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OSVVM:  Advanced Verification for VHDL

● Key Benefits
● Works in any VHDL testbench
● Mixes well with other approaches (directed, algorithmic, file)
● Recommended to be use with transaction based testbenches
● Readable by All (in particular RTL engineers)

● OSVVM consists of packages + methodology for:
● Constrained Random (CR)
● Functional Coverage (FC)
● Intelligent Coverage - Random test generation using FC holes

● Low cost solution to leading edge verification
● Packages are FREE
● Works with VHDL simulators that support minimal VHDL2008

Basic Randomization

Data1 := RV.RandInt(Min => 0, Max => 15) ;
Data2 := RV.RandInt(0, 15, (5,11) );  -- except 5 & 11

RV.RandInt(Min => 0, Max => 15) ;

Data3 := RV.RandInt( (1,2,3,5,7,11) ); 
Data4 := RV.RandInt( (1,2,3,5,7,11), (5,11) ); 

(1,2,3,5,7,11)

● Randomize a value within the set (1, 2, 3, 5, 7, 11),  except 5 & 11 

● Randomize a value in an inclusive range, 0 to 15, except 5 & 11

. . .                -- ((val1, wt1), (val2, wt2), ...)
Data6 := RV.DistValInt( ((1,7), (3,2), (5, 1)) ); ((1,7), (3,2), (5, 1))

● Weighted Randomization:  Value + Weight

Data5 := RV.DistInt ( (7, 2, 1) ) ; (7, 2, 1)

● Weighted Randomization:   Weight, Value = 0 .. N-1

(5,11)

By itself, this is not constrained random

Basic Randomization
● Code patterns create constraints for CR tests
● Randomize values, transactions, and sequences of transactions 

variable RV : RandomPType ;
. . . 

StimGen : while TestActive loop

case RV.DistInt( (7, 2, 1) ) is   -- Select sequence

when 0 =>  -- Normal Handling   -- Selected 70%
. . . 

when 1 =>  -- Error Case 1      -- Selected 20%
. . . 

when 2 =>  -- Error Case 2      -- Selected 10%
. . . 

RV.DistInt( (7, 2, 1) )

● Example:  Weighted selection of test sequences (CR)

Use of Transactions simplifies mixing 
with other test approaches

What is Functional Coverage?
 Code that observes execution of your test plan

 Tracks requirements, features, and boundary conditions

 Cross Coverage
 Track relationships between multiple objects 
 Has the each pair of registers been used with the ALU?

 Item Coverage (aka Point Coverage) 
 Track relationships within a single object
 Bins of transfer sizes:   1, 2, 3, 4-127, 128-252, 253, 254, 255  

 Why not just Code Coverage?
 Does not correlate independent items:   Bins & Register Pairs

 Key Benefits:
 Required for randomization
 Recommended for any complex design
 Test Done = 100 % Functional Coverage + 100 % Code Coverage

Writing Functional Coverage
 Testing an ALU with Multiple Inputs:
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Writing Functional Coverage

Functional Coverage with OSVVM 
is as concise as language syntax.

Covered = Done

Collect Coverage 
at Transaction

Do Transaction

architecture Test3 of tb is
shared variable ACov : CovPType ;  

begin

CollectCov : process 
variable RV : RandomPType ; -- randomization object
variable Src1, Src2 : integer ;

begin

ACov.AddCross( GenBin(0,7), GenBin(0,7) );  

while not ACov.IsCovered loop 

Src1 := RV.RandInt(0, 7) ;  
Src2 := RV.RandInt(0, 7) ;

DoAluOp(TRec, Src1, Src2) ;

ACov.ICover( ( Src1, Src2 ) ) ; 

end loop ;

ACov.WriteBin ; 
EndStatus(. . . ) ;   
end process ;   

Coverage Object

Create Cross 
Coverage Bins

Uniform 
Randomization

Constrained Random is Too Slow!
 Constrained random (CR) tests do uniform randomization (VHDL & SV). 

 Uniform distributions repeat before generating all cases
 In general, to generate N cases, it takes O(N*log N) randomizations

 The uniform randomization in ALU test requires 315 test iterations.
 315 is approximately 5X too many iterations (64 test cases)
 The "log N" factor significantly slows down constrained random tests.
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Other studies show that CR test can be much slower

Intelligent Coverage

 Random walk across functional coverage holes
 Randomization only selects holes in the Functional Coverage

 Goal:  Generate N Unique Test Cases in N Randomizations 
 Benefit:  generates each test case only one time = Intelligent Testbench
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Intelligent Coverage

Runs 64 iterations
@ 5X faster

architecture Test3 of tb is
shared variable ACov : CovPType ; -- Cov Object 

begin

CollectCov : process 
variable Src1, Src2 : integer ; 

begin

ACov.AddCross( GenBin(0,7), GenBin(0,7) );  

while not ACov.IsCovered loop 

(Src1, Src2) := ACov.RandCovPoint ; 

DoAluOp(TRec, Src1, Src2) ; 

ACov.ICover( (Src1, Src2) ) ;

end loop ;

ACov.WriteBin ; 
EndStatus(. . . ) ;   

end process ;   

Same test using Intelligent Coverage

Intelligent Coverage 
Randomization

Intelligent Coverage Methodology
 Write FC
 Randomize using FC
 Refine

Refinement of Intelligent Coverage

while not ACov.IsCovered loop 

(Reg1, Reg2) := ACov.RandCovPoint ;

if Reg1 /= Reg2 then
DoAluOp(TRec, Reg1, Reg2) ;
ACov.ICover( (Reg1, Reg2) ) ;

else
-- Do previous and following diagional
DoAluOp(TRec, (Reg1-1) mod 8, (Reg2-1) mod 8) ; 
DoAluOp(TRec,  Reg1, Reg2 ) ; 
DoAluOp(TRec, (Reg1+1) mod 8, (Reg2+1) mod 8) ;

-- Can either record all or select items
ACov.ICover( (Reg1, Reg2) ) ; 

end if ; 

end loop ;

 Refinement is done with code directly in the testbench

 Use either directed, algorithmic, file-based or randomization methods.

Weighted Intelligent Coverage
 One of a condition, transaction, or sequence may not be enough

 A coverage goal specifies number of occurrences for a bin to be covered
 Each coverage bin can have a different coverage goal 

 Weighted selection of test sequences (Intelligent Coverage):

Bin1.AddBins( 70, GenBin(0) ) ; -- Normal Handling, 70%
Bin1.AddBins( 20, GenBin(1) ) ; -- Error Case 1,    20%
Bin1.AddBins( 10, GenBin(2) ) ; -- Error Case 2,    10%

StimGen : while not Bin1.IsCovered loop
iSequence := Bin1.RandCovPoint ; 
case iSequence is   

when 0 =>  -- Normal Handling   -- 70%
. . . 

when 1 =>  -- Error Case 1      -- 20%
. . . 

when 2 =>  -- Error Case 2      -- 10%
. . . 

iSequence := Bin1.RandCovPoint ;
case iSequence is 

Generates this exact 
distribution

70,
20,
10,

Set Coverage Goals

Select sequence

OSVVM is More Capable
 Functional Coverage is a data structure

 Incremental additions supported
 Use any sequential construct (loop, if, case, …)
 Use generics to make coverage conditional on test parameters

TestProc : process 
begin
for i in 0 to 7 loop 
for j in 0 to 7 loop
if i /= j then 
-- non-diagonal
ACov.AddCross(2, GenBin(i),  GenBin(j));

else 
-- diagonal
ACov.AddCross(4, GenBin(i),  GenBin(j));

end if ; 
...

Coverage Closure
 Closure = Cover all legal bins in the coverage model

 Intelligent Coverage 
 Write FC.  
 Only selects bins that are not covered in the FC
 Closure depends on running test long enough.
 Tests partitioned based on what coverage we want in this test.

 Constrained Random 
 Write CR.  Write FC.
 All CR controls are open-loop – No FC information is available during sim
 After simulation, merge FC from all tests
 Analyze tests and prune out ones that are not increasing FC
 Tests partitioned based on modified controls, constraint sets, and seeds

 Intelligent Coverage is less work than Constrained Random

Additional Pieces of VHDL Verification

 Other packages support above + Synchronization and Reporting  

 Memory Modeling
 Large memories need space saving algorithm + Easy access

 Scoreboards

DUT
Output
MonitorScoreboard

Stimulus
Generator

T

 TLM = Abstract Initiation + Transaction Models (entity/architecture)
CpuWrite( CpuRec, ADDR0, X"A5A5" );
CpuRead ( CpuRec, ADDR0, DataO );

CpuRec,
CpuRec,

CpuWrite
CpuRead

OSVVM Summary
 Simple, Powerful, Concise Methodology = Intelligent Coverage (IT)

 Define Functional Coverage
 Randomize across coverage holes
 Refine with directed, algorithmic, file, CR, or IT based methods

 Better than SystemVerilog / 'e' Capabilities
 Functional Coverage – Incremental, Conditional
 Intelligent Testbenches built-in
 FC, CR, and IT that can be refined with code
 Extensible, just add to the packages 
 Works in any VHDL environment – including TLM
 Supports mixed approaches (directed, algorithmic, file, CR, IT)
 Simple and Readable by All (Verification and RTL Engineers)
 Faster Test Construction - Focus on FC
 Faster Simulations - No redundant stimulus (log N) and no solver

 Faster Coverage Closure 



<<
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /FlateEncode
  /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


