the difference
in convergence rate from type one to two where type two is
effectively no change at all. Same reasoning applies to explain
the difference between type two – effectively no change – and
type 3 – change in duration effectively.

Unexpectedly, convergence rate for change type 4 is lesser
than that of type zero; a change of lesser complexity. Same
could be said between change type 6 and 2, and 6 and 5. These
results could be due to system non-linearities.

E. McBAR compared to RI

To manifest further the versatility of McBAR in dealing
with problems dealt in this paper, we compare this with
another technique called Random Immigrant (RI). This latter
technique produces a set of chromosomes randomly guided
only by Serial Schedule Generation Scheme (SSGS) [27]
for the chromosomes to be task-precedence feasible. By this
randomness, comparing RI with McBAR could emphasize
well the relevance of McBAR’s methodology.

We perform all experiments mentioned above but this time
employing RI instead of McBAR and compare the output of
these two techniques using set coverage, defined in Section IV.
Results of this comparison showed the superiority of McBAR
over RI in almost all cases. However, there are very rare
cases at which RI is superior over McBAR. Table VII shows
the cases at which RI set coverage is greater than .1, i.e.,
𝑆𝐶 (𝑅𝐼,𝑀𝑐𝐵𝐴𝑅)−𝑆𝐶 (𝑀𝑐𝐵𝐴𝑅,𝑅𝐼) > .1. Most of these
cases has change types either zero (task duration change)
or 4 (simultaneous change in task duration and resource
availability), cases at which there are no changes in task
number where McBAR could be expected not to perform best
considering that it is design foremost to combat change in
task number. Cases (1,10) and (3,8) has change type 5 which
is a simultaneous change in task duration and number. This
could be explain by the result of our previous work [21] that
showed the strong influence of simultaneity of change on the
degradation of McBAR’s performance.

TABLE VII
SELECTED SET COVERAGE

Experiment Order Technique RI McBAR

1

8
RI N/A 0.53 ± 0.06
McBAR 0.19 ± 0.04 N/A

9
RI N/A 0.54 ± 0.05
McBAR 0.14 ± 0.04 N/A

10
RI N/A 0.46 ± 0.05
McBAR 0.17 ± 0.04 N/A

3

8
RI N/A 0.39 ± 0.07
McBAR 0.24 ± 0.05 N/A

10
RI N/A 0.38 ± 0.05
McBAR 0.22 ± 0.04 N/A

11
RI N/A 0.41 ± 0.06
McBAR 0.13 ± 0.03 N/A

8 8
RI N/A 0.35 ± 0.05
McBAR 0.23 ± 0.05 N/A

15
5

RI N/A 0.49 ± 0.07
McBAR 0.27 ± 0.05 N/A

6
RI N/A 0.43 ± 0.06
McBAR 0.24 ± 0.05 N/A

26 8
RI N/A 0.50 ± 0.07
McBAR 0.19 ± 0.05 N/A

27

5
RI N/A 0.58 ± 0.06
McBAR 0.21 ± 0.05 N/A

6
RI N/A 0.49 ± 0.06
McBAR 0.22 ± 0.05 N/A

7
RI N/A 0.52 ± 0.06
McBAR 0.19 ± 0.05 N/A
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Fig. 4. Hypervolume as a function of generation

X. CONCLUSION AND FUTURE WORKS

Our previous works showed the efficiency of a memory-
based approach called, Mapping of Task IDs for Centroid-
Based Adaptation with Random Immigrants (McBAR), in
searching for optimal solution on dynamic problem. This
paper applies McBAR to dynamic Resource-Constraint Project
Scheduling (RCPS) reactively and proactively having resource
cost, makespan, and risk of failing to implement schedule
as objectives under an environment that could change task
duration, resource availability, and number of tasks. It is our
goal to show how McBAR’s efficiency behaves when there are
three conflicting objectives under dynamic environment and to
perform risk analysis on dynamic RCPS. Our experimental re-
sults showed that McBAR maintained its efficiency despite the
increase of objective number. Further, they showed risk to be
higher when there are lower schedule makespan and/or lower
resources invested to a schedule/plan. Our other goal was to
analyze optimization-related parameters such as hypervolume.
Results showed that, in general, hypervolume converges to
lower/higher values when environment changes to more/less
complex types of changes, with few unexpected results. Lastly,
McBAR performs superbly compared to another Evolutionary
Computation approach called, Random Immigrants.

We plan to investigate in the future the role of Evolutionary
Algorithm parameters, such as crossover and mutation rate,
on behaviors of McBAR and optimization-related parameters
under problem such as presented in this paper. Further, we plan
to compare those behaviors between problem with or without
risk under dynamic environment.

ACKNOWLEDGEMENTS

This work is supported by Australian Research Council
(ARC) Grant DP0985723 and by grants N 516 384734 and N
519 578038 from the Polish Ministry of Science and Higher
Education (MNiSW). The second author acknowledged the
funding from Vietnam’s National Foundation for Science and
Technology Development (NAFOSTED), Grant No 102.01-
2010.12.

REFERENCES

[1] O. Lambrechts, E. Demeulemeester, and W. Herroelen, “Proactive and
reactive strategies for resource-constrained project scheduling with un-
certain resource availabilities,” Journal of Scheduling, vol. 11, no. 2, pp.
121–136, 2007.

[2] L. Bui, M. Barlow, and H. Abbass, “A multiobjective risk-based frame-
work for mission capability planning,” New Mathematics and Natural
Computation, vol. 5, no. 2, pp. 459 – 485, 2009.

[3] B. Mo, A. Gjelsvik, and A. Grundt, “Integrated risk management of
hydro power scheduling and contract management,” IEEE Transactions
on Power Systems, vol. 16, pp. 216–221, 2001.

[4] M. Bruni, P. Beraldi, F. Guerriero, and E. Pinto, “A heuristic approach
for resource constrained project scheduling with uncertain activity
durations.” Computers & OR, vol. 38, no. 9, pp. 1305–1318, 2011.

[5] R. Hochreiter, “Evolutionary multi-stage financial scenario tree genera-
tion.” in EvoApplications (2), ser. Lecture Notes in Computer Science,
C. D. Chio, A. Brabazon, G. A. D. Caro, M. Ebner, M. Farooq, A. Fink,
J. Grahl, G. Greenfield, P. Machado, M. O’Neill, E. Tarantino, and
N. Urquhart, Eds., vol. 6025. Springer, 2010, pp. 182–191.



[6] T. Tometzki and S. Engell, “Risk management in production planning
under uncertainty by multi-objective hybrid evolutionary algorithms,”
in 20th European Symposium on Computer Aided Process Engineering,
ser. Computer-Aided Chemical Engineering, S. Pierucci and B. Ferraris,
Eds., vol. 28, 2010, pp. 151–156.

[7] B. Roorda, “An algorithm for sequential tail value at risk for path-
independent payoffs in a binomial tree.” Annals OR, vol. 181, no. 1,
pp. 463–483, 2010.

[8] Y. Yang and J. Lee, “Probabilistic modeling and dynamic optimization
for performance improvement and risk management of plant-wide oper-
ation.” Computers & Chemical Engineering, vol. 34, no. 4, pp. 567–579,
2010.

[9] T. Ouarda and J. Labadie, “Chance-constrained optimal control for
multireservoir system optimization and risk analysis,” Stochastic En-
vironmental Research and Risk Assessment, vol. 15, pp. 185–204, 2001.

[10] S. Elloumi and P. Fortemps, “A hybrid rank-based evolutionary al-
gorithm applied to multi-mode resource-constrained project scheduling
problem,” European Journal Of Operational Research, vol. 205, no. 1,
pp. 31–41, August 16 2010.

[11] M. Hapke, A. Jaszkiewicz, and R. Slowinski, “Fuzzy multi-mode
resource-constrained project scheduling with multiple objectives,” in
Recent Advances in Project Scheduling, J. Weglarz, Ed. Kluwer
Academic Publishers, 1998, ch. 16, pp. 355–382.

[12] F. Ballestin and R. Blanco, “Theoretical and practical fundamentals for
multi-objective optimisation in resource-constrained project scheduling
problems,” Computers and Operations Research, vol. 38, no. 1, pp. 51–
62, January 2011.

[13] L. T. Bui, Z. Michalewicz, E. Parkinson, and M. B. Abello, “Adaptation
in Dynamic Environments: A Case Study in Mission Planning,” IEEE
Transactions on Evolutionary Computation, 2011.

[14] M. B. Abello, L. T. Bui, and Z. Michalewicz, “An Adaptive Approach
for Solving Dynamic Scheduling with Time-varying Number of Tasks
– Part I,” in Proceedings of the 2011 IEEE Congress on Evolutionary
Computation, 2011.

[15] Y. Jin and J. Branke, “Evolutionary optimization in uncertain environ-
ments - a survey,” IEEE Trans. on Evolutionary Computation, vol. 9,
no. 3, pp. 303–317, 2005.

[16] J. Branke, Evolutionary optimization in dynamic environments. Mas-
sachusetts USA: Kluwer Academic Publishers, 2002.

[17] S. Van de Vonder, E. Demeulemeester, and W. Herroelen, “Proactive
heuristic procedures for robust project scheduling: an experimental
analysis,” European Journal of Operational Research, vol. 189, no. 3,
pp. 723–733, 2008.

[18] Y. Jin and J. Branke, “Evolutionary optimization in uncertain
environments-a survey,” IEEE Trans. Evolutionary Computation, vol. 9,
no. 3, pp. 303–317, 2005.

[19] Y. Jin and B. Sendhoff, “Trade-off between performance and robustness:
an evolutionary multiobjective approach,” in EMO’03: Proceedings
of the 2nd international conference on Evolutionary multi-criterion
optimization. Berlin, Heidelberg: Springer-Verlag, 2003, pp. 237–251.

[20] D. Ouelhadj and S. Petrovic, “A survey of dynamic scheduling in
manufacturing systems,” J. Scheduling, vol. 12, no. 4, pp. 417–431,
2009.

[21] M. B. Abello, L. T. Bui, and Z. Michalewicz, “An Adaptive Approach
for Solving Dynamic Scheduling with Time-varying Number of Tasks
– Part II,” in Proceedings of the 2011 IEEE Congress on Evolutionary
Computation, 2011.

[22] K. Willick, S. Wesolkowski, and M. Mazurek, “Multiobjective evolution-
ary algorithm with risk minimization applied to a fleet mix problem,” in
IEEE Congress on Evolutionary Computation. IEEE, 2010, pp. 1–7.

[23] P. Artzner, F. Delbaen, J. Eber, and D. Heath, “Coherent measures of
risk,” Mathematical Finance, vol. 9, no. 3, pp. 203–228, 1999.

[24] K. Deb, Multiobjective Optimization using Evolutionary Algorithms.
New York: John Wiley and Son Ltd, 2001.

[25] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist mul-
tiobjective genetic algorithm: NSGA-II,” IEEE Trans. on Evolutionary
Computation, vol. 6, no. 2, pp. 182–197, 2002.

[26] E. Zitzler and L. Thiele, “Multiobjective Evolutionary Algorithms: A
Comparative Case Study and the Strength Pareto Approach,” IEEE
Transactions on Evolutionary Computation, vol. 3, no. 4, pp. 257–271,
1999.

[27] S. Hartmann and R. Kolisch, “Experimental evaluation of state-of-the-
art heuristics for the resource-constrained project scheduling problem,”
European Journal of Operational Research, vol. 127, no. 2, pp. 394–407,
2000.



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

  /CreateJDFFile false
  /Description <<

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

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


