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Abstract. Chaotic sequences produced by piecewise linear
maps can be transformed to binary sequences. The binary
sequences are optimal for the asynchronous DS/CDMA
systems in case of certain shapes of the maps. This paper is
devoted to the one-to-one integer-number maps derived
from the suitable asymmetrical piecewise linear maps.
Such maps give periodic integer-number sequences, which
can be transformed to the binary sequences. The binary
sequences produced via proposed modified integer-number
maps are perfectly balanced and embody good autocorre-
lation and crosscorrelation properties. The number of
different binary sequences is sizable. The sequences are
suitable as spreading sequences in DS/CDMA systems.
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1. Introduction

The direct-sequence (DS) code-division multiple-ac-
cess (CDMA) has many desirable features such as robust-
ness to fading and narrow-band interference suppression.
In DS/CDMA systems, the bandwidth of the input signal is
spread by a spreading sequence with a much higher rate.

The main requirements to the set of the spreading se-
quences are J-like autocorrelation function, zero cross-
correlation function and ideal balance properties. Many
sets of the spreading sequences have been developed. For
example m-sequences, Gold sequences, Kasami sequences,
fixed- and variable-length orthogonal codes. Their proper-
ties approach to the ideal ones more or less. This paper is
devoted to the chaotic spreading sequences.

Most of known chaotic systems are continuous-time
chaotic systems [1]. Discrete-time chaotic systems and
signals are introduced and analyzed, too. These systems are
usually described using 1-D chaotic maps [2] and are able
to create sequences of real numbers. A few publications are

devoted to the discretized chaotic maps, e.g. to the integer-
number maps [3]. The discretized maps cannot produce
real chaos. The generated sequences are called pseudo-
chaos, digital chaos, finite-state chaos or discrete-time and
discrete-value chaos. Every sequence is periodic regardless
of the initial value if the digital map is one-to-one. One
method for obtaining a digital one-to-one map has been
described in [4]. In this article we will utilize a similar
method.

A discrete-time chaotic sequence can be transformed
to a binary sequence [5]. It enables various applications in
communications and cryptography. Statistical properties of
the binary sequences have been studied [6].

Utilization of the chaotic binary sequences as the
spreading sequences was analyzed and studied [7]. Con-
venience of the pseudo chaotic sequence in comparison
with the pseudo-random sequence for the asynchronous
DS/CDMA system has been proved and experimentally
verified [8]. Recently, maps with a tunable autocorrelation
of the binary sequence have been proposed [9]. After that,
maximal-period sequences with negative autocorrelation
have been presented [10], [11]. Some restrictions to the
map parameter were used to keep computational com-
plexity reasonable. The method proposed in this paper is
based on the different technique of quantization [3] and
provides substantially wider set of sequences.

The aim of this paper is to examine the integer-num-
ber one-to-one map as the binary spreading sequence gen-
erator. We will define and study the centrally asymmetrical
maps. The maps can be used to obtain binary sequences
with good autocorrelation and cross correlation charac-
teristics. Sec. 2 of this paper provides theoretical back-
ground. Previously, we have proposed and tested classifi-
cation and identification of the integer-number maps [12].
In Sec. 3 we will describe how the identification will allow
modifying the map and achieving the constant length of the
sequence. Fine tuning the piecewise-linear continuous map
changes the associated integer-number map and the corre-
lation properties of the binary sequence. In Sec. 4 we will
describe how tuning enables to pick out sequences of de-
sired properties.
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2. Theory

2.1 Continuous Map and Integer Number
Map

Let us suppose the chaotic sequence x,, is described
in the iterative form:

xc,n+1:Tc(xc,n)’ n= 0! 1323 (1)
where 7.(x.,) is a 1-D chaotic map, z.: X,.—X. and x., is a
value of the chaotic sequence in time #n. The initial value
X0 1s assumed to be a nonpathological. Suppose, the set X,
is the interval [0, 1].

The chaotic sequence x.,, n=0,1,2,...
the two factors:
a) the map configuration, i.e. mapping 7.: X;—X; ,
b) the initial value x., of the sequence.

is defined by

1

7.(x)

0 d 4, d, 1
X

Fig. 1. Piecewise linear map.

The binary sequence b., can serve as the spreading
sequence. For maps with the equidistributivity property in
the interval [0, 1], the next simple rule can be used for
quantization:

-1 for x  <0.5 and
b = : 2
o { 1 for x,,205 @

c.

The integer-number sequence x, can be described in
an iterative form:

X, =7,x), n=0,1,2,... 3)

where 74 (x,) is a 1-D integer-number map 74:X;— Xy and x,
is a value of the sequence x, in time n. The set Xj is the set
{1, 2, 3, .... , N}, where N=2" and N, is the number of
binary digits used for binary representation of the elements
of the set Xj.

The map 74 can be obtained using quantization of the
piece-wise continuous chaotic map 7. [4]. Then, the se-
quence x, is usually nearly chaotic and can be called the
pseudo-chaos. For small # and big N we can write

x, —0.5
n . 4
xc,n N ( )

R

The binary sequence b, can be determined via
quantization of the discrete-time pseudo-chaotic signal x,, :

-1 for
b, =
{ 1 for

x <H and
n (5)
x,2H

where H is a suitable threshold.

2.2 Optimal Chaotic Maps

A certain class of the chaotic maps allows achieving
the next autocovariance function of the binary sequence

[9]:

C,(m) = (6)

1
(-2-43)"
where m is the delay. The generated binary sequence is
then optimal as the spreading sequence for the asynchro-
nous DS/CDMA systems in terms of minimization of aver-
age co-channel interference. The chaotic map has to be
fully stretching piecewise-linear map. The slope t.’(x) of

the map has to be equal to -2-V3 and z.(x) has to be equal to
0.5 for x=0.5.

An example of such map is drawn in Fig. 1. A parti-
tion such that 0=d,<d;<d,<d;<d,=1 has been used, where
d3—d2=(2+\/3)'1 and d)=1-d;. Parameterd, is a tuned para-
meter of the map. Thanks to it, different maps can be made.
An example of the associated integer-number map is
shown in Fig. 2 using circles.

2.3 Centrally Asymmetrical Maps

Definition 1: Any chaotic map, 7.: X;.—X, which
satisfies the condition

7. (x,)=1-7.(1-x,) (7
for all x.eX; is called the centrally symmetrical map.

All other maps are centrally asymmetrical maps. The
map in Fig. 1. is asymmetrical.

A discrete integer-number one-to-one map derived
from asymmetrical piecewise-linear chaotic map produces
several disjoint periodic subsequences or only one periodic
sequence. Every subsequence has period less then N=2",
The sum of periods of all subsequences is equal to N=2" .

2.4 Correlation of the Pseudo-Chaotic
Sequences

An autocovariance function of the pseudo-chaotic
binary sequence b, is even and periodic. It is given by

LS ()
Cim)=—)> b b
(m) ; ZO D
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where M is the period of the sequence, m is the delay.

The experimental autocovariance function has been
compared with the optimal function C, (m) defined by Eq.
(6). The difference between C(m) and C,(m) was evaluated
using the quantity

RMS = \/A24 O%ﬁC(m) —C,(m)]* - )

Another possible quantity for evaluation of the quality
is the absolute value of the difference C(m) - Co(m):

MAE=max  [[Com)—C, (m)]. (10)
me(0, 0.5M-1)
T - N ‘ ‘
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Fig.2. An original integer-number map and the modified map.
Nb:6.

The crosscovariance between two pseudo-chaotic
binary sequences b,(n) and b,(n) has been tested using the
quantity

RMSc = %Z(’[cﬁ(m)]2 (11)

M-1
m

and using maximum of the absolute value of C;(m)

MAEc = max >[

me<0, M-1

C, (m] (12)
where M is the period of the sequences and
1 M-1
Ci/'(m) :ﬁ;biﬁnbjﬁﬂ-m (13)

is the crosscovariance.

3. Designing the Map

The proposed procedure consists of the following
steps:
a) Creating the asymmetric chaotic map according to
paragraph 2.2. An example of the map is shown in
Fig. 1.

b) Developing the integer-number one-to-one map.
Such map is shown in Fig. 2 via circles.

c) Identification of its all periodic subsequences.

d) Concatenating all periodic subsequences to
achieve one periodic sequence with N = 2%
elements in the period.

e) Forming the modified map from the sequence.
This map is shown in Fig. 2 using pluses.

f) Quantization of the sequence to achieve binary
sequence.

The quantity M = N is even. Quantization level H is
simply equal to 0.5N and the binary sequence is perfectly
balanced. Similarly, the thresholds 0.25 N, 0.5 N and
0.75 N are the optimal ones for creating a balanced four-
state sequence. It is needed in the case of the complex
spreading.

60+

50

40

X1

30r

20

Fig. 3. Chaotic trajectory. N,=6.

An example of the pseudo-chaotic trajectory is shown in
Fig. 3. Parameter d; = 0.14, the number of bits is N, = 6.
The order of the concatenated subsequences is blue, green,
red and yellow. Every subsequence has contributed by its
one period.

4. Computer Experiment

A comparison of an experimental autocovariance
C(m) and the ideal autocovariance C,(m) is shown in Fig.
4. The difference between the experimental C(m) and the
optimal Cy(m) is very small for m < 4. This is due to the
fact that quantization errors of the integer-number map had
not sufficient effect yet. Behavior of the estimate of the
autocovariance C(m) is similar to the behavior of the esti-
mate of the autocovariance for the i.i.d. binary sequence
form > 4.

An effect of the tuning of the map on the behavior of
RMS and MAE is shown in Fig. 5 for N, =10. Values of
RMS and MAE are irregular with respect to the parameter
d; provided the step of the parameter d, is not too small.

Another simulation has been organized as follows: the
18 maps have been created using different values of dj.
The values of d; were closed to 0.15-5g, where
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g=3.10'3(\/ﬁ)wa. The maps generated the concatenated

sequences x. Values of z=30RMS+100MAE were calcu-
lated. After that, two sequences with small z were selected.

1® O experimental |
x optimal
0.8t 1
06+ 1
Do 0.4 1
S
0.2r 1
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§ 2 R x ® x R
0 ¥ X x® é 5) X ® 3 X g %
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Fig. 4. Comparison of autocovariance C(m) and autocovariance
Co(m). Nv=10.

w
*

- -
- a [N
T T
O
[m]
I

o
©
F
(]
*
[m)
[m)

RMS/mean(RMS), MAE/mean(MAE)
g ¢
o
1
¥
=

*,
0.1515

0.1485 0.149 0.1495 0.15 0.1505 0.151

d,

Fig. 5. Influence of the tuning onto behavior of RMS and MAE.
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Fig. 6. Maximum absolute error of the correlation versus
number of bits NV,.

Then, next 18 maps were created using different d;.
The values of d, were closed to 0.15+5g. The maps gener-
ated the concatenated sequences y. After that, three se-
quences with small z were selected. All cross-correlation
sequences were calculated using the selected sequences x
and y. Finally, the pair of x a y was selected to achieve the
minimum value of MAEc.

The quantities MAE and MAEc are drawn in Fig. 6.
Both quantities decline for the increasing number of bits
N,. Here, the red dashed line represents MACc of two
periodised equiprobable i.i.d. binary sequences. The quan-
tities RMS and RMSc are depicted in Fig. 7. The blue
dashed line represents root mean square of the equiprob-
able i.i.d. binary sequence. The values of all correlation
parameters of the concatenated sequences are closed to the
corresponding parameters of the equiprobable i.i.d. binary
sequences.

o
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Fig. 7. Root mean square error of the correlation versus number
of bits M.

Crosscovariance of two different pseudo-chaotic binary
sequences is small, even if the difference in their tuning
parameters is diminutive. It enables designing numerous
sets of the maps.

5. Conclusion

An asymmetrical integer-number map has been re-
ported. The aim was to achieve binary spreading sequence.
The tools were tuning the map, quantization of the map,
classification and identification of the map, concatenation
of the subsequences, quantization of the sequences and
suboptimization of the concatenated sequences.

The proposed tuning of the integer-number map is
achieved by means of tuning the piece-wise continuous
map. Tuning has been used for suboptimizing the integer-
number map. The length of the concatenated sequence
period is equal to 2" . This is advantageous because of
constant value of the threshold A and of the perfect balance
of the derived binary sequence. Quantization of the se-
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quence to achieve the binary sequence can be carried out
easily using the most significant bit of every x,,.

The proposed binary sequences have good correlation
properties and they are suitable as spreading sequences for
the asynchronous DS/CDMA systems. In addition, the
number of different sequences is sizable.

Acknowledgements

This research has been supported by the research
grant of the Grant Agency of the Czech Republic No.
102/04/0557, by the research grant of the Grant Agency of
the Czech Republic No. 102/04/0469 and by the research
project Advanced Electronic Communication Systems and
Technologies MSM 0021630513.

References

[1] CHUA, L. O. The genesis of Chua's circuit. Arch. Elektron
Ubertragung, 1992, vol. 46, no. 3, p. 250 - 257.

[2] KENNEDY, M. P. et al. Chaotic Electronics in Telecommunications.
Boca Raton : CRC Press, 2002, p. 254 - 278.

[3] MASUDA, N., AIHARA, K. Dynamical characteristics of
discretized chaotic permutations. Int. J. Bifurcation and Chaos,
2002, vol. 12, no 10, p. 2087-2104.

[4] MASUDA, N., AIHARA, K. Cryptosystems with discretized chaotic
maps. [EEE Transactions on Circuits and Systems — I, 2002, vol. 49,
no. 1, p. 28-40.

[5] KOHDA, T. Information sources using chaotic
Proceedings of the IEEE, 2002, vol. 90, no. 5, p. 641-661.

dynamics.

[6] KOHDA, T., TSUNEDA, A. Statistics of chaotic binary sequences.
IEEE Trans. on Information Theory, 1997, vol. 43, no. 1, p. 104-111.

[71 ROVATTI, R. et al. Enhanced rake receivers for chaos-based DS-
CDMA. [EEE Transactions on Circuits and Systems - I, 2001, vol.
48, no. 7, p. 818-829.

[8] AGNELLLF. et al. A first experimental verification of optimal MAI
reduction in chaos-based DS-CDMA systems. In Proc. ISCAS 2001,
3, p. 137-140.

[91] TSUNEDA, A. Design of binary sequences with tunable exponential
autocorrelations and run statistics based on one-dimensional chaotic
maps. [EEE Transactions on Circuits and Systems - I, 2005, vol. 52,
no. 2, p. 454-462.

[10

=

YOSHIOKA D., TSUNEDA, A., INOUE, T. Maximal-period
sequences with negative auto-correlations and their application to
asynchronous DS-CDMA systems. [EICE Trans. on Fundamentals,
2003, vol. E87-A, no. 6, p. 1405-1413.

[1

—

YOSHIOKA D., TSUNEDA, A., INOUE, T. An algorithm for the
generation of maximal-period sequences based on one-dimensional
chaos map with finite bits. /EICE Trans. on Fundamentals, 2004,
vol. E87-A, no. 6, p. 1371-1376.

[12

—

SEBESTA, V. Integer - number maps. In Radioelektronika 2005,
Conference proceedings. Brno (Czech Republic), 2005, p. 73 — 76.

About Author

Vladimir SEBESTA was born in Pfedin, Czech Republic.
He received the M.Sc. degree in electrical engineering
from the Czech Technical University, Prague, in 1961 and
the Ph.D. degree from the Brno University of Technology
in 1974. His research interests include the general areas of
statistical signal processing and digital communications.
Currently, he is a Professor with the Brno University of
Technology, Czech Republic. Prof. Sebesta is a Member of
the IEEE.




<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


