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¥! Multi-language simulators  
¥! VHDL, Verilog, 

SystemVerilog, SystemC 

+/3%&'! ;)?/30/ ! 493&5292!
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¥! Supported by all simulators 

¥! Open source (Apache) 
¥! Class library 
¥! Consistent methodology 

¥! Facilitates interoperability  

¥! Application-specific code 
¥! Uses UVM building blocks 
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SystemVerilog 
Language 

¥! syntax 
¥! RTL 
¥! OOP 
¥! class 
¥! interface 
¥! etc... 

Verification 
Concepts 

¥! constrained-random 
¥! coverage-driven 
¥! transaction-level 
¥! sequences 
¥! scoreboards 
¥! etc... 

UVM Methodology 
¥! base-classes 
¥! use-cases 
¥! configuration-db 
¥! factory operation 
¥! phases 
¥! etc... 
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RTL 

blocks 
modules 
vectors 

assignments 
arrays 

etc. 

 
OOP 
class 

random 
constraints 
coverage 
queues 

etc. 

 
signals 

interfaces 
clocking-block 

scheduling 
functions 

tasks 
etc. 

Design Verification 
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Verification Concepts 
¥! architecture (env-agent-sqr/drv/mon) 
¥! random configuration & build 
¥! constrained-random sequence stimulus 
¥! scoreboard & protocol checkers 
¥! functional coverage collection & analysis 
¥! transaction-level modeling & TLM ports 
¥! messaging & simulation debug 
¥! verification planning & closure 

¥! etc... 

eRM 

AVM 

VMM 

OVM 

UVM 
Vera 
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range of complexity , 
implementation difficulty ,  

and learning  curve 
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The database  is essentially a lookup table 
which uses a string as a key and allows you to 

add and retrieve entries. 
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class  uvm_resource_db #( type T=uvm_object ) 
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TABLE 1: uvm_resource_db methods 
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Example: A scoreboard has a bit disable_sb  that turns off checking if the 
value is 1. How do you change the value of that bit using the 

uvm_resource_db ? 

static function void  set ( input string scope , 
                         input string name, 
                                      T val , 
             input uvm_object  accessor=null ) 

uvm_resource_db #( bit ):: set (ÒCHECKS_DISABLEÓ,   
                           Òdisable_scoreboardÓ,  
                            1, this); 

static function bit  read_by_name ( input string scope , 
                                 input string name, 
                                        inout  T val , 
                      input uvm_object  accessor=null ) 

uvm_resource_db #( bit ):: read_by_name (ÒCHECKS_DISABLEÓ,   
                                    Òdisable_scoreboardÓ,  
                                    disable_sb ); 

All functions are static and must  
use scope resolution operator :: 
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Example: Using the uvm_resource_db with register tests 

uvm_resource_db #( bit )::set({ÒREG::Ó,   
                            m_env.m_reg.get_full_name( ),  
                            Ò.cfg_regÓ},  
                            ÒNO_REG_TESTSÓ, 1, this);   
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The database  is essentially a lookup table 
which uses a string as a key and allows you to 

add and retrieve entries. 
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class  uvm_config_db #( type T=int ) extends  uvm_resource_db #( T) 
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set  Ð adds object to the uvm_config_db 
get Ð retrieves an object from the uvm_config_db 
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static function void  set ( uvm_component  cntxt , 
                            string inst_name , 
                           string  field_name , 
                                     T value ) 

cntxt : starting point 

inst_name : instance name 
which limits accessibility 

field_name: label used for lookup 

value: value to be stored 
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Example:    The Virtual Interface 

uvm_config_db #( virtual tb_intf )::set(uvm_root::get( ),  
                                                  Ò*Ó,  
                                           Òdut_intfÓ,  
                                                 vif);   
 

* should rarely be used  
 

cntxt : starting point 

inst_name : instance name 
which limits accessibility 

field_name: label used for lookup 

value: value to be stored 



12)3*456&2)+!6,676%"+

© Verilab & Accellera 13 

uvm_config_db #( TYPE)::set(uvm_root::get( ),Ò*.pathÓ,ÒlabelÓ,value);   
 

Òdut_intfÓ 

Òretry_countÓ 

Òmy_env_cfgÓ 

ÒvifÓ 

Òrty_cntÓ 

Òenv_cfgÓ 

uvm_config_db #( TYPE)::get(this,ÒÓ,ÒlabelÓ,value);   
 

Òretry_countÓ Òrty_cntÓ 
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if (! uvm_config_db #(TYPE)::get( this,ÒÓ,ÒlabelÓ,value )) 
   ` uvm_fatal (ÒNOVIFÓ, ÒVirtual interface GET failed.Ó)  
 

WhatÕs the first step in debugging? 
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sim_cmd  +UVM_TESTNAME=my_test +UVM_RESOURCE_DB_TRACE 
 

sim_cmd  +UVM_TESTNAME=my_test +UVM_CONFIG_DB_TRACE 
 

UVM_INFO reporter [CFGDB/SET] Configuration Ò*_agent.*_in_intfÓ 
(type virtual interface dut_if) set by = (virtual interface 
dut_if) 
 
UVM_INFO report [CFGDB/GET] Configuration 
Ôuvm_test_top.env.agent.driver.in_intfÓ (type virtual interface 
dut_if) read by uvm_test_top.env.agent.driver = (virtual 
interface dut_if) ?  
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In software engineering , a design pattern  is 
a general reusable solution  to a commonly 

occurring problem within a given context.  
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The factory method pattern is an object-oriented creational design pattern 
to implement the concept of factories and deals with the problem of creating  
objects  without specifying the exact class of object that will be created.  

substitute  any component  or object  in the verification 
environment without modifying a single line of code 
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a great benefit  of OVM/UVM is that 
all source-code  is open-source 

© Verilab & Accellera 8 



.+"3'ZD?'
¥! <+372$+&'*,<G,%"%(+'2%&',:M"*(+'F$(#'(#"'-2*(,34'

¥! [,%+(3@*('*,<G,%"%(+'2%&',:M"*(+'@+$%H'#&+"$+'%,('7*:(
Ð! *,<G,%"%(+'+#,@9&':"'*3"2("&'&@3$%H':@$9&'G#2+"',-'G23"%('

¥! .+"'(4G"J:2+"&'%I+&&7D+'<"*#2%$+<+'

`uvm_component_utils( component_type )  

`uvm_object_utils( object_type )  

component_type ::type_id:: create (ÒnameÒ,this); 

object_type ::type_id:: create (ÒnameÒ,this); 

set_type_override_by_type( ... );  

set_inst_override_by_type( ... );  

do not use deprecated 
sequence*_ utils 

do not use  
name-based API 
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`define uvm_component_utils (T) \ 
   ` m_uvm_component_registry_internal (T,T) \ 
   ` m_uvm_get_type_name_func (T) \ 
 
` define m_uvm_component_registry_internal (T,S) \ 
   typedef uvm_component_registry #(T,`"S`") type_id; \ 
   static function type_id get_type(); \ 
     return type_id::get(); \ 
   endfunction \ 
   virtual function uvm_object_wrapper get_object_type(); \ 
     return type_id::get(); \ 
   endfunction 
 
` define m_uvm_get_type_name_func (T) \ 
   const static string type_name = `"T`"; \ 
   virtual function string get_type_name (); \ 
     return type_name; \ 
   endfunction  

class my_comp extends uvm_component ; 
 `uvm_component_utils ( my_comp)  
endclass  

class my_comp extends uvm_component ; 
  typedef uvm_component_registry  #( my_comp," my_comp") type_id ; 
  static function type_id get_type (); 
    return type_id::get(); 
  endfunction 
  virtual function uvm_object_wrapper get_object_type (); 
    return type_id::get(); 
  endfunction 
  const static string type_name  = " my_comp"; 
  virtual function string get_type_name  (); 
    return type_name;  
  endfunction  
endclass  

declared a typedef specialization 
of uvm_component_registry  class  

explains what my_comp ::type_id is 

but what about register  and ::create ??? 

© Verilab & Accellera 10 



@O<W*,<G,%"%(W3"H$+(34'J']"H$+("3'
class  uvm_component_registry   
      #(type T, string Tname) extends  uvm_object_wrapper ; 
 

  typedef  uvm_component_registry  #(T,Tname) this_type; 
 

  local static  this_type me = get (); 
 

  static  function  this_type get (); 
    if (me == null) begin 
      uvm_factory  f  = uvm_factory:: get (); 
      me = new; 
      f.register (me); 
    end 
    return me; 
  endfunction 
 

  virtual function uvm_component  create_component  (name,parent)... 
  static function T create  (name, parent, contxt)... 
  static function void set_type_override  (type, replace)...  
  static function void set_inst_override  (type, inst, parent)...     

endclass 

local static  proxy  variable calls get() 

register proxy with factory 

proxy  type 
lightweight substitute for real object 

construct instance of proxy, not real class 

function  void uvm_factory:: register  ( uvm_object_wrapper  obj); 
  ... 
  // add to associative arrays 
  m_type_names [ obj.get_type_name()] = obj; 
  m_types [ obj] = 1; 
  ... 
endfunction  

to register  a component type, you only need a typedef   
specialization of its proxy class, using `uvm_component_utils 

registration is via static initialization  
=> happens at simulation load time 
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class  uvm_component_registry  #(T, Tname) extends  uvm_object_wrapper ; 
  ... 
  static  function  T create (name,parent,contxt=""); 
    uvm_object obj; 
    uvm_factory f  = uvm_factory:: get (); 
    obj = f.create_component_by_type (get(),contxt,name,parent); 
    if (!$cast( create , obj)) uvm_report_fatal(...); 
  endfunction  
  virtual  function  uvm_component create_component  (name,parent); 
    T obj; 
    obj = new(name, parent); 
    return  obj; 
  endfunction 
  ... 
endclass 

comp = my_comp::type_id:: create (ÒcompÓ,this); 

function  uvm_component uvm_factory :: create_component_by_type   
  (type,contxt,name,parent); 
  requested_type = find_override_by_type (requested_type, path); 
  return  requested_type . create_component (name, parent); 
endfunction 

uvm_component_registry  #( my_comp," my_comp")  

request factory create  based on existing type overrides (if any) 

static create  function 

call create_componen t for proxy  of override  type 

return handle to real override  object 

search queues for overrides 
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original_type ::type_id:: set_type_override ( override_type ); 

set_type_override_by_type( original_type , override_type );  

set_inst_override_by_type( ..., original_type , override_type );  

original_type ::type_id:: set_inst_override ( override_type ,...); 

function  void uvm_factory:: set_type_override_by_type  (...); 
  override = new(...); 
  m_type_overrides . push_back (override); 
endfunction  

not shown: use static *_type::get_type() in all cases 

this is the queue searched by uvm_factory::find_override_by_type 
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12*(,34'CG"32A,%'

¥! get() 
¥! set_override() 
¥! create() 
¥! create_comp() 

uvm_registry#(a,ÒaÒ) 

`uvm_comp_utils (a) 
a extends uvm_comp; 

¥! get() 
¥! set_override() 
¥! create() 
¥! create_comp() 

uvm_registry^T58_:_V'

¥! ... 
uvm_registry#(o,ÒoÒ) 

`uvm_comp_utils (b) 
b extends a; 

a::type_id::set_override(b) 
test 

a::type_id::create () 
env 

¥! register() 
¥! set_override_by_type() 
¥! create_comp_by_type() 
¥! find_override_by_type() 

uvm_factory 

m_types[obj] 

a 1 
b 1 
: 
o 1 

m_type_overrides[$] 

: 

b 

¥! register  
: 

a,b 
¥! override  
¥! create ) 
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set_config_object ( " inst " , " field " ,value ,0); 

if (! this. get_config_object ( " field " ,value )) `uvm_fatal(...) 

function void  set_config_object ( " inst " , " field " ,value ); 
  uvm_config_db #( uvm_object ):: set (this, " inst " , " field " ,value ); 
endfunction 

uvm_config_db #( my_type ):: set ( cntxt, " inst " , " field " ,value ); 

set  methods do not  configure targeted component fields directly 
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uvm_config_db #( my_type ):: get (this , "" , " field " ,value ) 

function void  uvm_component::build_phase(...); 
  apply_config_settings(..); // search for fields & configure 
endfunction 

class my_comp extends uvm_component ; 
  `uvm_component_utils_begin ( my_comp) 
    `uvm_field_int ( my_field ,UVM_DEFAULT) 
  ... 
  function void  build_phase(...); 
    super.build_phase(..); 
    // class-specific build operations like create 

missing field-macro results in no auto-config 

missing super.build  results in no auto-config 
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class my_comp extends uvm_component ; 
  ` uvm_component_utils( my_comp)  
endclass  
 

class my_obj  extends uvm_object ; 
  `uvm_object_utils( my_obj ) 
endclass  
 

class my_env extends uvm_env ; 
  my_comp comp ; 
  my_obj   obj ; 
  `uvm_component_utils_begin( my_env) 
    `uvm_field_object( obj ,UVM_DEFAULT) 
  `uvm_component_utils_end 
  function  new(..); 
  function  void build_phase (..); 
    super.build_phase (..); 
    if ( obj ==null) `uvm_fatal(..) 
    comp = my_comp::type_id:: create (ÒcompÓ,this); 
  endfunction 
endclass  

register  field for automation 

allow auto-config  using apply_config_settings () 

(example) requires obj  to be in config_db 
(there is no create/new inside this env) 

use create()  instead of new() for children 

register  class type with factory 
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class test_comp  extends my_comp; 
  `uvm_component_utils( test_comp ) 
  // modify behavior  
endclass  
 

class my_test  extends uvm_test ; 
  my_env env ; 
  my_obj  obj ; 
  `uvm_component_utils( my_test ) 
  function  new(..); 
  function  void build_phase (..); 
    super.build_phase (..); 
    env  = my_env::type_id:: create (Òenv Ó,this);  
    obj  = my_obj ::type_id:: create (Òobj Ó,this);         
    set_type_overide_by_type ( 
      my_comp::get_type(), 
      test_comp ::get_type()); 
    set_config_object (Òenv Ó,Òobj Ó, obj ,0); 
  endfunction 
endclass  

must be derived  in order to substitute 

configure  obj  in db prior to env::build 

create  using factory  (results only in new not build ) 

Òclass test_comp extends  uvm_component;Ó 
does not work , must be derived from my_comp 

override type in factory prior to env::build 

build phase is top-down  
lower-level child::build  comes after  parent::build completed 
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function  void my_test ::build_phase (..); 
  ... 
  set_type_overide_by_type ( my_comp, test_comp ); // Good 
  set_type_overide_by_type ( my_env, test_env );   // Good 
  env  = my_env::type_id:: create (Òenv Ó,this);  
  set_type_overide_by_type ( my_comp, test_comp ); // Good 
  set_type_overide_by_type ( my_env, test_env );   // Bad 
  ...    
endfunction 

override env and comp before my_env ::type_id::create  is always OK 

override comp after my_env ::type_id::create  is OK 
since my_comp is not yet created 

(it is created later in my_env::build_phase) 

override env after my_env ::type_id::create  is BAD 
since my_env is already created 
(hence override is simply ignored) 

remember create  only results in a new()  not a build 
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function  void my_test ::build_phase (..); 
  ...  
  set_config_object (Òenv Ó,Òobj Ó, obj ,0); // Bad  
  obj  = my_obj ::type_id:: create (Òobj Ó,this);         
  set_config_object (Òenv Ó,Òobj Ó, obj ,0); // Good 
  env  = my_env::type_id:: create (Òenv Ó,this);  
  set_config_object (Òenv Ó,Òobj Ó, obj ,0); // Good 
  ... 
endfunction 

do not confuse create (which tells the factory to new original or override type) 
with build phase (which is top-down dynamic building of environment) 

set_config  using a null  value is an error 
(obj is not yet constructed) 

set_config  after  obj  is created and before  env is created is OK 
(env create does not use the value anyway) 

set_config  after  both obj  and env are created is also OK 
(obj setting in config_db is not used until env::build phase) 

so set_config*  can come before or after  the create  for corresponding component! 
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class my_test  extends uvm_test ; 
  function  new(..); 
  function  void build_phase (..); 
    env  = my_env::type_id:: create (Òenv Ó,this);  
    obj  = my_obj ::type_id:: create (Òobj Ó,this);         
    set_type_overide_by_type ( my_comp, test_comp ); 
    set_config_object (Òenv Ó,Òobj Ó, obj ,0); 
  endfunction 
endclass  

class my_env extends uvm_env ; 
  `uvm_field_object( obj ,UVM_DEFAULT) 
  function  void build_phase (..); 
    super.build_phase (..); 
    if ( obj ==null) `uvm_fatal(..) 
    comp = my_comp::type_id:: create (ÒcompÓ,this); 
  endfunction 
endclass  

test 

factory 

db 

env 

obj  

obj  

test 
comp  

test 
comp  

obj  
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factory and configuration problems are a special category of  bugs 
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if (uvm_report_enabled(UVM_FULL)) factory.print() ; 

if (uvm_report_enabled(UVM_FULL)) this.print() ; 

© Verilab & Accellera 29 



8;@8L1F-;@(S(<?!?<?@8?F(
(

© Verilab & Accellera 30 



[,%*9@+$,%'

¥! C/0I./0'12*(,34'$+' +"2'($%(62+(
Ð! 27.)/+(62+&(9>-(2%&'H@$&"9$%"+'
Ð! #%.)/7#"$+D':"#$%&'(#"'+*"%"+'
Ð! *2%':"'D7Z#6/$($%(D+563(

¥! F$",D"&D(;;>()"*+&,( J'%,('$%O"%("&'-,3'C/0I./0'
¥! .+"&'$%'*,%M@%*A,%'F$(#'*,%KH@32A,%'(,'*,%(3,9'("+(:"%*#'

Ð! (,G,9,H48'*92++'(4G"+8'*,%("%('2%&':"#2O$,3'
Ð! F$(#,@('<,&$-4$%H'+,@3*"'*,&"',-'"%O$3,%<"%('

¥! h,@',%(7%$(7**,($%(>7,*&2$"7,(&"(2$9"&'$%("3%29',G"32A,%'
Ð! :@(';ABC1AB '#2O"'%)+,O2%6&#+(*,&"'
Ð! +,'F"'*2%'+""'#,F'$('$+'$<G9"<"%("&'2%&'9"23%>>>'
Ð! >>>#%%/(2$6[((#2('5""G+'@+'7,$+&+2$+D'2%&'7,J%&.+Dc'

© Verilab & Accellera 31 



Z&&$A,%29']"2&$%H'L']"-"3"%*"+'

¥! IJK( "7, (LJK(="2*M#9"22(#%,*'
¥! IJK( "7, (LJK(#9"22(&*!*&*7#*(&,*@<"%(2A,%'
¥! N5+*(IJK-LJK(O"#$%&'(P(O"#$%&'(IQ*&&1,*2@(R%:(5+*'(S%&T(

M(S+'(5+*'(U&*(V);%&$"7$W(
Ð! )`.;'iQji8'[9$X'[@<<$%H+8'FFF>+@%:@3+(J&"+$H%>*,<''

¥! NV);&%Q*(X%>&(Y'2$*)J*&19%0(IIZ(YT1992@([' (\*"&7170(
Z&17#1;9*2("7, (Z"]*&72W'
Ð! )/.;'iQQk8'l2+,%' )G3,78'FFF>O"3$92:>*,<''

¥! #7G+SIIO"3$K*2A,%2*2&"<4>*,<I+"++$,%+I@%&"3+(2%&$%HJ
-2*(,34J2%&J*,%KH@32A,%'
Ð! /"3$K*2A,%'Z*2&"<4'/$&",8'0"%(,3'

¥! #7GSII*9@"9,H$*>*,<IiQjiIjjI@O<J(@(,3$29J-,3J*2%&4J
9,O"3+JjQJ$%+$&"J*2%&4J-2*(,34I'
Ð! ./0'R@(,3$298'[9@"6,H$*'

© Verilab & Accellera 32 



m@"+A,%+'

© Accellera Systems Initiative 33 



!"#$%&'()(*$+,-$%./(.,0.*$

12,+34+,$562').78$".69)+:$;3-$
#+6<$;9=.690<8$".69)+:$>':?$

$

© Accellera Systems Initiative 1 



@,362-(0&2,$
A! !"# $

2 © Verilab & Accellera 



$%&&'($)&*%)+,-'.-)/'$*&)
)

3 © Verilab & Accellera 



!"#$*&'()(*$+60493.03(6.$6.B9.C$
¥! #2,9326D-69B.6D*./(.,0.6$

E$!"#$%&!'%()$
9'F).'.,&,G$+$F623202)$

¥! %&'()(*$-69B.,$9,32$H!I$
:7$+$*+,$%+$

¥! %&'()(*$-+3+$*.,3$32$-69B.6$
J62'$+$-%./%("%+$

¥! K(,$-%./%("%-$2,$*./(.,0.6$
32$'+<.$9,3.6.*&,G$+0&B937$

© Verilab & Accellera 4 

UVM 

obj  

obj  DUT 

agent 

 driver 

L

 monitor 

 sqr 

sequence 
items 

sequences 

monitored 
items 



%&'()(*$36+,*+0&2,$0)+**$M93.'N$
¥! '!01)"230)45233)*42()-$02,3+9,$OP;Q$36+,*+0&2,$-+3+$

© Verilab & Accellera 5 

UVM 

agent 

 driver  monitor 

 sqr 

sequence 
items 

sequences 

monitored 
items 

class vbus_item  extends uvm_sequence_item ; 
  rand logic  [15:0] addr; 
  ... 
  `uvm_object_utils_begin ( vbus_item) 
    `uvm_field_int ( addr, UVM_DEFAULT) 
    ... 

¥! -617573)8!01),..-*$+--9&2,+)$
02,*36+9,3*$+,-$02,362)$<,2:*$

class vbus_seq_item  extends vbus_item ; 
  rand bit  only_IO_space; 
  constraint c_restrict_IO { 
    only_IO_space -> (addr >= 'hFC00); 
  } ... 

Bus protocol controls only ! 
Class is part of uVC 

¥! NO distribution constraints 
¥! NO DUT-specific strategy 

Used by monitor 
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class vbus_seq_block_wr  extends vbus_sequence ; 
  rand bit [15:0] block_size; 
  rand bit [15:0] base_addr; 
  constraint c_block_align { 
    block_size inside {1,2,4,8,16}; 
    addr % block_size == 0; 
  } 
  rand vbus_seq_item item; 
  task body(); 
    for (int beat=0; beat<block_size; beat++) begin 
      `uvm_do_with( item, 
         {addr==base_addr+beat; dir==WR;} ) 
    end 
  endtask  
  ... 

NO distribution constraints 
¥! NO DUT-specific strategy 

Not DUT-specific!  Supplied with the uVC 

Behaviour  is meaningful even without any external constraint 
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Ð!G22-$J26$*9'F).$

*./(.,0.$49.6+6047$
class vbus_seq_block_wr  ... 
  rand bit [15:0] block_size; 
  rand bit [15:0] base_addr; 
 

class vbus_seq_bwr2  extends vbus_sequence ; 
  vbus_seq_block_wr bwr_seq; 
  task body(); 
    bit [15:0] follow_addr; 
    `uvm_do( bwr_seq ) 
    follow_addr = bwr_seq.base_addr + bwr_seq.block_size; 
    `uvm_do_with( bwr_seq, {base_addr == follow_addr;} ) 
    ... 

constraint using values picked from 
previous sequence's randomization 

lower sequence runs on same sequencer 



;+(,049,G$+$*./(.,0.X$̀uvm_do_on  
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¥! O,$+$-9Y.6.,3$*./(.,0.6$
Ð!G22-$J26$B963(+)$*./(.,0.*$

class collision_seq  extends dut_sequence ; 
  `uvm_object_utils(collision_seq) 
  `uvm_declare_p_sequencer (dut_sequencer) 
  vbus_write_seq vbus_seq; 
  i2c_write_seq  i2c_seq; 
  task body(); 
    fork 
      `uvm_do_on_with(vbus_seq, p_sequencer.sqr_v, {...}) 
      `uvm_do_on_with(i2c_seq, p_sequencer.sqr_i, {...}) 
    join 
    ... 

UVM 

vbus 
UVC %$

$H$ $#$

I2C 
UVC %$

$H$ $#$

B963(+)$*./(.,0.6$

*/6ZB$ */6Z9$

`uvm_do_on 

properties of the virtual sequencer 

sequence 
 FZ*./(.,0.6$

vbus_seq i2c_seq 

datatype of virtual sequencer 



;+(,049,G$+$*./(.,0.X$start  
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¥! L+,$:.$0+)).-$J62'$+,7$02-.$
¥! [)C+7*$(*.-$32$*3+63$32FR).B.)$3.*3$*./(.,0.$

class smoke_test  extends dut_test ; 
  `uvm_component_utils(smoke_test) 
  smoke_test_seq test_seq; 
  base_dut_env env; 
  ... 
  task run_phase(uvm_phase phase); 
    ... 
    test_seq = smoke_test_seq::type_id::create("smoke_test"); 
    ...  
    test_seq.start(env.top_sequencer); 
    ... 

UVM environment 

vbus  
UVC 

%$

$
H

$
#

I2C 
UVC 

%$

$
H

$
#

B963(+)$*./(.,0.6$

configure/randomize the test seq 

start(null)  is possible 
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"G" !

,D(
... 

,E(

,F(

,G(

,H(
... 

HI:! F/W 

DUT 

D);'<5)$!"67)-!J5$8*58$)!
¥! D);'<5)$!067)-!K6$!!"#$%&"!'()%&!(*+,-'.(/"!L!

Ð!72"'3/ !0)06$FM0#==)7!I'J$#.21 !26!1'-./0'1/ !'4!A)?(

Ð!56=6-6;F+!6$;#4'N#964+!=#*%'4;+!0#=='4;+!6=)$#964+!222!
Ð!E#*'-'5#5)<!/K7L3L/!;)4)$#964+!&J'&M/!>!&2#'1$-'(

4 

,F( OP! OQ! OH! OR!

,G( OG!

,H( O/!

,E( OS!

,D( O&! OT!

OO!"G"!

PRRD!
"PI!

REG MODEL 

... 

... 

FIELDS REGISTERS 

ADDRESS 
MAP 

MEMORY 

REGISTER BLOCK 

MIRRORED VALUE ACTUAL VALUE 
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"G" !

,D(
... 

,E(

,F(

,G(

,H(
... 

HI:! F/W 

DUT ENV 

,J!
SEQ 

AGENT IN
T

E
R

FA
C

E
 

J!

BUS UVC 

!R! V
IF

 
 

!"! V
IF

 

H!

H!

PRPIVGD!

IDGR3HVWD!

,D(

"G" !

"PI!

REG MODEL 

... 

,F(

,G(

NORMALLY AUTO-
GENERATED 

DUE TO REGULAR 
STRUCTURE AND LARGE SIZE 
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"G" !

,D(
... 

,E(

,F(

,G(

,H(
... 

HI:! F/W 

DUT ENV 

,J!
SEQ 

AGENT IN
T

E
R

FA
C

E
 

J!

BUS UVC 

!R! V
IF

 
 

!"! V
IF

 

H!

H!

PRPIVGD!

IDGR3HVWD!

,D(

"G" !

"PI!

REG MODEL 

... 

,F(

,G(

VOLATILE  UPDATE 

BACKDOOR ACCESS 

FRONT-DOOR ACCESS 

ACTIVE MONITORING 
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"G" !

,D(
... 

,E(

,F(

,G(

,H(
... 

HI:! F/W 

DUT ENV 

,J!
SEQ 

AGENT IN
T

E
R

FA
C

E
 

J!

BUS UVC 

!R! V
IF

 
 

!"! V
IF

 

H!

H!

PRPIVGD!

IDGR3HVWD!

,D(

"G" !

"PI!

REG MODEL 

... 

,F(

,G(

2( 3(F(
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m_reset 

value 

m_desired 

m_mirrored  

DUT 

stimulus result 
REG MODEL 

D);'<5)$!P**)<<!PI3!
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8 

configure()  

set()  

randomize()  

reset()  

predict()  

RTL 

write(),update(),poke()  read(),mirror(),peek()  
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O3G&R! R

modify on write modify on read 

W

REG 

field operation field value  

JW:DHG!W R

POOGHVGR! RW
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D@(
C,=?;(

C,=?;(
*!B);(

C,=?;(
TB;!,(

C,=?;(
>;?(

C,=?;(
?@<<B;(

C,=?;(
@DT;(

D@(
,;!A(

N( C@( C@T( C@>( N( C@F(

,;!A(
*!B);(

,@( ,C(
CT(
CFT(
CUT(

C>(
CF>(
CU>(

CF?(
CU?(

CF(

,;!A(
TB;!,(

,T( C,T( N(
C>,T(
CF>,T(
CU>,T(

N( N(

,;!A(
>;?(

,>( C,>(
CT,>(
CFT,>(
CUT,>(

N( N( N(

local static  bit m = uvm_reg_field :: define_access (ÒUDAPÓ); 

if(! uvm_reg_field :: define_access (ÒUDAPÓ)) `uvm_error(...) 

Just defining  access  
policy is not enough ! 

 

Must also implement   
special behavior ! 
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11 

class my_reg_field  extends uvm_reg_field ; 
  virtual task post_write (item rw); 
    // specific implementation 
  endtask  

pre_write 
post_write 
pre_read 
post_read 

class  my_field_cb  extends uvm_reg_cbs ; 
  function new(string name, ...); 
  virtual task  post_write (item rw); 
    // specific implementation 
  endtask  

my_field_cb  my_cb = new(" my_cb", ...); 
uvm_reg_field_cb:: add ( regX .fieldY , my_cb);  

pre_write 
post_write 
pre_read 
post_read 
post_predict 
encode 
decode 

most important  callback  
for passive  operation is  

post_predict  
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12 

task  uvm_reg_field:: do_write (item rw); 
  ... 
  rw.local_map. do_write ( rw); 
  ... 
  post_write ( rw); 
  for  (uvm_reg_cbs  cb =cbs.first(); 
       cb!=null;  
       cb =cbs.next()) 
    cb. post_write ( rw); 
  ... 
endtask  

HOOK METHOD  

CALLBACK  METHOD 
FOR ALL REGISTERED CBS 

ACTUAL WRITE 

¥! callbacks registered with field using add 
¥! multiple callbacks can be registered with field 
¥! callback methods executed  in cbs  queue order 
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set to reset  value on write 

W

uvm_reg_field:: define_access (ÒWRESÓ) 
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class wres_field_t  extends uvm_reg_field ; 
 ... 
 virtual task post_write ( uvm_reg_item  rw); 
  if (! predict ( rw. get_reset ())) `uvm_error(..) 
 endtask  

DERIVED FIELD 

IMPLEMENT post_write TO 
SET MIRROR TO RESET VALUE 

class wres_reg_t  extends uvm_reg ; 
 rand wres_field_t  wres_field ; 
 ...  
 function  void build (); 
  // wres_field  create()/configure(..Ò WRESÓ..) 

USE DERIVED FIELD 

FIELD CREATED IN REG::BUILD 

class my_reg_block  extends  uvm_reg_block; 
 rand  wres_reg_t  wres_reg ; 
 ... 
 function  void build (); 
  // wres_reg  create()/configure()/build()/add_map() 

REGISTER CREATED IN BLOCK::BUILD 

reg/block build() is not component build_phase () 

NOT PASSIVE 

© Verilab & Accellera 15 
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class wres_field_cb  extends uvm_reg_cbs ; 
 ... 
 virtual task post_write ( uvm_reg_item  rw); 
  if (! predict ( rw. get_reset ())) `uvm_error(..) 
 endtask  

DERIVED CALLBACK 

class wres_reg_t  extends uvm_reg ; 
 rand uvm_reg_field  wres_field ; 
 ...  
 function  void build (); 
  // wres_field  create()/configure(..Ò WRESÓ..) 

USE BASE FIELD 

class my_reg_block  extends  uvm_reg_block; 
 rand  wres_reg_t  wres_reg ; 
 ... 
 function  void build (); 
  // wres_reg  create()/configure()/build()/add_map() 
  wres_field_cb  wres_cb  = new(" wres_cb ");  
  uvm_reg_field_cb :: add ( wres_reg . wres_field , wres_cb );  

CONSTRUCT CALLBACK 

REGISTER CALLBACK   
WITH REQUIRED FIELD 

IMPLEMENT post_write  TO 
SET MIRROR TO RESET VALUE NOT PASSIVE 

© Verilab & Accellera 16 
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class my_reg_block  extends  uvm_reg_block; 
 rand  wres_reg_t  wres_reg ; 
 ... 
 function  void build (); 
  // wres_reg  create()/configure()/build()/add_map() 
  wres_field_cb  wres_cb  = new(" wres_cb ");  
  uvm_reg_field_cb :: add ( wres_reg . wres_field , wres_cb );  

class wres_reg_t  extends uvm_reg ; 
 rand uvm_reg_field  wres_field ; 
 ...  
 function  void build (); 
  // wres_field  create()/configure(..Ò WRESÓ..) 

class wres_field_cb  extends uvm_reg_cbs ; 
 ... 
 virtual function  void post_predict (.., fld , value ,..); 
  if(kind==UVM_PREDICT_WRITE) value  = fld . get_reset (); 
 endfunction  

IMPLEMENT post_predict  TO 
SET MIRROR VALUE TO RESET STATE 

virtual function  void post_predict ( 
  input  uvm_reg_field   fld , 
  input  uvm_reg_data_t  previous , 
  inout  uvm_reg_data_t  value , 
  input  uvm_predict_e   kind , 
  input  uvm_path_e      path , 
  input  uvm_reg_map     map 
); 

post_predict  is only   
available for fields   

not  registers 

if we use this callback  
with  a register  we get 
silent non-operation ! 

PASSIVE OPERATION 
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only  allow write  if lock  is off  
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class prot_field_cb  extends uvm_reg_cbs ; 
  

 local uvm_reg_field  lock_field ; 
   

 function  new (string name, uvm_reg_field  lock ); 
  super.new (name); 
  this. lock_field  = lock ; 
 endfunction  
  

 virtual function  void post_predict (.. previous , value ); 
  if (kind == UVM_PREDICT_WRITE) 
   if ( lock_field . get ())  
    value  = previous ; 
 endfunction  

class my_reg_block  extends  uvm_reg_block; 
 prot_field_cb  prot_cb  = new(Òprot_cb Ó, lock_field );  
 uvm_reg_field_cb:: add ( prot_field , prot_cb );  

CONNECT LOCK FIELD 

REVERT TO PREVIOUS 
VALUE IF LOCK ACTIVE 

HANDLE TO 
LOCK FIELD 

REGISTER CALLBACK 
WITH PROTECTED FIELD 

© Verilab & Accellera 19 
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class lock_field_cb  extends uvm_reg_cbs ;  
  

 local uvm_reg_field  prot_field ;  
  

 function new  (string name, uvm_reg_field  prot );  
  super.new (name);  
  this. prot_field  = prot ;  
 endfunction  
  

 virtual function  void post_predict (...);  
  if (kind == UVM_PREDICT_WRITE)  
   if (value)  
    void'( prot_field . set_access (" RO"));  
   else  
    void'( prot_field . set_access (" RW"));  
 endfunction   

class my_reg_block  extends  uvm_reg_block; 
 lock_field_cb  lock_cb  = new(Òlock_cb Ó, prot_field );  
 uvm_reg_field_cb:: add ( lock_field , lock_cb );  

CONNECT PROTECTED FIELD 

SET ACCESS POLICY FOR  
PROTECTED FIELD BASED ON  

LOCK OPERATION 

HANDLE TO 
PROTECTED FIELD 

REGISTER CALLBACK 
WITH LOCK FIELD 

prot_field.get_access() 
RETURNS CURRENT POLICY 
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R H:DDGTV!copy  on write  
to trigger 

read from current  write  to buffer 
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class trig_field_cb  extends uvm_reg_cbs ;  
 local uvm_reg_field  current , buffer ;  
  

 function new  (string name, uvm_reg_field  current ,        
                            uvm_reg_field  buffer );  
  ...  
 virtual function  void post_predict (...);  
  if (kind == UVM_PREDICT_WRITE) begin  
   uvm_reg_data_t  val = buffer . get_mirrored_value ();  
   if (! current . predict ( val)) `uvm_error(...)  

class my_reg_block  extends  uvm_reg_block; 
 ...  
 default_map. add_reg ( cur_reg , 'h10, " RO");  
 default_map. add_reg ( buf_reg , 'h10, " WO");  
 ... 
 trig_field_cb  trig_cb  = new( 
    Ò trig_cb Ó, cur_reg . cur_field , buf_reg. buf_field );  
 uvm_reg_field_cb:: add ( trig_field , trig_cb );  

COPY FROM BUFFER TO CURRENT 
ON WRITE TO TRIGGER 

HANDLES TO BOTH 
CURRENT & BUFFER FIELDS 

RO & WO REGISTER AT SAME ADDRESS 
¥! all writes go to WO buffer 
¥! all reads come from RO current 

REGISTER CALLBACK WITH TRIGGER FIELD ¥! cannot share address again 
¥! complicated to generate 
¥! confusing map for user 
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class buf_reg_field  extends uvm_reg_field ;  
 uvm_reg_data_t  buffer ;  
 virtual function  void reset (string kind);  
  super.reset(kind);  
  buffer  = get_reset (kind);  

class buf_field_cb  extends uvm_reg_cbs ; 
 local buf_reg_field  buf_field ;  
 virtual function  void post_predict (...); // if write  
  buf_field . buffer  = value ;  
  value  = previous ;  

buf_field_cb  buf_cb  = new(Òbuf_cb Ó, buf_field );  
uvm_reg_field_cb:: add ( buf_field , buf_cb );  
trig_field_cb  trig_cb  = new(Òtrig_cb Ó, buf_field );  
uvm_reg_field_cb:: add ( trig_field , trig_cb ); 

class trig_field_cb  extends uvm_reg_cbs ; 
 local buf_reg_field  buf_field ;  
 virtual function  void post_predict (...); // if write  
  buf_field . predict ( buf_field . buffer ); 

ADD BUFFER TO DERIVED FIELD 

RESET BUFFER TO FIELD RESET VALUE 

SET BUFFER TO VALUE ON WRITE TO FIELD, 
SET MIRROR TO PREVIOUS (UNCHANGED) 

COPY BUFFER TO MIRROR  
ON WRITE TO TRIGGER 

post_predict callback   
required for passive  

REGISTER CALLBACKS WITH  
BUFFERED & TRIGGER FIELDS 
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ENV 
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MY_UVC 

!R! V
IF

 
 

!" ! V
IF

 

H!

,D(

"G" !

"PI!

REG MODEL 

... 

,F(

,G( if ( field.write ( val ) ) 
  cfg.set_var ( val ); 

side_effect_cb  

callback  registered 
with model field 

access UVC config  
via a handle  

passive  & backdoor  

not passive 

not backdoor 
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class reg_cfg_cb  extends uvm_reg_cbs ;  
 my_config  cfg ;  
  

 function new  (string name, my_config  cfg );  
  super.new (name);  
  this. cfg  = cfg ;  
 endfunction  
  

 virtual function  void post_predict (...);  
  if (kind == UVM_PREDICT_WRITE)  
   cfg . set_var ( my_enum_t'( value ));  
 endfunction  

class my_env  extends  uvm_env; 
 ... 
 uvc  = my_uvc::type_id:: create (...);  
 reg_model  = my_reg_block::type_id:: create (...); 
 ...  
 reg_cfg_cb  cfg_cb  = new(Òcfg_cb Ó, uvc . cfg );  
 uvm_reg_field_cb:: add ( reg_model . reg.field , cfg_cb );  

HANDLE TO CONFIG OBJECT 

REGISTER CALLBACK 

SET CONFIG ON WRITE  
TO REGISTER FIELD 

(TRANSLATE IF REQUIRED) 

ENVIRONMENT HAS  
UVC & REG_MODEL 

CONNECT CONFIG 
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GENERATOR TOOL/SCRIPTS 

"G" !

,D(
... 

,E(

,F(

,G(

,H(
... 

HI:! F/W DUT ENV 

:,H!H!

,D(

"G" !

"PI!

REG MODEL 

... 

,F(

,G(

PRI! IRV!

MANY REGISTER CLASSES 
(MORE THAN REST OF ENV) 

DIFFERENT USE-CASE 
THAN FACTORY 
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LOAD + BUILD TIME x5  
+1.5 min for every sim 

COMPILE TIME x2 
+1 min infrequently 
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`define uvm_object_utils (T) \ 

   ` m_uvm_object_registry_internal(T,T) \ 
   ` m_uvm_object_create_func(T) \ 
   ` m_uvm_get_type_name_func(T) \ 
   ...  

`define m_uvm_object_registry_internal (T,S) \ 
    typedef  uvm_object_registry #(T,`"S`") type_id ; \ 
    static function  type_id  get_type (); ...\ 
    virtual function  uvm_obj* get_object_type (); ...\  

`define m_uvm_object_create_func (T) \ 
    function uvm_object  create  (string name=""); ...\  

`define m_uvm_get_type_name_func (T) \ 
    const  static  string type_name  = `"T`"; \ 
    virtual function  string get_type_name  (); ...\  

class my_reg  extends uvm_reg ; 
 ` uvm_object_utils ( my_reg )  
endclass  

class my_reg  extends uvm_reg ; 
  typedef  uvm_object_registry  #( my_reg ," my_reg ") type_id ; 
  static function type_id get_type (); 
    return type_id::get(); 
  endfunction 
  virtual function uvm_object_wrapper get_object_type (); 
    return type_id::get(); 
  endfunction 
  function uvm_object  create  (string name=""); 
  const  static string type_name  = " my_reg "; 
  virtual function string get_type_name  (); 
    return type_name;  
  endfunction  
endclass  

declare a typedef  specialization 
of uvm_object_registry  class  

explains what my_reg ::type_id is 

but what about factory  registration   
and type_id::create ??? 

29 

declare some methods  
for factory API 
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class  uvm_object_registry   
      #(type T, string Tname) extends  uvm_object_wrapper ; 
 

  typedef  uvm_object_registry  #(T,Tname) this_type; 
 

  local static  this_type me = get (); 
 

  static  function  this_type get (); 
    if (me == null) begin 
      uvm_factory  f  = uvm_factory:: get (); 
      me = new; 
      f.register (me); 
    end 
    return me; 
  endfunction 
 

  virtual function uvm_object  create_object  (...); 
  static function T create  (...); 
  static function void set_type_override  (type, replace);  
  static function void set_inst_override  (type, inst, parent);     

endclass 

local static  proxy  variable calls get() 

register proxy with factory 

proxy  type 
lightweight substitute for real object 

construct instance of proxy, not real class 

function  void uvm_factory:: register  ( uvm_object_wrapper  obj); 
  ... 
  // add to associative arrays 
  m_type_names [ obj.get_type_name()] = obj; 
  m_types [ obj] = 1; 
  ... 
endfunction  

registration is via static initialization  
=> happens at simulation load time 

30 

¥! thousands of registers means thousands of proxy classes  
are constructed  and added  to factory when files loaded 

¥! do not need these classes for register generator use-case! 
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class  uvm_object_registry  #(T, Tname) extends  uvm_object_wrapper ; 
  ... 
  static  function  T create (name,parent,contxt=""); 
    uvm_object obj; 
    uvm_factory f  = uvm_factory:: get (); 
    obj = f.create_object_by_type (get(),contxt,name,parent); 
    if (!$cast( create , obj)) uvm_report_fatal(...); 
  endfunction  
  virtual  function  uvm_object  create_object  (name,parent); 
    T obj; 
    obj = new(name, parent); 
    return  obj; 
  endfunction 
  ... 
endclass 

reg = my_reg ::type_id:: create (Òreg Ó,,get_full_name()); 

function  uvm_object  uvm_factory :: create_object_by_type   
  (type,contxt,name,parent); 
  requested_type = find_override_by_type (requested_type, path); 
  return  requested_type . create_object (name, parent); 
endfunction 

uvm_object_registry  #( my_reg ," my_reg ")  

request factory create  based on existing type overrides (if any) 

static create  function 

call create_object  for proxy  of override  type 

return handle  to object 

search queues for overrides 

31 

¥! create  and factory search  takes time for thousands of registers  
during the pre-run phase for the environment (build time ) 

¥! no need to search for overrides for register generator use-case! 

constructs actual object 
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