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Abstract—Since the clock power consumption in today’s pro-
cessors is considerably large, reducing the clock power consump-
tion contributes to the reduction of the total power consumption
in the processors. Recently, a gated flip-flop is proposed for
reducing the clock power consumption of flip-flop circuits. The
gated flip-flop employs a clock-gating circuit which cuts off
an internal clock signal if the data stored in the flip-flop
does not need to be updated. This reduces the clocking power
consumption. However, the power dissipated in the clock-gating
circuit is still large. For reducing the power dissipated in the
clock-gating circuit, this paper proposes a technique for unifying
the multiple clock-gating circuits, which reduces the overhead of
the clock-gating circuit. Experimental results obtained using an
RTL model of a commercial embedded processor demonstrate
that our technique reduces the power consumption of register
circuits in the processor by 44% on an average and 53% at
the best case compared to the register circuits composed of the
conventional gated flip-flops.

I. INTRODUCTION

Ever increasing performance of microprocessors results in
an explosion of the power consumption in the microprocessors.
In a typical microprocessor, the power dissipated in register
circuits is dominant [1]. Figure 1 shows a break down of the
power contributions in a commercial RISC-type microproces-
sor which is synthesized by ourselves using a commercial
65nm process technology. As can be seen from the Figure,
the power consumption of register circuits is around 40%
of the total power consumption of the microprocessor. This
demonstrates that the reduction of the power dissipated in the
register circuits largely contributes to the reduction of the total
power consumption of the microprocessor. Another important
observation is that more than 80% of the power consumption in
the register circuits is dissipated due to clock-signal transitions
in flip-flop circuits. This is mainly because a probability of
signal transitions in a clock port of a flip-flop is much higher
than that in a data port of the flip-flop. Therefore, reducing
the clocking power in the flip-flops contributes to the power
reduction of microprocessors.

Clock-gating is widely used for reducing the power dissi-
pated in the clock ports of the register circuits [2]. This reduces
the probability of the clock-signal transitions in the flip-flop
circuits. For example, SYNOPSYS Power Compiler exploits
an enable signal connected to a register circuit for cutting
off the clock signal to the flip-flops [3]. The register here is
defined as a set of flip-flops which share a common enable
signal. If the enable signal is false, the clock signal is gated
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Fig. 1. Power Breakdown of Microprocessor

and any flip-flop in the register does not consume the clocking
power. However, there still exists a room for reducing the
clocking power, since this approach cannot separately stop the
clock supply to a subset of the flip-flops in the register circuit
which is controlled by a common enable signal. For making
finer grained clock gating possible, a technique of gated flip-
flop is proposed [4]. This technique makes it possible to
perform bitwise clock gating. The gated flip-flop employs an
internal clock-gating circuit which stops the clock supply to
the flip-flop if an input value of the flip-flop is equal to a value
stored in the flip-flop. The main drawback of the gated flip-flop
is its large area and power overheads in the internal clock-
gating circuit. This paper proposes a technique for unifying
the multiple clock-gating circuits, which reduces the power
and area overheads of the clock-gating circuit.

The rest of the paper is organized in the following way.
Section 2 summarizes related work. Our idea for unifying
multiple gated flip-flops is presented in Section 3. In Section
4, experiments and results using a commercial microprocessor
are shown. Section 5 concludes this paper.

II. RELATED WORK

A. Fine-Grained Clock Gating

Recent microprocessors used in many computer systems
have a 32-bit or 64-bit data path. Although those proces-
sors normally performs 32-bit or 64-bit operations, narrow-
width operations are still frequent. Brooks et al. [5] show



that roughly 50% of the integer instructions in SPECint95
benchmark programs require less than or equal to a 16-bit
precision, even though the underlying processor has a 64-
bit data path. Since conventional processors always assign
the full-bit width of a register entry even for the narrow-
width operand, the upper bits of the register entry are useless
and dissipate wasteful clocking power in corresponding flip-
flops. A technique presented in [5] detects these useless upper
bits dynamically and cuts off the clock supply to these bits
for reducing the wasteful clocking power consumption. The
narrow-width operand is exploited in a concept called partially
guarded computation [6]. The idea is to divide a functional unit
into two parts, MSP (Most Significant Part) and LSP (Least
Significant Part), and to perform only the LSP computation
if the range of output data can be covered by LSP only.
MSP computation is disabled dynamically by using clock-
gating for saving the power consumption of the MSP. Similar
idea is applied to register files [7]. The idea is to partition
a register file into two sb-word banks. If an MSP of each
register file entry is used for sign extension only, the clock
supply to the MSP is gated for saving the power consumption.
The techniques presented above drastically reduce the power
dissipated for clocking as well as the power dissipated in
functional units. However, the problem is that they involve
a considerable overhead for detecting conditions of clock
gating. For example, all of above presented techniques need to
detect all-zeros or all-ones in an input of the MSP, which in-
volves considerable delay, area and power overheads. Another
problem is that those techniques can be applied to registers
on a data path only. Unlike those techniques, our technique
aims at both reducing the overhead to dynamically detect
the conditions for clock gating and reducing the switching
activities of clock ports in every registers including pipeline
registers, a register file, status register and so on.

B. Low Power Flip-Flops

Flip-flops are the building blocks of fast and small memories
such as register files. A typical master-slave flip-flop consists
of two latches, a master latch and a slave latch. When the
clock signal is high, the master latch turns on and the slave
latch turns off. In this phase, the mater latch samples whatever
inputs it receives and outputs them. The slave latch, however,
does not sample its inputs but merely outputs whatever it has
most recently stored. On the falling edge of the clock, the
master turns off and the slave turns on. Thus the master keeps
its most recent input and stops sampling. The slave samples
the new inputs from the master and output it. Since the clock
transition causes internal switching activity in the master-
slave flip-flop as explained above, non-negligible power is
dissipated in the flip-flop even if no state change occurs. Our
technique proposed in this paper reduces the clocking power
consumption in the master-slave flip-flop.

In the past, several low power designs for the master-slave
flip-flop have been proposed, such as data look-ahead flip-
flop [8], clock-on-demand flip-flop [9], and gated flip-flop [4].
The common idea among the above techniques is to insert
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Fig. 2. Gated Flip-Flop [4]

conditional circuitry into their clock path to cut off the clock
signal in a case that the inputs will produce no change in the
outputs. Strollo et al. [4] have proposed two versions of the
gated flip-flop. In the double-gated flip-flop, each of the master
and slave latches has its own clock-gating circuit. The circuit
consists of a comparator that checks whether the current input
value and the value stored in the flip-flop are different from
each other and a logic which cuts off the clock signal based
on the output of the comparator. In the sequential-gated flip-
flop, the master and the slave share the same clock-gating
circuit instead of having their own individual circuit as in
the double-gated flip-flop. This drastically reduce the clocking
power consumption. However, one of the most critical issues
in the gated flip-flops is its power overhead in the clock-
gating circuit. As the frequency of state transitions in the flip-
flop increases, the power overhead by the clock-gating circuit
increases. Therefore, if the value stored in the flip-flop needs
to be updated frequently, the gated flip-flop consumes more
power than a normal flip-flop. Another serious issue is its area
overhead. This area overhead leads to an increase of a chip
area required for a processor and may consume more power.
Our technique aims at reducing these overheads by sharing
the clock-gating circuit among multiple flip-flops.

C. Preliminal Analysis

An example of the conventional gated flip-flop circuit is
shown in Figure 2. The gated flip-flop consists of a normal
flip-flop and a clock-gating circuit for cutting off the clock
supply to the flip-flop part if values of input D and output Q
of the flip-flop are the same from each other. The technique
reduces the clocking power if the value stored in the flip-flop
does not need to be updated. However, if the state transition
probability of the flip-flop is more than a specific value, the
gated flip-flop dissipates more power than a normal master-
slave flip-flop. We refer to this specific value as a break-even
probability. It is very important to apply the gated flip-flop only
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Fig. 3. Power Consumption of Gated Flip-Flop

if the state transition probability is less than the break-even
probability for reducing the power consumption of register
circuits.

Figure 3 shows the power consumptions of a normal master-
slave flip-flop and a gated flip-flop for different state transition
probabilities in flip-flops. Horizontal axis shows state transi-
tion probability of the flip-flops. Vertical axis shows the power
consumption of the flip-flops. The state transition probability
represents the average number of state translations in a flip-flop
per a clock cycle. Since the state transition in a flip-flop occurs
at most once in a clock cycle, the state transition probability
is no more than 1. As can be seen from the Figure, the gated
flip-flop consumes less power than that of the normal flip-flop
if the state transition probability is lower than 23%. This is
because the power consumption in the clock gating circuit is
less than the reduction of the clocking power in the flip-flop
part of the gated flip-flop if the state transition probability is
lower than 23%.

III. UNIFIED GATED FLIP-FLOP

This section shows our idea of unifying multiple gated flip-
flops for reducing the clocking power consumption of register
circuits.

A. Unification of Multiple Clock-Gating Circuits

One possible approach to reducing the power overhead in
the clock-gating circuit is to reduce the load capacitance of
a clock input port. Our idea is to share a single clock-gating
circuit among multiple flip-flops. An example of a 2-bit unified
gated flip-flop is shown in Figure 4. For reducing the load
capacitance of the clock input port per bit, multiple flip-flops
share a ck pin. The conditions for cutting off the clock signal
are computed by a circuit which is composed of multiple
compi circuits connected in parallel. The number of comp
circuits connected in parallel is equal to the number of flip-
flops unified together. An internal clock signal ckg connected
to flip-flops is activated if a value of Di is different from a
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Fig. 4. Schematic of 2-bit Unified Gated Flip-Flops

value of Qi. Therefore, if a value of D port even in a single
flip-flop is equal to a value of Q port in the same flip-flop,
the clock is provided to all flip-flops. This implies that the
switching probability in ckg port increases as the number of
flip-flops unified increases. This may increase the clocking
power consumption even though the load capacitance of ck
port per bit is reduced by unifying multiple flip-flops.

B. Layout and Area Overhead

This section shows a relation between the number of unified
flip-flops and a layout area of the unified gated flip-flop. The
clock-gating circuit is designed by our selves from a scratch
using a commercial 0.18µm process technology. The clock-
gating circuit is concatenated with normal master-slave flip-
flops selected from an existing standard cell library.

Figure 5 shows layout areas required for the unified gated
flip-flops. Horizontal axis shows the number of flip-flops
unified together. Vertical axis shows the ratio of the layout
area required for a n-bit unified gated flip-flop to that required
for the n-bit normal flip-flops. For example, the layout area of
a 1-bit gated flip-flop is double of the area of the 1-bit normal
flip-flop. Our unified gated flip-flop shares the clock-gating
circuit among several flip-flops. Therefore, as the number of
flip-flops unified together increases, the area of the unified
gated flip-flop per bit decreases. For example, area overhead
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Fig. 6. Layout of 2-bit Gated Flip-Flop

per bit involved in a 4-bit unified gated flip-flop is 38% smaller
than that of the conventional 1-bit gated flip-flop.

Figure 6 shows a layout image of a 2-bit unified gated flip-
flop. The left most block and the right two blocks show the
clock-gating circuit and normal flip-flops, respectively.

C. Power and Delay Results

This section shows power and delay results obtained through
SPICE simulation using SYNOPSYS HSPICE. A SPICE
netlist used in the simulation is extracted from the physical
layout designed by ourselves. Supply voltage used is 1.8V. A
target process technology in this experiment is a commercial
0.18µm CMOS process technology.

1) Power Consumption: Normal flip-flop, conventional, 2-
bit unified, 3-bit unified, 4-bit unified and 5-bit unified gated
flip-flops are evaluated for different state transition proba-
bilities. In the evaluations for the unified gated flip-flops,
state transition probabilities of all unified flip-flops are set
to be the same from each other, since all unified flip-flops
share a common clock signal and a common data input.
For considering the power dissipated in input ports, inverter
circuits are connected to every Di and ck ports. All power
consumption results include the power consumption of these
inverter circuits as well.

Power consumption results are shown in Figure 7. Hori-
zontal axis represents the state transition probability of the
flip-flop. Vertical axis represents the power consumption. As
can be seen from the Figure, there is a specific state transition
probability where the power consumption of the unified gated
flip-flop gets over the power consumption of the normal flip-
flop. We refer to this specific probability as a break-even
probability. The break-even probabilities for 2-bit, 3-bit, 4-
bit and 5-bit unified gated flip-flops are 48%, 57%, 62%, and
63%, respectively.

2) Setup, hold and Delay: This section shows results of
setup time, hold time and delay of our unified gated flip-
flops. All results are obtained through SPICE simulation using
SYNOPSYS HSPICE.

TableI shows setup time, hold time and delay of five
different types of flip-flops in picosecond. Normal FF, CONV
GFF, 2-BIT UGFF, 3-BIT UGFF, 4-BIT UGFF, and 5-BIT
UGFF represent normal master-slave flip-flop, conventional
gated flip-flop [4], 2-bit unified gated flip-flop, 3-bit unified
gated flip-flop, 4-bit unified gated flip-flop, and 5-bit unified
gated flip-flop, respectively. The delay represents waiting time
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Fig. 7. Power Consumption of Unified Gated Flip-Flops

for a Q output signal available from a rising edge of a clock
signal. As can be seen from the Table, a width of latch window
of our unified gated flip-flops are wider than that of the normal
flip-flop except for 3-bit unified gated flip-flop. Note that the
latch window represents the time period during which an input
data can be latched. The width of the latch window can be
calculated by summing the setup time and hold time. The delay
of gated flip-flops are much larger than that of the normal
flip-flop. This makes it difficult to apply our unified gated
flip-flops to a critical path of the target circuit. This is the
main disadvantage of our unified gated flip-flop. However, an
increase of the delay in the 4-bit unified gated flip-flop over
the normal flip-flop is about 35 picoseconds, which is less
than 1% of the critical-path delay in a processor whose clock
frequency is 250MHz. This is not very significant. One of our
future plans is to prove that our unified flip-flop can be applied

TABLE I
TIMING PARAMETERS

setup [ps] hold [ps] delay [ps]
rise fall rise fall rise fall

Nomal FF 9.74 9.74 −2.41 −2.42 25.7 24.7
CONV GFF 3.78 4.88 9.75 9.75 41.9 39.9
2-BIT UGFF −9.74 −9.74 17.06 18.29 49.4 46.7
3-BIT UGFF −9.74 −9.74 29.27 29.28 54.8 52.3
4-BIT UGFF −24.38 −24.39 29.27 34.16 60.2 57.7
5-BIT UGFF −29.27 −29.27 34.16 37.82 65.5 62.3



in actual processors with negligible performance degradation
of the processors.

IV. CASE STUDY

This section shows the power consumption results of regis-
ters in a commercial microprocessor.

A. Experimental Setup

We target a MIPS-based RISC processor, Media embedded
Processor (MeP) [10], which is developed by Toshiba. It
has 5 pipeline stages and 16 general purpose registers. We
apply clock gating to the processor in advance. First, we run
benchmark programs presented in Table II on an RTL model
of the processor to obtain the state transition probabilities
of every bits in registers whose bit-width is equal to or
more than four bits. Verilog-XL of Cadence is used for the
simulation. Next, we calculate the power consumption of
the register circuits based on the state transition probabilities
obtained through the Verilog RTL simulation and the power
consumption of the unified gated flip-flop obtained through
SPICE simulation.

TABLE II
BENCHMARK PROGRAM

Benchmark Descriptions
dct Discrete Cosine Transform
fft Fast Fourier Transform

JPEG JPEG encorder
MPEG2 MPEG2 encorder
adpcm ADPCM decoder

compress file compression
dhry21 Dhrystone:

integer arithmetic
whets Whetstone:

floating-point arithmetic

Normal flip-flop, conventional gated flip-flop, 2-bit unified
gated flip-flop, 3-bit unified gated flip-flop, and 4-bit unified
gated flip-flops are evaluated. We apply the unified gated flip-
flop from an MSB (Most Significant Bit) of a register. If there
is a fraction in an LSB (Least Significant Bit) part of the
register, we apply a narrower unified gated flip-flop to the
fraction part. For example, suppose we apply the 4-bit unified
gated flip-flop to a 10-bit register. In this case, two 4-bit unified
flip-flops are applied to the 8-bit MSB part of the register and
one 2-bit unified flip-flop is applied to the 2-bit LSB part of
the register. We apply different types of gated flip-flops to
139 registers in the MeP processor and analyze the power
consumption of the registers.

B. Experimential Result

Figure 8 shows average supplied clock signal probabilities.
The supplied clock signal probability represents the number
of rising clock transitions propagated to an internal flip-
flop per a clock cycle. The probabilities of the flip-flops are
averaged over the registers in the processor. Even if the state
of only one flip-flop of the unified gated flip-flops needs to
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be updated, the clock signal is supplied to every internal
unified flip-flops. Therefore, as the number of flip-flops unified
together increases the average supplied clock signal probability
also increases. This may cause an increase of the power
consumption of the unified gated flip-flop although the load
capacitance of the clock port per bit decreases. Figure 9 shows
the power consumption results. Horizontal and vertical axes
show benchmark programs and the power consumption values
normalized by the power consumption of the registers which
employ the normal flip-flops. As can be seen from the Figure,
the 4-bit unified gated flip-flop reduces the power consumption
of registers in the processor by 44% on an average and by 53%
at the best case. If we compare with the normal flip-flop, the
4-bit unified gated flip-flop reduces the power consumption by
57% on an average and by 67% at the best case.

C. consideration

Figure 10 shows the power consumptions of three register
circuits in the MeP processor. Vertical axis represents the ratio
of the power consumption in the register composed of the 4-bit
unified gated flip-flop to the power consumption in the same
register composed of the normal flip-flop. In Reg52, the power
consumption is widely reduced by employing the 4-bit unified
gated flip-flop. However, the power reduction depends on the
benchmark program. For example, the power consumption can
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be reduced by more than 80% for DCT, FFT, JPEG and
ADPCM. In Reg52, the power reduction also depends on the
benchmark program. This is because DCT, FFT, JPEG and
ADPCM use Reg50 and Reg52 less frequently than the other
benchmark programs, and therefore, the unified gated flip-flop
can effectively reduce the clocking power consumption in reg-
ister circuits. These results imply that the power consumption
of register in ASICs (Application Specific Integrated Circuits)
can be reduced more widely if appropriate types of unified
gated flip-flops are selected and applied to the register circuits.
Contrarily, if the unified gated flip-flops are applied to registers
inadequately, the power consumption of the registers may be
larger than that of registers composed of the normal flip-flops.
The results for Reg51 show that the power consumption of the
register composed of the 4-bit unified gated flip-flop is larger
than that of the register composed of the normal flip-flop for
every benchmark programs. This is because all benchmark
programs use Reg51 very frequently and the state of the flip-
flop needs to be updated very frequently. Therefore, to such
a register, the normal flip-flops should be applied instead of
applying the unified gated flip-flops. It is our future work
to selectively apply appropriate types of flip-flops to register
circuits according to the state transition probabilities of the
registers.

V. CONCLUSIONS

This paper presents our idea of unifying multiple gated
flip-flops for reducing the power consumption in register
circuits. Experimental results obtained using an RTL model
of a commercial embedded processor demonstrate that our
technique reduces the power consumption of register circuits in
the processor by 44% on an average and 53% at the best case
compared to the register circuits composed of the conventional
gated flip-flops. Physical layouts of unified gated flip-flops
using a commercial 0.18µm process technology demonstrate
that our technique also reduces the area overhead by 38%
compared with the conventional gated flip-flop. The main
drawback of our technique is its large delay overhead. Our
future work will be devoted to selectively apply appropriate
types of flip-flops to registers with taking the circuit delay into
consideration.

ACKNOWLEDGMENT

This work is supported by Toshiba Corporation and VLSI
Design and Education Center(VDEC), the University of Tokyo
in collaboration with Rohm Corporation, Toppan Printing
Corporation, Synopsys, Inc., Cadence Design Systems, Inc.,
and Mentor Graphics, Inc. This work is also supported by
JST CREST ULP program and JSPS Grant-in-Aid for Young
Scientists (B) (20700049).

REFERENCES

[1] M. Pedram, “Power Aware Design Methodologies,” Kluwer Academic
Publishers, Norwell, MA, USA, 2002.

[2] M. Pedram, “Power Minimization in IC Design: Principles and Applica-
tions,” ACM Transactions on Design Automation of Electronic Systems,
vol.1, no.1, 1996.

[3] N. Raghavan, V. Akella, S. Bakshi, “Automatic Insertion of Gated Clocks
at Register Transfer Level,” VLSI Design, International Conference on,
vol. 0, no. 0, pp. 48, 12th International Conference on VLSI Design -
’VLSI for the Information Appliance’, 1999.

[4] A. G. Strollo, E. Napoli, and D. De Caro, “New Clock-Gating Techniques
for Low-Power Flip-Flops,” in Proc. of ISLPED, July, 2000.

[5] D. Brooks, M. Martonosi, “Value-Based Clock Gating and Operation
Packing: Dynamic Strategies for Improving Processor Power and Per-
formance,” ACM Transactions on Computer Systems, vol.18, no.2, May,
2000.

[6] J. Choi, J. Jeon, and K. Choi, “Power Minimization of Functional Units
by Partially Guarded Computation,” in Proc. of ISLPED, pp.131-136,
July, 2000.

[7] M. Kondo, and H. Nakamura,“A Small, Fast and Low-Power Register File
by Bit-Partitioning,” in Proc. of Int’l Symposium on High-Performance
Computer Architecture, pp.40-49, Feb., 2005.

[8] M. Nogawa and Y. Ohtomo, “A Data-Transition Look-Ahead DFF Circuit
for Statistical Reduction in Power Consumption,” IEEE Journal on Solid-
State Circuits, vol.33, no.5, pp.702-706, May, 1998.

[9] M. Hamada, T. Terazawa, T. Higashi, S. Kitabayashi, S. Mita, Y.
Watanabe, M. Ashino, H. Hara and T. Kuroda, “Flip-flop Selection
Technique for Power-Delay Trade-Off,” in ISSCC Digest of Technical
Papers, pp.270-271, Feb., 1999.

[10] A. Mizuno, K. Kohno, R. Ohyama, T. Tokuyoshi, H. Uetani, H. Eichel,
T. Miyamamori, N. Matsumoto, M. Matsui, “Design Methodology and
System for a Configurable Media Embedded Processor Extensible to
VLIW Architecture,” in Proc. of ICCD, pp.2-7, September, 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


