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Abstract—Graphics Processing Units (GPUs) have emerged as a
promising platform for parallel computation. With a large
number of processor cores and abundant memory bandwidth,
GPUs deliver substantial computation power. While providing
high computation performance, a GPU consumes high power and
needs sufficient power supplies and cooling systems. It is essential
to institute an efficient mechanism for evaluating and
understanding the power consumption when running real
applications on high-end GPUs.

In this paper, we present a high-level GPU power
consumption model using sophisticated tree-based random forest
methods which correlate and predict the power consumption
using a set of performance variables. We demonstrate that this
statistical model not only predicts the GPU runtime power
consumption more accurately than existing regression based
approaches, but more importantly, it provides sufficient insights
into understanding the correlation of the GPU power
consumption with individual performance metrics. We use a
GPU simulator that can collect more runtime performance
metrics than hardware counters. We measure the power
consumption of a wide-range of CUDA Kkernels on an
experimental system with GTX 280 GPU to collect statistical
samples for power analysis. The proposed method is applicable to
other GPUs as well.

I INTRODUCTION

Due to excessive power consumptions, limited instruction
level parallelism, and escalating processor-memory walls, the
computer industry has moved away from building expensive
single processor chips with limited performance improvement
to multi-core chip for higher chip-level IPCs (Instructions Per
Cycle) with an acceptable power budget. Instead of replicating
general-purpose CPUs (cores) in a single chip, the recent
introduction of Nvidia’s GPUs [17][26] take a different
approach by building many-core GPU chip as co-processors to
be connected through a PCI-Express bus to the host CPU. The
host executes the source program and initiates computation
kernels, each with multiple thread blocks to be executed on the
GPU. In the GPU chip, multiple streaming processors (or SPs)
are grouped into a few streaming multiprocessors (or SMs) as a
scheduling unit. Based on the resource requirement, one or
more thread blocks can be scheduled on an SM. Each thread
block contains one or more 32-thread warps to be executed on
multiple SPs in a Single-Instruction-Multiple-Threads (SIMT)
fashion for achieving high floating-point operations per second.

Nvidia’s Compute Unified Device Architecture (CUDA), a
C++-like programming language [25], or OpenCL [15] is used
to parallelize the applications. To supply the instruction and
data, Nvidia’s GPU has a sophisticated memory system. With a
limited silicon budget, the on-chip fast storage in each SM is

978-1-4577-1954-7/11/$26.00 ©2011 IEEE

Ying Zhang?
2Department of Experimental Statistics
Louisiana State University
Baton Rouge, LA
bli@lsu.edu

57

Jih-kwon Peir!
*Department of ECE
Louisiana State University
Baton Rouge, LA
{yzhan29, Ipeng} @lsu.edu

Lu Peng?

small and relies on programmers to efficiently use it for hiding
the memory access latency.

While delivering high computation performance, the GPU
consumes high power and thus needs to be equipped with
sufficient power supplies and cooling systems. For example,
the Tesla 20-series GPU based on the new Fermi architecture
[22] consists of 512 SPs grouped into 32 SMs. The Tesla GPU
is optimized for general-purpose scientific applications to
deliver 500+ gigaflops of IEEE standard double-precision
floating point operations and over one teraflop of single-
precision peak performance. However, it also consumes 200-
300W of power [23]. The high-end Appro 1426G4 server [1]
features four Tesla 20-series GPUs, two Quad or Six-Core Intel
Xeon (5600) Processors with 96GB DDR memory and requires
a 1400W high-efficiency power supply and cooling fans.
Therefore, it is essential to institute an efficient mechanism for
evaluating and understanding the power consumption and
dissipation requirements when running real applications in
these high-end GPUs.

Existing GPU power measurement tools are very limited.
Since the current GPUs are not equipped with power sensors to
directly assess the power dissipation at runtime, the GPU
power is either observed from a separate power meter or
derived from the probed voltage and current on the GPU. Such
approaches require additional hardware devices and are not a
practical solution. On the other hand, software approaches to
estimate the power consumption are still in the early stages.
Unlike CPU power, which can be modeled at different levels
by simulation tools such as Wattch [5] and Simple power [35],
the GPU community lacks an accurate and flexible tool for
power simulation. Although some preliminary attempts have
been made, the existing tools are limited to a specific
architecture or component and more importantly, they cannot
provide much insight about GPU power consumption due to
limited analyzing ability and metrics they can collect. For
example, Qsilver [33], an OpenGL based performance
simulator, was extended to include a power model for the
OpenGL rendering pipeline. PowerRed [29] includes both
analytical and empirical power model along with an area-aware
interconnect model to estimate power at the architectural level.

In this paper, we present high-level GPU power
consumption models using a linear regression tree [4] and
sophisticated random forest methods [3]. The random forest
method provides the correlation analysis between the power
consumption and the independent performance variables so we
can better understand GPU’s power characteristics. These
models are established based on the execution frequencies of
instructions and memory accesses in a wide-variety of



application samples. To complement the execution frequency
profile, we include several performance-sensitive architectural
metrics into the analysis for accurate power modeling. Our
methodology consists of the following steps.

Workload profiling and power measurement. We collect
52 application kernels from popular GPU benchmark suites
[6][24][28] and from a few real applications [7]. These
applications are parallelized using CUDA and run on an
experimental system with GTX 280. The energy consumptions
of these kernels are measured using a YOKOGAWA WT210
Digital Power Meter [36] as statistical power samples for
power consumption prediction and analysis.

Collecting performance metrics from application kernels:
A GPU simulator GPGPUSim [2] for simulating application
execution is used to measure the executed instructions and
memory accesses as well as other important architectural
parameters. Unlike the GPU profiler [24], GPGPUSim is
flexible and can be modified to collect execution statistics. In
this study, we modify GPGPUSim to collect 18 execution
related and 4 architecture related metrics and use them as the
independent variables for power analysis.

Statistical analysis from the samples: Based on 52 sample
application kernels, we first use multiple linear regression
analysis to build the power equation with a set of independent
variables. We then apply the sophisticated random-forest
method [3] to model the power with high accuracy. The
random forest approach can also shed insights on the
correlation between power and individual variables.

Power correlation, prediction and verification: The
random forest model identifies most influential variables in
power prediction including register access (Register), single-
precision floating-point instruction (S.FP) and global memory
access (GMlnst). It also shows that several performance-
sensitive architecture metrics indeed play a role in modeling the
power consumption. In addition, a random forest model can
output a proximity plot, which provides an indication of which
observations (kernels) are effectively close together in the eyes
of the random forest model Furthermore, we verify the
accuracy of the model using leave-one-out cross validation
(LOOCYV). The average percentage error (PE) is 7.77% in
comparison with the measured power consumption for the
random forest method. The average PEs increase to 11.68%
and 11.70% respectively for using the regression tree and the
multiple linear regression approaches.

This paper makes two key contributions. First, we present a
powerful statistical model to analyze and predict GPU power
consumption. Our model uses the sophisticated random forest
method with high accuracy and insightful analysis to
understand the correlation of power consumption and other
independent performance variables. To the best of our
knowledge, this is the first attempt to apply such sophisticated
statistical methods for GPU power analysis. Second, we modify
GPGPUSim, a GPU simulator to collect workload execution
characteristics for the power analysis. It can collect detailed
information for each type of instruction as well as architecture
related metrics. Comparing with previous works, the simulator
lifts many restrictions in terms of the type of variables that can
be collected and the type of applications that can be modeled,
which is very important for providing a complete study of GPU
power characteristics.
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The outline of the paper is as follows. Section II provides a
general description of CUDA GPU architecture. Section III
describes the collection of the kernel execution characteristics
using GPGPUSim. This is followed by the benchmark selection
and power measurement in Section IV. Statistical modeling
using random forest and other methods is given in Section V.
Prediction of power consumption, analysis and verification are
in Section VI. Section VII presents the correlation analysis of
the power consumption with other independent variables.
Section VIII describes related work. Finally, Section IX
concludes this work and gives future directions.

IL.

GPU power consumption is closely related to the runtime
characteristics during the kernel execution on GPUs. In this
section, we highlight the important many-core and memory
organization of Nvidia’s GPUs that impact the program
execution and the power consumption.

Nvidia’s GPUs contain a number of Streaming Processors
(SPs) grouped into a set of Streaming Multiprocessors (SMs).
The GTX 280 GPU which was used for the experiment has 30
SMs, each with 8 SPs, for a total of 240 processors. CUDA
extends ANSI C with a few new program constructs and key
words [25]. The programmers can use these CUDA extensions
to parallelize the programs into three levels. In the highest
level, a kernel can be invoked from the host CPU to create a
single grid to run on the GPU. Parallel kernel invocations are
allowed on the same or multiple GPUs [13][26]. Each grid has
multiple thread blocks which can be specified as a three-
dimensional array. Each thread block consists of multiple
threads also specified in a three-dimension format. A thread
block is scheduled to run on one SM independently with other
thread blocks. Within each thread block, parallel threads are
further grouped into 32-thread warps. A warp is the smallest
unit to be scheduled for execution on SPs. Upon execution, a
half warp is assigned to be executed in all the SPs in the SM.
Multiple warps in the same or different thread blocks can be
scheduled on the same SMs simultaneously limited only by the
hardware resource available in each SM. Active warps in each
SM are assigned to the functional units in SPs when the warp is
ready to execute and the hardware is available. There is no
penalty in switching executions between different warps.

The CUDA GPU has multiple levels of memory
hierarchies. The global memory (also called device memory)
located off-chip with long access latency can be accessed by all
thread blocks in a grid. The on-chip shared memory with fast
access latency is accessible from all threads within a thread
block. An efficient usage of the fast but limited shared memory
is critical in reducing expensive global memory accesses. Each
SM has on-chip registers to be used by all thread blocks. The
off-chip local memory can only be accessed by a single thread.
Due to its long latency, the local memory is used for certain
functions, e.g. register spilling. The CUDA GPU also has
constant and texture memories for the read-only data. Although
located off-chip, the data in these two memories can be cached
for fast accesses. When a kernel is invoked from the host CPU,
the needed data must be copied from the host main memory to
the device’s global memory before the start of executions.

Due to the resource constraint, there are limited numbers of
thread blocks and threads that can be scheduled on each SM in
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GTX280 as summarized in Table 1. Such constraints influence
the execution efficiency and the power consumption.

Resource Limitation
Threads per SM 1024
Thread blocks per SM 8

Threads per warp 32
Warps per SM 32
Threads per thread block 512

Registers (32bit) per SM 16384

Shared Memory (bytes) per SM 16KB

Table 1: Resource constrains of GTX280

III. CHARACTERISTICS OF KERNEL EXECUTION AND

PROFILING

In this section, we present the runtime characteristics that
we analyzed and describe the methods for profiling them. In
general, the total execution frequency of different types of
instructions and memory accesses largely determines the GPU
power consumption. However, the execution efficiency also
influences the power assumption. In this study, we include four
performance-sensitive architectural parameters.

In order to collect the kernel execution characteristics, we
use a GPU simulator GPGPUSim, which is a cycle-level
simulator that simulates the PTX instruction set running on
Nvidia GPUs. The PTX resembles the real ISA of Nvidia GPU
and has demonstrated reasonably close IPC results [21].
GPGPUSim consists of a function simulator (cuda-sim) that
executes PTX kernels, a performance simulator (gpgpu-sim)
that simulates the timing behavior of a GPU, and an
interconnection network simulator (intersim) that models the
interconnect delays. After the cudafe separates GPU and CPU
code, the nvee compiles and produces the PTX assembly code
for GPU. Then, the ptxas assembler generates thread-level
register, block-level shared memory, and block-level constant
memory usage information to determine how many blocks can
be assigned to each SM. GPGPUSim also implements a custom
CUDA runtime library to divert CUDA API calls to
GPGPUSim. During the simulation, the simulated kernel C
code runs natively on the CPU of the simulated machine.

Table 2 summarizes the 22 runtime characteristics
including 18 execution frequencies and 4 architecture
parameters we collected from GPGPUSim for power modeling
and analysis. We separate accesses to register, shared memory,
local memory, global memory, texture memory and constant
memory for more accurate modeling. Since the texture and
constant memory accesses are cacheable, we further separate
them into hits and misses to reflect their power consumption.

We consider four performance-sensitive parameters to
complement the execution frequency profile. First, individual
global memory accesses with certain regularity from all threads
in a half-warp can be coalesced into one or fewer memory
moves for saving the bandwidth requirement. Due to the
limitation of PTX simulator, we cannot separate different
granularities of global memory accesses. In establishing the
power model, the un-coalesced global memory accesses are
used to complement the total global memory accesses. Second,
in the SIMT mode, a single instruction must be executed by all
threads in a half-warp. Divergent branches will result in
executing the true path and the false path separately, hence can
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Notation Description

ShMInst Total shared memory instructions

PMInst Total parameter memory instructions

LMInst Total local memory instructions

GMlnst Total global memory instructions

TMInst.hit Total texture cache hit

TMInst.miss Total texture cache miss

CMInst.hit Total constant cache hit

CMInst.miss Total constant cache miss

Register Total register accesses

S.FP Total single-precision FP instructions

D.FP Total double-precision FP instructions

INT Total integer instructions

ALU Total arithmetic logic unit instructions

SFU Total special function unit instructions

Atomic Total atomic instructions

Barrier Total barrier instructions

M.Barrier Total memory barrier instructions

Branch Total branch instructions

UncoalesMem | Total global memory accesses that cannot
be coalesced

D.Branch Total divergent branches

BankConf Total bank conflicts in accessing caches
and shared memory

Occupancy Ratio of active warps to maximum warps
can be supported in a SM of GPU

Table 2: Runtime characteristics from GPGPUSim

be used as a complement to the total number of branches.
Third, on-chip storage such as shared memory, caches, and
registers are constructed with 16 banks to improve the
bandwidth. Bank access conflicts cause serialization of thread
execution in a half-warp. These bank conflicts impact the
power consumption for instructions accessing the shared
memory, caches, and registers. Fourth, Nvidia’s GPUs and
CUDA present constraints in creating and scheduling parallel
threads on multiple SMs. It relies on the programmers to
optimize the CUDA code for fully populating all SPs in a SM
with simultaneous thread blocks and threads to achieve the best
utilization. Although the optimization space of CUDA/GPU is
multi-dimensional and non-linear [31], the SM occupancy is an
important metric reflecting the scheduling and execution of
thread blocks and is considered in the power analysis.

It is important to note that due to the limited sample size we
collected, it may encounter the over-fitting problem in
constructing the power model with large number of
independent variables. As a result, the prediction accuracy may
be sacrificed. Nevertheless, the goal of this paper is not only to
build an accurate model for power prediction, but more
importantly, to analyze and understand the correlation between
power consumption and different runtime characteristics.

Iv.

To cover a wide variety of GPU application kernels, we
selected kernels from CUDA SDK [24] with many popular
applications. We also use kernels from Rodinia Benchmark [6]
which covers a wide range of applications in parallel
communication patterns, synchronization techniques, and
power consumption studies, and from Parboil Benchmark [28]
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which is comprised of various applications developed to be
better suited for measuring GPU performance. We also collect
kernels from a computer graphics application Poisson Image
Editing [7] which seamlessly integrates new image contents
into a given background image, and a computer vision
application 3D Shape from Shading [7] which deals with
recovering the 3-D structure of an object from its image. Due to
the constraints in the simulator with unsupported instructions,
we cannot run a few kernels from these benchmark suits. In
addition, we adjust a few small kernels (<0.5ms) to a bigger
problem size. In case that the cost of kernel invocation and host
return dominate the execution time, these small kernels are not
included. Lastly, we exclude kernel besect large in
eigenvalues which has only 1 thread block. Table 3 lists all the
52 kernels we used.

We use YOKOGAWA WT210 Digital Power Meter to
measure the overall system energy consumption. Each kernel
execution is repeated multiple times for more accurate
measurement. The power consumption P can be calculated
from the measured energy E such that P = E/T, where T is the
running time. However, the measured power includes both the
GPU power and the system power of CPU and other
components on the mother board. To isolate the system power,
we remove the GTX280 card and measure the idle system
energy repeatedly. The average measured system power
without GPU is about 113W which is about 35-40% of the
overall measured power. This constant system power can then
be subtracted from the measured power of each benchmark to
get the correct GPU power for the kernel samples.

V.

Tree-based models provide an alternative to the classic
linear regression models [4]. The tree models are fitted through
a recursive partitioning algorithm whereby a dataset is
successively split into increasingly homogenous subsets until
the information gained by additional splits is not out-weighed
by the additional complexity due to the tree’s growth. Tree
structured models are adept at capturing non-linear and non-
additive behavior, e.g. interactions among independent
variables are routinely and automatically handled. Random
forest, proposed by Leo Breiman [3], is an ensemble learning
algorithm that combines many individual trees in the following
way:

STATISTICAL MODELING

GMInst< 3 833409 191.8
n=17
S.E 08 170
n=11
135.7 16F.8
n=8 n=16

Figure 1: Regression tree for 52 kernels based on the
parameters from GPGPUSim.

For each tree, (1) a bootstrap sample is drawn from the
original sample; (2) a tree is grown using the bootstrap sample
of the data generated in the step (1), and at each split the
candidate set of variables is a random subset of all the
variables.

Benchmark Kernels
3DFD 1.stencil 3D 16x16 order8
binomialOptions 2.binomialOptionsKernel
BlackScholes 3.BlackScholesGPU
convolutionSeparable 4.convolutionColumnsKernel
5.convolutionRowsKernel
convolutionTexture 6.convolutionColumnsKernel
7.convolutionRowsKernel
dct8x8 8.CUDAKkernel1DCT
9.CUDAKkernel1IDCT
dxtc 10.compress
fastWalshTransform 11.fwtBatchlKernel
12.fwtBatch2Kernel
Histogram 13.histogram64Kernel
matrixMul 14.matrixMul(single)
15.matrixMul(Double)
MersenneTwister 16.RandomGPU
17.BoxMullerGPU
quasirandomGenerator | 18.quasirandomGeneratorKernel
scalarProd 19.scalarProdGPU
scan 20.scan_best

21.scan_naive
22.scan workefficient

simpleAtomicIntrinsics | 23.testKernel

sobolQRNG 24.s0bolGPU kernel
Transpose 25.transpose
26.transpose naive
sad 27.mb _sad calc
mri-q 28.ComputeQ GPU
Ibm 29.performStreamCollide _kernel
backprop 30.bpnn_layerforward CUDA
31.bpnn_adjust weights cuda
Heartwall 32 .kernel
hotspot 33.calculate temp
Particlefilter 34 kernel
lud 35.lud internal
nw 36.needle cuda shared 1
37.needle cuda shared 2
histogram 38.histogram256Kernel
MonteCarlo 39.MonteCarloOneBlockOption
3D-shape 40.SI-Base

41.SI-Coarse
42.SI-UD-comm-square
43.SI-4w-comm-square
44.SI-4w-comm-combine-square

45.GS-Base

46.GS-Coarse
47.GS-UD-comm-square
48.GS-4w-comm-square
49.GS-4w-comm-combine-square

Poisson-image

Kmeans 50.kmeansPoint
51.invert mapping
particlefiter 52.likelihood kernel
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Table 3: List of kernels

The response variable is predicted using the average of the
predictions of all the trees in the forest.

Figure 1 shows a single regression tree with four leaves
(terminal nodes) from analyzing the 52 benchmark kernels.
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Figure 2: Comparison of predicted and measured power

For example, the leftmost leaf, which includes 8 kernels,
indicates the average GPU power consumption for the kernels
with “Register<6.863e+11” (register access less than
6.863e+11), “GMlInst < 3.833e+9” (global memory
instructions less than 3.833e+9) and “S.FP < 3.532e+9” (single
precision floating point instructions less than 3.532e+9) is
135.7 watts. Studies have shown that using random forest
ensemble usually substantially improves the prediction
performance from a single tree.

Although a random forest model usually consists of
hundreds of trees, it does not have to be treated like a black
box. A random forest model can be summarized, interpreted
and visualized similarly to conventional regression models.
This includes identifying parameters that are most influential in
contributing to the response’s variation, and visualizing the
nature of dependence of the fitted model on these important
parameters. The random forest model provides a relative
variable importance measure which is based on the number of
times a variable is selected for splitting, weighted by the
squared improvement to the model as a result of each split, and
then average over all trees. The relative influence is scaled so
that the sum adds to 100, with a higher number indicating a
stronger influence. The ranking of relative influence of power
consumption allows us to gain insight on which runtime
characteristics has the most impact to the power consumption.

Another useful interpretation tool is partial dependence
plot, which shows the effect of a subset of variables on the
response after accounting for the average effects of all other
variables in the model. Hence, it helps us to visualize the trend
of impact of a subset of variable on the response in a low
dimensional plot. In addition, a random forest model can also
output a proximity plot, which provides an indication of which
observations (kernels) are effectively close together in the eyes
of the random forest model through a two-dimensional plot.
Such information helps us understanding the similarity and
difference with respect to power consumption among the
sample application kernels. In this study, we fixed the number
of trees in random forest to be 500. The experiments on the
random forest and regression tree are done by using the
randomForest and rpart packages in R, respectively [11], a
free software environment for statistical computing.

VL

The prediction accuracy is evaluated through leave-one-out
cross-validation (LOOCYV). LOOCYV is a repeated procedure

POWER PREDICTION AND VERIFICATION

which uses a single kernel from the 52 kernels as the validation
data, and the remaining kernels as the training data. Table 4
summarizes the prediction accuracy of three competing
methods (random forest, regression tree and linear regression)
using the LOOCV. We see that random forest is superior with
an average percentage error (PE) 7.77%. In comparison, the
average PEs for regression tree and linear regression
approaches are 11.68% and 11.70% respectively.

Random Forest | Regression Tree | Linear Regression
PE 7.77% 11.68% 11.70%
MSE | 302.6 637.8 2548.0
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Table 4: Average percentage error (PE) and Mean squared
error (MSE) of the three methods

Comparisons between the estimated and the measured
power of individual application kernels using Random Forest
method are given in figure 2. A majority of the kernels show
high accuracy in their power prediction. However, there are
also a few kernels with low accuracy. For example, kernel
3.BlackScholes’s predicted power is much lower than the
measured power. This kernel not only has high frequencies on
regular computing instructions like S.FP and ALU, it also has
high frequency of SFU instructions. The SFU instruction is
executed on a separate special function units other than using
the SPs. As a result, both hardware units can be active
simultaneously for a long period of time and consume higher
power. However, since such high frequency of SFU usage
together with high frequency of regular computing instructions
is rarely presented in other kernels, the power model
underestimates the power in this special case. Another example
is kernel 17.BoxMullerGPU in MersenneTwister. This kernel
has 32 thread blocks running on 30 SMs. So 2 SMs execute 2
blocks while the rest only execute 1 block. In this case, there
are just 2 SMs working for about half of the time, resulting in
low power consumption. No other kernel has this scenario.
Therefore, the model predicted much higher power
consumption. In both cases, increasing the sample size should
ease the inaccuracy.

VIL

In this section, we show the correlation analysis between
the dependent power consumption and the independent
variables. We also show the proximity among the sample
kernels. Figure 3 shows the relative importance for both
runtime performance variables and architecture related

CORRELATION ANALYSIS



parameters. Among all the input variables, we see that Register,
S.FP, GMInst, ALU and INT are the five most influential
variables. Obviously, register usage is influential since it is
likely to be used in most instructions. Single-precision floating-
point instructions produce high power since they represent a
significant portion of instructions in floating-point kernels.
Global memory moves consume high powers and are often
necessary due to limited on-chip storage. ALU and Integer
instructions are also ranked high since they are used for
manipulating indices, decision-making instructions, and
temporary variables.

It is interesting to see that uncoalesced global memory
(UncoalesMem) is ranked sixth in relative importance. Given
the fact that GPGPUSim does not handle multiple granularities
of physical global memory moves, UncoalesMem represents
the amount of GMlInst that is uncoalesced, hence causes more
physical global memory moves. The other three architecture
metrics, D.Branch, BankConf, and Occupancy also play a role,
but are not as significant as UncoalesMem.

Figure 4 shows the partial dependence plots for the four
most influential operations (Register, S.FP, GMlInst, and ALU)
and four architecture related parameters. In each plot, all other
metrics remain the average value. Note that in these plots, the
Y-axis is scaled from 160 to 180 watts for the four most
influential variables while Y-axis is from 165 to 172 watts for
the architecture parameters to accommodate different range of
influence. From the partial dependence plots for the four most
influential variables, we can see that the increase of power
generally goes along with the variable ranking. Due to the
small sample size the increment slope is not very smooth.
Among the variables, we observe very little changes when the
total number of ALU instructions reaches 1.6E+11. This is due
to the lack of samples beyond this amount of ALU instructions.

For the architecture related parameters, we see that
UncoalesMem shows a clear correlation that more power is
consumed with more uncoalesced global memory accesses,
which require more physical moves. D.Branch and BankConf
are seemly on the opposite direction such that with higher
volume, less power consumption is produced. This is generally
true since divergent branch and bank conflict slow down the
execution, cause inefficient use of the resources and result in
lower power consumption. However, the overall power impact
is more complicated. Due to small sample size, the trend is not
very stable. Occupancy, on the other hand, shows more
consistent results such that given higher occupancy, the more
power consumption is observed. Given the fact that the
execution rate is generally faster by providing more
overlapping thread blocks to hide memory or computation
latency, high occupancy consumes more power. But, the power
drops a little with highest occupancy because there might be
more than enough active warps in each SM to fill the pipeline,
which may result in contention for on chip resources and slow
down the execution [2].

Figure 5 shows the proximity plot which can help us
filtering out kernels with similar power behavior to select a set
of benchmarking kernels for future power studies. This plot
gives an indication of which observations are effectively close
together in the eyes of the random forest. Since an individual
tree is unpruned, the terminal nodes (also called leaf) will
contain only a small number of instances (i.e. kernels).
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variable, in deciles.
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Figure 5: Proximity plot for the random forest model

If kernel i and kernel j both land in the same terminal node,
increase the proximity between i and j by one. At the end of the
run, the proximities are divided by the number of trees and
proximity between a case and itself set equal to one. Then the
distance is calculated by one minus the proximity value. After
that, the multidimensional scaling [10] is applied to the
distance matrix. The key idea of the proximity plot is to
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Figure 6: Normalized variables of selected kernels

approximate the original set of distances with distances
corresponding to a configuration of points in a low-dimensional
Euclidean space, so that the distances between the items in the
low-dimensional space (e.g. 2D space in Figure 5) will be as
close to the original distances as possible.

In Figure 5, we can see that some kernels are very close to
each other. For example, there are two sets of kernels; each
consists of kernels with high similarity. The first set has kernels
6.convolutionColumnsKernel, 7.convolutionRowsKernel and
50.kmeansPoint while the second set has kernels
22.scanworkefficient and 33.hotspot. Figure 6 shows the value
for the 5 kernel’s metrics normalized to the average value of all
the kernels. The first set of kernels have above average number
of register, S.FP, GMlInst and ALU which are the most
important 4 variables in our model and much higher than
average number of texture cache misses and constant cache
hits. The second set of kernels has close to average amount of
register and ALU. They also have similar amount of GMinst
and almost no S.FP instructions. Their power consumptions
also follow this similarity. The first set has high measured
power consumption of 207.3, 210.3 and 220.3 and the second
set has 165.6 and 149.1 respectively.

VIIL

Running large-scale parallel applications on modern GPUs
has been widely adopted recently. Although there have been
many reports for the performance analysis on GPUs
[18][32][34]1[37], the study of the important GPU power
consumption issues is very limited. Hong and Kim [13]
presented an empirical model which accurately predicts GPU
run time power from activities of individual components
including floating point unit, register file, ALU, etc. They rely
on an early performance model [12] to estimate the execution
behavior, instead of predicting the power using statistical
samples. Due to the limitation of their model, applications with
intensive control flows, asymmetric execution among thread
blocks, and intensive use of texture and constant caches cannot
be modeled accurately. Ma et al. [19] presented an SVR
regression model to predict the dynamic power consumption of
a GPU with the counters from perfkit. Since perfkit is
developed to debug and profile OpenGL and Direct3D
applications, their model is more suitable for graphics
applications. Nagasaka et. al [20] proposed a linear regression
based statistical model to predict GPU power using
performance counters collected from the runtime profiler [24].
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With GTX 285 GPU and CUDA version 2.3, their model is
able to predict the dynamic power reasonably accurate. A
recent work-in-progress [8] is the first using the random forest
method to model GPU power consumption with limited
correlation analysis.

Our approach extends the model using the random forest
method and is superior in two aspects. First, we show that the
random forest model for predicting GPU power consumption is
more accurate than the approaches using linear regression and
regression tree. Second, with more performance variables
collected from GPGPUSim, we use the random forest model to
rank the importance of individual variables and their partial
dependences to the power consumption. This correlation
analysis helps computer architects for better GPU designs. It
also helps compiler developers for better use of energy/power
efficient GPUs.

Efforts have been made to design frameworks for the GPU
power simulation. For example, Ramani et al [29] introduce the
PowerRed tool, which is an attempt to model the GPU power at
the architectural level. There are also few works concentrating
on the tradeoff between performance and energy consumption
of GPUs. In [30], Rofouei et al. use a novel platform to collect
runtime energy dissipation of a computing system when
running different applications. They demonstrate that a GPU is
more energy efficient compared to a CPU when the
performance reaches above certain bound. Huang et al. [14]
conduct a similar study to investigate the energy efficiency on a
hybrid CPU+GPU environment. Ren et al. [27] consider
different implementations of matrix multiplication kernels and
run them on different devices (i.e., CPU, CPU+GPU,
CPU+GPUs) to compare the respective performance and
energy consumptions. They show that when the CPU is given
an appropriate share of workload, the best energy efficiency
can be delivered.

IX. CONCLUSION AND FUTURE WORK

Power consumptions in high-end GPUs require expensive
power supplies and cooling systems. We present in this paper a
powerful GPU power modeling method to understand and
predict the power consumption while running real application
kernels. A sophisticated ensemble learning algorithm based on
random forest analysis that combines many individual
regression trees is used to establish the GPU power
consumption model. Comparing with the linear regression or
the regression tree approaches, our results show that the



random forest model is not only more accurate in power
prediction using a set of runtime performance metrics, it also
provides sufficient insights for its users to understand the
correlations between the GPU runtime power consumption and
the individual performance metrics.

This new GPU power modeling method provides many new
fronts for further research. For example, in conjunction with a
GPU performance model, we can investigate how to balance
the power consumptions during kernel executions without
sacrificing the overall performance. Given the relative
influence ranking of individual instructions, we can also work
on the low power circuits to cut down the power consumption
for the top ranked instructions. Furthermore, we can extend this
work to look into the total energy consumption requirement
and optimization for running the kernels. Making changes just
to reduce the power consumption may end up with higher total
energy consumption due to slower execution.

REFERENCES

[1] Appro. Appro lu tetra gpu server - 1426g4. 2010.
http://www.appro.com/product/1426G4server_overview.asp

[2] A. Bakhoda, G. Yuan, W. Fung, H. Wong, and T. Aamodt.
Analyzing cuda workloads using a detailed gpu simulator. In
ISPASS 2009.

[3] L. Breiman. Random forests. In Machine Learning, 45,
pages 5-32, 2001.

[4] L. Breiman, J. Friedman, C. J. Stone, and R. A. Olshen.
Classi_cation and Regression Trees. Chapman and Hall/CRC, 1
edition, January 1984.

[5] D. Brooks, V. Tiwari, and M. Martonosi. Wattch: a
framework for architectural-level power analysis and
optimizations. SIGARCH Comput. Archit. News, 28:83-94.

[6] S. Che, M. Boyer, J. Meng, D. Tarjan, J. Sheaffer, S.-H.
Lee, and K. Skadron. Rodinia: A benchmark suite for
heterogeneous computing. In IISWC 2009.

[7] J. Chen, Z. Huang, F. Su, J.-K. Peir, J. Ho, and L. Peng.
Weak execution ordering — exploiting iterative methods on many-
core gpus. In ISPASS 2010.

[8] J. Chen, B. Li, Y. Zhang, L. Peng and J.-K. Peir. Statistical
GPU Power Analysis Using Tree-based Methods. In IGCC'l1
Work-in-Progress (WiP) workshop and Proceedings

[97 S. Collange, D. Defour, and A. Tisserand. Power
consumption of gpus from a software perspective. In ICCS 20009.
[10] T.F. Cox and M.A.A. Cox (1994) Multidimensional Scaling.
Chapman and Hall.

[11] R. Gentleman and R. Thaka. The comprehensive r archive
network. 2007.

[12] S. Hong and H. Kim. An analytical model for a gpu
architecture with memory-level and thread-level parallelism
awareness. In ISCA 2009.

[13] S. Hong and H. Kim. An integrated gpu power and
performance model. In ISCA 2010.

[14] S. Huang, S. Xiao, and W. Feng. On the energy efficiency
of graphics processing units for scientific computing. In /PDPS
2009.

[15] Khronos. OpenCL - The open standard for parallel
programming of heterogeneous systems
http://www.khronos.org/opencl/

64

[16] B. C. Lee and D. M. Brooks. Accurate and efficient
regression modeling for microarchitectural performance and
power prediction. In ASPLOS-2006

[17] E. Lindholm, J. Nickolls, S. Oberman, and J. Montrym.
Nvidia tesla: A unified graphics and computing architecture.
IEEE Micro, 28:39-55, 2008.

[18] W. Liu and M. W. Schmidt. Performance predictions for
general-purpose computation on GPUs. In ICPP 2007.

[19] X. Ma, M. Dong, L. Zhong, and Z. Deng. Statistical power
consumption analysis and modeling for gpu-based computing.
Workshop on Power-Aware Computing and Systems, 2009.

[20] H. Nagasaka, N. Maruyama, A. Nukada, T. Endo, and S.
Matsuoka. Statistical power modeling of gpu kernels using
performance counters. In Green Computing, 2010.

[21] Nvidia. Tutorial on gpgpu-sim: A performance simulator for
massively multithreaded processor research. 2009.

[22] Nvidia. Whitepaper: Nvidia’s next generation cudatm
compute architecture: Fermi. 2009.

[23] Nvidia. Tesla ¢2050 and tesla c2070 computing processor
board. 2010.

[24] Nvidia. Cuda sdk 2.3. 2010

[25] Nvidia. Cuda: What is cuda? 2011.

[26] Nvidia. Nvidia geforce series gtx400, gtx200. 2011.

[27] D. Q. Ren and R. Suda. Investigation on the power
efficiency of multi-core and gpu processing element in large scale
simd computation with cuda. In Green Computing, 2010.

[28] I research group. Parboil benchmark suite. 2011.

[29] K. Ramani, A. Ibrahim and D. Shimizu. Powerred: A
flexible power modeling framework for power efficiency
exploration in gpus. In Worskshop on GPGPU, 2007.

[30] M. Rofouei, T. Stathopoulos, S. Ryffel, W. Kaiser, and M.
Sarrafzadeh. Energy-aware high performance computing with
graphic processing units. In HotPower 2008.

[31] S. Ryoo, C. I. Rodrigues, S. S. Baghsorkhi, S. S. Stone, D.
B. Kirk, and W.-m. W. Hwu. Optimization principles and
application performance evaluation of a multithreaded gpu using
cuda. In PPoPP 2008.

[32] S. Ryoo, C. I. Rodrigues, S. S. Stone, S. S. Baghsorkhi, S.-
Z. Ueng, J. A. Stratton, and W.-m. W. Hwu. Program
optimization space pruning for a multithreaded gpu. In CGO
2008.

[33] J. Sheaffer, K. Skadron, and D. Luebke. Studying thermal
management for graphics-processor architectures. In ISPASS
2005.

[34] V. Volkov and J. W. Demmel. Benchmarking gpus to tune
dense linear algebra. In Supercomputing 2008.

[35] W. Ye, N. Vijaykrishnan, M. Kandemir, and M. J. Irwin.
The design and use of simplepower: a cycle-accurate energy
estimation tool. In DAC 2000.

[36] YOKOGAVA. WT210: http://tmi.yokogawa.com/us/

[37] Y. Zhuo, X.-L. Wu, J. Haldar, W. mei Hwu, Z. pei Liang,
and B. Sutton. Accelerating iterative field-compensated mr image
reconstruction on gpus. In [EEE International Symposium on
Biomedical Imaging: From Nano to Macro, 2010.




<<
  /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
    /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


