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Destroying the Myths surrounding Fibre 
Channel SAN 

 

Introduction 
There are common myths amongst the storage network community that Fibre Channel Storage Area 
Networks (FC SAN) are costly, complex and hard to manage and troubleshoot. Taking advantage of these 
myths are heavily marketed agendas to move customers away from FC SAN to new and allegedly more 
cost effective solutions.  

This white paper sets out to address the reasons behind these myths and demonstrates how FC SAN is 
not only a high performance connectivity infrastructure but is also highly reliable, secure and scalable. It 
argues that many of the “problems” associated with FC SAN are, in reality, a result of poor resource 
utilization, lack of insight and “business as usual” working practices.  

Ensuring FC SAN performance is correctly monitored for optimum resource usage, and maximizing all 
the available I/O resource to the entire FC SAN, utilizing I/O Virtualization (IOV) will not only improve the 
performance and management of existing FC SAN deployments but also allow for scalability to meet 
accelerating demands from organizations without the need to invest heavily in new storage 
infrastructures. 

In summary this white paper will demonstrate that there is indeed a way to… 

• Reduce the amount of physical adapters, FC cables, SAN ports and Storage ports while concurrently 
improving application response time, availability and SLAs. 

• Simplify server FC I/O provisioning, enabling a more agile, scalable and dynamic deployment model.  
• Gain the insight that, on average, most FC SAN and Storage ports are greatly underutilized  

by 90-95%. 
• Drive higher levels of resource utilization and performance out of an already deployed solution.  
• Know your FC SAN Storage related problems before they occur and shorten the time to troubleshoot 

your FC SAN Storage environment from days to minutes.  
• Reduce the OPEX and CAPEX of your existent FC SAN Storage infrastructure to the extent that it’s 

the most reliable, secure and cost effective solution in your environment. 
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Myth #1 – Fibre Channel bandwidth capacity is not sufficient 
A common complaint amongst users of Fibre Channel (FC) is that the bandwidth capacity 
is not large enough to handle data transfer at the expected levels. One of the reasons for 
this is that when designing, for example, a core edge SAN fabric, a SAN architect has to 
apply assumptions when determining adequate fan-in and fan-out ratios. In addition 
there is the tendency to be overly cautious which inevitably results in over provisioned 
ISLs, storage and switch ports. 

The metrics displayed in Figure 1 are the inventory of an actual Enterprise environment 
and are typical to many Enterprise end users. What this shows is that: 

• More than 50% of SAN ports are not utilized at all. 
• Over 40% of the HBAs have little or no traffic. 
• Almost 40% of the storage ports have little or no traffic.  

This equates to almost 40% of the environment’s FC resources being completely unused. 
Many end users are wholly unaware of these performance statistics in relation to their 
FC SAN environment.  

 

Figure 1 

Another typical example can be seen in Figure 2, where we see an end user’s HBA and 
storage port ratio utilization. We can see that only 4.8% of the HBAs are responsible for 
more than 82% of the reads while less than 2% of the HBAs are responsible for the 
writes. In a dual redundant 200 server environment this would equate to only 8 HBAs 
out of the 400 doing most of the writes! On the storage side we see only 31% of the 
storage ports responsible for nearly 90% of the reads and 12% responsible for more than 

‘The pipe just 
isn’t big 
enough for my 
growing 
demands’ 
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half of the writes. Such disparities typify the over cautious fan-in fan-out ratios seen in 
the majority of FC environments and equate to a huge waste of valuable resources and a 
gross under utilization of Fibre Channel’s capabilities. 

 

Figure 2 

The “business as usual” approach of end users buying multiple storage ports, front end 
processors and cache in the belief that these are necessary to meet their applications 
needs will make, in fact, little difference as only a few links ever go beyond 90% 
utilization or exceed thresholds while the majority of storage ports rarely have more 
than 10% utilization. 

The reason for this false idea of a lack of bandwidth availability in FC environments lies in 
the severely imbalanced utilization of HBAs, ISLs and Storage ports. As can be seen in 
Figure 3, only a few ports have a significant amount of traffic at any given time. As a 
result, when these minority of ports hit thresholds at peak times it creates the false 
impression of FC not being able to cope with increased throughput demand whereas, in 
reality, the fault lies with a poorly balanced infrastructure that fails to effectively utilize 
the available resources.  

 

Figure 3 

  

‘The problem 
lies in severely 
imbalanced FC 
SAN resource 
utilization’ 
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Myth #2 – It’s difficult to deploy and maintain 
When provisioning and managing FC, in the “typical” data center, it is commonplace to 
find greater than 50% of the server administrators time is absorbed by “routine” tasks – 
by this we mean physical cabling of servers, installing HBAs, switch port configuration 
and HBA firmware updates.  

Figure 4 shows a traditional data center connectivity environment, including FC, where 
multiple I/O adapters, network and storage cables and network and storage switches are 
deployed. Supporting this environment with its multiple points of physical and logical 
management and maintenance is both resource-intensive and strategically 
unproductive. In the mistaken belief that more bandwidth is required to support 
growing enterprise demands, more and more HBAs are installed in the server which 
further compounds this issue. 

 

Figure 4 

I/O Virtualization (IOV) removes the adapters from the servers, aggregates them into an 
IOV appliance as fewer high powered adapters and shares them back to the same server 
(and to as many as 16 server connections per appliance) as virtualized instances of those 
same standard I/O adapter resources. To the server’s operating system they appear and 
behave exactly as physical, locally installed I/O adapters. Figure 5 shows the same data 
center environment but utilizing an IOV solution to provide connectivity. This elegant 
solution means that: 

• Physical traditional I/O adapters are removed from the servers. 
• Fewer high powered interfaces are consolidated and virtualized within the IOV 

appliance. 

‘Over 70% of 
the server 
admin’s time is 
absorbed by 
routine tasks’ 
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• PCI extension cables connect servers to the appliance, allowing “Wire Once” for all 
Ethernet and FC ports (provides a typical 4:1 cable consolidation and at least a 2:1 
card reduction). 

 

Figure 5 

In the case of the FC HBA, it is now replaced with a passive low power, low profile PCIe 
extension card which carries traffic from the PCIe bus in the server via a PCIe extension 
cable to the IOV appliance at native bus speeds (PCIe Gen 2 x4 functions at  
20 GigaTransfers per Second or 16 Gbps in raw PCIe bandwidth). In addition redundancy 
is possible to further increase reliability. Utilizing a virtual management console, it is 
possible for the server administrator to provision and re-provision virtual I/O resources 
across servers on demand. 

As we have already seen, utilization of installed HBA resources in storage network 
environments is typically highly inefficient, with up to 40% completely unused; I/O 
Virtualization allows fewer of these expensive FC HBAs to provide the same or even 
higher levels of utilization. 

 

  

‘IOV allows 
fewer HBAs to 
provide the 
same or better 
levels of 
connectivity’ 
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Myth #3 – It’s Difficult to manage and troubleshoot 
The advent of virtualization and the growing nature of SAN fabrics and heterogeneous 
storage arrays within environments, plus the added abstraction that these new layers, 
bring has led to FC SAN troubleshooting being deemed problematic. Furthermore it can 
take hours if not days to resolve issues, especially if the cause or problem is something 
difficult to locate, for example, a flapping HBA, a damaged FC cable, an oily finger tainted 
SFP or even worse simply a FC cable that is bent too far at an angle leading to added 
latency and consequent poor application response time and performance issues. 

What makes identifying such hard to locate and problematic issues even more difficult is 
that the host based monitoring and SRM tools available depend on averaged metrics 
that fail to pinpoint intermittent issues or latency down to the millisecond. Also with 
such device specific views, true I/O latency can be missed when these issues occur 
intermittently or only during peak periods and therefore beyond the scope of the 
‘averages’. In Figure 6 for example, this one minute interval graph would be reported by 
a host based or SRM tool as an averaged out 5 MB/s. The highlighted intermittent peaks 
of 20 MB/s would be missed leading to a failure in correctly diagnosing the root cause of 
the problem. It is due to this lack of insight that troubleshooting inherently takes so long 
and that FC OPEX costs are consequently considered so high. 

 

Figure 6 

To resolve this it’s vital to have a platform that reports in real time and on what is 
termed ‘Exchange Completion Time’. By being able to measure the Exchange Completion 
Time, administrators will be empowered with the knowledge of the exact amount of 
time it takes for a complete Exchange i.e. the time that all FC Frames and Sequences 
have passed from the host to the Storage Port to the LUN and acknowledged back to the 
host for any given transaction.  

Deploying the Virtual Instruments architecture as shown in Figure 7, every single FC 
Frame can be measured in real time via the deployment of TAPs that non-intrusively split 
the FC light to the ProbeFCX analyzer. Coupled with the metrics gathered from vCenter 
via the ProbeVM software, and the ProbeV software which takes via SNMP from the SAN 
switches, the TAPs and the ProbeFCX provide a comprehensive, real-time monitoring 
system that is out-of-band, causes no latency and is able to report on application I/O 
latency down to the millisecond.  

‘Averaged 
metrics fail to 
give a true 
insight making 
FC SAN 
troubleshooting 
problematic’ 
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Figure 7 

Such instrumentation also enables the identification of physical layer issues in the FC 
SAN environment such as a bent or damaged cable or even a flapping HBA or SFP. This 
leads to proactive remediation of such issues before they significantly affect application 
performance. Additionally slow draining devices can be quickly detected by monitoring 
any significant increases in pending and minimum pending exchanges. By optimizing the 
Queue Depth settings, which are the most common cause of credit issues, the problems 
caused by slow draining devices can be quickly mitigated. In this context the ProbeFCX 
enables users to see the true impact of Queue Depth settings and overall latency in the 
environment.  

Furthermore, using historical playback, application performance during different periods 
can also be monitored and base-lined. So, for example looking at an application’s 
Exchange Completion Time as displayed in Figure 8, a Storage Administrator can quickly 
identify from the red peaks that latency has been increasing slowly over the last few 
hours. This granularity would be missed by the application owners due to their 
dependence on averaged metrics. 

 

 

 

‘Pinpointing 
physical layer 
issues enables 
the proactive 
remediation of 
FC SAN issues’ 
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Figure 8 

A corresponding time aligned view as shown in Figure 9, quickly identifies the root cause 
being a large amount of SCSI reservation conflicts, Pending Exchanges and Cancelled 
Transactions that have gradually built up. Via a customized alarm, the Storage Engineer 
can proactively identify and remediate such issues before they caused any problems on 
the application layer leading to significant time-savings in FC SAN troubleshooting and 
consequent OPEX costs.  

 

Figure 9 

‘Know the I/O 
latency of 
Mission 
Critical 
Applications 
down to the 
millisecond by 
measuring 
Exchange 
Completion 
Times.’  



TE CHNOLOGY WHITEPAPER 

 
9 

 

Myth #4 – It’s too costly 
It is well known that FC SAN is expensive to deploy with SAN switches, storage arrays 
and their many front end port and processors. The first fundamental question that must 
be asked is how many storage ports and processors are actually required?  

With the ability to measure Exchange Completion Times, end users can accurately 
determine the right amount of storage processors and storage ports they actually need 
by aligning it to their application I/O demands. This can lead to FC end users 
consolidating and reducing their storage port acquisitions considerably while 
concurrently optimizing their performance. 

For example as can be seen in the scenario in Figure 10, we have the metrics of two 
applications that are currently on two separate storage ports. Prior to consolidating we 
can use the modeling feature to see how these two applications would perform once 
consolidated onto the same storage port. Using the live data and historical playback 
feature we can see how these applications would also perform during peak times, 
ensuring consolidation and optimization without risking SLAs. 

 

Figure 10 

Another mistaken belief, that FC is expensive to deploy, is due to the high cost 
associated with over provisioned and underutilized SAN Switch ports and HBAs. 
Provisioning I/O is time and resource intensive involving “physical touching” of servers 
by up to five times: 

1. Installing the FC interface 
2. Provisioning the network ports 
3. Terminating cable connections 
4. Configuring the Hypervisor for the new I/O 
5. Configuring the server OS for the new I/O 

‘How many 
HBAs, switch 
and storage 
ports do you 
actually need?’ 
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This leads to the second fundamental question - How many HBAs and Switch ports 
do you actually need? I/O Virtualization consolidates and virtualizes traditional 
server network and storage I/O connectivity for both physical and virtualized server 
environments and simplifies management of the resulting FC SAN. Implementing an 
I/O Virtualization solution delivers: 

• Simplification in bandwidth provisioning to servers through utilization of a 
smaller number high powered virtualized HBAs.  

• Lower TCO through a reduction of I/O port count (8:1) and streamlining of the 
cabling infrastructure. 

• Simplification of I/O provisioning, by “wire once - provision at will” and 
migration of server personalities between physical servers allows for “move, 
adds, and changes” to become more dynamic/flexible. 

Figure 11 shows the simplified environment of a typical I/O Virtualization deployment 
when compared to a “traditional” deployment. 

 

Figure 11 

 

By measuring the actual utilization requirements and correctly balancing your resources, 
deploying an IOV appliance can potentially consolidate the SAN switch ports 
requirement down to an 8:1 ratio. Furthermore end users that have previously 
purchased 96 port Storage Arrays have found that by measuring Exchange Completion 
Times and hence aligning their application I/O demands to correctly, actually get better 
performance with 32 port Arrays. This brings significant cost savings, room for more 
scalability and a vast improvement in the utilization of FC resources. An example of such 
a consolidated set up is shown in Figure 12. 

‘Lower TCO 
through a 
reduction 
of I/O port  
count (8:1)’ 
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Figure 12 

Such consolidation not only eases FC SAN management but also troubleshooting due to 
the reduction of physical devices and potential points of failure. To further optimize such 
a set up it is important to understand the utilization metrics of not only each switch port 
but also the Switch Blades and their corresponding ASICs. For example, Figure 13 shows 
metrics that will allow SAN and server engineers during either post or pre consolidation 
to correctly allocate the right SAN ports for their servers without risking traffic 
congestion and performance problems. This action would counter many of the problems 
faced as a result of the SAN switch’s inherent oversubscription rates. Furthermore as 
such metrics are recorded they can be played back and referenced each time a new 
virtual or physical server is provisioned, thus enabling optimized performance during 
busy periods.

 
Figure 13 

‘Consolidation 
of expensive 
FC resources 
can actually 
lead to 
optimization of 
performance’ 
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Summary 
Without considering and proactively monitoring for slow draining devices and physical layer issues in 
your FC SAN it is wrong to assume that the problem lies with ‘there not being enough pipe.’ Indeed once 
an FC SAN has been de-risked and is healthy, a clear insight into the utilization of HBAs, SAN switch and 
Storage ports shows that the mere balancing out of resources can easily meet the highest of demands.  

Using IOV technology HBA resources can be pooled into a dynamic model that shares I/O resources in 
accordance to demand, enabling better usage and balance of an already deployed environment. 
Furthermore the reduction of physical devices this brings simplifies the provisioning of FC resources and 
quickens deployment as well as increasing the scalability of an existent infrastructure. This allows end 
users to gain far more from what was initially considered a costly investment into FC.  

Furthermore, monitoring your FC SAN environment in a comprehensive manner that incorporates the 
SAN fabric and provides metrics such as the Exchange Completion Time rapidly changes FC SAN 
troubleshooting from a reactive to proactive exercise, reaping significant OPEX savings. It also enables 
Server, Storage and Application administrators to have a common language of ‘response times’ thus 
eliminating any potential silos. With the knowledge of application I/O latency down to the millisecond, 
FC SAN Storage administrators can quickly be transformed from the initial point of blame to the initial 
point of resolution.   

The consolidation that IOV technology and SAN I/O monitoring brings to an FC SAN infrastructure not 
only optimizes performance and utilization of resources but also brings significant CAPEX and OPEX 
savings. The extreme waste of available resources currently deployed in the majority of FC environments 
can be fully leveraged, enabling a far greater ROI and destroying the myth that FC is too costly.   

  

About Virtensys 
Virtensys’ award-winning VIO-4000 series I/O virtualization appliances are changing the way IT 
managers manage and deploy I/O resources to standard rackmount-based servers, enabling a more 
agile, scalable and dynamic data center. Built upon Virtensys’ patented PCIe I/O virtualization 
technology, the VIO-4000 product line consolidates and virtualizes traditional server network and 
storage I/O connectivity for both physical and virtualized server environments. Server administrators 
can now simply “wire-once” and then remotely manage and provision their I/O resources as needed.  
For more information, visit www.virtensys.com or www.facebook.com/virtensys 

About Virtual Instruments 
Virtual Instruments is a SAN and Virtual Infrastructure Optimization company that offers the award-
winning VirtualWisdom® and SANInsight® virtual infrastructure optimization solutions.   They offer a 
combination of software and hardware products that provide comprehensive, real-time I/O 
instrumentation and measurement capabilities that enable IT managers to optimize the performance, 
utilization, and availability of virtual and physical IT infrastructure by analyzing SAN I/O traffic data.      
For more information visit www.virtualinstruments.com 

http://www.virtensys.com/undefined/�
http://www.facebook.com/virtensys�
http://www.virtualinstruments.com/�

	Introduction
	Myth #2 – It’s difficult to deploy and maintain
	Myth #3 – It’s Difficult to manage and troubleshoot
	Summary
	About Virtensys
	About Virtual Instruments


<<

  /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 /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /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 (None)

  /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 <>

    /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.)

    /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.)

  >>

  /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





