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Abstract: - This paper purposed a Booth’s multiplier for normal basis multiplier. The architecture is simple and
highly regular architecture for finite fields using a new modified Booth’s algorithm. The proposed multiplier
for finite fields requires a significantly lower number of bit level operations and, hence, can reduce the space
complexity of cryptographic systems. It is shown that proposed multiplier for type-2 normal basis of GF(2™)
saves approximately 10% space complexity as compared to related parallel multipliers. Moreover, the
proposed architecture is regularity and modularity; they are well suited to VLSI implementations.
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1 Introduction

Efficient software algorithm and hardware
implementations of arithmetic operations in the
Galois field GF(2™) are frequently desired in coding
theory, computer algebra, and elliptic curve
cryptosystems [1, 2]. Of particular importance lies
in the multiplication operation since it is a major
building block in these applications. Other
time-consuming finite field arithmetic operations
such as exponentiation, division, and multiplicative
inversion may be carried out by repeated
multiplications. In the cryptographic system,
especially in Elliptic Curve Cryptography where m
of GF(2™) field is very large. Therefore, to reduce
the complexity of elliptic curve cryptosystems,
efficient architectures for multiplication over GF(2™)
are desirable.

The normal basis multiplier over GF(2"), as
discovered by Massey and Omura [3], depends on
the selection of key function for multiplication. By
this way, Agnew et al.[4], Hasan et al.[5] and Sunar
et al.[6] put forward hardware implementation to
reduce the space complexity of the normal basis
multiplier. Reyhani-Masoleh and Hasan [7, 8] also
proposed a word-level normal basis multiplication
architecture.

Normal basis multiplication can represent
recursive shift operation of C. Each normal basis
element of GF(2™) can also be used a Gaussian
period of (m, t), called Gaussian normal basis (GNB)

of GF(2™). The GNB is a special class of normal
basis (NB) which has received considerable attention
for efficient implementation of field multiplication
[9]. Notably, a GNB exists only if m is not
divisible by eight [5]. It is to note that every GNB for
GF(2™) is depended on an integer ¢ and is referred
to as a type-t Gaussian normal basis.
Reyhani-Masoleh [9] present two vector-level
software algorithms for the GNB.

In this paper, the multiplier for finite field GF(2™)
employs modified Booth’s algorithm in normal basis
have proposed. Booth's Algorithm [10], a uniform
shift method has advantage of multiplication
operation rule, and can reduce the complexity of
multiplication operation. The proposed multiplier has
four modules, computing A+B, triangular MUX

array, computing (aZ,.)Zi and XOR tree modules to

implement GNB multiplier. By this way, the
proposed NB multiplier can obtain low-complexity
bit-parallel architectures.

2 Mathematical Background

2.1 Normal basis representation
It is well known that the field GF(2™) for all positive
integer m exist a normal basis (NB). Any element

in GF(2") can also be viewed as a vector space of

dimension m over GF(2™). The set N, ={a,a’,--

¥} is called a normal basis, thus the normal
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element 4 in GF(2™) can be represented by
A=aa+aa’ ++a, a”" =(a,a,a,,), where
a is normal element of GF(2™), if the trace function
of « equalstoone,i.e. r(a)=1.

Definition 1 Let y be a primitive (m¢+1)-th root
of unity in some extension field of GF(2). A Gauss
period of type (m,#) over GF(2") is defined as

<2(’7')”’>p

a=v+ <2">,
i tety

(1

where p=mt+l is prime and

ged(tm/ k,m) =1,where k is the multiplicative order
of 2 modulo p.

Throughout this paper, <x>, denotes the
non-negative reside of x mod i . Applying the
characteristics of Definition 1,
A=a+ao’ +-+a, " can also  be
represented as following equation:

A=ay(y+7" 4oy
+a|(72 +7<22”’“> <2(””'”“>)
e
ta,., (7/<2<’"’”> +}/<22’"*‘> i 7/<22'"> +}/<22'"*‘> Ty 7/<2””">

Given the above element representation, normal
basis N, can be rearranged by the redundant basis

N, = {7,72,"‘,7"7[} due to y” =1. By the redundant
representation, normal basis 4 may be rewritten by
A=agqg +ap,y+ aF(z)yz Tt e,y

where F(2'u/modp)=i, u is an integer of order

p-1

tmodp , 0<i<m-1, 0<j<t and a,,=0 or
don’t care item. For example, let m=5 and =2,
we use a=y+y" " =y+7° to generate the
normal basis {a,az,azz,aﬁ,af}. Then we obtain
that {y,7%,7% 7% »°.r%r" %y 7"} . By this way,
A(ay,a,,-++a, ) can also be represented by the
redundant representation

A=ay+ay +ay tay +ap +a)’ +ay +a)t +ay +ap" .
Observing this representation, the coefficients of A is
duplicated by t-term coefficients of the original

normal basis element 4 =(a,,q,,"--a,_,).

Notably, multiplication using the redundant
represent is easily formed by in circular convolution

structure as shown in [11]. By using the
function F(Q2'u/modp)=i , the field element
A= (ap,),ar4)ap, ) can be translated into the

Vector (ao’...’aojal’...aljaz’...,az’ ...... am—l’”"am—l) .
[

t
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It is easily converted into the normal basis element.
For example, m=5, t=2 the F(1)=0, F(2)=1,
FQ3)=3, F4)=2, F(5)=4, F6)=4, F(1)=2,
F®)=3, FO) =1 and F(10)=0.

2.2 Conventional normal basis multiplication
According the above introduction the redundant
basis can represent the following way. Let
A,B e GF(2™), both elements be represented by the
redundant basis representation, Thus the product
C = 4B =(¢y,¢,,+*5¢,,,) 1s addresses as

p-1
¢, =F(4,8)= Z%)“F(f)bm—./) 2
J=!

where 1<;<p-1 and ¢, =0 (initial value)

Therefore, the product of A and B can present in
Algorithm 1. This algorithm for multiplication in
GF(2™) using a GNB of type t as described in IEEE
Standard 1363-2000 [12].

Algorithm 1 (Conventional Gaussian Normal Basis
multiplication)
Input: 4,Be GF(2"), F(4,B) inEq.(2)
Output: C = 4B
Stepl: C«0
Step2: For i=0 to m-1 do
2.1 ¢, < F(4,B)
22 A<« A<<1l, B« B<<l
Step3 return C

As mentioned above, the space complexity of NB
multiplier is depended on the function F(4, B) . When
type-1 and type-2 NB multipliers can get minimal
space complexity.

3 Proposed NB

Algorithm

Given any elements 4, B € GF(2™) can be represented

m—1

Multiplication

as A=aa+aa’ +--+a,,a° and B=ha+ba’ +:-
+b, 07", where a,,b,eGF(2), 0<j<m-1. For
simplicity, we define the following operation algebra
Definition 2 Let 4 =a,a +a,0’ +++a, ,a° be the
normal element in GF(2"), one can be defined as

szifl

- 2 ;
A =a0a+a,0 +-+a, , 0<i<m-1.

Given Definition 2, the field element A can be
represented by extending this representation to
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2 22 23 24 szl
A=a,a+aoa” +a,a” +a,a” +a,0” +--+a, o

—aa+(aa+aa’+a,a’ +a0 +ota, @)
=a,o + A12 (3)
Similarly,
2 22 2 24 2m-
B=ba+ba” +b,a” +bya” +ba” +---+b, &
=b,a+ B
Theorem 1. According to Definition 1, 4,B, can be
performed by
A B - aZ + (AHIBHI) (4)
Where
Z =aB, +bA> (%)
Proof:
Applying Definition 2, we have
4, =aa+ aMaz2 + ameaTH?i
=aq,a+ (ai+1a +eet am—l—iaQWH )2 =aq,a+ Ai2+1

Thus,

product of 4, and B, can be performed
4B, =a(a,B; + bLAfH) + (AH—]BH-]) =aZ + (A,+1B¢+1)2
Let 4B e GF(2™), by using Definition 1, A and B

can be re-expressed by

A, =a,a+ A

B=hya+ B}
Thus, the product C of A and B can obtain the
following formulae

B, also be represented by B, =b,a + B}, . The

C=AB=(aya+ 47 )b,o+B})
—aoa(b a+BY)+bod’ +(4B)

=0oayB) +h, ) Hola B +b )+ +(4,,B,.,)°) -
=oay B, +h,A) Ho(a B +b ) ++(ofa,,,B,., +b An))z

m-1

=aZ,+(a2)) +(aZ,) +(eZ,) ++(aZ,.) (6)
or
= ("'((aszl)z + O’/Zm—Q)z + azma)z =)+ aZ, (7)
As stated above, the product C is lied on «oZ,.
For efficient solving the «Z, operation will proposed
following steps:
Step 1. Convert Z, to redundant basis
Z, = Z 0Vt Zz;172 + Zi,273
Step 2. Calculate
vZ, = 7(Zi,07+zi,172 +Zi,273 et
Because y” =1 then

p-1-i
+ Zi,pflfi}/

p-1-i
Zi,p—l—i7 )

pi

vz = Zi,07’2 +Zi,17/3 +Zi,274 s
is the one-fold right shift of the binary vector
representation of Z,.

Zi,p—l—i}/

<ks (<2 >p

VAR VA
So ¢ and Z, product obtamed
az,=(r+y” )Z

pl .
Zzl HGTp >7/ ZZ 1LF(<j—<2">)>, +. ’ +;zi,p(<j-<z”‘(’">>p>p)yl

p1 1-i
Zz'z F(;)7J Z’z TORE 0‘2%

Jj=0
where

Similarly, y

d/‘l)
[’+ +}/ >p

Z,0Q+Z, 0 +2, o+ +z,

m-1-i

— '
ZiF(<1>,) +Zi,F(<2'">p) oot Zi,F(<2'”<””>p) = Zir© (8)

z, +z +etz =z
LF(<0>p) % pa1-2> ) i, F(<1-2"0D 5 i,0

Zipeio yF2Z z =z .
i F(<j>p) i F(<j+1-2"> ) iF(<j+1-2"0D 5y L.J

when ¢ is even (then m is odd), the Eq.(8) can
obtain

Z; +z +eetz =
LE(<I>p) i F(<2™> ) i F(<2mD >

when ¢ is odd (then m is even) ,
obtain

the Eq.(8) can

Zip(<s,) T Z,ﬂF(<2m>p) +eet Z,.,F(<2m<r71>>p) =Zimi2

Step 3. According to Eq.(8),
converted into normal basis.

the oZ, can easily be

Example: For type 2 GNB over GF(2°), then the

aZ, obtain following p=mt+1=11 and a=y+y>
then
al, =(y+ 7<25>“)Zi

=70 4z

o 1 ] 2 ' 9 ' 10
=ZirotZiray Y TZir)V Tt Zip0) Y T Ziran Y

o +‘ +| 2+| 22+‘ 23+| 24
S poTEn T, T2, TZ,30 tZ,0

1 — 1 — 1 —
and  z;0=0 , Zy=z.+z, , Z,=Z+Z;

_ v v
2= Tt L 23Tt Iy, Zh4=Z,+2,, then

can obtain «Z, is normal basis.

As mentioned Definition 2 and Theorem 1, we
can derive out Eq.(6), and NB multiplication
algorithm then is derived as follows.

Algorithm 2

Input:  A=ao+ad’ +-+a, &, B=hathd +-+b o |

nrl
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F(a)=aC A,BeGF(2"),a,,b € GF(2)
Output: C = 4B

Stepl C«0

D=4+B

Step 2 For i=0 to m-1 do

2.1 If (¢, ==1and b, ==1)

2.2 then C=D+C

2.3 else If (a, ==1and b, == 0)
2.4 then C=A4+C

2.5 else If (a, ==0and b, ==1)
2.6 then C=B+C

27 C=aC

28 C=C<<l

Step 3 Return C

Theorem 2 Calculate (aZ,.)zi sum need one XOR

gate time delay and space complexity less than m¢
XOR gates.

Theorem 3 For the type 2 and 1 GNB over GF(2"),

the XOR tree is need one XOR time delay and m—1
XOR gates space complexity.

4 Hardware architecture and
complexity analysis
As aforementioned, the Eq.(5) Z, =a,B, +bA’

i+l
function using the Table 1 to invest with function
decision table, and then, implement the function
architecture as Figure 1. In Table 1 MUX function
a, and b are select parameter and the

Z,=aB +b.A’, column is output function. Hence,
using the Table 1, select parameter and output
function can implement to Figure 1. As a result,
using Eq.(5) and Eq.(6) implement in Figure 2
shown the proposed NB multiplier, which it includes
computing unit, triangular MUX array unit,
computing (eZ,)> and XOR tree unit. Therefore,
the multiplier elements uses AND gate, XOR gate
and MUX unit to carry out the normal basis
multiplier. For constructing the computing unit, it
And in the
triangular MUX array unit, it including upper
triangular MUX array, as shown in Figure 2. Finally,
in the XOR tree unit, it including XOR tree, as
shown in Figure 3. Figure 2 is shown through the
Further,
the

using XOR gate computing (aZ,)” .

MUX unit computing get the (aZ,)® .

implement in Figure 3 is shown have

parameters (aZ l.)zi into the XOR tree.

The
investigation on

following became clear after the
the Z =a,B,+h4’, function
decision table.

Table 1: Z, = a,B, + b, A’, function decision table

7+l

a,| b (@z,)’
0] 0 0
01 CZDN
10 (aB,)”
T @B +4)7
A B
Triangular
MUX array
| | |
aZy (0Z) . (az,.)’
! |
XOR
tree
C

Figure 1: normal basis multiplier architecture

+b,
0 a,b,a, +b, 0a,ba+b Oanrgiaz"”z m-2 %bmﬁ"’" +b,.
Ll [l ] L7 [ |
a;— pu——
b,— MUX MUX | * " "=—— MUX MUX
[ Y ></J. T aZ
0
1| 4ll1 pg L] %
a4 — 4
b_MUX MUX| .. ... [MUX
I X 2
TG
am,z_l [ | 4 L f
b .| MUX MUX
" m-2
I ¢ (szm—l)2
L] \?(4
Ay
MUX
bm*l_ m—1
2

—(aZ,, )

Figure 2: computing the (aZ,.)zi over GF(2™)



oz, (az,)  (az,) @z, 7" @z,

XOR Tree
(m-1 XOR)

C=4B

Figure 3: normal basis multiplier computing
(aZ,)* sum and through XOR tree over GF(2™)

Synthesize above-mentioned two kinds of
multipliers and compare its complexity, architecture

to implement this multiplication is shown in Figure 1.

Its architecture includes the computing (oZ,)* unit,
triangular MUX array and XOR tree. The computing
(aZ,)* unit needs XOR gates. In Figure 2, the

triangular MUX array includes four inputs and one
output MUX unit needs the total number is
m(m—1)/2 units. In Figure 3, XOR tree needs (m-1)

XOR gates. The total size complexity is m’+2m-1
XOR gates, m AND gates and mm-1)/2 MUX

units.
The computing path delay of the multiplier
includes the computing Z; block (T, ), the MUX

array (T,,, )» and the XOR tree ([log ,(m — 1) Ty )-

Therefore, the total delay is
2Ty + Tyyx + (log ,m — )T, . From the facts described

above, we may show that in Table 3.

More precisely, the transistors are counted using
a standard CMOS VLSI. In the CMOS VLSI
technology, 2-input XOR, 2-input AND , 4x1 MUX
and 1-bit latch comprise 6, 6, 16 and 8 transistors,
respectively [14]. Table 3 compares various
multipliers with transistor counts. The results
demonstrate that the proposed multiplier saves
approximately 10% space complexity as compared to
usual existing bit-parallel multipliers [6, 15]. As
stated above, the proposed architecture requires very
small transistor counts, bet the latency as compared
to the multipliers is approximately for [3, 6, 15]. It is
noted that NIST recommended five binary fields for
the ECDSA (Elliptic Curve Digital Signature
Algorithm) applications. These are GF(2'®),
GF(2**), GF(2**), GF(2*) and GF(2°""), but no
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irreducible trinomials and AOPs exist for three
degrees, viz., 163, 283 and 571 [16]. Accordingly,
applications of these circuits for trinomials and AOPs
are then limited. The proposed multiplier does not
encounter such problems.

Table 2: proposed type-II multiplier space
complexity and time delay

Space complexity Time delay
#AND [#XOR | #MUX
computing 1 . T
A+B " " )
MUX m(m —1)
array T 2 Tox
computing
@y’ | T T i
XOR tree | -- |mm-D -- llog , (m —1) T
total m |peamer | L | T2 Hogln DT,

Table 3: Comparison of Multipliers When There is a

16

Type I ONB
# Flip
. Flops .
Multipliers | Model | #AND |[# XOR or # Time delay
MUX
Agnew et al.| Bit-Par 2 |3m(m-1) _
[15] allel m 5 -- [T, +[1+log (m—1)T;
Sunar et al. | Bit-Par 2 |3mm-1) B
[17] allel m 5 — [T, +[1+log,(m—-DIL,
Bit-P —1
proposed aﬁel Bl T % Tuuxt{2+log(m—DIT

S Conclusions

The main result of this study is that proposed the
new NB multiplier employs modified Booth’s
algorithm has low space complexity architecture. In
Table 3, it is demonstrated that the proposed
multiplier has lower hardware complexity than other
existing multipliers. Therefore, this algorithm is
suitable for implementation of cryptographic
function in software and hardware. Furthermore, the
study of normal basis multiplier is need being
continued steadily.

From the facts described above, we may
conclude that this makes the architecture very useful
in finite field applications, especially in Elliptic
Curve Cryptography where m of GF(2") field is very
large. Therefore, the presented architecture is



appropriate for special applications with particular
limited space constraints such as smart cards, mobile
phones or other portable devices.

References

[1] F. J. Macwilliams and N. J. A. Sloane, The
theory of error-correcting codes, Amsterdam:
North-Holland, 1977.

[2] R. Lidl and H. Niederreiter, Introduction to finite
fields and their applications, New York:
Cambridge Univ. Press, 1994.

[3] J. L. Massey and J. K. Omura, “Computational
Method and Apparatus for Finite Field
Arithmetic,” US Patent No. 4587627, 1986.

[4] G. B. Agnew, R. C. Mullin, I M. Onyszchuk, and
S. A. Vanstone, “An Implementation for a Fast
Public-Key  Cryptosystem,”  Journal  of
Cryptology, vol.3, pp. 63-79, 1991.

[5] M. A. Hasan, M. Z. Wang, and V. K. Bhargava,
“A Modify Massey-Omura Parallel Multiplier for
a Class of Finite Fields,” IEEE Transactions on
Computers, vol. 42, no. 10, pp. 1278-1280, Oct.
1993.

[6] D. W. Ash, L. F. Blake, and S. A. Vanstone, “Low
Complexity Normal basis,” Discrete Applied
Mathematics, 25:191-210, 1989.

[7] A. Reyhani-Masoleh and M. A. Hasan, “Fast
Normal Basis Multiplication Using General
Purpose Processors,” [EEE Transactions on
Computers, vol. 52, no. 11, pp. 1379-1390, Nov.
2003.

[8] A. Reyhani-Masoleh and M. A. Hasan, “Low
Complexity Word-Level Sequential Normal
Basis Multiplier,” [EEE Transactions on
Computers, vol. 54, no. 2, pp. 98-110, Feb. 2005.

[9] A. Reyhani-Masoleh, “Efficient Algorithms and
Architectures for Field Multiplication Using
Gaussian Normal Bases,” IEEE Transactions on
Computers, vol. 55, no. 1, pp. 34-47, Jan. 2006.

[10] A. D. Booth, “A signed binary multiplication
technique,” Quart. J. Mech, Appl. Math., Vol. 4,
Part 2, 1951.

[11]C. Y. Lee, E. H. Lu, and J. Y. Lee, “Bit-parallel
systolic multipliers for GF(2") fields defined by
all-one and equally-spaced polynomials,” /EEE
Transactions on Computers, vol. 50, no. 5, pp.
385-393, May 2001.

[12] IEEE Standard 1363-2000, “Standard
Specifications for Public Key Cryptography,”
Aug. 2000.

[13] R. C. Mullin, I. M. Onyszchuk, S. A. Vanstone,
and R. M. Wilson, “Optimal Normal Basis in
GF(p"),” Discrete Applied Mathematics, Vol. 22,
pp- 149-161, 1988/89.

[14] K. Z. Pekmestzi, “Multiplexer-based array

Proceedings of the 7th WSEAS International Conference on Applied Informatics and Communications, Athens, Greece, August 24-26, 2007

multipliers,” IEEE Transactions on Computers ,
vol. 48, no. 1, pp. 15-23, Jan. 1999.

[15] A. Reyhani-Masoleh and M. A. Hasan, “ A New
Construction of Massey-Omura  Parallel
Multiplier over GF(2™),” IEEE Transactions on
Computers, vol. 51, no. 5, pp. 511-520, May.
2002.

[16] G Seroussi, “Table of low-weight binary
irreducible polynomials,” Technical Report
HPL-98-135, Hewlett-Packard Laboratories,
Palo Alto, Calif., Aug. 1998, Available at
http://www.hpl.hp.com/techreports/98/HPL-98-
135.html.

[17] B. Sunar and C. K. Koc, “An Efficient Optimal
Normal Basis Type II Multiplier,” [EEE
Transactions on Computers, vol. 50, no. 1, pp.
83-88, Jan. 2001.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


