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Abstract 

In this paper, using one current conveyor and one 
current follower, a new realization of a 4-port circuit acting 
like a generalized mutator is being presented. The 4-port, 
under proper termination of two of the ports, behaves like a 
mutator and using the resulting 2-port mutator a 
meminductor and a memristor (memstors1 in general) are 
realized by connecting a memristor and a nonlinear resistor 
respectively to one of the ports. With the memristor model 
developed by Biolek et al. also included are simulation 
results that verify the signature of these elements. 

1. Introduction 

 In 1971, Leon Chua, benefiting from the rules of symmetry 
postulated a new element named “memristor” acronym for 
“MEMory ResISTOR” [1]. In 2008, 37 years later HP scientists 
published a paper declaring the physical realization of the 
memristor as a simple two-terminal device, thus linking 
memristor theories and applications [2]. With this realization 
and its mathematical model provided by HP, much research 
about the applications of the memristor has been done [3-5]. Not 
being available as an off the shelve device, lot of effort is being 
made to create simulation models for the memristor [6-11]. 
 A basic approach for these simulations comes from Chua’s 
introductory paper introducing mutators, 2-ports which 
transform one type of circuit element into another [1]. These 
mutations are achieved by preserving the original characteristic 
of the element which is being converted. 

As described in [1] there are several types of mutators, two 
for converting element type X into element type Y, called X-Y
mutator and each type can be implemented in two ways with 
various interconnections of controlled sources. The M-R type 1 
mutator, introduced in [1], has been the first realization with a
circuit consisting of two operational amplifiers, 14 transistors, 
and a number of passive components. 

Many mutator circuits have been proposed since then for 
realizing memstors, and gyrator circuits for mutating memristors 
to memiductors or memcapacitors using combinations of several 
active devices such as operational transconductance amplifiers, 
operational amplifiers, adders-subtractors, second-generation 
current conveyors (CCII), with passive elements [12-18].  

In this paper, a new realization of a 4-Port generalized 
mutator circuit introduced in [18], which has two important 
advantages, will be given. In comparison with the other mutator 
circuits the first advantage of this 4-port is its simple structure 

                                                          
1 A generic name introduced in [18] to cover the family of nonlinear 

memory elements namely, memristor, memcapacitor, meminductor.

and the second one is the ability of transforming many kinds of 
circuit elements to others by suitable termination of the ports.

2. M-R Mutators 

Two types of M-R mutator realized with dependent sources 
and extracted from [1], are presented in Table 1. 

Table 1. Two types of M-R mutators.

Type Symbol Equivalent Circuit
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Both type of mutators convert voltage-current characteristic 
of the resistor at port 2 to that of a memristor with same 
characteristic at port 1 but with a minor difference: for Type-1�� − �� characteristic is mutated to a �	 − 
	 whereas for 
Type-2 to that of a 
	 − �	 characteristic. In the sequel the 
generalized 4-port is so designed that both types of mutators can 
be obtained with proper termination of two of the ports. 

General definitions of time-invariant nonlinear-resistor and 
memristor are given as  

��(��, ��) = 0   (1) 

Where ��, �� are the voltage and the current of the resistor and 

�	(�	, 
	) = 0    (2) 

Where 
	 − �	 are the flux and electric charge of the 
memristor respectively. 

The similarity of characteristics (1) and (2) can be observed 
by linear transformations of the coordinates as in (3) 

��	 = 
���
	 = 
���� (3)

Where 
� and 
� are real constants with values depending 
on how the mutator is designed. 
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3. Generalized Mutator 4-Port 
 

The proposed generalized mutator circuit is designed using 
only one Current Follower (CF) and one second-generation 
Current Conveyor (CCII) as illustrated in Fig. 1. 
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Fig. 1. Generalized 4-port mutator 

 
This circuit was first designed for the purpose of realizing 

grounded or floating inductors [19]. Here, this circuit is slightly 
modified for the purpose of realizing a 4-port mutator for 
transforming basic circuit elements to memstors or mutating the 
memristor to other circuit elements with nonvolatile memory 
like meminductors and memcapacitors. As will be shown in the 
next sections the usage of this circuit can be extended by 
connecting different circuit elements to some of the ports. 

The defining relations of ideal CCII+ and CF elements are 
given with the matrix representations as depicted in (4) and (5) 
respectively. 

 ������� � = �0 0 01 0 00 1 0� ��������    (4) 

 � ����� = �1 00 0� ������       (5) 

 
According to (4) and (5) the relation between port currents 

and voltages of the circuit in Fig. 1 become: 
 �� = ��    (6) �� = ��    (7) �� = ��    (8) �� = ��    (9) 

In matrix form (6-10) can be rewritten as: 
  

� ��������
� = �1 00 1 0 00 00 00 0 1 00 1 � ��������

�    (10) 

 
The same expression (10) is given in [18] using simple adder 

subtractor circuits. Two proper terminations of the ports will be 
considered: the first one is concerned with the realization of a 
meminductor from memristor (shown in the third section,) and 
the second one realization of a memristor from a nonlinear 
resistor (shown in the fourth section.) 

 
4.1. Meminductor Realization with Memristor 

 
As shown in Figure 2., by connecting a resistor to port 4, a 

capacitor to port 2, and a memristor to port 3, a nonvolatile 
meminductor is observed at port 1; its circuit is shown in Fig. 2. 
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Fig. 2. Meminductor realization with memristor terminated mutator 
 
General definitions of memristor and meminductor are given 

respectively by (11) and (12):  
 �	(�, 
) = 0 (11) 
 
where �	 is the constitutive relation between the flux � and the 
charge 
 of the memristor 
 �!(", 
) = 0 (12) 
 
and �! is the constitutive relation between ", the Time Integral 
of Flux (TIF), and 
 of the meminductor. 

The similarity of characteristics (11) and (12) can be 
observed by linear transformations of the coordinates as in (13) 
 ��	 = 
�"!
	 = 
�
! �       (13) 

where 
� and 
� are real constants with values depending on 
how the mutator is designed. 
 
According to (10), �� = �� → 
� = 
�   (14) 

 
Proceeding with the analysis of the meminductor mutator 

circuit shown in Fig.2, the resistor at port 4 gives:  
 �� = $��   (15) 

And the capacitor at port 2 yields: 
 �� = % &'*&+    (16) 

Using the chain of equalities (10), (16) with (17) 

           �� = $% &'*&+      (17) 

and taking twice the time integral of both sides of (17) gives: "� = $�%��  (18) 

 
Finally replacing (18) and (14) in (11) gives: 

 �	 . ��/2 "�, 
�3 = 0  (19) 

By comparing (13) and (19), 
� = ��/2 and 
� = 1 hold. 
 

The meminductor circuit of Fig. 2 has been simulated by 
applying a sinusoidal current source with amplitude of 10 mA 
and frequency of 20 Hz to port 1. The HP memristor model with 
parameter values 4'=105��67�85��5�, Ron=10Ω, Roff=20kΩ, 
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Rinit=5kΩ, and as window function Joglekar’s model [20] �(9, :) =  1 – ;29 –  1>�?
 with p =10 have been used [2]. The 

resistor and capacitor values are selected as 1kΩ and 1nF, 
respectively. The results of the SPICE simulation are shown in 
Fig. 3 confirming the meminductive signature between � and i.  
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Fig. 3. � − �  characteristics of the meminductor. 

 
4.2. Memristor Realization with Nonlinear-Resistor 

 
As shown in Table. 2, by connecting a capacitor to port 1, an 

inductor to port 2, a nonlinear-resistor to port 4, a memristor will 
be seen from port 3. The circuit is illustrated in Fig. 3. 
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Fig. 4. Memristor realization with resistor terminated mutator 

 
The general definition of a nonlinear-resistor is given as: 

 

                                           ��(�� , ��) = 0      (20) 
 
where �� is the algebraic constitutive relation between the 
voltage � and the current �. Using the port 4 variables shown in 
the circuit diagram of Fig. 4 
 

    ��(�� , ��) = 0    (21) 
 

is obtained. Replacing �� for �� and �� for �� in (21), according 
to (10), gives 

           ��(�� , ��) = 0,                    (22) 
 

replacing  �@ ∫ i� instead of v� , �B ∫ v� instead of i� in (22) yields 
 �� .�2 ∫ �� , �! ∫ ��3 = 0.  (23) 

 
Again, replacing �� for �� and �� for �� in (23) according to 
(10), results in: 

 �� .�2 ∫ �� , �! ∫ ��3 = 0  (24) 
 
Finally, replacing the integrals in (24) with 
� and �� (25) is 

obtained. 

�� .�2 
�, �! ��3 = 0   (25) 
 

By comparing (3) and (25), that 
� = % and 
� = C can be 
verified. 

 
The circuit presented in [17] and shown in Fig. 5 is used for 

the nonlinear resistor in Fig.4; it was implemented with one 
Diode (1N 4148) and two resistors. Its characteristic shown in 
Fig. 6 is obtained by applying a voltage source �� . 

 
 

Fig. 5. Implementation on non-linear load of M-R mutators 
 

The mutator circuit in Fig. 4 was simulated by applying a 
sinusoidal current source with amplitude and frequency of 1 mA 
and 20 Hz, respectively to port 3. The inductor and capacitor 
values were selected as 0.01 μH and 20 μF, respectively. 
Simulation results are shown in Fig. 7. which confirm the 
memristive relationship between � and �. 
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Fig. 6. � − �  characteristic of the non-linear resistor 
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Fig. 7. � − �  Characteristic of the memristor mutator. 

 
6. Conclusions 
 
In this paper a simple 4-port circuit structure introduced in 

[18] for converting one circuit element type to another has been 
given a new design using one current conveyor and one current 
follower. In particular this 4-port, acting like a mutator when 
two of the ports are properly terminated, can be used for 
converting conventional circuit elements such as capacitors, 
resistors, inductors, and nonlinear resistors to each other as well 
as to memristors or transforming memristors to other nonvolatile 
memory elements like meminductors and memcapacitors.  
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Using the memristor models developed by Biolek et al. [7] 
and by Strukov [2], a memristor and a meminductor have been 
 

simulated via a nonlinear resistor and a memristor respectively. 
Results confirmed the characteristics expected of memstors. 

Table 2. Different element realizations according to Fig.1 [18] 

# Ports Output Ports Element 

  1 2 3 4       

1 - Capacitor Memristor Resistor 1 - MEMINDUCTOR 

2 - Inductor Resistor Memristor 1 - MEMCAPACITOR 

3 - Inductor Memristor Resistor 1 - MEMCAPACITOR 

4 - Resistor Memristor Inductor 1 - MEMINDUCTOR 

5 Capacitor Memristor - Resistor 3 - MEMCAPACITOR 

6 Capacitor - Resistor Memristor 2 - MEMINDUCTOR 

7 Inductor - Memristor Resistor 2 - MEMCAPACITOR 

8 Capacitor Inductor - Non Linear Resistor 3 - MEMRISTOR 

9 Inductor Capacitor Non Linear-Resistor - 4 - MEMRISTOR 
 
 

7. References 
 

[1] L.O. Chua, “Memristor–the missing circuit element,” IEEE Tr. on 
Circuit Theory, vol. CT-18, no. 5, pp. 507– 519, 1971. 

[2] D.B. Strukov, G.S. Snider, D.R. Stewart, and R.S. Williams, “The 
missing memristor found” Nature, vol. 453, pp. 80 – 83, 2008. 

[3] I.C. Goknar, F. Oncul, E. Minayi, “New Memristor Applications: 
AM, ASK, FSK, and BPSK Modulators,” Antennas and 
Propagation Magazine, IEEE, vol.55, no.2, pp.304-313, April 
2013. 

[4] K. Hyongsuk, M. P. Sah, Y. Changju, C. Seongik, L. O. Chua, 
“Memristor Emulator for Memristor Circuit Applications,” 
IEEE Tr. on Circuits and Systems I: Regular Papers, vol.59, 
no.10, pp. 2422-2431, Oct. 2012 

 [5] K. Hyongsuk, M.P. Sah, Y. Changju, L.O. Chua, “Memristor-
based multilevel memory,” Cellular Nanoscale Networks and 
Their Applications (CNNA) 2010, 12th International Workshop 
on , vol., no., pp.1-6, 3-5 Feb. 2010 

[6] S. Benderli, and T.A. Wey, “On SPICE macromodelling of TiO2 
memristors,” Electronics Letters, vol. 45, no. 7, pp. 377–379, 
2009. 

[7] Z. Biolek, D. Biolek, V. Biolková, “SPICE model of memristor 
with nonlinear dopant drift,” Radioengineering, vol. 18, no. 2, 
pp. 210–214, 2009. 

[8] S. Shin, and S-M. Kang, “Compact models for memristors based 
on charge-flux constitutive relationships,” IEEE Tr. on 
Computer-Aided Design of Integrated Circuits and Systems, 
vol. 29, no. 4, pp. 590 – 598, 2010. 

[9] A. Rák, and G. Cserey, “Macromodeling of the Memristor in 
SPICE,” IEEE Tr. on Computer-Aided Design of Integrated 
Circuits and Systems, vol. 29, no. 4, pp. 632–636, 2010. 

[10] D. Biolek, Z. Biolek, V. Biolková, “SPICE Modeling of 
Memristive, Memcapacitative and Meminductive Systems,” 
Proceedings ECCTD '09, Antalya, Turkey, pp. 249–252, 2009. 

 
 
 
[11] J. Valsa, D. Biolek, Z. Biolek, “An analogue model of the 

memristor,” International Journal of Numerical Modelling: 
Electronic Networks, Devices and Fields, vol. 24, no. 4, pp. 
400-408, 2011. 

[12] Y.V. Pershin, M.Di Ventra, “Memristive circuits simulate 
memcapacitors and meminductors,” Electronics Letters, vol. 46, 
no. 7, pp. 517 – 518, 2010. 

[13] Y. V. Pershin, and M. Di Ventra, “Emulation of floating 
memcapacitors and meminductors using current conveyors,” 
Electronics Letters, vol. 47, no. 4, pp. 243 – 244, 2011. 491 

[14] D. Biolek, V. Biolkova, “Mutator for transforming memristor 
into memcapacitor,” Electron Letters, vol. 46, no. 21, pp. 1428 
– 1429, 2010. 

[15] Y. V. Pershin, M. Di Ventra, “Emulation of floating 
memcapacitors and meminductors using current conveyors,” 
Electron Letters, vol. 47, no. 4, pp. 243-244, 2011. 

[16] D. Biolek, V. Biolkova, Z. Kolka, “Mutators simulating 
memcapacitors and meminductors,” IEEE Asia Pacific 
Conferance on Circuits and Systems (APCCS), 6-9 Dec. 2010, 
Kuala Lumpur. pp. 800 – 803. 

[17] D. Biolek, J. Bajer, V. Biolkova, Z. Kolka, “Mutators for 
transforming nonlinear resistor into memristor,” Proceedings 
ECCTD’11, pp.488-491, 29-31 Aug. 2011 

[18] S. Minaei, I.C. Goknar, M. Yildiz, E. Yuce “Memstor, 
Memstance Simulations via a Versatile 4-port Built with New 
Adder and Subtractor Circuits” Submitted to International 
Journal of Electronics. 

[19] E. Yuce, S. Minaei, “On the realization of simulated inductors 
with reduced parasitic impedance effects”, Circuits, Syst. Signal 
Proces., vol. 28, no. 3, pp. 451-465, 2009. 

[20] Joglekar, Y. N. and Wolf, S. J., “The Elusive Memristor: 
Properties of Basic Electrical Circuits”, Eur. J. Phys., 30, 661-
675, 2009. 

 

8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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.)
    /JPN <>
    /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


