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Abstract

With the rapid development of semiconductor
technology, the working frequency of chips increases
dramatically. Thus simultaneous switching noise (SSN)
must be considered for robust power/ground (P/G)
network design. In this paper, we mainly focus on the
SSN effects for P/G network optimization. We first
point out the drawbacks of the P/G optimization
process without considering the SSN, by analyzing the
optimized P/G grids. Then we propose a random walk
based technique to consider SSN by adding decoupling
capacitor (decap) prior to the nonlinear optimization
process. This additional decap allocation phase
constructs good current return path for the switching
current caused by clock buffers and then reduces the
dynamic voltage drop. Experiment results show that
the proposed method achieves 2X speed up over the
original approach without adding decaps in advance
while the decap budget overhead is acceptable.

1. Introduction

Signal integrity in the power/ground (P/G) network
is becoming a serious issue in nano-era chip design.
The robust P/G delivery network design is considered
as a major challenge as the manufacture technique
advances [1]. Improper power distribution system
design can reduce the chip reliability, or even worse,
cause functional failures. As the chip complexity
increases, clock switching frequency becomes higher
and causes larger on-chip dynamic current within a
shorter period of time. If this current propagates along
with the power rail, the supply voltage will decrease
significantly, especially when many macro-blocks or
output buffers switch at the same time [2] [3]. The
simultaneous switching noise (SSN) can cause logic
errors and adversely affect the performances and
reliabilities of VLSI circuits.
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Power delivery system may suffer power drops due
to resistive and inductive impedance. In general, due to
the higher power consumption of the VLSI chips, wire
sizing technique is typically used to reduce the static
IR drops [5] [6]. However dynamic voltage
fluctuations may still occur on the P/G network even if
the wire sizing strategy is performed. In this case,
adding decoupling capacitors (decaps) is regarded as
the most efficient way to reduce dynamic noises [7] [8]
[9]. Traditionally, spare area generated in the
placement phase can be reserved for adding decaps for
noise reduction. However, with the increase of clock
frequency and the number of clock buffers, if lots of
gates switch at the same time, the overall current surge
can generate large dynamic drops [2], and the SSN in
VLSI circuits will become more and more significant
[3]. Therefore, the SSN can no longer be ignored
during the P/G network optimization.

In this work, we first point out the drawbacks of the
optimization process without considering the SSN.
Second, we focus on how to optimize the SSN in the
P/G network efficiently and propose a predecoupling
approach based on random walks to reduce the noises
caused by drastic current generated by clock buffers.
In our algorithm, we use preconditioned conjugate
gradient (PCG) method to get the transient response of
power grid, and then we perform a random walk
process starting from the nodes in power grid, which
connect to the clock buffers and would have large
impact on the performance of the power network when
all of them switch at the same time. During this
process, decaps are pre-added to the P/G network
according to the current value of the clock buffers
which is usually larger than that of the normal
functional macro-blocks. After that, we use the
nonlinear programming method to optimize the pre-
optimized power grids. The experimental results
demonstrate that the predecoupling method achieves
2X speed up over the approach which tries to directly
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optimize the networks, while just use a little more
budget area as penalty.

This paper is organized as follows. Section 2
formulates the simultaneous switching current and
analyzes the effects of SSN; section 3 describes
predecoupling optimization approach; section 4 gives
out experimental results and finally, section 5
concludes the paper.

2. Analysis of the optimization results
considering SSN

In this section, we first introduce the modeling of
P/G delivery network and nonlinear programming
process for P/G network optimization. Then we mainly
analyze the non-SSN-aware optimized power delivery
network with the simultaneous switching activities,
and give out the drawbacks of the optimization process
which does not consider the SSN separately.

2.1. Power delivery network modeling

The power network is typically designed as a
hierarchical structure in which global all the top-level
macro-blocks and clock buffers connect to the global
power grid while logic gates inside the top-level
macro-blocks connect to the inner power grid which is
located inside the global power grid. On the other side,
power grid analysis techniques needs current
waveform of each macro cell or buffer as input, thus,
the normal analysis process is always divided into two
parts. In the first part, the current waveform should be
analyzed. Then all the current information is used to
estimate the voltage variation waveforms in the power
grid. And the complete power grid model can be
considered as a mesh-like RLC network illustrated in
Figure 1.
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Figure. 1. A general modeling of P/G network.

2.2. Nonlinear programming optimization

The optimization techniques presented in previous
work [7] [8] [9] add on-chip decaps to reduce transient
voltage drops using the dynamic power consumption
excited by the time-varying input vectors based on

empirical values of the switching current.
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Figure. 2. lllustration of IR drop violation.
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The normal category is to obtain the optimal budget
of decaps which provide reservoir capacitors between
power and ground as shown in Figure 1. In previous
work [7], the violation area at node j is expressed as
equation (1) according to the shaded area within one
clock cycle illustrated in Figure 2:

T
£/(C,,Cy1,C,) = [ max(V, -V, (0),0)d (1)

Recent work [8] formulates the total decap area

using the bellowing objective function:

Z C)+ A Z g‘f) )
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Then objective function is minimized by traditional
conjugate gradient (CG) method in each optimization
iteration. The weighting factor A in equation (2) is used
to balance the two terms, and will keep changing in
each CG iteration. In order to get the gradient direction
of the objective function to each decap value,
sensitivity of the objective function respect to each
decap value is computed by the merged adjoint
network method and it can be calculated in only two
transient simulations within each iteration [8]. In each
step, a binary search is still needed for CG method to
update decaps along the current gradient. The CG
process stops when the constraints are satisfied.

2.3. Drawbacks of the non-SSN-aware
optimization results after considering SSN

As described above, the optimization techniques in
previous work [7] [8] [9] add on-chip decaps to reduce
transient voltage drops given the dynamic power
consumption excited by the time-varying input vectors
based on empirical values of the switching current. In
almost previous works for P/G optimization, the SSN
is not noticeable. When many circuit switch at the

333

Authorized licensed use limited to: Univ of Calif Riverside. Downloaded on June 24,2026 at 22:46:09 UTC from IEEE Xplore. Restrictions apply.



Table 1. Violation node (VN) statistics about non-SSN-ware optimized P/G network when a
number of circuits switch at the same time.
Power Gird Cell/Circuit Power Eliminated Added Qircuit Switch  Newly VN
Num Node Num VN Num Decaps(nf)  Simultaneously Num
1 15 26 0 0 3 4
2 744 806 139 0.101960 148 157
3 3492 4032 952 0.443672 982 681

same time, the current supplied by the power networks
can change rapidly, and the voltage drop along the
power line can cause the power supply level to go
down.

Here we select three P/G grids, and the transient
current signature of each macro-block or buffer, which
mimics the waveforms of the actual circuits, is
acquired by the equivalent circuit inside. So the circuit
can be replaced by the piecewise linear current, such as
the triangular or trapezoidal current waveform [4].

0 Ty Teyele

(a) Switch at different times (b)Switch at the same time

Figure. 3. lllustration of two circuits switching.

Firstly, the power girds are analyzed and optimized
based on empirical values of the switching current, i.e.
in the optimization process, the input vectors of
switching current for different circuits usually have
different phases, for instance, Figure 3(a) gives an
illustration of two circuits which switch at different
times. In this case, the potential voltage drop along the
power line is not particularly evident and the decap
allocation acquired from optimization process [8] may
not be perfect.

Then we consider some circuits including the clock
buffers and some macro-blocks turn on simultaneously.
As shown in Figure 3(b), the equivalent transient
currents of two circuits, which connected to the P/G
network switch at the same time, have the same delay
time 7, So we use the transient analysis tool to verify
the actual voltage drop in the P/G network that is
optimized by the non-SSN-aware optimization process.

Table 1 summarizes the analysis results. From the
results, we can find that the violation node (VN)
number is reduced to zero after adding decaps in the
non-SSN-aware power network. However, some new
violation nodes appear when SSN is considered, which
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may cause logic errors and affect the performances of
the chips.

So one observation we can have from the data is
that it is necessary to consider SSN during the P/G
optimization process to maintain a robust optimization.

3. Predecoupling for P/G

network optimization

technique

One simple way to optimize the P/G network is to
introduce the SSN directly to the optimization method.
In this case, optimization algorithms only try to insert
decaps when power node voltage falls below the
required boundary, but the features of the SSN is
ignored. In this section, we propose the predecoupling
technique by adding decaps prior to the nonlinear
optimization process. The technique for P/G network
constructs good current return path for the drastic
switching current caused by clock buffers and reduces
the dynamic voltage drop, which will improve the run
time the optimization process.

3.1. Predecoupling for the SSN of buffers

Our main idea is based on the fact that the
switching activity of high speed CMOS circuit may
produce large currents or current derivatives [2]. This
is especially true for the clock buffer which is used for
reducing interconnect delay in the clock network. So
the SSN due to output buffers switching current is
larger than the SSN due to the internal switching in the
macro-blocks. In other words, the voltage drops due to
SSN in the P/G grid are mainly caused by the
simultaneous switching activities of the buffers that
connect to the P/G network.

Usually, due to the frequency of noises in P/G
network is high, enough decaps will provide good fast
return paths for noise current. On the other hand, under
a special noise frequency, we can calculate how many
decaps are enough for the transient current of the
buffers to provide isolation in P/G network even in
time domain. So in order to compensate the noise
caused by the buffers, we can try to plant a certain
decap direct to or around each buffer to reduce the
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path length. And we can calculate the capacitor size C;
as follows:

CxU, =0 = [I,(Hdt 3)

In the equation above, /,(¢) is the switching current
of buffer 7, and U, is the voltage.

The planted decap will provide the return path for
each buffer in isolation, and each of them can be taken
into consideration independently. And we call this
predecoupling technique for the buffers.

After adding decaps in advance, we still introduce
the nonlinear optimization process to the P/G network,
which continues to reduce other noises until the power
grid is robust. And an efficient and novel approach is
given out in next part to describe how to plant the
definite decap for a buffer.

3.2. Random walk based decap planting
strategy

In this part, decaps are planted during a modified
random walk process. Random walk [10], a classical
stochastic technique, is widely used to solve many
engineering problems. For example, random walk is
adopted for circuit simulation such as the power grid
verification [11], the analysis of the circuit with the
resistor and power supply can be transformed into a
random walk on the circuit network via using walking
probability determined by the electrical parameters on
one path. No solving of matrix equation is needed, but
the performance of random walk is poor when the grid
has few Vdd pads or the grid is too large, and it is also
difficult to use random walks to simulate a whole P/G
gird or solve the transient analysis problem [12].

Our decap planting approach is mainly refer to the
previous work [11], and take the advantage of random
walks.

Figure. 4. A
networks.

representative part of P/G

First, we treat the power nodes in the network that
directly connects the buffers as the starting nodes in
the random walk process.

Then the modified walking process is performed
according to the probability mainly decided by the

resistors and power supplies. For a part of P/G network
shown in Figure 4 following formula can be written
according to Kirchoff current law and nodal equation.

szgi_zgiy: =-1 4)

Equation (4) can be reformulated as follows:

) 1
V=Y Zgé, Ve (5)

The coefficient g /> g can be treated as the

probability of walking from node x to node i. The
constant —7 /Y g, , which is treated as the fee at node

x and accumulated at each walking step to calculate the
voltage of the starting node in the random walk
simulation, can be ignored in our process. But
differently, the walking process doesn’t need to
terminate at pad nodes [11], instead, the termination
condition of the walks is controlled by the parameter
which affects the scope in the network for adding
decaps to provide the fast return path for the buffer.

Finally, we can carry out the modified walking
process several times from the node that connects the
buffer, and the accessed times for the visited nodes are
gained during the walks. For a specific buffer i, the
decap C; is divided, and planted at several nodes
according to the visited times of them in the walks.
The capacitance of a visited node j of buffer i can be
formulated as following:

o Count(f’)

W = Wq J € all visited nodes of buffer i (6)
J

where C;, C\" are total decap size for the buffer and
decap size for the visited node j. Count” is the visited

times of node j during the walking processes starting

from the node connecting to the buffer i. Thus,

Count'" / ZCount(/.") can be treated as the probability
J

that node  is hinted in the modified walking process.
In general, for each buffer, decaps are planted

according to the probability in random walks

independently, where the decap size for a buffer is

Table 2. Analysis results of P/G network after
adding decaps based on random walks.
Poyver 4Circuit Power VN Pre-added VN Num after
Gird Node Num Decaps(nf) Adding Decaps

1 15 26 4 0.576113 0

2 744 806 277 0.093449 175

3 3492 4032 1411 0.181388 1236

4 32112 32952 9988 1.802553 3791
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estimated according to that given in equation (3).
Table 2 analyzes the P/G network before and after the
predecoupling considering the SSN. The column 4 5 6
represent the violation node number in the original
network, the total predecoupling capacitor size and the
violation node number after the predecoupling. From
the results we can observe that the violation node
number decreases significantly after random walk
based predecoupling strategy on the buffer when
considering SSN.

According to the characteristics of the SSN in P/G
network, the definite decap for each buffer to
compensate the drastic changes in the currents. So
after the decap planting for each buffer, nonlinear
programming optimization process is still performed to
optimize the pretreated power gird if necessary.
Compared to the direct nonlinear programming
approach for P/G network, our proposed method has
an advantage in running time occurring only a little
more decaps, and we will also discuss why random
walk is wused for decap planting during the
predecoupling strategy via the experimental results in
next section.

4. Experimental results

Our predecoupling optimization algorithm is
implemented using C++ language. All test cases are
generated randomly according to real industry
standard-cell circuits, and buffers are inserted during
the macro-blocks.

4.1. Two factors affecting the predecoupling

The efficiency of our proposed algorithm depends
on two factors in the predecoupling stage. First one is
the amount of the decap we add for each drastic
current, the other one is the terminal parameter k of
random walks introduced above. Figure 5 shows the
optimization results of different amounts of pre-added
decaps, where the decap size from the equation (3) is
considered as one on the x-axis and the markers are
relative errors for different pre-added decaps. The
results shown in Figure 5 demonstrate that the pre-
decap calculated in the equation is sufficient, and if the
amount increases, the over-head of the optimization
results may be too large, or if the pre-added decap size

is very small, it will take more time to carry out the
nonlinear programming but the decrease of the errors
isn’t obvious.

To demonstrate the efficiency of the terminal
parameter in random walk based predecoupling stage,
none predecoupling strategy, directly adding
predecoupling capacitors on the equivalent drastic
currents of buffers, and random walk based
predecoupling technique are all performed to optimize
a same P/G delivery network considering the SSN.

100 /
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Figure 5. Relative errors of different pre-added
decap amounts.

Table 3 summarizes the comparison of the decap
amount of the optimization results, where the decap
amount acquired without adding predecoupling
capacitors can be considered as the exact result. From
the results, we can observe that the relative error of
random walk based predecoupling optimization
increases when the terminal parameter increases, but
the optimization results getting from random walk
based method may be better than that acquired from
directly adding decaps at the drastic currents, when the
parameter k isn’t too large. Because the random walk
based approach takes the advantage of the Kirchoff
law and it can find the more sensitive nodes to plant
decaps, but the sensitivity may be poor if the scope of
the random walks is too large.

4.2. Acceleration using predecoupling strategy

We apply our random walk based predecoupling
optimization approach for the test cases with different
sizes. As shown in Table 4, comparisons are made
between the non pre-added optimization method and
our proposed approach considering the SSN. Columns

Table 3. The optimization results comparison with different parameters on the same testcase.

None Direct

Predecoupling  Predecoupling

Random Walk based Predecoupling with Different &

2 3 5 8 10

Added Decap (nf) 0.229297
Relative Error --

0.231994
1.18%

0.229394  0.233949 0.235260 0.237079 0.240833
0.04%

2.03% 2.60% 3.39% 5.03%
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1, 2, 3, 4 represent the power grid, the node of the test
case, total number of macro-blocks and the number of
clock buffers connecting to the power network
respectively. The budget of the non pre-added method
can be considered as the optimal solution for P/G
network optimization. The results show that our
proposed approach only has approximate 2% decap
area overhead in average, and it may get better budget
with the same tolerance in the CG iteration.

On the other hand, the time complexity of the CG
optimization process [8] [9] for P/G network which has
been introduced in section 2 can be expressed as
O(n"’ml(2+r")), where n is the power node count, »'’
is the typical time complexity for solving sparse
matrices [9], m is the number of time points in time-
domain, and / is optimization iteration number. Here 2
denotes two times transient simulations for calculating
the sensitivity and ' is the complexity of binary
search at iteration i. The random walk based
predecoupling approach achieves a 2x speed up over
none pre-added approach because our proposed
method reduces the number of the CG iterations after
pre-adding decoupling capacitors. Generally, the steps
of binary search in each iteration may also be reduced
after the predecoupling strategy. Thus the faster
convergence in conjugate gradient leads to less
computation cost and the run time reduction.

5. Conclusion

In this paper, in order to clearly show the influence
of the SSN, we first analyze the P/G grids optimized
without considering SSN to show the impacts when
many circuits turn on simultaneously. Then, we
propose a random walk based predecoupling approach
for P/G optimization. The approach relies on the fact
that the equivalent switching current of clock buffer is
more drastic than that of normal macro-block. Thus we
add decaps prior to the optimization process for
reducing the dynamic voltage drops caused by clock
buffers. According to the experimental results, our
proposed approach has a faster convergence in
conjugate gradient compared with the method that
carries out the optimization process without adding

decaps in advance. And the decap area overhead in our
proposed approach is acceptable.

Acknowledgement

This work is supported by the National Natural
Science Foundation of China (NSFC) 90307017.

References

[1] The International Technology Roadmap for
Semiconductors (ITRS), http:/public.itrs.net/, 2005 update.
[2] G. Bai and I. N. Hajj, “Simultaneous Switching Noise
and Resonance Analysis of On-Chip Power Distribution
Network,” Proc. of ISOED, pp. 163 - 168, 2002.

[3] K. Tang and E. Friedman, “Simultaneous Switching
Noise in On-Chip CMOS Power Distribution Networks,”
IEEE Transactions On Very Large Scale Integration (VLSI)
Systems, vol. 10, no. 4, August 2002, 487-493.

[4] H. Chen and D. Ling. “Power Supply Noise Analysis
Methodology for Deep-submicron VLSI Chip Design,” Proc.
of the 34" DAC, pp. 638-643, 1997.

[5] T. Mitsuhashi and E.S. Kuh, “Power and Ground
Network Topology Optimization for Cell Based VLSIs,”
Proc. of the 29" DAC, pp. 524~529, 1992.

[6] X. Wu, X. Hong, Y. Cai, and et al. “Area minimization of
power distribution network using efficient nonlinear
programming techniques,” Proc. of ICCAD, pp.153-157,
2001.

[7] H. Su, S. Sapatnekar, S. R. Nassif. “An Algorithm for
Optimal decoupling Capacitor Sizing and Placement for
Standard Cell Layouts.” Proc. of ISPD, pp. 68-73, 2002.

[8] J. Fu, Z. Luo, X. Hong, Y. Cai, S. Tan, Z. Pan, “A fast
decoupling capacitor budgeting algorithm for robust on-chip
power delivery,” Proc. of ASPDAC, pp. 505-510, 2004.

[9] H. Li, Z. Qi, S. X-D. Tan, L. Wu, “Partitioning-based
approach to fast on-chip decap budgeting and minimization,”
Proc. of the 42" DAC, pp. 170-175, 2005.

[10] P.G. Doyle and J.L. Snell, “Random Walks and Electric
Networks.” arXiv: math.PR/0001057

[11] H. Qian, S. Nassif, and S. Sapatnekar, “Random walks
in a supply network.” Proc. of the 40" DAC, pp. 93-98, 2003.
[12] L. Kang, Y. Cai, J. Shi and X. Hong. “In-depth
Exprimental Study of Power Grid Network Analysis using
Random Walks Algorithm,” ICCCAS Conf. pp.2401-2405,
2006.

Table 4. Comparison with none pre-added approach for P/G optimization considering the SSN.

Power Power Macro Clock None Pre-Added Random Walk based Predecoupling Speed  Over-

Gird ~ Node Block Buffer ™ ;.5 decap(nf) time(s)  Preadded(nf) decap(nf) Up head
1 26 13 2 2.49 0.685745 0 0.576113 0.576113 - -

2 806 642 102 27.97 0.229297 10.29 0.0934491 0.229394 272 0.04%

3 4032 2744 748 63.72 0.797331 29.33 0.181388 0.806774 217 1.18%
4 32952 25690 6422 2031.96 5.30618 1031.81 1.80255 5.07767 1.97 --

5 108392 89375 23017  8824.35 6.51945 2528.57 2.33964 6.86403 349  529%

Average 2.59  2.17%

337

Authorized licensed use limited to: Univ of Calif Riverside. Downloaded on June 24,2026 at 22:46:09 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZSY--SURROGATE-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /KaiTi
    /Kalinga
    /Kartika
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Latha
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LiSu
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Regular
    /Marlett
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /Narkisim
    /NSimSun
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /STCaiyun
    /STFangsong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


