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Abstract

We present an integrated debugging environment that
facilitates  designers in simulating, debugging, and
visualizing their SystemC models combining high-level
debugging with a visualization frontend.

1. Introduction

SystemC is a widespread system level description language
that facilitates system architects to specify their designs
using a larger spectrum of abstraction levels than traditional
Hardware Description Languages, like VHDL or Verilog,
do. There, various abstraction levels, different involved
components (IP, SW/HW), and diverse tools further
complicate design comprehension. Several sources show
that verifying a complex design requires often more than
50% of the overall design time. Unfortunately, the amount
of functionality given by SystemC increases the effort in
observing simulation results, and in debugging an erroneous
design. Currently SystemC does not comprise sophisticated
debugging aspects, nor it provides any visualization
support.  Furthermore, language features such as
multithreading and event-based communication increase the
program complexity and introduce nondeterminism in the
system behavior. Thus, debugging SystemC models is a
challenging task.

In this work we introduce an integrated debugging
environment (IDE) for SystemC. Besides simulation control
and data hiding our approach extends the data introspection
capabilities of SystemC. It is non-intrusive and does not
alter the simulated model, nor the simulation kernel, or
additional libraries (C++ STL, SCV). Our solution
combines high-level SystemC debugging [1] with a
visualization frontend [2]. Thus, the user debugs and
visualizes a SystemC model at a high level of abstraction
working with signals, ports, events, and processes. The
debugger kernel is based on the Open Source debugger
GDB' while the visualization component makes use of the
visualization engine from Concept Engineering GmbH?. It
generates different views of the model, supporting cross-
probing and annotation of the visualized context. Our
environment runs under Linux/Unix. During a debug
session the user has various possibilities to present dynamic
and static debugging information by the visualization

' www.gnu.org/software/gdb
2 www.concept.de
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frontend or in the debugger console window. Thus, he gets
a fast and concise insight into the observed SystemC model
which accelerates and eases defect detection, understanding,
and location.

2. General architecture

The IDE consists of three components. Each of these
components realizes a different task. As sketched in
Figure 1 our debugging flow starts at the original system
description which is being compiled to an executable. The
executable can be run in the debugger. In parallel the
system description is statically analyzed by the visualizer.
The intermediate representation (IR) that is generated after
analysis can be used to render the model inside the
graphical frontend. RTLVision from Concept Engineering
is used for this purpose.

__________________________

Figure 1: Architecture of the IDE

After passing the SystemC evaluation phase successfully
the debugger waits for user commands. Those commands
can be used to show or to hide details inside the
visualization frontend, as well as to control the simulation
of the executed model. All commands that influence the
graphical view are directly propagated to the visualizer.
Being aware of the model structure the visualizer assembles
commands and maps SystemC components to the
appropriate graphical symbols. Thus, RTLVision can be
instructed to switch to specific parts of the design and to
update signal values during execution.

3. Debugging features

To illustrate the utilization of our IDE we used the RISC-
CPU design that is provided by the OSCI SystemC v2.0.1
library package®. Figure 2 shows an example debug session



simulating this design. Here, different views allow to
explore a design at various abstraction levels. Static and
dynamic debugging information are presented either by
different colorings, info boxes, labels, and dedicated
component displays in the GUI, or as text output in the
debugger console.
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Figure 2: Example debug session

Besides standard C++ and high-level SystemC debugging
features the IDE provides several commands which
interactively control the visualization of a SystemC design
and its simulation state. Two command types can be
distinguished:

e Examining commands. These commands allow
getting a fast insight into the parts of a design relevant
for the actual debug session while non-relevant data are
explicitly excluded.

e Observation commands. Commands of this type
support the user in obtaining different data about the
simulation state (such as signal/port values, or process
activations) logged over/at a specified simulation time.

Next, two commands illustrate the provided visualization
functionality exemplarily.

The vlsb command visualizes the specified channel and all
connected modules in RTLVision. In case of a failure
related to a specific signal the user gets a quick overview
about all its connections. Thus, he can focus his error search
to the relevant modules only which helps accelerating
debugging. Figure 3 sketches the vlsb visualization output
after calling it with two signals of the RISC-CPU design:

(gdb) vlsb "ram_cs”
(gdb) vlsb "next pc”
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Figure 3: Example command visb

The vtrace_at command is a typical representative of the
observation command type. It traces the given signal or port
and records the actual value at the specified simulation time
stamp. The logged value is attached as label text in
RTLVision and can be displayed in an info box
additionally. Logging dedicated signal values during
simulation is very helpful when the user does not exactly
know what is going wrong and when the defect infection
occurs. Figure 4 illustrates the visualized tracing of the top-
level signal addr in the RISC-CPU design at different time
stamps to check whether the right addresses are forwarded
to the RAM:

(gdb) vtrace_at "addr” 42000

(gdb) vtrace_at "addr"” 46000

(gdb) vtrace_at "addr"” 50000
) ¢

(gdb) vlsb "addr"
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Figure 4: Example command vtrace_at

4. Conclusion

In this work we introduced an approach for SystemC
debugging, based on a visual interface and the GDB
debugger. We demonstrated the advantages of our
visualized debugging commands while applying them to the
RISC-CPU design of the SystemC library. Future work will
provide more sophisticated debugging functionality and
will include a tighter coupling between the visualization
frontend and the debugger.

5. References

[1] F. Rogin, E. Fehlauer, S. Ohnewald, S. Riilke, and T.
Berndt, “Non-intrusive High-level SystemC
Debugging®, In Forum on Specification and Design
Languages, 2006.

[2] C. Genz, R. Drechsler, G. Angst, and L. Linhard,
“Visualization of SystemC Designs”, In Proceedings of
ISCAS, 2007.

Acknowledgement

The authors would like to thank Lothar Linhard and
Gerhard Angst from Concept Engineering for their friendly
support.

3
WWW.systemc.org




<<
  /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 600
  /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 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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


