Embedded System Design and Modeling
EE382V, Fall 2011

Homework #2
Models of Computation (MoCs)

Assigned:  September 29, 2011
Due: October 13, 2011

Instructions:

e Please submit your solutions via Blackboard. Submissions should include a single PDF
with the writeup and a single Zip or Tar archive for any supplementary files (e.g. source
files, which has to be compilable by simply running 'make' and should include a
README with instructions for running each model).

¢ You may discuss the problems with your classmates but make sure to submit your own
independent and individual solutions.

e Some questions might not have a clearly correct or wrong answer. In general, grading is
based on your arguments and reasoning for arriving at a solution.

Problem 2.1: Non-determinism
(a) What is nondeterminism?
(b) How might nondeterminism arise? (give one example not discussed in class)

(c) What are the advantages and disadvantages of having nondeterminism in a language or
model, i.e. in what circumstances might it be positive/desired or negative/undesired?

(d) Is a SpecC specification model deterministic? If yes, why? If not, list possible sources of
non-determinism and how they can be avoided (i.e. how a SpecC model can be made
deterministic)

Problem 2.2: Models of Computation and Languages

In class, we learned about the different Models of Computation (MoCs): KPN, SDF, FSM(D),
HCFSM, PSM.

(a) What is the relationship between MoCs and languages?

(b) Can SpecC support all these MoCs? If so, briefly sketch for each MoC that you think can
be supported how you would represent a corresponding model in SpecC.

(c¢) Specifically show a code template for how you would write an SDF actor and an SDF
model in SpecC. Discuss in how far the SpecC code is equivalent to the original SDF
model, e.g. in terms of being amendable to automated analysis or synthesis by design
tools.

Problem 2.3: Kahn Process Networks (KPN)

(a) Does Parks’ KPN scheduling algorithm always find a bounded schedule if it exists? Why
or why not?

(b) Does Parks’ algorithm always find a complete KPN schedule, if it exists? Why or why
not?
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(c) Does Parks’ algorithm always find a non-terminating (free of artificial deadlocks)
schedule, if it exists? Why or why not?

(d) In class, we mentioned that Parks’ algorithm is not guaranteed to find a complete,
bounded and non-terminating schedule even if one exists. Show an example of a KPN
where such a schedule exists but Parks’ algorithm fails to find it. Hint: in the KPN
example presented in class, think about token patterns that can happen on the P2—P3
edge.

Problem 2.4: Synchronous Dataflow Synthesis
For the SDF graph on the right:

(a) Show that the graph is consistent and that it has a valid
schedule. What is the repetition vector of the graph?

(b) In class, we discussed the concept of a precedence graph that
can be used for scheduling, i.e. the representation of an SDF
graph as an equivalent homogeneous SDF (HSDF) model,
based on its repetition vector. Show the precedence graph for this example.

(c) List all possible minimal periodic static schedules.

(d) Find the periodic schedule with the lowest token buffer usage. What is the minimum
buffer usage?

(e) Assume each actor firing executes in one time unit. Find the schedule with the highest
throughput (output token rate, i.e. average number of firings of the output actor d per time
unit). What is the maximum throughput on a single processor?

(f) Assume the graph is scheduled on two processors where each actor executes in one time
unit on either PE and buffers are stored in a shared memory with zero communication
overhead. Find a fixed assignment of actors to PEs and a corresponding schedule that
maximizes throughput. What is the maximum throughput on two processors?

Problem 2.5: Cyclo-Static Dataflow
For the CSDF graph on the right:

(a) Assuming that within each periodic iteration of the graph,
the number of firings of each actor must be an integer
multiple of the number of phases/firings in the actor’s
cycle, show that the graph is consistent and that it has a
valid repetitive schedule. What is the repetition vector of
the graph?

(b) Show the precedence graph for this example.
(c) List all possible minimal periodic static schedules.

(d) Find the periodic single-processor schedule with the lowest buffer usage. What is the
minimally required buffer space?

(e) Find single-processor and dual-processor schedules with maximal throughput. What are
the buffer requirements in each case?
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Problem 2.6: State-Machine Models of Computation

In class, we have discussed the concepts of hierarchy (OR state) and concurrency (AND state)
for reducing complexities in a HCFSM (e.g. StateCharts) model. However, both hierarchical and
concurrent FSM compositions can be converted into an equivalent plain FSM model:

(a) Derive an expression for the complexity (number of states and number of transitions) of
the equivalent plain FSM as a function of the complexity of the OR-composed FSMs.

(b) Derive an expression for the complexity (number of states and number of transitions) of
the equivalent plain FSM as a function of the complexity of the AND-composed FSMs.

Problem 2.7: Discrete-Event Semantics

As discussed in class, SpecC includes a channel library that provides higher-level
communication primitives on top of the basic SpecC language and its discrete-even execution
semantics. As such, channels are written to provide safe communication using basic SpecC
events and variables:

(a) Why do SpecC events have a semantic in which they can get lost? Under what condition
do SpecC events get lost? What type of channel/communication could not be modeled if
delivery would always be guaranteed?

(b) The SpecC channel library includes a ¢ _handshake channel that provides safe event
delivery. However, with this channel, events can still be overwritten. Write a
c_event queue channel that provides a FIFO type of event delivery (for a fixed
maximum number of outstanding events). Test your channel to ensure it works under
various conditions. Submit the code for both the channel and your testbench.

(c) If you look at the source code of the c¢c double handshake channel (under
$SPECC/import/c_double handshake.sc), what is the semantics of how the
“notify ack; wait ack;” pair of statements at the end of the receive() method
behaves, i.e. what is the state of the simulator before and after executing these two
statements? Furthermore, what do you think is the purpose of the final “wait ack;’
statement? Would the channel work as intended without it? Under what conditions would
it or would it not? Hint: think about all possible interleavings of send() and receive() calls
(esp. considering that there isa i tranceiver interface).



	Problem 2.1: Non-determinism
	Problem 2.2: Models of Computation and Languages
	Problem 2.3: Kahn Process Networks (KPN)
	Problem 2.4: Synchronous Dataflow Synthesis
	Problem 2.5: Cyclo-Static Dataflow
	Problem 2.6: State-Machine Models of Computation
	Problem 2.7: Discrete-Event Semantics


<<
  /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 /CMYK
  /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 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 ()
  /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


