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Abstract—Energy conservation and emission reduction is an
increasingly prominent and global issue in green computing.
Among the various components of a streaming media server, the
storage system is the biggest power consumer. In this paper, a
Three-State Disk Model (3SDM) is proposed to conserve energy
for streaming media servers without losing quality. According to
the load threshold, the disks are dynamically divided into three
states: overload, normal and standby. With the requests arriving
and departing, the disk state transition among these three states.
The purpose of 3SDM is to skew the load among the disks to
achieve high quality and energy efficiency for streaming media
applications. The load of disks in overload state will move to

disks in normal state to improve the quality of service (QoS) level.

The load of disks in normal state will be packed together to
switch some disks into standby state to save energy. The key
problem here is to identify the blocks that need migrating among
disks. A sliding window replacement (SWR) algorithm is
developed for this purpose, which calculates the block weight
based on the request frequency falling within the window of a
block. Employing a validated simulator, this paper evaluates the
SWR algorithm for conventional disks based on the proposed
3SDM model. The results show that this scheme is able to yield
energy efficient streaming media servers.

Keywords—Energy Conservation; Streaming Media Servers;
Conventional Disk; Green computing

I. INTRODUCTION

Energy conservation has been extensively studied in green
computing and in the context of data centers, because the
power consumption has already been a major problem for
large scale data centers. Among various components of a data
center, storage consumes a large portion of the energy, and
storage demand is increasing by 60% annually [1]. For
increasingly popular streaming media applications, more and
more storage spaces are used for streaming media services. In
a typical data center, the storage device usually accounts for
27% of the total electricity consumed [2]. In some disk-
dominated storage system, the portion is even higher,
approximately 86% [3]. With the increasing need of storage
spaces of storage system, this rate will continue to grow.
Therefore, the power consumption of the disks in streaming
media servers plays a significant role in green computing.

In this research, we focus on designing a new model of
disk state transition based on conventional disks to save
energy for streaming media servers. A new data movement
rule based on the disk state transition model is proposed to
implement the data exchange and distribution. The slide
window replacement algorithm calculates the block visit
popularity, and the blocks of video migrate through the disks
in terms of the visit popularity for storage system’s energy
conservation and load balance.

This paper is organized as follows: In section 2 we briefly
describe the background and the related work. In section 3, we
propose the energy saving model. In section 4, we propose the
data replacement scheme. In section 5, the simulation results
of different energy-efficient data layout algorithms are shown.
Finally, section 6 gives the conclusion and discussion of future
work.

II.  BACKGROUND AND RELATED WORK

A. Disk Power Models

Modern disk model uses three power modes: active, idle,
and standby. In the active mode, the platters rotate at full
speed for head seek, read or write a sector. In idle mode, the
platters also spin at the full speed, but there is not any disk
activity coming up. So, when the disk is in the idle mode, it
consumes most energy but never provides any service. Thus,
it’s not necessary to distinguish between active mode and idle
mode, since in these two modes the disk runs at full speed.
When in standby mode, the disk does not work and can’t serve
any request. In order to provide service, the disk has to go
through a cold start to spin up into active mode that stirs up
extra power and time.

Gurumuthi et al. [4] have proposed dynamic multi-speed
disks which can spin at different lower speeds to increase the
opportunities to save energy. The shifting cost of dynamic
multi-speed disks between different rotational speeds is
smaller compared with that of conventional disks between
standby and active mode. Unfortunately it is not clear that the
multi-speed disk product can be widely deployed soon
because of its prohibitive manufacturing cost.



B.  Disk Power Management

The goal of disk power management (DPM) is to save
energy by switching disks to low-power mode whenever
possible without adversely affecting performance.

For conventional disks, the most common DPM algorithm
is Fixed Threshold (FT) [5], in which, a disk is transitioned to
low-power mode after a fixed threshold time has elapsed since
the last visit. The threshold is usually set to a break-even time,
which is the period that a disk would have to be in low-power
mode to conserve the same energy consumed by transitioning
the disk down and back up to active mode. FT is usually used
by other energy-efficient schemes as the DPM algorithm.

For multi-speed disks, Carrera et al. [11] proposed
switching the speeds of multi-speed disks based on the
observed load. Gurumurthi et al. [4] suggested using changes
in the average response time and the disk request queue’s
length to drive dynamic disk-speed transitions.

C. Related cache replacement algorithm

Traditional disk replacement algorithms mainly include
LRU, MRU, LFU, LRU-K 2Q, MQ, etc.

Least Recently Used (LRU): discards the least recently
used items first. This algorithm requires keeping track of what
was used when, which is expensive if one wants to make sure
the algorithm always discards the least recently used item.
LRU algorithm is easy to be polluted by a scanning visit,
make no distinction of the page access frequency, and let it
unable to meet requirements.

Most Recently Used (MRU): MRU algorithm is exactly
the opposite of LRU algorithm. It deletes the most recently
used items first. When a file is being repeatedly accessed in a
looping sequential reference pattern [6], MRU is the best
replacement algorithm. In [7], it is pointed out that for random
access patterns and repeated scans over large datasets, which
sometimes is known as cyclic access patterns, MRU
replacement algorithms have more hits ratio than LRU
because of their tendency to retain older data. MRU
algorithms are most useful in situations where the older item is
more likely to be accessed.

Least Frequently Used (LFU): LFU counts how many
times an item is needed. Those that are used least often are
discarded first. Some items visited many times in a short time,
but it is difficult to replace them when they no longer
accessed. That is the “cache pollution”. Besides, LFU
operating cost too much. So in practice, applications will use
improved LFU Algorithm, such as LFU-Aging, an item is
accessed, its previous visits multiply by a parameter less than
1, so that different access time of visits with different weights.

LRU-K [8] algorithm: LRU-K algorithm records the
visiting time of the item be accessed in the K previous times,
if an item is accessed less than K times, then the first K of the
visit prior to the time recorded as a great value. When item is
missing, select the smallest number of visits and the largest
LRU value of item to replace. First Look up the item visited
only 1 time, select the one with the largest LRU value to
replace, if there is no item visited only 1 time, then look up

these accessed 2 times, and so on. LRU-K algorithm can
replace the items which have few visited times and are long
time no use from the buffer, but the LRU-K algorithm is
actually a similar LFU algorithm still cannot avoid the
problem of pollution buffer.

2Q algorithm [9]: 2Q algorithm maintains a LRU queue,
and two FIFO queues: Qi,, Qou. Qin saves the item that is in
the buffer accessed only 1 time, Q. saves the item replaced.
LRU queue saves the item which is accessed more than 1
time. If the request item is in the LRU queue, the visit time of
the item plus 1, and if it is in the Q;, or Q,y, move it to the
LRU queue, otherwise, replace the item in the Q;,, and add the
replaced item to the Qqy.

MQ (Multi - Queue) algorithm [10]: MQ algorithm
maintains the number of LRU queues Qo, Q;, Qa, -, Q,.1; for i
<], the items in Q; have a larger life cycle than the items in Q.
And it also maintains a FIFO queue Q,,, for recording the
visited times of the replaced the items. With the passage of
time, moving the inactive block from a higher level queue to a
lower level queue in order to modify the queues, for deleting
the items which have a number of visited times but no longer
recently accessed, which keep these items still staying in the
higher level queue. The MQ algorithm comprehensively
considers three properties that include the Minimal Lifetime,
Frequency-based Priority and Temporal Frequency, which lets
the MQ has a better second level buffer caches hit rate.

Compared with reference [15], this paper provides a new
disk model and the corresponding algorithm is developed
based on this model.

Different algorithms are prevalent in the various research
systems. This is true in currently available products and
should continue in the future.

III. THREE-STATE DISK ENERGY SAVING MODEL

The streaming media systems in this paper refer to the
common commercial streaming media systems, ¢.g. You-Tube.
These kinds of systems provide real VOD services and contain
movies, TV programs, video clips, and many other kinds of
video contents.

In this section, we introduce the power management and
power model in our streaming media storage system. On one
hand, we study the Fixed Threshold (FT) techniques since we
use the FT as our DPM algorithm. On the other hand, we
introduce our energy saving model, the Three-States Disk
Model (3SDM), for conventional disk-based streaming media
storage system, and designs energy-efficient disk state
transition and data exchange algorithms based on this model.
Furthermore, we offer the theoretical energy consumption
algorithm to be reference.

A.  Study of FT Algorithm

In the current disk energy saving environment, FT is the
basis of DPM algorithms. As a review here, we briefly outline
FT algorithm as Fig. 1.

We set the length of break-even time as BT in the FT
algorithm. A is the user request rate. The mean length of user



sessions is L. The disk spends the length of t4 to spin down
from active mode to standby mode, and take the length of t, to
spin up from standby mode to active mode. The power of each
disk’s high-power mode is P, and the power of each disk’s
low-power mode is P.. E4 and E, are respectively the
consumed energy of transitioning a disk down to low-power
mode and switching it up to high-power mode.
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Fig. 1. FT Algorithm

As shown in Fig. 1, A, B and C are 3 adjacent user
sessions. Firstly, the disk operates in high power mode for
user session A, after the time duration of L, if there is no
request in the length of BT, the disk spins down to the low
power mode. Secondly, as another request arrives, the disk
spins up again to provide service. But the disk can serve the
request only after that it has finished shutting down and then
has started up. So B will be served from the time B’. And the
disk will continue to serve the next request, if the request such

as C arrives before the disk starts switching into standby mode.

We find that the disk stay in standby mode between two
sessions. So, in this time duration, the disk is saving energy.
To simplify discussion, we set this time duration is t;.

In order to save more energy, an obvious scheme is to
extend the length of t,. Therefore, our target is to allow the
disks presenting in the active mode to work as long as possible
and the disks working in the standby mode to sleep to the top
of their bend.

B.  Introduction of 3SDM

As we consider the QoS of data center, we know that some
disks will be exhausted because of overload. Therefore, in our
3SDM, the disk has three states: overload, normal, and
standby, which is set by the real-time disk load. Inspired by
the feature of finite-state machine (FSM), which composes of
a finite number of states, transitions between those states, and
actions, similar to a flow graph in which one can inspect the
way logic runs when certain conditions are met. We adopt this
concept to express our basic idea on energy saving for
streaming media servers. Fig. 2 depicts a view of the disk state
transition among these three states.

With the request arriving and increasing, the disk spins up
from the standby mode to normal active mode. If the request is
too heavy beyond the disk load threshold, the disk will convert
to overload state. Another state transition direction is from
overload to normal, and then from normal to standby. The disk

state changes from overload to normal that can improve the
QoS. The disk in normal state spins down to the standby mode
that can conserve energy. Therefore, the disk state transition
direction “overload -> normal -> standby” is our design target.
It does offer a useful means for structuring our research and
discussion.
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/ Request Complete / Disk Load Decline

Fig. 2. Disk State Transition
In subsequent sections, we delve into the technical detail
and address more subtle research.

C. Implementation of 3SDM

To keep things simple, let’s assume that 3SDM
dynamically divides all disks into overload disk group (ODG),
normal disk group (NDG) and standby disk group (SDQG)
according to their real-time loads. The disks in ODG always
work at full speed and never spin down but approximate
overload, so they can not satisfy majority user requests very
well; the disks in NDG also work at full speed with normal
load and never spin, they can serve majority user requests very
well; the disks in SDG is designed to mainly stay at standby
mode to save energy. The diagram in Fig. 3 introduces the
3SDM model.
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The target of 3SDM is to maximize energy saving while
insure that ODG and NDG can support enough user requests
with the least data migration. The key for maximizing energy
saving is to keep all standby disks staying in the sleeping
mode and retain as many standby disks as possible.
Furthermore, load balance is another significant consideration.
The disks in ODG assume a high load and cannot provide
better service. The hottest data in overload disks have to be
swapped into the normal disks. Last but not least, 3SDM
extremely distribute the data of NDG in order to make the hot
with normal load disks much hotter and the cold normal disks
decreasing much colder.

In our previous work [15], we offered a disk energy
conservation model, where disks are separated into two groups:
one group shoulders the major load, and the other group
provides the minor load. However, the disks in the major load



group may be in standby mode, whereas the disks in the minor
load group can be in the normal or even overload mode.
Instead, we clearly outline the three disk states in our current
model.

We use the disk full load transmission bandwidth as the
system full load threshold. The disk full load threshold (DFLT)
is defined by equation (1).

DFLT = 1000ms «VB (1)

DST + DRT + i
DITR

Table I describes these parameters in equation (1). DST is
3.4ms, DRT is 2.0ms, VB is 40KB/s and DITR is 60MB/s. So,
the DFLT is 6.6MB/s in our system. In practical operation, the
system is hard to reach the theoretical full load, so we set 5
MB/s as the overload threshold.

TABLE L IBM ULTRASTAR 36Z15 DISK PARAMETERS
Parameters Value
Standard Interface SCSI
Disk Rotation Speed 15000RPM
High Power(Read/Write/Seek) 13.5W
Low Power(Standby) 2.5W
Spinup Time(Standby to Active) 10.9secs
Spinup Energy(Standby to Active) 135J
Spindown Time(Active to Standby) 1.5secs

Spindown Energy(Active to Standby) | 13]

Break-even Time(BT) 15.2secs
Disk Average Seek time 3.4ms
Disk Average Rotate time 2.0ms
Disk Inner Transfer Rate 60MB/s
Video Bitrate 40KB/s

The temperature of data block is reflected by Block
Weight (BW), which can be calculated as (2), in which AN; is
the total access number of Block i within a past fixed time
window. Jis significantly larger than 1 if Block i is the video
prefix that is the first block of the video file, otherwise is equal
to 1. Size; is the size of block i, and we give the time duration
of each block a value of two minutes. So the block size is
approximate 2MB, if the video bitrate is 128kbps.

AN,

Size,

2)

D. Dynamic Disk State Transition

1) Calculating System Load
The system load (SL) is calculated as (3), in which N is the
total block number in the system, CLP is the computing load

period, AC; is the access count of block i in the computing
load period, Size;is the size of block i, which has mentioned
before.

=

(AC, * Size,)

In our system, we set the value of CLP with 60000ms.
Obviously, the value of CLP can be changed to other
parameter.

I}
=1

2) The Algorithm of Dynamic Disk State Transition
Step 1. According to the SL calculated by (3), and the
DFLT calculated by (1), 3SDM determine how many disks
should be active to satisfy the request.

_SL
active DFLT

Step 2. Calculating the average block weight of all disks
and then ranking these disks in descending order. The first
N.ciive disks will be chosen as active disks, while others should
be in standby states.

Step 3. Setting the disks load beyond the disk full load
threshold as the overload disk, and the other active disks are
normal disks.

“4)

Step 4. The hotter normal disk number and the colder
normal disk number are calculated by equation (5) and (6).

N
Nnarmal—wlder = \\MJ + Nn()rmal mOd 2 (5)
2

N normal—hotter = N normal N normal—colder (6)
3) The Algorithm of Dynamic Data Exchanging
Step 1. Sorting all video blocks based on block weight in
descending order, known as the Block Weight List (BWL).

Step 2. Calculating Middle Block Weight (MBW) by (7)
and (8), in which len (BWL) stands for the length of the BWL.
Therefore, MBW is the approximate minimum value of video
block weight in active disks.

k:\‘m*len(BWL)J (7

total

MBW = Block Weight of BWL (k) (8)

Step 3. If there are video blocks with higher Block Weight
than MWV in SDG, they should be added into the block swap
request waiting queue (BSRWQ). However, we never force
any disk in SDG to wake up just for data exchanging, which
will happen until the disk mode becomes active.

Step 4. The first independent thread called LoadBalance
swaps video blocks between overload disks and the hottest
normal disks. The hottest video blocks in these overload disks
will be swapped with the coldest video blocks in this normal
disk.



Step 5. The second independent thread called
ExtremeDistribution, which swaps video blocks between
normal disks. The hottest video blocks in the first hottest
normal disk will be swapped with the coldest video blocks in
the first coldest normal disk, and the hottest video blocks in
the second hottest normal disk will be swapped with the
coldest video blocks in the second coldest normal disk, etc.

E.  Theoretical Algorithm of System Energy Saving

The theoretical algorithm of system energy saving is
designed to report a greatest lower bound of energy saving and
a least upper bound of energy consumption for reference.

The theoretical energy consumption (TEC) is calculated by
the equation (9).
TEC=N

active

* serviceTime* Power, . .. (9)

Naciive cOmes from the equation (4), service time is the
length of service, and Power,vepisk i the power when a disk
stays in active mode.

In consideration of the cache effect, the least upper bound
of energy consumption (LUBEC) is calculated by the equation

(10), in which J,

wche 18 smaller than 1.

LUBEC =6,,,, *TEC

Cache

(10)

Therefore, greatest lower bound of energy saving (GLBES)
can be calculated by equation (11)

energyConsume — LUBEC

GLBES = (11)

energyConsume

IV. BLOCK REPLACEMENT ALGORITHM

From the description made above, we can find that the
block weight plays an important role in this model. Both the
disk state transition and the data migration need to sort the
block according to the block weight.

In our previous work, we didn’t focus on prediction
algorithm for data migration. Getting more and more energy
conservation is a big inspiration for us. So, we presume the
prediction has a vital role, which can conserve more energy.
Here, we propose a Sliding Window Replacement (SWR)
algorithm to improve the accuracy of the prediction, and the
ultimate target is to enhance the energy saving efficiency.

Commonly, we use LFU as the replacement algorithm.
However, the user’s interests are alternated dramatically, and
the requests exhibit very strong temporal locality. Therefore,
we set a sliding window to count the access frequency falling
into the window. Obviously, if the length of sliding window is
the whole service duration, the frequency is the same with
LFU.

We regard the user request as a time series:
By B By [ By By b

The sliding window whose length is m, along the time
series forward sliding, counts the temporal frequency.

+1°

The access number (AN) with SWR is calculated by the
equation (12)
ANI,ZANI,J+5 * AN

History i,j-1

(12)

AN; ;. is the access number of Block iin the last sliding

window period. 0,

istory 1S IMportant to set the history access

impact factor. If 5Histm

equal to 0, AN; is only the temporal
frequency, and is not affected by the history frequency

information.

V. EVALUATION METHODOLOGY

In This section, we first introduce the test bed, and then
use different methods to evaluate our model and algorithm.

A. Test Bed

We enhanced the widely used DiskSim simulator [12] by
adding the support for common DPM algorithms FT. The
specifications for the disk used in our study are similar to that
of the IBM Ultrastar 36Z15 [13]. The key parameters are
shown in Table I.

In this section, we choose FT, PDC[5], 3SDM online and
the theoretical algorithm as the evaluation targets. FT supplies
energy saving lower limit for energy-efficient data layout
algorithms, while the theoretical algorithm provides the
approximate upper limit.

B.  Real-system Trace

Our experiments use two real-system traces for the
purpose of testing the effects of various algorithms in this
environment.

First, a 24 hours’ real-system trace from the CCTV (China
Central Television) VOD system in January 2005 is adopted.
Its user arrival rate is 0.198 per second, and its mean session
length of all users is 188.65 seconds. Due to the drastic
fluctuation of system load, the mean value of online user
number is much higher in the evening than in the early
morning.

Another 24 hours’ real-system trace is obtained from
UUSee systems [14]. The user arrival rate is 0.0591 per
second, and the mean session length is 1094.48 seconds.

Thus, the CCTV VOD trace represents short-session
dominated streaming media applications, similar to YouTube,
while the UUSee trace stands for long-session dominated
movies-on-demand applications.

C. Different Energy Saving Model

In energy saving aspect, in Fig. 4, we can see that FT
always has the worst energy saving efficiency. Compared with
FT, PDC has some improvement, however, which is limited.
Its energy-saving is only 2.2 times of that of FT for CCTV
VOD trace, and 2.6 times for UUSee trace. The energy saving
effect of the 3SDM online algorithm in 24 hours is 10.69
times of FT and 4.9 times of PDC for CCTV VOD trace, and
is 6.92 times of FT and 2.72 times of PDC for UUSee trace.



The 3SDM online algorithm outperforms other online
algorithms because it keeps enough disks always be staying in
standby mode. Admittedly, the theoretic algorithm has the best
effect, and keeps saved energy up to more than 85% at any
cases for it doesn’t need to consider disk state transition and
data migration.
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Fig. 4. Saved Energy with Different Saving Model

D. Different Length of Sliding Window

Fig. 5 shows the different sizes of sliding window
affecting the energy saving efficiency. In this test, we set

1)

risiory — 05 80 the history information will not impact on the
current access statistics and the size of the sliding window is

the unique impact factor.

From the column chart, we find that one hour size sliding
window have the best energy saving efficiency, since both the
length of CCTV trace and UUSee trace are just 24 hours and
every hour the user’s interest is relatively stable.

@0.5h @ 1h O2h

Saved Energy (%)
=

CCTV Trace UUSee Trace

Fig. 5. Different Size of Sliding Window

E. Different History Access Impact Factor

SWR is applied to calculate the block weight. In our
system, we set the length of the sliding window to 1 hour,
based on the last part discussed that 1 hour sliding window
have the best energy conservation efficiency.

Table II, Fig. 6, and Fig. 7 show the tendency both of
saved energy and mean startup delay going with the increasing

value of 5Hism,y .
We change the history access impact factor Ogiyer tO
observe the energy saving situation and QoS. The result is

shown as Table II. When 5Histwy equals to 1, SWR is just like

the LFU. With the increasing value of s, the saved energy
of UUSee trace climbs up and arrives to the peak at the value
1.1, but the saved energy of CCTV trace is rising up to
26.08% that is not the energy saving peak yet. Based on the
result, we infer that the history access information can
improve the block hit ratio, and the CCTV trace is affected
more than the UUSee trace by the history access impact factor
so far.

TABLE IL DIFFERENT HISTORY ACCESS IMPACT FACTOR
CCTV Trace
5Histwy 1 1.1 12 13 14 15
Saved 23.86 2394 | 2421 | 2505 | 2561 | 26.08
Energy(%) ) ) i i ) i
Mean
Startup 303.19 | 334.11 | 35159 | 385.09 | 390.79 | 405.23
Delay(ms)
UUSee Trace
1) History 1 11 12 13 14 15
Saved
Eneray(%) 23.05 24.70 25.09 25.10 24.90 24.90
Mean
Startup 358.44 411.79 43294 | 421.67 428.65 446.93
Delay(ms)
28
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Fig. 6. Energy Saving of Different History Access Impact Factor
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Fig. 7. UUSee QoS of Different History Access Impact Factor

As far as the QoS, we find that the mean startup delay is
extended. This is easy to understand, because more energy
saving means more disks are in standby mode, so when a
request to the sleeping disk which have to wake up to serve



the request, which will occur the delay. Therefore, a balance
between energy saving and QoS is another significant issue.

F.  System Load Analysis

Fig. 8 and Fig. 10 present the system load of CCTV and
UUSee trace, Fig. 9 and Fig. 11 demonstrate the
corresponding active disk number.
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When the system load aggrandizes, the system active disk
number dynamically increases to serve the requests. However,
if the load surpasses the disk overload threshold, the system
just can provide the total number of disks to satisfy the request.
From Fig. 8 and Fig. 10, we find that the load exceeds 60MB/s
sometimes, however, our system full load is 5*10=50MB/s,
implying that only 10 disks can provide service.

With the effect of 3SDM, the active disk number is
relatively stable. With the system running, the active number
in CCTV system is 1, and in the UUSee system, the active
number is 2.

G. Disk Load Analysis

We also monitor each disk load variations with both the
CCTV trace and the UUSee trace. The result is shown as in
Fig. 12 and Fig. 13. We can find that the system load is
distributed on each disk of the storage system at the beginning
of the test. Since user’s requests are stable at first. After the
stable phase, most of the requests focus on just several disks,
because 3SDM migrates the most popular data blocks in to the
hot active disks which can serve the request without overload.
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Fig. 12.  Each disk load situation with CCTV 24 hours trace

From Fig. 12, disk 9 owns the most popular data blocks,
and thus it bears the main load of the system. However, other
disks also support some requests since some “cold” data
blocks will be accessed but won’t be migrated into disk 9.
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Fig. 13.  Each disk load situation with UUSee 24 hours trace

From Fig. 13, we observe that there are two disks
supporting the main services, which is consistent with the
description of last part.

Therefore, how many active disks exist in the system that
depends on the load from the request and the data block



distribution on the storage system. If the requested data blocks
only distribute in the same disk, and the disk also bears the
total request load, then the energy saving efficiency will be
quite spectacular. However, if the total request load is not too
heavy, but the requested data blocks are dispersed in many
disks, these disks have to spin up to serve the request, and then
the energy saving efficiency will be low. The goal of data
migration is just to skew the load into several disks to
centralize the popular data blocks and then to save more
energy.

H. Special Access Pattern Trace

In order to test the performance of 3SDM, we generated a
60 minutes’ trace and the requests all refer to one video.
Under this condition, the result of the saved energy is 73.01%,
the mean startup delay is 20.62ms and the mean delay jitter is
21.71ms. The energy saving effect dramatically approach to
the theoretical algorithm result since there is only one disk in
the active mode to provide service.

This spectacular energy saving result will occur such as the
phenomenon like the new movie put into the homepage of the
video website. If we can use these kinds of information, we
can predict the request and improve the energy saving
efficiency.

VI. CONCLUSION AND FUTURE WORK

In this paper, the disks of storage system are regrouping,
based on the 3SDM model, into three state groups according
to the system dynamic load. The disk states are overload,
normal or standby. The design target of 3SDM urges the
overload disks to change its state to normal for enhancing the
QoS. With regard to normal disk, the 3SDM makes it switch
into standby mode to save more energy.

For data block migration, we propose the SWR algorithm.
The length of sliding window and the history access impact
factor are two changeable parameters. With the better
configuration of these two parameters, 3SDM could save more
energy and provide better service.

There is room for further research and improvement.
Different methods can be adopted to improve the block
replacement algorithm, such as block lifetime, frequency-
based priority and temporal frequency. Furthermore, we can
explore better prediction methods and apply other information
to calculate the block weight, such as user information, video
website homepage information, and the video class.

ACKNOWLEDGMENT

This research is supported in part by the National Natural
Science Foundation of China (No0.61272087, No. 61202115,
No. 61073008, No. 60773148 and No0.60503039), Beijing
Natural Science Foundation (No. 4082016 and No0.4122039).

REFERENCES

[1] B. Moore, “Taking the Data Center Power and Cooling Chal-lenge,”
Energy User News, August 2002.

[2] C. Weddle, M. Oldham, J. Qian, A. A. Wang, P. Reiher and G.
Kuenning, “PARAID: A gear-shifting power-aware RAID,” ACM
Trans. Storage, vol. 3, no. 3, pp. 245-260, October 2007.

[31 Q. Zhu, Z. Chen, L. Tan, Y. Zhou, K. Keeton and J. Wilkes,
“Hibernator: Helping Disk Arrays Sleep through the Winter,” ACM
Symp. Operating Systems Principles, pp. 177-190, Oct. 2005.

[4] S. Gurumurthi, A. Sivasubramaniam, M. Kandemir and H. Franke,
“DRPM: Dynamic speed control for power management in server class
disks,” Proc. 30th Annual Int’l Symp. Computer Architecture, pp. 169-
179, June 2003.

[5] E. Pinheiro and R. Bianchini, “Energy Conservation Techniques for
Disk Array-Based Servers,” Proc. 18th Int’l Conf. Supercomputing, pp.
68-78, June 2004.

[6] Hong-Tai Chou and David J. Dewitt, “An Evaluation of Buffer
Management Strategies for Relational Database Systems,” Proceeding of
the 11th international conference on Very Large Data Bases-Volume,
pp. 127-141, August 1985.

[71 Shaul Dar, Michael J. Franklin, Bjérn P6ér Jonsson, Divesh Srivastava,
and Michael Tan, “Semantic Data Caching and Replacement,”
Proceeding of the 22th International Conf. on Very Large Data Bases,
pp- 330-341, September 1996.

[8] Elizabeth J. O’Neil, Patrick E. O’Neil, and Gerhard Weikum, “The
LRU- K Page replacement algorithm for database disk buffering,”
Proceedings of the 1993 ACM SIGMOD international conference on
Management of data, pp. 297-306, May 1993.

[9]1 T. Johnson, D. Shasha, “2Q: a low overhead high performance buffer
management  replacement  algorithm,” Proceedings of the 20th
International Conference on Very Large Data Bases, pp.439-450,
Septeber 1994.

[10] Yuanyuan Zhou, James Philbin, “The multi-queue replacement
algorithm for second level buffer caches,” Proceeding of the General
Track: 2002 USENIX Annual Technical Conference, pp. 91-104, June
2001.

[11] E. V. Carrera, E. Pinheiro and R. Bianchini, “Conserving Disk Energy in
Network Servers,” Proc. 17th Int’l Conf. Supercomputing, pp. 86-97,
June 2003.

[12] G. Ganger, B. Worthington, and Y. Patt, The DiskSim simula-tion

environment (v4.0). http://www.pdl.cmu.edu/DiskSim. September,
2009.
[13] Hitachi, Ultrastar 36Z15 Datasheet.

http://www]1 hitachigst.com/hdd/ultra/ul36z15.htm, March, 2011.

[14] X. Xiao, Y. Shi, Q. Zhang, J. Shen, and Y. Gao, “Toward Systematical
Data Scheduling for Layered Streaming in Peer-to-Peer Networks: Can
We Go Farther?,” IEEE Trans. Parallel and Distributed Systems, vol. 21,
no. 5, pp.685-697, May 2010.

[15] Chai, Y.; Du, Z.; Bader, D.; Qin, X.; “Efficient Data Migration to
Conserve Energy in Streaming Media Storage Systems . Parallel and
Distributed Systems,” IEEE Transactions on. Nov. 2012 (vol. 23 no. 11)
pp. 2081-2093




<<
  /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


