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ABSTRACT 

Binary translation is used to allow applications of one 
instruction set architecture (ISA) to run on another, thereby 
maintaining the binary level compatibility across ISAs. 
Conventional software binary translation systems suffer 
performance loss because of architectural heterogeneity 
amongst ISAs, control flow translation and context 
switches. In this paper, we propose an FPGA based 
hardware-software co-designed dynamic binary translation 
(DBT) system, which moderates these issues at a low level 
of hardware cost. In our DBT system, we propose a MIPS 
condition code flags register and a modest ISA extension to 
bridge the architectural gap, a hardware address mapping 
mechanism to accelerate the handling of control flow 
instructions, and a scratchpad memory to reduce 
performance loss during context switches. 
 We implement the system on Xilinx XC5VLX110T. 
Quantitative experiments reveal that the overall 
performance improvement is 56.1% over the baseline 
configuration, with only extra 1.4% of slices and 5.4% of 
BRAMs of Xilinx XC5VLX110T occupied. 

1. INTRODUCTION 

Binary translation is used to allow applications of one 
instruction set architecture (ISA) to run on another, thereby 
maintaining the binary level compatibility across different 
ISAs. Dynamic binary translation (DBT) is the most widely 
used approach of binary translation, which translates one 
non-native (source) ISA’s binary executables into one 
native (target) ISA’s binary executables at runtime, caching 
the translated code blocks for future reuse. 
 There are three major problems in DBT from the 
perspective of performance [1]. First, it requires effective 
and transparent mechanisms to eliminate the architectural 
heterogeneity between source and target ISAs. Second, the 
translation of branch instructions incurs dramatic 
performance loss. Since the target addresses of the branch 
instructions in the target machine are different from the 
original ones in the source machine, huge efforts will be 
paid on address mappings. Third, since DBT generates code 
on-the-fly, frequent context switches between the process of 

non-native code translation and the process of execution of 
generated native code leads to performance decline.  
 The time a DBT spends to run one non-native 
executable is of two aspects, the translation time and the 
execution time. Hence, to elevate the performance of a 
DBT system, either accelerate the translation process, or 
optimize the quality of the generated executables [2]. In this 
paper, we focus on the former aspect by adding hardware 
support mechanisms. 
 In this work, we propose an FPGA based hardware-
software co-designed DBT system that translates x86 ISA 
executables into MIPS ISA executables. To moderate the 
aforementioned problems at low hardware cost, we propose 
a MIPS condition code (CC) flags register and a modest 
ISA extension to bridge the architectural gap and a 
hardware mechanism to accelerate the handling of control 
flow related instructions. In addition, we propose a 
scratchpad memory (SPM) to reduce performance loss 
during context switches. Quantitative experiments on 
Xilinx XC5VLX110T FPGA board reveal that our FPGA 
based accelerations outperform the baseline configuration 
by 56.1%, with only extra 1.4% of slices and 5.4% of on-
chip occupied of dedicated BRAMs of Xilinx 
XC5VLX110T. 
 The rest of the paper is organized as follows. Section 2 
shows the related work. Section 3 describes the baseline 
MIPS core and the high-level system structure of our DBT 
system. Section 4 presents the design goals and 
implementation details of hardware supports for dynamic 
binary translation. Section 5 exhibits and analyzes the 
performance of the system. Section 6 concludes the work. 

2. RELATED WORK 

There is a plethora of works proposed on DBT [1, 2, 3]. In 
this section, we focus on the works that invest hardware 
resources to achieve performance objectives.  
 Emulation of condition code is identified as a big cause 
of overhead. Harmonia [4] proposes to extend the ISA to 
reduce the most overhead of condition code emulation. It 
defines non-flags-modifying ALU instructions, thus 
avoiding the intervention of instructions that affect the CC-
flags. However, the work is heavily in the context of 
translating ARM executables into Intel ATOM executables. 
In our work, to entirely eliminate the architectural 
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heterogeneity, we propose an x86 CC-flags equivalent in 
our baseline core. 
 The translation of control transfer instructions is 
observed as another main contributor to performance loss [1, 
5, 6]. The hardware address mapping mechanism in our 
work is first proposed by Kim et al. [5] as Jump Target-
address Lookup Table (JTLT), which entirely avoids the 
expensive software-based target address lookup.  
 Endianness problem occurs when the source and target 
ISAs are of different endianness. David et al. [7] propose 
two general solutions that are address swizzling and byte 
swapping. However, both solutions are at the expense of 
performance. For example, a swap operation needs a 
bitwise and shift operation. Instead, we introduce hardware 
support for load/store instructions to access memory in a 
different endian order. 
 Previous works by Baiocchi et al. [8] have proposed to 
use a scratchpad memory to store the generated code, which 
improves the overall performance with large hardware 
overhead. We utilize augmented scratchpad memory to 
save temporary registers to speedup context switches with 
negligible hardware consumption (64 Bytes). 

3. SYSTEM STRUCTURE 

3.1. Baseline MIPS Core 
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Fig. 1.  Baseline core high-level structure 

To support DBT in architectural level, we need to make 
ISA extension to the microprocessor. For purposes of 
simplicity and flexibility, we design and implement an 
FPGA based baseline 32-bit MIPS core. The core contains 
an in-order 5-stage pipeline and runs most of the MIPS 
R3000 instruction set1. We choose MIPS ISA for its 
implementation simplicity, nevertheless, the hardware 
supports proposed in this paper are applicable to any other 
source and target instruction sets. 
 Fig. 1 shows the high-level structure of the baseline core. 

We implement an 8KB directly mapping I-Cache and an 
8KB 2-way set-associative D-Cache. It is optional to extend 
the baseline core with different hardware supports for DBT. 
We give the details of the hardware supports in Section 4. 

3.2. DBT System Execution Flow 

There are two execution environments (source, target) in 
DBT system with distinct program counters (SPC, TPC). 
The whole flow of our HW/SW co-designed DBT system is 
illustrated in Fig. 2. 

 
Fig. 2.  Flowchart of the HW/SW co-designed DBT system 

 First, when the execution process is encountered with a 
source branch instruction, a lookup for TPC is triggered.  
The hardware JLUT which contains <SPC, TPC> pairs is 
responsible for finding TPC with index SPC. If it hits, the 
execution process continues from TPC with implication the 
target basic block has already been translated. If it fails, a 
software based hash table takes effect, which can be viewed 
as a level-two JLUT. 
 Second, if the hash table search also fails, a context 
switch occurs and the binary translation component takes 
over the program control flow. It translates the source 
executables into target executables by constructing a basic 
block in the code cache. Updates to JLUT and hash table 
are both required after the translation process is completed. 
Then another context switch happens and the execution 
procedure resumes. 
 Third, the execution procedure is interrupted when a 
branch instruction occurs and a new lookup is initiated. 

4. HARDWARE SUPPORTS FOR DBT 

4.1. Architectural Heterogeneity Elimination 

4.1.1. MIPS CC flags Register 
 

As there is no equivalent to the x86 CC flags in MIPS 
architecture, software DBTs have to emulate the 
functionalities of the CC flags, which involves a number of 
memory manipulations, which incurs dramatic performance 

1 The baseline core runs MIPS R3000 instructions except the
floating-point instructions and unaligned load and store
instructions.  



degradation. We propose an MIPS CC flags register to 
avoid the costly software emulation. The MIPS CC flags 
register gets affected by executing ALU related instructions.  
 
4.1.2. Load/Store Little Endian Support 
 
Conventional software approaches have to do byte 
conversions to eliminate the discrepancy in endianness, that 
leads to significant performance loss. We propose a modest 
ISA extension to the MIPS ISA to support memory 
accesses in little endian, that entirely avoids software byte 
conversions.  

 
 We define little endian load and store instructions for 
both word and half word accesses. Table 1 lists two word 
access instructions. 

4.2. Control Flow Acceleration 

To optimize control transfers, JLUT is implemented to 
accelerate the address mapping process, which is similar to 
the software-managed TLB in virtual memory systems [5].  
Fig. 3 depicts the structure of JLUT. It is constituted of a 
CAM (content address memory) and a RAM (random 
access memory), which store SPCs and TPCs respectively. 

 
Fig. 3.  Jump-address Lookup Table (JLUT) 

 In addition, several JLUT related instructions are also 
proposed to complement the original ISA [6]. One x86 SPC 
is used to look up in the CAM. If it hits in the CAM, then 
the corresponding TPC can be found in the RAM. If it 
misses, the control flow will be handed over to the DBT, 
which then look up the software hash table to make the 
decision whether it needs to fetch and translate a new basic 
block. The eviction of JLUT is managed by software. 

4.3. Context Switch Optimization 

Due to code cache misses, context switches enormously 
worsen the overall performance of a DBT system. During 
the initial phases of the execution, the program flow may 
switch between the DBT and execution process frequently, 
for the majority of the source executable has not been 

translated. To mitigate the performance loss, we propose a 
scratchpad memory (SPM) to speed up the context switches.  
 When a code cache miss occurs, we use the SPM to 
store the x86 registers values. After the DBT generates a 
new translated block, the scratchpad memory is accessed to 
restore the x86 registers values. 

5. EVALUATION 

We implement the DBT system on Xilinx XC5VLX110T. 
The prototype system translates a subset of x86 ISA into 
MIPS ISA.  The FPGA prototyping speed is 50 MHz. We 
use lightly modified benchmarks selected from MiBench [9] 
to evaluate the system. 

5.1. Performance Improvement 

The baseline configuration is a software DBT system 
augmented with the proposed MIPS CC flags register. The 
JLUT is set to 64-entry. We measure the performance 
impact of different hardware supports respectively, and an 
overall performance improvement is also evaluated, which 
is referred as all. The normalized performance improvement 
is plotted in Fig. 4. 

 
Fig. 4.  Performance improvements by hardware supports 

 JLUT reveals the most prominent performance increase, 
which is at average 29.5%. Little endian support shows a 
performance increase by 23.5% whilst SPM shows a stable 
performance increase by 12.2% across benchmarks. With 
the exception of bit count, which shows a 42.1% speedup, 
the overall performance improvements are all over 50% 
across benchmarks, at average 56.1%. For string search, the 
performance increase is close to 70%, because of its 
considerable control flow operations and intensive memory 
accesses, which provide opportunities for little endian 
instructions and JLUT to give their best performance. 

5.2.  Impact on Instruction Cache Performance 

To get more insights of the impact of the hardware supports 
on program behaviors, we also measure the performace of 
I-cache, as shown in Fig. 5.   

Table 1.  Little endian load and store instructions  
Instruction Description 

lw_le  $rt, imm($rs) Load one word in little endian 
sw_le  $rt, imm($rs) Store one word in little endian 



 
Fig. 5.  Number of instruction cache misses 

 The impact of SPM on I-cache performance is fairly 
small, it’s because SPM only takes effect when a context 
switch occurs, which does not affect the instruction locality 
of the generated code. JLUT improves I-cache performance 
by 7.9%. The speedup stems from that JLUT introduces a 
hardware mechanism that simplifies the process of address 
mapping in less than 10 instructions, which will take more 
than 30 instructions in a software hash table. The hardware 
mechanism apparently improves the program locality. The 
configuration with little endian support shows the most 
siginificant I-cache performance increase by 36.4%. We 
consider two aspects that are simutaneously attributable to 
the I-cache performance improvement. First, little endian 
support shortens the time spent on binary transtion. 
Depending on the memory intensity of the non-native 
program, it improves the locality of the translation process 
to some extent.  Second, the code desnsity of the generated 
code cache block gets higher, which significantly relieves 
the pressure on I-cache.  

5.3. Resource Utilization 

Table 2 shows the consumed resources of the DBT system 
synthesized on Xilinx XC5VLX110T. The instruction 
cache, JLUT and SPM are mapped onto the dedicated on-
chip Block RAMs. The total logic utilization of the baseline 
configuration is 9.2%, whilst the DBT system with all the 
hardware supports is 10.6%, which occupies extra 1.4% of 
slices and 5.4% of BRAMs of V5 on-chip resources. 

Table 2.  Resource utilization  
 V5 Resources 

Configuration Slices LUTs F/Fs BRAMs 
Baseline 9.2% 5.3% 2.8% 2.0% 

SPM 9.4% 6.0% 2.8% 2.0% 
JLUT 10.2% 6.4% 3.0% 7.4% 

LE 9.5% 5.8% 2.8% 2.0% 
All 10.6% 6.5% 3.0% 7.4% 

6. CONCLUSION AND FUTURE WORK 

In this paper, we propose an FPGA based hardware-
software co-designed dynamic binary translation system.  
We present several key factors of performance and based 
on our baseline core, we propose hardware supports to 
speed up a DBT system. Finally, we validate our findings 
on Xilinx XC5VLX110T, which reveals an overall 56.1% 
performance increase at little hardware cost. 
 Our future work will focus on the power efficiency of a 
DBT system. We will also introduce multicore architecture 
in a DBT system.  

7. REFERENCES 

[1] E. Altman, D. Kaeli, and Y. Sheffer, “Welcome to the 
opportunities of binary translation,” IEEE Computer, vol. 
33, pp. 40–45, 2000. 

[2] K. Ebcioglu, E. Altman, M. Gschwind, and S. Sathaye. 
“Dynamic binary translation and optimization,” Computers, 
IEEE Transactions on, vol. 50, no. 6, pp. 529–548, 2001. 

[3] V. Bala, E. Duesterwald, and S. Banerjia. “Dynamo: A 
transparent dynamic optimization system,” In PLDI, pages 
1–12, June 2000. 

[4] G. Ottoni, T. Hartin, C. Weaver, J. Brandt, B. Kuttanna, and 
H. Wang. “Harmonia: a transparent, efficient, and 
harmonious dynamic binary translator targeting the Intel® 
architecture,” In Proceedings of the 8th ACM International 
Conference on Computing Frontiers (CF '11). ACM, New 
York, NY, USA, , Article 26 , 10 pages, 2011 

[5] H.-S. Kim and J. E. Smith, “Hardware support for control 
transfers in code caches,” in MICRO 36: Proceedings of the 
36th annual IEEE/ACM International Symposium on 
Microarchitecture. Washington, DC, USA: IEEE Computer 
Society, 2003, p. 253. 

[6] W. W. Hu, Q. Liu, and J. Wang et.al. “Efficient binary 
translation system with low hardware cost,” IEEE 
International Conference on Computer Design, 2009. 

[7] D. Ung and C. Cifuentes, “Dynamic binary translation using 
run-time feedbacks,” Sci. Comput. Program., vol. 60, no. 2, 
pp. 189–204, 2006. 

[8] J. A. Baiocchi, B. R.Childers, J. W. Davidson, and J. D. 
Hiser. “Enabling dynamic binary translation in embedded 
systems with scratchpad memory,” ACM Transactions on 
Embedded Computing Systems, 11(4), pp.1–33, 2012. 

[9] M. R. Guthaus et al., “MiBench: A free, commercially repre- 
sentative embedded benchmark suite,” in IISWC, Dec. 2001, 
pp. 3–14. 

 

 



<<
  /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


