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Abstract. Multi-domain clock skew scheduling is a cost
effective technique for performance improvement. However, the
required wire length and area overhead due to phase shifters for
realizing such clock scheduler may be considerable if registers
are placed without considering assigned skews. Focusing on this
issue, in this paper, we propose a skew scheduling-aware register
placement algorithm that enables clock tree optimization by
considering domains assigned to registers in placement. Our
experimental results show that the proposed approach
remarkably decreases clock wire length and clock network
power consumption at the cost of a slight increase in total wire
length.

I. INTRODUCTION

In a sequential circuit, clock signals may not arrive at all
registers at the same time due to the differences of
interconnect delays in the clock distribution network. The
consequent differences in clock arrival times are known as
clock skews. Since meeting the setup and hold constraints of
a sequential circuit is very complicated in the presence of
clock skews, an approach that has been followed by [1], [2],
[3], and [4] is to design the clock distribution network
ensuring zero clock skew.

Clock skew schedulers [5], [9], [12] on the other hand,
view the clock skew as a manageable resource rather than a
liability. They intentionally introduce skews to registers to
improve the circuit performance. The designated skews are
then implemented by specific layout of the clock distribution
network. However, in practice, a skew schedule with a large
set of arbitrary values cannot be realized in a reliable manner.
This is because the implementation of dedicated delays using
additional buffers and interconnects is highly susceptible to
intra-die variations of process parameters.

On the other hand, instead of tuning clock skews of
registers, retiming can physically relocate registers to balance
the delays without changing the functionality of the circuit
[6]. It was observed in [5] that retiming and clock skew
scheduling are discrete and continuous optimizations with the
same effect. The equivalence between retiming and skew
scheduling has been used in prior researches [7], [8], [9], [10].
Although retiming is a powerful sequential optimization
technique, its practical usage is limited due to its impact on
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the verification process, e.g. equivalence checking and
functional simulation. Furthermore, the use of retiming to
maximize the performance may cause a steep increase in the
number of registers [11], that requires a larger effort for clock
distribution and results in higher power consumption.

Recently, multi-domain clock skew scheduling has been
proposed in [12]. Multiple clocking domains are routinely
used in designs to realize target clock frequency and also to
address specific timing requirements. For example, a special
clocking domain that delivers a phase-shifted clock signal to
the registers close to the chip inputs and outputs is regularly
used to achieve timing closure for ports with extreme
constraints on their arrival and required times. The motivation
behind the multi-domain skew scheduling is based on the fact
that large phase shifts between clocking domains can be
implemented reliably by using dedicated, possibly expensive
circuit components such as “structured clock buffers" [13]. In
[12], Ravindran et al. showed that a clock skew schedule
using a few domains combined with a small within-domain
latency can reliably implement the full optimization potential
of clock skew scheduling. They proposed an algorithm based
on a branch-and-bound search to assign registers to clock
domains and also they modified Burns' algorithm [14] to
compute the skew values.

For a user-specified number of domains, the algorithm in
[12] computes the optimal skew for each domain. However,
the user has no control on the distribution of the domains.
Furthermore, the algorithm does not consider delay padding
[15], a technique that fixes hold time violations by inserting
extra delays on short paths without increasing the delay on
any long paths. In other words, the clock period obtained by
the algorithm in [12] may be sub-optimal if delay padding is
allowed, as demonstrated in [16], [17], and [18]. Therefore,
the authors of [19] formulated the clock skew scheduling
problem on a user-specified finite set of prescribed clock
domains. They proposed a polynomial-time algorithm that
finds an optimal domain assignment for each register such
that the clock period is minimized with possible delay
padding. The algorithm performs skew scheduling with
respect to the user-specified requirements and also considers
how to insert extra padding such that both setup and hold time



constraints are satisfied with the minimal clock period.
However, the authors of [19] have not considered register
placement and did not propose any clock distribution network
structure.

In [20], a clock scheduling algorithm has been proposed
that first clusters registers based on their locations and then
modifies the clusters to improve the clock period. The
algorithm may route the clock network inefficiently because it
does not have any regular clock routing plan. Moreover, this
algorithm generates a skew schedule with a large set of
arbitrary values that, in practice, may not be realized in a
reliable manner.

In this paper, we propose a register placement strategy that
considers the multi-domain clock skew scheduling scheme.
We also present a new clock distribution network structure to
efficiently distribute registers. The proposed register
placement algorithm uses clock scheduling information
obtained from the algorithm proposed in [19] to place
registers according to the suggested clock distribution
network structure. In other words, both the domain
information and the proposed clock network structure
contribute in the placement of registers. The approach not
only optimizes clock period but also decreases the number of
delay elements. Moreover, it decreases clock wire length that
leads to lower clock power consumption. Our approach may
have negative impact on the traditional placement objectives
such as total wire length of regular nets. As experimental
results show, the clock wire length reduction is remarkable
while the total wire length overhead is small.

The rest of this paper is organized as follows. In Section 2,
we review basic concepts about skew scheduling and
partitioning-based placement. Section 3 proposes our clock
distribution network structure. In Section 4, our clock skew-
aware register placement strategy is proposed. Section 5
includes experimental results. Finally, Section 6 concludes
the paper.

II. BASIC CONCEPTS

A. Clock Distribution Network Synthesis and Skew Scheduling

A clock distribution network delivers the clock signal from
the clock source to a set of clock sinks (registers) such that
the clock signal delay to each sink satisfies certain
constraints. Usually, due to the differences in interconnect
delays; clock signals do not arrive at all registers at the same
time. The consequent differences in clock arrival time are
known as clock skew. If clock signal delays to registers R;
and R; are denoted as s; and s; respectively, considering the
shortest and longest combinational path between R; and R;,
setup and hold time constraints are as follows:
s;=8; <T, =Tl —D™ =w,

setup

min ’ ( 1 )
S; =5 < Dij T = Wi
where T, is the clock period and D;"*" and D,-j-'"i" represent the
maximum and minimum path delays, respectively. Path

delays can be calculated by a static timing analysis tool.

The skew specification (prescribed skew) s; — s; can be
calculated by a prescribed skew scheduling procedure [19] to
consider constraints between R; and R;. The skew
specification can also be expressed as the delay target for
each register directly. A clock distribution network, which is
usually a tree rooted at the clock source, is constructed
through clock routing [21] for a given register placement and
skew specification, such that the skew specification is
satisfied. The skew scheduling and clock routing procedures
can also be integrated together [22].

B. Hierarchical Placement

Placement is a classical problem in VLSI physical design.
Among different proposed placement methods, multi-level
hierarchical techniques are regarded indispensable to solve
placement problem especially for large circuits [23].

A typical top-down hierarchical placement approach can be
generalized as follows: at a given hierarchical level, the
layout area is partitioned into several bins. All cells in the
circuit are assigned into these bins such that some placement
objectives, like total wire length are optimized. If a cell is
assigned to a particular bin, it will be placed within the area
of this bin in the final layout. At next levels, each bin is
partitioned into finer bins bounded to the parent bin. Thus
more and more detailed information about physical locations
of cells can be acquired in each level. The iterative
partitioning stage terminates when there are only a few cells
in each placement bin.

Since the construction of clock network has become more
critical during recent years, some register placement methods
have been proposed [24], [25], and [26]. In addition to
traditional placement objectives, register placers try to place
registers such that clock net length is optimized. Since the
location of each cell is determined step by step in hierarchical
placement approaches, most of the register placers develop
their idea based on such approaches [27].

III. PROPOSED CLOCK DISTRIBUTION NETWORK STRUCTURE

Clock routers may be zero-skew or bounded skew. In
bounded skew clock tree generation, the main challenging
matter is how to achieve the required skew for each register.
Multi-domain skew scheduling is one of the widely accepted
methods to alleviate the area and power consumption
overheads of aggressive delay elements along the clock tree.

Some of the proposed clock tree construction methods [18]
try to guide most of the delay elements to the main stem of
the clock tree to reduce the required delay elements.
However, since registers are fixed in such methods, the
quality of the final clock tree is strictly dependant on the
initial placement of the registers. For example, if co-domain
registers (registers that are in the same domain) are
distributed far from each other, the total required delay
elements may grow significantly because more delay
elements are absorbed by the clock tree branches.

Therefore, fixing the registers before clock skew scheduling
may result in large number of delay elements. Thus, it is more
preferable to perform placement under consideration of clock



skew scheduling information and based on a specific clock
tree infrastructure. In addition to providing skew for all skew
domains, such clock tree infrastructure should not put any
strict constraint on the placement procedure. Therefore, we
propose a hierarchical structure for bounded skew clock
distribution network.

The proposed clock tree structure in consists of a
hierarchical set of Manhattan circles [24] in which each circle
is skewed with respect to higher level. It is noting that all
registers which are located on a circle experience the same
skew since each point on the Manhattan circle has the same
Manhattan distance (Manhattan radius) from its center.

—— —— Domain 0 Edges (£

Domain 1 Edges

—_—— Domain 2 Edges

Fig. 1: Domain Distribution

The proposed clock network structure is shown in Fig. 1 for
a design with three domains. The vertical and horizontal lines
show the borders of partitioning bins after three levels of the
hierarchical partitioning-based procedure execution. Domain
zero consists of one Manhattan circle whose center is the
center of the chip. This Manhattan circle is shown in Fig. 1 by
dashed lines. Manhattan circles of domain one, shown as
dotted lines, are constructed on the edges of domain zero. The
centers of these Manhattan circles are the middle points of the
domain zero edges. Generally, Manhattan circles of each
domain are constructed on the edges of the previous domain
and their centers are the middle points of the edges of the
previous domain.

Further to efficient utilization of delay elements along the
clock tree, every skew domain is fairly accessible within the
design area. Therefore, each register can be placed very close
to where it would be placed by a regular placement algorithm.
As a consequence, such clock distribution network structure
has little total wire length overhead. It is assumed that the
clock signal is delivered to the Manhattan circles of domain
i+1 using an H-tree rooted at the center of the Manhattan
circle of domain i. Therefore, due to the regularity of the
network, its construction imposes negligible process and run
time overhead.

In clock routing, the location of the clock tree root does
not have to be the same as the clock source. The root node
can always be connected to the clock source directly.

Therefore, clock routing algorithms do not rely on the
location of the clock source. Without loss of generality, the
clock source is assumed to be at the center of the chip.
Another assumption in Fig. 1 is that the chip height is greater
than the chip width. This assumption also does not lose
generality.

As stated before, delay elements are used to construct
different skew domain. These elements are placed at the
centers of the Manhattan circles. The number of such
elements is equal to the total number of Manhattan circles
having at least one register with the same domain on their
edges. In other words, a delay element is placed if the
Manhattan circle surrounding it contains at least one register
whose domain is equal to that Manhattan circle.

In order to construct the final clock tree, we connect all co-
domain registers located in a common partition using a
Minimum Steiner tree. Then, since each point along the
Manbhattan circle can easily be routed to the delay element
located at its center, the nearest point of such Steiner tree to
the gravity center of registers should be routed to the
associated Manhattan circle.
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Fig. 2: Part of the clock tree generated by our method. The shaded
Manbhattan circle does not have any register, so no delay element has
been placed at the center of it.

Although such a clock routing method does not guarantee
zero skew within co-domain registers, but it can result in
negligible skew because each partition has small area.
Moreover, since each partition contains a few cells (up to 6
cells), only a small number of co-domain registers may be
located in one partition. Therefore, the Steiner tree
construction process does not impose considerable run time
overhead. Fig. 2 shows upper left quarter of the clock tree
structure generated by our method. The delay elements are
shown by triangles. As the figure shows, registers are
connected to proper delay element and each delay element is
connected to lower level delay element. This procedure
continues until the center of the chip is reached.



IV. OUR SKEW-AWARE PLACEMENT ALGORITHM

The following definitions are necessary to describe our skew-
aware placement algorithm.

Definition 1. A partitioning bin is legal for all registers of a
specified skew domain, if it intersects with a Manhattan circle
of that domain. For example the bin shaded in Fig. 1 is a legal
bin for all registers of domains 0 and 2.

Definition 2. Considering timing constraints for each register
Ry, its permissible skew range (PSR) is defined as follows:

PSR= [max (skew, —wy;, skew, - w,k) ,min (Skewl + W, skew, +w, ):I

for all R; € Predecessors(R, ), R; € Successors(R, ) (2)
where wy and Wi, were defined in Eq. (1) and skew; and
skew; are clock skew at input of the registers R; and R,
respectively.

Definition 3. Migration overhead (MO;;) of each register R;
from its current location to bin k can be evaluated as:

MO, = a.PSR(R,, Bin,)+ BWL(R,, Bin,) 3)

where PSR is the permissible skew range of R; when Bin, is a
legal bin and WL is the wire length overhead due to the
register migration. WL(R,, Biny) can be formally expressed as:

if B, =B,

otherwise S

{0
WL(R;, By )=

D B; By

where B; represents the bin currently containing R; and Dyp; g
is equal to the Manhattan distance between centers of bins B;
and B,.

Proposed Placement Algorithm

1: Assign the optimal skew to each register [19]
Run partitioning algorithm [28].

Refine the partitioning results based on registers’ domains and
proposed clock network.
4: if (the # of cells in each global bin > stopping threshold)

5 level = level + 1
Go to 2.

6: Place cells in each bin.

Fig. 3: The proposed placement algorithm

Our placement algorithm is shown in Fig. 3. First, for a
user-specified number of domains, using the formula
proposed in [19], the optimal skew is assigned to each register
such that minimum clock period would be acquired. Using
domains assigned to registers in first stage and clock structure
proposed in previous section our partitioning-based placement
algorithm guides registers such that they are placed close to
the associated Manhattan circles in the clock structure.
Accordingly, during an iterative procedure, using a multi-
level partitioning engine such as hMetis [28], cells of each bin
are partitioned into two separate bins such that aside from
reducing the cut-sizes between bins, the registers are placed in
legal bins.

In the last stage, after last level of partitioning, the cells

assigned to bins are placed by a modified version of Dragon
algorithm [30] that places the registers on or close to their
domains edges.
During skew scheduling, in order to maximize clock
frequency, it has been tried to assign subsequent registers into
different skew domains. Therefore, the skew between
registers in the same domain is not the matter of concern
because such registers are not usually subsequent. On the
other hand, in some cases where subsequent registers are
assigned into the same skew domain, the large slack of their
associated combinational path makes them robust against
clock skew. During the proposed register placement, it is
attempted to provide the largest skew permissible range for
each register in order to make it robust against possible clock
skew violations as described in Equation 4. Moreover, the
most significant wire length overhead occurs due to domain 0
registers because such registers should be held near the
Manhattan ring of domain 0 during the placement. On the
other hand, Manhattan rings of higher domains are more
distributed within the design and are available fairly on the
chip. Therefore, register assignment to such domains have
little wire length overhead. In other words, more skewed
domains are preferred to domain 0 with respect to total wire
length overhead. Accordingly, our register placement
attempts to assign most of the registers to more skewed
domains.

V. EXPERIMENTAL RESULTS

We implemented the proposed placement algorithm in
C++ on a 3 GHz Pentium IV with 1 gigabytes of memory.
The attempted benchmarks were chosen randomly from
IWLS’05 [29] which were synthesized using 180 nm
technology with six layers of metal. Table 1 contains the
characteristics of the benchmarks.

TABLE 1: THE CHARACTERISTIC OF BENCHMARKS

Benchmark #cells #registers #l;le‘zgzzlt‘iso;l#(:g}s
$38417 8278 1564 18.8
$38584 6724 1178 17.5
$5378 1294 163 12.5
Ethernet 46771 10544 225
pci-bridge32 16816 1498 8.9

The number of domains is an important factor to evaluate
the proposed idea. The analysis done in [19] shows that 4 is a
good choice for the number of domains, so the results were
calculated with 4 domains.



TABLE 2: EXPERIMENTAL RESULRS IN TERM OF CLOCK WIRE LENGTH AND TOTAL WIRE LENGTH

penchman | ol (umx107) Do e B Gn SO (R

Overhead clock skew
WDP | MDAP | Improvement (%) | WDP | MDAP | Overhead (%) | WDP MDAP /Tmprovement (%) scheduling (ns)
s38417 2.5206 | 2.3200 8.64 1.28 1.29 0.77 1.53206 1.522 +0.66 1262/100
s38584 1.3767 | 1.3210 4.21 1.01 1.03 1.9 1.14767 1.1621 -1.24 724/100
s5378 0.1616 | 0.1523 6.10 0.163 | 0.163 0 0.17916 | 0.17823 +0.52 662/143
Ethernet 36.1039 | 24.6404 46.52 16.5 17.1 35 20.11039 | 19.56404 +2.79 1484/100
pci-bridge32 6.0511 | 4.9396 22.50 2.87 3.26 11.96 3.47511 | 3.75396 -7.42 1158/675
Average 17.6 3.62 -0.93

To evaluate the proposed algorithm, the placement process
was implemented in two cases and their results were
compared. The first case is a wire length-driven placement
(WDP) that uses original Dragon and hMetis algorithms and
the second one is our multi-domain clock skew scheduling-
aware placement (MDAP) which uses modified Dragon and
hMetis algorithms to consider the clock skew domain
information for the cell and register placement.

Table 2 provides experimental results in terms of clock
wire length and total wire length. As mentioned previously, in
the proposed clock network, the clock length consists of the
total wire length of H-trees as the back-bone of the network,
Steiner trees within co-domain registers and the routes
between some points on the perimeter of Manhattan circles
and their centers. The column Clock wire length provides a
comparison of clock length obtained in the proposed method
and WDP. The last column of Table 2 shows the period of
clock before and after clock skew scheduling. In small
designs, the achievable improvements are not as much as
more complex and larger ones due to the restricted number of
registers. The column Total wire length includes the total
wire length for all nets including the clock net. Plus sign in
the column Overhead/Improvement of Table 2 means that the
total wire length has been improved and minus sign means the
total wire length has been aggravated. These results show that
clock length improvement is large in comparison to total wire
length overhead. Experiments show that considerable
improvement was achieved in clock length at the cost of small
overhead in total wire length (17.6% clock wire length
reduction vs. 0.93% total wire length overhead).

Table 3 shows clock net power consumption in micro-watts
per megahertz in the two cases. Since our algorithm inserts
restricted number of delay elements along the clock network,
the power consumption overhead of delay elements is not
remarkable. Accordingly, total power consumption would be
dominated by total wire length power consumption.
Therefore, considering large activity of clock signal, the
proposed algorithm can be considered more efficient in term
of power consumption, compared with a wire-length driven
placement. As these results show, we have about %18.78
improvement (on average) in clock power.

TABLE 3: CLocKk POWER CONSUMPTION (uw per MHz)

Benchmarks WDP MDAP Gain (%)
s38417 20.95 20.61 1.63
$38584 11.44 11.31 1.15
s5378 1.34 1.10 22.12
Ethernet 300.05 204.77 46.52
pci-bridge32 49.67 40.54 22.50
Average 18.78

Compared with a wire length driven placement algorithm,
the proposed algorithm has around 10% run time overhead.
Such process effort is consumed to calculate the migration
overhead of each register and update registers’ permissible
ranges.

A. Post-placement timing constraints verification

The first constraint for clock skew scheduling is timing
closure. Our timing reports show that none of timing
constraints have violated after the proposed placement
process. As stated in Section 2, we use pre-placement timing
analysis to assign registers to domains. Due to lack of enough
information about location of cells, the pre-placement static
timing analysis is not as accurate as the post-placement
timing analysis. In other words, it is concerned that setup and
hold time constraints may be violated after placement.
Therefore, we use a standard timing analysis tool [30] after
placement to verify our skew scheduling algorithm and
examine that timing constraints have not been violated. The
timing constraints have been calculated based on minimum
clock period obtained from multi-domain clock skew
scheduling algorithm.

VI. CONCLUSION

In this paper, we introduced a placement strategy
considering multi-domain clock skew scheduling and a new
clock network structure to improve the clock wire length and
power consumption. In the proposed methodology, each
register is assigned to one domain based on timing
information extracted from post-synthesis data. Experimental
results show that considering register skew information
during placement reduces clock routing wire length and



power consumption at the cost of a slight increase in total
wire length. The proposed algorithm can be more effective for
large and complicated circuits with larger register/cell
proportion.

REFERENCES

[1] M. A. B. Jackson, A. Srinivasan, and E. S. Kuh. “Clock routing for
high-performance IC's,” In Proc. DAC, 1990.

[2] A.B.Kahng, J. Cong, and G. Robins, “High-performance clock routing
based on recursive geometric matching,” In Proc. DAC, 1991.

[3] S.Pullela, N. Menezes, and L. T. Pillage, “Skew and delay optimization
for reliable buffered clock trees,” In Proc. ICCAD, 1993.

[4] R.S. Tsay, “Exact Zero Skew,” In Proc. ICCAD, 1991.

[5] J. P. Fishburn, “Clock Skew Optimization,” In IEEE Transactions on
Computers, Vol. 39, No.7, 1990.

[6] C.E. Leiserson, F. M. Rose, and J. B. Saxe, “Optimizing synchronous
circuitry by retiming,” In Advanced Research in VLSI, 1983.

[7] H. G. Martin “Retiming by combination of relocation and clock delay
adjustment,” In Proc. DAC, 1993.

[8] B. Lockyear and C. Ebeling “Minimizing the effect of clock skew via
circuit retiming,” Technical Report, Dept. of Computer Science and
Engineering, University of Washington, 1993.

[9] L. F. Chao and E. H. M. Sha, “Retiming and cock skew scheduling for
synchronous systems,” In Proc. ISCAS, 1994.

[10] S. S. Sapatnekar and R. B. Deokar, “Utilizing the retiming-skew
equivalence in a practical algorithm for retiming large circuits,” In
TCAD, Volume 15, Issue 10, 1996.

[11] G. Even, 1. Y. Spillinger, and L. Stok, “Retiming revisited and
reversed,” In TCAD, Volume 15, Issue 3, 1996.

[12] K. Ravindran, A. Kuehlmann, and E. Sentovich, “Multi-domain clock
skew scheduling,” In Proc. ICCAD, 2003.

[13] K. M. Carrig, “Chip clocking effect on performance for IBMs sa-27¢
ASIC,” In IBM Micronews, 2000.

[14] S. M. Burns, “Performance analysis and optimization of asynchronous
circuits,” PhD thesis, California Institute of Technology, Computer
Science Department, 1991.

[15] N. V. Shenoy, R. K. Brayton, and A. L. Sangiovanni-Vincentelli,
“Minimum padding to satisfy short path constraints,” In Proc. /CCAD,
1993.

[16] Y. Kohira and A. Takahashi, “Clock period minimization method of
semi-synchronous circuits by delay insertion,” In /EICE Transaction
Fundamentals, Volume 88-A, Issue 4, 2005.

[17] D. Emst, N. S. Kim, S. Das, S. Pant, R. Rao, T. Pham, C. Ziesler, D.
Blaauw, T. Austin, K. Flautner, and T. Mudge, “Razor: A low-power
pipeline based on circuit-level timing speculation,” In Proc.
International Symposium of Microarchitecture, 2003.

[18] B. Taskin and I. Kourtev, “Delay insertion method in clock skew
scheduling,” In Proc. ISPD, 2005.

[19] C. Lin and H. Zhou, “Clock skew scheduling with delay padding for
prescribed skew domains,” In Proc. ASP-DAC, 2007.

[20] M. Saitoh, M. Azuma, and A. Takahashi, “Clustering based fast clock
scheduling for light clock-tree,” In Proc. DATE, 2001.

[21] C. A. Tsao and C. Koh, “UST/DME: a clock tree router for general
skew constraints,” In ACM Transactions on Design Automation of
Electronic Systems, Volume 7, Issue 3,2002.

[22] G. Venkataraman, C. N. Sze, and J. Hu, “Skew scheduling and clock
routing for improved tolerance to process variation,” In Proc. ASP-
DAC, 2005.

[23] A. E. Caldwell, A. B. Kahng, and I. L. Markov, “Can recursive
bisection produce routable placements,” In Proc. DAC, 2000.

[24] Y. Lu and et al, “Register placement for low power clock distribution
network,” In Proc. ASP-DAC, 2005.

[25] W. Shen, Y. Cai, X. Hong, and J. Hu, “Activity and register placement
aware gated clock network design,” In Proc. ISPD, 2008.

[26] L. Huang and et al, “Clock network minimization methodology based
on incremental placement,” In Proc. ASPDAC, 2005.

[27] Y. Lu, C. Sze, X. Hong, “Navigating register placement for low power
clock network design,” In /EICE Transactions on Fundamentals of
Electronics, Communications and Computer Sciences, Volume E88-A ,
Issue 12, 2005.

[28] Karypis and et al., “Multilevel hypergraph partitioning: application in
VLSI domain,” In Proc. DAC, 1997.

[29] http://www.iwls.org/iwls2005/benchmarks.html

[30] T. Taghavi, X. Yang, and B.K. Choi, “Dragon2005: large scale mixed
size placement tool,” In Proc. ISPD, 2005.

[31] Magma Tool, http://www.magma.com/




	Main
	DATE09
	Front Matter
	Table of Contents
	Author Index



<<
  /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 1.4
  /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




