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Abstract— Built-in self test (BIST) is an answer for a high re-
liable manufacturing test with a reasonable cost. In this paper,
we supposed that the Mersenne Twister is used as the test pat-
tern generator instead of the LFSR to implement BIST into VL-
SIs. Experimental results show that the test patterns generated
through the Mersenne Twister are efficient with respect to the
fault coverage and it is implemented with a comparable cost to
the LFSR.

I. Introduction

It is an imperative phase for not only “design” but also

“manufacturing test” to ship a high performance and reliable

computer. The manufacturing test phase is required to guar-

antee no faulty production shipping with an acceptable cost

(tester, time to market, and so on.). In manufacturing test, the

automated test equipment (ATE) applies test patterns to the cir-

cuit under test, and compares the output responses of the cir-

cuit under test to the expected values. Usually, the test patterns

are automatically generated based on an automatic test pattern

generator (ATPG) algorithm. The ATPG algorithm generates

a test pattern detecting a modeled logical/delay fault which is

well represented some physical defect (short, open, shrink, and

so on). On the other hand, the expected values are given by a

good machine simulator with the test patterns. Therefore, the

ATE is desired to have the high capacity memories (to store

the test patterns and the expected values) and the high oper-

ation speed (detecting the delay fault, time to market for the

product and occupation time of the ATE).

To reduce the cost of the ATE, built-in self test (BIST)

techniques[1, 2] are used for the manufacturing test. Figure

1 shows a BIST architecture. The functions of ATE, which

are the test controller, the test pattern generator (TPG) and the

response analyzer (RA), are implemented in the produced VL-

SIs. The test controller continuously applies the test patterns

generated in the TPG to the circuit under test, and the output re-

sponses are stored into the RA. After the preplanned test sched-

ule (a sufficient number of the test patterns are supplied), the

comparison result (Go or No Go) or the compressed response

(signature) can be observed with a cheap tester (FPGA/LED).

There are two methods to implement TPG and RA, one uses

ROM/memory, and the other is that a pseudo random pattern

generator and a response compressor are used as the TPG and
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Fig. 1. Built-in self test (BIST) architecture.

the RA, respectively. Since the pre-computed test patterns and

the expected values are stored in ROM/memory, it is able to

achieve a high reliable test with a short test time. However, the

area overhead of the ROM/memory is considerable to built-in

it into the VLSIs. On the other hand, the linear feedback shift

register (LFSR) based pseudo random pattern generator and re-

sponse compressor are able to be implemented with a low area

overhead1. The pseudo random patterns generated through the

LFSR are applied to the circuit under test, and the output re-

sponses are compressed into the response compressor. After

the preplanned test clocks, the compressed value (signature) is

scanned out to a primary output and compared to the expected

value.

From the advantage of a reasonable area, the LFSR is used

generally as the TPG and the response compressor. Moreover,

the LFSR based pseudo random patterns are able to achieve

high reliable test for combinational circuits[3], and the prob-

ability of the “aliasing” (erroneous values are missing by the

compression) is extremely rare[4]. However, the LFSR based

pseudo random patterns are not suitable for sequential circuits

and the delay fault detection. To ensure the performance of

the circuit, the delay fault degrading the performance should

be detected. Therefore, we propose that a new pseudo ran-

dom pattern generation algorithm, “Mersenne Twister”[5], is

implemented to the TPG instead of the LFSR. The advan-

tages of the Mersenne Twister are the following. First, the

period of the Mersenne Twister is very long. For example,

1The area overhead of n-bit LFSR is estimated with n D-FFs and XOR

gates at most.
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the period of MT19937 (a kind of the Mersenne Twister) is

219937 − 1 � 4.3 × 106001. Then, the relation between consec-

utive two patterns is negligible small. Therefore, the pseudo

random patterns generated through the Mersenne Twister algo-

rithm has been used for a large scale simulation like a Monte

Carlo simulation.

In this paper, we showed the trade-offs between the relia-

bilities of the manufacturing test and the cost of the imple-

mentation. From the perspective of reliabilities, the pseudo

random patterns generated through the Mersenne Twister and

the LFSR are evaluated by the fault detection abilities with the

logical and delay fault model. From the design point of view,

design areas required for implementing the Mersenne Twister

and the LFSR are evaluated.

The rest of the paper is organized as follows. Evaluation of

reliabilities and area overheads are reported in Section II and

III, respectively. Section IV concludes the paper.

II. Evaluation of reliabilities

In this section, the pseudo random test patterns generated

through the Mersenne Twister and the LFSR algorithm are

compared with the fault coverage to evaluate the reliability of

the manufacturing test.

A. Fault coverage

To evaluate the reliability of the manufacturing test, the fault
coverage is widely used as a metric with respect to the quality

of the test pattern. For an effective simulation on the computer,

there exist some suitable fault modeling methods representing

physical defects. In this paper, we used the single stuck-at fault

model and single transition fault model representing the logi-

cal fault and the delay fault, respectively. Therefore, the fault

coverage is given by the equation 1. In the equation 1, #T F de-

notes the total number of all the possible faults assumed in the

fault model, and #DF denotes the number of the faults detected

by applying some test pattern set to the circuit. Therefore, the

fault coverage means the ratio of the detected faults to the all

possible faults, i.e., the high reliability of the manufacturing

test is able to be given by a test pattern set achieving the high

fault coverage.

#DF
#T F

× 100[%] (1)

B. Experimental setup

In the following experiments, we used Synopsys Design

Compiler to perform logic synthesis, and Synopsys TetraMAX

to evaluate the fault coverage on Dell PowerEdge T410 (In-

tel Xeon X5650(2.67GHz), 4.0GiB). Three benchmark circuits

(GCD, multb and mults) are used to evaluate the Mersenne

Twister and the LFSR by the fault coverage. Table I shows

the specification of these circuits. Columns “#PIs”, “#POs”,

“#FFs”, “Area” and “#Faults” mean that the bit number of the

primary input, primary output, the number of flip flops, area of

TABLE I

Benchmark circuit specification.

#PIs #POs #FFs Area #Faults

GCD 32 16 48 1,002 2,138

multb 32 16 39 831 2,390

mults 32 32 105 1,583 4,544
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Fig. 2. The structure of the test pattern generator and CUT

the two-input nand gate conversion, and the number of a mod-

eled fault, respectively. The number of faults equals to dou-

ble the number of the signal lines since the single stuck-at and

transition fault models are assumed in the experiment. Rows

“GCD”, “multb” and “mults” mean the circuit giving the great-

est common divisor, the Booth’s multiplier, and a sequential

multiplier. The test pattern set is applied from 32 bit versions

of the Mersenne Twister and the LFSR since the bit numbers

of the primary input for the benchmark circuits are 32 bit.

C. Experimental results

Fig.2 shows the structure of the test pattern generator

and CUT. In this experiment, four types of the pseudo ran-

dom pattern generators (MT19937, TT800, 32bit LFSR and

16bit LFSR) are used for evaluating the fault coverage. The

Mersenne twister has several variations with regarding to the

its period. We use the following two types of the Mersenne

twister, MT19937 and TT800. Moreover, 32 bit LFSR is able

to generate the 32bit pseudo random patterns of which the pe-

riod is 232 − 1. However, 16bit LFSR generates only the 16

bit pseudo random patterns of which the period is 216 − 1. In

this experiment, two independent 16bit LFSRs are used as a

32 bit LFSR. These period of MT19937, TT800, 32bit LFSR

and 16bit LFSR are 219937 − 1, 2800 − 1, 232 − 1 and 216 − 1,

respectively.

Table II shows the fault coverage comparisons of the

Mersenne Twister and the LFSR with 500,000 test patterns and

20 different initial seeds. Columns Stuck-at fault and Transi-

tion fault mean the fault coverage based on the single stuck-at

fault model, and the fault coverage based on the single transi-

tion fault model, respectively. Rows “Best”, “Worst” and “Av-

erage” mean the best fault coverage with a selected initial seed,

the worst fault coverage with a selected initial seed, and the av-

erage of 20 fault simulation results, respectively.

From the experimental results, there exists distinct differ-
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TABLE II

Fault coverage comparisons ofMersenne Twister and LFSR.

Stuck-at fault Transition fault

GCD multb mults GCD multb mults

Mersenne Twister

(MT19937)

Best 100.00[%] 99.33[%] 96.04[%] 99.80[%] 81.62[%] 83.57[%]

Worst 99.25[%] 95.86[%] 92.25[%] 98.92[%] 75.90[%] 77.81[%]

Average 99.80[%] 97.30[%] 94.40[%] 99.40[%] 77.60[%] 80.10[%]

Mersenne Twister

(TT800)

Best 99.95[%] 98.91[%] 95.16[%] 99.61[%] 79.17[%] 81.69[%]

Worst 99.02[%] 95.86[%] 89.92[%] 98.92[%] 76.20[%] 77.32[%]

Average 99.68[%] 97.64[%] 93.44[%] 99.28[%] 77.49[%] 79.46[%]

32bit LFSR

Best 99.91[%] 85.02[%] 70.97[%] 99.26[%] 67.21[%] 44.17[%]

Worst 98.60[%] 82.59[%] 70.20[%] 86.96[%] 55.81[%] 36.47[%]

Average 99.59[%] 84.36[%] 70.61[%] 94.79[%] 62.41[%] 37.49[%]

16bit LFSR

Best 99.95[%] 85.15[%] 70.58[%] 99.12[%] 63.67[%] 37.84[%]

Worst 98.64[%] 83.35[%] 69.83[%] 86.76[%] 61.00[%] 36.58[%]

Average 99.35[%] 84.10[%] 70.24[%] 94.62[%] 62.24[%] 37.25[%]
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Fig. 3. Transition fault coverage for the sequential multiplier, mults.

ences of the fault coverage based on the transition fault model

for the circuits, multb and mults. The pseudo random pat-

terns generated through the Mersenne Twister achieved the 10

percent to 30 percent high fault coverages comparing to the

LFSR’s ones. On the other hand, for the circuit GCD, the

LFSR based pseudo random test patterns achieved a compa-

rable fault coverage based on both fault models. It should be

noted that there exists 10 percent to 20 percent difference of the

fault coverage between the Mersenne Twister and the LFSR for

multb and mults even if the stuck-at fault model is assumed.

Figure 3 shows that the fault coverage result for mults based

on the transition fault model. Horizontal axis of the graph rep-

resents the number of test patterns, and this scale is logarith-

mic. Then, vertical axis of the graph represents the fault cov-

erage. There exists 40 experimental results of the fault sim-

ulation. The solid gray lines and dashed black lines mean

the fault simulation results applying test patterns generated

through MT19937 and 32bit LFSR with 20 differential initial

seeds, respectively. Figures 4 to 9 show that the best case (It

is the test pattern set giving the highest fault coverage with

500,000 test patterns) of each test pattern generation algorithm.

These experimental results show that the test pattern sets gen-

erated through the Mersenne Twister are able to achieve higher

fault coverage than the LFSR’s ones.

Table III shows the fault coverage comparisons of the

pseudo random patterns of the Mersenne Twister (Best case,

MT19937) and TetraMax ATPG patterns. The ATPG is ap-

plied to each circuit and those abort limits are 100 seconds,

100 seconds and 10 seconds per a fault for GCD, multb and

mults, respectively. Since the ATPG was not able to run on

the 100 seconds abort limit setting for mults, we use 10 sec-

onds abort limit for the circuit. Rows CPU time[s] and #Pattern

mean the CPU time for the ATPG and the number of the gener-

ated test patterns from the ATPG. Rows Fault coverage[%] and

Best fault coverage[%] mean the fault coverage reported by

the ATPG and the fault simulator with the best 500,000 pseudo

random pattern, respectively. As the result, the pseudo random

patterns generated with the Mersenne Twister achieved higher

fault coverages for 5 fault models with no CPU times than

the ATPG patterns, and moreover, these higher fault coverages

were not able to be achieved with the LFSRs. Therefore, the

high reliable manufacturing test is able to be performed by im-

plementing the Mersenne Twister as the test pattern generator.

III. Evaluation of areas

The area of the test pattern generator (TPG) is discussed in

this section. The reliable and practical manufacturing test is

achieved if the Mersenne Twister giving the high fault cover-

age is implemented to the TPG with an acceptable cost. In

this paper, the Mersenne Twister, MT19937, TT800, and 32bit

LFSR (� two 16bit LFSRs) are used to evaluate these areas.

A. Implementation of Mersenne Twister

A circuit structure of MT19937 is proposed in [6]. Figure

10 shows the structure of MT19937. The circuit is constructed
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Fig. 4. Fault simulation result for GCD based on the stuck-at fault model
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Fig. 5. Fault simulation result for GCD based on the transition fault model
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Fig. 6. Fault simulation result for multb based on the stuck-at fault model

�

��

��

��

��

��

��

��

	�


�

���

� �� ��� ���� ����� ������

���

��

��	��

���������

���������

Fig. 7. Fault simulation result for multb based on the transition fault model

�

��

��

��

��

��

��

��

	�


�

���

� �� ��� ���� ����� ������

���

��

��	��

���������

���������

Fig. 8. Fault simulation result for mults based on the stuck-at fault model
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Fig. 9. Fault simulation result for mults based on the transition fault model
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TABLE III

Fault coverage comparison ofMersenne Twister and ATPG.

Stuck-at fault Transition fault

GCD multb mults GCD multb mults

ATPG

Abort limit[s] 100 100 10 100 100 10

CPU time[s] 9,884.03 10,559.18 15,169.00 8,255.19 21,302.45 21,443.61

#Pattern 276 148 40 468 222 103

Fault coverage[%] 98.11 98.24 79.61 97.75 96.53 55.49

MT19937 Best fault coverage[%] 100.00 99.33 96.04 99.80 81.62 83.57

32bit LFSR Best fault coverage[%] 99.91 85.02 70.97 99.26 67.21 44.17
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Fig. 10. An example of Hardware structure of MT19937

TABLE IV

Area comparisons ofMersenne Twister and LFSR.

MT19937 TT800 LFSR

#FF 19,969 801 32

Combinational area 546 479 51

Sequential area 139,783 5,607 288

from three units, “Register Unit”, “Next Generator Unit” and

“Tempering Unit”. TT800 is implemented by the circuit struc-

ture with some parameters shown in [5].

Table IV shows logic optimization results for MT19937,

TT800 and 32bit LFSR. The number of the flip flops in

MT19937 is larger than the others since the “Register Unit”

consits of 624 32bit registers. The area of TT800 is less than

the MT19937’s one, however, larger than the 32bit LFSR’s

one.

B. Sharing register unit

To minimize the area impact of the “Register Unit”, we pro-

pose that registers in the “Register Unit” are shared to registers

in the functional circuit. There exists the sufficient number of

registers in the practical design as represented by a register file.

Figure 11 shows the idea of sharing the functional register file
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Fig. 11. Sharing register files as Mersenne Twister

TABLE V

Area overhead for the pipeline processor[7]

Area with TPG Area overhead [%]

LFSR 877,838 0.02

MT19937 938,080 6.44

TT800 880,809 0.33

as the Mersenne Twister. The registers in the functional circuit

are connected in series to implement a shift register since the

registers in the “Register Unit” are used as the huge shift reg-

ister. To implement the shift register, multiplexers are inserted

between the functional circuit and registers (see the dashed

gray lines in Figure 11).

Table V shows the area comparison results of sharing the

register files as the “Register Unit” for the pipeline proces-

sor introduced in [7]. The pipeline processor is written in

RTL with Verilog HDL and it is optimized with Synopsys

Design Compiler. After the logic optimization, the area of

the original pipeline processor is 877,627. There exist a suf-

ficient number of registers mainly used as the register file

in the pipeline processor. In this experiment, the numer-

ous number of registers are shared to the “Register Unit”

of the Mersenne Twisters and the flip-flops of the LFSR.

The cost of implementing the TPG into VLSIs is evalu-
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ated as the area overhead. The area overhead is calculated

in ( TPG area + original area ) / original area.

Experimental result says that implementing MT19937 is useful

for the TPG if the cost of 6.44% area overhead is acceptable,

and TT800 is able to be implemented to the TPG with a com-

parable cost to the 32bit LFSR.

IV. Conclusion

The manufacturing test is an imperative phase to ship a high

reliable, performance and reasonable VLSIs. In this paper,

reliability (fault coverage) and implementing cost (area over-

head) of the Mersenne Twister and the LFSR are evaluated to

achieve high reliable, performance and reasonable manufac-

turing test. From the perspective of the fault coverage, the

Mersenne Twister based pseudo random patterns have a huge

impact to the fault coverage in the delay fault model. On the

other hand, MT19937 can be implemented with 6.44% area

overhead by sharing the registers in the pipeline processor. The

cost of the area overhead will be neglected if the TPG is imple-

mented with built-out self test (BOST) techniques. The BOST

techniques can be performed by using some FPGA or some

application specific IC as the ATE.

Our future works are that considerations for the experimen-

tal results which there exists distinct differences in the fault

coverages of multb, mults and GCD on the transition fault

model.

Acknowledgments

This work is supported by VLSI Design and Education Cen-

ter (VDEC), the University of Tokyo in collaboration with Syn-

opsys, Inc.

References

[1] E.C. Archambeau and E.J. McCluskey, “Fault coverage

of Pseudoexhaustive Testing,” Digest of Papers 14th An-

nual International Fault-Tolerant Computing Symposium,

pp.141-145, Jun., 1984.

[2] Paul H. Bardell, William H. McAnney and Jacob Savir,

“Built-in Test fo VLSI: Pseudorandom Techniques,” John

Wiley and Sons, New York, 1987.

[3] Indradeep Ghosh, Nirajk Jha and Sudipta Bhawmik, “A

BIST scheme for RTL circuits based on symbolic testabil-

ity analysis”, IEEE Transactions on Computer-Aided De-

sign of Integrated Circuits and Systems, Vol.19, pp.111-

128, Jan., 2000.

[4] Miron Abramovici, Melvin A.Breuer and Arthur

D.Friedman, “Digital Systems Testing and Testable

Design”, Wiley-IEEE Press, Jan., 1993.

[5] Makoto Matsumoto and Takuji Nishimura, “Mersenne

Twister: A 623-dimensionally equidistributed uniform
pseudo random number generator”, ACM Transactions on

Modeling and Computer Simulation, Vol.8, No.1, pp.3-30,

Jan., 1998.

[6] Shingo Watanabe and Koki Abe, “A VLSI Design

of Mersenne Twister”, IPSJ SIG Technical Reports,

Vol.2005, No.41(CSEC-29), pp.13-18, 2005.

[7] David A. Patterson and John L. Hennessy, “Computer

Organization and Design, Fourth Edition: The Hard-

ware/Software Interface”, Morgan Kaufmann, Nov., 2008.

- 67 -



<<
  /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 false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
    /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)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


