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ABSTRACT

CMPs have now become mainstream and are growing in
complexity with more cores, several shared resources (cache,
memory, etc) and the potential for additional heterogeneous
elements. In order to manage these resources, it is becoming critical
to optimize the interaction between the execution environment
(operating systems, virtual machine monitors, etc) and the CMP
platform. Performance analysis of such OS and CMP interactions is
challenging because it requires long running full-system execution-
driven simulations. In this paper, we explore an alternative
approach (CMPSched$im) to evaluate the interaction of OS and
CMP architectures. In particular, CMPSched$im is focused on
evaluating techniques to address the shared cache management
problem through better interaction between CMP hardware and
operating system scheduling. CMPSched$im enables fast and
flexible exploration of this interaction by combining the benefits of
(a) binary instrumentation tools (Pin), (b) user-level scheduling
tools (Linsched) and (c) simple core/cache simulators. In this paper,
we describe CMPSched$im in detail and present case studies
showing how CMPSched$im can be used to optimize OS
scheduling by taking advantage of novel shared cache monitoring
capabilities in the hardware. We also describe OS scheduling
heuristics to improve overall system performance through resource
monitoring and application classification to achieve near optimal
scheduling that minimizes the effects of contention in the shared
cache of a CMP platform.

1. INTRODUCTION

In this era of chip-multiprocessor (CMP) platforms [1, 4, 5],
performance improvement is being provided in every
generation by increasing the number of cores integrated on-
die. Apart from cores, a significant amount of die space is
also devoted to providing large amounts of shared resources
such as last-level cache. For example, the latest quad-core
Intel Xeon Processor 5400 series [4] consists of four
identical cores, with each pair of cores sharing a 6MB last-
level cache. In addition, several CPU manufacturers are
considering integrating additional heterogeneous elements
on-die for special-purpose computing. As CMP processors
continue to evolve, the management of resources on these
processors requires careful interaction between the
Operating System (OS) and the CPU architecture. In this
paper, we focus on the interaction between the OS and the
CMP architecture to identify better approaches for
performance analysis.
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Performance analysis of OS and CMP interaction is
challenging because it typically requires full-system
execution-driven simulation. It is well understood that full-
system execution-driven simulators are not only time-
consuming to develop but are also time-consuming to
execute. As a result, it is highly desirable to find alternative
approaches for fast and flexible exploration of OS/CMP
interactions with reasonable accuracy. In this paper, we
present CMPSched$im, a simulation infrastructure that
achieves this goal with a specific focus on shared resource
management.

CMPSched$im uses a binary instrumentation tool (Pin
[14]), a multi-programmed cache simulator (CMPS$im [15])
and a Linux scheduler simulator (Linsched [16]) all
integrated to form a highly robust and flexible simulation
infra-structure. CMPSched$im attempts to overcome the
limitations of existing trace based and execution-driven tools
by offering the flexibility and ease of use of trace driven
simulation while accurately capturing the interactions
between the simulated hardware and the OS/execution
environment. We describe how we created CMPSched$im
by integrating CMP$im and Linsched and then present a
detailed case study on the use of CMPSched$im to study the
interaction of OS and CMP on shared resource management.
The study shows OS scheduling heuristics can be designed
to employ future shared cache monitoring counters to
improve overall system performance through resource aware
scheduling based on proposed cache occupancy monitoring
as well as existing hardware counters in the presence of
multiple workloads.

The rest of the paper is organized as follows. Section 2
motivates the problem of contention in the last-level shared
cache and the need for accurately capturing interactions
between the OS/execution environment and hardware
architecture. We also discuss related work on performance
analysis tools for OS/CMP interaction in Section 2. We
present our proposed evaluation framework (CMPSched$im)
in Section 3 and show how the gap between trace driven and
execution driven simulations can be bridged. Section 4
describes a case study showing the use of CMPSched$im to
model a set of workloads running on a CMP system and the
OS scheduler employing shared cache monitoring (existing
and proposed counters) to improve overall throughput. The
results show the benefits of employing cache misses and
shared cache occupancy individually as well as together
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when scheduling workloads on a CMP platform. In Section
5 we present our conclusions and future work

2. BACKGROUND AND RELATED WORK

Effective interaction between the OS/CMP architecture is
critical to optimize the management of shared platform
resources. Future workload scenarios will consist of
heterogeneous workloads running simultaneously to take
advantage of the abundant hardware thread parallelism
provided in the platform. With these scenarios emerges the
problem of contention in the shared cache among the
heterogeneous workloads. Recent studies in [2, 6, 7, 8, 11,
12] indicated that contention in the shared cache causes
significant loss in performance and Quality of Service (QoS
[6]). We ran SPEC CPU2000 applications on the Core 2 Duo
desktop (2 cores sharing 4MB of last-level cache) in two
modes: (a) dedicated mode where we run one application on
one core in the platform and (b) pair-wise mode where we
run the preferred application on one of the cores and run
another application on the other core. Figure 1 shows the
slowdown in terms of the ratio of execution time in pair-
wise mode over that in dedicated mode. As one can observe,
the slowdown can be as high as ~4.76X (when mcf is
running with swim). Overall, we observe that in 30% of the
pairs, the slowdown ranges from 1.2X to 5X. We have
performed similar studies with virtualized server workloads
running simultaneously and observed similar slowdown
effects.
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Figure 1. Impact of Shared Cache/Memory contention

As the number of cores and on-die shared resources
increase, managing the shared resources requires efficient
interaction between the operating system and the CMP
platform. For example, QoS policies [6, 7, 12] have been
proposed to guide the partitioning of shared cache and
thereby address the issue of contention in the shared cache
and memory. By monitoring resource usage in the shared
cache, an OS or VMM can make more intelligent scheduling
decisions by deciding which applications can run together to
minimize contention in the shared cache. Previous studies
[3, 7, 13] have alluded towards how such scheduling
decisions can be made by monitoring -capacity or
interference among applications. However these studies are
based on trace-driven simulations which do not accurately

capture the interactions between the OS and the CMP
platform. Even when the interactions between the OS and
CMP platform architecture have been captured, a
comprehensive study on how applications can be classified
through resource monitoring to achieve near optimal
scheduling is an extremely challenging problem especially in
real world scenarios where there are more applications than
available hardware threads.

Studying the interactions between the OS and the
underlying CMP architecture requires simulators that (a)
model the underlying CMP architecture (b) can concurrently
execute arbitrary number of applications (¢) model an OS
scheduler to schedule the concurrently executing
applications on the CMP platform. Such features are
commonly found in full-system execution driven simulators
which have the drawbacks of being extremely slow.
Alternatively, trace-driven simulators, which are generally
much faster than full-system execution driven simulators,
have been used. However, trace-driven simulators have the
drawbacks of dealing with large address trace files that
potentially already have the native OS scheduling policies
captured during the trace collection process. Additionally,
conventional trace-driven simulators are single-threaded and
can become extremely slow with large number of
applications and cores on the CMP. Recently, CMPS$im [15],
a Pin-based on-the-fly multi-threaded performance simulator
was proposed. CMP$im avoids the use of large address
trace files by extracting memory addresses from an
application on-the-fly using binary instrumentation.
CMPS$im is also a fast parallel simulator that models
separate software threads for each application executing on
the simulated CMP. CMPS$im, however, lacks an OS
scheduler and is thus unable to model real world scenarios
where the number of concurrently executing applications is
greater than the total number of cores. To model such
scenarios, we enhance CMP$im with Linsched [16], a recent
simulator that models the Linux scheduling behavior. By
combining the benefits of Pin, CMP$im and Linsched, we
created CMPSched$im, a simulation platform that
overcomes the drawbacks of existing execution driven and
trace driven simulators to study the interactions between the
OS/CMP platform

3. CMPSCHEDSIM: A FAST AND FLEXIBLE FRAMEWORK
FOR OS/CMP INTERACTION

In this section, we introduce the CMPSched$im evaluation
framework and describe details on how it was developed.
We start below by describing CMPS$im, a tool that we started
with and extended to realize CMPSched$im. The primary
goal is to capture the interactions between the OS scheduler,
CMP architecture and the workload and simulate it at a high
speed. To undergo this effort, we utilize CMPS$im [15], a Pin
[14] based parallel multi-core performance simulator. To
study the interactions between the OS and CMP platforms,
we created the CMPSched$im simulation framework by
enhancing CMP$im with a Linux scheduler Linsched [16].
We describe  CMP$im, Linsched, and the required
enhancements to CMPS$im to support the OS scheduler. The
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baseline CMPS$im runs at speeds in the order of 10s of MIPS
for single-threaded workloads and 4-5MIPS for multi-
programmed workloads where the number of applications do
not exceed the number of simulated hardware threads.
CMPSched$im also achieves similar speeds.

CMPS$im, is a memory system simulator that utilizes the
Pin Dbinary instrumentation system to evaluate the
performance of single-threaded, multi-threaded, and multi-
programmed workloads on a simulated single or multi-core
processor. CMP$im models a simple processor pipeline
model and uses Pin as the functional model to dynamically
feed instructions and memory addresses (from workloads
under study) to the simulated cores. In doing so, CMPS$im
conducts on-the-fly multi-core studies of concurrently
executing workloads and avoids the I/O overheads
associated with large address trace files.

To simulate the behavior of multiple programs executing
simultaneously on a simulated CMP, CMP$im makes use of
shared memory. This was necessary because user-level

binary instrumentation tools, such as Pin, can only
instrument a single application at a time. The multi-
programmed CMP$im model creates the simulated

processor model in shared memory and requires multiple
instances of Pin and CMP$im to attach themselves to the
shared memory (as illustrated in Figure 2). Due to the
absence of an application scheduler in the baseline CMPS$im
model, CMP$im requires that the number of concurrently
running applications be at most the number of cores (or
hardware-threads) on the simulated CMP. Simulation starts
once the applications register themselves with the processor
model. CMP$im models timing by periodically
synchronizing the cycle counts on each simulated core using
barrier synchronization.
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Figure 2. Overview of Multi-Programmed CMP$im

In order to support more applications than simulated
hardware threads, CMPS$im had to be improved to
incorporate three major components: 1) a blocking
mechanism to support multiple applications per hardware
thread, to ensure that no two applications can run on the
same hardware thread at the same time, 2) an OS scheduler
to handle the scheduling of applications to hardware threads
and determine how much time they run on each hardware
thread and 3) modifying the existing barrier synchronization
in CMP$im. In addition to the above we needed 4) a
mechanism to support application migrations from core to
core, to guide the OS scheduler to make more intelligent

scheduling decisions based on 5) resource usage monitoring
counters. A block diagram of the enhanced CMPSched$im is
illustrated in Figure 3.
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Figure 3. Overview of CMPSched$im

3.1. SUPPORT FOR MULTIPLE APPLICATIONS PER
HARDWARE THREAD

Enabling multiple applications per hardware thread requires
implementing a blocking mechanism, which guarantees that
no more than one application can run in each hardware-
thread at any time. This was achieved by introducing a per-
core lock. The array of per-core locks was defined at the
shared segment, in order to be visible to all applications.
Possessing a core lock implies that the application is running
on the corresponding hardware thread. The application
releases the lock once its time quota has expired, or when it
is terminated.

3.2. INTEGRATION OF OS SCHEDULER SIMULATOR

A Linux scheduler simulator, Linsched [16], was integrated
to capture real-system application scheduling behavior.
Linsched is an independent module that takes as input the
number of cores and application IDs, and makes global
decisions about which application will be scheduled in
which core and when. Linsched uses the latest Completely
Fair Scheduler (CFS) kernel at its core, to accurately
simulate scheduler behavior. Using APIs into Linsched, all
applications store locally a schedule, which indicates
whether they should run/block at any given time. This
schedule is updated at regular time intervals by requesting
the scheduling decisions for this application, for a certain
time period, from Linsched.

An example is shown in Fig4: An instance of
Pin/CMPS$im that represents the application with appID=2
has as input the global clock variable, which is a shared
variable among all Pin/CMP$im instances, and indicates the
global time for all applications. In addition, there’s a local
schedule table indicating when this application may run.
Once the global clock exceeds the maximum timestamp of
this table, the application needs to request the schedule for
the next scheduling period from the Linsched module. In the
current example, global clock is 7ms and has exceeded 6ms,
which was the latest update for the schedule table.
Consequently, a request to get the schedule for the next 6ms
is sent to Linsched. Linsched will filter the entries that
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correspond to appID=2 and fall into the requested time
period (i.e. [6ms, 9ms]) and respond to the Pin/CMPS$im
instance. The Pin/CMPS$im simulation may only run if
there’s a record at the local scheduling table, indicating that
the application is currently scheduled to some core. It is also
notable that since Linsched will never schedule more than
one application to a core at any specific time, there is no
contention for the core lock. Typically, only one application
will try to acquire it, right after the application that was
previously scheduled to this core will exceed its time quota
and release it.

global clock num num
(7ms) coizs afps
PIN/CMP$|m_|nstance Linsched
applD=2
request
schedule schedule Core Schedulg
availabe? applD=2 corelD applD time
yes no [6ms,12ms]||Core0  App0 Oms
»{| Core0 App1 3ms
Core0 App0 6ms
run/block Core0 Appl 9ms
A Core0 App0 12ms
¢ schedule [0ms,6ms] Corel Core1 App2 Oms
\ | Core1[0ms,3ms] [6ms,oms] Core1 App3 3ms
“fCorel [6ms,9ms]} i Core1l App2 6ms
Core1 App3 9ms
Core1 App2 12ms

Figure 4. Communication between Pin/CMP$im module and
Linux Scheduler (Linsched)

3.3. MODIFYING CMPS$IM SYNCHRONIZATION BARRIER

CMPS$im models timing by periodically synchronizing the
cycle counts of each application wusing barrier
synchronization. When the number of applications exceed
the number of cores available (as in CMPSched$im),
synchronizing the cycle counts of all applications hinders
forward progress for running applications because they
would be waiting for blocked/waiting applications to make
progress. To ensure forward progress we (a) only
synchronize the running applications (b) “catch up” newly
scheduled applications by providing them with an indication
of the current global time.

To illustrate this, Figure.5, shows four applications
concurrently executing on a simulated 2-core CMP. The
scheduler starts off by scheduling applications 0 and 2 to run
while applications 1 and 3 are waiting. Let us assume that
running applications synchronize with each other every 1000
simulated cycles. Once one of the running applications, say
0, reaches the first barrier, it has to wait for the rest of the
running applications to reach the barrier (i.e. application 2).
Note that since only running applications wait in the barrier,
the number of applications that will synchronize in every
barrier boundary is equal to the number of cores. Once
application 2 finishes simulating a 1000 cycles, the barrier is
released and moved to 2000. Consequently, both
applications 0 and 2 resume execution. Now, suppose a
scheduling update causes application 3 to be scheduled to
core 1 (application 2 is blocked). Application 3 is “caught

up” by updating its cycle count to match the previous barrier
boundary (i.e. 1000), so as to reflect the progress of the
global clock while application 3 was waiting to execute.
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Figure 5. Example illustrating the usage of the new
synchronization barrier

3.4. SUPPORT FOR APPLICATION MIGRATION

CMPSched$im supports pinning (affinitizing) applications
to cores at run time. Pinning an application to a core can be
achieved by a function call to Linsched, which forces
Linsched to migrate the application to the requested core in
the next scheduling period. Whenever an application
exceeds its time quota and releases its core lock, it checks
whether the core schedule requires that the application run
on a different core in the next time quota. If this is the case,
the application will compete for the other core when
attempting to switch back in possibly resulting in cold start
misses in the memory hierarchy of the newer core.

3.5. MONITORING COUNTERS WHICH MEASURE PER
APPLICATION CAPACITY AND PER-APPLICTION MPI

Monitoring counters that monitor per application capacity
and per application Misses per Instruction (MPI) are
supported in the enhanced simulation infrastructure. A
heuristic, which gets as input the values of these hardware
monitoring counters (Figure 6), decides on the optimal
mapping of applications to hardware threads, so as to
improve overall system performance. When Linux Scheduler
(Linsched) is generating a scheduling table indicating when
each application will run, which takes place at the end of
each scheduling period; it has to comply with the
application-to-core mapping request of the heuristic.
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Figure 6. Communication between Linux Scheduler
(Linsched) and hardware monitoring counters

4. SHARED CACHE-AWARE OS SCHEDULING — A CASE
STUDY USING CMPSCHEDS$SIM

When heterogeneous applications run simultaneously on a
multi-core platform it is possible to have applications
exhibiting the following different types of behaviors: 1)
Poison applications — don’t use the cache efficiently or have
working sets much larger than the cache capacity available,
they dominate the cache resource by excessively kicking out
other applications data and may not benefit by using more
cache 2) Neutral applications — largely insensitive to cache
size and exhibit no change in performance irrespective of
other co-running applications. Typically, these applications
have very small working sets and 3) Vulnerable applications
— applications that benefit from existing cache capacity and
suffer in performance due to aggressive behavior of co-
running applications. Today’s platforms and OS have no
visibility into application cache contention and its
implications on either individual workload or overall system
performance. Often, this lack of fine grained resource
utilization information leads to poor individual performance
as well as poor overall performance. Our primary goal was
to monitor the shared cache usage of the applications and try
and classify them as Poison, Neutral or Vulnerable
applications so they can be scheduled by the OS/execution
environment to minimize contention in the shared cache.

To illustrate the loss in performance due to sub-optimal
scheduling, consider the scenario of 8 applications running
on a 4 core system, with 2 Last Level Caches (LLCs) and 2
cores sharing the same cache. Fig 7a below shows a
possible worst case scenario of poor scheduling of
applications due to heavy contention in the shared cache.
Through cache scaling characterization experiments, we
have foreknowledge that swim and Iucas are poison
applications, while mcf and art are vulnerable applications.
Ones that are neutral are eon and perlbmk while gcc and
galgel also fall into the vulnerable category, but are
vulnerable to a lesser degree than mcf and art. In the worst
case scenario, mcf and art (vulnerable apps) end up running
with swim and lucas (poison apps) and hence mcf and art
would suffer heavy contention in the shared cache. A
possible best case scenario is shown in Fig 7b, where mcf

and art (vulnerable apps) are paired with eon and perlbmk
(neutral apps). Though gcc and galgel are paired with swim
and lucas, gcc and galgel are not affected as bad as mcf and
art.

We performed some measurements in an Intel Core2
Quad core [4] system to study the performance impact on
the worst case scenario compared to the best case and the
results are shown in Fig 8.

mcf swim gcc galgel
art lucas eon  perlbmk
LLCO LLC1

Memory

Figure 7a: Possible worst case scheduling scenario

mcf eon lucas gcc
art perlbmk swim galgel
LLco LLetr

I

K

Memory

Figure 7b. Possible best case scheduling scenario
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Figure 8. Worst case vs. Best case scheduling comparison

The primary Y-axis in Fig 8 shows the Instructions Per
Cycle (IPC) throughput of each application and the
secondary Y-axis shows the percentage IPC improvement
per application. We can see that mcf and art showed a
significant improvement in performance of as much as 125%
and 70% respectively. Swim showed some slight
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performance improvement and this is more due to the
memory bandwidth than the cache as swim is not affected
much by cache, and same is the case with lucas. Perlbmk
and eon were not affected much and so is gcc. Galgel
suffered some loss in the best case; however overall, the best
case shows an average IPC improvement of 20%. Our first
challenge is to come up with a heuristic that would achieve
near optimal scheduling using existing counters like Misses
Per Instruction (MPI) and potential future counters like
capacity usage of each application in the shared cache. The
bigger challenge also is to quantify and show through
simulations, if such capacity counters were available, how
efficient would our heuristics be if we were to use MPI
alone, Capacity alone or both MPI and Capacity
information. It should be noted that it is critical to model the
right scheduling behavior in terms of how much time each
application gets on each core because the length of times
each application runs can also affect the performance. For
example if the time an application gets on a core is Sms vs.
50ms, then there would be an obvious effect on the shared
cache performance due to cold start misses and evictions that
entail when a new application comes in. This is one of the
main reasons why it is important to incorporate a real
scheduler like the Linux scheduler simulator Linsched that
we employ in CMPSched$im.

In the simplest case, we started off with heuristics using
capacity alone and MPI alone. Intuitively, it appears that a
better way of scheduling applications is to make sure that
high capacity applications don’t run at the same time sharing
the same LLC and it would make sense to pair high capacity
applications with low capacity applications. Less intuitive
but still plausible would be to make sure that high MPI
applications don’t co-run on the same LLC with other high
MPI applications. In the absence of capacity counters, MPI
can give a reasonable indication towards high capacity
applications.

In order to understand the difference (and similarity)
between the MPI and Capacity counters, we conducted a
simple cache scaling study with the workloads. Fig 9 shows
the cache scaling results from the experiments we performed
on a present day CMP platform.
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Figure 9: Spec2K cache scaling experiments

The cache was scaled down from 4M down to 512K. We
can see that applications that have a high MPI (a miss every
100 instructions) are applications like swim, lucas, equake
etc. From simulation studies we have done earlier, beyond
the scope of this paper, we have foreknowledge that these
are high capacity applications. However, MPI being an
indicator of capacity is not always accurate because
applications like mcf and art show a huge variation in MPI
as we scale the cache size down. Next we will describe how
MPI and capacity were used in our heuristics. The details
about interactions among various modules in CMPSched$im
to communicate the monitored information is described in
section 3. In the following sub-sections we will be using the
same workload mix and cache hierarchy as presented earlier
in Fig 7a, b. CMPSched$im running at blazing speeds
helped us complete full workload runs overnight when run
on multi-core systems like the Core 2 Quad.

4.1. MPI BASED HEURISTIC IN CMPSCHEDSIM

In the MPI based heuristic, the MPI of all application are
sampled every 800ms. The 800ms is a value that was chosen
empirically to make sure each application has had enough
time on the core. Also, the time on core for each application
should be reasonably long to capture the behavior of the
application and avoid fine grained phase changes. Once the
MPI values are sampled, the applications are sorted ordering
them in decreasing order of MPI and mapped to the cores as
shown in Fig 10. The mapping is done by migrating the
applications to appropriate cores using APIs provided with
Linsched.

Workload MPI
swim 0.045331

mcf

0.026049

Local optimi

ation
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0.013084
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0.009295
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fation

Global optimization

galgel
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perlbmk
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LLCO

1 1

Memory

LLC1

Figure 10. Mapping of applications to cores based on MPI
Heuristic

The mapping is aimed at making sure that two high MPI
applications don’t co-run such that they share the same
cache. It achieves this by local and global optimization as
shown in Figure 10. With local optimization the two highest
MPI applications are run on the same core so they are
separated by the core because no two applications can run on
the same core at the same time. With global optimization,
the high MPI applications are mapped to cores such that they
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run on different LLCs. When the applications are launched,
they are started with affinity such that they start at the worst
case as shown in Fig 7a. Ideally our heuristic should take the
execution to the mapping in Fig 7b. Though the MPI
heuristic achieves a reasonably better mapping, swim may
end up running with perlbmk or eon and this is not ideal
because, swim does not need a lot of cache (poison
application) and pairing it with a low cache usage
application like perlbmk or eon would be sub-optimal. There
could be instances where the ideal mapping may be
achieved, even with just MPI heuristic but based on what we
observed this is not the case as the MPI heuristic does not do
a good job in distinguishing poison applications (lucas and
swim) from vulnerable applications (mcf and art).

4.2. CAPACITY BASED HEURISTIC IN CMPSCHEDS$IM

In the capacity based heuristic the capacity of each
application in the shared LLC is sampled at the time, the
application is switched out of the core. As noted earlier, an
application’s time on the core is determined by the schedule
returned by Linsched. Unlike the MPI heuristic where the
MPI is sampled at 800ms intervals, we have to sample
capacity when an application is switched out because, the
new application that comes in may evict the lines of the
application that just got switched out. In the MPI heuristic at
any time we know on a per application basis how many
misses were incurred and how many instructions of that
application were executed. Now we take an average of the
capacity values for each application as an application may
have run several times and switched out several times in
800ms. As before, the applications are sorted in order of
decreasing average capacity, and mapped similar to what
was done in Figure 10. The goal with the Capacity based
heuristic is to again make sure that no two high capacity
applications run at the same time sharing the same cache.
This is achieved through local and global optimizations as
pointed out in the previous section but this time using
average capacity of each application during the 800ms
sample run. Intuitively, the capacity based heuristic would
achieve better results than the MPI because unlike huge MPI
variations of vulnerable applications, there will not be huge
variations in capacity. This would become clear as we
examine the end performance results and migration patterns
that will be described in the following sections.

4.3. CAPACITY AND MPI BASED HEURISTIC IN
CMPSCHEDSIM

While studying the performance of each application using
MPI alone Heuristic and Capacity alone Heuristic, we
noticed that both the Heuristics were not able to achieve near
optimal scheduling and this reflected in their sub-optimal
performance.
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Figure 11. Application to core mapping for MPI Heuristic as
reported by CMPSched$im

Figure 11 shows the application to core mapping for each
of the LLCs. The X-axis is the elapsed time in milliseconds.
The Y-axis shows the workloads and the series represent the
core in which the application ran. We can see that in LLCO
up to 800ms art and mcf ran in core 0 while lucas and swim
ran in core 1 sharing the same cache and this represents the
worst case which was at launch. As the simulation
progresses, the MPI heuristic had already kicked in at 800ms
and the heuristic figures out a mapping based on the MPI.
From 800ms onwards mcf and gcc are paired with eon and
perlbmk though the ideal would have been mcf and art with
eon and perlbmk. However mcf was separated from lucas
and swim which are running in a different cache now with
galgel and art. mcf’s MPI drops low being paired with eon
or perlbmk and hence the heuristic begins to deteriorate in
efficacy. Also mcf and art, which are the most vulnerable
applications migrate from LLCO and LLC1 causing a ping-
pong effect resulting in unwanted migration costs. Ideally
we want the heuristic to arrive at the best case mapping and
stay there. Figure 12 shows the migration patterns with
capacity heuristic.

119

Authorized licensed use limited to: Intel Corporation via the Intel Library. Downloaded on June 03,2010 at 15:05:17 UTC from IEEE Xplore. Restrictions apply.



LLC 0 (Capacity Heuristic)

perl

11

eon

qcc
lucas
swim ‘ ‘

7984

LLC 0 (Capacity + MPI Heuristic)

=1 o LA

7986

LLC 1 (Capacity Heuristic)
per
o
eon
s
lucas

swim

mef

— Core3 |

LLC 1 (Capacity + MPI Heuristic)

perl
galgel

eon

lucas

swim

mef

Figure 12. Application to core mapping for Capacity
Heuristic as reported by CMPSched$im

It can be observed that the capacity heuristic is a lot more
stable than the MPI heuristic in the sense that it did not
bounce around the most vulnerable applications mcf and art
from LLCO to LLC1 back and forth as much as the MPI
heuristic did, thereby minimizing the migration costs. The
capacity heuristic also achieves a good local and global
optimization. However, what the capacity alone and MPI
alone heuristic lack in, is that they do not identify the poison
applications. The hybrid heuristic that uses both capacity and
MPI information to identify poison applications achieves
near optimal scheduling. The following is how the heuristic
is designed. Once the applications are sorted in order of
decreasing capacity, the applications in the top half (highest
capacity) are monitored to see which ones have high MPI.
We chose various thresholds for the MPI for example an
MPI of 0.01 (a miss every 100 instructions) or an MPI of
0.008 (more aggressive), and any high capacity application
that has an MPI above this threshold is classified as poison
applications. At the end of the first sampling point, the
hybrid Capacity+MPI heuristic would not successfully
distinguish poison applications (swim and lucas) from
vulnerable applications (mcf and art), because mef would
have a high MPI as it started with worst case mapping.
However as the simulation progresses through sampling
points, the heuristic would almost always identify the poison
applications as the MPI values of mcf and art would drop.
Once lucas and swim are identified as poison applications,
they are separated from mcf and art by global optimization
(put in a different cache) and the lowest -capacity
applications perlbmk and eon are paired with mcf and art
achieving the best case oracle mapping.

Figure 13. Application to core mapping for Capacity+MPI
Heuristic as reported by CMPSched$im

Figure 13 shows how the hybrid Capacity+MPI Heuristic
achieves near optimal scheduling as what we want in the
best case. mcf and art are almost always paired with eon and
perlbmk. Also, the unwanted migration costs are also
avoided. There are some minor hiccups as we see at second
6, but this is more of a workload phase issue than a heuristic
issue. Now we will present the individual application
performance and improvements with the heuristics in overall
average performance improvement.
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Figure 14a. MPI Performance comparison
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Figure 14b. CPI Performance comparison

Figure 14a shows the MPI for each application on the
primary Y-axis and shows how each heuristic does in
reducing the MPI thereby improving performance. The
secondary Y-axis shows the percentage MPI reduction
compared to the default OS scheduler. The default OS
scheduler represents basically what the launch order is and
hence in this case it corresponds to the worst case mapping.
The Linux scheduler affinitizes each application to the core
it was launched in, unless the applications are not balanced
across cores. In this case, since there are 2 applications in
each core, the load balancer does not kick in. We can see
that mcf and art show significant drop in MPI with each of
the above heuristics with MPI+Capacity heuristic doing best,
followed by Capacity alone and MPI alone. Though eon and
galgel show significant increase in MPI, the actual MPI
values are so low, that the actual performance of the
application is not affected that much as can be seen in Figure
14b that shows the CPI (Clocks Per Instruction)
performance. With the Capacity+MPI scheduler mef and art
showed a reduction of over 60% and over 20% respectively.
Galgel showed only less than 10% increase in CPI. Figure
15 shows the average of the percentage increase in IPC
(Instructions Per Clock) for all the applications.
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Figure 15. Average of percentage IPC increase of all
applications

Comparing to the default OS scheduler, the MPI Heuristic
achieved 12% increase while the Capacity Heuristic
achieved 21% increase while the Capacity+MPI Heuristic
achieved a huge improvement of 30%. We have
experimented with other combinations of workloads and the
Capacity+MPI Heuristic almost always arrives at the near
optimal scheduling. The case study clearly shows how
valuable CMPSched$im proved in not just helping us
quantify the improvements in performance, but also helping
us arrive at the hybrid Capacity+MPI Heuristic.

5. CONCLUSION AND FUTURE WORK

In this paper we discuss the complexity of shared resource
management in CMP platforms and the need for optimizing
the interactions between the OS/execution environment and
the CMP platform hardware architecture. We present the
limitations of existing simulation tools and motivate the
need for alternate fast and flexible tools to explore better
OS/CMP interaction. We propose the CMPSched$im
simulation infra-structure to successfully overcome the
limitations of execution and trace-driven simulations and
accurately capture OS/execution environment and hardware
interaction and this, with excellent speeds in the order of
several MIPS. This enabled us to get results very quickly.
We also illustrate with a case study how CMPSched$im
helped us design a simple heuristic that uses present day
cache miss, instruction retired counters and proposed future
capacity counters to achieve near optimal scheduling. We
compare the per application performance improvement and
overall system performance improvement compared to the
base case OS scheduler, MPI Heuristic, Capacity Heuristic
and Capacity+MPI Heuristic. We also show how efficient
the Capacity+MPI Heuristic is in achieving a significant
overall performance improvement of up to 30%.

Future work in this area would first involve more
enhancements to add more detailed micro-architectural
models. We would also like to study a richer set of
heterogeneous workloads and possibly enable other types of
execution environment schedulers (virtual machine monitors
for example). We expect that this approach will also help
significantly speed up additional OS/CMP interaction
exploration (e.g. heterogeneous cores, hybrid
core+accelerator architectures, etc).

ACKNOWLEDGEMENTS

We would like to thank John Calandrino for his
contributions with Linsched and supporting migration APIs
that helped us with easy integration into the simulation infra-
structure and also Jessica Young, Tong Li and, Dan
Baumberger for their contributions to Linsched.

REFERENCES

[1] AMD Inc., “AMD Multi-core
http://multicore.amd.com/en/

Processors,”

121

Authorized licensed use limited to: Intel Corporation via the Intel Library. Downloaded on June 03,2010 at 15:05:17 UTC from IEEE Xplore. Restrictions apply.



[2] D. Chandra, F. Guo, et al. Predicting inter-thread cache
contention on a chip multiprocessor architecture”, 11th
International Symposium on High Performance Computer
Architecture (HPCA), Feb 2005.

[3] N. Enright Jerger, D. Vantrease, M. H. Lipasti,
“Evaluation of Server Consolidation Workloads for Multi-
core Designs,” ISWC-2007

[4] Intel Xeon 5400 Series,
ftp://download.intel.com/products/processor/xeon/dc54kpro
dbrief.pdf

[5] Intel Corporation, “World’s first quad-core processors
for desktop and mainstream processors,”
http://www.intel.com/quad-core/

[6] R. Iyer. CQoS: A Framework for Enabling QoS in
Shared Caches of CMP Platforms. In Proc. of 18th Annual
International Conference on Supercomputing (ICS’04), July
2004.

[7] R. Iyer, L. Zhao, et al., “QoS Policies and Architecture
for Cache/Memory in CMP Platforms”, the ACM
SIGMETRICS

Conference on Measurement and Modeling of Computer
Systems (SIGMETRICS), June 2007

[8] S. Kim, D. Chandra, and Y. Solihin. Fair Cache Sharing
and Partitioning in a Chip Multiprocessor Architecture. In
Proc. of 13th Int’l Conf. on Parallel Arch. & Complication
Techniques (PACT), Sept 2004.

[9] R. Kumar, D. Tullsen et al., Single-ISA Heterogeneous
Multi-Core  Architectures for Multithreaded Workload
Performance, In 31st International Symposium on Computer
Architecture, June, 2004

[10] M. R. Marty, M.D. Hill Virtual Hierarchies to Support
Server Consolidation, ISCA 2007

[11] M. K. Qureshi and Y. N. Patt. Utility-Based Cache
Partitioning: A Low-Overhead, High-Performance, Runtime
Mechanism to Partition Shared Caches In Proc. of Annual
Int’l Symposium on Microarchitecture (MICRO), June 2006.
[12] N. Rafique, W.T. Lim and M. Thottethodi.
Architectural Support for Operating System-Driven CMP
Cache Management. In Proc. of the 15th International
Conference on Parallel Architectures and Compilation
Technology (PACT 2006), Sept 2006

[13] L. Zhao et. al Cache Scouts: Fine-Grain Monitoring of
Shared Caches in CMP Platforms, PACT 2007

[14] Pin — A dynamic binary instrumentation tool
http://rogue.colorado.edu/pin/

[15] A. Jaleel et al: CMPS$im- A Pin-Based On-The-Fly
Multi-Core Cache Simulator, Fourth Annual Workshop on
Modeling, Benchmarking and Simulation (MoBS) co-
located with ISCA 2008

[16] J. Calandrino et al: Linsched-The Linux scheduler
simulator, PDCCS 2008

122

Authorized licensed use limited to: Intel Corporation via the Intel Library. Downloaded on June 03,2010 at 15:05:17 UTC from IEEE Xplore. Restrictions apply.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


