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Improving your VHDL FPGA verification 

using OSVMM and UVVM

Verification Futures 2025

Presenter: Matt Bridle
Certified Training Instructor
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Design 

Under

Test

11001001

01001010

00001001

01110110

01100110

01001001

01001110

000010

010011

000010

100100

001000

110010

000011

Checker

Does it work?

Functional 

Coverage

Are we done?Header Payload Checksum

Constraints

Increase coverage

Constrained random stimulus

Good for finding unexpected bugs

Automates stimulus generation

Constrained Random Verification
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Coverage Driven Verification
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What is OSVVM?

OSVVM, the Open Source VHDL Verification Methodology

• Developed by SynthWorks Design Inc and Aldec Inc

• Free and Open Source

• VHDL verification framework

• Verification utility library

• Randomization, functional coverage, error logging etc

• Verification component library

• AXI4, Ethernet, SPI and Wishbone etc

• Scripting API

• Co-simulation capability
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What is UVVM?

UVVM, the Universal VHDL Verification Methodology

• Developed by EmLogic AS (Norway)

• Released under MIT License

• Two parts:

• VVC Framework

• Utility Library 
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OSVMM Verification Utility Library

•                                                                

         

•              
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UVVM Utility Library

               

                                                       

                                    

                                

                           

                         

                             

                               

                                        

•                                                                

         

•              
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Randomization

Random seeds can also be saved and restored
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OSVVM Functional Coverage
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UVVM Functional Coverage
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Sampling

               

     

                          

                                                 

                                            

                                                      

 

               

     

                          

                                                             

                                                     

                                                            

 

     

    

•                             

•                                                             

•                                                                         
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Specifying Bins
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Specifying Cross Bins

                                                     

 

                                         

                                

              

 

                                 

                        

 

 

 
   

 
 

 

  

 

 
  

  

  

  

      

 
 
 
 

 

 

 

 

 

 

  

  

 

   

    

  

      

                               

  

  

  

  

 
 
 
 

    

     

Can also ignore certain bins
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OSVVM - Reporting Coverage
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OSVVM Intelligent Coverage

architecture 

  signal cov: CoverageIDType;

begin

  process

    variable  v: integer;

  begin

    cov <= NewID(" cov ") ;

    wait for 0 ns ;

    cov.AddBins(GenBin(0, 255));

    ...

    loop

      wait until rising_edge(clock);

      v := GetRandPoint(cov);

      report to_string( GetItemCount(cov) ) & " " & to_string(v);

      ...

      ICover(cov, v);

      exit when IsCovered(cov);

    end loop;
"Intelligent Coverage"

Random value in range 0 to 255 not already covered

256 bins
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UVVM Optimized Randomization

architecture 

  shared variable cov: t_coverpoint;

begin

  process

    variable  v: integer;

  begin

    cov.add_bins(bin_range(0, 255, 0));

    ...

    loop

      wait until rising_edge(clock);

      v := cov.rand(NO_SAMPLE_COV);

      ...

      cov.sample_coverage(v);

      exit when cov.coverage_completed(BINS_AND_HITS);

    end loop;

Random value in range 0 to 255 not already covered

256 bins

Don't let this affect overall coverage
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Weight by Coverage Shortfall

AddBins(ID=>cov, CovBin=>GenBin( 0, 3), AtLeast=>8);

AddBins(ID=>cov, CovBin=>GenBin( 4, 7), AtLeast=>4);

AddBins(ID=>cov, CovBin=>GenBin( 8,11), AtLeast=>2);

AddBins(ID=>cov, CovBin=>GenBin(12,15), AtLeast=>1);

SetWeightMode(cov, REMAIN);

cov.add_bins(bin_range( 0,  3, 0), min_hits =>8);

cov.add_bins(bin_range( 4,  7, 0), min_hits =>4);

cov.add_bins(bin_range( 8, 11, 0), min_hits =>2);

cov.add_bins(bin_range(12, 15, 0), min_hits =>1);

UVVM

OSVVM

No explicit rand_weight argument

Can alternatively define explicit weights for randomization
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OSVVM Logging

process

begin

  Log("OSVVM message 1");

  Log("OSVVM message 2", ALWAYS);

  Log("OSVVM message 3", DEBUG);

  wait until rising_edge(clock);

  SetLogEnable(DEBUG, TRUE);

  SetLogEnable(INFO, TRUE);

  Log("OSVVM message 4", DEBUG);

  Log("OSVVM message 5", INFO);  

%% Log   ALWAYS  OSVVM Message 1 at 0 ns

%% Log   ALWAYS  OSVVM Message 2 at 0 ns

%% Log   DEBUG   OSVVM Message 4 at 5 ns

%% Log   INFO    OSVVM Message 5 at 5 ns

ALWAYS is enabled by default

ALWAYS, DEBUG, FINAL, INFO, PASSED
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UVVM Log Messages

• output  a message:

• output a text block:

log(ID_LOG_HDR, "Starting simulation", C_SCOPE);

write(L, string'("The first sentence of the block. "));

write(L, string'("The second sentence of the block."));

log_text_block(ID_SEQUENCER, L, FORMATTED, "Header", C_SCOPE);

UVVM: *************************************************************************************

UVVM: 

UVVM: 

UVVM: ID_SEQUENCER                    3000.0 ns  TB seq.              Header

UVVM: -------------------------------------------------------------------------------------

UVVM: The first sentence of the block. The second sentence of the block.

UVVM: *************************************************************************************

UVVM: ID_LOG_HDR                      3000.0 ns  TB seq.              Starting simulation

UVVM: -------------------------------------------------------------------------------------
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OSVVM - Redirecting to a Log File
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UVVM - Redirecting Log Messages

•                       

•                                                  

•                                          
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UVVM Log Message Control

•                                                   

•                                     

•                                                    

•                                              

•                               
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Alerts

                            

                          

                            

                                           

                               

                                          

                                                   

•                        

•                                                     

•                     

•                            

•                                     
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OSVVM Stop Count
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OSVVM Alert Control

process

begin

  SetAlertEnable(WARNING, FALSE);

  SetAlertEnable(ERROR,   FALSE);

  SetAlertEnable(FAILURE, FALSE);

  Alert("Message 1", WARNING);

  Alert("Message 2", ERROR);

  Alert("Message 3", FAILURE);

  SetGlobalAlertEnable(TRUE);

  Alert("Message 4", WARNING);

  Alert("Message 5", ERROR);

  Alert("Message 6", FAILURE);

%% Alert WARNING Message 4 at 0 ns

%% Alert ERROR   Message 5 at 0 ns

%% Alert FAILURE Message 6 at 0 ns
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UVVM Alert Control

• Set stop limit:

• Copy alert messages to a file:

• Ignore alert messages:

set_alert_stop_limit(TB_WARNING, 100);

UVVM: Simulator has been paused as requested after 100 TB_WARNING

UVVM: *** To find the root cause of this alert, step out the HDL 

calling stack in your simulator. ***

UVVM: *** For example, step out until you reach the call from the 

test sequencer. ***

set_alert_file_name("new_alert_log_file.txt");

set_alert_attention(NOTE, IGNORE);
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More Alerts and Checks
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UVVM Message IDs

•                                

•                                                                           
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OSVVM Hierarchical Alerts

%% DONE  FAILED  AlertLogTop  Total Error(s) = 2  Failures: 0  Errors: 2  

Warnings: 0  at 10 ns

%%    Default  Failures: 0  Errors: 0  Warnings: 0

%%    OSVVM    Failures: 0  Errors: 0  Warnings: 0

%%    Top      Failures: 0  Errors: 2  Warnings: 0

%%      inst1  Failures: 0  Errors: 1  Warnings: 0

%%      inst2  Failures: 0  Errors: 1  Warnings: 0

entity child is

  generic (TOP_ALERT_ID: AlertLogIDType);

  constant ALERT_ID: AlertLogIDType := 

                     GetAlertLogID(PathTail(child'PATH_NAME), TOP_ALERT_ID);

begin

  Alert(ALERT_ID, "Message", ERROR);

end entity;

entity top is

  constant TOP_ALERT_ID: AlertLogIDType := 

                    GetAlertLogID(PathTail(top'PATH_NAME), ALERTLOG_BASE_ID);

end entity;

architecture bench of top is

begin

  inst1: entity work.child generic map (TOP_ALERT_ID);

  inst2: entity work.child generic map (TOP_ALERT_ID);

  ReportAlerts;

end architecture;

AlertIf(ALERT_ID, ... );

AlertIfNotEqual(ALERT_ID, ... );

SetAlertEnable(ALERT_ID, ...);

SetAlertStopCount(ALERT_ID, ... );

Log(ALERT_ID, ... );

SetLogEnable(ALERT_ID, ...);
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Generating signals
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OSVVM Barriers

•                                                                                  

•                                                     

•                                       

•                                
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UVVM Synchronization

•                         

                                        

•                                                                                  

•                                                    
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OSVVM Structured Testbench Framework

•                                  

•                            

•              
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UVVM Structure
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VIP

• AXI4

• Ethernet

• SPI

• UART

• Wishbone

• Avalon-MM / Avalon-ST

• AXI4 / AXI4-Lite / AXI-Stream

• Clock Generator

• Error Injection

• GMII / RGMII

• GPIO

• I2C

• Scoreboard

• SPI

• UART

UVVMOSVVM
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SoC Design & 
Verification

FPGA & Hardware 
Design

Embedded Software
& Arm

Python, AI & 
Machine Learning

» SystemVerilog » UVM » Formal
» SystemC  » TLM-2.0

» VHDL  » Verilog » SystemVerilog
» Tcl  » AMD  » Intel FPGA

» Emb C/C++ » Emb Linux » Yocto » RTOS 
» Security » Android » Arm » Rust » Zephyr

» Python » Edge AI » Deep Learning


	Slide 1
	Slide 2: Constrained Random Verification
	Slide 3: Coverage Driven Verification
	Slide 4: What is OSVVM?
	Slide 5: What is UVVM?
	Slide 6: OSVMM Verification Utility Library
	Slide 7: UVVM Utility Library
	Slide 8: Randomization
	Slide 9: OSVVM Functional Coverage
	Slide 10: UVVM Functional Coverage
	Slide 11: Sampling
	Slide 12: Specifying Bins
	Slide 13: Specifying Cross Bins
	Slide 14: OSVVM - Reporting Coverage
	Slide 15: OSVVM Intelligent Coverage
	Slide 16: UVVM Optimized Randomization
	Slide 17: Weight by Coverage Shortfall
	Slide 18: OSVVM Logging
	Slide 19: UVVM Log Messages
	Slide 20: OSVVM - Redirecting to a Log File
	Slide 21: UVVM - Redirecting Log Messages
	Slide 22: UVVM Log Message Control
	Slide 23: Alerts
	Slide 24: OSVVM Stop Count
	Slide 25: OSVVM Alert Control
	Slide 26: UVVM Alert Control
	Slide 27: More Alerts and Checks
	Slide 28: UVVM Message IDs
	Slide 29: OSVVM Hierarchical Alerts
	Slide 30: Generating signals
	Slide 31: OSVVM Barriers
	Slide 32: UVVM Synchronization
	Slide 33: OSVVM Structured Testbench Framework
	Slide 34: UVVM Structure
	Slide 35: VIP
	Slide 36

