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Evaluation of Random Number Generator Utilizing Weather Data and LFSR

Ayumu Chiba*, Non-member, Shuichi Ichikawa™*®, Member

(20224E3 A 14 H5AF, 20224E6 A 2 HE5)

Entropy sources (e.g., physical phenomena) are essential for true random number (TRN) generation. An unpre-

dictable random number (URN) generator was previously proposed, which uses processor internal registers as its en-

tropy sources. Another study proposed to integrate a linear feedback shift register (LFSR) in a processor, and sample it

to generate a URN sequence. The entropy source of this URN is the fluctuation of sampling period. The current study

proposes to use weather data as the entropy source for URN generation, where the sampling period is modified by the

wind direction data. The derived URN sequences passed the Diehard test when the least sampling period 5 > 29 with

a 32-bit LFSR. It also passed the NIST test when the weather data were accessed with an appropriate hash function

when 8 was 32.
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Table 1. Observation Points.
Prefecture | Location
Aichi Irago, Nagoya
Gifu Gifu, Takayama
Yamanashi | Kawaguchi-ko, Kofu
Niigata Aikawa, Takada, Niigata
Shizuoka Ajiro, Irou-zaki, Omae-zaki, Shizuoka, Hamamatsu,
Mt. Fuji, Mishima
Ishikawa Kanazawa, Wajima
Nagano lida, Karuizawa, Suwa, Nagano, Matsumoto
Toyama Toyama, Fushiki
Fukui Tsuruga, Fukui
25
20
<
>
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2
o 10
—
3
S s
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0

0123456789ABCDEF
Hex. Digit

Fig. 1. Occurence (wind velocity).
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Fig.2. Encoding of wind direction.
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Fig.3. Occurence (wind direction).
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R T — & & LFSRIC X BHLEAER (T34, 1)

8 7 6 5 4 3 2 1

P XOR gate
Fig.4. An example of 8-bit LFSR [8,6,5,4]®.

Table 2. Diehard evaluation criteria ®.

Condition
0.005 < p < 0.995
0.000001 < p < 0.005, or 0.995 < p < 0.999999
p < 0.000001, or 0.999999 < p

Decision
PASS
WEAK
FAIL

T—=DPOERTAIESETO< aln) <15 THb, 32
Yy NLFSRIZ 1 EOH > 7)) V7 T4, FDOT—F %
RS 5728, 2.5 109 [6] T Diehard 7 A M L E 2 ELEK
GBS CTE B 2.5% 10% M43 a(n) & AR % 720, B
W7 — 7 1& 12 F5IIR L2, DAL o 7 — 5 FIH )
FAIEZ TR\,

0 & an) DR 2720, WTFTO 425075
#:% VT URN #4:% L, Diehard 7 A b CaE % 5EAf L
7o BT — 5 0%, BERFIEIC 2.5 x 100 HOEFE % 55
BieH wdata \ZHEHT %o HERDT— 51316 o7 L
43—=F (0~15) Thb, BIANIEFEHTED D IZ{ VD
T, BRI T — 7 ICERRIKGESESSH 5 L EZENL, ZD
72 OERFINEIZ R 7 — % Z w5 & (Method 1), Bl
PRT$ AWM S 5, % 2 T Method 2~4 TiZ, BLH
wdata ~DT 7t ANEFIZEH RNy v 2 B E#EA L7,

Method 1. FRIVNEICAAT— 4 2 AT 2. m =

25%x10° L L, 425 X a(n) = wdata[(n — 1) mod m] &

T 5,

Method 2. BEF:0Ny ¥ 2 ECEIA T — & OF)HIE

FaZEHRT 5, an) = wdata[8(n — 1) mod m], 2T

m=2499999 L 35, (¥ 8 L HWIZELmT, %&b

REKEWEERMHEH L)

Method 3. RE DNy ¥ 2 ETREIE 7 — & OFHIIE

FEEET DL, a(n) = wdata[x(n — 1) mod m], = Z TH

Bx=(V5-Dx22, m=22 L LTwh, 2Ok

TS T BARE (V5 - 1)/2 & BRETHEICEM L, F5E

INBUSTHEBE CTERLZDDE B WR 5,

Method 4. SEF 0N v ¥ 2 BH TR 7T — ¥ OFIH

NEFF 22 H 3 5, a(n) = wdata[lm(A(n — 1) mod 1)]], &

CTA=(V5-1)/2, m=2%,

5. ELEFIOFHE

(5-1) Diehard 7 X b K#ETIE, IR0 L
U < Diehard 7 2 b @ % FH L TEE i E DR 247 9 o
Diehard 7 A ME NIST 7 & F QI L& T\ ADS, E
57— 5 BOD VT2 ORITHEAD Z I FEB RS IS L T

83

18
16
14
" 12
g 10
L g |
# 6 |
4
5 Method 1
0
1 9 17 25 33 41 49 57
Base Period
B PASS mWEAK mFAIL

#tests

Method 2

17 25 33 41
Base Period

mPASS

1 9 49 57

= \WEAK m®mFAIL

#tests

Method 3

17 25 33 41
Base Period

mPASS

1 9 49 57

= \WEAK mFAIL

fttests

Method 4

17 25 33 41
Base Period

m PASS
Fig.5. Diehard test results of Method 1, 2, 3, and 4.
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R T — & & LFSRIC X BHLEAER (T34, 1)

Table 3. NIST test results of Method 1, 2, 3, and 4.
Method 1 Method 2 Method 3 Method 4
Test p-value proportion p-value proportion p-value proportion p-value proportion
Frequency 0.886162 0.981 0.353733 0.981 0.794391 0.982 0.235589 0.983
BlockFrequency 0.249284 0.988 0.739918 0.993 0.781106 0.987 0.185555 0.986
Runs 0.653773 0.993 0.471146 0.989 0.530120 0.987 0.435430 0.986
LongestRun 0.270265 0.992 0.006063 0.983 0.388990 0.983 0.242986 0.989
Rank *0.000000 *  1.000 0.378705 0.985 0.678686 0.994 0.420827 0.987
FFT 0.457825 0.989 0.010834 0.987 0.889118 0.992 0.064822 0.994
NonOverlappingTemplate 148/148  * 147/148 148/148  * 147/148 148/148 148/148 148/148 148/148
OverlappingTemplate 0.067300 0.994 0.657933 0.989 0.757790 0.992 0.707513 0.981
Universal 0.097159 0.987 0.440975 0.988 0.406499 0.985 0.020973 0.985
LinearComplexity 0.844641 0.995 0.272977 0.990 0.087692 0.988 0.442831 0.990
Serial 2/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2
ApproximateEntropy 0.536163 0.990 0.581082 0.986 0.429923 0.992 0.482707 0.990
CumulativeSums 2/2 * 0/2 2/2 * 1/2 2/2 2/2 2/2 2/2
RandomExcursions 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8
RandomExcursionsVariant 18/18 18/18 18/18 18/18 18/18 18/18 18/18 18/18

T, A% TL TR CDIEE ST, UTFTD LI I
BB % FEM Y 5 o

AN B E L TH UL p MIZIXH [0,1) THEIZH
HeHIEDNHEHEENLDT, Table 2 12K L72H#ETH p
o) (PASS). /558 (WEAK) /Jf (FAIL) % H)
523 5o FAIL O A (ML) (£2x1078 20T, A
NAEEETHIUE (121F) F84: L v WEAK D584
(W) 13 1x 1072 2D T, WEAK % 1%AEERAT 5
ZERIEETH D,

HfZ 313 8D p 122 T PASS/WEAK/FAIL D%
ERTE, L DOpHEELNTETAMDOT A FHVKE
CRAZTLE) o ZXTUTOHEILLD, %7 A MOk
REHET Do KT AMTHIISNL p EOMEELAT9 LA
EThZ, BoNzpEOGHEE—HTHL0E) 0D
H)5%€ % Kolmogorov-Smirnov M2 & W4T\, 5172 p
fti% Table 2 ISR L7z #ETHIET 2, T A MOHIT
p EAY 9 ARG CTH UL, DTSR D Jik TR %
T2, KT AMCTHIENS plEIL, B&DTH FAIL &°
GInNE, 207 A MIFAIL, &N 5 p il FAIL
137 ¢ WEAK 28& i, 205 A b3 WEAK, 7
ENB p A4 TPASS THhNE, D7 A MIPASS &
T 5

29 LCEME L7245 18 7 A b D#EH: (PASS/WEAK/FAIL
OWF) &Y, SISO ME EFHET 5,

Fig.5 1%, 4 D Method 1~4 THJ% L 72 URN % Diehard
TANCEHE L 72ERE2RLIZDDTH L, HEshIIIEARY
YT IEETHY, (1) X0 BITHYT B, LT A
T, WiR% PASS/WEAK/FAIL T/RLTWA, Wih
b IR B AT 5 L EE XML L, B> 30 T
RFAIL 7% e AT HEIEECTE B, 72721 42 < <51
THFER 7 FAIL 2°@lg2 s, SUBGHE ICHED A L Cw
%o ZHUL, TBAFS OOMETHRONBBILTH Y, LFSR

EHEFE L,

(56:2) NIST 5 X b A#= T, Diehard 7 A b X
D F—FEDE%WNIST 7 A N OTEENE 2R T 5,
Diehard 7 A N OFERD S, FEARMEL > 29 B LETH 5
ETPEENS, FLLFSROEZSD32EY FThiHI LD
ZRE L, AETIEIB =32 % LT Method 1~4 12X ) URN
DEREIT-> 720

NIST 7 A b OH )R % Table 3 127" T, FAIL L7257
A ME e FE Ol 7z, B ThbN ST A M, (PASS
L7zl /(7 A MElg) v TREREZERL, 10T
b FAIL LTW/z56 2D 5 A k% FAIL L% L7z,

Table 3 |Z/R¢# Y, Method 1 & 213 NIST 7 A M4
ETET, Method3 & 4 IEAKLTze ZOMREIZB =32
DWERTHY, pEKE{TIIE Method 1 & 2 b EHET
BLAREMED D B I B =29 THEERT S &, Method 1~
A DETTAREHE R >720 AT B =29 TlE Method
1~4 ®4 T T BlockFrequency 7 A b % FAIL L7z, —/4
B =32 ® Method 1 & 2 Tid NonOverlappingTemplate <
CumulativeSums T FAIL 56 ®T, g =29 &% FAIL ¥
LT ANPRLESTWAS,

DL EofERA S, Diehard 7 A b Td IR Y 0 )ik
7—% (Method 1) T A& TE A5, NIST 7 A MR
7 =8 CRAKTELRVWI LG h o, MRy T
VBB &Ny Y alBAERIT A2 124, NIST
FAMIEKTHZENTESL (Method 3, 4),

6. 1% 5]

(6:1) FHRIFTEEME AT, REFHEICLD AR
L 728LEF 2%, BBEHIZ L) T D B\ IZHERIES N5 0] RE
PEIZDOWTHRETT 4,

KECCTRE L-GLBERTF I, DTFTOERSEE
nTwa,

DEESRRBELHENZRIT LI LICL DV RTE B HE (1) K&ET7—%
PEAE . AFZETIZ 32 ¥y b LFSR (1 f3H) 751 %4 (2)  EHAH S & R
S L7278, 4FIELFSR DA 2H L TL T4 2 (3) Ny

84

IEEJ Trans. IA, Vol.143, No.2, 2023



R T — & & LFSRIC X BHLEAER (T34, 1)

(4) FERYF>TV > 7HE B)

(5) LFSR DJii 2 A & WERIRTE

HH (1) IAREHRTH 205, LFICHBS 28, 1A
)~

(2)~(5)IFIEARE LTEHTRETH %,

AFFEOIZ MO THLEALT—% (HE(1)) X
KHEYMTHY, WEZXIZOAFIETHL, LL, LD
B A, CoMEOF—5 2% 2 (EHE(2)) %A
SWERY, WEBREIIRRT -5 2 EROBCRIZHHTE
2\,

S, ERTSHH S - B e & R AN B A | SR
ENELTH, RIFEHEINLET—Fd 0y v 2B (OH
H(3)) 12X o TEIIND, KDy ¥ 2 flEHHER T & 72
WIRY , WRFERRET— 7 2MHT LI EDRTE LRV,
5FTIENY Y aBBPEES O MBI ET 5 L EIR
U728, TSEEOBLE»S S EOR VN Y ¥ 2 B xiF
HL, Ny a7hIT) ALRZERHETRETH S,

N TCEE DS, RIEFEB T T 57— ¥ flia(n) %
BB CE/L LT, BERY V7Y V7L (EHE(4))
RHS T, LESR 25 AT 54 IV 7 )yET& R
Vv, F72, £H %3 LFSR 0L IEA & NELIKEE (HH
(5)) ZAISBWVERY, BEHIEZH D EFETE R,

DIo#FEHED»S, RATFHD 5 WVIEHEIFIIC L > TR
K7—% (K- il - Bukk L) 2 —EDMETTHT
ELLLTY, BEENIOFHMIRETSH S 2 L HHKT
ELTHAI,

RIFFECIRET 2 HAER T3 URNG O—FTH 5,
SEDELE A AR (PRNG) & 0 Pl REME AR 28, BT
BUERER (TRNG) Tl AFFEOTEIIREE D PRNG
2 TRNG # B &R 5D TIERL, H5eT LD TH 5,
=W, FHOHLRRICE D TEY) 2 il R T
B BALEDND D,

(6-2) HEREF RFEFEoOVIPOE-FIEIAS
F—=FTHY, BROFTS EI2L > THEDPLEHT S, L
Lahs, MEORETEMIRE) 25420, FHEICK
DIEROFEDR S5, ©v ha¥—=2N@dd 5 i RENE L
PERRC & 2o\ 72U R OB SRR IS & D RBIASE T IE
Iy bOE—201lhbiEMdHSL, = O~ ﬁ‘{ffc
&Tét,%%,ﬁﬁmﬁw%gﬁﬁTTé_t#%ﬁé
b,

ARIFZETIE, 3EBLP4ETRLAEY, HEOBH
HWEPSDERET— ¥ EHWTHIREZERL TS, HE
WEOF— 2 Z0HTAZEI2X ), BEiERIEO%
B CRMEMEZ L, L) REW L EEEOREVEL
BAEREIT) ZEDTEL, T2y Va2 BEICL ) 7

TERTH LT, R sBlliToT— s MREASH
7ZIREETHIH NS, THIZE D LFSR O > 7)) ¥ 7
RS " —EMEIC DI Vi) TRENTV S,

DEDE) HTHRERLZELTY, ARHOFEICL) T
Y hu Y=g A H S Yang 5 91F, TRNG
) (BN OB 2 RES 2720, BifERIcEH 74

85

YCHNERAL, MERTRICESZH T2 REL
726 SOX)HMERICEL B E 2T 5 2 &b —F I
(SRS

7. bW

AENIRETHEOFEBI Bt

1= DO B 720, 12 457D

BT =5 2 L7ze L LATRIE, LVPROT—Y

75 URN & B d A TR DWW TG L 72w,
FECIJEA T — & DA
H, SR, Rk
Bo7T— 5z llAEbETHW I

EQAT N
HEH L7225, SRidhor—4 (&
) OFJHLMETHIENET L, #
DV, FFEAl %

BRIPEIN D,

%

2

ARUFFE D —EBIE ISPS BHFE 20K11733 OZEIZ L B

X

A. Suciu, S. Banescu, and K. Marton: “Unpredictable random number gen-
erator based on hardware performance counters”, Digital Information Pro-
cessing and Communications (ICDIPC 2011), pp.123-137, Springer-Verlag
(2011)

H. Masaoka, S. Ichikawa, and N. Fujieda: “Random Number Generation
from Internal LFSR and Fluctuation of Sampling Interval”, IEEJ Trans. IA,
Vol.141, No.2, pp.86-92 (2021) (in Japanese)

IEREFFSS - WE— - BRALEDHE | [ LESR &4 > 7)) » 718
DFES TR FIH L7 6LEEB T, E5 5 D, Vol.141, No.2, pp.86-92
(2021)

H. Kamogari and S. Ichikawa: “An investigation of random number gen-
eration based on the internal LESR”, The Papers of Technical Meeting on
Innovative Industrial System, IEE Japan, IIS-21-011 (2021) (in Japanese)
PEAFIEE - A — @ [P LFSR % F 72 8L OIS B9 2 et ],
BERMACIEZE > 2 7 A0, 11S-21-011 (2021)

A. Chiba and S. Ichikawa: “Random Number Generation from Weather Data
and LFSR”, The papers of technical meeting on Innovative Industrial Sys-
tem, IEE Japan, 11S-22-019 (2022) (in Japanese)

TR - W — [RRT— % & LFSR IZ & BRLEER T, &
ERMACESE 2 X T L5, 11S-22-019 (2022)

E.F. Fama: “The behavior of stock-market prices”, Journal of Business,
Vol.38, No.1, pp.34-105 (1965)

J.R. Doyle and C.H. Chen: “Patterns in stock market movements tested as
random number generators”, European Journal of Operational Research,
Vol.227, No.1, pp.122-132 (2013)

M.A. Noakes and K. Rajaratnam: “Testing market efficiency on the Johan-
nesburg Stock Exchange using the overlapping serial test”, Annals of Oper-
ations Research, Vol.243, No.1, pp.273-300 (2016)

N. Fernédndez, F. Quintas, L. Sanchez, and J. Arias: “Social noise: Generat-
ing random numbers from twitter streams”, Fluctuation and Noise Letters,
Vol.14, No.1, art. No.1550012 (2015)

A. Rukhin, et al.: “A Statistical Test Suite for Random and Pseudorandom
Number Generators for Cryptographic Applications”, NIST SP 800-22 (Rev.
la) (2010)

P. Konecny and D. Pustka: “Random variation and correlation of the weather
data series evaluation and simulation using bounded histograms”, MATEC
Web of Conferences, Vol.107, No.00085 (2017)

LT R GBIET O ], hitps://www.data.jma.go.jp/obd/stats/data/
kaisetu/index.html

REIT  BFORRT— 4 - ¥ 1 — K], https://www.data jma.go.jp/
risk/obsdl/index.php

G. Marsaglia: “Diehard battery of tests of randomness (Archived)”, https://
web.archive.org/web/20160125103112/http://stat.fsu.edu/pub/diehard/

M. Zivkovié: “A table of primitive binary polynomials”, Mathematics of
Computation, Vol.62, No.205, pp.385-386 (1994)

D.E. Knuth: “The Art of Computer Programming”, Vol.3, Addison-Wesley
(1973)

B. Yang, V. Rozi¢, N. Mentens, W. Dehaene, and I. Verbauwhede: “TOTAL:
TRNG on-the-fly testing for attack detection using Lightweight hardware”,
Proc. 2016 Design, Automation & Test in Europe Conference & Exhibition
(DATE), pp.127-132, Dresden, Germany (2016)

IEEJ Trans. IA, Vol.143, No.2, 2023



R T — & & LFSRIC X BHLEAER (T34, 1)

FOE S R GERE) 202 FEEEHERFES BTN
MR, [, FAEKERES - BT
BT B R A

m ol B — (EB) 1985 FHEKFHFHERE, 1987 4£H
REFREF SRR L3R5 T, 1987 4E
FrEAT RN, 1991 FE=FBME (), 1994 £4£
HERRF LM T, 1997 £ 8AGHM Rl R
TEER A [FIBhER, HEHEE 2T, 2011 4E7R
| RS E PSR LR, 2012 4F
£ 0 BAGHAT RS KR FE b e 8%, 3
TEIZE S, F22E+-, IEEE (senior member), %
THHEEYR (Y=T7xH), ACM, HHLMHY s, £2H,

86

IEEJ Trans. IA, Vol.143, No.2, 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


