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Abstract 

A DSSN model is a neuron model which is designed to be implemented efficiently by digital arithmetic 
circuit. In our previous study, we expanded this model to support the neuronal activities of several cortical 
and thalamic neurons; Regular spiking, fast spiking, intrinsically bursting and low-threshold spike. In this 
paper, we report our implementation of this expanded DSSN model and a kinetic-model-based silicon 
synapse on an FPGA device. Here, synaptic efficacy was stored in block RAMs, and external connection 
was realized based on a bus that conform to the address event representation. We simulated our circuit by the 
Xilinx Vivado design suit. 

Keywords: silicon neuronal network, neuron model, FPGA, cortex, thalamus. 

 

1. Introduction 
Silicon neuronal networks can simulate neuronal activity 
with low power consumption and in high speed. They are 
thought to be a promising way to realize an extremely 
large-scale network comparable to the human brain in 
future. The Field-Programmable Gate Array (FPGA) 
devices are commonly used for silicon neuronal networks 
because they can implement user-designed circuits with 
low cost. Many silicon neuronal networks on an FPGA 
can run at a higher speed than the biological real-time 
[1][2]. For example, a fully-connected 1024-neuron 
network that is 100 times the real-time speed has been 
implemented on a single Virtex-5 FPGA [3]. Thomas et al. 
adopted the Izhikevich (IZH) model that can simulate 
various types of neuronal activities with their 
corresponding parameter sets. Li et al. [4] constructed an 

auto-associative memory with 256 fully connected digital 
spiking silicon neuron (DSSN) models on an FPGA. The 
DSSN model [5] is an qualitative neuronal model 
designed for efficient implementation by efficiently in a 
digital arithmetic circuit. This model is a non-I&F-based 
model and can realize several neuronal activities 
including Class I and II in the Hodgkin’s classification 
[6]. This model can reproduce the gradient response in 
Class II neurons [7], because it does not abbreviate the 
calculation of the spiking process. Due to a trade-off 
between the reproducibility of neuronal activity and 
computational efficiency, diversified neuronal models are 
used in silicon neuronal networks. For example, the 
ionic-conductance models can reproduce a neuronal 
activity accurately but consumes excessive computational 
resources in large-scale implementations. On the other 
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hand, neuronal models that approximate a spiking process 
by resetting of the state variables (integrate-and-fire 
(I&F) -based models), such as the LIF, exponential I&F 
model [8], adaptive exponential I&F model [9] and IZH 
models, can be implemented at low computational cost. 
However, it has reduced reproducibility of complex 
neuronal activities. For instance, these models assume 
fixed maximum membrane potentials during the spike 
process, whereas these potentials are non-uniform in the 
nervous system. 

In our previous research [10], we expanded the DSSN 
model to cover cortical and thalamic neuron classes, 
including regular spiking (RS), fast spiking (FS), 
low-threshold spike (LTS) and intrinsically bursting (IB). 
We confirmed that the model behaves in the same way as 
the ionic-conductance model [11] in response to various 
magnitude of step input in each neuron classes.  
 In this paper, we designed digital arithmetic circuit for 
the DSSN model on an FPGA. We simulated our circuit 
on Xilinx Vivado design suit. The remainder of this paper 
is organized as follows. Section 2 introduces our neuron 
model and details of its implementation. The simulation 
result is shown in Section 3. Section 4 summarizes the 
work and suggests ideas for future. 
 

 

Fig.1 Block diagram of the v-circuit. Symbols ×, + and MUX 
mean a multiplier, adder, multiplexer, respectively.  (A) 
Multiplication realized by shift operation and adder. (B) Add 
operation of the differential equation of v. (C) Correct 𝑣𝑖𝑖  are 
chosen by multiplexer depending on v and u. 

 

 

 

2. Methods 

2. 1 DSSN model 
The DSSN model is a qualitative neuronal model. 
It is designed so that diverse neuronal activities with 
fixed point Euler method. Given appropriate parameter 
sets, this model can reproduce various neuron classes 
including regular spiking (RS), fast spiking (FS), 
intrinsically busting (IB), and low-threshold spike (LTS). 
The model is given by 
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where v denotes the membrane potential, and n and q are 
the fast and slow variables, respectively, that abstractly 
describe the activity of the ion channels. The slow 
variable q controls the slow dynamics of the neuronal 
activity and has a key role to realize spike-frequency 
adaptation and burst firing. Variable u is the slowest that 
modifies the structure of the fast subsystem comprising v 
and n. If sustained stimulus to the fast subsystem is taken 
as a bifurcation parameter, a saddle-node bifurcation is 
observed in the RS, FS, and LTS modes, and a 
homoclinic - loop bifurcation in the IB mode. The 
parameter I_0 is a bias constant and I_stim represents the 
input stimulus. The other parameters determine the 
dynamical properties of the model. All of the variables 
and constants in this qualitative model are purely 
abstracted and have no dimension. 

v × 1

× 2−3

× 2−5

× 2−8

x 1.00101001
A

v_v0n

x 0.0011111 (= 0.01 – 0.0000001)

× 2−2

× −2−7 v_v0p

v_v0n

u

MUX

MUX

MUX

MUX

v
B

v_v0p

v_v1n

v_v1p

v_v2n

v_v2p

v_v

C
v_v
v_vv

v_u

v_n
v_q

v_c

vnext

Published by Atlantis Press
Copyright: the authors

239



 
 
 
 

An FPGA-based cortical and 

 
 

 
Fig. 2 The architecture of 16 fully-connected network. The 
network is composed of 16 DSSN, 16 silicon synapse, and an 
accumulator unit 
 
The model is solved by the Euler’s method (∆t =
0.0001). We developed differential equations for efficient 
implementation. The equations of the circuit for 
calculation of v are 

𝑣next =  𝑣_𝑣𝑣 + 𝑣_𝑣 + 𝑣_𝑛 + 𝑣_𝑞 + 𝑣_𝐼 + 𝑣_𝑐, 
𝑣_𝑣𝑣𝑖𝑖 = 𝑣2 ∙ �∆𝑡 ∙ 𝑎𝑓𝑓 ∙ ∅𝑖/𝜏�, 

𝑣_𝑣𝑖𝑖 = 𝑣 ∙ �∆𝑡 ∙ 𝑏𝑓𝑓 ∙ 𝑎𝑓𝑓 ∙ ∅𝑖/𝜏 + 1�, 
𝑣_𝑛𝑖𝑖 = 𝑛 ∙ (−∆𝑡 ∙ ∅𝑖/𝜏), 
𝑣_𝑞𝑖𝑖 = 𝑞 ∙ (−∆𝑡 ∙ ∅𝑖/𝜏), 
𝑣_𝐼𝑖𝑖 = 𝐼stim ∙ (∆𝑡 ∙ ∅𝑖/𝜏), 

𝑣_𝑐𝑖𝑖 = ∆𝑡 ∙ (𝑏𝑔𝑔 ∙ 𝑏𝑔𝑔 ∙ 𝑎𝑔𝑔 + 𝑐𝑔𝑔)/𝜏, 
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⎩
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⎨

⎪⎪
⎧
𝑣_𝑥0𝑛       when                   𝑢 <  𝑟𝑢0 and 𝑣 > 0,
𝑣_𝑥0𝑝       when      𝑟𝑢0 <  𝑢 <  𝑟𝑢1 and 𝑣 > 0,
𝑣_𝑥1𝑛       when                  𝑟𝑢1 <  𝑢  and 𝑣 > 0,
𝑣_𝑥1𝑝       when                    𝑢 <  𝑟𝑢0 and 𝑣 > 1,
𝑣_𝑥2𝑛       when       𝑟𝑢0 <  𝑢 <  𝑟𝑢1 and 𝑣 > 1,
𝑣_𝑥2𝑝       when                     𝑟𝑢1 < 𝑢 and 𝑣 > 1,

 

                                                   for    𝑥 = 𝑣𝑣, 𝑣,𝑛, 𝑞, 𝐼, and 𝑐. 
where, i denotes 0, 1, or 2 and j denotes n or p. In these, 
equations, we can calculate a product of parameters in 
advance and store it as a constant value. The 
multiplication of a variable and a parameter is realized by 
shifters and adders (Fig.1(A)). To reduce the number of 
adders, coefficient was approximated by the sum of 
2^(-x); x denotes arbitrary integer number. Multiplier 
circuit is used once in an Euler’s method’s step for 
calculation of  v^2. v_ij are screened by the multiplexer 
depending on the value of v and u (Fig. 1(C)). We 
constructed n-circuit and q-circuit in the same way. The 
DSSN unit consumes 1 multiplier and 4 multiplexers. The 
numbers of adders are 35, 33, 60, and 88 for RS, FS, LTS, 
and IB classes. 

 
Fig. 3 The architecture of external connection. This module has 
16 silicon synapse units and 16 accumlator units and an 
AER decoder. 
 
 We adopted the silicon synapse circuit in [4] based on 
the kinetic synapse model [12].The equations are given 
by 

𝑑𝐼𝑠
𝑑𝑑

= �𝛼
(1 − 𝐼𝑠)           ([𝑇] = 1)

−𝛽𝐼𝑠                    ([𝑇] = 0) 

where, 𝐼𝑠  represent the post-synaptic current and the 
value of [T] is 1 when the membrane potential of the 
presynaptic neuron is over the threshold (0). This silicon 
synapse unit costs 1 multiplexer and 2 adders, and it 
requires 2 clocks by a step. 
 
2.2 Circuit architecture  
Our circuit is composed of  16 fully-connected neurons 
and external input from an address event representation 
(AER)–based stimulus receiver module. The 
fully-connected neuronal network consumes 16 DSSN 
and 16 silicon synapse units and an accumlator unit 
comprising 1 multiplier and  1 adder and an 18kb block 
random access memory that stores synaptic weights (Fig. 
2). The synapse units calculate postsynaptic input 
depending on the 1-bit signal that denotes whether the 
membrane potential v of the pre-synaptic DSSN is over 
the threshold or not. The accumlator unit calculates 
weighted sum of the post-synaptic input. The 𝐼stim is 
calculated  as follows.  

𝐼stim𝑖 = 𝐶0�𝑤𝑖𝑖

16

𝑗=1

𝐼𝑠
𝑗 + 𝐼𝑒𝑖  
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Fig .4 Waveforms generated by the DSSN unit of RS (a), FS (b), 
LTS (c, d), IB (e). Excitable step inputs rise at t = 0.1 (a-c,e). 
inhibitory step inputs are provided from t = 0.2 to t = 1.0 (d). 
 
where i and j are the indices of the post- and pre- synaptic 
neurons respectively, and 𝐼𝑒𝑖  denotes an external input to 
the i th neuron, respectively. The parameter 𝑐0  is a 
coefficient to scale 𝐼stim into an appropriate range. 

The units for the external connection is composed of 16 
silicon synapse units and 16 accumulator units and an 
AER decoder (Fig.3). AER decoder receives 14-bit input 
signal by a clock. First 12-bit of input signal specifies an 
address of 4096 synapses by AER decoder. Next 1-bit 
represents rising or trailing of the pulse input, and the 
value of the bit is stored in the register corresponding to 
the specified address. Therefore, we can assigne input 
pulse having an arbitrary length. Last 1-bit is an enable 
signal. 
 Synaptic weights are loaded from the 16 18kb block 
random access memory. A synapse unit updates 256 
post-synaptic current depending on the decoded input 
signal at each ∆t  step, and the accumulator unit 
calculates an weighted sum of the post-synaptic inputs. 

𝐼𝑒𝑖 = 𝑐1�𝑤𝑖𝑖

256

𝑘=1

𝐼𝑠𝑘 

where i and k are the indices of  the neurons and 
synapses, respectively. The parameter 𝑐1 is a coefficient 
to scale 𝐼𝑒𝑖  into an appropriate range. 
 In our system, a ∆t step corresponds to 1024 clocks, 
and  1024 input signals are acceptable by 1 step. The 
DSSN unit require 10000 steps to simulate a second, and 
it runs 10 times faster than real-time under the 

assumption that a clock correspond to 10 ns. We represent 
all variables and synaptic weights using  18-bit signed 
fixed point with 14-bit fractions. 

 
Fig.5 Raster plots of the spikes in the network. Neurons are RS 
(Neuron ID = 0-3), FS (4-7), LTS (8-11), IB (12-15).  
 
3. Result 
Here, we show the waveforms generated by the DSSN 
unit in response to external stimulus inputs. Figure 4(a) 
shows the waveform of the RS class that is a most typical 
neuron class in the cortex. A characteristic behavior of 
this class is spike-frequency adaptation; that is, the spike 
frequency decreases over time in response to a constant 
stimulation input. On the other hand, FS neurons fire with 
almost constant frequency (Fig.4(b)). LTS neurons 
exhibit periodic firing in reaction to excitable input 
stimulus (Fig.4(c)) and generate a burst firing just after 
the termination of a sufficient hyperpolarizing stimulus 
(Fig.4(d)). IB neurons generate the bursting at the onset 
of a stimulus, then continue to spiking (Fig. 4(e)). 

Figure 5 shows raster plots of the spikes in the network. 
We applied 12-bit signal correspond to each neuron by 
rotation and evoked spike, and additional spikes were 
evoked by the inner connection. Synaptic weights were 
assigned randomly.  
  
4. Conclusion 
In this paper, we constructed digital circuit of the DSSN 
model that supports four cortical and thalamic neuron 
classes. The implemented circuit could generate activities 
qualitatively comparable to the ionic-conductance model 
for each neuron class. It consumed only 1 multiplier for 
calculation of an Eular’s Method’s step, which is an 
expensive module in an FPGA. We confirmed the 
behavior of a network of 16 fully-connected DSSNs that 
can receive stimuli via 4096 synapses. Each synapse is 
controlled by 12-bit input signal through an AER 
decoder. 
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 Our previous study implemented the DSSN model that 
supports the Class I and Class II  in the Hodgkin’s 
classification. We expect the circuit constructed in this 
work will be a basis for digital silicon neuronal networks 
that can support a wide variety of neuronal activities 
more elaborately than the I&F-based circuits. 

In future works, we will implement the DSSN model 
that supports the square-wave bursting and elliptic 
bursting which were already realized by software 
simulation. Larger-scale network will also be pursued.  
 
Acknowledgement 
This work was supported by JSPS Grant-in-Aid for scientific 
Exploratory Research Number 25240045. 
 
Reference 
1. R. K. Weinstein and R. H. Lee. Architectures for 

high-performance fpga implementations of neural models. 
J. Neural Eng, 3(1):21–34, 2006. 

2. M. J. Pearson, A. G. Pipe, B. Mitchinson, K. Gurney, C. 
Melhuish, I. Gilhespy, and M. Nibouche. Implementing 
spiking neural networks for real-time signal-processing 
and control applications: A  model-validated fpga 
approach. IEEE Transactions on Neural Networks, 
18(5):1472–1487, 2007. 

3. D. B. Thomas and W. Luk. Fpga accelerated simulation of 
biologically plausible spiking neural networks. In K. L. 
Pocek and D. A. Buell, editors, FCCM, pages 45–52. IEEE 
Computer Society, 2009 

4. J. Li, Y. Katori, and T. Kohno. An fpga-based silicon 
neuronal network with selectable excitability silicon 
neurons. Frontiers in neuroscience, 6(183), 2012. 

5. T. Kohno and K. Aihara. Digital spiking silicon neuron: 
Concept and behaviors in gj-coupled network. Proceedings 
of International Symposium on Artificial Life and Robotics 
2007, 2007. 

6. A. L. Hodgkin. The local electric changes associated with 
repetitive action in a non-medullated axon. The Journal of 
physiology, 107(2):165–181, Mar. 1948 

7. X.-J. Wang and J. Rinzel. Oscillatory and bursting 
properties of neurons. In M. A. Arbib, editor, The 
Handbook of Brain Theory and Neural Networks, pages 
835–840. MIT Press, MA, 2nd edition, 2003. 

8. N. Fourcaud-Trocmé, D. Hansel, C. van Vreeswijk, and N. 
Brunel, How spike generation mechanisms determine the 
neuronal response to fluctuating inputs, J. Neurosci., 
23(37):11628 –11640, 2003. 

9. R. Brette and W. Gerstner. Adaptive Exponential 
Integrate-and-Fire Model as an Effective Description of 
Neuronal Activity. J. Neurophysiol., 94:3637–3642, 2005. 

10. T. Nanami and T. Kohno. Simple cortical and thalamic 
neuron models for digital arithmetic circuit implementation. 
In preparation. 

11. M. Pospischil, M. Toledo-Rodriguez, C. Monier, Z. 
Piwkowska, T. Bal, Y. Fregnac, H. Markram, and A. 
Destexhe. Minimal hodgkin-huxley type models for 
different classes of cortical and thalamic neurons. 
Biological Cybernetics, 99(4-5):427–441, 2008. 

12. Alain Destexhe, Zachary F. Mainen, and Terrence J. 
Sejnowski. Kinetic Models of Synaptic Transmission. in: 
Methods in Neuronal Modeling, Edited by Koch, C. and 
Segev, I. (2nd Edition) MIT Press, Cambridge, 1998 

 

Published by Atlantis Press
Copyright: the authors

242



<<

  /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

  /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 ()

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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.)

    /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.)

  >>

  /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



