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Test Reports and Scripts
• Agenda

• What is OSVVM?
• OSVVM Scripting Basics
• OSVVM Reports
• VHDL Code to Generate Reports
• Managing Output Directories
• Simplifying Code Coverage Collection
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Background
 About Jim Lewis

 30 years:  VHDL Design and Verification
 20+ years:  Active in IEEE VHDL WGs  
 14 years: IEEE VHDL WG chair
 Chief Architect of OSVVM
 VHDL Consultant and Trainer for SynthWorks

4

 SynthWorks provides VHDL Training
 Comprehensive VHDL Introduction 
 VHDL Coding for Synthesis
 Advanced VHDL Testbenches and Verification – OSVVM Bootcamp

OSVVM is developed by the same VHDL experts who have helped develop 
VHDL standards. We have used our expert VHDL skills to create advanced 
verification capabilities.
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Why VHDL?
• From Wilson Research Group 2022 Functional Verification Survey

• For FPGA design: 66% worldwide use VHDL
• For FPGA verification:  56% worldwide use VHDL

 © Siemens 2022   https://blogs.sw.siemens.com/verificationhorizons/2022/11/21/part-6-
the-2022-wilson-research-group-functional-verification-study/
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• VHDL is #1 for FPGA Design and Verification
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Why OSVVM?
• For FPGA Verification Libraries, 

• Worldwide: 28% use OSVVM = 50% of the VHDL FPGA users

6

 © Siemens 2022   https://blogs.sw.siemens.com/verificationhorizons/2022/11/21/part-6-
the-2022-wilson-research-group-functional-verification-study/

• OSVVM is VHDL's #1 Verification Methodology

5
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What is OSVVM?

7

Verification Component 
Library

AXI4 Full, Lite, AXI Stream, 
UART, xMII, DPRam, …

Co-Simulation
Run Software in Hardware Simulator

Write tests in C++

Verification  Framework
Transaction Interface & API
Verification Components

Test Sequencer (Test Cases)

Script Library
Tool Independent Scripts

One Script to Run them All

Test Reports
HTML Test Suite, Test Case, Log Files

JUnit XML for CI/CD tools

• OSVVM is Free, Open Source
• Developed by the same VHDL experts who helped with VHDL Standards

Verification Utility Library
Constrained Random, Scoreboards,

Functional Coverage, Memory Models,
Error tracking, and Message filtering,  …
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OSVVM History

SynthWorks
Classes

OSVVM 
and 
SynthWorks
Classes

1997 Transaction Framework, TbUtilPkg
2006 RandomPkg, ResolutionPkg, ScoreboardPkg, MemoryPkg
2010 CoveragePkg
2011 RandomPkg, CoveragePkg
2015 AlertLogPkg, TranscriptPkg, MemoryPkg
2016 ScoreboardGenericPkg, TbUtilPkg, ResolutionPkg
2018 Axi4Lite, AxiStream, UART
2020 Scripting, Specification Tracking, MIT, Virtual Interfaces, 

Axi4 Full and AxiStream, both with Bursting
2021 Singleton Data Structures, HTML & JUnit XML reports
2022 HTML Log & Scoreboard Reports, Code Coverage Reports, 

Ethernet VC, Arrays of Transaction Interfaces
2023 Co-simulation of C++ Software in a Hardware Simulator

AXI VC with delay randomization for xValid and xReady
8

7

8



5

9

SynthWorks

Copyright © 2023 SynthWorks Design Inc.  

My Scripts Before OSVVM

9

• Issues
• Need help (TCL code) to find the source directory
• Simulator Specific
• Simulator API repeats the same information on many calls

set DIR_SRC [file dirname [status file] ]

set LIB_NAME osvvm_TbUart
if {![file isdirectory ./VHDL_LIBS/${LIB_NAME}} {
vlib ./VHDL_LIBS/${LIB_NAME}

}

vcom ‐2008 ‐work $LIB_NAME ${DIR_SRC}/TestCtrl_e.vhd

vcom ‐2008 ‐work $LIB_NAME ${DIR_SRC}/TbUart.vhd

vcom ‐2008 ‐work $LIB_NAME ${DIR_SRC}/TbUart_SendGet1.vhd

vsim –lib ${LIB_NAME} TbUart_SendGet1
add wave ‐r /TbLedFlasher/* 
run 40 us

Create Libraries
& Map to them

Compile

Simulate, add 
waves, & run

Source Location

10
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Why is EDA Scripting Hard?

10

• Issues
• Some blame TCL

• Scripts need to be co-located with verification IP
• Hence, they need directory information

• Simulator needs to run in a specific directory
• Settings and Library information are in a *.ini or *.cfg

• If not, the library info must be respecified on tool start
• Hence, if you use "cd", you loose this information

• The simulator API fundamentally misunderstands the VHDL work library
• Work is not a name for a library
• Work is the shorthand for the current library

9
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OSVVM Scripting

11

 Benefits
 Simple, just like a list of source files …

 … Except it is an API on top of TCL
 Get the power of TCL without the ugly parts.

 Settings (like current working library) are remembered

Activate Library

Compile

Simulate & Run
TbUart_SendGet1

library  osvvm_TbUart

analyze  ./testbench/TestCtrl_e.vhd

analyze  ./testbench/TbUart.vhd

analyze  ./testbench/TbUart_SendGet1.vhd

simulate TbUart_SendGet1

 Supports
 GHDL and NVC (open source)
 Siemens: Questa and ModelSim
 Aldec: ActiveHDL and Riviera-PRO
 Synopsys VCS, Cadence Xcelium

12
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Preparing to Run OSVVM Scripts
• Create a directory named "sim" in which to run the scripts

• Put it in the same directory as OsvvmLibraries

12

• For Active-HDL only, put the simulator in TCL mode
scripterconf –tcl

source ../OsvvmLibraries/Scripts/StartUp.tcl

• For RivieraPRO, GHDL (from tclsh), ModelSim, and QuestaSim: 
source ../OsvvmLibraries/Scripts/StartUp.tcl

• Start your simulator or tclsh in the sim directory

• For Synopsys VCS (from tclsh):
source ../OsvvmLibraries/Scripts/StartVCS.tcl

• For Cadence Xcelium (from tclsh):
source ../OsvvmLibraries/Scripts/StartXcelium.tcl

11
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Calling OSVVM Scripts

13

 include - Call a *.pro file from another *.pro file
# AXI4.pro
include ./common/common.pro
include ./Axi4Lite/Axi4Lite.pro
include ./AxiStream/AxiStream.pro
include ./Axi4/Axi4.pro

 Use Build and Include rather than TCL's source or EDA vendor's do
 Used to make paths relative to directory from which the scripts run

 build - Call a *.pro file from command line or CI
build ../OsvvmLibraries/OsvvmLibraries.pro
build ../OsvvmLibraries/RunDemoTestsWithCoverage.pro

 Build + EndOfTestReports generates the HTML and Junit reports

14
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You don't have to like TCL

14

• The TCL used by OSVVM is to analyze and run test cases:
# Excerpt from OsvvmLibraries/osvvm/osvvm.pro
. . .
if {$::osvvm::ToolVendor eq "Aldec"}  {
analyze VendorCovApiPkg_Aldec.vhd

} else {
analyze VendorCovApiPkg.vhd

}

• TCL uses "eq" for string equal and "ne" for string not equal

• Google search is enough to help you with TCL for OSVVM Scripting

if {$::osvvm::ToolVendor eq "Aldec"}  {

} else {

# Excerpt from OsvvmLibraries/OsvvmLibraries.pro
if {[DirectoryExists UART]} { 
include ./UART/UART.pro

}

• DirectoryExists is from the OSVVM scripts

if {[DirectoryExists UART]} {

13
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Running Test Cases

15

TestName  TbUart_SendGet1

analyze   ./testbench/TbUart_SendGet1.vhd

simulate  TbUart

• A test fails if the TestName name does not match the VHDL test name
• TestName is optional if its name matches the simulate name

RunTest  ./testbench/TbUart_SendGet1.vhd

• Abbreviation for the sequence above

• Design test cases so the TestName, the file name, and the simulation 
design unit (entity or configuration name) match

16
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Running Test Suites

16

• A Test Suite runs multiple Test Cases
# ./OsvvmLibraries/AXI4/AxiStream/RunAllTests.pro

TestSuite AxiStream

library osvvm_TbAxiStream

include ./testbench        ; # compile the test 

include ./TestCases ; # Run the test cases

# ./OsvvmLibraries/AXI4/AxiStream/TestCases/TestCases.pro

RunTest  TbStream_SendGetDemo1.vhd

RunTest  TbStream_SendGetPacketBurst1.vhd

RunTest  TbStream_MultipleDriversTransmitter1.vhd

RunTest  TbStream_MultipleDriversReceiver1.vhd

RunTest  TbStream_SendGet1.vhd

RunTest  TbStream_ByteHandling1.vhd

RunTest  TbStream_SendGetAsync1.vhd

. . . 

• Test Cases called from above

TestSuite AxiStream

15
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Running a Build

17

• A Build runs one or more test suites
# ./OsvvmLibraries/RunAllTests.pro

if {[DirectoryExists AXI4]} { 

include ./AXI4/RunAllTests.pro

}

if {[DirectoryExists UART]} { 

include ./UART/RunAllTests.pro

}

if {[DirectoryExists DpRam]} { 

include ./DpRam/RunAllTests.pro

}
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Creating OSVVM's Reports
• Reports are generated by OSVVM Scripts plus the following code:

18

‐‐ Reference to OSVVM Utility Library

library OSVVM ;

context OSVVM.OsvvmContext ;

. . . 

TestProc : process

begin

SetTestName("TbDut") ; 

. . .

AffirmIfEqual(Data, X"A025", "Check Data") ;  

. . . 

EndOfTestReports ; 

std.env.stop ; 

end process TestProc ; 

Name the test

Do some checks

Generate Reports
Replaces ReportAlerts

17
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Reports

19

• Build Summary Report – HTML
• Summary of entire build
• Summary of each test suite in the build
• Summary of each test case within a test suite

• Test Case Reports – HTML
• Reports on Alert, Functional Coverage, and Scoreboards
• Links to HTML simulation transcript and test file output

• Build Summary Mini-Report – Text

• HTML'ized simulation transcript / log file  (simulator output)
• Errors shown in red

• JUnit Report – XML for Continuous Integration Tools
• Similar to the build summary report with less information

20
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Build Summary Mini-Report

20

 When a build finishes, a single line, mini report is produced
BuildError: Sim_Demo FAILED,  Passed: 149,  Failed: 3,  
Skipped: 0,  Analyze Errors: 0,  Simulate Errors: 0,  Build 
Error Code: 0

 If there are errors, this is the first place we see an indication

19
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Build Summary Report

21

Created by Scripts + EndOfTestReports 

Test Suite Summaries
Test Suite = multiple test cases
Summarizes Pass/Fail+

Test Case Summaries
Test Case = Testbench
Identify Failing Test(s) 
Links to Test Case Reports

Build Status
Summarizes all tests run
Simulator & Revision
Link to Simulation Transcript

Both text and html
Link to code coverage 
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Build Summary Report with Errors

22
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Requirements Report

23
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Test Case Report

24

Alert Report
Settings (hidden)
Results (hidden)

Links
Alert Report
Functional Coverage Report
Scoreboard Reports 
Simulation Results
Test Case Transcript
Link to Build Summary 

Functional Coverage Report
Report for each FC model in 
testbench  (each hidden)

Scoreboard Report
One Table for each 
Scoreboard type.
One row in table for 
each scoreboard.
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Test Case Report:  Alert Report

Alert Settings

Alert 
Report

25
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Test Case Report:  Alert Report with Errors

26

Status FAILED in table indicates
TbAxi4_DemoErrorMemoryReadWrite1 has 2 errors
The 2 errors were detected in the manager_1 VC
One error is in the manager_1::Data Check
One error is in manager1::ReadBurstFifo

25
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Test Case Report:   Functional Coverage

27

Coverage Model Settings

Coverage Results
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Test Case Report:   Scoreboards

28

 A separate table is created for each scoreboard instance
 Each row in the table has statistics for a single scoreboard

 Tables for Scoreboard_slv and Scoreboard_int are automatically generated
 Use WriteScoreboardYaml to generate reports for user created scoreboards

27
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HTML'ized Simulation Transcript

29

Simulation Transcript
• Details are hidden
• Rotate triangle to see details
• Scan a file that is otherwise 

100K+ lines in seconds
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HTML'ized Simulation Transcript with Errors

30

Errors are shown in red in the HTML'ized report

As a result, this report can be scanned for errors

29
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HTML'ized Simulation Transcript – Test Case Information

31

Simulation Transcript
When viewed from Test Case 
Report, it jumps to the 
simulation's results
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HTML'ized Simulation Transcript – Test Case Information

32

Simulation Transcript
When viewed from Test Case 
Report, it jumps to the 
simulation's results

31
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HTML'ized Simulation Transcript – Test Case Information

34
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VHDL Transcript File

34

Created by TranscriptOpen
Test Case Report links to this file

33
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Skipping Tests
• For GHDL, we need to skip tests that use external names

35

if {$::osvvm::ToolVendor eq "GHDL"} {

SkipTest TbResolution_Array_1  "Not for GHDL"

} else {

RunTest   TbResolutionPkg_Array_1.vhd

}

• SkipTest allows tracking of why some tests were not run

• Skipped tests are tracked in the build summary report

36
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Managing OSVVM Output Directories

36

# OsvvmLibraries/Scripts/LocalScriptDefaults.tcl – user created

namespace eval ::osvvm {

# Directory for all Ouput

variable OutputBaseDirectory        ""

# Directory for logs 

# ToolNameVersion = <ToolName>‐<Version>

variable LogSubdirectory            "logs/${ToolNameVersion}"

# Directory for Reports (Test Case *.html)

variable ReportsSubdirectory        "reports"  

# Directory for Reports (VHDL Code generated)

variable ResultsSubdirectory        "results" 

# VHDL Library Directories

variable VhdlLibraryParentDirectory ""    

variable VhdlLibraryDirectory       "VHDL_LIBS"

variable VhdlLibrarySubdirectory    "${ToolNameVersion}"

# Code Coverage Directory

variable CoverageSubdirectory       "CodeCoverage"

}

35
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Where are the Reports?
• Build Summary

• ${OutputBaseDirectory}/<Directory>_<ScriptName>.html
• OsvvmLibraries_RunAllTests.html

37

• Test Case Reports 
• ${ReportsSubdirectory}/<TestSuiteName>/<TestCase>.html

• Simulator Transcripts – aka logs
• ${LogSubdirectory}/<Directory>_<ScriptName>.html
• OsvvmLibraries_RunAllTests.html

• Results written by TranscriptOpen
• OSVVM moves files to directory: 

• ${ResultsSubdirectory} /<TestSuiteName>/<TestFileName>

38
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Code Coverage Support
• Enable coverage at a layer above the analyze and simulate scripts

38

Turn on Coverage

Turn off Analyze Coverage

• Merge coverage for each test case into test suite coverage.

• Create HTML coverage report for the build.

• Merge coverage for each test suite into the build coverage.

Turn off Simulate Coverage

• Each test case produces a coverage database.

include OsvvmLibraries.pro

include RunAllTests.pro

# OsvvmLibraries/RunAllTestsWithCoverage.pro ‐ similar

SetCoverageAnalyzeEnable true

SetCoverageSimulateEnable true

SetCoverageAnalyzeEnable false

SetCoverageSimulateEnable false

37
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Code Coverage Support
• By default, OSVVM collects coverage for 

• Statement, branch, and statemachine

39

SetCoverageAnalyzeOptions "‐coverage sbm"

SetCoverageSimulateOptions "‐acdb_cov sbm ‐cc_all"

40
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Working with Project Libraries
• Compile OSVVM libraries into a shared project location

40

LinkLibraryDirectory C:/tools/sim_temp/OSVVM

• Each project would then link in the OSVVM libraries

SetLibraryDirectory C:/tools/sim_temp/OSVVM

build ../OsvvmLibraries/OsvvmLibraries.pro

SetLibraryDirectory ""

39
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Other Settings

41

SetVHDLVersion         "2008"   ;# Values 1993, 2002, 2008, 2019

SetSimulatorResolution "ps"     ;# 

SetTranscriptType      "html"   ;# html log

SetVhdlAnalyzeOptions      ""

SetVerilogAnalyzeOptions   ""

SetExtendedAnalyzeOptions  ""

SetExtendedSimulateOptions ""

42
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Getting OSVVM & Running Scripts

file mkdir sim ;   # In directory containing OsvvmLibraries
cd   sim
source ../OsvvmLibraries/Scripts/StartUp.tcl

• Initialize the simulator – see Documentation/Scripts_user_guide.pdf

• Get the sources:
git clone --recursive https://github.com/osvvm/OsvvmLibraries

• Alternately, a zip file is at:  osvvm.org/downloads

• Build all OSVVM and Run All VC Tests
build $OsvvmLibraries/OsvvmLibraries.pro
build $OsvvmLibraries/RunAllTests.pro

• Each VC has a RunAllTests and RunDemoTests

42
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All you need is  …  OSVVM

43

Verification Component 
Library

AXI4 Full, Lite, AXI Stream, 
UART, xMII

Co-Simulation
Run C++ in Hardware Simulator

Write tests in C++

Verification Utility Library
Constrained Random,
Functional Coverage,

Scoreboards, …

Verification  Framework
Transaction Interface & API
Verification Components

Test Sequencer (Test Cases)

Script Library
Tool Independent Scripts

One Script to Run them All

Test Reports
HTML Test Suite, Test Case, Log Files

JUnit XML for CI tools

• Benefits
• Simple scripts that run most simulators
• The scripts are TCL, however, TCL is rarely used
• HTML Build Reports summarizing all tests run
• HTML Test Case Reports with details on errors, FC, and SB for each test 
• JUnit XML Reports for Continuous Integration tools (CI) 
• Simplify Code Coverage Collection
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SynthWorks VHDL Classes

VHDL Coding for Synthesis  4 Days
http://www.synthworks.com/vhdl_rtl_synthesis.htm
Learn VHDL RTL (FPGA and ASIC) coding styles, methodologies, design 
techniques, problem solving techniques, and advanced language 
constructs to produce better, faster, and smaller logic. 

Advanced VHDL Testbenches and Verification - OSVVM Boot Camp - 5 days
http://www.synthworks.com/vhdl_testbench_verification.htm
Learn the latest VHDL verification techniques including transaction based 
modeling, self-checking, scoreboards, memory modeling, functional coverage, 
directed, algorithmic, constrained random, and intelligent testbench test 
generation.   Create a VHDL testbench environment that is competitive with other 
verification languages, such as SystemVerilog or 'e'.   Our techniques work on 
VHDL simulators without additional licenses and are accessible to RTL engineers. 

Comprehensive VHDL Introduction   4 Days  - beginners class 
http://www.synthworks.com/comprehensive_vhdl_introduction.htm
A design and verification engineer's introduction to VHDL syntax, RTL 
coding, and testbenches.  Students get VHDL hardware experience 
with our FPGA based lab board.

43
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OSVVM Resources
 Documentation

 HTML: https://osvvm.github.io/Overview/Osvvm1About.html
 PDF: OsvvmLibraries/Documentation  - in OSVVM release

 Jump start your VHDL verification effort with training
 Advanced VHDL Testbenches and Verification – OSVVM Boot Camp
 https://synthworks.com/vhdl_testbench_verification.htm

 Recorded Webinars
 OSVVM: Leading Edge Verification for the VHDL Community

 https://www.youtube.com/watch?v=KVmGDy_PHNI  

 OSVVM’s Test Reports and Simulator Independent Scripting
 https://www.aldec.com/en/support/resources/multimedia/webinars/2188

 Advances in OSVVM’s Verification Data Structures
 https://www.aldec.com/en/support/resources/multimedia/webinars/2190

 Faster than Lite Verification Component Development with OSVVM
 https://www.aldec.com/en/support/resources/multimedia/webinars/2187

45

 Forum:  https://osvvm.org
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