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ABSTRACT
Despite their many advantages, FPGAs still come with sig-

nificant overheads in area, delay, and power consumption

due to an extreme programmability in both the routing and

logic. From the performance perspective, large logic blocks,

capable of covering big portions of circuits, lead to fewer

hops in the routing network, and thus, to a shorter criti-

cal path. Recent work has shown that And-Inverter Cones

(AICs) can considerably reduce the number of logic block

levels compared to Look-Up Tables (LUTs), in a radically

altered FPGAs architecture. In this paper, we use AICs

as shadow logic for LUTs, which incurs minimal architec-

tural changes with respect to current FPGAs, while exploit-

ing the benefits of both AICs and LUTs. We also propose

changes in the AIC architecture, for a more compact tech-

nology mapping. The new architecture reduces the average

circuit delay by up to 35% with respect to standard FPGAs

at the expense of a 3x increase in the number of the logic

clusters. Other benchmarks show more moderate area over-

heads, e.g., 16% delay improvement for 20% area overhead.

1. INTRODUCTION

The trade-off between flexibility and performance is a con-

stant challenge in the design of general-purpose architec-

tures like FPGAs. In this paper, we propose shadow And-
Inverter Cones (AICs) to improve the performance of present

FPGAs without compromising their flexibility. Unlike the

application of shadow logic to improve area efficiency [1],

this paper entirely focuses on improving performance.

And-Inverter Cones were proposed as an alternative to

Look-Up Table (LUT)-based FPGAs [2]. The main advan-

tage of AICs is their scalability; the area of an AIC increases

linearly with the number of inputs and not exponentially as

in LUTs. However, replacing LUTs by AICs requires radi-

cal changes in the FPGA architecture, which jeopardizes its

early adoption by FPGA manufacturers. As an alternative,

we propose to include AICs as shadow logic to LUTs in ex-

isting FPGAs. A 6-AIC block, having 64 inputs, is placed

“behind” some of the LUTs in a cluster. The area of the AIC

is only around 7% of the LUT cluster area, and the delay

penalty of adding the AIC block to the cluster is negligible.

With an AIC as a shadow logic block to a group of LUTs,

the mapping tool has the option of using the AIC instead of

the group of LUTs whenever it brings a performance advan-

tage. Furthermore, we suggest an enhancement to the orig-

inal AIC architecture, which results in area reduction and

better timing.

The rest of the paper is organized as follows: Section 2

introduces the new shadow logic cluster. Our modified tech-

nology mapping approach and area recovery are briefly de-

scribed in Section 3. Section 4 presents the experimental

methodology and evaluates the results for the new architec-

ture. Finally, Section 5 draws conclusions.

2. THE NEW SHADOW LOGIC CLUSTER

The new shadow logic cluster is used to improve the per-

formance of FPGAs by adding an AIC block as shadow to

some of the LUTs of an existing logic cluster. The following

subsections describe the enhanced AIC structure as well as

the general architecture of the shadow cluster.

2.1. Enhanced And-Inverter Cones

The AIC [2] is a full binary tree of cells which can be con-

figured as 2-input NAND or AND gates. The architecture of

the AICs is inspired from the And-Inverter Graphs (AIGs) [3],

where all nodes are 2-input AND gates with an optional in-

version at the output.

However, in this original AIC architecture, inverters are

not available at the inputs of the cells. Therefore, nodes

whose fanouts include both inverted and non-inverted edges

cannot be represented as-is. To accommodate these cases,

some AIG transformations—such as duplicating the node

that has the fanout or adding an inverter node at its output—

are required, which increase the size of the AIG. This is only

a constraint for AIC mapping and not for LUTs, as the in-

version can be fixed internally by an appropriate LUT con-

figuration.
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Fig. 1. Enhanced 3-AIC architecture. A 3-AIC has three

levels of cells and eight inputs. We add a programmable

inversion at the input of the first level (B) nodes, improving

the flexibility of the cone.

In this work, we change the architecture of the AIC nodes

at the first level of the cone to support programmable input

inversions as well as programmable output inversions. This

provides more flexibility and allows the AIC to map a larger

subset of functions without the need for duplication or ad-

ditional inverter nodes, which reduces the mapping cost in

terms of both area and delay. Figure 1 shows the new AIC

architecture. Nodes labelled as “B” have the new architec-

ture, while the other nodes remain unchanged.

Figure 2 indicates the potential area reduction when the

selected benchmarks are mapped on the enhanced AIC as

opposed to the original AIC. Area reduction is more pro-

nounced in benchmarks having a high rate of node duplica-

tion and input inversions when mapped on the original AIC.

2.2. Shadow Cluster Architecture

The new shadow cluster consists of the traditional FPGA

cluster with one AIC as a shadow logic to a set of LUTs.

For such an architecture, the mapper selects the AIC or the

LUTs depending on the area and delay requirements. We

chose the Altera Stratix-III [4] as the reference FPGA ar-

chitecture where, each cluster has 10 logic blocks, called

Adaptive Logic Modules (ALM). Each ALM has eight in-

puts and two outputs. A 6-AIC block is used as a shadow

to eight ALMs while the two remaining ALMs can be used

exclusively for LUT-only implementation. This 6-AIC has

64 inputs and 31 outputs, which allows it to share those in-

puts with the shadowed LUTs while keeping the same clus-

ter interface. However, since the shadowed ALMs have 16

outputs, a small sparse crossbar is used at the output of the

AIC to select 16 outputs out of the 31. These 16 crossbar

outputs are multiplexed with the 16 ALM outputs. Figure 3

illustrates the proposed shadow logic cluster; which is a hy-

brid AIC-LUT cluster. This means that the only area over-
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Fig. 2. Effect of the Enhanced AIC architecture. Area

saving in terms of number of clusters that is achieved when

mapping on the enhanced AIC as opposed to mapping on

the original AIC.

head introduced to the reference cluster is that of the AIC,

its crossbar and multiplexers. However, the increase in area

on account of these additional components is only about 7%.

Given a technology mapped netlist which contains AIC and

LUT blocks with different sizes, the cluster packer decides

how to group the blocks and use the resources of the cluster

shown in Figure 3.

3. TECHNOLOGY-MAPPING: HYBRID LUT-AIC
SHADOW CLUSTER

In this work, the main design objective is to improve the de-

lay of the mapped circuits using the mixture of LUTs and

AICs that exist in the new shadow logic cluster. Hence, our

technology mapping algorithm searches for hybrid solutions

(LUT+AIC) that reduce the depth of the circuits. Area re-

duction is considered as a secondary optimization objective.

Consequently, the mapping algorithm includes an area re-

covery phase, in which the non-critical paths are re-mapped

to minimise area requirements.

The input to the technology mapping phase is the AIG-

based representation of the circuit. As a standard approach,

for a node v in the AIG, numerous mapping candidates are

extracted and the best one that meets the design objective

is chosen. These candidates are conic subgraphs which are

rooted at v. For LUT mapping, the cone candidate is IO

bounded–K-feasible for a K-LUT–and depth D bounded

for a D-AIC.

After all mapping candidates are extracted, the algorithm

tries to identify the best candidates of each node. It then cov-

ers the graph with the best candidates of a subset of nodes

that are determined in the final stage of the mapping. This

mapping approach [2] is a modified version of the classic

LUT mapping algorithm [5], adapted for the LUT/AIC hy-



Fig. 3. Shadow cluster architecture. A 6-AIC is added to

the reference cluster as a shadow logic to 8 ALMs, sharing

the input crossbar. An additional crossbar is used to select

16 AIC outputs to be multiplexed with the ALM’s outputs.

brid structure. We have adapted this mapping algorithm so

that it trades-off delay in the non-critical paths to area, for

the cases where the area overhead is significant. This modi-

fication is included in the area recovery phase, an add-on to

the original mapping algorithm.

The AIC mapping algorithm performs a depth-oriented

cone selection. If two cones are equivalent in depth, then the

one with the lowest area is selected. Selecting the cone that

minimizes the depth at each node guarantees the mapping

solution to be depth optimal.

As such, mapping starts, as a first step, by generating all

cone candidates—AIG subgraphs—of the nodes in the AIG.

These subgraphs can be mapped to LUTs, AICs, or both.

Then, as a second step, it finds the best candidate cone of

each node in an AIG. This is done by traversing the AIG in

topological order and selecting the candidates that minimize

the depth of each node. The selected cone can be mapped

either on a LUT or an AIC. If two candidates give the same

depth to the node, the one with lower area flow is selected.

Area flow [6] is an estimation of the area contribution of

a mapping option. The final step is to map the entire AIG

using the best mapping candidates identified for the nodes in

the circuit. For this, the AIG is traversed backwards, from

outputs to inputs, and is covered by the best cones of the

nodes that become visible (and part of the solution) during

the backward traversal. In this step, it is possible to reuse

(for free) the AIC candidate of a previously visited node for

the mapping of the current node. In such an AIC, the current

node is mapped to a side output and is not the root of the

AIC.

A single pass area recovery is integrated into the third

Fig. 4. Delay to area trade-offs. Best achievable—

normalized—delay of multiple mappings of all benchmarks

onto the shadow-AIC clusters for different area overheads

with respect to the reference architecture, along with their

minimum, maximum and geometric mean. The proposed

architecture allows to trade off area for delay by sweeping

the mapping parameter that sets the maximum logic depth

kept during area recovery.

step of the above mapping algorithm. The idea is to relax

the mapping of the non-critical paths by using candidates

that are not delay-optimal, but result in reduced area without

affecting the (critical) depth of the circuit.

Statistics showed that on average, more than 20% area

reduction is achieved when applying this area recovery step.

4. RESULTS

To implement a circuit on the new shadow cluster archi-

tecture, we first perform logic synthesis and optimization

using ABC [7] to generate an AIG netlist in BLIF format.

This BLIF file is forwarded to our technology mapping tool

developed in C++, before being fed to VPR for packing,

placement, and routing. In VPR, the timing-driven packer

groups logic blocks in the technology mapped netlist into

hybrid logic clusters with both AICs and LUTs. The out-

put of the packer is a netlist consisting of packed complex

blocks, functionally equivalent to the input netlist. This

packed netlist is forwarded to the placement and routing al-

gorithm with 10 different placement seeds. We report the

average delay that was obtained from these different seeds.

We used the MCNC benchmark suit [8] to evaluate the new

FPGA architecture. Initially we started with the 20 biggest

MCNC benchmarks, but due to the VPR-related packing

problems that we encountered on sequential benchmarks,

we only report the results for combinatorial circuits.

4.1. Evaluation

We compare the delay and area of the new mapping scheme

for the presented shadow AIC architecture with the mapping



on the reference LUT-only architecture. Our mapping ap-

proach tries to minimize circuit delay by re-mapping logic

onto the faster AICs; however, this entails an area overhead

for two reasons: (1) the cluster area of our architecture is 7%

bigger than the reference architecture and (2) the extensive

use of AICs can increase the number of clusters required to

map a particular circuit, as the architecture only provides a

single AIC per cluster. The latter is alleviated by an area

recovery phase, which tries to avoid AICs from noncritical

paths. Still, the number of clusters required to achieve the

maximum delay reduction can be significantly higher than

in the reference mapping. Accordingly, we add a parameter

β to the mapping tool that can increase the maximal depth

constraint used during the area recovery phase. Thereby, β
can be used to trade-off logical depth for AIC usage, which

typically results in circuits that utilize fewer logic clusters

(smaller) but with a larger critical path than the minimal one

(slower). However, the technology mapping process is un-

aware of the cluster packing and routing, and as result, a

decrease in logical depth does not always translate into a

critical path reduction in the final implementation.

Each benchmark is mapped multiple times by varying

values of β. Figure 4 shows the circuit delay of the Pareto

optimal mappings with respect to a mapping on the refer-

ence architecture for different logic cluster area overhead

factors. Note, that while sweeping β, some of the mappings

are not Pareto optimal in the area-delay space, due to the de-

lay contributions of local and global routing. The figure also

shows the minimum, maximum and geometric mean of the

normalized delay of all benchmarks depending on the max-

imum area overhead factor. The best delay improvement is

35% with respect to the reference delay at a non-negligible

3x logic cluster area increase. However, one benchmark is

able to achieve a 16% delay improvement for a maximum

factor area increase of 1.2x. In general, the results show sig-

nificant increases in logic cluster area; however, the FPGA

area also includes global routing area, which will reduce the

total area overhead.

Nevertheless, we present a new architecture that offers

diverse set of design solutions with varying delay and area

trade-offs. Importantly, the LUT-only traditional mapping

solution can always be adopted for a minimal area overhead

of 7%. Accordingly, at the system level, one could achieve

a sizable delay improvement by aggressively optimizing the

delay critical components while keeping a moderate area in-

crease on the rest of the design. Although the extreme so-

lutions are probably unpalatable to most applications due to

the significant area growth, they still show that the poten-

tials for gain in timing are in some cases excellent (up to

35% delay reduction). The challenge will be to improve our

mapping algorithm so that a minimum number of AICs are

allocated to reduce the actual critical path and not just the

logic depth.

5. CONCLUSIONS

This paper proposes a new logic cluster architecture for FP-

GAs. A 6-level And-Inverter Cone is placed as shadow logic

“behind” eight of the ten logic blocks that exist in each logic

cluster of the Altera Stratix-III. This requires a minimal ar-

chitectural modification to the original logic cluster who’s

size increases by 7%. We also enhanced the original AIC

architecture for a more efficient mapping and cone utiliza-

tion. Our results show that the new cluster architecture is

able to reduce the average circuit delay by 20% with respect

to the standard FPGA cluster. In some cases, the delay re-

duction reaches 35%. Such a delay advantage comes at the

price of using more clusters; for, on average, this delay is

achieved at 3x the logic area cost. However, we also pro-

vide several design solutions that present a wide trade-off

between delay and area, knowing that a purely LUT-based

solution is always possible.

In the future, we will focus on developing a more in-

telligent technology mapping tool that can produce smaller

circuits, while trying to maintain the current performance

improvements. We will also consider the possibility of using

AIC blocks as shadow logic for hard logic blocks in FPGAs.

6. REFERENCES

[1] P. A. Jamieson and J. Rose, “Enhancing the area efficiency

of FPGAs with hard circuits using shadow clusters,” IEEE
Transactions on Very Large Scale Integration (VLSI) Systems,

vol. 18, no. 12, pp. 1696–1709, Dec. 2010.

[2] H. Parandeh-Afshar, H. Benbihi, D. Novo, and P. Ienne, “Re-

thinking FPGAs: Elude the flexibility excess of LUTs with

And-Inverter Cones,” in FPGA12, Monterey, Calif., Feb. 2012.

[3] L. Hellerman, “A catalog of three-variable Or-Invert and And-

Invert logical circuits,” IEEE Transactions on Electronic Com-
puters, vol. EC-12, no. 3, pp. 198–223, June 1963.

[4] Stratix III Device Handbook, vols. 1 and 2, Altera Corporation,

http://www.altera.com/literature/.

[5] J. Cong and Y. Ding, “An optimal technology mapping al-

gorithm for delay optimization in lookup-table based FPGA

designs,” in Proceedings of the International Conference on
Computer Aided Design, Santa Clara, Calif., Nov. 1992, pp.

49–53.

[6] V. Manohararajah and S. Brown, “Heuristics for area min-

imization in LUT-based FPGA technology mapping,” IEEE
Transactions on Computer-Aided Design of Integrated Cir-
cuits and Systems, vol. 25, no. 11, pp. 2331–40, Nov. 2006.

[7] A. Mishchenko, S. Chatterjee, and R. Brayton, “DAG-aware

AIG rewriting: A fresh look at combinational logic synthe-

sis,” in Proceedings of the 43rd Design Automation Confer-
ence, San Francisco, Calif., July 2006, pp. 532–36.

[8] S. Yang, “Logic synthesis and optimization benchmarks user

guide, version 3.0,” Microelectronics Center of North Car-

olina, Research Triangle Park, N.C., Technical Report, Jan.

1991.



<<
  /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 1.4
  /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 false
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


