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Abstract—Ambient energy harvesting has become a popular
solution for battery-operated systems with finite energy supply
such as wireless sensor networks. This paper investigates the
problem of multiprocessor real-time scheduling in a system whose
energy reservoir is replenished by an ambient energy source. In
particular, we focus on energy-efficient partitioning for periodic
real-time tasks in a homogeneous multi-core platform where both
timing and energy requirements are considered. We assume that
the optimal scheduler, namely the Earliest Deadline - Harvesting
(ED-H) [1], is used on every core of the architecture. Our
objective is to find a feasible partitioning solution based on the
real-time execution of tasks allocated to the sensor nodes based
on the actual energy harvesting data to guarantee the desirable
absence of both energy starvation situations and deadline viola-
tion. For this sake, we propose an Energy Harvesting-Reasonable
Allocation (EH-RA) algorithm that amounts to the traditional
bin-packing technique by guaranteeing both timing constraints
and energy awareness perspectives. Experimental results show
that our approach can achieve a significant gain in performance
when compared to EDF.

I. INTRODUCTION

Energy management has become a major problem in wire-

less sensor networks [2]. Sensor nodes are often equipped

with small batteries [3]. Furthermore, in many applications

such as submarine, nuclear, medical, the location of these

devices render the activity of replacing batteries infeasible or

very costly. As a consequence, ambient energy is required to

replenish the batteries so as to prolong the lifetime of networks

is a widespread concern. There exist some previous work in

literature on real-time energy harvesting in embedded systems

such as wireless sensors.

The technical challenges to sustain the perpetual operation

of the energy autonomy of the system while still meeting all

time constraints were initially described in [4], [5]. Among

these new challenges of researchers, the energy Harvesting

system consists of a monoprocessor unit with unique voltage

and frequency.

With today’s computational demands and as the miniatur-

ization of integrated circuits reaches its physical limits, multi-

core platforms have emerged as a popular solution for different

types of applications like mobile computing systems. This

is due to the fact that multi-core platforms overcome the

limitations of single-core platforms in terms of processing

capacity. However, certain challenges should be considered.

The first one concerns the scheduling problem under real-

time requirements. Uniprocessor scheduling algorithms cannot

be applied to multiprocessor platform without loss of perfor-

mance. Optimal scheduling is a critical design issue as it must

be guaranteed that a schedule exists that meets all deadlines

of tasks. Energy-efficiency is another central challenge for

real-time systems. How to ensure energy availability so as

to execute the tasks timely on the platform? This question

can reveal very difficult to answer when the cores draw their

energy from different ambient energy sources [6].

In our research, we consider multiprocessor real-time sys-

tems where both time and energy limitations are to be studied.

The objective is to efficiently exploit the effectiveness offered

by real-time tasks scheduling methods to face both timeliness

requirements and energy starvation situations by using the ED-

H scheduler on every single. For that purpose, we propose

new partitioned scheduling algorithms based on traditional bin-

packing technique to allocate tasks with energy limitation to

processors, so as to maximize the percentage of feasible task

sets and reduce the number of used processors. To the best of

our knowledge, this paper is the first one that studied energy

harvesting into partitioning heuristics.

The rest of this paper is organized as follows: The related

works are presented in the subsequent section. Section 3 gives

the model and terminology. The ED-H algorithm is presented

in section 4. In section 5, we propose the Energy Harvesting-

Reasonable Allocation (EH-RA) algorithm. Finally, section 6

concludes the paper.

II. RELATED WORKS

Multiprocessor real-time scheduling has been an active

research topic during the past years [7]. One important ap-

proach for the allocation of tasks in multiprocessor systems

is to transform it into a classical bin-packing problem [8].

However, this approach ignores energy limitations that may

significantly reduce the feasibility of the tasks allocated to

each processor. The energy issue has been considered in some

works with the objective to reduce the energy consumption

by Dynamic Voltage and Frequency Scaling (DVFS) or Dy-

namic Power Management (DPM) techniques [9] . In such

works, the rechargeability of the energy storage unit is always

disregarded.

978-1-5386-9120-5/18/$31.00 ©2018 IEEE



A. Multiprocessor Real-Time Scheduling
We first present the related works for classical real-time

multiprocessor scheduling with timing as the only constraint.

Allocation of tasks to is originally derived based on the bin-

packing technique [10], with the task utilization being the

“size” of the object and the processor utilization bound being

the “capacity” of the bin.
Considering the intractable nature of the problem, several

heuristics were subject of many research papers where com-

mon approaches based on the traditional bin-packing methods

were proposed, including Worst-Fit (WF), Best-Fit (BF), Next-

Fit(NF), and First-Fit (FF) [11].

• First-Fit (FF): The FF allocates a new task to the

processor according to increasing indices and assigns

each task to the lowest index, such that the utilization of

the new task along with the utilization of the tasks already

allocated to that processor, do not exceed the capacity of

the processor. When the current task cannot fit into the

capacity of the processor, then FF allocates the task to

the next processor.

• Next-Fit (NF): The NF algorithm works as follows:

Initially all processors are idle, and we start with first

processor and first task. If first processor has processor

utilization for first task, allocate this task to the current

processor, and consider the next task. NF allocates the

next task to the current processor, only if it fits into

this processor. Otherwise, consider the next processor and

same task. Repeat until all tasks are assigned. Note that

NF does not check if the task can be allocated in previous

processors.

• Best-Fit (BF): BF allocates the task to the feasible

processor with the lowest residual capacity, in which the

task can be allocated. In case there is more than one

processor with the same capacity, then BF will choose

the processor with the smallest index.

• Worst-Fit (WF): Put each task into the lowest capacity

processor among those which are already busy. Only start

a new processor if the task doesn’t fit into processor that’s

already been used. If there are two or more processor

already used, allocate tasks into the processor with the

greatest capacity available, in which they can be feasibly

allocated.

B. Energy Efficient Real-time Scheduling
Energy management in real-time systems is a multi-faceted

optimization problem. A significant number of scheduling

techniques have been recently proposed by research commu-

nity for homogeneous multi-core systems where the static

power consumption is considered as negligible [12], [13], [14].
Energy-efficient issues in energy harvesting real-time em-

bedded systems have been studied in the past years, since Ay-

din et al. in [15] studied the scheduling of the four traditional

bin-packing heuristics for homogeneous multi-core systems

in which periodic independent tasks are considered. For the

aim of reducing the energy consumption, authors proposed

a feasible computation method to partition tasks by using

variable voltage EDF scheduling. They also demonstrated that

when balancing the workload among the processors, like in

the Worst-Fit Decreasing (WFD) techniques, they produce

the most effective scheduling method. Petrucci et al [16]

focused on the problem of allocating a set of independent

tasks on a heterogeneous real-time system. An optimization

approach is then proposed to find the appropriate energy

efficient allocation of tasks having a soft real-time performance

and memory bandwidth constraints in a multiprocessor system.

To the best of our knowledge, this work is one of the first

attempts to incorporate renewable energy to partitioned real-

time multiprocessor systems.

III. MODELS AND TERMINOLOGY

A. Task Model

We consider a set of n independent periodic real-time

tasks Γ = {τ1, τ2, · · · , τn}. A four-tuple (Ci, Di, Ti, Ei) is

associated with each τi. In each request of τi, we require a

worst case execution time of Ci time units and has a worst

case energy consumption (WCEC) of Ei. We consider that

the WCEC is independent from its WCET. Pi is referred

to the period and Di the relative deadline. We follow the

rule that 0 < Ci ≤ Di ≤ Ti for each 1 ≤ i ≤ n. The

processor utilization of task τi, denoted by upi. We denote

Up =
∑n

i=1 upi to be the total processor utilization of the task

set Γ is denoted as . We introduce also the energy utilization

of task τi as uei =
Ei

Ti
. We denote Ue, measured in joules/s,

as the average power consumed by Γ when executing on the

device where Ue =
∑n

i=1 uei.

Tasks are allocated to m identical processors

{P1, P2, · · · , Pm} and are independently executed from

each other. Once a task is assigned to a processor, it cannot

be executed on another processor. The energy source module

at a time t harvests the energy from its ambient environment

and is then converted into electrical energy at power Prj(t)
where Prj(t) is the WCCR (Worst Case Charging Rate).

Prj(t) is defined as the instantaneous charging rate that

incorporates all losses caused by power conversion and

charging process. The harvested energy is then stored in

an energy storage unit whose capacity is Bj supplying the

processor Pj .

B. Energy Model

Each processor Pj is fed by an ideal energy storage unit

(supercapacitor or battery) that has a nominal capacity Bj that

corresponds to the maximum stored energy and is expressed

in Joules. At each time t, the energy available in the energy

reservoir of processor Pj is denoted Ej(t) that cannot exceed

the energy storage unit capacity Bj . This means,

Ej(t) ≤ Bj ∀t (1)

All energy reservoirs are considered to be fully-replenished

at time t = 0. This means,

Ej(0) = Bj ∀ 1 ≤ j ≤ m (2)



The harvested energy Esj(t1, t2) by Prj(t) at time interval

[t1, t2] is given as

Esj(t1, t2) =

∫ t2

t1

Prj(t)dt (3)

IV. EARLIEST DEADLINE FOR ENERGY HARVESTING

SYSTEMS (ED-H) SCHEDULER

In energy constrained systems, dynamic power management

plays a crucial role due to its impact on the resulting per-

formance. The dynamic power management rule permits to

decide when to put the processor in the active mode and for

how long time. The objective of such a policy is to prevent

from energy depletion while still preserving the system from

deadline violation. Consequently, we presented a novel energy-

aware scheduling algorithm ED-H (Earliest Deadline under

energy Harvesting) and we proved it to be optimal [1].

The ED-H scheduler executes tasks according to the EDF

rule. However, before we authorize the execution of a ready

task, the energy storage unit must be sufficient to provide

energy for all future occurring tasks. When this condition is

not verified, the processor has to be idle in order to enable the

storage unit to replenish as much as possible and as long as all

the deadlines can still respect despite execution postponement.

To formally present the ED-H algorithm, we need to introduce

two fundamental concepts: slack time and slack energy.

The slack time of a hard deadline task τi at current time t
is

STτi(t) = di − t− h(t, di) (4)

Where h(t, di) is the total processing demand of uncom-

pleted tasks at t with deadline at or before di.
We may then define the slack time of a periodic task set Γ

at current time t as follows:

STΓ(t) = mindi>tSTτi(t) (5)

We define the slack energy of τi at current time t by

equation

SEτi(t) = E(t) + Es(t, di)− g(t, di) (6)

Where g(t, di) represents the total energy required by tasks

on the time interval [t, di). It concerns both tasks which are

ready at t but not completed at di and future tasks, with

deadline less than or equal to di. In addition, Es(t, di) is the

amount of energy that is produced by the renewable energy

source between t and di.
Hence, the slack energy of the periodic task set Γ at current

time t represents the maximum energy surplus that the system

could consume instantaneously at t. The slack energy at t is

SEΓ(t) = maxt<di
SEτi(t) (7)

Let Qr(t) be the list of uncompleted tasks ready for

execution at time t. SE(t) and ST (t) are respectively the

slack energy and the slack time of the system at time t. The

ED-H scheduling algorithm obeys the following rules:

• Rule 1: The EDF priority order is used to select the future

running task in Qr(t).
• Rule 2: The processor is imperatively idle in [t, t+1) if

Qr(t) = φ.

• Rule 3: The processor is imperatively idle in [t, t+1) if

Qr(t) �= φ and either E(t) = 0 or SE(t) = 0.

• Rule 4: The processor is imperatively busy in [t, t + 1)
if Qr(t) �= φ and either E(t) = B or ST (t) = 0.

• Rule 5: The processor can equally be idle or busy if

Qr(t) �= φ, 0 < E(t) < B, ST (t) > 0 and SE(t) > 0.

V. ENERGY HARVESTING-REASONABLE ALLOCATION

ALGORITHM

The allocation is carried out using Reasonable Allocation

algorithms (RA). The uniprocessor utilization bound for ED-H

scheduling of periodic and independent tasks is one (Up = 1).

Consequently, a task of utilization factor upi fits into processor

Pj , which already has mj tasks allocated to it with total

processor utilization Upj , if the (mj + 1) tasks are timely

schedulable, that is if Upj ≤ 1− upi.

Moreover, a task τi is energy schedulable if its energy

utilization uei fits into processor Pj , which already has mj

tasks allocated to it with total processor utilization Uej . In

other words, the (mj + 1) tasks are energy schedulable if

Uej ≤ Prj − uei.

Hence, in order to assign the task τi, we have to find the

lowest j index such that a temporally allocation of task τi
along with mj tasks already allocated to processor Pj is still

feasible, and the value of Prj − Uej is the smallest possible.

A. Illustrative Example

We consider in this example a multi-core platform consist-

ing of two processors (m = 2), and a task set Γ of five

tasks with same parameters as in table I. Each task is now

characterized by its worst case energy consumption (table I).

We assume that the level of the energy storage capacity for

each processor is B1 = B2 = 16. For ease of simplicity, we

assume that the rechargeable power for each processor, Prj ,

is constant along time and equals 3.

TABLE I
A TASK SET WITH FIVE REAL-TIME PERIODIC TASKS WITH ENERGY

CONSUMPTION

Task τi Ci Di Ti Ei uei upi
1 2 6 8 8 1.0 0.25
2 2 8 10 10 1.0 0.20
3 6 16 20 20 1.0 0.30
4 8 18 20 20 1.0 0.40
5 8 32 40 28 0.7 0.20

When we schedule the task set Γ on two processors (figure

1) according to the bin-packing based approaches that allocate

real-time tasks solely based on their energy utilization factors,

we verify that the used heuristics can successfully schedule the



Fig. 1. Assignment of tasks under energy constraints according to FF, NF, BF and WF in EH.

Algorithm 1 Energy Harvesting-Reasonable Allocation Algo-

rithm (EH −RA)

Input: Task set Γ of n tasks Γ = {τ1, τ2, · · · , τn} and a set

of m processors {P1, P2 · · · , pm}, Processor Pj has a battery

with capacity Bj and source power Prj(t).
Output: EH−RA Schedule.

1: i := 1; j := 1; /∗i = ith task, j = jth processor */

2: while i ≤ n do
3: /* Schedule task τi according to Reasonable Allocation

algorithm, here Worst-Fit is used */

4: Sched ← FALSE

5: for 1 ≤ j ≤ m do
6: if (Upj + upi) ≤ 1 then
7: if (Uej + uei) ≤ Pr and Prj −Uej is the smallest

possible then
8: Uej = Uej + uei;

9: Upj = Upj + upi;

10: Sched ← TRUE

11: break;

12: end if
13: end if
14: end for
15: i := i+ 1;

16: end while

tasks in Table I. If we consider the same assignment of tasks as

in the Worst-Fit case and according to the processor utilization

(figure 1), tasks τ1, τ3 and τ5 are assigned to processor P1 and

tasks τ2 and τ4 are assigned to processor P2.

By scheduling the tasks in processor P1 according to

EDF, we obtain a non feasible schedule since the battery

B1 becomes empty at t = 16. As the system immediately

stops, we conclude that the deadline miss ratio during the first

hyperperiod is about 37.5%.

In contrast, when scheduling the same tasks according to

ED-H, note that neutral operation is guaranteed and all tasks

are executed at the end of the hyperperiod.

VI. EXPERIMENTS AND RESULTS

In this section, we present a discussion of our experimental

evaluations for the proposed partitioned scheduling algorithms.

We first introduce the experimental setup used in our evalua-

tion.

A. Experimental Setup

We conducted two sets of experiments to study the perfor-

mance of our scheduling algorithm EH-RA against the non-

idling scheduler such as EDF. The operation of the proposed

study is measured by calculating for different schedulers the

success ratios, which means the number of feasible tasks over

the number of total tasks generated. We tested the above

schedulers with respect to the processor utilization and the

number of tasks. The task periods are randomly generated

within [10, 500]. For each testing point, we generated 1000
task sets. A random number generator enables us to produce,

for every quantum of time, a power energy profile with

minimum value 1 and a maximum value, here 9, as an input

of the simulator.

B. Experiment 1: Performance Evaluation by Varying the
Processor Utilization

In this experiment, we evaluated the performance of the

proposed schedulers with respect to the processor utilization.

We varied the processor utilization from 0.5 to 1 with an

increment of 0.05. The experimental results were collected

and plotted in Figure 2.

We can observe that our proposed algorithms (EH-WF and

EH-FF) outperforms the others (EDF-WF and EDF-FF). For

example, when the processor utilization is 0.8, EH-WF can

achieve a success ratio around 0.77, with an improvement of

around 69% and 72% over EDF-WF and EDF-FF respectively.

From figure 2, we can observe that EH-WF can guarantee

the feasibility of any task set with processor utilization below

0.7. The success ratio by EDF-WF and EDF-FF drop sharply

when the processor utilization is above 0.7. This is because

that while EH-WF can guarantee any task sets with utilizations

no more than 0.7, it rejects any task set that cannot pass the

energy availabilty checking condition. We can also see that
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Fig. 2. Performance v.s. Processor Utilization.

when the processor utilization is 0.85, EH-WF can achieve a

success ratio 4 times of that by EDF-WF.

Compared with EDF-BF, the improvement of our proposed

algorithm (i.e. EH-WF) comes from the fact that, instead of

executing ready tasks if only fits the timing constraints, EH-

WF takes also energy constraint into consideration, and finds

the optimal of allocation of tasks to processors such that tasks

are timely scheduled on the processor and without energy

starvation. Thus, our proposed EH-WF algorithm always out-

performs the traditional EDF scheduler.

C. Experiment 2: Performance Evaluation by Varying the
Nember of Tasks

In this experiment, we evaluated the performance of the

schedulers with respect to the number of tasks. We varied the

number of tasks from 4 to 20. The experimental results were

collected and plotted in Figure 3.
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Fig. 3. Performance v.s. number of tasks.

EDF-WF offers good performance at small number of tasks,

though its feasibility performance degrades rapidly when the

number of tasks increases. From Figure 3, we can observe that

EH-WF can achieve success ratios significantly better than the

other three approaches. When the number of tasks is 10, the

success ratio of EH-EDF is around 51% and 62% more that

EDF-WF and EDF-FF, respectively. As the number of tasks

increases the gain in success ratio increases till it reaches 96%

when the number of tasks is 20. The reason is that tasks are

allocated to processors according to the energy demand that

must fit the ED-H scheduler on the selected processor.

VII. CONCLUSION

This work takes a real-time multiprocessor based on energy

harvesting systems as a scheduling object, adds the energy

consumption model for a homogeneous platform, pursues the

goal of reducing energy consumption, and maximizing the

number of feasible task set. From this characterization, we

propose a flexible solution, Energy Harvesting-Reasonable

Allocation (EH-RA) algorithm, based on the traditional bin-

packing technique to assign tasks with energy constraints to

processors so as to guarantee deadline violation and energy

starvation. We use the optimal scheduler, namely ED-H, on

every core of the architecture. Simulation experiments show

that our proposed scheduler increases the percentage of feasi-

ble task sets by an average of 41% and 60% when respectively

varing the processor utilization and the number of tasks as

compared to EDF.

The future work will focus on a complete simulation

analysis for the performance of EH-RA relative to nonidling

scheduler such as EDF that is also based on the bin-packing

technique.

REFERENCES

[1] M. Chetto. Optimal Scheduling for Real-Time Jobs in Energy Harvesting
Computing Systems. IEEE Transactions on Emerging Topics in
Computing, 2014.

[2] Weizhe Zhang, Boyu Song, and Enci Bai. A Trusted Real-Time Scheduling
Model for Wireless Sensor Networks. Journal of Sensors, 8 pages, 2016.

[3] V. Kianzad and S. S. Bhattacharyya. Efficient techniques for clustering
and scheduling onto embedded multiprocessors. IEEE Transactions on
Parallel and Distributed Systems, vol. 17, no. 7, pp. 667-680, 2006.

[4] A. Kansal, J. Hsu, S. Zahedi, M.B. Srivastava. Power Management in
Energy Harvesting Sensor Networks. ACM Transactions on Embedded
Computing Systems, vol. 6, No. 4, 2007.

[5] A. Kansal, J. Hsu,. Harvesting aware Power Management for Sensor
Networks. Proc. of ACM/IEEE Design Automation Conference, pp.
651-656, 2006.

[6] Steck, J.B. and Rosing, T.S. Adapting Task Utility in Externally Triggered
Energy Harvesting Wireless Sensing Systems. Sixth International
Conference on Networked Sensing Systems (INSS), 2009.

[7] Ming Fan. Real-Time Scheduling of Embedded Applications on Multi-
Core Platforms. PhD thesis, Florida International University, 2014.

[8] Ming Fan, Gang Quan. Harmonic-Fit Partitioned Scheduling For Fixed-
Priority Real-Time Tasks On the Multiprocessor Platform. Ninth
IEEE/IFIP International Conference on Embedded and Ubiquitous Com-
puting, 2011.

[9] Gang Chen, Kai Huang, and Alois Knoll. Energy optimization for real-
time multiprocessor system-on-chip with optimal dvfs and dpm combina-
tion. ACM Transactions on Embedded Computing Systems (TECS),
2014.

[10] K. Shin and P. Ramanathan. Real-Time Computing: A New Discipline
of Computer Science and Engineering. Proc. IEEE, 82(1), pp. 6-24,
Jan. 1994.



[11] E. G. Coffman, G. Galambos, S. Martello and D. Vigo, Bin Packing
Approximation Algorithms: Combinational Analysis. Kluwer Academic
Publishers, Ed. D. Z. Du and P.M. Pardalos, 1998.

[12] J.-J.Chen and C.-F.Kuo. Energy-efficient scheduling for real-time sys-
tems on dynamic voltage scaling (dvs) platforms, in RTCSA, 2007.

[13] Ying LiJianwei, Niu Jianwei, Niu Mohammed, Atiquzzaman Mo-
hammed and Atiquzzaman Xiang Long. Energy-aware scheduling on
heterogeneous multi-core systems with guaranteed probability. Journal
of Parallel and Distributed Computing, 2016.

[14] Siddharth Garg. Dynamic Power Management for Dark Silicon Multicore
Processors, Advances in Computers, Volume 110, Pages 171-216, ,
2018.

[15] H. Aydin and Q. Yang. Energy-aware partitioning for multiprocessor
real-time systems, in Proceedings of the 17th International Symposium
on Parallel and Distributed Processing (IPDPS), 2003.

[16] V. Petrucci, O. Loques, D. Mosse, R. Melhem, N. A. Gazala, and S.
Gobriel. Thread assignment optimization with real-time performance and
memory bandwidth guarantees for energy-efficient heterogeneous multi-
core systems, in Proceedings of the 17th IEEE International Conference
on Real-Time and Embedded Technology and Application Symposium
(RTAS), 2012.

View publication statsView publication stats

https://www.researchgate.net/publication/327932196


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


