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Abstract

Performance projections of High Performance
Computing (HPC) applications onto various hardware
platforms are important for hardware vendors and
HPC users. The projections aid hardware vendors in
the design of future systems, enable them to compare
the application performance across different existing
and future systems, and help HPC users with system
procurement and application refinements. In this
paper, we present a method for projecting the node
level performance of HPC applications using
published data of industry standard benchmarks, the
SPEC CFP2006, and hardware performance counter
data from one base machine. In particular, we project
performance of eight HPC applications onto four
systems, utilizing processors from different vendors,
using data from one base machine, the IBM p575. The
projected performance of the eight applications was
within 7.2% average difference with respect to
measured runtimes for IBM POWERG6 systems and
standard deviation of 5.3%. For two Intel based
systems  with different micro-architecture and
Instruction Set Architecture (ISA) than the base
machine, the average projection difference to
measured runtimes was 10.5% with standard deviation

0f 8.2%.
1. Introduction

Performance projections of HPC applications onto
various hardware platforms are important for hardware
vendors and the community of HPC wusers. The
projections aid hardware vendors in the design of
future systems, enable them to compare the application
performance across different existing and future
systems, and help HPC users with system procurement

and application refinements. In this paper, we present
a scheme to project the node level performance of HPC
applications onto different systems using widely
available benchmark performance data, in particular
SPEC CFP2006[14], and the hardware counter data
collected on one base machine, the IBM p575[18].
The main advantage of this scheme is the use of
published data about the target machine; the target
machine need not be available for experiments for the
projections. Further, our method does not involve any
simulations, which are often very time-consuming.

The motivation behind the performance prediction
work is to facilitate the process of performance
projection of HPC applications for systems designers,
HPC sales personnel as well as HPC customers and
users. System designers need projections because
availability of new platforms for HPC applications
measurements is limited in most cases, assuming the
platforms exist. On the other hand, simulations of such
complicated applications on future systems (systems in
design phase yet to be built) are extremely time
consuming. Assuming the simulators are accurate and
available for such systems, scaling an HPC application
for a simulator is nearly impossible. Furthermore, sales
teams require performance projections for customers
planning to purchase HPC systems. It is important to
understand how customer’s application will perform on
a system before it is built. For HPC users, on the other
hand, best HPC platform selection is a challenging
task. Knowing in advance how applications will
execute on different platforms will help select the best
platform. Further, the projections can aid in identifying
areas for performance refinements.

Figure 1 depicts the high level framework of our
scheme. The SPEC CFP2006 benchmarks are executed
once on the base machine and the resultant hardware
performance counter data is archived for use as needed.
In addition, the HPC applications are executed once on



the base machine and the resultant hardware counter
data is archived. A tool based on a Genetic Algorithm
(GA) [16] is then used to identify the “best” group of
benchmarks that have similar behavior as the HPC
application; this is done for each HPC application.
This group of benchmarks is given the name
“surrogates” for the remainder of the paper.
Performance data of the surrogates is then used to
project the performance of the application onto a target
machine. The performance data for the surrogates on
the target machine is obtained from published data
from actual execution or simulations of the target
system.
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Figure 1. Framework for projection scheme

The proposed method for projection allows one to
explore the following issues: (1) new insights that
result when one characterizes the behavior of HPC
applications based upon a common set of benchmarks
using hardware counter data, (2) the robustness of the
base machine used to develop the performance model
(e.g., is the base machine representative of a number of
different systems), and (3) the validity of using
published data to project an application performance
onto a target systems.

The proposed projection method uses the 17 SPEC
CFP2006 benchmarks to project the performance of
eight HPC applications onto four systems, two utilizing
IBM POWERG6 and two utilizing Intel Woodcrest and
Clovertown, respectively.  The HPC applications

include the following areas: = Computational Fluid
Dynamics, Molecular Dynamics, Weather Simulation,
Seismic Analysis, Crash testing and Quantum
Chemistry. The results of the projections onto the IBM
POWERG6 systems had an average error of 7.2% of
measured runtimes with standard deviation of 5.3%.
For the Intel machines, the average error was 10.5%
with a standard deviation of 8.2%.

The remainder of this paper is organized as follows.
Section 2 describes the problem in details. Section 3
describes the details of the performance projection
scheme and how the GA tool is used in matching HPC
applications to the benchmarks. Section 4 shows the
experimental results of our scheme. Section 5 discuses
related work followed by the paper summary in
Section 6.

2. Background

This work presents a scheme for projecting HPC
application node level performance based on the
similarity of micro-architecture dependent performance
characteristics of SPEC CFP2006 benchmarks as
indicated in Figure 1. HPC application performance
can be described as a function of computation and
communication. In this work we only focus on
projecting the compute performance of the HPC
application. We express the compute behavior of
application/benchmarks using a set of metrics based on
hardware performance counters collected on one base
machine. Recall that our scheme utilizes a GA tool to
generate a performance model of the HPC application
as a function of the surrogates SPEC CFP2006
benchmarks. The surrogates are selected based upon
the best fit of the metrics. In this section we discuss
the details of the base machine and the metrics
generated from the hardware counters.

2.1. Base machine

The base machine used for this work is the p575
POWERS+ system. The POWERS+ chip features
single-threaded and multi-threaded execution for
higher performance. A single die contains two identical
processor cores, each of which uses simultaneous
multithreading (SMT) to support two logical threads.
The result is a single dual-core POWERS+ chip that
appears to be a four-way symmetric multiprocessor to
the operating system. Both threads share execution
units if both have work to do. To the operating system,
each thread is considered a separate logical CPU. In
our work, the data was collected in SMT mode, with
configurations of one thread per core and two threads
per core. We refer to the one thread per core



configuration as Pseudo Single Thread mode (PST)
and two threads per core as Simultaneous Multi
Threading (SMT) mode[1]. The hardware counter data
is normalized to the number of instructions for the
application or benchmark.

The motivation for using PST and SMT metrics is
to capture the behavioral changes in the application
when running under different computing environments
or with different set of resources. For example, when
running an application in SMT mode, the bandwidth
and cache available for each task is different than when
running in PST mode. Also when the pipeline
resources in the core are shared between threads there
are fewer resources available to each thread; thus, the
behavior of the application is likely to change between
these modes. Surrogates that behave similarly to the
HPC application under different computing conditions
are a better representation for the application on
different architectures.

The SPEC CFP2006 is a benchmark suite composed
of serial applications. It can be run in throughput mode
with multiple instances of a workload to understand
multiprocessor behavior. In parallel applications, the
execution processes (threads) are distributed across
different parallel computing cores. Often the dataset is
divided among processors. In contrast, serial
applications have one execution process working on
the entire dataset. One way to account for this
difference is to use throughput data for SPEC. This
still leaves the issue that when the number of threads in
parallel application changes the dataset per thread
changes while with serial applications the working set
is a constant size. When running in PST mode, we run
four serial tasks of SPEC each bound to a separate core
of the POWERS+ chip, thereby using two chips. In this
case each task gets a dedicated CPU and L2 resources
and the L3 is shared between two tasks. On the other
hand, when we run in SMT mode, we run four serial
tasks of SPEC each bound on a logical CPU (thread),
thus using one chip. In this case two tasks share the
CPU and L2 resources and the L3 is shared between
four tasks. As for the HPC applications, all runs are
configured as four parallel tasks each bound to a
separate core on two chips in PST mode or each bound
to a separate thread on one chip in SMT mode. Since
both runs use four tasks, the dataset size per task
remains constant on the parallel application as in the
SPEC throughput runs. The effective cache size for
each task changes proportionally between PST and
SMT modes. Using such configurations we guarantee
that the working set size per thread doesn’t change
from SMT mode to PST mode.

2.2. Base machine: hardware counters and
metrics

The  POWERS+  microprocessor  provides
Performance Monitor Unit (PMU) counters and a
number of Performance Monitor Counters (PMC) to
monitor and record several performance events. The
POWERS+ has six PMCs per thread. The POWERS5+
has 900 total events, 500 unique events, and 230 events
per counter[2]. We use the HPMCOUNT]([21] tool on
IBM systems to collect our hardware counter data.

We define the applications and benchmarks’
behavior as a function of six groups of metrics. These
six groups are: G; — Cycles Per Instruction (CPI)
Completion Cycles, G, -- CPI Stall Cycles [3], G3 --
Floating Point Instructions, G, -- ERAT, SLB and TLB
caches miss rates, Gs — Data Cache Reloads and G4 —
Memory Bandwidth. The choice of these groups of
metrics is intended to characterize the application’s
behavior from a micro-architecture perspective. The
first three groups focus on the computation behavior
and the last three groups focus on the memory
behavior. Group 1 (G;) shows the portion of the total
CPI that was spent by the processor to complete
architected instructions while group 2 (G,) shows the
portion of the total CPI that was spent in various
stalling conditions. Group 3 (G3;) shows the distribution
of the different types of floating point instruction.
Group 4 (G,) shows the miss rates for DERAT, DTLB
and DSLB caches. Group 5 (Gs) shows the
application’s memory behavior due to cache
hits/misses, cache configuration, memory access
patterns and memory latency while group 6 (G4) shows
the application’s memory bandwidth behavior. A
detailed description of these groups is provided in
Table 1.

2.3. Base machine: relating metrics and
metrics’ groups to runtime

Relating each metric to the runtime of the
application allows for understanding the contribution
of these metrics in the overall behavior of the
application. This relationship is dependent on the
architecture of the base machine. The process of
relating metrics to runtime R is accomplished in two
steps, one local to a group and one across all groups.
The first step entails finding the contribution of each
metric to the overall group for that metric. The second
step entails finding the contribution of a given group to
the overall runtime. Details about each step are given
below.



Table 1. Metrics to capture application behavior

G,

m;

Metric Name
CPI CMPL CYC

‘Metric Description ‘
Completion cycles

G

My 1

CPI_GCT_EMPT
Y IC_MISS

Pipeline Empty due to
Instruction-Cache Miss

,[CPI_GCT_EMPT

Y BR_MPRED

Pipeline Empty due to
[Branch MisPrediction

3|CPI_GCT_EMPT

Y OTHER

Pipeline Empty ( Other)

[nstruction

ms JDATA_FROM_R
MEM_PI

IDemand d-L1 Reloads
from Remote Memory per
[nstruction

Gelms.[MEM_RD_BAND

Memory Read Bandwidth|

PI (Bytes/Inst)
me [MEM_WR_BAND[Memory Write Bandwidth
PI (Bytes/Inst)

4[CPI_STALL LSU

ERAT MISS

Load,Store  Translation|

Stalls

S|CPI_STALL LSU

| REJECT OTHE
RS

Load Store (Other Reject),
Stalls

§[CPI_STALL LSU

DCACHE MISS

[Data Cache Miss Stalls

[CPI_STALL LSU

OTHERS

Load/Store flush penalty
and latency

§|CPI_STALL FXU

| DIV

Stall by any form of]
DIV/MTSPR/MFSPR
instruction

5[CPI_STALL FXU

OTHERS

Stall by FXU basic
latency

1[CPI_STALL FPU

DIV

Stall by any form of
FDIV/FSQRT instruction

1[CPI_STALL FPU

OTHERS

Stall by FPU basic latency

[CPI_STALL OTH

ERS

Stall by others
(Completion Stall cycles -
Stall by LSU Instruction -
Stall by FXU Instruction -
Stall by FPU Instruction)

Gs

1[FPU_FMA_PI

Floating Point multiply)|
and add Per Instruction

L[FPU_OTHER_PI

Floating  Point  other
(div,sqrt,etc.) Per
[nstruction

L[FPU_STF PI

Floating Point stores Per
[nstruction

Gy

[DERAT MISS R

ATE

Data Effective to Real
IAddress Translation
Cache miss rate

,[DSLB_MISS RA

TE

Data  Segment  Look-
ahead Buffer Cache miss
rate

L[DTLB_MISS RA

TE

Data Table Look-ahead
Buffer Cache miss rate

Gs

[DATA_FROM L2

PI

Demand d-L1 Reloads
from L2 per Instruction

L[DATA_FROM_L3

PI

Demand d-L1 Reloads
from L3 per Instruction

L[DATA_FROM L

MEM PI

Demand d-L1 Reloads
from Local Memory per|

For the local step, we use the typical number of
cycles that each metric uses to calculate the
contribution of each metric in its respective group. For
example, each metric in G; represents a different type
of FPU instruction. Understanding the base machine
architecture, we know how many cycles that each of
these different types of FPU instructions typically
require. This can be represented mathematically by
defining a function F; for each metric group G; where
F; is directly proportional to runtime R. We define this
function F; as given below:

M;
Fi=% ¢ xmy
Jj=1

where M; is the number of metrics in G; and ¢;; is a
coefficient representing the contribution of metric m;;
to runtime R relative to other metrics within G,. Each
coefficient ¢;; is determined based on the cycles
associated with metric m,; the values for c;; are
obtained from the specification of the base micro-
architecture. To illustrate, using the same example of
G;, c3; (FPU_FMA PI), ¢;, (FPU _OTHER_PI) and
¢33 (FPU_STF PI) have the wvalues of X, Y, Z,
respectively, corresponding to X cycles required for the
floating-point multiply-add operation, Y cycles
required for other floating-point operations, and Z
cycles required for floating-point store operations.
Similarly, in Gs, ¢s5; (DATA FROM L2 PI), cs,
(DATA_FR- OM L3 PI), Cs3
(DATA_FROM_LMEM_PI) and Cs.4
(DATA FROM _RMEM PI) have the values of X, Y,
Z, K respectively, corresponding to X cycles required
to load a cache line from L2, Y cycles required to load
a cache line from L3 etc...

The second step in the process of relating metrics to
overall runtime is to find the contribution of each
group of metrics to the overall application runtime. In
other words, we need to find the function H that relates
each group G; to R using coefficients @, H can be
defined as follows:

H =aG, +a,G, +a,G, +a,G, +a,G; +a,G, (2)
where a; represents the contribution of each metric
group G; to the total runtime. The values for a; are
calculated using the typical cycles associated with each
group relative to the runtime. Since the function F; in
Equation 1 was calculated based on values obtained

(M



from the micro-architecture specification of the base
machine, we use F; to calculate the coefficient a; for
each G; in Equation 2.

3. Performance projection scheme

The process of performance projection of HPC
applications, in this work, entails three steps. The first
step involves characterizing/modeling each HPC
application by providing ranks to the different metric
groups on the base machine. The second step is to
adjust these ranks for each target machine we want to
project the performance on. These ranks provide for a
performance model of the application on the target
machine. Once we have the ranks in place for the target
machines, we then use a genetic algorithm (GA) tool to
identify the benchmarks and their respective
coefficients that are similar to the HPC application
based upon the performance on the base machine. The
three steps allow for the HPC characterization and
modeling on the target machine to be used with the
similarity analysis to produce better results.

3.1. Calculating ranks for metrics’ groups on
base machine

Our goal in this step is to find the rank for each
metric group. In other words, we want to arrange the
metrics’ groups according to their contribution in
runtime on the base machine in a descending order.
Thus, the rank of each metric group reflects its
significance to the application behavior/runtime. To
illustrate, HPC applications can be broadly
characterized as compute intensive (e.g., requires
significant number of compute operations per memory
operation) or memory intensive (e.g., requires
significant number of memory operations per
computation). Consequently, memory intensive
applications may have groups G; (data cache reloads)
ranked higher than G; (FPU instructions).

Calculating the ranks of metric groups follows
directly from Equation 2. The coefficients a; in
Equation 2 are already calculated based on the
architectural characteristics of the base machine as in
Section 2.3. The values for G; are calculated using the
function F; in Equation 1 corresponding to each group
G;. The rank of a group G; then corresponds to the
magnitude of the term «,G; for this group, the higher
the magnitude of a;G; the higher the rank of the group
G,‘.

3.2. Calculating ranks for metrics’ groups on
target machine

The significance of each metric group to the
performance of the HPC application is relative to the
architecture of the machine the application is running
on. Since the rank of each metric group reflects the
significance of this metric group to the performance of
the HPC application in relation to the architecture of
the machine, the rankings calculated on the base
machine need to be adjusted for the target machine.
The availability of performance counter metrics for the
set of benchmarks on the base machine, and the
availability of their runtimes on both the base and the
target machine allows for mathematically adjusting the
ranks of the metric groups from the base to the target.

Since the goal in this step is to adjust the ranks of
metrics’ groups on the base for the target machine, we
need to identify the differences between these two
machines. The architectural characteristics of a
machine are reflected in the coefficients a; in Equation
2; thus, we need to calculate coefficients a;” for each
group G; on the target machine that will reflect the
architectural difference of the target machine from the
base. To calculate a;’, we define the set B which
includes all the benchmarks, SPEC CFP2006 in this
case. For each benchmark b, in the set B, we define Hj,
using Equation 2 as follows:

H, = alGl,,, +a2G2w +a3G3m +a4G4m +a5G5m +a6Ge,,,

and H, < R,Vie B 3)

where Ry, is runtime of benchmark b; on base machine.
Also we define Hy using Equation 2 as follows:
Hb[':al'Glhl +a2'G2h[ +a3'G3hl +a4'G4h[ +a5'G5hl +a6'G6h[

and H,'<R,'Vie B (4) where

Ry’ is runtime of benchmark b, on target machine.
From Equations (3) and (4), we can get the ratio
between the runtimes of benchmark b, on the base
machine and the target and define H;,” as follows:

Rb
H,'=H, x— %)

1 1 Rb,
Since Hj; can be calculated for the base machine, and
runtimes Rj of the base and R, of the target are
known, we end up with a set of simultaneous linear
equations each for a different benchmark 5, in B. In
this set, we are solving for six unknowns, a;’, a,’, a;’,
a,, as’ and as’. After solving the set of linear
equations, we identify the values for the coefficients @;’
for each group G; on the target machine. These
coefficients reflect the architectural characteristics of
the target machine and how different/similar it is from
the base machine. Once the coefficients a;’ are
identified, we calculate the ranks for the metrics’



groups on the target machine in the same way we
calculated the ranks for the base using Equation 2
where the rank of a group G; corresponds to the
magnitude of the term a;’Gi for this group, the higher
the magnitude of ¢;’G; the higher the rank of the group
G

3.3. Identifying benchmarks

In the last step of our projection methodology we
attempt to select some benchmarks and coefficients for
those benchmarks that will represent an application
whose behavior is the closest to the HPC application at
hand. These selected benchmarks form the set S,
which is the set of selected surrogates for an
application app. S, is a subset of the set B, the set of
SPEC CFP2006 benchmarks, and S,, < B. Each
member s, of S, has a weight wy. The combination of
these surrogates called comb_surrogates is defined as
follows:

S, app

comb _surrogates = ) w,Xs, 6)
k=1

The smaller the error between the metrics of the
application and the metrics of comb surrogates, the
closer is the behavior of comb surrogates to the
application. Thus, we identify comb surrogates of an
HPC application by attempting to minimize the error
between the metrics of the HPC application and that of
comb_surrogates for the base machine. A genetic
algorithm (GA) tool is used to identify the members of
S.pp and their respective weights. We define the error
between the metrics of the application and the metrics
of comb_surrogates as in Equation 7

mi.j(upp) )
< (7
mi,q(apﬂ)

Ml
Ei = Z (‘mi,j(app) - mi‘/(cumbisurragatm) X
J=1

g=1
where E; is the weighted sum of errors of all metrics in
group G;, M; is the number of metrics in G, m;; is
metric j in group G; as in Table 1. AlSO 7, jcomp_surrogates)
is calculated as follows:

S, app

I?
mi,j(combisurrogates) = Z(mi,j(sk) stk X — ))] (8)
k=1 total

where I; is the total number of run instructions or the
path length of surrogate s and 7, is the sum of all run
instructions of all s; in S,,,. We multiply the weighted
metric of a surrogate s, by the term I/I,,, to account
for the contribution of this surrogate in
comb_surrogates since by combining surrogates we
assume running the surrogates serially. The
multiplication of this term accounts for the differences
in runtimes of the surrogates.

Since we collect the metrics of the HPC application
and the benchmarks in both SMT and PST modes as
mentioned earlier in Section 2.1, the GA tool attempts
to minimize the error in metrics for each of the six
groups for both SMT and PST modes to be below a
chosen limit. In this work, we chose the limit to be
10.0%. To achieve this, we defined the fitness function
of the GA tool as follows:

. E, E E,

if ! <0.1&; 2 <0.1&..&M(76<0.1)

2 Mgt 2 M g 2 Mo

g=1 g=1 q=1
returi0) 9)
else

E, E. E,

returi(5; ettt T )

Zmlvq(app) Zmlq(a/w) Zm&q(app)

=1 g=1 g=1

The GA tool terminates when the return value of the
fitness function is 0; thus, for each of the six groups for
both SMT and PST modes the term E, is<0.1.

M;

Zmi,q(upp)

gq=1

The goal of reducing the error in metrics below the
10.0% limit for all metrics’ groups is not achievable in
many cases. Nevertheless, the ultimate goal is to
reduce the projection results error in runtime on the
target machine. Consequently, reducing the error in
metrics’ groups with the highest contribution in
runtime will yield better projection results than
reducing the error in metrics’ groups with the least
contribution in runtime. Thus, in the cases where the
limit of 10% is not achievable, we adjust the GA tool
to reduce the error in metrics with the highest rank on
the target machine first. Once the error limit is
achieved in the highest ranked metric group, the GA
tool attempts to reduce the error on the next highest
ranked metric group and so on. These ranks were
calculated in the previous step of projection
methodology in Section 3.2. The HPC application
characterization/modeling on the target machine using
metrics’ group ranking in combination with the
similarity analysis produce better projection results.

In our scheme, we use the SPEC CFP2006
performance throughput data of target machines and
calculate the relative performance to our base machine.
Once the set S,,, of surrogates and their respective
weights for the HPC application is found using our
scheme, we apply the following steps to get the
application runtime on a target machine:

I. Multiply the surrogates with their respective
weights to get the application relative performance on
the target machine.



[ S|

Papp = Z(Wkpk) (10)

where P is the relative performance of surrogate s, and
wy is the weight for surrogate .

II. The scaling factor is then multiplied by the
application runtime on the base system which gives the
projection of the application on the target system.

3.4. Genetic algorithm to identify surrogates

In the previous section, we discussed the details of
the projection scheme used. To address time
requirements, we use a probabilistic method to
minimize the difference value discussed in the previous
section. In particular, the complexity of the algorithm
to find the best combination of surrogates and their
respective weights is in the order of O(wn™) where w is
the range of weights to try on each surrogate, n is the
number of surrogates and m the combination size. In
this work, we used a string based Genetic Algorithm
(GA) tool [16]. Parameters for the genetic algorithm
are shown in Table 2. We defined the string as a
sequence of bits representing the benchmarks and
sequences of weights for each of these benchmarks. A
“1” bit means choose this benchmark otherwise don’t
choose it. The weights for the benchmarks range from
0.0009765625 (1/1024) to 1024. Figure 2 shows the
framework for the genetic tool. Once the population is
generated, each string is decoded and we get the
surrogates and their weights. We use Equation 9 as our
fitness as indicated earlier. After calculating fitness, we
check for termination fitness (zero for perfect match)
or we try other individuals. When the tool is stuck for
several generations, cataclysm is performed until
reaching max generations (2000).

Table 2. Genetic parameters

Parameter Value

Tournament Size 7

Population Size 10000

Mutation Rate 0.03
Reproduction Rate 0.10- 1/Pop Size
Elite Reproduction 1/Pop Size
Crossover rate 0.77

Max Generations 2000

Max Generations No Progress |15

Termination Fitness 0.0

Recall we configure each HPC application to run
four tasks each bound to a separate thread in SMT
mode using 2 cores on one chip or each bound to a
separate core in PST mode using a total of four cores
on two chips. The SPEC CFP2006 benchmarks are run
in throughput mode using the same configuration.

Since the SPEC benchmarks are serial workloads, the
average work done by each task is the same across the
four tasks. We assume that the same case applies to the
HPC applications and the average work done by each
task is similar across tasks. In other words, the metrics
average across tasks should be very close to the metrics
of each task. In this sense, we use the average metrics
across the four tasks for the HPC applications and the
SPEC CFP2006 workloads.

| String Genetic Tool

String

format —.ﬂ Generate Population Strings |«

Do Mutation-Crossover-
Reproduction

v

Decode Strings

Get Weights
Weight Metrics
Get Surrogates

Same Fitness

Weight
Method

Getting
Closer To
Termination

Calculate
Fitness

Termination
Fitness

Figure 2. Genetic tool framework

4. Experimental results

We used our method given in Figure 1 to project
the performance of the following eight large-scale
scientific applications: AMBER[7], CHARMM]S],
FLUENT[9], GAMESS[10], LS-DYNA[11], a seismic
application that will be referred to as Seismic, STAR-
CD[12] and WREF[13]. Table 3 lists the input datasets
and the category for the applications we used in our
experiments. Table 4 presents the different systems
that we projected on and their respective properties.
We chose the systems to be quite different from the
base as well as from each other. The POWERG6 chip
utilized in the two JS22 and p570 systems, although
having the same ISA as the base machine, has an
extremely different micro-architecture than the
POWERS+ chip. As indicated in Table 4, POWERS5+
chip utilizes two out-of-order execution cores, while
POWERG6 chip utilizes two in-order execution cores.
Also, the two POWERG6 systems have quite different
cache and memory subsystems. On the other hand, the
Intel Woodcrest chip has dual out-of-order execution
cores that have different ISA and micro-architecture
than the POWERS+. The Clovertown is a multi-chip



module (MCM) with dual Woodcrest chips that run at
a slower frequency and share the memory bandwidth.
In figures 3,4,5 and 6 we show the absolute value of
the error in runtime. In this work, we focused on
reducing the magnitude of the runtime error. The
number of selected benchmarks (surrogates) for our
applications was ranging between a minimum of one
and a maximum of four surrogates as in Table 5.
Typically, the surrogate(s) with the highest weights
were from the same scientific area of the HPC

application.
Table 3. HPC applications and their datasets
Category Datasets(s)
AMBER Molecular (Gb-Cox2, Factor
IDynamics X, Jac
FLUENT Fluid Dynamics L1, L2, L3, M1,
M2 and M3
LS-DYNA  |Crash Simulation [3 Car Crash
STAR-CD [Fluid Dynamics C-Class
CHARMM  [Molecular Alanine
IDynamics Dipeptide
GAMESS IAb Initio Quantum|L-ROTENON,
Chemistry SICCC
Seismic Seismic IN/A
'WRF 'Weather ConUS

Table 4. Base system and other systems used for
validation
Cores Freq.

Memor L2

yPer Cache

core per
core

Machine Processor

IBM Out of 2 1.9 GHz 4GB 1.9 MB
pS75  |Order shared
[Execution
POWERS5+
IBM In Order 2 4.0 GHz 4GB |4 MB
1S22[19]|[Execution
POWERG6
IBM In Order 2 4.7 GHz |8GB |4 MB
pS570[20 [Execution
] POWERG6
IBM Out of 2 3GHz [RGB [2MB
x3550 |Order Intel
'Woodcrest
IBM Out of 4 2.4 GHz 2GB [2MB
x3650 |Order Intel
Clovertown

Figure 3 shows that our scheme was able to predict
the performance of the HPC applications within 5.5%
average error on IBM JS22 POWERG6 system. Our
projection errors are less than 10.0% for all workloads

with the exception of GAMESS SICC. GAMESS
SICC projection error, although still low, is the only
error above 10.0% (14.1%) on JS22. GAMESS SICC
requires very little memory bandwidth. When applying
our ranking scheme in Section 3.2 for JS22, groups G,
and G; are ranked the highest respectively; however,
the GA tool couldn’t find a combination of surrogates
that are similar to GAMESS SICC G, and G;.
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Figure 3. Projection results for POWERG6 IBM JS22
system

Figure 4 shows the projection results on the IBM
p570 POWERG6 system. The average projection error
for the 16 workloads on the p570 system was 9.8%.
With the exception of Seismic and GAMESS SICC, all
projection errors are below 15.0%. In fact, only five
applications had their projection error between 10.0%
and 15.0% while the rest were below 10.0%. The
reason GAMESS SICC projection error is 15.9% is
due to the same reason as in JS22 system. The Seismic
application on the other hand exhibits unique behavior
that SPEC CFP2006 doesn’t have an application that
copies it. Seismic is a bandwidth intensive application;
however, good prefetching on the base machine hides
the effect of the high bandwidth. Thus, the application
doesn’t stall waiting on the load-store unit (LSU) and
the CPI is low. No benchmark in the SPEC CFP2006
suite exhibits the same behavior and the best
combination of surrogates was off on many metrics’
groups specially G; and G,. This will be reflected in
the other machines as in Figures 5 and 6.
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Figure 4. Projection results for POWERG6 IBM p570
system



Figure 5 shows the projection results on the IBM
x3550 system with Intel Woodcrest chip. The average
error for the 16 applications is 8.3%. This is very
interesting since our scheme projected the performance
using hardware performance counters collected on a
different system using a chip that has different micro-
architecture and different ISA with such accuracy.
With the exception of Seismic, for the reasons
mentioned above, all projection errors are below
15.0%. In fact, 10 applications had projection errors
less than 10.0%.
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Figure 5. Projection results for Intel Woodcrest
IBM x3550 system

Figure 6 shows the projection results on the IBM
x3650 system with Intel Clovertown MCM. Recall, the
Intel Clovertown is an MCM with two Woodcrest
chips that share the bandwidth. Thus, Clovertown has a
significantly limited bandwidth compared to the base
machine. The average projection error for the IBM
x3650 system is 12.8%. AMBER FIX and CHARMM
are both memory intensive applications. Due to the
nature of the Clovertown MCM, G5 is ranked as the
highest group for these two applications; however, the
GA tool couldn’t identify a combination of surrogates
that is quite similar to these two applications in Gs.
This dissimilarity between the combined surrogates
and these two applications didn’t have a significant
effect in the projection results for the other systems
since G's was ranked as high as it is ranked on the IBM
x3650 system with the Clovertown MCM. This
explains the 19.9% and 25.9% error for AMBER FIX
and CHARMM respectively. As for FLUENT L3, with
projection error of 29.9%, the highest ranked group
was Gy followed by Gs. The mismatch, however, was
in Gs. FLUENT L3 bandwidth in the PST mode is
higher than the bandwidth in SMT mode. This happens
in the case of FLUENT L3 because in PST mode each
task has more resources than in SMT mode and this
allows prefetching to prefetch more data in PST mode
than in SMT mode. Again in this case no benchmark in
the SPEC CFP2006 suite exhibits the same bandwidth
behavior as FLUENT L3. This mismatch effect is
exacerbated on Clovertown and doesn’t show on other

systems since Gy is ranked as the highest group only on
Clovertown. A point worth mentioning, GAMESS
SICC mismatch for groups G; and G, didn’t have an
effect on the projection on Clovertown because G; and
G, are ranked lower for GAMESS SICC on
Clovertown than on the other machines.
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Figure 6. Projection results for Intel Clovertown
IBM x3650 system

Table 5 indicates the different surrogates of the
HPC applications for the POWER6 IBM JS22 system.
In the area column the abbreviations for areas are as
follows: QC — Quantum Chemistry, FD — Fluid
Dynamics, MD — Molecular Dynamics, WS — Weather
Simulation, P — Physics, RT — Ray Tracing, O —
Optimization, SM — Structural Mechanics and S —
Seismic. For the properties column the abbreviations
for properties are as follows: CI — Compute Intensive,
MI — Memory Intensive, IB — In Between (it lies in the
middle between compute intensive and memory
intensive), LB — Low Bandwidth and HB — High
Bandwidth. The numbers in the surrogates’ column
correspond to the SPEC CFP2006 numbers and their
weights respectively. As it indicates in Table 5, all
surrogates for HPC application are typically from the
same area of the HPC application. From a micro-
architectural perspective, the combined surrogates
always have the micro —architectural properties as the
HPC application. For example, in the case of AMBER-
COX2, the combined surrogates are computing
intensive with very low bandwidth requirements as
AMBER-COX2; in addition, the bigger component of
the combined surrogates (435.gromacs) is Molecular
Dynamics benchmark as AMBER-COX2. Another
point worth mentioning is that in some cases the
individual benchmarks have different micro-
architectural properties compared to the HPC
application; however, when combined, the resultant
combined surrogate has very similar properties to the
HPC application. To illustrate, in the case of LS-
DYNA, 416.gamess is a compute intensive benchmark
with very low bandwidth requirement, while LS-
DYNA is a memory intensive application;
nevertheless, when 416.gamess is combined with the



other surrogates such as 470.lbm, 436.cactusADM, the

resultant combined surrogates have very similar

properties to LS-DYNA.

Table 5. Surrogates for the eight HPC applications
on POWERG6 IBM JS22 system

Area Prop. Surrogates Surr. Surr.
Area Prop.

AMBER- |MD |CI [416x 0.877 + [QC — [CI
cox2 435x 1712 [MD
AMBER- |MD |MI- [416x 0.737 + |QC — |MI -
FIX LB W36x1479+ P— [LB
444x 1936 [MD
AMBER- |MD |MI- [470x0.092 + [FD — |MI -
JAC LB K35x0.633+ MD [LB
444 x 2.359
416 x 0.907 + [QC— [CI
444x 1.487 [MD
FLUENT-LI|FD |MI- [476 x 1.035 + [QC — |MI -
HB |444x 1.393 + [MD — [HB
447 x 1251+ [0
450 x 1.356
FLUENT-L2[FD |[MI- 410x 1.169 + [FD— MI -
HB WI16x0.742+ |QC [HB
437 x 1.113 +
465 x 1.583

FLUENT-L3[FD |MI- [470x 1.106 + [FD — |MI -
HB [16x0.573 + |QC — [HB
454 % 0.792 + |SM
465 x 2.104
465 x 1.569 + [QC — |IB

CHARMM MD |[CI

FLUENT- [FD [IB

M1 481x0.138 [WS
FLUENT- [D [IB KI6x 0.229+|QC- |[IB
M2 437 x 0.674 + FD

465 x 2.938

FLUENT- [FD [IB |437x0.337 +|FD- |IB
M3 465 x 1.853 +|QC —
481 x 0.489  [WS

453x0.079 + RT — [CI

GAMESS- |QC |[CI

LROT 465 x1.094  |QC
GAMESS- |[QC [CI H65x0.860 |QC [CI
SICC

LS-DYNA [FD MI- 416x0.793 + |QC— MI -
HB 436x1.837+ |O—-P [HB
450 x 0.158 + |-FD
470 x 1.414
Seismic S MI - 416 x 1.004 + [QC— MI -
HB |470x1.518 |[FD |HB
STAR-CD |FD MI- 410x1.782+ [FD—- MI -
HB 481x0.736 WS [HB
'WRF (WS [MI - 410x0.971 + [FD— [MI —
HB [436x0.491+ [P— |HB
454 x 1.187 + |SM -
481x1.153  |WS

Overall, our projection scheme projected with high
accuracy using micro-architecture dependent metrics
collected on one base system to four different systems
utilizing different micro-architecture and different ISA
in the case of the Intel systems. When the highly
ranked metrics’ groups on a system for a certain
application has significantly high metrics’ error, the
projection results for this application on that system are
comparatively high and our scheme indicate that those
projections are not very accurate.

5. Related work

Several researches have been done on using
surrogate ~ workloads to  predict  application
performance. SPEC benchmarks suite was often
proposed as the benchmarks of choice due to the
abundance of published data but it was not used for
HPC applications. NAS Parallel [17] benchmarks, on
the other hand, were used more often with HPC
applications due to their parallel nature. Also curve
fitting on runtimes is extensively used in industry to
project performance using surrogate workloads.

Todi and Gustafson [22] mapped applications to the
HINT benchmark curve and then used the HINT curve
for a given machine to predict the application
performance. They showed that HINT is a superset for
the other benchmarks included in the study, NAS
Parallel, SPEC, STREAM and others. The main goal
of their work was to find the correlation between HINT
and the other benchmarks indicating that HINT is a
superset of these benchmarks and then using it in
prediction.

Phansalkar et al. in [4] used hardware performance
counter experimentation to categorize the SPEC
CPU2006 benchmarks. His work used statistical
techniques such as principal component analysis and
clustering to draw inferences on the similarity of the
benchmarks and the redundancy in the suite and arrive
at meaningful subsets. In his paper, he didn’t extend
the work to involve performance projection.

Hoste et al. in [6] proposed the use of SPEC
CPU2000 in performance projection of applications.
His scheme was to measure a number of micro-
architecture-independent  characteristics from the
application of interest, and relate these characteristics
to the ones of the programs from SPEC 2000. Based on
the similarity of the application of interest with
programs in the benchmark suite, he made a
performance prediction of the application of interest.
He proposed and evaluated three approaches
(normalization, principal components analysis and
genetic algorithm) to transform the raw data set of



micro-architecture independent characteristics into a
benchmark space in which the relative distance is a
measure for the relative performance differences. The
major fundamental difference between [6] and our
proposed methodology is that we rank metrics and
metrics groups not only based on application properties
as in [6] but also based on the properties of the system,
such as pipeline stalls and cache hit rates, used to
execute the application. This fundamental difference
between our work and [6] allows for producing good
projection results for each target system since one set
of surrogates may not produce the best projections for
all target systems due to differences in target systems
properties. Also, a perfect match between surrogates
and an HPC application is often not achievable;,
matching on the most important metric groups,
however, is more likely to occur.

Tikir et al. in [5] used genetic algorithms approach
to model the performance of memory-bound
computations. He proposed a scheme for predicting the
performance of HPC applications based on the results
of MultiMAPS benchmarks. A Genetic Algorithm
approach was used to "learn" bandwidth as a function
of cache hit rates per machine with MultiMAPS as the
fitness test. His approach differs than what we propose
in this paper in many aspects. His scheme works only
on memory bound applications while ours can be used
on all applications. His approach requires simulating
different cache sizes to wunderstand the cache
characteristics of the application while we use
performance counter measurements with SMT and
PST mode. Our approach doesn’t require
instrumentation of binary code as we depend on
hardware performance counters collected by simply
executing the binary on a base machine. Also, Tikir
approach is tightly coupled to MultiMAPS as the set of
benchmarks. Our approach can use any set of
benchmarks or several sets of benchmarks.

6. Conclusions

We presented a scheme to project the performance
of HPC applications using surrogate workloads from
the SPEC CFP2006 benchmark suite and hardware
performance counter data. The scheme projected the
performance of HPC applications on 2 IBM POWERG6
systems with 7.2% average error and standard
deviation of 5.3%. The results on systems with
different ISAs than POWER are in the range of 8.3%
and 12.8% for Intel Woodcrest and Intel Clovertown
respectively which indicates that the base machine is a
representative of a number of different systems. More
importantly, the scheme is very flexible since it doesn’t
require any instrumentation to the binary code or the

source code and only requires execution of the
application and the benchmarks on one base machine.
Moreover, simulation is not needed eliminating the
long runtimes incurred in simulations. The use of a
string based genetic tool reduces the projection scheme
runtime significantly.

SPEC CFP2006 being developed as a serial version
of real parallel applications covers a large range of
HPC applications’ space but not the entire range as in
the case of Clovertown projections. However, our
scheme is not tightly coupled to SPEC CFP2006 and
can easily incorporate other benchmark suites such as
SPEC CINT2006, SPEC MPI2007, NAS Parallel
Benchmarks or others. The choice of SPEC CFP2006
was mainly because of its abundant published data and
its similarity to real HPC applications.

Our scheme uses hardware performance counter
data for the HPC applications and the SPEC CFP2006
suite from one base machine to model the behavior of
the HPC applications as a function of the benchmarks
of SPEC CFP2006. The model of the HPC application
characterizes its behavior based upon a common set of
benchmarks using hardware performance counter data.
This model gives an insight on the nature of the
application, category (Fluid Dynamics, Weather, etc..)
and what is the best system it would run on.

Also, in our scheme, we combine the runtimes of
the benchmarks on the base machine and on the target
with the performance metrics to architecturally
characterize each system we are projecting on. This
architectural characterization allows for understanding
the relation between the behavior of the application
and the target architecture. This understanding gives us
insight on which metrics are of more significance to
the behavior of the application on the target system
allowing for better projection results. Furthermore, our
scheme has the ability to point out possible inaccurate
projections based on the rankings of the metrics groups
on the target machine as in the case of Clovertown. For
those applications with the highest ranked group(s)
having significantly higher metrics’ errors, our scheme
indicates that those projections may be inaccurate.

In this work, we focused on projecting the node
level performance of HPC applications. As stated
earlier  application performance consists of
computation time and communication time. We have
addressed projection of computation time in this paper.
Future work will extend this work to inter-node level
performance projection. This will involve projection
and modeling of the communication component of
HPC applications allowing us to project HPC
application performance on cluster systems.



7. References

[1] POWERS system microarchitecture. http://www.researc
h.ibm.com/journal/rd/494/sinharoy.html

[2] CPI analysis on POWERS, Part 1: Tools for measuring
performance.  http://www.ibm.com/developerworks/power/
library/pa- cpipowerl/

[3] CPI analysis on POWERS, Part 2: Introducing the CPI
breakdown model http:/www.ibm.com/developerworks/
power/library/pa-cpipower2/index.html

[4] Aashish Phansalkar, Ajay Joshi and Lizy K. John,
“Analysis of Redundancy and Application Balance in the
SPEC CPU2006 Benchmark Suite”. Proceedings of the 34th
annual International Symposium on Computer architecture,
2007, San Diego.

[5] M. Tikir, L. Carrington, E. Strohmaier and A. Snavely,
“A  Genetic Algorithms Approach to Modeling the
Performance of Memory-bound Computations”. Proceedings
of the International Conference for High Performance
Computing, Networking, and Storage, November 2007,
Reno.

[6] K. Hoste, A. Phansalkar, L. Eeckhout, A. Georges, L.
John and K. De Bosschere, “Performance Prediction based
on Inherent Program Similarity”. Proceedings of the 15th
International Conference on Parallel Architectures and
Compilation Techniques, 2006, Seattle, Washington.

[71 AMBER 9 Users’ Manual. http://amber.scripps.edu/doc9
/amber9.pdf

[8] CHARMM, http://www.charmm.org/

[91 FLUENT, http://www.fluent.com/software/fluent/modeli
ng_spec.htm

[10] GAMESS, http://www.msg.chem.iastate.edu/gamess/ga
mess.html

[11] LS-DYNA, http://www.ls-dyna.com/

[12] STAR-CD, http://www.cd-adapco.com/products/STAR-
CD/index.html

[13] The Weather Research and Forecasting Model, http://
www.wrf-model.org/index.php

[14] SPEC, http://www.spec.org

[15] The STREAM Benchmark: Computer Memory
Bandwidth, http://www.streambench.org/

[16] J. H. Holland, Adaptation in Natural and Artificial
Systems. University of Michigan Press, 1975

[17] D. Bailey, J. Barton, T. Lasinski, H. Simon, “The NAS
parallel ~ benchmarks”, International Journal of
Supercomputer Applications, 1991.

[18] IBM System p5 575, http://www-03.ibm.com/systems/p/
hardware/highend/575/

[19] IBM BladeCenter JS22 Express,
http://www-03.ibm.com/systems/bladecenter/hardware/server
s/js22e/index.html

[20] IBM System p570,
http://www-03.ibm.com/systems/p/hardware/midrange highe
nd/p570/index.html

[21] hpmcount command, http:/publib.boulder.ibm.com/in
focenter/pseries/vSr3/index.jsp?topic=/com.ibm.aix.cmds/do
c/aixemds2/hpmcount.htm

[22] J.L. Gustafson and R. Todi, "Conventional Benchmarks
as a Sample of the Performance Spectrum," The Journal of
Supercomputing, Vol. 13, pp 321-342, 1999.




<<
  /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


