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Abstract. Data Quality Monitoring (DQM) is an important and integral part of the data taking
and data reconstruction of HEP experiments. In an online environment, DQM provides the
shift crew with live information beyond basic monitoring. This is used to overcome problems
promptly and help avoid taking faulty data. During the off-line reconstruction DQM is used for
more complex analysis of physics quantities and its results are used to assess the quality of the
reconstructed data. The Data Quality Monitoring software Framework (DQMF) which has
been provided for the ATLAS experiment performs analysis of monitoring data through user
defined algorithms and relays the summary of the analysis results to the configurable Data
Quality output stream. From this stream the results can be stored to a database, displayed on a
GUI, or used to make some other relevant actions with respect to the operational environment
i.e. sending alarms, stopping the run. This paper describes the implementation of the DQMF
and discusses experience from usage and performance of the DQMF during ATLAS
commissioning.

1. Introduction

ATLAS [1] is one of the four experiments at the Large Hadron Collider (LHC) [2] at CERN. This
experiment has been designed to study a large range of physics including searches for previously
unobserved phenomenon such as the Higgs Boson and super-symmetry. ATLAS detector has about
140 million electronic channels and detects particles at 40 MHz bunch crossing rate which is then
reduced by three levels trigger system down to the 200 Hz of recorded event rate. In order to monitor
the status of the ATLAS detector and trigger system in an efficient manner it is necessary to have
automatic tools for data checking. In the online environment, the outcome of such tool can alarm the
shifter to prevent taking faulty data. In the offline environment, more complex checks can be done in
order to classify events which are suitable for different types of physics studies.

Efficient, flexible and reliable automatic monitoring of data is especially important at the beginning of
an experiment, when the environment is new, in order to help the experiment quickly determine
problems and then proceed to solve them efficiently. DQMF has been designed to provide this
functionality.
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2. General description

The Data Quality Monitoring Framework (DQMF) is based on the idea of applying analysis
algorithms to various types of online monitoring data (histograms, messages, counters, etc.) according
to a particular configuration, which is defined by detector experts. Each of these algorithms produces a
piece of information called Data Quality Result. A DQ Result contains data quality assessment flag for
a given monitoring data as well as some additional information which can be used to help
understanding the result. DQ Results may be used for generating alarms when deviations from the
standard are encountered. A summary of these results is displayed to the shifter and is also archived
for future references. Using this information, detector experts can make a final data quality assessment
for a given run. The archived results will permit a check or refinement of this assessment offline. The
general architecture of the DQMF is shown on Figure 1.
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Figure 1. General structure of DQMF.

The functionality of executing DQ algorithms is provided by the DQM Core component which has
three abstract interfaces for the communication with the external systems as:
e DQM Input is an interface for receiving monitoring data which is then passed by the DQM
Core to the DQ Algorithms;
e DQM Output specifies a way of publishing DQ Results produces by the DQ algorithms;
e DQM Config interface provides a way of reading configuration information which defines
behaviour of the DQM Core in a specific environment.
This approach allows reusing the same DQM Core in different environments where for example input
data are coming from different sources.

3. DQ Configuration

The DQ Configuration is described as a hierarchical tree of objects of two different types: DQ Regions
and DQ Parameters. This configuration approach is meant to be general in its accommodation of
system description. For instance, while there are clear hierarchies of organization of data quality
results for sub-detector elements, other vantages are possible. One can consider data quality results
that are organized around some physics quantities like Energy and EtaPhi distribution for the
Calorimeter as it is shown on Figure 2.

Another example for the ATLAS detector data quality, is a Jets hierarchy under an overall Jets DQ
Region. There might be Calorimeter, Tracking, and Calibration DQ Regions under this. The lowest
level under Calorimeter might include Width and EM fraction DQ Regions. The users, whether they
are detector, offline reconstruction, or trigger algorithm experts will determine the specific hierarchies
actually chosen.
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Figure 2. DQ Configuration example.

3.1.1. DQ Parameter
A DQ Parameter object represents the element of the ATLAS detector whose state can be assessed
using single monitoring information item, i.e. a particular histogram or information object. A DQ
Parameter object is responsible for applying the DQ algorithm defined for that object to a particular
piece of monitoring data with the aim of producing the DQ Result for the corresponding system
element. The description of the DQ Parameter is taken from the DQ Configuration and provides the
following information:
e the location of the monitoring information that represents the state of a particular detector
element;
e the weight (or degree of importance when calculating the DQ Result) for that DQ Parameter;
e the DQ Algorithm that has to be used for evaluating the DQ Result of that element;
e specific parameters and thresholds for the given DQ Algorithm e.g. fit parameters, minimum
statistics, etc;
e the reference values or histograms;
e the actions which have to be taken depending on the results of the DQ Algorithm execution.

3.1.2. DQ Region

An object of the DQ Region class represents a certain subset of the ATLAS detector system elements
and contains a set of DQ Parameters or low-level DQ Regions, which correspond to these elements.
This class is used for representing a self-contained part of the system, like a detector, a sub-detector, a
sub-farm, etc. For any particular DAQ partition all the available DQ Regions and DQ Parameters are
organized into a tree with the root node representing the state of the whole system. This state is
defined by the DQ Result calculated as a combination of the DQ Results for the contained DQ
Parameters and DQ Regions. The rules for DQ Result calculation (for a given DQ Region) are
provided by the DQ Summary Maker algorithm which is associated with that region. A possibility to
define different summary algorithms for different DQ Regions is supported.

4. DQ Algorithms

The DQMF provides monitoring data analysis and DQ Results production be means of executing
special analysis functions called DQ Algorithms. For supporting algorithms execution DQMF
provides the DQ Algorithm generic interface which must be implemented by any specific kind of
operation that can be applied to the monitoring data in order to evaluate a status of the corresponding



ATLAS system elements. DQMF provides a number of predefined DQ Algorithms for the most
common operations like histogram comparison, histogram fitting, thresholds application, etc. DQ
Algorithms are integrated into the DQM Framework in a dynamic plug-in manner which allows
adding new algorithms on the fly without modifying the core software.

Each DQ Parameter has at least one DQ Algorithms associated with it. Such algorithm is executed
whenever a piece of information which is associated with that DQ Parameter becomes available.
Being executed a DQ Algorithm is responsible for producing the DQ Result object for the given DQ
Parameter. In addition to that DQ Algorithm can also produce some extra information during its
execution such as numerical results (e.g. fit results) or a difference histogram.

4.1. DQ SummaryMaker

The DQ SummaryMaker is a special implementation of the DQ Algorithm interface that evaluates the
DQ Result for a given DQ Region. To calculate a new DQ Result the DQ SummaryMaker object uses
the DQ Results produced by the DQ Regions and DQ Parameters that belong to the given region. The
DQMF provides two predefined summary maker algorithms but custom ones can also be plugged into
the framework in the same way as a normal DQ algorithm.

4.2. DOM Workbench

The algorithms which are running in the framework can also be used standalone in ROOT with the
help of some ROOT scripts which are provided by the DQM Framework. These set of scripts is called
DQM Workbench since it provides a convenient environment in which developers can easily test their
custom algorithms without setting up any configuration database and without a necessity to set up the
DQM Framework manually. The aim of the workbench is to help to debug custom algorithms and also
to prepare the best configuration for a given DQ Parameter in terms of choosing the correct values for
the algorithm thresholds and parameters. The tuning of the DQ Parameter objects can be very sensitive
and developers need this experience to understand the behaviour before the algorithm is plugged into
the DQMF.

5. Implementations

The DQMF has been implemented on C++ programming language using ROOT [3] for the DQ
Algorithms implementation. Due to the fact that DQMF communicates with the external systems via
well defined abstract interfaces it has being used without any modifications in both offline and online
environments. The difference was the implementation of the DQM Input, DQM Output and DQM
Config interfaces as it is shown in Figure 3.

- Online On-line Data Taking
Online Configuration
Histogramming Service
Service Online
Information
DQM Config Service
DQM Core
DQM Input DQM Output
ROOT File ROOT File
ROQT File Off-line Reconstruction

Figure 3. Online and Offline implementations of the DQMF.



5.1. Online DOM

In the online environment the implementation of the DQMF interfaces is based on the Online
Monitoring [4] and Configuration [5] services provided by the ATLAS Trigger/DAQ system [6],
namely:

e DQM Input interface is implemented using the Online Histogramming Service [4] which
provides access to all the histograms produced by detector or DAQ applications during data
taking;

e  DQM Output implementation publishes DQ Results to the Information Service [4] from where
they are accessible for any other application which is running within the ATLAS control
network;

e DQM Config interface implementation is based on the OKS persistent object manager [5]
which stores configuration information in XML files while providing C++ API for reading
and modifying it.

5.1.1. DOMF Agent

In the online environment the DQM Core engine is hosted by the binary application called DQMF
Agent. DQMF may contain one or more DQMF Agents with each of them responsible for a well
defined subset of the whole ATLAS system. In terms of the DQ Configuration each DQMF Agent is
responsible for one of the DQ Regions and naturally for all the sub-regions and DQ Parameters which
belong to it. Each DQMF Agent instantiates appropriate implementations of the DQMF generic
interfaces (i.e. DQM Input, DQM Output and DQM Config) and takes care of starting and stopping
the DQM Core engine in appropriate moments. In the online environment the DQ assessment has to be
started at start of run event and stopped when the run is finished and the DQMF Agent makes it
possible by interacting with the ATLAS DAQ Run Control service [7].

5.1.2. Scalability

Since each DQMF Agent application is responsible for a well defined subset of the DQ Configuration,
different agents are fully independent of each other. This makes possible to address scalability issue in
quite an easy way by just increasing number of agent and deploying them on distinct computing nodes
whenever an additional computing power becomes necessary.
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Figure 4. Example of DQMF Agents distribution on three computing nodes.

Figure 4 shows how responsibility can be distributed between different DQM Agent processes. For
example initially there could be only one agent running on the Node A and handling the whole
configuration. As number of DQ Parameters for different regions grows more computing power might
become necessary. In order to address that the online implementation of the DQ Configuration allows
defining one more agent that will be associated with the “Inner Detector” DQ Region and will run on
the Node B. In this case the new agent will be responsible for executing DQ Algorithms for the “Inner
Detector” DQ Region and for all its children. This work will be offloaded from the Top level DQMF
Agent that will only get the final DQ Result from the DQ Agent B. In similar way the DQMF Agent C



can be used for handling the “Liquid Argon Calo” DQ Region if more CPU will be required for
analysing the DQ Parameters defined for that region. This process can go as far as assigning one
DQMF Agent for each DQ Region which guarantees that scalability will never be an issue for the
system.

5.2. Offline DOM

The offline implementation of the DQM framework is still under development for the purpose of
being used at the ATLAS Tier-0 centre for the DQ assessment during offline event reconstruction. It is
similar to the online version in functionality but uses ROOT file based implementation for the DQ
Input, DQ Output and DQ Config interfaces.

6. DQMF at the ATLAS commissioning

The online version of the DQMF framework has been used during ATLAS combined cosmic runs
which have been organised as part of the ATLAS commissioning procedure for the ATLAS sub-
detectors integration, testing and calibration. The DQMF configuration which has been used in the
August 2007 cosmic runs included more then 1000 DQ Parameters, which have been handled by a
single DQMF Agent application. Results have been visualised to the shift crew by the prototype of the
DQMF Display which has been developed for that purpose. The display was implemented on Java
using JAIDA [8] library for histogram visualisation. Figure 5 shows a snapshot of it.

v ﬁg&;m IQIQ‘\G‘ @ E=
[ @ EndCap_C @ HitsPerTube _EML1CO1 { old_binTest : MDT-ECO1-GnarmMan. /SHIFT /MDT/EML1C0 1/ HitsPerTube )

745 Middle_Layar E_C

¢ 48 Sector_1_EM_C
94 EMLICOL

@ TOCMLLFit_EMLICOL (=

) TDC_ML2_Fit EML1COL 401

@ HitsPerTube EMLLCOL

@ Moizefrequency EML1C

HitsPerTube

Entries © 1427
Mean @ 144 14
Rms: 13276

@ AdcChecks EMLLCOL 200+
@ HitMuniplicity EML1COL | || o]
&4 EML2C0L
o423 EMLZCOL 1601
o= 4 EMLACOL gl
o 43 EMLSCOL
Sector_2_EM_C 120

Sector_2_EM_C
Sector_4_EM_C
Sector_ 5_EM_C
Sector_6_EM_C
Sector 7_EM_C
Sector B_EM_C

Sector_9_EM_C 204
¢ 4 EMLICOS il

%%E-mté-i!‘-gmﬂggg 20 10 60 80 100 120 140 160 180 200 220 240 260 260 300 320
_MLZ_Fit_

o 0 0 g

© HitsPerTube EML1COS
@ MoiseFraguency_EMLLC
@ AdcChecks EML1C09

© HitMultiplicity EML1COS

Resuh produced at Aug 29, 2007 00:21:22

MEins 200
Mumber of extremely bad bins: 200

Configuration parameters

weight 10

input source Histogramming. MDT-ECO1 -Gnambdon. /SHIFT/MDT/EMLL COL /HitsPerTube

references: fdb/1dag-01-08-01/muensfseqments/DOM/MDT_DOMF_References.root:EMLI CO1/HitsPerTube
algorithm old_hinTest

algatithm parameters: NSigma = 4.0

NSigma Bx = 7.0

MinStat = 100.0

24.0 < NBins < 24.0

L EML2C0a
L EMLZCO2
o EML4COS
o= EMLSCOS
o= &5 Sectar_10_EM_C
o= &5 Sectar_11_EM_C
o= Sector 12 EM_C
o

threshalds

£n I

Figure 5. Snapshot of the DQMF Display from the ATLAS commissioning run.

On the left hand side the Display shows the hierarchy of the DQ Regions and Parameters as defined in
the DQ configuration for the particular data taking session. On the right hand panel the configuration
parameters and DQ status result for the selected DQ Parameter has been displayed.

7. Conclusion

The Data Quality Monitoring Framework which has been implemented for the ATLAS experiment
provides an efficient, light weight and portable solution for the data quality assessment in both offline
and online environments. The framework is very flexible due to the simple yet powerful configuration
system which it is using for defining how to produce the DQ results. The online implementation of



DQMEF is also fully scalable with respect to the number of checks which have to be performed on the
monitoring data.

The first implementation of DQMF has been available since January 2007. Apart from the
implementation of the DQM Core engine it also includes about thirty DQ Algorithms, two DQ
Summary Makers, and DQM Workbench for developing and testing algorithms. The online DQMF
has been used during ATLAS commissioning activities since March 2007. A prototype of the offline
implementation has also been provided recently and started to be used in Tier-O centre from August
2007.

8. References

[1] ATLAS Collaboration 1999 ATLAS detector and physics performance technical design report,
CERN Preprint CERN-LHCC-99-014.

[2] ATLAS Collaboration 2004 LHC Design Report CERN Preprint CERN-2004-003-V-1

[3] Brun R and Rademakers F 1998 ROOT: An object oriented data analysis framework Linux
Journal 51

[4] Vandelli W et al 2007 Strategies and Tools for ATLAS Online Monitoring /IEEE Trans. Nucl. Sci.
54 609-615

[5] Soloviev I et al 2004 The Configurations Database Challenge in the ATLAS DAQ System Proc.
of Computing in High Energy Physics (Interlaken, Switzerland) 101-104

[6] Gorini B et al, 2006 The ATLAS Data acquisition and High-Level Trigger: concept, design and
status Proc. of Computing in High Energy Physics (Mumbai, India)

[7] A Kazarov et al 2007 A Rule-Based Verification and Control Framework in Atlas Trigger-DAQ
IEEE Trans. Nucl. Sci. 54 604 - 608

[8] Donszelmann M, Johnson T, Turri M and Serbo V 2004 AIDA, JAIDA and AIDAJNI : Data
Analysis using interfaces Proc. of Computing in High Energy Physics (Interlaken, Switzerland)
445




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


