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Abstract

We investigate the dynamical behavior of the following third-order rational
difference equation
TnTn—1Tn—2 + Tn + Tn-1 +Tn-2+a

Tp+1 = n=20,1,2, ..
TnTn—1+ TnTn—2 + Tn-1Tn—2 + 1 + CL’ T ’

where a € [0,00) and the initial values z_2, z_1, o € (0,00). We find that the
successive lengths of positive and negative semicycles of nontrivial solutions of the
above equation occur periodically. We also show that the positive equilibrium of
the equation is globally asymptotically stable.

1 Introduction

Ladas [3] proposed to study the rational difference equation

Tn + Tpn—1Tp—2 +a
)
TpTp—1+ Tp_2+a

Tpt1 = n=0,1,2, ... (1)
From then on, rational difference equations with the unique positive equilibrium 7 = 1
have received considerable attention, one can refer to [3-5, 7, 14-16, 18, 20] and the
references cited therein.

Recently, Li [4] investigated the global behavior of the following fourth-order ratio-
nal difference equation

TnTn—1Tn-3 + Tn + Tn—1 + Tn—3 + a
b)
TnTp—1 + TpTp_3 + Tn_1Tn_3+1+a

Tnt1 = n=0,1,2,.., (2)

where a € [0,00) and initial value z_3, x_9, z_1, xo € (0,00).

From Li [4] , we know that the successive lengths of positive and negative semicycles
of nontrivial solutions of Eq. (2) is periodic. By means of this, the positive equilibrium
of Eq. (2) is shown to be globally asymptotically stable.
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In this note, we employ the method in Li [4] to consider the following third-order
rational difference equations

TnTp—1Tn—2 + Tn + Tp—1+ Tp_2+a
b
TpnTp—1+ TpTp_2 + Tpn_1Tn_2+1+a

Tpal = n=0,1,2, ..., (3)

where a € [a,00), and z_2, z_1, g € (0,00).

By analyzing the lengths of positive and negative semicycles of nontrivial solutions
of Eq. (3), we find that the lengths of positive and negative semicycles of nontrivial
solutions of Eq. (3) occur periodically and can be expressed in the “form”: ...,27, 2T,
27,27, 27,27 2= 2% orl,1%t, 17,1, 17,17, 17, 1%, ...

What we obtain is different from the ones in the literature [4] and enables us to
show that the positive equilibrium of Eq. (3) is globally asymptotically stable.

To our best knowledge, Eq. (3) has not been investigated so far. Therefore, to
study the global behavior of its positive solutions is meaningful and interesting.

It is easy to see that the positive equilibrium T of Eq. (3) satisfies

_ T +3T+a
T=—cp———
3T +1+a

from which one can see that Eq. (3) has a unique positive equilibrium T = 1.

DEFINITION 1.1. A positive semicycle of a solution {z,},. , of equation Eq.
(3) consists of a “string” of terms {x;, 41, ..., Tm }, all greater than or equal to the
equilibrium Z, with [ > —2 and m < oo such that either { = —2orl > —2and x;_1 < T
and either m = oo or m < oo and z,,,4+1 < T. A negative semicycle of a solution
{zn}2_, of Eq. (3) consists of a “string” of terms {z;, Z;11, ..., m }, all less than T,
with [ > —2 and m < oo such that either | = —2 or [ > —2 andx;_; > 7, and either
m=o00orm< oo and Ty, 41 > T.

The length of a semicycle is the number of the total terms contained in it.

DEFINITION 1.2. A solution {z,}”, of Eq. (3) is said to be eventually trivial if
T, is eventually equal to T = 1; otherwise, the solution is said to be nontrivial.

DEFINITION 1.3. A sequence {z,}.., is called strictly oscillatory if for every
ng > 0, there exist ni, ny > ng, such that x,,x,, < 0. A sequence is called strictly
oscillatory about T if the sequence {x,, — T} is strictly oscillatory.

2 Two lemmas

In this section, we establish two lemmas which will be useful in the proof of our main
results.

LEMMA 2.1. A positive solution of Eq. (3) is eventually equal to 1 if and only if
(.’E,Q - 1) (.’E,1 - 1) (.’EO - 1) =0. (4)

PROOF. Assume that (4) holds. Then, according to Eq. (3) we can obtain the
following conclusions:



270 Rational Difference Equations

(1) if x_o =1, then z,, =1 for n > 1;
(2) ifx_y =1, then z,, =1 for n > 1;
(3) ifxg=1, thenx, =1"forn>0.
Conversely, assume that
(.’E,Q - 1) (.’E,1 — 1) (.’EO — 1) 75 0.

Then, one can show that x, # 1 for any n > 1. In fact, assume the contrary that for
some N > 1, such that

xy =1 and that x, #1 for —2<n <N —1. (5)
It is easy to see that

TN-1ZN—2XN-3+XN_1+XNv_2+Xn_3+a
N1 XN_2+ XN XN-3+ Xn_oXNn_3+1+a’

1:1‘]\[:

which implies that (xy_3 — 1) (xny—2 — 1) (xy—1 — 1) = 0. This is contrary to (5).
REMARK 2.1. If the initial conditions of Eq. (3) do not satisfy (4), then, for any

solution {z,},~ _, of Eq. (3), x, # 1 for n > —2. Hence, the solution is a nontrivial
one.
LEMMA 2.2. Let {x,},. , be nontrivial positive solution of Eq. (3). Then the

following four conclusions are true for n > 0:
(a) (@pt1—1)(zn — 1) (2p—1—1) (p—2—1) > 0;
(0) (Tns1 —an) (@ — 1) <O;
() (Tn+1 —Tn-1) (Tn—1—1) <0;
(d) (iCnJrl — £Cn,2) (iCn,Q — ].) < 0.
PROOF. It follows from Eq. (3) that

(@p —1) (@n—1 — 1) (xn—2— 1)
TnTp—1+ TpTp_2 + Tpn_1Tn_2+1+a

Tnt1 — 1= , n=0,1,2, ...,

and

(1—2p) [#n—1 (14 xn) + Tp_2 (1 +z,) +a
TpTp-1+ TpTp2+Tp_1Tp2+1+a

Tpyl — Ty = , n=0,1,2, ...,
from which inequalities (a) and (b) follow. The proofs for inequalities (¢) and (d) are
similar to the one for inequality (b).

3 Main results

First we analyze the trajectory structure of the semicycles of nontrivial solutions of Eq.
(3). Here, we confine us to consider the situation of the strictly oscillatory solutions
about T =1 of Eq. (3).

THEOREM 3.1. Let {z,},-_, be a strictly oscillatory solutions of Eq. (3). Then
the “rule of the trajectory structure” of nontrivial solutions of Eq. (3) is: ..., 27, 2T,
2-,2%, 27,27 2= 2% _or.. 17,17, 17,1t 17,17, 17, 1%, ...



Zhang et al. 271

PROOF. By Lemma 2.2(a) and the character of the strictly oscillatory one can see
the lengths of a positive or a negative semicycle is at most 2. So, for some integer
p > 0, one of the following two cases must occur:

Case 1. zp_2 <1, zp—1 >1and z, > 1.

Case 2. xp_o<1,zp_1>1and z, <1

If Case 1 occurs, it follows from Lemmas 2.2 (a) that

Tp+1 < 1, Tpyo < 1, Tpt+3 > 1, Tpya > 1, Tpys < 1733p+6 <1, Tp+7 > 1, Tp+8 >
1,.’Ep+9 <1, Tpt+10 < 1,

Tp+11 > 1, Tpt12 > 1, Tpt+13 < 1, Tpt14 < 1, Tpt15 > 17xp+16 > 1, Tpt17 < 1,
Tpr18 < 1, Tpy19 > 1,

Tpy20 > 1, Tpyo1 < 1, Tpyo2 < 1, Tpy23 > 1, Tpyo4 > 1,$p+25 < 1, Tpi26 < 1,
Tpyor > 1, Tpyo8 > 1, Tpy29 < 1,

Tpy3o < 1,$p+31 > l,l‘p+32 > 17.’L‘p+33 < 1,.’L‘p+34 < 1,.%'p+35 > 1,.’Ep+36 >
1,.’1,‘p+37 < 1,.’1,‘p+3g < 1,.’1,‘p+39 > 1,.’1,‘p+40 > 1,

Tpyq1 < 1,.’1,‘p+42 <1,...

If Case 2 occurs, then Lemma 2.2 (a) implies that

Tp+1 > ]., Tp4-2 < ]., Tp+3 > ]., Tp+4 < 17 Tp+5 > 17 Tp+6 < 17.’17p+7 > 1, Tp48 < 1,
Tpy9 > 1, Tp+10 < 1, Tpy11 > 1, Tpy12 < 1,

Tpy13 > 1, Tpt14 < 1, Tpt15 > 1, Tpt16 < 1, Tpt17 > 1, Tpt18 < 1, Tp+19 > 1,
Tpyo0 < 1, Tpyo1 > 1, Tpyo2 < 1, Tpy23 > 1,

Tpyoa < 1, Tpy25 > 1, Tpy26 < 1, Tpyor > 1, Tpyog < 1, Tpy29 > 1,$p+30 <
1, mpp31 > 1, Tpy3o <1, pi33 > 1, Tpyas <1,

Tpt+35 > 1, Tp4+36 < 1, Tpy3r > 1, Tp4+38 < 1, Tpy39 > 1, Tpt+40 < 1, Tpya1 >
1, mppa0 <1, Tpyuz > 1, piaa <1,....

We may now see that the lengths of the positive and negative semicycles is either
of the form ..., 2=, 2+, 2=, 2% 2= 2% 2= 2% .. or of the form ..., 17, 17, 17, 1T,
1=, 1%, 17,1%, ..., where 2~ stands for the length of a negative semicycle is 2, etc.

REMARK 3.1. It is easy to see that the cases in the proof of Theorem 3.1 are caused
by the perturbation of the initial values around the equilibrium T = 1. So, Theorem
3.1 indicates that the perturbation of the initial values may lead to the variation of the
trajectory structure rule for the solutions of Eq. (3).

THEOREM 3.2. Assume that a € [0,00). Then the positive equilibrium of Eq. (3)
is globally asymptotically stable.

PROOF. We must prove that the positive equilibrium of Eq. (3) is both locally
asymptotically stable and globally attractive. The linearized equation of Eq. (3) about
the positive equilibrium T =1 is

Yn+1=0-Yn +0-yp—1 +0-yp_o. n=20,1,2,...

By virtue of [2, Remark 1.3.1], T is locally asymptotically stable. It remains to verify
that every positive solution {z,},- , of Eq. (3) converges to 1 as n — co. Namely,
we want to prove

lim z, =1 (6)

n—oo
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If the initial values of the solutions satisfy (4), then Lemma 2.1 says the solution is
eventually equal to 1, and, of course, (6) holds. Therefore, we assume in the following
that the initial values of the solution do not satisfy (4). Then by Remark 2.1, we know,
for any solution {z,} - , of Eq. (3), z,, # 1 for n > —2.

If the solution is nonoscillatory about the positive equilibrium point T of Eq. (3),
then we know from Lemma 2.2(b), the solution is monotonic and bounded. So, the
limit lim,,_, o @, = L exists and is finite. Taking the limit on both sides of Eq. (3), we
obtain

_L*+3L+a
C3L24+1+a’

Solving this equation gives rise to L = 1, which shows (6) is true.

Thus, it suffices to prove that Eq. (6) holds for the solution which is strictly
oscillatory.

Consider now {z,,},- , strictly oscillatory about the positive equilibrium = of Eq.
(3). By virtue of Theorem 3.1, one understands that the lengths of positive and negative
semicycles which occur successively is ..., 27, 2%, 27,2+ 27, 2% 2= 2% or.. 17,
1+, 17, 1+, 17, 1+, 17,1+, ...

First, we investigate the case where the rule for the lengths of positive and negative
semicycles which occur successively is..., 27, 2%, 27, 2%, 27, 2% 2= 2% ..

For the sake of convenience, we denote by {z,, 2,11} and {z,2, 7,43} " the terms
of a negative semicycle and a positive semicycle of length two respectively. So, the
rule for the negative and positive semicycles to occur successively can be periodically
expressed as follows:

- +
{ Tp+4n, $p+4n+1} ) {xp+4n+27 $p+4n+3} ) n= 0, ]-7 2a

The following results (1) and (2) can be easily observed:
(1) @ptan < Tprant1 < Tptan+4;
(2) Tp+ant6 < Tptan+3 < Tp+dn42-
In fact, the above inequalities (1) and (2) follow directly from Lemma 2.2(b) and
Lemma 2.2(d), respectively.
We can see from inequality (1) and (2) that {@p44n} -, is increasing with upper
bound 1 and {Zpjan42}, ., is decreasing with lower bound 1. So the limits

lim zpy4, =L and lim xpiap42 =M
n—oo n—oo
exist and are finite. Furthermore, in light of (1) and (2) we can get
lim Tp+dan+1 = L
n—oo
and
lim Tp4+4n+3 = M
n—oo

Noting that

Lp4+4an4+2T4n+1T4n + Tp+4n+-2 + Tp4-dn+1 + Tp4-4n +a

x = .
p+4n+3
Tp44n+2Tp4+4n+1 Tp+4n4+2Lp4-4n Tp+4n+1Tp4-4n 1 a
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and taking the limit on both sides of this equality gives rise to

_ ML*4+M+2L+a
 2ML+L2+1+a’

Solving this equation we get M = 1.
So,

lim Tp+dan+2 = lim Tp4+4n+3 = 1.
n—o0 n—oo

Again taking the limit on both sides of the following equation

Tptan+3Cant2Tant1 + Tptdant3 + Tptdant2 + Tptantl +

Tpidnt+q = )
prn® Tptan+3%an+2 T Tptdn+3Tan+1 + Tptan+2Tant1 + 1+a
we get
_L+1+1+L+a
1+ L+L+1+a
So,
lim zpi4n = lim 2pi4n41 =1
n—oo n—oo
Thus,
lim zpiantr =1, k=0,1,2,3.
n—oo
Namely,

lim z, = 1.
n—oo
Second, we investigate the case where the rule for the lengths of positive and neg-
ative semicycles which occur successively is..., 17, 17, 17, 17, 17, 1%, 17,1", ...
Similar to the first case, the rule for the positive and negative semicycles to occur
successively can be periodically expressed as follows:

{xp+2n}_ 5 {xp+2n+1}+ 5 n = 07 17 2a

The following results can be easily obtained from Lemma 2.2(c):
(]-) Tpi2n < Tpt+2n+2;
(2) Tp+2n+3 < Tpt2on+1.
From these one can see {x,i2,} ~, is increasing with upper 1 and {zp4on41}, -
is decreasing with lower 1, therefore,
lim zpyon =L,
oo

n—

and

lim Tp4+2n+1 = M
n— 00
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exist and are finite.
Taking the limit on both sides of the following equality

Tp+2n+2Lp+2n+1Lp+2n + Tp+2n+2 + Tp+2n+1 + Lp+2n +a

T =
p+2n+3
Tpt2n4-2Lp+2n+1 Lpion4+-2Lp4+2n Tpion4+1Lptdan 1 a

we get

ML+ M+2L+a
LM+ IL24+ ML+1+a’

which yields M = 1. So,

lim Tp42n+1 = 1.
n—o0

Again, taking the limit on both sides of the following equality

Tp2n+3Lp4+-2n+2Tp4+2n+1 + Tp+2n+3 + Tp42n+42 + Tp2n+1 +a

€T =
p+2n+4 )
Tptont+3Tpt2ant2 + Tptont3Tptant1 + Tpyont2Tptant1 +1+a

we get

_L+1+L+1+a
T L+1+4L+14a

So,

lim x5, = 1.

n—oo

We have shown

lim z, =1,
n—oo

which completes our proof.

Acknowledgments. This work was supported by the NSF of Gansu Province of
China (3ZS042-B25-013), the NSF of Bureau of Education of Gansu Province of China
(0416B-08), the Key Research and Development Program for Outstanding Groups
of Lanzhou University of Technology and the Development Program for Outstanding
Young Teachers in Lanzhou University of Technology.

References

[1] R. P. Agarwal, Difference Eq.uation and Inequalities, 2"¢ ed., Dekker, New York,
1992, 2000.

[2] V. L. Kocic, G. Ladas, Global Behavior of Nonlinear Difference Equations of
Higher Oder with Applications, Kluwer Academic, Dordrecht, 1993.

[3] G. Ladas, Open problems and conjectures, J. Difference Eq. Appl., 2(1996), 449
452.



Zhang et al. 275

[4]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

X. Li. Qualitative properties for a fourth-order rational difference equation, J.
Math. Anal. Appl., 311(2005). 103-111.

S. Stevié¢, Global stability and asymptotics of some classes of rational difference
equations J. Math. Anal. Appl., in press.

M. R. S. Kulenovi¢, G. Ladas, L. F. Martins, I. W. Rodrigues, The dynamics of
Tpyl = #ﬁ@vmz Facts and conjectures, Comput. Math. Appl., 45(2003),
1087-1099.

S. Stevié, More on a rational recurrence relation, Appl. Math. E-Notes, 4(2004),
80-84.

T. Nesemann, Positive nonlinear difference equations: some results and applica-
tions, Nonlinear Anal., 47(2001), 4707-4717.

A M. Amleh, N. Kruse, G. Ladas, On a class difference equations with strong
negative feedback, J. Difference Eq. Appl., 5(1999), 497-515.

G. Ladas, Progress report on x, 1 = %, J. Difference Eq. Appl.,
1(1995), 211-215.

S. Stevié¢, On the recursive sequence x,y; = %7 Appl. Math. Lett.,
15(2002), 305-308.

A. M. Amleh, E. A. Grove, D. A. Georgiou, G. Ladas, On the recursive sequence
Tpal = %ﬂ"‘l, J. Math. Anal. Appl., 233(1999), 790-798.

C. Gibbons, M. R. S. Kulenovi¢, G.Ladas, On the recursive sequence x,; =

2188t Math. Sci. Res. Hot-Line, 4(2000), 1-11.

X. Li, D. Zhu, Global asymptotic stability for two recursive difference equation,
Appl. Math. Comput., 150(2004), 481-492.

X. Li, D. Zhu, Global asymptotic stability of a nonlinear recursive sequence, Appl.
Math. Lett., 17(2004), 833-838.

X. Li, D. Zhu, Two rational recursive sequence, Comput. Math. Appl., 47(10-
11)(2004), 1487-1494.

Y. Fan, L. Wang and W. T. Li, Global behavior of a higher order nonlinear
difference equation, J. Math. Appl., 299(2004), 113-126.

Y. H. Su. and W. T. Li. Global asymptotic stability of a second-order nonlinear
difference equation, Appl. Math. Computation, 168(2005), 981-989.

W. T. Li. and H. R. Sun, Dynamics of a rational difference equation, Appl. Math.
Computation, 163(2005), 577-591.

W. T. Li. and S. S. Cheng, Asymptotic properties of the positive equilibrium of a
discrete survival model, Appl. Math. Computation, 157(2004), 29-38




<<
  /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
  /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


