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Preface
The UVM Golden Reference Guide is a compact reference guide to the
Universal Verif icatio n Methodology for SystemVeri log.

The intention of the guide is to provide a handy reference. lt does not offer a
complete, formal description of all UVM classes and class members. lnstead it
offers answers to the questions most often asked during the practical application
of UVM in a corvenient and concise reference format. lt is hoped that this guide
will help you understand and use UVM more effectively.

This guide is not intended as a substitute for a full training course and will
probably be of most use to those who have received some training. Also it is not
a replacement for the official UVM Class Reference, which forms part of the
UVM and is available from www.accellera.org.

The UVM Golden Reference Guide was developed to add value to the Doulos
range of training courses and to embody the krnwledge gained through Doulos
methodology and consulti ng activities.

For more information about these, please visit the web-site www.doulos.com.
You will find a set of UVM tuûorials at www.doulos.com/knowhow. For those
needing full scope training in UVM, see the UVM Adopter Class from Doulos.



Using This Guide
The UVM Golden Reference Guide comprises a Brief lntroduction to UVM,
information on Finding What You Need in This Guide, the Alphabetical
Reference section and an lndex.

This guide assumes knowledge of SystemVerilog and testbench automation. lt is
not necessary to know the full SystemVerilog language to understand the UVM
classes, but you do need to understand object-oriented programming in
SystemVerilog. You will find some tutorials at http://www.doulos.com/knowhow.

Oroanization

The main body of this guide is organized alphabetically into sections and each
section is indexed by a key term, which appears prominently at the top of each
page. Often you can find the information you want by flicking through the guide
looking for the appropriate key term. lf that fails, there is a full index at the back.

Except in the index, the alphabetical ordering ignores the prefix uvm_. So you

will find Field Macros between the articles uvm_f actory and uvm_heartbeat.

Finding What You Need in This Guide on page I contains a thematic index to
the sections in the alphabetical reference.

The lndex

Bold index entries have corresponding pages in the main body of the guide. The
remaining index entries are followed by a list of appropriate page references in
the alphabetical reference sections.

Methods and Members

Most sections document the methods and members of UVM classes. Not all
public members and methods are included; we have tried to concentrate on
those that you may want to use when using the UVM. For details on all the
members and methods, please refer to the official UVM Class Reference and the
actual UVM source code.



A Brief Introduction to
uvM
Background

Various verification methodologies have emerged in recent years. One of the
first notable ones was the ¿ Reuse Methodology for verification lP using the e
language. This defines an architecture for verification components together with
a set of naming and coding recommendations to support reuse across multiple
projects. The architecture of eRM and some of its concepts (e.9. sequences)
were used to create the Cadence Universal Reuse Methodology (URM), for
SystemVerilog.

The SystemC TLM-I and TLM-2.0 libraries define a transport layer for
transaction level models. Mentor Graphics' Advanced Verification Methodology
(AVM) used SystemVerilog equivalents of the TLM-1 ports, channels and
interfaces to communicate between verification components. Support for TLM-
2.0 was introduced in UVM.

The Verification Methodology Manual (VMM) was co-authored by Synopsys and
ARM and enables the creation of robust, reusable and scalable verification
erviro nments usi ng SystemVeri log.

URM and AVM were joined together to form the Open Verification Methodology
(OVM). OVM combines the classes from AVM and URM. lt is backwards
compatible with both.

UVM was developed by Accellera in collaboration with Cadence, Mentor
Graphics and Synopsys. Version 1.0 and, subsequently, version 1.'l were
released in2011, although an early access version (UVM f .OEA) was made
available in 2010. UVM is based on OVM 2.1.1 and adds a Register Layer based
on the Register Abstraction Layer (RAL) from VMM and TLM-2.0 interfaces,
based on the SystemC standard. UVM versions 1.1a through 1.1c provide bug
fixes with only a few minor changes.

lransaction-level Modelinq

Transactionlevel modeling (TLM) involves communication using function calls,
with a transaction being the data structure passed to or from a function as an
argument or a return value.

Transaction level modeling is a means of accelerating simulation by abstracting
the way communication is modeled. Whereas an HDL simulator models
communication by having a separate event for each pin wiggle, a transaction
level model works by replacing a bunch of related pin wiggles by a single
transaction. Obvious examples would be a bus read or bus write.
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uvM

UVM is implemented entirely in SystemVerilog so it should work on any
simulator that supports the full IEEE 1800-2009 standard.

The UVM source code can be downloaded from the UVM web site. There is also
an active user forum on this site that any registered user can freely participate in.

UVM Glass Hierarchy

Data

Register Layer

Structuro

The main UVM classes form a hierarchy as shown here. The uvm object class
is the base class for all other UVM classes.

User defined transaction classes should be derived from uvm_seguence_item.

TLM channels such as uvm_ttm_fifo are derived from urrm_report_object
so include the ability to print their state. There are also implementations of the
SystemC TLM-1 and TLM-2.0 interface classes (not shown here) that are
inherited by TLM channels.

The uvm_component class, which also derives from uvm_report_object, is

for user-defined verification components. lt has a run phase task that is

automatically invoked at the start of a simulation.

Base classes for common verification components such as environments,
agents, drivers and monitors are also provided.

7Copyr¡ght@ 20'13 by OoulosLld. Allr¡ghts resfled.



Finding What You Need in
This Guide
This section highlights the major areas of concern when creating or modifying a
UVM verification environment, and indicates the most important classes that you
will need to use for each of these areas. Classes and UVM features highlighted
in bold have their own articles in the Alphabetical Reference section of this
Guide.

Designing Transaction Data

UVM verification environments are built using fransacfion level modeling.
Stimulus, responses and other information flowing around the testbench are, as
far as possible, stored as transactions - objects carryirg a high-level, fairly
abstract representiation of the data. Because these objects are designed as
SystemVerilog classes, they can all be derived from a common base class,
usually uvm_sequence_item. When designing classes derived from th¡s, you
not only add data members ard methods to model the data itself, but also
overload various base class methods so that each data object knows howto do
a standard set of operations such as copying or printing itself.

Greatinq Problem.Specific Testbench Gomponents

The core of a testbench is the set of testbench components that will manipulate
the transaction data. Some of these components need a direct connection to
signals in HDL modules representing the device-undertest (DUT) and its
supporting structures. Other components operate at a higher level of abstraction
and work only with transaction data. All the components you create should be
represented by classes derived from uvm_component.

Components need to pass data to and from other components. ln UVM this is
achieved by providing the components with suitable ports and exports (TLM-1 )
or sockets (TLM-2.0) through which they can communicate with one anotåer,
(Note that all the standard components described below use TLM-I interfaces;
TLM-2.0 interfaces are provided for communication between SystemVerilog and
SystemC components that have TLM-2.0 interfaces.) Components never need
to know about neighboring components to which they are connected; instead,
components send and receive data by means of calls to methods in their ports.
The set of methods implemented by ports is known as the TLM-I Interfaces
(uvm_tlm_if in TLM-2.0). This is the fundamental principle of transaction level
modeling: one component calls a TLM interface method in its porf and, thanks to
the connection mechanism, the corresponding method is automatically called in
a different component's exporf.

I Copyright@2013 by Douloe Ltd. Allrþhts reswêd.



When a component makes data available for optional inspection by other parts

of the testbench, it does so through a special kind of port known as a
uvm_analysis_port, which connects to a uvm_analysis_export on each
component that wishes to monitor the data.

Almost every block of testbench functionality should be coded as a component.
However, some kinds of functional block are suff¡ciently common and sufficiently
welldefined that special versions of the component base classes are provided

for them, i ncludi ng uvm_driver, uvm_monitor and uvm_scorcboard. I n some
situations it is usef ul to build groupings of components, with the connections
between them already defined; uvm_agent is such a predefined grouping, and
you can also use uvm_env to create such blocks.

Resister Model

UVM includes a Register Layer, which enables an abstract model of the
memory-mapped registers and memories of a device to be created. A register
model is often created using a Memory Generator. The register model includes
a rich API for accessing a device's registers and memories. Both frontdoor
(using the normal bus interface) and backdoor access is supported.

The Register Layer also includes a number of pre-built Register and Memory
Sequences, so that a device's registers and memories can be tested with
minimal new code having to be written.

Ghoosinq and Gustomizins Built-in UVM Gomponents

Some components have standard functionality that can be provided in a base
class and rather easily tailored to work on any kind of transaction data. UVM
provides uvm_in_order_*_comparator and uvm_algorithmic_comparator.

Communication between components is often made simpler by using FIFO
channels rather than direct connection. Built-in components uvm-tlm-fifo and
uvm_tlm_analys¡s_fifo provide a complete implementation of such FlFOs.

All these built-in components can be tailored to work with any type of transaction
data because they are defined as parameterized classes. lt is merely necessary
to instantiate them with appropriate type parameters.

Gonstructing the Testbench: Phases and the Factorv

The structure of your testbench should be described as components that are
members of a top-level environment derived from uvm-env. The top level test
automatically calls a series of virtual methods in each object of any class derived
from uvm_component (which in turn includes objects derived from uvm-env).
The automat¡cally-executed steps of activity that call these virtual methods are
known as Phases.

ICopyr¡ght @2013 by Doulos Ltd. All rþhlsresfled.



Construction of the sub-components of any component or environment object is
accomplished in the build phase; connections among sibling sub-components
is performed in the connect_phase; executlon of the components' run-time
activity is performed in the run_phase. Each of these phases, and others not
mentioned here, is customized by overriding the corresponding phase methods
in your derived components or in the environment class.

Construction of sub-components in a component's build_phase can be
ach¡eved by directly calling the sub-components'constructors. However, it is
more flexible to use the uvm_factory to construct components, because the
factory's operation can be flex¡bly corìfigured so that an environment can be
modified, without changing ds source code, to behave differently by constructing
derived-class versions of some of lts components.

The factory can also be used to create data objects in a flexible way. This
makes it possible to adjust the behavior of stimulus generators without modifying
their source code.

Structured Random Stimulus

A predefined component uvm_random_stimulus can be used to generate a
stream of randomized transaction data items with minimal coding effort.
However, although the randomization of each data item can be controlled using
constraints, this component cannot create structured stimulus: there is no way to
define relationships between successive stimulus data items in the random
stream. To meet this important requirement, UVM provides the Sequence
mechanism, described in more detail in articles on uvm_sequence,
uvm_sequence_¡tem, uvm_seguence_library, uvm_sequencer, Sequencer
lnterface and Ports, Sequence Action Macros and Virtual Sequences.

Writinq and Executing a Test

Having designed a test environment it is necessary to run ¡t. UVM provides the
uvm_test class as a base class for userdefined top-level tests, defining the
specific usage of a test env¡ronment for a single test run or family of runs.
uvm_root provides a mechanism for encapsulating the whole of your UVM
testbench and top-level test.

UVM provides an objections mechanism using uvm_objection to manage the
End of Test.

Gonfisuration

When a test begins, there is an opportunity for user code In the test class to
provide configuration irìformation that will control operation of various parts of the
testbench. The mechanisms that allow a test to set this configurat¡on
information and, later, allow each part of the testbench to retrieve relevant
configuration data, is known as Gonfiguration. For configurat¡on to work

l0 Copyr¡ght@2013 by Doulos Ltd. All rþhts reswod.



correctly it is necessary for user-written components to respect a set of
conventions concerning the definition of data members in each class. Data
members that can be configured are known as /Ïelds, and must be set up using
Field Macros provided as part of UVM.

One of the most commonly used and important aspects of configuration is to
choose which HDL instances and signals are to be accessed from each part of
the testbench. Although UVM does not provide any specific mechanisms for
this, the conventional approach is to use the configuration mechanism.

Reporting and Text Output

As it runs, a testbench will generate large amounts of textual information. To
allow for flexible control and redirection of this text output, a comprehensive set
of reporting facilities is provided. These reportirg features are most easily
accessed through four reporting macros (See Reporting). Detailed control over
text orrtput formatting is achieved using uvm-printer and uvm-printerJnobs.

Copyrigtl @2013 by Doulos Ltd. All rþhts reswed. 11
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uvm_agent

The uvm_agent class is derived from ur¡m_component. Each user-defined
agent should be created as a class derived from urrm_agent. There is no
formal definition of an agenf in UVM, but an agent should be used to
encapsulate everything that is needed to stimulate and monitor one logical
connection to a device-under-test.

A typical agent conta¡ns instances of a driver, monitor and sequencer (descibed
in more detail in later secflons). lt represents a self-contained verification
component designed to work with a specific, well-defined interface - for
example, a standard bus such as AHB or Wishbone. An agent should be
configurable to be either a purely passive monitor or an active verification
component that can both monitor and stimulate its physical interface. This
choice is controlled by the value of the uv¡n_active_passive_enum data
member, which can be set via the configuration mechanism; the driver and
sequencer sub-components of the agent should be constructed only if this data
member has been configured to be uvu_actrvE before the agent's
build_phase method is invoked.

Agents generally have rather little functionality of their own. An agent is primarily
intended as a wrapper for its monitor, driver and sequencer.

Declaration

cfass ur¡m_agent extends uvm_component;

typedef enum bit { UVM_PASSIVE:O, UVM_ACTIVE:I

uvm_active_pas sive_enum;

Methods

Members

tÂlofe; This field is not defined in uvm_agent, but should almost always be
provided as part of any user extension.

function new(string name,
uvm_component parent) i

Constructor; minors the
superclass co nstructor in
uvm component

vírtua.l function
uvm_act ive_pa s s ive_enum
get_is_acÈiwe ( ) ;

Returns uvM_ACTrvE or
UVM-PASSIVE

uwm_act ive_pa ss ive_enum
is active : UVM_ACTIVE;

Controls whether this instance
has an active driver.

luvm_analysis_po rt
# (transactíon_class )

rÍonitor_api

Exposes the monitor sub-
component's analysis output to
users of the agent.
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uvm_agent

Example

cl-ass example_agent extends uvm_agent;
examp le_sequencer # ( exarnple_t ransaction ) m_sequencer ;
example_driver m_driver ;
example_mon itor m_monitor ;
uvm_analysis_port # (example_transaction) monitor_api
virtuaf dut if v dut if;

virtuaf function void build_phase (uvm_phase phase) ;
super . bui 1d_phase (phase ) ;
m_monitor : example_monitor: : type_id: : create (

"m_monitor", this);
monitor_ap = new("monitor_ap", this) ;
if ( get_is_active O :: WM_ACTIVE ) begin

m_sequencer = example_sequencer: :type_id: :create (

"m_sequencer", this);
m_driver = exampl-e_driver : :type_id: :create (

"m_driver", this);
end

endfunction : build_phase

virtuaf function void connect_phase (uvm_phase phase);
m_monítor . monitor_ap. connect (moni tor_ap ) ;

. . . / / code to confìect mon¡tor's virtual interface

if ( get_is_active O :: UVM_ACTTVE ) begin
m_drÍver . seq_i tem_port . connect (

m_sequencer. seq_item_export ) ;

. . . // code to connect drive/s virtual interface

end
endfunction : connectjhase

endclass : example_agent

An agent should represent a block of "verification lP", a re-usable
component that can be connected to a given DUT interface and then used
as part of the UVM test erìvironment. lt should be possible to specify a
single virtual-interface connection for the agent, and then have the agent's
buif d_phase or connect_phase method automatically provide that
connection (or appropriate modports of it) to any relevant sub-components
such as its driver and monitor.

Tips

a
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a

a

o

a

a

uvm_agent

Every active agent should have a sequencer sub-component capable of
generating randomized stimulus for its driver sub-component.

An agent's monitor should collect coverage ¡nformation.

Provide your agent with an analysis port that is directly connected to the
analysis port of its monitor sub-component. ln this way, users of the agent
can get analysis orfput from it without needing to know about its internal
structure.

You will need to create appropriate sequences that the sequencer can use
to generate useful stimulus.

The UVM User Guide recommends two flags to be declared within an
agent: checks_enable and coverage_enable. These flags provide a
standard way of configuring the checking and coverage collection.

The is_active property can be set, for e><ample in the test or
environment, using:

uvm_config_db
# (uvm_bits tre am_t ) : : set ( " <path_to_agent> ",
"is active", UVM ACTIVE);

By default, the is_active flag is set to uvM_AcTrvE.

Gotchas

uvm_agent has no methods or data members of its own, apart from its
constructor, its is_active flag and what it inherits from uvm_component.
However, to build a properly-formed agent requires you to follow various
methodology guidelines, including the recommendations in this article. ln
particular, you should always use the ís_active flag, a configurable
means to connect the agent to its target physical interface, and the three
stardard sub-components (driver, monitor and sequencer). An agent is in
effect a piece of verification lP that can be deployed on many different
projects; as such it should be designed to be completely self-contained and
portable.

An agent's is_active flag must be set using the uvm_bitstream_t
data type instead of its defined type of uvm_active_passive_enum. The
agent's build phase uses get_config_int to retrieve is_active, and
get*config_int uses uvm bitsteam t.

a

a

a

See also

w m_co m pone nt; wm_d rive r; uvm_mo nito r; uvm_seq uence r

t6 Copyr¡ght O 2013 by Doulos Ltd. All Ìillhts reswêd.



uvm_a¡gorith mi c_comparator

A suitably parameterized and co nf igured uvm_a.l gori thm i c_comparato r can
be used to checkthe end-to-end behaviorof a DUT that manipulates
(transforms) its input data before sending ¡t to an output port. lts behavior is
generally similar to ur¡m_in_order_class_comparator, but it requires a

reference model of the DUT's data manipulation behavior, in the form of a
special "transformer" object, to be passed to the comparato/s constructor.

The comparator provides two analysis exports, before_export for input
transactions and after_export for output transactlons (after processing by the
DUT). Unlike the other UVM comparator classes, these two exports are not
required to support the same type of transaction.

Transactions received on before_export are first processed by the
transf orm method of a user-provided'transformef object - in effect, a

reference model. The result of the trans f orm method is the predicted DUT
output, represented as a transaction of the same type as will be received from
the DUT output on after_export.

lnternally, there is an in_order_class_comparator. lts before_export is
fed with the transformed (predicted) transactions; its after_export sees the
real DUT output. ln this way, the DUT's output is compared with the expected
values computed from the observed DUT input.

Declarations

cfas s uvm_algorí thmic_comparato r
#( type BEFORE = int, type AFTER :

type TRANSFORMER : int )

extends uvm_component i

Methods

Members

int,

function ne¡v(
string name,
uvm_component parent:null,
TRANSFORMER transformer:nuf f ) ;

Constructor - "transforme/' is
the reference-model object
whose transforn method
will be used to predict DUT
or.rtput values

uvm_analysis_imp # (BEFORE,

before_e¡q)orf;
) Connect to first transaction

stream analysis port, typically
monitored from a DUT's input

uvm_analysis_export # (AFTER)

after_e:çort;
Connect to second transaction
stream analysis port, typically
monitored from a DUT's output

Copyrìghl @ 2013 by Doulos Ltd. All rithts.esfled. 17



uvm_a lgorithm ic_comparator

Code pattem for any user-defined transformer c/ass.'

c.Iass example_transformer;
. . . / / member variables to represent internal

/ / slale ofthe reference model
function new(any appropriate arguments),'

. . . / / initialize the state of the reference

/ / model based on the constructor arguments

endfunction
function after_c1ass_type transform (

before_cLass_type b );
. . . / / maintain the state of the reference model

/ / based on the new input transaction, and

// compute and return the expected result

endfunction
endclass

Example

Using uvm_a1 gori thmic_compar ato r withi n a scoreboard compo nent

class cpu scoreboard extends uvm scoreboard;

/ / Felched instructions are observed here:
uvm_analysis_export * (fetch_xact) af_fetch_exporti
// Execution results are observed here:

urrm_analysis_export # (exec_xact) af_exec_export;
urrm_a I go r i thmi c_c ompa rat o r

# (.BEFORE (fetch_xact), .AFTER(exec_xact),
.TRANSFORMER(Instr Set Simulator) ) m comp;

function ner^r ( string name, uvm_component parent ) ;
super.new (name, parent) ;

endfunction: new

virtuaf function void build_phase (uvm_phase phase);
super. buildShase (phase ) ;
/ / Creale the transformer object
Instr_Set*Simu1ato.r m_iss : new(...) ;

/ / Creale analysis exports
af_fetch_export = new("af_fetch_export", this),'
af_exec_export : new ( "af_exec_export", this) ;

/ / Supply the transformer object to the comparator
m_comp : new(m_íssr "comp", this);

endfunction: build phase

18 Copyrigt¡t @ 2013 by Doulos Ltd. Allrights reswed.



uvm_a I gorithm ic_comparator

vírtual- function void connect_phase(uvm_phase phase) ;
af_fetch_export. connect ( m_comp.before_export ) ;
af_cpu_export . connect ( m_comp. after_export \ ;

endfunction: connect_phase

integer m_fog_file;
virtuaf function void
start_of_s imulation_phas e (urnn_phase pha se ) ;

m_log_file : $fopen ("cpu_comparator_1o9. txt") ;
s et_report_id_action_hier ( " Comparator Match ", LOG) ;
s et_report_id_fi fe_híe r (rrComparator

Match", m_fog_file) ;
s et_report_id_action_h ier ( "Comparator Mi smatch ", LOG) ;
set_report_id_file_hier ("Comparator Mismatch",

m_log_fiIe) ;

endfunction : start_of_simulation_phase

virtuaf function void report phase(uvm phase phase);
stríng txt;
$sformat(txt, "*matches = ?d, *mismatches : %d",

m_comp . m_matches , m_comp . m_rnisnatches ) ;
'u¡¡m_info (" ", txt,UVM_NONE)

endfunctíon : report_phase
' uvm_component_ut il-s ( cpu_s coreboard )

endclass: cpu scoreboard

T¡ps

Although there is no ready-to-usìe UVM class for the transformer (reference
model) object, it is probably a good idea to derive it from uvm_component so
that its behavior and instantiation can be corìtrolled by the configurat¡on and
factory mechanisms.

Gotchas

ln current releases of UVM the transformer and comparator objects in a
uvm_al gori thmi c_comparato r have local- access. Consequently they
cannot easily be controlled from code written in a der¡ved class. ln part¡cular,
there is no way to flush the comparator. Users may wish to write their own
version of urrm_algoríthmic_comparator, using the UVM code as a model,
to provide better control over the comparison process. This problem is not so
important for the transformer object, because it must be suppl¡ed in the
algorithmic comparato/s constructor and therefore the environment can easily
keep a reference to it.

Copyright @ 20 13 by Doulos Lld. All rbhts resfled. l9



uvm_a l gorithm ic_comparator

See also

wm_analysis_port; wm_analysis_export; wm_in_order_*_comparator

20 Copyright @20'13 by Doulos Ltd. All ri:hts reswed.



uvm_analys¡s_export

Components that work with transact¡ons typically make those transactions
available to other parts of the testbench through analysis ports. A monitoring or
analysis component that wishes to observe these transactions must subscribe to
the producing component's analysis port. This is achieved by connecting an
analysis export on each subscriber to the analysis port on the producer. The
analysis export provides the write method required (called) by the analysis port.

There is no limit to the number of analysis exports that can be connected to a
given analysis port. An analysis export may be connected to one or more
analysis exports on child components or implementations.

Declaration

cfass uvm_analysis_export #(type T = int)
extends uvm port_base # (uvm_tIm_if_base # (T' T) ) ;

Methods

from uvm_port_base

Example

This example shows the implementation of a specialized analysis component
that corìtains two different subscribers, both observing the same stream of
transact¡ons. The analysis component has just one analysis export that is
connected to both subscribers.

c.Iass custom_subscr_1
extends ur¡m_subscriber # (exampfe_transaction),'

/ / code for first custom subscriber

Constructorfunction new(string name,
uvm component parent);

functíon void wríte (input T t); Called implicitly by
connected analysis port's
write method, forwards call
to connected exports or
implementatio n(s)

virtuaf function string
get_tf¡I¡e_narne O ;

Returns
"uvm analysis export"

Connects the analysis
export to another analysis
export, orto an analysis imp,
that implements a
subscriber's write
functionality

virtual- function void connectl (

port type provider);

2'l Copyr¡ght@2013 by Doulos Ltd. All rirhls¡eswêd.



uvm_analys¡s_export

cfass custom subscr 2

extends uvm_subscriber # (exampfe_transaction) i
. . . / / code for second custom subscriber

cJ-ass exampl-e_doubl-e_subscriber extends uvm_component;
custom_subscr_1 subscrl ;
custom_subs cr _2 subscr2 i
uvm_anal ysi s_expo rt # ( example_trans act ion )

analysis export;

function void buifd_phase (uvm_phase phase) ;
subscrl : custom_subscr_1: : type_id: : create (

"subscr1", this );
subscr2 : custom_subscr_2: : type_id: : create (

"subscr2", this );
analysis_export : new ( "analysis_export", this

endfunction
,l;

Tips

function void connect_phase (uvm_phase phase) ;

/,/ Connect the analysis export to both internal components
ana.lys is_export . connect ( subscr l- . anal ys i s_export ) t
analysis_export . connect ( subscr2 . analysis_export) ;

endfunction

endcfass

a

Every analysis export must ultimately be connected to a
uvm_analysis_ímp implementation that provides a write method. lt is
poss¡ble to connect an analysis port directly to a uvm_anaf ysis_imp, but
user-written components more commonly have a uvm_analysis_export
that in its turn is connected eitherto one or more uvm_analysis_imp, or
to a uvm_anafysis_export on a sub-component that is a member of the
component.

An especially useful and common idiom is for a subscriber component to
have a uvm_tl-m_analysis_f i fo. The component's
uvm_anaÌys is_export is then connected to the analysis FIFO's
analysis_export. lnthis way, the user has no need to code a
uvm_ana Ì ys í s_imp explicitly. Transactio ns f rom a producer's analysis
port are written into the analysis FIFO without blocking. A thread in the
user-written component can take transactions from the analysis FIFO's qet
port at its leisure. (Note that uvm_tlm_analysis_f ifo does not make a
copy of transactions written to it. Where it is required to buffer multiple
transactions before they are read, the initiator should make and write a

a
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a

copy of the transaction, otherwise all references in the fifo will point to the
same transaction.)

ur¡m_subscriber provides a convenient base class for user-written
subscriber components that observe transactions from exactly one analysis
port. ln uvm_subscriber the necessary arrangement of analysis eport
and implementat¡on has already been coded, and it is only necessary for
the user to overide the base class's rn'rite method in their class derived
from ur¡m subscriber.

The overall pattern of connection of analysis ports, expoñs and imps is:

. A producer of analysis data should write that data to an analysis port.

An analysis port can be connected to any number of subscribers
(including zero). Each subscriber can be another analysis port on a
parent component, or an analysis export or analysis imp on a sibling
component.

An analysis export can be connected to any number of subscribers.
Each subscriber can be an analysis export or an analys¡s imp on a
child component.

Gotchas

You must create an ¡nstance of an analysis export ¡n a component's
buif d_phase method, for example by calling new O .

Analysis ports and exports must be parameterized for the type of
transaction they carry. The transaction parameters for connected analysis
ports and exports must match exactly.

Conventionally, a producer calls the non-blocking write method for its
analysis port and assumes that the transaction object will not be requ¡red
once write has returned. A subscriber should therefore never store a
reference to a written transaction: if it needs to reference the transaction at
some fúure time step, its write method should create a copy and store that
instead.

a Analysis components should never write to objects they are g¡ven for
analysis. lf your analysis component needs to modify an object it is given, it
should make a copy and work on that. Other analysis components migtrt
also have stored the same reference, and should be able to assume that
the object will not change.

See also

wm_s ubscri be r; uvm a na lysis_po rt ; wm_tlm_a na lysis_f ifo

o

a

a
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It is often necessary for some parts of a testbench - for example, endto-end
checkers and coverage collectors - to observe the act¡vity of other testbench
components. Analysis porfs provide a consistent mechanism for such
observation.

Declaration

class uvm_analysis_port #(type t: int)
extends uvm_port_base # (uvm_tlm_if_base # (T, T) ) ;

Methods

I n he rit ed f rom uv m _port_b a se

Example

See the article on uvm_monitor for an example of using an analysis port.

Tips

When designing any component, use an analysis port to make data
available to other parts of the testbench. The analysis port's wríte
method does not block, and therefore cannot interfere with the procedural
flow of your component. lf there are no subscribers to the analysis port,
calling its write method has very little overhead.

Any component that wishes to make transaction data visible to other parts
of the testbench should have a member of type uvm_analysis_port,
parameterized for the transaction's data type. This analysis port should be
constructed during execution of the component's buif .t_phase method.

Whenever the componerìt has a transaction that it wishes to publ¡sh, it
should call the analysis port's write method w¡th the transact¡on variable
as its argument. This method is a function and so is guaranteed not to

a

a

function new(string name,
uvm component parent) i

Constructor

function void write (

input T t);
Publishes transaction t to
any co nnected subscribers

virtual function string
get_tf¡Ire_name ( ) ;

Returns
"urrm_analys is_port "

virtuaf function void connecti (

port type provider);
Connects the analysis port
to another analysis port, or
to an analysis export that
implements a subscriber's
write functionality
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block. lt has the effect of calling the write method in every connected
subscriber. lf there is no subscriber connected, the method has no effect.

The member variable name for an analysis port conventionally has the
srffix _ap. There is no limit to the number of analysis ports on a
component.

Monitor components designed to observe transactions on a physical
interface (see uvm_monitor) are sure to have an analysis port through
which they can deliver observed transactions. Other components may
optionally have analysis ports to expose tr¿¡nsaction data that they
manipulate or generate, so that other parts of the testbench can observe
those data. Note, in particular, that every uvm_tl-n_f if o has two analysis
ports named put_ap and get_ap; these ports exposê, respectively,
transactions pushed to and popped from the FIFO.

Gotchas

You must create an instance of an analysis export in a comporìent's
build_phase method, for example by calling new ( ) .

The write method of an analysis port takes a reference (handle) to the
transaction as an input argument. Consequently, it is possible (although
not recommended) for the target of the write () to modify the transaction
object. To avoid difficulties related to this issue, cons¡der writing a copy ot
the transaction to the analysis port using the transaction's own clone
method (although in a well-behaved system, it is usually the responsibilig
of the subscriber to make the copy):

my_transaction_t tempi
$cast (temp, tr. cfone ( ) ) ;
my_ap . wri te ( temp ) ;

a Other parts of the UVM library, including the built-in comparator
components, assume that transact¡ons received from an analysis port are
"safe" and have already been cloned if necessary.

See also

w m_mo nitor; uv m_su bscri be r; uvm_a na lysi s_expo rt; uv m_tl m_f ¡f o
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A uvm_barrier provides a mechanism for synchronizing between multiple
processes. When a process is ready to synchronize, it waits on the barrier,
which causes it to block until all other processes are ready. Each barrier has a
threshold that determines when enough processes are waiting, and it is time to
proceed. A barrier's default threshold is set when calling the constructor.
Barriers are useful in a testbench for creating synchronization points between
components.

Declaration

class ur¡m_barrier extends uvm_object;

Methods

functíon new(string name : "",
int threshold = 0);

Constructor

Default threshold count is
0.

virtual function void cancel O; Removes the wait on the
barrier when a process is
killed.

virtual function uvm object create(
string name : "") ;

Creates and returns a
barrier object.

virtua] function int
get_num_waiters ( ) ,

Returns the number of
processes waiting on the
barrier.

virtua.I function ínt
get_threshold ( ) ;

Returns the barrier's
threshold.

virtual- function string
get_tyfre_na¡ne O ;

Returns the type name of
the barrier object.

virtual function void reset(
bit wakeuP = 1);

Resets the barrier.
Waiting processes are
awakened if the wakeup
bit is set.

virtual function void
Eet auto reset(bit value:1);

When vaf ue = 1, the
barrier is reset when the
threshold is reached.

When value = 0, new
processes will rot block if
the threshold is already
reached.
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virtual function void
set threshold(int threshofd) ;

Sets the threshold for the
number of processes that
must be wa¡ting until the
barrier is reached.

virtuaf task weit forO; Waits on the barrier until
the threshold number of
processes is reached.

Also inherited are the standard methods from uvm_object

Example

c.Iass usb_driver extends ur¡m_driver# (usb_Èrans) ;

uvm_barríer m_barrier;

task post_reset_phase (ur¡m_phase phase) ;

/ / Wait for the barrier before proceeding

m barrier.wait_for O ;
endtask

endc fas s

class spi_driver extends uvm_driver# (spi_trans),'
uvm barrier m barrier;

task pre_main_phase (uvm3hase phase) ;

// Wait for the banier before proæeding

m_barrier.wait_for ( ) ;

endtask
endcfass

class top_env
uvm_barrier
usb_driver
spi_driver

extends uvm_env;
rn_barrier,'
m_usb_drv;
m_spi_drv;

function voíd build_phase (uvm_phase phase) ;

super.build_phase O ;

/ / Creale a bar¡ie¡ Íor 2 processes

m barrier: new("m barríer"' 2);

m_usb_drv :
usb_driver

m_spi_drv :
spi_driver

type_id: :create ("m_usb_drv", thís) ;

type_id : : create ( "n_spi_drv", this),'
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a

a

/,/ Pass the barrier object to the drivers
m_usb_drv.m_barrier : m_barrier;
m_spi_drv.m_barríer : m_barrieri

endfunction
endc.l-ass

Tips

Gotchas

When setting the threshold, if a smaller threshold value is used than the
current threshold, then the barrier is reset and all waiting processes are
awakened.

Calling cancel on a barrier only cancels the barier count and does not
awaken sleeping processes.

See also

wm_event; wm_objection; wm_heartbeat

uvm_barrier provides a custom copy for copying barriers.

uvm_barrier provides a custom print method for displaying the
contents of a uvm barrier.
lf a barrier needs canceled, consider using reset (1 ) instead of cancef
since it clears the barrier and awakens any sleeping processes.

a

a

a
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uvm_caÌ f back is the base class for user-defined callback classes. (lt is also
used as the base class for callback classes in UVM, for example
uvm_obj ection_callback.) Typically, the component developer defines an
application-specific callback class that extends from this class. The extended
class will include one or more virtual methods that represent the hooks available
for users to ovenide.

Declaration

class uvm_callback extends ur¡m_object;

Methods

Example

See Callbacks.

Tips

Methods intended for optional override should not be declared pure. Usually, all

the callback methods are defined with empty implementations so users have the
option of overriding any or all of them.

$ee also

CallbacK; uvm_callbacks

function new(
string name : "uvm caffback") i

Constructor

function bit callback mode (

int on: -1);
Enable or disable callbacks.

function bit is enabledO; Returns 1 if the callback is
enabled, or 0 if not.

virtual function string
get_tf¡I¡e_nane O ;

Returns the type name of
the callback object.
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The u¡¡m_caf fback_iter class is an iterator class for iterating over callback
queues of a specific callback type. The callback iteration macros,
' u\¡m_do_ca ll-b ac k s and' ur¡m_do_ca 1J-b ack s_e xit_on prov¡de a si mple
mechanism for iterating through callbacks and executing the callback methods.

Declaration

class ur¡m_callback_iter #(type T : uvm_object,
type CB : uvm caffback);

Parameters

Methods

tlæe T : uvm_object The base type of the object
with which the callback
objects will be registered.

type CB : uvm calÌback The base callbacktype that
will be managed by the
interface.

function new(1 obj); Constructor

function CB first O ; Returns the first enabled
callback, or null- if there are
none.

function CB fast O; Returns the last enabled
callback, or nulf if there are
none.

functíon CB next O; Returns the next enabled
callback, or nutt if there are
mne.

function CB prev O ; Returns the previous
enabled callback, or nulf if
there are none.

function CB get_cb ( ) ; Returns the last callback
returned by one of the above
calls.
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Example

The typical usage of the class is:

u¡¡m_callback_iter# (mycomp,mycb) iter : new(this) ;
for (mycb cb: iter.firstO; cb !: nulf; cb = iter.nextO)

cb.dosomething O;

Tips

Use this class rather than the equivalent iterator methods provided by
uv¡n_cal f backs.

See also

Callbacks; wm_callbacks
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Extending functionality of testbench components in an environment is most
easily and ideally done in UVM using the built-in factory mechanism. However,
UVM also provides another way to change functionality: callbacks.

A callback is a method call placed inside a testbench component that can be
overridden by other components-typically, a user test case. This provides an
easy mechanism for test cases to change the behavior of the verification
ervironment withoú actually modifying the testbench source code.

A number of UVM classes have built-in callbacks. Component developers can
also add callbacks to their own classes. Callbacks can be used to change a
transaction's randomization, the generat¡on of data, add additional coverage
terms, define custom scoreboard compare functions, ¡nject errors, or perform
any test specific modifications needed.

Adding Gallbacks to a Component

This consists of four steps. The first three are usually performed by the
comporìent developer. the fourth step is usually performed by the user of the
component.

Step 1 lcomoonent developer) - The first step to adding callbacks into a
component is to create an abstract (virtual) base class. ln this base class, a
skeleton definition of any callback methods need to be defined. The names of
the callback functions or tasks are not important, nor is their functionality, since
this will be defined later- typically in a test case. Likewise, the arguments to the
callback methods are up to the component developer since these will be passed
into the callback when the method is invoked.

Step 2 (comoonent develooerl - The second step is to register and place the
callbacks in the component. Usirg one of the UVM callback macros, the
callback(s) can easily be inserted inside the testbench components.

Steo 3 (comoonent developer) - The third step is to create a user defined
abstract type for the callbacks by parameterizing uvm_cat tbacks with the
component that includes the callbacK (the one that was modified in step 2) and
the abstract callback class defined in the firct step.

Steo 4 (comoonent user) - ln the fourth and final step, the specific callback
functions can be defined. The ideal place for this is in a test case. Once the
callbacks have been deflned, the test case can registerthem with the testbench
component and the component will automat¡cally invoke them at the appropriate
times, using the callback macros that were included in the component in step 2.

Example

ln this e><ample, callbacks are included in the component class my driver, âhd
implemented in a test, error_injector_test.
Step 1 - Create an abstract base class with callback f unctions
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virtua.l c.Iass driver cbs extends uvm callback;

// Constructor

function new(string name = "driver cbs");
super.new (name) ;

endfunction

/ / Callback method
virtuaf task trans_received(my_driver drv,

drv. uvm_report_info ( " caÌlback", 'r In trans
endtask

trans tr);
receivedO ") ;

/ / Callbackmethod
virtual- task trans_executed(my_driver drv, trans tr);
endtask

endc.lass : driver_cbs
Step 2 - Register the callback class, add and call the callbacks in the
component

class my_driver extends uvm_driver# (trans);
'uvm_register_cb (my_driver,driver_cbs) // Registercallbacks
' uvm_component_ut i1s (my_drive r )

/ / Callbacklasks - these simply call a callback macro
virtual task trans_received(my_driver drv, trans tr);

' uvm_do_caLfbacks (driver_cbs, my_driver,
trans_received(this, tr ) )

endtask : trans received

virtua.I task trans_executed(my_driver drv, trans
' uvm_do_ca lÌbacks (driver_cbs, my_dr ive r,

trans_executed (this, tr) )

endtask : trans executed

task run_phase (uvm_phase phase),'
forever begin

seaiten¡>ort.get_next_ítem( tr ) ;

/ / Call callbacktask
trans_received (this, tr ) ;

... / / Drivethetransaction

/ / Call callbacktask
trans_executed (this, tr ) ;
ses_item_port. item_done ( tr ) ;

tr) ;
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end
endtask : run_phase

endclass: my_driver
Step 3 - Create a user defined type for the callback

type de f uvm_c a J-.1-bac ks # (my_dr ive r, dr íve r_cbs )

Step 4 - Define the functionality of the callback tasks

c.lass error_cb extends driver_cbsi
'uvm object utils(error cb)

driver cbs t;

/ / Constructor

task trans*received(my_driver drv, trans tr) i
bit t2:01 i;
/ / Tvø,ddle up to I b¡ts

repeat ($urandom_range (8) )

assert (std::randomize (i) ) begin
tr.datalil : -tr.datalil ì // Cofiuptthedata

end
efse

drv. urrm_report_warning ( "Error Callback",
"Unable to se.lect bit to twiddfe ! "

endtask

task trans_executed(my_driver drv, trans tr);
/,/ lmplementthe trans executed callback

endtask
endclass : error_cb
Finally, Register the callback in the test case.

c.lass error_injector_test extends uvm_test,'

function void start_of_simu.Iation_phase (uvm_phase phase) ;

my_driver drv; / / D¡ive¡ in the environment

error_cb e_cb; // Userdefinedcallbacksclass

e_cb : nehr ( "e_cb" I ; / / Create the error injecting callbacks

/ / Find the driver where the callbacks will be installed

$cast(drv, uvm_top.find( "*.m_drv" ) );
/ / lnstall the callbacks in the driver
driver_cbs_t 3 :add(drv, e_cb) ;

endfunction : start_of_simulation_phase
endcfass : error injector test

34 Copyr¡ght @2013 by DoulosLtd. Allrbhts rewed.



Callbacks

Gotcha

There are two classes with very similar names: uvm_calf back ârìd
u¡¡m_caf fbacks. Make sure you use the conect one: uvm_caf fback is the
base class for userdefined callback classes. uvm caf l-backs is used for
registering callbacks with a component (See Example).

See also

wm_callback; wm_callbacks

For further information on this and other topics, please see the UVM tutorials at
http://www.do ulos.co m/knowhow/sysve ri log/ wm/.
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The uvm_caf l-backs class is a base class for implementing callbacks. To
enable compile-time type-safety, the class is parameterized on both the user-
defined callback interface implementation as well as the object type associated
with the callback.

The object type+allback type pair are associated together using the
'uvm_register_cb macro to define a valid pairing; valid pairings are checked
when a user attempts to add a callback to an object.

Declaration

cfass uvm_callbacks #(type T : uvm_object,
type CB : uvm_cal-l-back)

extends uvm*typed_caf l-backs* (T) ;

Parameters

Methods

tlæe T : uvm_object The base type of the object
with which the callback
objects will be registered.

type CB : u¡¡m_calfback The base callbacktype that
will be managed by the
interface.

static function void add(
T obj,
uvm_callback cb,
uvm-a'Pre'e"o t'o:';ifl 

APPEND) ;

Registers the given callback
object, cb, with the given
obj handle, which may be
nul- 1.

static function void add_by_nane (

string name,
uvm_callback cb,
uvm_component root,
uvm-a'Pre'eno oto:t;ffi 

AppEND) ;

Registers the given callback
object, cb, with one or more
uvm_components. root
specifies the location in the
comporìent hierarchy to start
the search for name.

static function void delete(
T obj, ur¡m cal-fback cb) ;

Deletes the given callback
object from the queue
associated with the given
object handle (possibly
null).
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static function void
dêlete_by_naÍie (

string name,
uvm_callback cb,
uvm component root);

Removes the given callback
by name.

static function void display(
T obj : nul-f );

Displays callback
information for obj used for
debugging.

a

Rules

The parameters T and CB must be derived from uvm_obj ect and

uvm calfback respectively.

lf a nuf I object handle is used with add, add_by_name, delete or
derete_by_name methods, then this refers to callbacks without an object
context.

Example

See Callbacks.

lips

ur¡m_cal.rbacks also includes iterator methods, which are not shown here; a

facade class, uvm_cal-l-back_iter, is generally the preferred way to ¡terate

over callback queues.

See also

Callbacks; wm_callback; wm_callback_iter
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An efended version of uvm_ob j ection that includes callback hooks for when
the objection is raised or dropped. The user can define the callbacks by
extending the uvm_ob j ecti on_caÌ f back class.

uvm_heartbeat is an example of a class that extends
uvm caL lba cks_ob j ection.

Declaration

cfass ur¡m cal.Ibacks objection extends uvm objection;

Methods

Tips

Use this class in place of urrm_ob j ection if you want to implement the
callbacks.

Gotcha

The naming convention - uvm_caffbacks_obj ection versus
uwm objection caflback -can beconfusing.

See also

Cal lbacks ; wm_heartbeat; uvm_o bjectio n; w m_objectio n_ca I lbac k

function new(string name : ""); Constructor

virtua.I function void raised
uvm object obj,
uvm_object source_obj,
string description,
int count) i

Calls the raised method in
the user callback class when
an objection is raised.

virtual function void dropped
uvm_object obj,
uvm_object source_obj,
string descríption,
int count) i

Calls the dropped method
in the user callback class
when an objection is
dropped.

virtua.l task all_dropped
uvm_object obj,
uvm_object source_obj,
string description,
int count);

Calls the all_dropped
method in the user callback
class when the last objection
is dropped.
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uvrn_cmdline_processor provides an interface to the command line

arguments that were used to irvoke the simulator. The command line processor

also provides support for setting various UVM variables from the command line

such as compo nents' verbosities and configuratio n setti ngs.

A global variable called uvm_cmdf ine-proc is created at initialization time and

may be used to access command line information.

Declaration

class ur¡m_cmd.líne_processor extends uvm-report-object;

cons t uvm_cmdl ine_p roce s s or uvm_cmdl i ne-pro c

: uvm cmd.line processor: : get_inst ( ) ;

Methods

static function
uvm_cmdline_processor get-inst ( ) ;

Obtain the unique instance
of
uvm_cmdf ine_p roce s s or

function void get_args (

output string arqs [$ ] ) ;
Returns a queue with all of
the command line
arguments. Element 0 of the
array will always be the
name of ttre executable
which started the simulation.

function void get3lusargs (

output stríng arqs[$J ) ;
Returns a queue with all of
the plus arguments.

function void get_uvm_args
output string args [$] );

Returns a queue with all of
the +Êuvm*/UVM*
arguments.

functíon int get_arg_metches (

string match,
ref string args [$ ] ) ;

Loads a queue with all of the
arguments that match the
input expression and returns
the number of items that
matched.

function int get_arg_value (

string match'
ref string val-ue);

Find the first argument
which matches natch and
returns the suffix of the
argument. The function
return is the total number of
matches.
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function int get_arg_values (

string match,
ref string values [$] );

Finds all the arguments
which match match and
returns their suffixes. The
function return is the total
number of matches.

function string get_tool_nane O; Returns the name of the
invoking simulator.

function string
get_tool_version O ,.

Returns the version number
of the invoking simulator.

Built-in Gommand Line Arguments

+UVM CONFTG DB TRACE Turns on tracing of
configuration database
access

+UVM DUMP CMDLINE ARGS For debugging. dumps all
command line arguments in
a tree format.

+UVM_MAX_oUIT_COUNT:count, can ove
rride

Change the maimum quit
count for the report server.
can_override is YÊS or NO.

+UVM OBJECTION TRACE Turns on tracing of
objections.

+UVM PHASE TRACE Turns on tracing of phase
executions.

+UVM RESOURCE DB TRACE Turns on tracing of resource
database access

+uvm set action
:comp, id, severity, action

Sets reporti ng actio ns.
Equivalent to
set_report_*_act ion.

+uvm_se t_config_int
:comp, fieldrvalue

As procedural equivalent

+uvm_se t_c on f ig_s tr ing
:comp, fie.Id,value

As procedural equ¡valent

+uvm set inst override
:type, overr ide_type, path

As factory
set_i ns!_override_by_na me

+uvm_se t_severity
:comp, id, old_sev, new sev

Sets reporting severity.
Equivalent to
set_report_*_severi ty
override
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+uvm_se t_type_override
:type, override_type l, replacel

As factory
set_type_override_by_name
lf replace 1 (default),
eisting overrides are
replaced

+uvm_se t_verbosity
=comp, id, verbosity, phase

+uvm_se t_verbos ity
:comp, id,verbosity, time, time

Sets the reporting verbosity
for specific components,
message lds and phases or
times. See Examples below.

+UVM TESTNAME=Iest Specifies which test to run.

+UVM TIMEOUT=timeout, can override Change the global timeout.
can override is YES or NO.

+UVM_VERBO S I T Y=ve rb os i ty Sets the initial reporting
verbosity. Verbosig can be
any valid verbosity
enumeration value such as
UVM HIGH.

Rules

a

a

a

Command line argumerÍs that are in UPPERCASE should only have one
setting per invocation. Command l¡ne arguments in lowercase can have
multiple settings per invocation

For get_arg_matches, if the input expression is bracketed with //, then
it is taken as an extended regular expression. Otherwise, it is taken as the
beginning of an argument to match.

An id argument of _er,r,_ for +uvm_set_verbosity, +uvm_set_action
or +uvm_set_severity and a severity argument of _ALL_ for +uvm-
set_severity matches all ids or all severit¡es respect¡vely.

Examples

Retrieve all the command line arguments and all the UVM command line
arguments

string all_cmdline_args [$] ;
strinq all uvm cndline args[$];

ur¡m_cmdf in e_p roc . ge t_a rgs ( al l_cmdl ine_ar gs ) ;
ur¡m_cmdl-ine_proc . ge t_uvm_args (a.l f_u¡,¡m_cmdline_args ) ,'

ur¡m_info ( "", $sformatf (

{"There were %0d command-1ine arguments, ",
"including %0d UVM ones"),
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a

alÌ_cmdÌine_args. size ( ),
alf_uvm_cmd1íne_args . si ze ( ) ),

UVM NONE)

Set verbosity in the build phase to uvM_FULL for all messages generated by
uvm_tes t_t op . m_env . m_driver:

simufator
+uvm_set_verbosity:urrm*test_top . m_env. m_dríver, _ALL_, UVM_EU
LL,build ...

Set verbosity in the run phase to uvM EULL for all messages generated in
uvm_test_top and below, starting aT time 200

simufator
+uvm_set_verbosity=¡1¡¡_test_top . *, _ÀLL_, UVM_FULL, time, 2 00

lips

uvm_sp1it_string can be used to split a string returned by
get_arg_values.

Gotchas

The e¡mmand line processor requires some DPI functions. lf you are using
the standard UVM distribution you will need to compile the f¡le
$UVM_HOME/ src /dpi/u¡¡m_dpi . cc and/or specify the location of the
resulting UVM DPI shared library to your s¡mulator. Your simulator may
include a pre-compiled UVM library, in which case the DPI functions may
also be pre-compiled. Please refer to the documentation from your
simulator vendor for details.

Don't use the constructor, new; the class is used as a s¡ngleton. Use
ur¡m_cmd.line_processor: : get_inst to obtain the unique instance.
Alternatively, use the global variable uvm_cmdf ine_proc.

get_arg_vafue only returns the first match. To return all the matches for
a given argum'ent, use get_arg_vaJ-ues.

There is no command-line equ¡valent for set_conf ig_obj ect0.

Wildcarding is not supported for message lds.

a

a

a

a
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Compilation Directives

The UVM source code has a number of conditional compilation directives, which
change or set its default behavior. These are just standard Verilog ' i f de f
statements that are set by providing the appropriate +def ine+ argument on the
UVM compilation command line. For example, if linking in the DPI libraries
produces a compiler enor, then the libraries can be removed by adding the
+def ine+uvM_No_oer compilation argument. Use these directives judiciously
since the UVM defaults are typically adequate. Note, deprecated directives are
not included.

Usage

<compifer> +define+<CompiTation Directive>

Gompiler Arquments

+define+UvM CB TRÃCE ON

Print out informational messages as callbacks are executed

Disabled by default.

+define+UVM CMDLINE NO DPI

Disable the DPI regular expression parser for command line options.

Enabled by default.

+defíne+UVM DISABLE AUTO ITEM RECORDING

Disable automatic transaction recording for sequence ¡tems

Enabled by default.

+de f ine +UVM_EMPTY_MACROS

Creates empty definitions for the field, object, and component macros.

Disabled by default.

+de f ine +I'VM_ENABLE_FIE LD_CHE CKS

Report errors if multiple field macros are used on the same field

Disabled by default.
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+define+UvM HDL MAX WIDTH

Maximum vector width for the HDL backdoor access methods.

Default is 1024.

+define+UvM HDL NO DPI

Disables the DPI HDL backdoor access.

Enabled by default.

+define+UvM LINE WIDTH

Sets the defauh string length.

Default is 120 characters.

+dEf iNE+UVM MAX STREAMBITS

Sets the maximum bit vector size for integral values.

Default is 4096.

+define+UVM NO DEPRECATED

Disables the use of deprecated features.

Enabled by default.

+define+UvM NO DPI

Disables the DPI HDL backdoor access, DPI regular expression processing,
and the DPI command line regular expression parser.

Enabled by default.

+define+UVM NUM LINES

Sets the number of lines for strings.

Default is 120.

+dEfiNE+UVM PACKER MAX BYTES

Sets the maximum bytes to allocate for packing objects using uvm packer

Default is 4096.
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+define+UvM REGEX NO DPI

Disables using the DPI regular expression parser for command line options.

Enabled by default.

+define+UVM REG ADDR WIDTH

Sets the maximum address bit widthfor uvm reg addr t.
Default is 64.

+define+UvM REG BYTENABLE WIDTH

Sets the maximum number of byte enables for uvm_reg_byte_en_t

Default is ('uvr,l_Ree_oarA_wrDrH-1 y8+1 ).

+define+UvM REG CVR WIDTH

Sets the maximum number of bits for a uvm reg cvr t coverage model
set.

Default is 32.

+define+UVM REG DATA WfDTH

Sets the maximum data bit width for uvm reg data t
Default is 64.

+define+UvM REG NO INDIVIDUAL FIELD ACCESS

Disables register field access.

Enabled by default.

+de f ine +UVM_REPORT_DI SABLE_F I LE

Disables printing file information ('_FILE) when using the report macros.

Enabled by default.
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+dEfiNE+UVM REPORT DISABLE FILE LTNE

Disables printing file and line information ('_FILE and '_LINE) when using
the report macros.

Enabled by default.

+dèfine+UvM REPORT DISABLE LINE

Disables printing the line information ('_LINE) when using the report
macros.

Enabled by default.

+de f ine +UVM_U SE-CALLBACKS_OB JECT ION_FOR_TES T_DONE

Switches the test done objection object from uvm_ob j ection to
ur¡m_caf Ibacks_ob j ection.

Default is uvm objection.

Examples

Disable the use of deprecated features:

comp i le r +def ine+UVM_NO_DEPRECATED

Disable the use of the DPI methods:

compiler +define+UVM NO DPI ...
Enable callback tracing:

compiTer +define+UvM CB TRACE ON

See a¡so

wm_cmd line_processor
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Components are used as the structural elements and functional models in a
UVM testbench. Class uvm_component is the virtual base class for all

components. lt contains methods to configure and test the components ûthin
the hierarchy, placeholders for the phase callback methods, corwenience
functions for calling the UVM factory, functions to configure the UVM reporting
mechanism and functions to support transaction recording. lt inherits other
methods from its uvm report component and uvm obtect base classes.

Declaration

vírtual cl-ass uvm component extends uvm report object,'

Gonstructor and interaction with hierarchy

Functions are provided to access the child components (by name or by handle).
The order in which these are returned is set by an underlying associative array
that uses the child component names as its key. The lookup function searches
for a named component (the name must be an e)€ct match - wildcards are not
supported). lf the name starts w¡th a ".", the search looks for a matching
hierarchical name in uvm_top, otherwise it looks in the current component.

Methods

function new(string name,
uvm_component parent) ;

Constructor

function uvm_component
get_child(string name) ;

Returns handle to named child
component

function void get_children (

ref uvm_component children [$ ] ) ;
Returns an array of handles to
child components

function int unsiqned
get_depth ( ) ;

Returns the component's
depth from uvm_top

function int get_first_child (

ref string name);
Get the name of the first child

virtual function string
get_full_na¡e O ;

Returns the full hierarchical
path name

function string get_nanet O; Returns the name

function int get_next_child (

ref string name) i
Get the name of the next child

function int
get_num_children O ;

Return the number of child
components

virtual function uvm_component
get3arent O ;

Returns handle to parent
component
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virtual- function string
get_tt'I'e_namef O ,

Returns type name

function int has_child(
string name);

True if child exists

function uvm_component lookup (

string name);
Search for named component
(no wildcards)

function void printl (

uvm printer printer = nufl) i
Prints the componentt

from uvm_object

UVM phases and control

Components provide virtual callback methods for each UVM phase. These
methods should be overridden in derived component classes to implemerìt the
required functionality. Additional methods are provided as hooks for operations
that might be required within part¡cular phases.

Phase Gallback Methods

For further details of these, see Phase.

The following implement the pre-def¡ned run-time schedule, which runs
concurrently with run_phase.

virtuaf function void
buildShase (urrm_phase phase ) ;

Build phase callback

virtua.l function void
connect3hase (uvn3hase phase) ;

Connect phase callback

vi¡tual function void
end_of_elaboration¡rhase (

uvm3hase phase) ;

End_of_elaboratio n phase
callback

virtua.l function void
Etart_of_simulation3hase (

uvm_phase phase);

Start_of_simulation phase
callback

virtual task
run3hase (uvm_phase phase ) ;

Run phase callback

virtual function void
extractjhase (uvm_phase phase) ;

Extract phase callback

virtua.l function void
check3hase (uvm_phase phase) ;

Check phase callback

virtua.I function void
report¡rhase (uirm_phase phase ) ;

Report phase callback

virtual function void
f,inal3hase (ur¡m_phase phase) ;

Final (tidy-up) phase
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virtual task
Pre_resetjhase (

uvm phase phase);

Pre_reset phase callback

virtuaf task
reset¡rhase (uvm_phase phase) ;

Reset phase callback

virtuaf task
post_reset3hase (

uvrn phase phase) t

Post_reset phase callback

virtuaf task
pre_configure3hase (

uvm phase phase);

Pre-co nfigure phase callback

virtuaf task
configl¡reJhese (

uvm phase phase);

Configure phase callback

virtual task
post_configure3haee (

uvm phase phase);

Post configure phase callback

virtual !ask
pre_nâinJhase (

uvm phase phase) t

Pre_main phase callback

virtual task
nainShase (

uvm phase phase) ,'

Main phase callback

virtuaf task
post_main3hase (

uvn_phase phase) ,'

Post_main phase callback

virtuaf task
pro shutdown3hase (

uvm phase phase);

Pre_shutdown phase callback

virtual task
shutdownShase (

uvm_phase phase);

Shutdown phase callback

virtuaf task
post_shutdownShase (

uvm phase phase);

Post shutdown phase
callback

virtuaf function void
phase_started (

uvm phase phase);

lnvoked at the start of each
phase

virtual function void
phase_ended (uvm_phase phase) t

lnvoked at the end of each
phase
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virtual function void
phase_ready_to_end (

uvm_phase phase) ,'

lnvoked when all objections
have been dropped forthe
g¡ven phase and all sibling
phases (i.e., phases with a
common ancestor)

function voíd set_domain(
uvm_domain domain,
int hier : 1);

Apply a phase domain to this
component and, if hrþr is set,
recursively to all its children.

functíon uvm_domain
get_donain O ,'

Return handle to the phase
schedule graph that applies to
this component

function ur,rm_phase
get_schedule ( ) ;

Return handleto the phase
schedule graph that applies to
this component

function void set3hase_inçr(
uvm_phase phase,
uvm_phase imp,
i-nt hier : 1);

Override the default
implementation for a phase on
this component (tree) with a
custom one

virtua.l task resune O ; User-defined method to
resume the phase.

vírtual- task suspend ( ) ; User-defined method to
suspend the phase.

Custom phase schedules and domains

Phase $upport Methods

The connections associated with a particular component may be checked by
overriding the resof ve_bindings function. This is called arfomatically
immediately before the end_of_elaboration phase or may be called
explicitly by calling do_resolve_bi ndings.

The f f ush function may be ovenidden for operations such as flushing queues
and general clean up. lt is not called automat¡cally by any of the phases but is
called for all children recursively by do_f f ush.

The phases are usually executed automatically in the order defined by UVM. ln
spec¡al cases where the UVM scheduler is not used (e.9. a custom
simulator/emulator), it is poss¡ble to launch the phases explicitly. This should rnt
be attempted for typical testbenches.

virtua] function void
resolwe_bindings ( ) ;

Called immediately before
end_of_elaboration phase -
ovenide to check connections
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function void
do_resolve_bindings ( ),'

Calls resolve_bindings for
current component and
recurs¡vely for its children

virtuaf function void f1ushO,' Callback intended for clearing
queues

function void do flush O ,' Recursively calls flush for all
children

vírtuaf task suspendO; Suspend current task

virtual task reeume O ; Resume current task

Component configurat¡on

Components work with the UVM configuration mechanism to set the value of
members usi ng a stri ng-based i nterface. The set_conf i g_* / ge t_con f i g_ *
interface is for backward compatibility. New designs should use
uvm_con fig_db : : s et/ get or uvm_re source_db : : s et/ get. See
Configuration for full details.

Methods

virtual function void
set_config_int (

string inst_name,
string field_name,
uvm bitstream t value) i

Sets an i ntegral-valued
configuration item.

virtuaf function void
set_config_stling (

string inst_name,
string field_name,
string va.Iue) ;

Sets a string-valued
corf¡guration item.

virtuaf function void
set_config_object (

string inst_name,
string field_name,
uvm_object value,
bit cfone : L);

Sets a configuration item as a
urrm*object (or nulf ). By
default, the object is cloned.

virtua.I function bit
get_config_int (

string field_name,
inout uvm bitstream t vafue) i

Gets an i ntegral-valued
corTfiguration item. Updates
member and returfìs I ' b1 if
field name fourd.

virtual function bit
get_config_string (

string fiefd_name,
inout string value) ,'

Gets a string-valued
corf iguration item. Updates
member and returns I 'b1 ¡f
field name found.

Copyrigh @2013 by Doulos Ltd. Allrbhts reswed. 51



uvm_component

virtual function bit
get_config_object (

string field_name,
inout uvm_object value,
input bit clone = 1);

Gets a configuration item as a
uvm_object (ornull).
Updates member and returns
il b1 if field name found. By
default, the object is cloned.

function void
check_config_usage (

bit recurse = 1)

Check all configuration
settings in a component's
(and, if recurse is l,recursively
its chi ldren's) co nf iguratio n
table to determine if the setting
has been used, overridden or
not used.

virtual function void
apply_conf ig_settings (

bit verbose : 0);

Searches for configuration
items and updates members

function void
prin t_conf ig_settin gs (

stríng fiefd:"",
uvm_component comp : nu1l,
bit recurse = 0);

Pri nts all co nf iguratio n
informatio n for component.

function void print_config (

bit recurse : 0,
bit audit : 0) ;

Pri nts all co nfiguratio n
information for this component
and, if recurse is1 , recursively
its children

function void
print_conf ig_r^rith_audi t (

bit recurse = 0) t

As print_conf ig, with audit
set to 1

Members

static bit
print_config_natches : 0;

For debugging. lf set, configuration
matches are printed.

Gom ponent Objection Callbacks

See uvm_objection for full details.

vírtual function void
raised (

uvm objection objection,
uvm_object source_obj,
string description,
int count);

Called when a descendant
(source_obj'¡ of the component
instance raises the specified
objection
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virtua.I function void
dropped (

uvm_objection obj ection,
uvm_obj ect source_obj,
string description,
int count);

Called when a descendant
(source_objl of the component
instance drops the spec¡f¡ed
objection

virtual task all_dropped(
uvm_objection obj ection,
uvm_object source_obj,
string description,
int count);

Called when all objections have
been dropped bythis component
or a descendant. source_obl is
the last to drop.

The Factory

Components work with the UVM factory. They provide a set of convenience
functions that call the uvm_factory member functions with a simplified
interface.

The factory supports both parameterized and non-parameterized components
using a proxy class for each component type that ¡s derived from class
urrm_obj ect_wrapper. The component utility macros register a component
with the factory. They also define a nested prory class named type_íd and a
static function get_type that returns the singleton instance of the pro)ry class
for a particular component type. type_id provides a very convenient way to use
the factory. For e><ample calling my_component: : type_id: : create will use
the factory to create an instance of my_component by calling the create
method of the nested type_id class.

The create and clone methods inherited from urrm_ob j ect are disabled for
components. see uvm_factory.

Methods

static function T tfpe_id: :create(
str j-ng name,
uvm_component parent,
string contxt : "")

Create an instance of
the component (type T)
using the factory.

virtual function string
type id: :get_tiTre_na¡te O ;

Returns the $pe name
of the component a s a
string.

static function void
type_id: : set_tlIte_o\terride (

string original_type_name,
string override_type_name,
bÍt replace : l");

Set a factory override for
all instances of th¡s
component.

Copyright@2013 by Doulos Ltd. Allr¡lthts Fsw6d. 53



uvm_Gomponent

static function void
type_id: : set_inst_owerride (

uvm_ob j e ct_wrapper override_t ype,
stríng inst_path,
uvm component parent : nuff);

Set a factory override for
a specific instance or
instances of this
component.

function uvm_component
create_conponent (

string requested_type_name,
string name);

Creates component as a
child of current
component (parent set
to "this").

function uvm_object
create_object (

st ring requested_tl¡pe_name,
string name:"" ) ;

Creates object as a child
of cunent component.

static function void
set_tfE e_override (

string original_type_name,
string override_type_name,
bit repface:l);

Overrides the type used
by the factory for
spec¡f¡ed type.

static function void
set_tfE e_override_by_type (

uvm_ob j ect_hrrappe r o rigina l_type,
uvm_obj ect_wrapper override_type,
bit replace=l);

Overrides the
by the factory

type used
for

specified type.

function void
set_inst_o\¡er¡ide (

string relative*inst_path,
string original_type_name,
string overríde type name);

Overrides the type used
by the factory for the
specified instance only.

function void
set_ins t_override_by_t¡¡pe (

string relative_inst_path,
uvm_obj ect_wrappe r o rigina l_type,
uvm_obj ect_rrrapper override_type ) ;

Overrides the type used
by the factory for the
specified instance only.

function void
print_owenide_info (

st ring requested_type_name,
string name:"" ) i

Prints details aboú the
type of object that would
be created for the given
arguments.

static function type id ge+-typet O; Returns proxy (wrapper)
for class type required
by factory methods.

by utility macros

Hierarchical conf¡guration of component report handler

Components prov¡de methods to configure the UVM report handler for a
particular component and recursively for all of its children. The methods can
apply to all reports of a particular sever¡ty, all reports with a matching id or all
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reports whose severity and id both match those specified. Where there are
overlapping conditions, matching both severity and id takes precedence over
matching only id which takes precedence over matching only severity.

The reports can be written to a file that has previously been opened (using

$ f open) if the action is specified as ulrttl_Loc. The file descriptor used for
writ¡ng can be selected according to the severity or id of the message.

See uvm_report_object.

Methods

function void
set_report_id_verbosity_hier (

string id,
int verbosity);

Recursively set the
action for reports with
match¡ng id and
verbosity.

function voíd
set_report_severity_id_verbosity_hier (

uvm_severity severity,
string id,
int verbosity);

Recursively set the
action hierarchically
for reports with
matching severity, id,
and verbosity.

function void
set_report_severity_action_hier (

uvm severity s, uvm action a);

Recursively set the
action for reports with
severity s.

function void
set_report_id_ac tion_hie¡ (

string id, uvm action a);

Recursively set the
act¡on for reports with
matching id.

functíon void
Eet_report_severíty_id_ection_hier (

uvm_severity s, string id,
uvm action a);

Recursively set the
action for reports w¡th
both severity s AND
matching id.

function void
set_report_default_fi.le_hier (

UVM FILE f) 
'

Recursively set the
default file written by
action uvM LoG.

function void
set_report_sewer ity_f i le_hie r (

uvm_severity s,
UVM FILE f);

Recursively set the
file written by action
UVM_LOG for reports
of severity s.

function void
set_report_id:ri le_hie r (

string id,
UVM FILE f);

Recursively set the
file written by action
IJVM LOG for reports
with matching id.

function void
set_report_Eeverity_id_f i le_hier (

uvm_severity s,
string id,
UVM FILE f);

Recursively set the
file written by action
uvM_LOG for reports
with both severity s
AND matching id.
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function void
set_report_verbosity_lewel_hier (

int v);

Recursively set
verbosity threshold -
only messages with
lower verbosity
written.

virtua.I function void pre_abort O ; This callback is
executed when the
message system ¡s
executing a
UVM EXTT ACtiON.

Types

typedef int IwU_FILE, File descriptor

Recording component transactions

Components provide methods to record their transactions to streams that can be
displayed in a waveform viewer. The stream format is vendor-specific - only the
API is defined by UVM. Each component has an event pool containing
accept_tr, begin_tr and end_tr events that are triggered when
transactions are accepted, when they begin and when they end, respectively.

As of UVM 1.1, the API is not fully defined and is subject to change.

See uvm_transaction,

Methods

function void accept_tr (

uvm_transaction tr,
time accept time:0);

Call transactio n's accep!-tr
function and trigger
accept_tr event

function integer begin_tr (

uvm_transaction tr,
string stream_name : "main",
string fabel : "",
string desc = "",
time begin_time : 0,
integer parent handl-e : 0);

Call transactio n's begi n_tr
function, trigger begin_tr
everf and write transaction
details to stream. Return
transaction handle.

function integer begin_child_tr
( uvm_transaction tr,

integer parent_handfe : 0,
string stream name : "main",
string labef : "",
string desc = "",
time begin_time = 0);

Call transaction's
begi n_child_tr function,
trigger begin_tr event and
write transaction details to
stream. Return transaction
hardle.
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function void end_tr(
uvm_transaction tr,
time end_time = 0,
bit free handle : l);

Call transaction's end_tr
function, trigger end-tr event
and write transaction details
to stream.

function integer record_error_tr (

str.ing stream name = "main",
uvm_object info = nuf1,
string Label : "error_tr",
string desc : "",
time error_time : 0r
bit keep active = 0);

Records enor ¡n transaction
stream.

function integer record_ê\rent_tr (

string stream_name : "main"¡
uvm_object info : nuffr
string fabef : "event_tr",
string desc : "",
time event_time : 0,
bit keep active = 0);

Records "event" ¡n
transaction stream.

virtual protected function void
do_eccepf_tr (

uvm transaction tr);

Callback from accept_tr (by
defauh does nothing).

vi"rtuaf protected function void
do_begin_tr (

uvm_transaction tr,
string stream_name,
integer tr_handl-e),'

Callback from begin_tr (by
default does nothing).

vírtual protected function void
do_end_tr (

uvm_transaction tr,
integer tr handle);

Callbackfrom end_tr (by
default does nothing).

Members

General

Macros

Utility macros generate factory methods and the get_type_name function for
a component. (See Utility Macros for details.)

'uvm component util-s (TYPE)

protected uvm_event_pool
event¡rool;

Events for transaction accept,
begin and end.

bit print_enabled : 1; Determi nes if component
should be printed. Default is
true.
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or

' uvm_component_uti I s_begin (TYPE )
' uvm_field_* (ARG, FLAG)

' uvm_componen t_u t i l- s_e nd

Fields specified in field automation macros will automatically be handled
correctlyincopy, compare, pack, unpack, record, printand
sprint.
Parameterized components should use the

' uvm_component_param_util s ( TYPE # (T ) )

or

'uvm_component_param_utils begin (TYPE# (T) )

'ur¡m_f ief d_* (ARG, FLAG)

' uvm_componen t_uti l- s_e nd

macros instead. Note that these do not generate a get_type_name function
and they register the component with the factory with the type name of
"<unknown> ".

The following field utility macros enable field automation macros to be used
without generating the factory methods or get_type_name function. This can
be useful for abstract base classes that will never get buih by the factory.

' ur¡m_f i ef d_ut ils_begin ( TYPE )

'uvm field *(ARG,FLAG)

'u¡¡m field util-s end

Rules

Components may only be created and their ports (if any) bound before the
end_of_efaboration_phase phase: the hierarchy must be fixed by the
start of this phase.

Components cannot be cloned: the clone and create methods inherited
from uvm_object are disabled.

The uvm_component class is abstract and cannot be used to create
objects directly. Components are instances of classes derived from
uvm_component.

ExamÞle

Using uvm_component for a simple parameterized testbench class

class lookup_table #(ûiIDTH:10) extends uvm component;

a

a

a
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uvm_bl-ocking_get_imp $ (int, lookup-table* (h]rDTH) )

get export;

int fut [W]DTHI;
int index : 0;

function new (string name, uvm-component parent);
super . new (name, Parent ) ;

endfunction: new

function voíd buifd_phase (uvm-phase phase) i
super. bui l.l_phase (Phase) ;
foreach (lutlil) Iutlil : i * L0;

get_export : new ("get_export", this) ;

endfunction : build_Phase

task get (output int val);
#10 vaf = lut[index++];
if (index > V{IDTH-I) index : 0;

endtask: get

' uvm_component3aram-ut i1 s-begin ( lookup-table# ( wrDTH ) )

' uvm_f iel d_sarray_int ( Ìut, UVM-ALL-ON + UVM-DEC )

' uvm_component_ut i ls_end
endclass: fookup table

UVM defines virtual base classes for various common testbench

components (e.g. uvm-monitor) that are themselves derived from

uvm_component. These should be used as base classes fortestbench

components in preference to uvm-component where appropriate.

Use c-Zass-naine: : type-id: : create or create-component to create

new component instances in tlre build phase rather than new or

uvm_f actory : : cre ate_component.

Use the field automation macros for any fields that need to be configured

automatically. These also enable the fields of one component instance to

be copied orcompared to those of another'

Set the required reporting options by calling the hierarchical functions
(set_report_*_hier) for a toplevel component, for example uvm-top,
since these settings are applied recursively to all child components.

Use objections to stop the s¡mulation rather than ki tl. lt gives

components the opportunity to complete their current actions before halting.

lips

a

a

a
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a

a

a

a

(Use of global_stop_request or uvm_top. stop_request is
deprecated) .

Gotchas

Component names must be unique at each level of the hierarchy.

new and build_phase should call the base class new (super. new) and
buil d_phas e(supe r . bui 1d_phas e) methods respectively.

Do not forget to register components with the factory, using
' uvm_compo nen t_uti 1 s Or' uvm_componen t_param_u t i f s.

Reports are only written to a file if a file descriptor has been specified and
the action has been set to uvM_Loc for the particular category of report
gener€¡ted.

See also

Configuration; uvm_factory; uvm_driver; uvm_monitor; wm_scoreboad;
wm_âgent; uvm_erw; uvm_test; uvm_root
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The uvrn_conf ig_db parameterized class provides a convenience interface on

top of uvm_resource_db to simplify the basic interface that is used for reading

and writing into the resource database.

The set and get methods provide the same interface and semantics as the

set / get_con f i g_* functions i n urrm-compo nent.

UVM's configuration facility provides an alternative to using the factory to

configure a verification environment.

Declaration

class ur¡m_config_db#(type T : int)
extends uvm resource db#(T);

Methods

Rules

Regular expressions are enclosed by a pair of slashes: / regex/ .

All of the functions in uvm_conf ig-db are static so they must be called

usingthe :: operator.
a

static function bit get(
uvm_component cntxt,
string inst_name,
string field_name,
inout T value) i

Get the value of fied_name
in insf_name, using
component cnfxf as the
starting search point.

static function void set(
uvm_component cntxt,
string inst_name'
string field_name,
T vafue);

Set the value of field_name
in lnsf_name, using
component cnfxf as the
starting search point. if the
setting exists it will be
updated; otherwise it will be
created.

static function bit exists (

uvm_component cntxt,
string inst_name,
string field_name,
bit spell chk = 0);

Check if a value for
field_name is available in
i nst_n am e, usi ng compo nent
cntxt as the starting search
point. returns 1 if the
resource exists, 0 if rìot.
With spe//_chk set to 1, a
warning is issued if the
resource isn't found.

static task ¡tait_modified (

uvm_component cntxt,
string inst_name'
string field_name);

Waits (blocks) for a
configuration setting to be
set.

6l Copyright@2013 by Doulos Ltd. Alrþhts resæ€d.



a
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ln the methods , inst_name is an explicit instance name relative to cntxt and
may be an empty string if the cnfxf is the instance that the configuration
object applies lo. field_name is the specific field in the scope that is being
searched for.

When setting values, both ¡nst_name and fìeld_name may be glob-style
search strings or regular expressions. regular expressions are enclosed in
a pa¡r of slashes.

Examples

Set the value for a resource, iterations, in any hierarchical component whose
name ends in "drive/'to 50:

uvm_config_db # (int) set (this, "*driver",
"iterations", 50);

The same, using a regular expression instead of a glob:

urrm_config_db * (int) I : set (this, ,'/ .*driver/" ,

"iterations", 50);

Retrieve the resource's value. lf the resource is not found, use a default value.

if ( !uvm_config_db #(int) : :get (this,',", "iterations",
n_j-terations ) )

/ / lntlre, absence of a config sett¡ng, use a defauft value:
n_iterations : 20;

Set a sequencer's default sequence. This will cause the sequencer to start
automatically.

uvm_config_db# (ur¡n_sequence base) : :set (

nuÌI,
"/. *m_env.m_sequencer.run_phase/", // Regularexpression
"default_sequence " ,
my_sequence: itype idt :get O ),.

Tips

uvm_confíg_db ârìd uvm_resource_db share the same underlying database.
For configuration properties that are related to hierarchical position, e.g., "set all
of the coverage_enable bits for all comporìents in a specific agent",
uvm_config_db is the correct choice. Conversely, for cases where a
configuration property is being shared without regard to hierarchical context,
uvm resource db should be used.

a
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a

Gotchas

When using the config database to set build-related options in an
environment (like the is_active flag of an agent), be sure to set the
values in the buildjhase so values are inserted in time in the database.

When the conf¡g database is accessed, it uses the full hierarchical path
name. lf nuf l- is used as the context, then it is important to recognize that
the testcase's instiance name is not at the top of the hierarchy. Rather,
UVM inserts uvm_test_top in the path. Therefore, it is usually best to
use wildcards when specifying the path name starting with u.rm top
(nul1) as the context; e.9., *.m_env*.

After build time, all settings use the default precedence and thus have a last
wins semantic. So if at run time, a low level component makes a runtime
setting of some field, that sett¡ng will have precedence over a setting from
the test level that was made earlier in the s¡mulation.

a

a

See also

Conf iguration; uvm_resource_db
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Configuration is a mechanism that UVM provides to modify the default state of
components, either when they are built or when a simulation is run. lt provides
an ahernative to factory configuration for modifying the way components are
created. Configuration can act on both components and transactions.

Configuration can be used to specify which components should be instantiated
and settings for run-time behavior. lt may also be used to change run-time
behavior dynamically.

Note that the configuration mechanism is implemented differently in UVM than in
OVM, although the semantics are mostly unchanged.

Resources Database

There is a global resources database that is available during simulation. lt is
accessed using the uvm_resource_db and uvm_config_db classes.
Resources can be set and retrieved by name or by type. Components use the
resource database at various simulation phases including, but not limitêd to, the
build_phase.

There are no separate configuration tables for individual components or
instances. lnstead, resources are stored with a set of scopes to which they
apply. The set of scopes is in the form of a single regular expression. When the
resources database is queried, lhe cunent scope of the component attempting to
retrieve the resource is matched against this regular expression. The way the
cunent scope is constructed depends on which query function is used, and the
values of ¡ts arguments.

Typically, configurations are used in tests to configure the environment
(urzn_conf ig_db* (T) : : set) without having to modify any code in the
environment. This relies on components in the environment being responsible
for getting (urrm_conf ig_db+ (T ) : : qe t) their own configuration information;
however, field automation has the side-effect of making fields available for
configuration, in which case configuration is automatic.

While configuration usually occurs at build time, the configuration database can
also be queried at run-time, if appropriate.

Printing Conf iguration Information

The prínt_config method of uvm_cornponent may be used to print
configuration information about the component. (print_con f ig_settings is
deprecated.) Called without arguments, it prints all the component's
configuration information. print_config may also recursively print
configuration for the component's children (recurse:1) .

Global Functions

The methods of uvm_config_db and uvm_resource_db are static, so they
are called using the :: operator. For example,
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urrm_config_db # (int) 3:set (this, "*driver",
"max iterations", 50);

Methods of uvm corrponent

These functions are members of uvm_component (or an extens¡on). They have
been reproduced here for convenience. (However, note that
urrm_config_db : : set âñd uvm_config_db: : get work on any type, not just
ínt, string and uvm_object.)

virtual function void
set_config_int (

string inst_name,
stríng field_nane,
uvm_bitstream_t value) ;

Sets an i ntegral-valued
conf¡guration item.

virtual function void
set_config_string (

string inst_name,
string field_name,
string value);

Sets a string-valued
corìfiguration ¡tem.

virtual function void
set_config_object (

string inst_name,
string field_nane,
uvm_object value,
bit clone : 1);

Sets a configuration item as a
urrm_object (or nuf f ). By
default, the object is cloned.

virtuaf function bit
get_config_int (

string field_name,
inout uvm bitstream t value) i

Gets an integral-valued
conf¡guration item. Updates
member and returns 1'bl- if
field name found.

virtual function bit
get_config_string (

string fiefd_name,
inout string va.lue) ;

Gets a string-valued
conf igurat¡on item. Updates
member and returns I ' b1 if
field name found.

virtual function bit
get_config_object (

string field_name,
inout uvm_object va1ue,
input bit cfone : 1);

Gets a configuration item as a
uvm_obj ect (or nul-1).
Updates member and returns
r '¡r if field name found. By
default, the object is cloned.

function void
check_config_usage (

bit recurse : 1)

Searches for corf¡guration
items and updates members

function void print_conf,ig (

bit recurse = 0,
bitaudit=0)

Prints all co nf¡guration
information for this component
and, if recurse is1 , recursively
its children
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function void
print_conf ig_with_audi t (

bit recurse : 0)

As print conf ig, with audit
setto 1

Members of ur¡m conç>onent

static bit
print_config_natches = 0,'

Fordebugging. lf set,
configuration matches are
printed.

Examples

Auto matic co nf ig uratio n usi ng f ield a uto matio n:

cfass verif env extends uvm env;
int m_n_cycles;
string m_lookup;
instruction m_temp]ate;
typedef enum {IDLE,FETCH,WRITE,READ} bus
bus state t m bus state;

' uvm_component_ut i f s_be gin (ve rif _env)
' uvm_f ie] d_s tring (m_1 ookup, UVM_DEFAULT )

' uvm_f ie I d-ob j e ct ( m_t emp l-at e, UVM_DEFAULT )

'uvm_fíefd_enum (bu s_s tate_t, m_bus_state , UVM_DEFAULT )

' uvm_component_ut i.l s_en d

endclass: verif_env
cfass test2 extends uvm_test;

register_instruction inst : newO;
string str lookup;

function void buifd_phase (uvm_phase phase) ;

_state_t;

IDLE) ;

uvm_config_db # (bus_state_t) : : set (

nuÌ1, "* envl . * ", 'm_bus_state", verif_env
uvm_config_db # (string) : : set (

nuJ-l, "* *, "m_lookup", str_lookup) ;
uwm_config_db # (register_instruction) (

nuff, "*', "m_template", inst) ;

endfunctíon : build_phase

endclass: test2

Manuaf configuration
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/ / ln a test, create an entry "count" in the global configuration settings table

uvm_config_db# (int) : :set (this, "*", "count",1000) ;

/ / ... and retrieve the value of "count"

if ( !uvm_config_db#(int) : :get (nufl-,"count",m-n-cycles) )

m n_cycles : 1500; / / vsedefaultvalue

Tips

Standard (Verilog) command-line plusargs may be used to modify the

configuration. This provides a simple, yet flexible way of configuring a test.

Use uvm_resource_db : : dump ( ) to diagnose problems.

Gotchas

A wildcard "*" in an instance name will match any expanded path at that
po¡nt in the hierarchical name, not just a s¡ngle level of hierarchy.

The instance name in a call to get_conf igl : : get should not include

wildcards; they are treated as normal characters when match¡ng the scope.

print_config does not give any indication about whether the

configuration has "successfully" set the value of a component member.

See also

uvm_co m pone nt; uvm-co nf ig-db; wm-factory; Field Macros ;

uvm_reso urce_db; uvm_root

a

a

a

o

a
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The ur¡m_driver class is derived from uvm_component. User-defined drivers
should be built using classes derived from uvm driver. A driver is typically
used as part of an agent (see uvm_agent) where it will pull transactions from a
sequencer and implement the necessary BFM-like functionality to drive those
transactions onto a physical interface.

Declaration

class ur¡m_driver #(type REQ = uvm_sequence_item,
type RSP = REQ) extends uvm_component;

class uvm_push_driver # (type REQ : uvm_sequence_item,
type RSP = REQ) extends uvm component;

Methods

function new( string name,
uvm component parent);

Constructor, minors the
superclass constructor in
uvm_component

Members

uvm driver

uvm_push_driver

uvm_seg_item_puf f_port # (REQ, RSP)
seq_itemJorÈ;

Port for connecting the
driver to the sequence item
export of a sequencer

uvm_analysis_port # (RSP)
rspJort;

Analysis port for responses

REO req; Handle for request

RSP rsPt Handle for response

ur¡m_b.lo cki ng_put_imp
+ (REQ,

uvm_push_driver # (REQ,RSp) )

req_e¡qrort;

Port for connecting the
driverto the blocking put
port of a push_sequencer

virtuaf task put(REo item); lmplements the
push_drivefs behavior

uwm_anal-ysis_port # (RSp)
rspJort,i

Analysis port for responses

REo req; Handle for request

RSP rsp; Handle for response
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uvm_seq_itemltu I Lport

function new( string name,
uvm_component parent'
int min_size = 0,
int max síze = 1);

Constructor. Default
m¡nimum s¡ze of 0 makes
connection to sequencer
optional

task get_next_item(
output REQ req_arg);

Blocks until item is returned
from sequencer. There must
be a subsequerÍ call to
item done

task try_next_ite¡n(
output REQ req_arg);

Attempts to fetch item. lf
item is available, returns
immediately and there must
be a subsequent call to
item done. Otherwise
t.q_ãtg set to nulr

function void ite¡n_done (

RSP rsp arg : nuff);
lndicates to the sequencer
that the driver has
processed the item and
clears the item from the
sequencer fifo. Optionally
also sends response

task wait_for_sequences ( ) ; Calls connected sequence/s
wait_fo r_sequences
task (by default waits #100)

function bit has do availableO; Returns 1 if item available,
otherwise 0

task get(output REQ req_arg); Blocks until item is returned
from sequencer. Calls
item done before
returning.

task peek(output REQ reLarg); Blocks until item is returned
from sequencer. Does not
remove item from sequencer
fifo

task put(RSP rsp_arq); Sends response backto
sequencer

Copyright @ 2013 by Doulos Ltd. Al rþhts resflod. 69



uvm dr¡ver

Example

class example_driver extends uvm_driver * (my_transaction) ;

virtuaJ- task run_phase(uvm_phase phase) ;
forever begin

s êq_item_port . ge t_next_item ( req ) ;
phase. raise objection (this) ;

/ / Code to generate physical signal activity

/ / as specified by transaction data in req

seq_item_port. item_done ( ) ;
phase. drop_ob jectíon (this ) ;

end
endtask

uvm_component_ut i f s_be gin ( examp 1e_dri ve r )

uvm_c ompon ent_ut i l- s _en d

endclass : example_driver
Example of a uvm_push_driver
class example_push_driver

extends uvm_push_dríver # (my transaction),.

/ / Called by push_sequencerthroughTLM export
task put (my_transaction item);

/ / codelo generate physical signal activity

// as specified by transaction data in req

endtask : put

// No need to implement runJehase

endclass : exampJ-e_push_driver

Tips

The driver's physical connection is usually specified by means of a virtual
interface object. This object can be configured us¡ng the configuration
mechanism, or can be passed into the driver by its enclosing agent.

lf a driver sends a response back to a sequrencerr the sequence lD and
transaction lD of the response must match those of the request. These can
be set by callirg rsp. set_id_inf o (req) before calling item done.

a

o
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Gotchas

Do not forget to call the sequence item pull port's item-done method when

your code has finished consuming the transaction item. Using the

seq_item_port's get method also calls item-done.

See a¡so

wm_agent; Sequencer lnterface and Ports; wm-sequencer
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End of Test

One of the trickiest things to understand when you are starting to use UVM is
trow to stop the simulator at the end of the test.

UVM provides an "objection" mechanism forthis purpose. (Don't be confused by
the terminology: we are not talking about objects - the noun - as in object-
oriented, but the verb'to object'; that is to express disapproval or refuse
permission). Other methods of stopping simulation, which were used in OVM
ard UVM-EA, such as calling gtobat_srop_requesr, are deprecated in UVM.

The reason for including this seemingly unintuitive objection mechanism in uVM
is so that components can communicate their status hierarchically and in correct
phase synchronization ûth other parts of the test environment. We don't want
one part of the test environment to stop the simulation simply because it thinks
"l've finished, so everything else must have finished too".

Objection

ln general, the process is for a component or sequence to ,,object" to a specific
simulation phase completing before the component's activity in that phase has
completed. lt does this by "raising a phase objection" at the beginning of the
activ¡ty that must be completed before the phase stops, and to dropping the
objection at the end of that activity.

Once all of the raised objections for a phase have been dropped, the phase
terminates.

Drain Time

When all objections are dropped, the curenfly running phase is ended. ln
practice, there are times when simulation needs to continue for a while. For
example, concurrently running processes may need some additional cycles to
convey the last transaction to a scoreboard.

uvm_component's phase_ready_to_end O method is called when all
objections have been dropped. This could be used to re-raise an objection to the
phase ending.

Alternatively, you can set a drain time fo¡ a component. This delays notifying the
component's parent that all object¡ons have been dropped. Typically a single
drain time is set at the environment or test level.

Finally, you could use the phase objection's at 1 dropped ( ) callback.

Example

This shows how a sequence can use objections.

class my_sequence extends uvm_seguence#(my transaction) ;

/ / We_body) is called before bodyQ
task pre bodyO;
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/ / raise objection if started as a root sequence
if ( starting_phase !: null )

s tarting_phase. raise_obj ection ( this ) ;
endtask

/ / body0 implements the sequence's main activity
task bodyO;
// do interesting activity

endtask

// pos!_bodyQ is called after body$ completes

task post_body O ;

/ / drop object¡on if started as a root sequence
if ( starting_phase !: null )

starting_phase.drop_objection (this ),
endtask

endclas s

This would work if the sequence was started automatically. lf the sequence was
started manually, the sequence's startingjhase would be null. ln this
case, the test could set it:

cl-ass my_test extends uvm_test;
my_env m_env;
my sequence seqi

task main_phase (u¡¡m_phase phase) ;
seq. starting_phase : phase;
seq. start (m_env.m_sequencer) ;

endtask

endc fas s

Alternatively, the test itself could use an objection:

cl-ass my_test extends uvm_testi
my_env m_env;
my sequence seqi

task main_phase (ur¡m_phase phase) i
phase. raise_obj ection (this) ;

/ / suart( ) blocks until the sequence has completed onthe sequencer
seq, start (m_env.m_sequencer) ;

/ / Set a'drain time' forthe test
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End ofTest

phase.phase_done. set_drain_time (this, l00ns) ;
phase. drop_obj ection ( this ) ;

endtask

endc fas s

Gotchas

global stop request O is deprecated. All environments using the
global_stop_request O mechanism must add the switch
+UVM_US E_OVM_RUN-SEMANTI C .

See also

wm_objection; wm_test; uvm_seq uence

For further information on this and other topias, please see the UVM tutorials at
http://www.do ulos.co m/knowhoøsysveri lo g/uvm/.
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uvm env

A class derived from uvm_env should be used to model and control the test
environment (testbench), but does not include the tests themselves. An
environment may instant¡ate other environments to form a hierarchy. The leaf
environments will include all the main methodology components: stimulus
generator; driver; monitor and scoreboard. An environment is connected to the
device under test (DUT) through a virtual interface. The top{evel environment
should be instantiated and configured in a (top-level) test.

Declaration

virtual class uvm_env extends uvm_component;

Methods

function new(
string name : "env",
uvm_component parent : nu11);

Constructor

fllembers

Only inherited members.

Example

This is a minimal environment:

cfass verif_env extends uvm_env,'
' uvm_component_ut if s (verif_env)

// Testbench methodology components

function new(string name, uvm_component parent) ;
super. new (name, parent) ;

endfunction : neh¡

function void buiÌd_phase (uvm_phase phase) ;

// lnstantiate top-level components using "nevy''or

/ / thefaclory, as appropriate

endfunction : build_phase

virtual function void connect_phase (uvm_phase phase);

// Connect ports-to-exports

endfunction : connect_phase
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virtual task run_phase(uvm_phase phase) ;
/ / Prevenl simulation from ending - must do this before the first wait.

// Not needed here if it is in the test class
phase. raise_objection (this) ;

/ / Cotú.rol stimulus generation

/ / Allow simulation to end
phase. drop_objectíon (this) ;

endtask: run_phase

endclass: veríf env

Tips

o

t

a

o

a

The new, build_phase, and connect phase methods should be
overridden.

Controlsimulation using the run_phase method. Call
phase.raise_objection and phase.drop_objection sothat
simulatio n stops automatically.

lnstantiate one top-level environment in a (top-level) test. This may in turn
instantiate other (lower-level) envi ronments.

Gotchas

new ard build_phase should call the base class new (super. new) and
build_phase (super. build phase) methods respectively.

Do not forget to register the environment with the factory, using
' uvm_component_u ti I s.

See also

wm_test; Configuratio n
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Class uvm_event is a uvm_object that adds additional features to standard

SystemVerilog events. These features ¡nclude the ability to store named events

in a uvm_event_poo1, to store data when triggered and to register callbacks
with particular events. When an event is triggered, it remains in that state until

explicitly reset. uvm_event keeps track of the number of processes that are

waiting for it.

Several builþin UVM classes make use of ur¡m_event. However, they should

only be used in applications where their additional features are required due to

the simulation overhead compared to plain SystemVerilog events.

Declaration

cl-ass uvm event extends uvm object;

Methods

function new(string name : "")i Constructor

virtuaf task weit_on(
bit defta : 0);

Waits until event triggered. lf
already triggered, returns
immediately (or after lÐ).

virtual task wait_off(
bit delta : 0);

Waits until event reset. lf not
triggered, returns
immediately (or after #0).

virtua.l task wait trigger O ; Like Verilog 0event

virtuaf task waitJtriggerO ; Like wait_trigger but
returns immediately if
triggered in current time-step

virtua.l task wait_trigger_data (

output uvm object data) t
Calls wait_trígger
Returns event data.

virtuaf task waitJtrigger_data (

output uvm_object data),
Calls wait_ptrigger
Returns event data.

virtual function void trigger(
uvm object data : null);

Triggers event and sets
event data.

virtual function uvm_object
get_trigger_data O ;

Returns event data.

virtual function time
get_trigger_tit¡e ( ) ,

Time that event was
triggered.

virtual function bít is ono; True if triggered

virtual function bit is offO; True if not triggered
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virtuaf function void reset(
bit wakeuP = Q);

Resets event and clears
data. lf wakeup bit is set,
any pfocess waiting for
trigger resumes.

virtua.I function void
add_callback (

uvm_event_callback cb,
bit append : 1);

Add callback (class with
pre_trigger and
post_trigger function).
Adds to end of list by default

virtual- function void
deJ.ete_callback (

uvm_event_calf back cb) ;

Removes callback.

virtual function void cancel O; Decrements count of waiting
processes by 1.

virtual function int
get_num_waiters ( ) ;

Number of waiting
processes.

ExamÞle

Using an event to syrìchronize two tasks and send data:

class C extends uvm_component;
uvm_event e1;
function nehr (string name, uvm_component parent) i
super. neÍ, ( name, parent),'

endfunction : new

function void buifd_phase(uvm_phase phase) ;
super. bui ld_phase (phase),'
e1 : new

endfunction : build_phase

task run_phase (uvm_phase phase);
basic_transaction tx, rx;
tx : new0;
fork

begin
tx.data : 10;
tx. addr : l";
#10 el.trigger(tx),'

end
begin

el.wait_ptrigger O ;

$cast (rx, e1 .get trigger data O ) ;
rx.print O ,.

end
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j oin
endtask: run_phase

' uvn_component_ut if s ( C )

endclass: C

Creating a callback:

class my_e_caflback extends uvm-event-caffbacki
function new (string name:"");

super.new (name) ;
endfunction : new

function void post_trigger (uvm-event e,
uvm_object data:nuf I ) ;

basic_t¡ansaction rx;
if (data) begin

$cast (rx' data ) ;
' uvm_info ("CBACK"' $sformatf ("Received ?s"'

rx. convert2string O ), UVM NONE)

end
endfunction : post_trigger

endclass : my_e_callback

To use the callback, create an instance of the callback Glass and register it with

tl€ everìt:

my_e_callback cb1;

cb1 :new ("cbl"); //inbuild-phase

el.add_caffback(cbl) ; / /inrun-phase

Tips

Use wait_ptrigger rather than wait-trigger to avoid r€¡ce cond¡tions.

Gotchas

a A uirm_obj ect handle must be used to hold the data returned by

wait_trígger_data and wait-ptrigger-data. This must be

explicitly cast to the actual data type before the data can be accessed. Use

wait_ (p ) trígger and get-trigger-data instead since the return

valuê of get_trigger_data can be passed directly to $cast.
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The UVM factory is provided as a fully configurable mechanism to create objects
from classes derived from uvm_object (sequences and transactions) and
uvm_component (testbench components).

The benefit of using the factory rather than constructors (new) is that the actual
class types that are used to build the test environment are determined at run-
time (during the build phase). This makes it possible to write tests that modify
the test environment, without having to edit the test environment code direcfly.

Classes derived from uvm obj ect and uvm component can be substituted
with alternative types using the factory ovenide mãthods. The substitution is
made when the component or object is built. The substitrfion mechanism only
makes sense if the substitute is an extended class of the original type. Both the
original type and its replacement must have been registered with the factory,
preferably using one of the utility macros 'uvm_component_utits,
' uvm_compo nent_p aram_u t i 1 s,' uvm_ob j ec t_u ti f s Or
' uvm_ob j ect_param_util s.

The factory keeps tables of overrides in component and object registries
(uvm_componen t_regi s try and uvm_ob j ect_re gi s t ry). To help with
debugging, the factory provides methods that print the information in these
registries.

A singleton instance of ur¡m_f actory named factory is instantiated within the
UVM package (uvm_pkg). The factory object can therefore be accessed from
SystemVerilog modules and classes as well as from within a wm environment.

Declaration

cfass uvm_factory;

Methods

function urrm_object
crea te_ob j ect_by_type (

uvm_ob j ect_r¡rrappe r requested_type,
string parent_inst_path : rr,
string name : ""),'

Creates and returns an
object. Type is set by
prory. Name and parent
specified by strings

func tion uvm_component
create_component_by_type (

uvm_obj ect_wrappe r requested_type,
string parent_inst_path : rr,
string name,
uvm component parent) t

Creates and returns a
component. Type is set
by prory. Name and
parent specified by
strings

function uvm_object
create_ob j ect_by_name (

string requested_t\æe_name,
string parent_inst_path : nr,
string name : "");

Creates and returns an
object. Type, name and
parent are specified by
strings
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function uvm_component
create_comPonent_by_naroe (

string requested_type_name,
string parent_inst_path:n il'
string name,
uvm component parent) t

Creates and returns a
compofìent. Type, name
and parent are spec¡fied
by strings

function void
set_ins t_override_by_type (

uvm_obj e ct_I¡rrappe r original_t ype,
uvm_ob j ect_wrappe r over ride_t ype'
string full_inst_path) ;

Register an instance
ovenide with the factory
based on proies (see
below)

function void
set_ins t_override_by_name (

string original_type_name'
st ring override_type_name'
string full_inst_path) ;

Register an instance
override with the factory
based on type names
(see below)

function void
se t_type_ower ride_by_t1rye (

uvm_ob j e ct_wrappe r o riginal_type,
uvin_obj e ct_wrapper override_type,
bit repface = l);

Register a type overide
with the factory based
on proxies (see below)

function void
se t_tf E)e_over ride_by_n ane (

string original_type_name'
string override_type_name,
bit replace : 1),'

Register a type override
with the factory based
on type names (see
below)

function uvm_ob j ect_$¡raPPer
f ind_overr ide_by_type (

uvm_obj e ct_wrappe r requested_tlt)e'
string f ul-l_inst_path) ;

Return the proxy to the
object that would be
created for the given
overide

f unction uvm_ob j ect_wrapper
f ind_override_by_nane (

string requested_type_name,
string full_inst_path) ;

Return the prory to the
object that would be
created for the given
override

function uvm_factory getO ; Returns the singleton
factory object.

functíon void register (

uvm_object_wrapper obj ) ;
Registers a proxy with
the factory (called by
utility macros)

function void
debug_c rea te_by_tlPe (

uvm_object_wrapper requested_typê,
string parent_inst_Path : rr,
string name : "");

Pri nts i nformatio n about
the type of object that
would be created with
the given prory, parent
and name
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function void
debu g_c rea te_by_narne (

string requested_type_name,
string parent_inst_path = tttt,
string name = "") i

Pri nts i nformatio n about
the type of object that
would be created with
the given type name,
parent and name

function void print(
int all_types = 1);

all_types is 0: Prints
the factory overrides

af l-_t!æes is l: Prints
the factory overrides +
reg¡stered types

al-l_types is 2: Prints
the factory overrides +
registered types
(including UVM types)

Registration

Components and objects are generclly registered with the factory using the
macros' uvm_compo nen t_ut i I s and' uvm_ob j ec t_u t i Ì s respectively.
Parameterized components and objects should use
' uvm_componen t_p aram_u t í Ì s and' uvm_ob j ec t_pa ram_u t i I s
respectively. Registration using these macros creates a specialization of the
uvm_component_registry # (T, Tname) (forcomponents) or
uvm_object_registry # (T, Tname) (forobjects) and adds it as a nested
class to the componerìt or object named type_id. lf you try to create a
comporìent or object using a type that has not been registered, rnthing is
created, and the value nufl is returned.

Overriding instances and types

You can corfigure the factory so that the type of component or object that it
creates is not the type specified by the proxy or string argument. lnstead, if a
matching instance or type override is in place, the override type is used.

The set_inst_override_by_* function requ¡res a string argument that
specifies the path name of the object or component to be substituted (wildcards
"*" and "?" can be used), together with the original type and the replacement
type (strings or proxies). A warning is issued if the types have not been
registered with the factory. The uvm_component class also has a
set_ins t_override member funct¡on that calls the factory method - this
adds its hierarchical name to the search path so should NOT be used for
components with no parent (e.9. top-level environments or tests).

Creating Components and Objects

The cre ate_ob j ec t_by_* and c rea te_component_by_* mem ber
functions of uvm_f actory can be called from modules or classes using the
factory instance. The type of object/component to build is requested by
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passing a prory or string argument. The instance name and path are specified
by string arguments. The path argument is used when searching the
conf iguration table for path-specif ic ovenides. The c rea te_compon ent_by_*
functions require a 4th argument: a handle to their parent component. This is not
required when objects are created.

The uvm_component class provides create_obj ect âñd
create_component memberfunctions that only require two string arguments -
the type name and instance name of the object being created. These can only
be called for (or more likely, within) an existing component. The path is taken
from the component that the function is called for/within. The
uvm_component: : create component function always sets the parent of the
created component to this.

The create_obj ect_by_* and create_obj ect functions always return a
handle to the new object using the virtual uvm_obj ect base class. The
create_component_by_* and create_component functions always return a

handle to the new component using the virtual uvm_component base class. A
$cast of the returned handle is therefore usually necessary to assign it to a
handle of a derived object or component class.

The easiest way of creating objects and components with the factory is to make
use of the create function provided by the prory. This function has three
arguments: a name (string), a parent component handle, and an optional path
string. The name and parent handle are optional when creating objects.

When you create an object or componerìt, the factory looks for an instance
ovenide, and if there is none, a type override. lf an override is found, a
component or object of that type is created. Otherwise, the requested type is
used.

Examples

class verif_env extends uvm_env;

// Register the environment ûth the factory
'uvm component utils (verif env)

instruction m template;

function void buil-d_phase (uvm_phase phase) ;

super. build_phase (phase ) ;

// Use the factory to create the m_template object
m_template : instruction: :type_id: :create("m_template",

rhis ) ;
endfunction : build phase

endcfass: verif env
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class testl extends uvm test;
verif env envli

function void build_phase (uvm_phase phase) ;

/ / Change type of m_template from ¡nstruction to register*¡nstruct¡on

/ / using factory method
factory. set_inst_override_by_name ( " instruction ",

¡' regis ter_instruct ion ", " *env? . m_tempf ate " ) ;

/ / Type overrides have lower precedence than inst overrides
f actory. s et_tl4pe_override_by_t ype (

instruction : : get_type ( ),
same regs instruction::get typeO ),

/ / Pnnt all factory overrides and registered classes
factory.printO;

/ / Calltacl'ory method to create top-level environment (requires cast so

/ / Lype-id:: create is generally preferred)

$cast ( env l-, f actory. create_component_by_type (

veríf_env: :get_type O , "", "ennl",nufI) ) ;
endfunction : build phase

endclass: testl

Tips

Do not create a uvm_factory object or derive a class from
u\¡m_factory. A factory is created automatically. lt is a singleton - there
is only one instiance named factory.

Use the factory to create @mponents and objects whenever possible. This
makes the test environment more flexible and reusable.

Preferthe type-based (proxy) functions to the string-based (type name)
functions, because string based calls are more error prone and can only be
detected at run-time.

For convenience, use the create function from an object or component
proxy - it requires less arguments, is more likely to pick up errors in class
names at compile time and returns a handle of the conect type. lf this is
not possible, then prefer a component's own create_component or
create_obj ect method to
uvm_f actory : : create_component_by_name or
uvm_f ac tor y : : cre ate_ob j ec t_b y_name respectively.

a

a

a
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With creat e_c omponent_by_name and c rea te_ob j ect_by_name use
the same name for the instance that you used for the i nstance (handle)
variable.

Both TLMl and TLM2 ports are not registered with the factory so they must
be created using a call to new. The only exception is the TLM2 generic
payload, which is registered and can be created using the factory
mechanism.

Gotchas

Do not forget to register all components and objects with the factory, using
' uvm_component_u ti f s,' uvm_componen t_p aram_ut i I s,
' urrm_ob j ec t_u ti f s or' uun_ob j e ct_pa ram_ut i I s aS appropriate.

Errors in type names passed as strings to the factory create and override
methods may not be detected until run time (or not at all)!

lfyou use the create_component_by_* methods rememberto use
$cast, because the return type is urrm_component: you will probably
want to assign the function to a class derived from ur¡m component, which
is a virtual class.

See also

Field Macros; Configuration; Sequence; uvm_comporìent; uvm_object; Utility
macros

a

a

a
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Frelds are the data members or properties of UVM classes. The field macros
automate the provision of a number of data methods:

. copy

. compare

o pack

. unpack
¡ record
o print
. sprint

There are field aúomation macros for irìteger types (any packed integral type),
enum types, strings, arrays, queues, and objects (classes derived from
uvm_ob j ect). These macros are placed inside of the ' ur¡m_*_uti f s_begin
and'uvm * utifs endmacroblocks.

The field macros enable aúomatic initialization of fields during the buld phase.
The initial values may be set using UVM's configuration mechanism
(set_confíg_* or uvm_config_db: : set) from the top level of the testbench.
(Fields that have not been automated may still be configured manually, using the
get_config_* Or uvm_config_db : : get fUnCtiOnS.)

Field Macros

Macro Declares a îield for this type:

urmr field int (ARG, FLAG) Any packed integral type.

'uvm fíe1d real (ARG, FLAG) Real.

'uvm_f,ie1d_enum (

TYPE, ARG, FLAG)
Enum of tvpn

'uvm_field_object (ARG, ELAG) urrm ob j ect
'uvn fie].d event (ARG, FLAG) Event.

'ur¡m_fie1d_string (ARG, FLAG) Strirg.

'uvm_field_array_enum (

ARG, FI,AG)
Dynamic array of enums

' urn_field_arrey_int (

ARG, FLAG)
Dynamic array of packed
integral type.

' uvm_field_array_ob ject (

ARG, FLAG)
Dynamic array of
uvm_obj ect.

' uvm_fie1d_array_string (

ARG, FLAG)
Dynamic array of string
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ur¡rr_fie1d_aâ int_<key_type> (

ARG, FLAG)
Associative army of key_type
(an integer type: int, integer,
byte, ...) with integral keys.

ur¡¡r_f i eld_a--i n t_e numkey (

ARG, FLAG)
Associative arr¿¡y of any
integral type indexed by an
enumerated key type.

uvnr_fie1d_a-_inÈ_key (

ARG, FLAG)
Associative array of any
integral type indexed by any
integral key type.

'uvm_field_a-_i nt_string (

ARG, FLAG)
Associative array of integral
type with string keys.

ur¡m_f ield_aa_ob ject_int (

ARG, FLAG)
Associative array of objects
with int keys.

ur¡m_f ield_aa_ob ject_s tring (

ARG, FLAG)
Associative array of
uvm_object with string keys

ur¡m_f ield_aa_string_int (

ARG, FLAG)
Associative array of string with
int keys.

urz¡_field_aa string_string (

ARG, FLAG)
Associative array of string with
string keys.

' urm_f ield_queue_enr:ri (

ARG, FLAG)
Queue of enums

urm_field_queue int (

ARG, FLAG)
Queue of packed integral type

uvm_field_queue_object (

ARG, FLAG)
Queue of uvm_object.

uvm_field_queue string (

ARG, FLAG)
Queue of string.

urmr_f, ield_sarray_enutn (

ARG, FLAG)
Static array of enums.

unm_fiel'{-oarlay_int (

ARG, FLAG)
(Fixed-size) array of packed
integral type.

urmr_fie1d_earray_object (

ARG, FLAG)
(Fixed-size) array of
uvm*obj ect.

urmr_field_earÌay_string (

ARG, FLAG)
(Fixed-size) anay of string.

Flags

The FLAG argument is specified to indicate which, if any, of the data methods
(copy, compare, pack, unpack, record, print, sprint) NOT to implement.
Flags can be combined using bitw¡se-or or addition operators.
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UW ALL ON All flags are on (default).

UVM DEEAULT Use the default settings.

uvM_coPY, uvM_NocoPY Do/Do not do a copy

UVM COMPARE, UVM NOCOMPARE Do/Do not do a compare

UVM PRINT, WM NOPRINT Do/Do not print.

UVM_PACK, UVM-NOPACK Do/Do not pacUunpack.

UVM REFERENCE Treat objects
(i.e., no deep

as only handles
copy).

UVM PHYSÏCAL Treat as a physical field.

UVM ABSTRACT Treat as an abstract field.

UVM READONLY Do not allow this field to be set
using set_config_*.

UVM_BIN, UVM-DEC,
UVM-UNS IGNED, UVM-OCT,
UVM-HEX, UVM-STRTNGI
UVM-TIME, UW_ENUM,
UVM REAL, UVM NORADIX

Radix settirg. The default is
UVM HEX.

Examples

class basic_transaction extends uvm_sequence_item;
rand bit[7:0] addr, daÈa;

' uvm_ob j ect_ut ils_begin (bas ic_trans act ion )

' uvm_f ief d_int ( addr, UVM_ALL_ON )

'uvm_fiefd_int (data, UVM_ALL_ON I UVM_BIN)
' uvm_obj ect_utif s_end

endcfass : basic transaction

Call field macro for every significant member of a transaction class or
sequefìce.

Declare as fields any data members that require corìfiguration us¡ng
urrm_conf ig_db; for example, an instance of a v¡rtual interface.

Mark as leadonly" (uvu_nuaoour,y) fields that you do not want to be
affected by co nfiguratio n.

Technically, there is a difference between uvM_ALL_oN and
UVM_DEFAULT, but practically, there is none. uvM_DEFAULT includes an
additional "deep" option not included with uvM ALL oN, but the built-in

T¡ps

o

o

a

a
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automation methods no longer use it. For now, both can be used
interchangeably.

o

Gotchas

See also

Configuration

lf you use + instead of bitwise-or to combine flags, make sure that the same
bit is not added more than once.

The macro FLAG argument is required (macro arguments cannot have
defaults). Typically, use utzrur ALL oN.
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Heartbeats use UVM's objection mechanism so that environments can ensure
that their descendants are alive. A component that is being tracked by the
heartbeat object must raise (or drop) the associated objection during the
heartbeat window, which is defined by triggering a uvm_event. The
synchronizing objection must be â uvm_caf fbacks_ob jection type.

The ur¡m_heartbeat object has a list of participating objects. The heartbeat
can be configured so that all components (uvM_ALr._Acrrvn), exactly one
(uvM_oNE_AcrrvE), or any component (uvM_ANy_AcrrvE) must trigger the
objection in order to satisfy the heartbeat condition.

Declaration

class uvm heartbeat extends u¡¡m object;

Methods

function nen (

string name,
uvm_component cntxt,
uvm_ca.l-lbac ks_ob j ect ion

objection : nul-f);

Creates a new heartbeat
instance associated with a
component.

The objection associated
with the heartbeat is
optional, br.¡t it must be set
before the heartbeat monitor
will activate.

function uvm_heartbeat_modes
set_mode (

uvm_heartbeat_modes mode
: UVM NO HB MODE);

Retrieve the heartbeat
mode, one of
UVM_ALL_ACTIVE,
ITVM ONE ACTIVE,
uvM_ANY_ACTrvn and
UVM NO HB MODE

lf mode is anything other
than uw No HB MoDE this
sets the mìde.

function void Eet_heartbeat (

uvm_event e,
ref ur¡m_component comps [$] );

Sets up the heartbeat event
and assigns a list of objects
to watch. The monitoring is
started as soon as this
method is called, provided a
trigger event has been
provided previously, or e is
not nul-1 here.

function voíd add (

uvm component comp) i
Add a single component to
the set of components to be
monitored.
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function void renove (

uvm_component comp) i
Remove a single comporìent
to the set of componerìts
being monitored.

function void start (

uvm event e : nuff);
Starts the heartbeat monitor.

function void stop O; Stops the heartbeat mon¡tor

a

Rules

Once heartbeat monitoring has been started with a specific event, providing
a new monitor event with set heartbeat or start results in an error.
You should first call stop.

Example

/ / Creale an objection for heartbeat monitoring

uvm_caf lbacks_objection hb_objection : new ( "hb_objection"),'

// An instance of this class will be monitored

class my driver extends uvm_driver #(trans);

task run_phase (uvm_phase phase);

/ / f his must happen between every two event triggers in my_env

/ / This in effect says "l'm alive"

hb_obj ect ion . ra ise_obj ection ( this ) ;

endtask

endc.lass: my_driver

cl-ass my_env extends uvm_env;

uvm event hb event;
*yìti.rer m dti.ret;

uvm heartbeat hb;

function new (string name, uvm_component parent);
super. new (name, parent) ;

/ / C¡eate a heartbeat for myerìv using hb*objection.
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uvm_heartbeat hb : new("hb", this, hb objection);
hb.add(m driver);

endfunction

task run_phase (uvm_phase phase),.
uvm event hb event. : new ("hb event");

hb. set_node (UVM_ALL_ACTIVE) ;
hb.start(hb event);

fork
forever

// At least one raise or drop must occur between successive triggers
#10 hb_event.trigger (this) ;

I Oa n_any
hb.stopO;
hb. remove (m_driver) ;

endtask

endclass : my env

Gotchas

add doesn't start monitoring and remove doesn't stop lt; an expliclt start or
stop is required.

See also

wm_callbacks_objection; uvm_event; uvm_object¡on
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HDL Backdoor Access

UVM provides a set of DPUPLI functions, which can read, write, force, and
release values anywhere inside of a design under test. Probing down into the
design is referred to as HDL backdoor access.

While traditional Verilog hierarchical references can accomplish the same goal,
hierarchical references suffer from at least two issues. First, hierarchical
references are not allowed in a package, which prevents classes with
hierarchical references from being added to a package. Second, they are hard-
coded, set at elaboration time, and not changeable during run-time, making it
difficult for the testbench to be flexible on a per test basis. UVM's backdoor
access has the advantage that the references are refened to using strings,
allowing them to be read from a configuration file or dynamically constructed,
and dynamically accessed at run-t¡me.

Since DPI/PLI code is used for the access, the DPI/PLI object code must be
linked into simulation, which happens automatically when using a vendor's pre-
compiled library. The DPI/PLI access routines can be left or¡t of compilation by
using the following plusarg:

+define+UvM HDL NO DPI

Using DPI/PLI typically requires simulation access enabled to the HDL paths of
interest.

Declaration

'define UVM HDL MAX WIDTH 1024

parameter int UVM*HDT,_MAX_WIDTH :

typedef logic IUVM HDI, MAX WIDTH-

. 
UVM-HDL_MAX_WI DTH,

1:01 uvm hdl data t,

Methods

function int uvm_hdl_check3ath (

string path);
Returns 1 if HDL path exists
and 0 if non-existent.

function int uvnr_hdl_deposit (

string path,
uvm hdf data t value) i

Sets HDL path to value.

Returns 1 on success, 0 on
failure.

function int uvn_hdI_force (

string path,
uvm hdf data t vafue) i

Forces the HDL path to
value.

Returns 1 on success, 0 on
failure.

task uv¡¡ hdl force time (

string path,
uvm_hd1_data*t value,
time force tíme : 0);

Forces value on the HDL
path for the specified
amount of time.
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function int
ur¡m_hdl_re lea se_and_re ad (

string path,
inout uvm hdl- data t va.Iue);

Releases the drive by
u¡¡m hdl force and reads
back the released value.

For variables, value remains
unchanged until the next
procedural assignment. For
wires, value immediately
updates with the resolved
value.

Returns 1 on success, 0 on
failure.

functíon int ur¡m_hdl_release (

string path);
Releases the drive by a
uvm hd] force.

Returns 1 on success, 0 on
failure.

function int uvm_hdl_read (

string path,
output uvm hdl- data t value);

Returns the value of the
specified HDL path.

Returns I on success, 0 on
failure.

Example

/ / Create an objection for heartbeat monitoring

class fullchip sb extends uvm scoreboard;

// Analysis port method that compares the returned value from the

/ / design's interface with the RTL's current value
function void write(j-nput Axltran t);

u¡¡m hdl data t vafuei

/ / Probe into the design
assert (uvm_hdl_read("top_tb.dut.csr", value) ) el-se

' uvm_er ror ( * FULLCHI PSB " ,
"Cannot read top tb.dut.csr"),.

assert ( t.data ::: vafue )

' uvm_error ( *FULLCH IPSB",
(%h) != RTL value (3h)", t.data,

endfunction

endcÌass : fullchip sb

$sformatf ("Returned value
vafue ) )
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Tips

Use a simulator's built-in pre-compiled DPI object code to simplify linking in the
DPI access functions.

Gotchas

Most simulators require read or write access enabled to access the signals in the
design. This typically turns off optimizations, which may impact performance.

See also

Register Layer
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The ur¡m_in_order_*_comparator family of components can be used to
compare two streams of transactions in a UVM environment. They each provide
a pair of analysis exports that act as subscribers to the transact¡on streams (the
streams typically originate from analysis ports on UVM monitors and drivers).
The transactions may be built-in types (e.9. int, enumerations, structs) or
classes: you should use uvm_in_order_cl-ass_comparator to compare
class objects, and uvm_i n_o rde r_bui f t_i n_c omparator to compare
objects of built-in type. ln each case the type is set by a parameter. Both
versions are derived from a parent class ur¡m_in_order_comparator; this
underlying class is not normally appropriate in user code, and is not described
here.

The incoming transactions are held in FIFO br¡ffers and compared in order of
anival. lndividual transactions may therefore arrive at different times and still be
matched successfully. A count of matches and mismatches is maintained by the
comparator. Each pair of transactions that has been compared is written to an
analysis port in the form of a pair object - a pair is a simple class that contains
just the two transactions as its data members.

Declarations

cfass ur¡m_in_order_cfass_comparator #( type T = int )

extends ur¡m_in_order_comparator #(T, ...) ;

class ur¡m_ín_order_built_in_comparator #( type T = int
extends ur¡m in order comparator # (T, . .. ) ;

Methods

function new(string name,
uvm component parent) ;

Constructor

function void flush O; Clears (mis)matches co unts.

Members

uwm_ana.lysis_export +( T )

before_erçort;
Connect to first transaction
stream analysis port, typically
monitored from a DUT's inpú

uvm_analysis_export #( T )

af,ter_exlrort;
Connect to second transaction
stream analysis port, typically
monitored from a DUT's orfput.

uwm_analysis_port g (pair_type)
pair_ap;

Pair of matched transactions
that has been compared.

int m matches; Number of matches.

int m mismatches,' Number of mismatches

96 Copyright O 2013 by Doulos Ltd. All 4thts r€sfl ed.



uvm_in_orde r_*_com pa rator

Example

Using uvm_in_orde r_cJ-a s s_comparato r within a scoreboard compo nent

class cpu scoreboard extends uvm scoreboard;

uvm_analysis_export # (exec_xact) af_iss_export;
uvm_analysis_export # (exec_xact) af_cpu_export.'
uvm in order class comparator #(exec xact) m comp;

function new(stríng name, uvm_component parent) i
super. new (name, parent) ;

endfunction: new

vírtua1 function void build_phase (uvm_phase phase) ;
super. build_phase (phase ) ;
af_íss_export : new("af_iss_export", this) ;
af_cpu_export = new("af_cpu_export", this) ;
m_comp : new (¡rcomprr, this) ;

endfunction: build phase

virtual- function void connect_phase (uvm_phase phase);
af_iss_export.connect ( m_comp.before_export ) ;
af_cpu_export. connect ( m_comp. after_export ) ;

endfunctj-on: connect phase

inteqer m_fog_file;
virtuaf function void
start_of_simulation_phase (uvm_phase phase) ;

n_log_file : 9fopen ("cpu_comparator_fog.txt") ;
set_report_id_action_hier ("Comparator Match", LOG) ;

set_report_id_file_hier ("Comparator Match",
rn_log_file) ;

set_report_id_action_hie r ( " Comparator Mismatch", LOG ) ;
set_report_irl_fiIe_hier ("Comparator Mismatch",

m_log_file) ;

endfunction: start of simul-ation phase

virtuaf function void report_phase(uvm_phase phase),'
string txti
$sformat(txt, "#matches = ?d, #mismatches = %d",

m_comp.m_matches, m_comp.m_mismatches) ;
'uvm_info ("", txt, UVM_NONE)

endfunction: report phase
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' uvm_component_ut í.I s ( cpu_s coreboard )

endcl-ass : cpu_scoreboard

Tips

The comparator writes a message for each match and mismatch that it
finds. These messages are of class "Comparator Match" and "Comparator
Mismatch" respectively. You may wish to disable these messages or
redirect them to a log file as shown in the example.

lf you need your comparator also to model the transformation that a DUT
applies to its data, you may find uvm_algorithmic_comparator more
appropriate - it allows you to incorporate a reference model of the DUT's
data-transformation behavior in a convenient way.

The ur¡m_in_order_class_comparator requires two methods to be
defined in a transaction object-compare ârìd convert2string. The
compare method can be handled by field automation. Likewise, the
convert2string method can be easily created using the sprint
automation method:

function string convert2string O;
return sprint O;

endfunction

a Consider using uvm_in_order_c1ass_comparator as a base class for
a type-specific comparator that can be built by the factory, for e><ample:

class exec_comp extends
uvm_in_order_c1ass_comparator # (exec_xact ) ;

' uvm_component_utiÌ s ( exec_comp )

function ner4r(string name, uvm_component parent) ;
super.new (name,parent) ;

endfunction: new

endclass: exec comp

Gotchas

ur¡m_in_order_cIass_comparator uses ttttnsaction classes' compare
member function (which is created for you by the field automation macros). To
customize the behavior of compare, you must override the function
do compare.

See also

uvm_analysis_port; wm_analysis_export; wm_transaction;
uvm_a lgorith mic_co mparato r

a

o
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The uvm_monitor class is derived from uvm_component. User-defined
mon¡tors should be built using classes derived from ur¡m_monitor. A mon¡tor ¡s

typically used to detect transactions on a physical interface, and to make those
transactions ava¡lable to other parts of the testbench through an analysis port.

Declaration

cÌass ur¡m_monitor extends uvm_component;

Methods

function new (string name,
uvm component parent = null);

Constructor, minors the
superclass constructor ¡n
uvm component

Members

uvm_analys is_port
# (transact ion_c.lass_type )

monitor_ap;

Analysis port through which
monitored transactio ns are
delivered to other parts of the
testbench.
lVofe: this field is not defined
in uvm_monitor, but should
always be provided as part of
any user extensions.

Example

c]ass example_monitor extends uvm_monitor;
uvm_analysis_port # (example_transaction) monitor_api
example virtual- if vif;

virtual function void buildShase(uvm_phase phase) ;
super. build_phase (phase) ;

endfunct.ion : build_phase

virtual task run_phase (uirm_phase phase) ;
example_transaction tr;
forever begin

/ / St€tl with a new, clean transaction so that

/ / already-monitored transactions are unaffected
tr : new;

/ / code to observe physical signal act¡v¡ty

/ / and assemble transaction data in tr
monitor_ap. write (tr) ;
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end
endtask

' uvm_component_ut ils (exampl-e_monitor )

endc.lass : examp.Ie_monitor

T¡ps

A monitor can be useful "stand-alone", observirg activity on a set of signals
so that the rest of the testbench can see that activity in the form of complete
transaction objects. Alternatively, it can form parlof an agent.

By using an analysis port to pass its orfpr.tt to the rest of the testbench, a
monitor can guarantee that it can deliver this outpr¡t data without consuming
time. Consequently, the monitor's run_phase method can immediately
begin work on receiving the next transaction on its physical interface.

The monitor's physical connection is specified by means of a virtual
interface. This object can be configured using the uvm_config_db
mechanism, or can be passed into the monitor by its enclosing agent.

Gotchas

ur¡m_monitor has no methods or data membeß of its own, apart from its
constructor and what it inherits from uvm_component. However, building a
properly-formed monitor usually requires additional methodology guidelines,
including the recommendations in this article.

See also

uvm_agent

a
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uvm_obj ect is the virtual base class for all components and transactions in a
UVM environment. lt has a minimal memory footprint with only one dynamic
member variable - a str¡ng that is used to name instances of derived classes
and which is usually left uninitialized for data objects.

Declaration

virtual cfass uvm_object extends uvm_voidi

Methods

function new(string name : ""); Constructor

virtua.l function void set name(
string name) i

Sets the name.

static function int
get_inst_count ( ) ;

Returns running total count
of number of
urrm_obj ect-based
objects created.

static function
uvm_obj ect_wrapper get_type ( ),'

Returns the type proxy for
this class (overridden by
utils macro).

virtuaf function int
get_inst_idO;

Returns unique lD for
object (count value when
object created).

virtual function string
get_name O ;

Returns the name.

virtua.l function string
get_tipe_nanre O ;

Returns type name.
Override unless utility
macros called.

virtual function string
get_full_name ( ) ;

By default calls
get_name O . When
oven¡dden by
uvm_component it returns
the full hierarchical path
name.

virtual function
uvm_ob j ect_wrapp er get_ob jeet_type
o;

Returns the type prc,xy for
this object type (ovenidden
by r.rtils macro).

virtual- function uvm_object
create(string name : "") ;

Creates a newobject.
Override unless utility
macros called.

virtual function uvm_object
clone ( ) ;

Creates a copy of the
object.
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function bit compare (

uvm_object rhs,
uvm_comparer comparer : null-);

Compariso n against rhs.

function void copy(
uvm_object rhs);

Copies rhs to this.

function void print (

uvm printer printer : null-);
Prints the object.

function string sprint(
uvm_prínter printer = nuff);

Prints the object to a string

function void record(
uvm recorder recorder : nufl);

Used for transaction
recording.

function int peck (

ref bit bitstream[],
input uvm_packer packer = nulf);

Packs object to anay of
bits. Returns number of
bits packed.

function int pack_bytes (

ref byte unsígned bytestream[],
input uvm_packer packer : nul,l-);

Packs object to aray of
bytes. Returns number of
bytes packed.

function int pack_ints (

ref int unsigned intstreamtl,
input uvm_packer packer : nuff);

Packs object to anÉ¡y of
ints. Returns number of
ints packed.

function int unpack (

ref bit bitstream [ ] ,
input uvm_packer packer = nufl);

Unpacks array of bits to
object.

function int unpack_bytes (

ref byte unsigned bytestream[],
input uvm_packer packer : nulf);

Unpacks array of bytes to
object.

function int unpack_ints (

ref int unsigned intstream[],
input uvm packer packer : nuff);

Unpacks array of ints to
object.

virtuaf function bit do_com¡rare (

uvm_object rhs,
uvm_comparer comparer) ;

Override for custom
compare (called by
compare).

virtua.l function void do_copy(
uvm object rhs) ,'

Override for custom
copying (called by copy)

virtual function voíd doSack(
uvm_packer packer) ,'

Override for custom
packing (called by pack).

virtua.I function void do3rint(
uvm_printer printer);

Override for custom
printing (called by print).

virtual function voíd do_record(
uvm recorder recorder) ;

Override for custom
reporting (called by report).
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virtua.l function void do_unpack (

uvm_packer packer);
Override for custom
unpacking (called by
unpack).

function void reseedO; Set seed based on object
type and name ¡f
use uvm seeding= l.

virtuaÌ function void
set_object_Iocal (

string field_name,
uvm_object value,
bit clone = 1,
bit recurse = 1) i

Access method to set an
object value used with the
field automation macros.

virtual function void
seÈ_int_loca1 (

string fiel-d_name,
uvm_bits tream_t value,
bit recurse : 1);

Access method to set an
integral value used with the
field automation macros.

virtual function void
set_string_local (

str.ing f ief d_name,
string vaÌue,
bit recurse : 1) i

Access method to set a
str¡ng value used with the
field automation macros.

Factorv interface

The component úility macros register a component with the factory. Tley also
define a nested prory class named type id, which provides a very corìvenient
way to use the factory. For example, calling rny_obj ect : : type_id.: : create
will use the factory to create an instance of my_object by calling the create
method of the nested type_id class. See ur¡m_f actory for more details.

static function T tft)e_id: :create(
string name,
uvm_component parent,
string contxt

Create an instance of
the object (gpe T) using
the factory.

virtual- function string
type id: :get_t1¡pe_name O ;

Returns the type name
of the object as a string

static function void
type_id : : set_tlpe_override (

uvm_obj e ct_h¡rappe r override_type,
bit replace : 1);

Set a factory override for
all instances of this
object.

static function void
Èype_id: : set_inst_o\¡erride (

uvm_ob j ect_wrappe r override_type,
string inst_path,
uvm component parent = nulf);

Set a factory override for
a specific instance or
instances of this object.

Copyr¡gm@20'13 by Doulos Ltd. All rEhls rewed. 103



uvm_object

Members

statíc bit use uvrn seeding : 1; Enables the UVM seeding
mechanism (based on type
and hierarchical name).

Macros

The utility macros generate overridden get_type_nane O and create ( )

functions for derived object classes.

' uvm_ob j ect_util s (TYPE )

or

' uwm_ob j ect_utí1 s_begin (TYPE )

'u¡¡m_f ield_* (ARc, FLAG)

' uvm_ob j ect_utiI s_end

Use 'uvm_object_param_utits (TYPE# (T) ) or
' urrm_ob j ec t_p aram_u t i L s_begi n ( TYPE * ( T ) ) for parameterized objects.

Fields specified in field automation macros will automatically be handled
conectlyincopyO, compareO, packO, unpackO, recordO,
print O and sprint O functions.

T¡¡¡s

Objects that need to be configured automatically at run-t¡me using UVM
configurations should use uvm_component as their base class instead.

Call the utility macros in derived classes to ensure the get_type_name
and create functions are automatically generated. This will also enable
these classes to be used with the UVM factory.

See also

wm_factory; uvmjrinter

a

a
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Objections are used to determine when it is safe to end a phase and, uhimately,
the test. (See End of Test.) Components and tests can 'raise an objection' to
the simulator ending a particular phase or the test as a whole. They must 'drop'
the objection to allow the phase or test to complete. When all the raised
objections are dropped and any (optionally specified)'drain time' has elapsed,
the phase or test is free to terminate.

Each phase has a built-in objection method. (There is also a built-in end of test
objection, uvm_test_done_ob j ection, but this is deprecated and should not
be used in new designs.)

Declaration

class uvm_objection extends uvm_report_object,'

Methods

function new( st.ring name = "") i Constructor

virtual functi-on void clear(
uvm object obj = nulf) '

Clears all objections.

virtuaf function void
raise_objection (

uvm_object obj : nufÌ,
string description = "",
intcount=1)

Raises the number of
objections for the source
object by count. The object
is usually the this handle
of the caller. lf object is not
specified or null, the implicit
topJevel component,
uvm top, is chosen.

virtual- function void
drop_objection (

uvm_object obj : null,
string description = "",
intcount:L)

Drops the number of
objections for the source
object by count.

funct.ion void set_drain_time (

uvm_object obj = nu1f,
tine drain);

Sets the drain time of onj.
This is the time to wait after
all objections have been
dropped, default 0 ns.

function void display_objections (

uvm_object obj : null,
bit show header : 1);

Displays object¡on
information about the given.
object, or uvrn_root if this is
null. show header
controls whether a header ¡s

output.

function void get_objectors (

ref urrm object fist[$]);
Returns the list of cunently
objecting objects.
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function int get_objection_count (

uvm object obj : nuÌf) '
Returns the current number
of objections raised by the
given obiect.

function int get_objection_total (

uvm_object obj : null)'
Returns the current number
of object¡ons raised by the
given object and all
descendants.

function time get_drain_ti¡¡e (

uvm object obj = nuff) '
Returns the current drain
time set for the given object.

function bit trace_mode (

int node : -1);
Sets or returns the trace
mode. ! turns tracing on; 0
turns tracing off.

task wait_for (

uvm_ob j e cti on_event ob j t_event,
uvm object obj = null)

Waits for the specified event
to occur in the given object.

Gallback Hooks

Example

task run_phase (uvm_phase phase) ;
phase . raise_obj ection ( this ) ;
forever
begin

my_transaction tx;
#10 phase.drop_objection (this) ;
seq_item_port . get_next_i tem ( tx ) ;
phase. raíse_obj ection (this) ;
seq item port. item done ( ) ;

virtual function void raised(
uvn_object obj,
uvm_object source_ob j,
string description,
int count)

Called when an objection is
raised for obj. source_obj
originally raised the
objection.

virtuaf functíon void dropped(
uvm_object obj,
uvm_object source_obj,
string description,
int count)

Called when an objection is
dropped.

virtual function void
all_dropped (

uvm_object obj,
uvm_object source_obj,
stríng descríption,
int count)

Called when all objections
have been dropped and the
drain time has expired.
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end
endtask: run_phase

Tips

Active components, such as sequences and drivers should use objections.
Passive components such as monitors don't need to use objections.

Objections can be tricky to get working, plus there is a bit of overhead
associated with hierarchical objections. Therefore, it is best to place
objections only at the top levels of an environment. For example, place
objections in a test case (or top seqr.rence) and inside a scoreboard-the
test case knows when the stimulus is done and the scoreboard knows
when all of the responses have come back from the design.

A toplevel sequence should raise a phase objection at the beginning of an
activity that must be completed before the phase stops, and drop the
objection at the end of that activity. Once all of the raised objections are
dropped, the phase terminates.

Set a drain time to inject a delay between the time a component's total
objection count reaches zero for the current phase and when the drop is
passed to its parent. Typically, a single drain is set at the env or test level.
Alternatively, you could use the af l__dropped callback for more prec¡se
control.

Each simulation phase includes a built-in objection, so there is no need for
users to create instances of uvrn_obj ection.

Use the command-line plusarg +uw_oB,JECTroN_TRAcE to trace
objection activity and fird out why a simulation is not stopp¡ng when it
should.

lf you want to define the callbacks, use class
uvm-cal 1ba cks_ob j ec ti on i nstead of uvm_ob j ec t ion, and extend
uvm objection ca1lback.

To manually force a simulation to shutdown before all objections are
dropped, call the cfear method on the phase objection object.
Alternativefy, the ur¡m_heartbeat mechanism or a call to
uvm_report_fata1 could be used.

See also

uvm_ca llbacks_objectio n ; uvm_o bjectio n_ca ll back; w m_heartbeat; P hases

For further information on this and other topics, please see the UVM tutorials at
http://www.do ulos.com/kno whow/sysve ri log/ wm/.

a
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Callback class for uvm_caf fbacks_objection. The methods in this class
may be defined in order to take some action when an objection is raised or
dropped.

Declaration

cl,ass ur¡m_obj ection_calÌback extends ur¡m_calÌbacki

typedef uvm_caflbacks # (uvm_obj ectíon,

uvm_objection_calfback) uvm_objection cbs t;

Methods

These methods are called by the conesponding methods in
u¡¡m calLbacks objection.

Gotcha

Be careful about the class name. This class, uvm_obj ection_callback is
used to defined the callback methods. u¡¡m callbacks objection is an
extended version of uvm obj ection, which includes the callbacks.

See also

uvm_objection; wm_callbacks_objection

function new(string name) ; Constructor

virtuaL function void raised (

uvm_objection obj ection,
uvm_object obj,
uvm_object source_obj,
string descriptíon,
int count);

Called when an object¡on is
raised. The arguments are
passed from
raise objection.

virtual functíon void dropped
uvm_objectíon obj ection,
uvm_object obj,
uvm_object source_obj,
string description,
int count);

Called when an objection ¡s

dropped. The arguments are
passed from
drop*obj ection.

vírtuaf task all_dlopped (

uvn_objection obj ection,
uvn_object obj,
uvm_object source_ob j,
string description,
int count);

Called when an objection is
dropped and the number ot
raised objections has
reached zero. The
arguments are passed from
drop_obj ection.
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When a test ¡s started by calling run_test, the simulation proceeds by calling a
pre-defined sequence of functions and tasks in every component. Each step in
this sequence is known as a phase. Phases provide a synchronization
mechanism between activities in multiple components.

All components implement a common set of phases. These are represented as
objects of uwm_topdown_phase or uvm_bottomup_phase, except run_ph
which is an implementation of uvm_task_phase. All these are extensions of
uvm_phase. lt is also possible for users to create custom phases which can be
inserted into the standard UVM phase sequerìce.

During each phase, a corresponding callback function or task in each
component in the hierarchy is invoked in either topdown or bottom-up order
(depending on the phase).

The phase callback tasks and functions in a UVM component are empty (do

nothing) by default - they are optionally overridden in components derived from
uvm_compon ent to implement the req ui red behavior.

A phase can jump to the start of another phase by calling j ump and specifying
the destination phase. When the phases in one component jumps backwards,
the phase tasks in the other components continue but wait at the next phase
boundary for the phase jumpi ng compo nent to catch up.

Standard UVM Phases

For readability, the'uvm ' prefix has been omitted from the phase names here.

Phase Name
(in order of execution)

Callback
Type Order Main Activity

buíld3hase function top-down Call factory to
create child
components

connect3hase function bottom-up Connect ports,
exports and
channels

end_of_elaboration_
phase

function bottom-up Check
connections
(hierarchy fixed)

start_of_s imu].ation
J'hase

function bottom-up Prepare for
simulation (e.9.
open files, load
memories)

run3hase task bottom-up Run simulation
until explicitly
stopped or
maximum time
step reached

Copyr¡ghl @2013 by Doulos Ltd. Allrþhts res4ed. 109



Phases

extractjhase function bottom-up Collect results

check3hase function bottom-up Check results

report3hase function bottom-up lssue reports

finalShase function top-down Close files;
terminate co-
simulation engines

Standard UVM Run-Time Schedule

The run-time schedule is the predefined phase schedule which runs
concurrently with the run_ph global run phase. These alternative phases are
intended to simplify the synchronization of actions during the run_ph across
multiple components. By default, all uvm_components using the run-time
schedule are synchronized with respect to the pre-defined phases in the
schedule. A typical example would be to code all reset actions within the
comporìents' reset_phase tasks to ensure that every component has
completed its reset activities before any component starts its
configure_phase task.

(lt is also possible for components to belong to different domains in which case
their schedules can be unsynchronized.)

The runtime phases are all instances of urrm_task_phase, which is an
extension of uvm_phase. For readability, the 'uvm_' prefix has been omitted
from the phase names here.

Phase Name
(in order of execution) Main Activity

prc reset_¡hase Prepare for reset o be asserted

reset3hase Perform reset.

post_resetjhasê lnitiate idle transaction and interface training.

pra configure¡>hase Modify DUT conf¡guration information.

configiureShase Set signals and program the DUT and
memories (e.9. read/write operatlons and
sequences) to match the desired
corÌfiguration for the test and environment.

post_configure3hase Wait for configuration information to
propagate and take effect.

pre_nain3hase Wait for interface training to complete.

nain_¡rhase Execute transactions, start sequences

post_main3hase Test stimulus is finished.

pre_shutdown_¡rhase Beginning of shutdown phase.
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shutdown¡>hase Wait for DUT pipelines etc. to clear

post_shutdown3hase Perform final checks

User-Defined Phases

You can define a custom phase by extending an appropriate phase class:
uvm_pha s e, uvm_topdown_pha s e or uvm*bot tonup_pha s e ; i mplementi ng
exec_task or exec_func; instantiating a singleton instance for global use; and
inserting the phase in a schedule by editing
uvm_phase: :define_phase schedufe to call uvm_phase: :add_phase.

Gotchas

The gÌobal_stop_request O method is deprecated. Environments should
use objections for phase synchronization and timing. (See End of Test.) All
environments using the globaf_stop_request 1¡ mechanism must add the
SWitCh +UVM USE OVM RUN SEMANTIC.

Examples

You will find examples of the various phases throughout this Guide
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uvm_phase is the base class for all the UVM simulation phases. lt should not
be extended directly. lnstead, one of the predefined phases can be extended:
uvm_task_phase, uvm_topdown_phase, and uvm_bottomup_phase. A
uvm_phase object is passed as an argument into every UVM phase method of
each component, which can then be used for a variety of purposes. Most
commonly, the uvm_phase object is used for raising and dropping objections to
prevent moving on to the next UVM phase. The uvm_phase object can also be
used to jump between run-time phases.

Declaration

virtual c.Iass uvm_phase,'

Methods

function new(
string name : "uvm_phase",
uvm_phase_type phase_type :

UVM_PHASE_SCHEDULE,
uvm phase parent = null-);

Constructor

function void add(
uvm_phase phase,
uvm3hase with_phase:nu11,
uvm_phas e a f te r_phas e=nul-1,
uvm_phase before_phase:null) ;

Adds a phase to a schedule.

virtual function void
drop_objection (

uvm_object obj,
string description=rr rr,

int count:l);

Drops the phase objection.

virtual function vo.id exec_func (

uvm_component comp,
uvm_phase phase);

Executes the phase's
functio n-based functio nality

virtual task exec_ta8k (

uvm_component comp,
uvm_phase phase);

Executes the phase's task-
based functionality.

function uvm_phase find(
uvm_phase phase,
bit stay_in_scope:1 ),'

Finds phase by phase
object.

function uvm_phase find_by_name (

string name,
bit stay_in_scope:l);

Finds phase by name.

function uvm domain get_donainO; Returns enclos¡ng domain.

function string
get_donain_nane ( ) ;

Returns the domain name.
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virtual function string
geù:fuIl_nâme ( ) ;

Returns path from enclosing
domain to this schedule.

function urrm_phase get_itnp O ; Returns the phase
implementation.

functíon uvm_phase
get_jurnp_target ( ) ;

Returns the target phase of
the current jump.

functíon uvm_phase getJarent O ; Returns the parent schedule
node.

function urrm_phase_type
getJhaEe_tipe O ;

Returns phase type.

function int get_run_countO ; Number of times the phase
has been executed.

function uvm_phase get_schedule (

bit hier:0);
Returns top schedule node.

function string
get_schedule_name (bit hier:0) ,

Returns schedule name of
cunent phase.

f unction uvm_phase_state
get_ståte ( ) ;

Returns cunent state of
phase.

function bit is(uvm phase phase); Returns true if phase
argument the same as
current phase.

function bit is_after(
uvm_phase phase);

Returns true if phase
argument is after current
phase.

function bit is_befole (

uvm_phase phase);
Returns true if phase
argument is before current
phase.

function void jurç (

uvm phase phase);
Forces a jump to another
phase.

static function void jump_all (

uvm phase phase);
Force all schedule phases to
jump to another phase.

virtuaf function void
raise_objection (

uvm_object obj,
string description:"",
int count:l ) ;

Raises the phase objection.

function void sync (

uvm_domain target,
uvm_phase phase=nu.l1,
uvm_phase with_phase=nuf f ) ;

Used to synchronlze
between domains.
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function voíd unsfmc (

uvm_domain target,
uvmjhase phase:nul-1,
uvm_phas e with_phase:nu 1l ),'

Removes domain
synchro nization.

task r4rait_for_state (

uvm_phase_state state,
uvm wait op op:UVM EQ);

Waits until the cunent state
has the given state and op.

Example

class mytest extends uvm test;

virtual task run_phase(u¡¡m_phase phase) ;
uvm_objection obj;
obj = phase.get_objectíonO ;
obj .set drain time (1Ons) ;

phase . raise_obj ection ( ) ;
' ur¡m do on ( seq, s eqr ) ;
phase . drop ob j ection O ,'

endtask
endc 1as s

Tips

a

a

To create a user-def¡ned phase, use one of the following predefined phases
uvm_tas k_phas e, uvm_topdown_pha se, or uvm_bo ttomup_phase .

The phase argument of any phase method can be used to get the current
objection object and change the objection's drain time (see example
above).

Gotchas

. Pre-UVM 2.0, jumping between phases may not work as expected

See also

Phases
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A uvn_pool is a dynamic associative array. The urrm_poot is parameterizable
and works very much like a regular Systemverilog associative array. lts
advantage as a class object is that it can be dynamically created (instead of
statically declared), passed by reference, and accessed globally through a global
object.

Just as SystemVerilog provides methods for associative arrays, uvm_pooÌ
implemerús the analogous counterparts. Values are added to a pool by using
add and retrieved us¡ng get. A global pool can be created for sharing items
across a verification environment by using get_gtobal_poot.

UVM provides a specialized uvm_poo.l for associative arrays of uvm ob j ects
indexed by string called ur¡m object string poof .

Declaration

cfass uvm_pool # (type KEY : int, T = uvm_void)

extends u\¡m_object;

typedef uvm_pool #(KEY,T) this type;

cl-ass uvm_object_string_pool #(type T = uvm object)

extends uvm_pooÌ + (string, T) ;

typedef uvm_object_string_poo1 # (T) this_type;

Methods

uvm_pool

function new(string name : "")' Constructor

v.irtual function void add(
KEY key,
T item);

Adds the key / item pair to
the pool.

virt.ual function uvm object create(
stïing name : iln) --

Returns a newly created
uvm pool- object.

virtual function void delete (

KEY key),
Removes item from pool
with the specified key.

virtual- function int exists(
KEY key);

Returns 1 if key exists in
pool, 0 otherwise.

virtual function int first(
ref KEY key);

Returns the key of the
first pool entry.
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vírtua.I function T get (

KEY key) ,'

Returns the pool erfry at
the specified key.

lf entry not found, an
entry is created and
returned for the key with
the default SystemVerilog
value for data type t.

static function
KEY key);

T get_global ( Returns the global pool
entry at the specified key

static function this type
get_global3ool O ;

Returns a reference to
the global pool.

virtual function string
get_type_nane O ;

Returns the type name of
the pool object.

virtua.l function int lest (

ref KEY key) i
Returns the key of the
last item in the pool.

Returns 0 if pool is empty,
and 1 if rìon-empty.

vj-rtual function int next (

ref KEY key);
Returns the key of next
item in pool.

Returns 0 if pool is empty,
and 1 if next key is found.

virtual function int nurnO,' Returns the number of
keys in the pool.

virtua.l function int prev(
ref KEY key);

Returns the key for the
item before the specified
key.

Returns 0 if pool is empty,
and 1 if previous key is
found.

Also inherited are the standard methods from uvm object.

uvm_obj ect_stri n g_pool

function new(string name : ""); Constructor

virtual function string
get_ty¡re_nane O ,'

Returns the type name of
the pool object.

static function this_type
get_global3oo1 O ,

Returns a reference to
the global pool.

static funcÈion t get_global
(string key);

Returns the global pool
entry at the specified key.
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virtual function T get(string key); Returns the object for the
specified key.

lf entry not found, an
entry is created and
returned for the key with
the default SystemVerilog
value for data type r.

virtual- function void delete (

string key);
Removes the object from
the pool with the specified
key.

Also inherited are the standard methodsfrom uvn_object.

Example

/ / Create a global pool somewhere like in a package

package my_pkg;
uvm_pool #(string,axi_cfg) m_global_pool =

uirm3ool# (string, axi_cfg) z z get_gl-obal_pool O ;
endpackage

/ / Add config objects to the global pool in the testcase

begin
axi_cfg axi_cfg1, axí_cfg2, axi_cfg3;

axi_cfgl = new (

axi_cfg2 : new (

axi cfg3 = nev¡ (

axi_cfgl.randomize with { data < 8'}]7fff;
axí_cfg2.randomize with { ... };
axi cfg3.randomize with { ... };

my_pkg : : m_global_poo.I. add ( "axi_cfg1 ",
my_pkg : : n_global_poo I . add ( " ax í_cfg2" ,

my_pkg : : m_g Iobal_pool . add ( " ax i_cfg2" ,

t;

axi_cfgl);
axi_cfg2l ;
axi cfg3);

end

// Retrieve the config object in a test sequence

task body O ,'

axi_cfg cfg;
cfg : *o OOg: :m_global_pool.get ("axi_cfg1") ;

'u¡¡m_do_with(req, { req.data :: cfg.data,
endtask
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Tips

. uvm_poot provides a custom print method for displaying ¡ts contents.

. uvm_poot provides a custom copy method for copying a pool.

Gotchas

a

A urrm_pool uses a Systemverilog associative array to store its
information. SystemVerilog limits key types to strings, classes, structs, and
integral data types (e.9., integer, int, bit, etc.). Real values are illegal.
Associative arrays do not support indexvalues containing 4-state values of
X or Z. SystemVerilog uses numerical order for numbers, alphabetical
order for stri ngs, and arbitrary orderi ng for all other data types.

The create method is not static-it only works on an existing instance of
ur,rm_pool.

See also

uvm_queue
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Class uvm_port_base is the base class for all UVM ports ard exports, in both
the TLM-I and TLM-2.0 subsets. lt provides a set of common functions for
connecting and interrogating ports and exports.

A port or export may be connected to multiple interfaces (it is then known as a
"multi-port"). Constructor arguments set the minimum and maximum number of
interfaces that can be connected to a multi-port.

Declaration

virtuaf class uvm_port_base # (type lF:uvm_void) extends IE;

typedef enum {

UVM_PORT ,
UVM_EXPORT ,

UVM IMPLEMENTATÏON

) uvm_port_type_e;

typedef uvm_port_component_base uvm_port_fi st I string ] ;

Methods

function new(string name,
uvm_component parent,
uvm_port_type_e port_type,
int min_size = 0,
int max size : 1);

Constructor

function string get_nat¡e ( ) ; Returns port name.

virtua.l- functíon string
get_full_nane ( ) ;

Returns hierarchical path
name.

virtua.I function uvm_component
get_¡rarent O ;

Returns a handle to parent
component.

virtua.I functj-on string
get_tf'pe_nâne O ¡

Returns type as string.

function int max sizeO; Returns maximum number
of ænnected interfaces.

function int min sizeO; Returns minimum number of
connected interfaces.

function bit ie_unbounded ( ) ; True if no limit on connected
interfaces (max_size = -1).

function bit isJortO; True if port.

function bit is_e¡qrort O ; True if export.
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function bit is_i-mp O ,. True if imp.

function int sizeO; Number of connected
irf erfaces for "m ulti-port'

function void set_default_index (

int index);
set default interface of multi-
port.

function void connect(
this type provider) i

Connect to porVexportt

function void debug_connected_to (

intÌevel=0r
int max l-evel = -1 );

Print locations of interfaces
connected to port. Recurse
through multi-ports as
necessaryl.

function void debug¡rrovided_to (

intfevel:0,
int max level : -1 );

Print locations of ports
connected to export.
Recurse throug h multi-ports
as rìecessaryl.

function void get_connected_to (

ref uvm_port_l-ist líst) t
Returns list of ports/exports
connected to port.

function void get3rovided_to (

ref uvm_port_f ist list) ;
Returns list of ports
connected to export.

function void resolr¡e_bindinge ( ) ; Resolve port connections
(called automatically) .

function uvm_port_base #(IF)
get_if(int index : 0);

Returns the selected
interface of multi-port.

function void set_if(
int i = 0),

Select indexed interface of
multi-port.

Definitions

typedef uvm_port_base # ( IF )

this_type;
Base type of porVexport with
interface rr.

See also

TLM-1 Ports, Exports and lmps
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SystemVerilog does not provide data introspection of class objects for
automatically printing objects, their members, or their contents. UVM, however,
provides the machinery for automatically displaying an object by calling its
print function. This can recursively print its state and the state of its
subcomponents in several pre- or userdefined formats to the standard outprJt or
a file.

The field automation macros ('uvm_fietd_int, 'uvm_f ield_enum, etc.)
can be used to specify the /Telds (members)that are shown whenever an object
or component is printed and the radix to use. For example,

uvm_field_int ( data, UVM_ALL_ON I UVM_HEX )

tells the UVM machinery to provide all the automation functions, including
printing, and to print the data out in hexadecimal format. Aúomatic printing of
fields can be enabled and disabled using the uvM_pRrNT and uvM_NopRrNT
options respectively:

'uvm fiefd int ( data, UVM PRINT I UVM DEC )

or

'uvm fiefd int ( data, UVM NOPRINT )

The field data type must correspond to the macro name suffix (_int, _obj ect,
etc). The radix (uvM_HEX, uvM_DEC, etc.) can be optionally OR-ed together
with the macro flag. See Field Macros for more details.

Users can define their own custom printing for an object or component by
overriding its do_print function. Whenever an object's print function is
called, it first prints any automatic printing from the field macros (unless

uvM_NopRrNr is specified), and then calls its do_print function (by default,
do_print does nothing). Overriding do_print in a derived class enables
custom or additional information to be displayed. Note that some UVM classes
(urrm_transaction, uvm_sequence_item and uvm_sequencer in
particular) already override do_print to provide customized printing.

The do_print function receives a uvm_printer as an input argument. The
uvm_printer class defines a UVM printing facility that can be efended and
customized to create custom formatting. Since all printing can occur through the
same printer, changes made in the printer class are immediately reflected
throughor.rt all test bench code. Printer classes also contain variable controls
called knobs. Kncb classes called uvm_printer_knobs allow the addition of
new printer controls and can be swapped ot.tt dynamically to change the printer's

configuration.

Printer Tvpes

UVM defines a basic printer type called urrm_printer. The uvm_printer
prints a raw dump of an object. This printer type is extended into 3 variations:

. a tabular printer for printing in columnar format (uvm table prínter)
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o a tree printer for printing objects in a tree format (uvm_tree_printer)

o a line printer that prints objects out on a single line (uvm_l ine_printer)

The default uvm_printer type prints objects in the rawformat:

object.members (type\ (size', vafue
for example:

packet_obj (packet_object)
packet_obj .data (da (integral) ) (6)
packet_obj.data[0] (j-ntegral-) (32)'d281
packet_obj.data[1] (integral) (321'd428
packet_obj.datal2l (integraf) (321'd62
packet_obj.data[3] (integral) (321'd892
packet_obj.data[4] (integral) (321'd503
packet_obj.data[5] (integral) (32','d74
packet_obj.addr integral-) (321'h95e
packet_obj . size (síze_t) (32 ) tiny
packet obj.tag (string) (4) good

The uvm_table_printer prints objects in the following tabular format - first a
header, then the object, then its fields:

Name Type SizeValue

packet_obj packet_object
data da (integral) 6

t0 I integral 32

11 I integra.I 32

1.21 integraL 32

13 I integral 32

t4 I integraf 32

t5l integra.I 32

addr integral- 32

size size_t 32

tag string 4

@ {packet_obj } tiny+

'd281
I d428

'd62
'd892
'd503
I d74

'h95e
tiny
qood

Here is the same object pr¡nted using the ur¡m_tree_printer:

packet_obj: (packet_object) {

data: {

[0]: 'd281
[1]: 'd428
12l:'d62
t3l: 'd892
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[4 ] :

[5]:
)

addr:
size:

'ds03
'd7 4

tag: good
)

The uvm_l-ine_printer prints an object's contents all on one line:

packet_obj: (packet_object) { data: { t0l : 'd281 [1]:
'd428 l2l: 'd62 [3]: 'd892 [4]: 'd503 [5]: 'd74 ] addr:
'h95e size: tiny tag: good )

Printer Functions

The uvm_printer class defines many functiorìs that can be ovenidden to make
a custom printer and custom formatting. These functions define the UVM
printing APl, which the printing and field automation macros use. The table,
tree, and line printers override several of these functions to create their own
custom formatting. For example, shown below are some of the printer funct¡on
calls used to render the printing of an object:

'h9 5e

tiny

packet_obj : (packet_object)
data: {

[0]: td28l-

[1]: rd428

l2l z 'd62
[3]: 'd892
[4]: 'd503
[5] : \d74

]
Addr: 'h95e
size: tiny
tag: good

pr int_ob j ec t_header ( )

print_array_header o
print_field ( )

print_field o
print_field o
print fieldo
print_field o
print_field o
print_array_footer o
print_string o
print_string ( )

print_string ( )

Any of these methods can be overridden to specify different ways to print out the
UVM object members. See uvm printer for more details and e)€mples.

Printer Knobs

Each printer is controllable through a set of print¡ng knobs which controlthe
format of the pr¡nte/s output. A class called uvm_printer_knobs contains the
knobs as variables, and it can be extended to add additional controls for a
custom prirìter. Krpbs can control things like the column widths for the table
printer or what radix prefix to use when printing integral types.
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Every derived uvm_printer class has a variable called knobs, which is used to
point to a uvm_knobs_class. Printerfunctions can access these knobs through
the knobs class reference. See utrm_printer_knobs for more details and
examples.

Globals

ln every UVM environment, four global printers are available:

uvm_de f aul t_t abf e_p rín ter
u¡¡m_de f auI t_t ree_pr i nt er

ur¡m_def auI t_l ine_pr ínter
ur¡m_de f au.I t_p rin te r
It is also possible to create other instances of the standard UVM printers or
derived printer classes.

The printer to use can be specified by the argument to an object's print
function. lf print is called for an object and no printer argument is provided,
then by default the u¡¡m_def auf t_printer is used. lnitially, this is set to point
to the uvm_default_table_printer so everything is printed in tabular form.

To globally change the default format of the print messages, assign a different
printer to u¡¡m_def auf t_printer. For example,

initiaf
uvm_def auJ- t_p rin ter : uvm_de f au lt_tree_p rin te r ;

Example

See uvm_printer and urrm_pri nter_knobs

Tips

To globally change the format of all print messages, assign the
ur¡m_def auf t_printer a specific printer type or change thê
u¡¡m_def au1 t_printer . knobs.

Gotcha

Redefining the printer functions to create a new printer type requires a bit of
work and finesse. They are not as straightforuard as they may appear! lt is
often easier to copy and modify the functions from one of the standard printers
than to create them from scratch.
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See also

wm_pri nter; wm_pr¡ nter_kno bs
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The uvm_printer class provides a facility for printing a urrm_ob ject in various
formats when the object's print function is called. The field automation macros
specify the fields that are passed to the printer and their required format.
Afternatively, an object's virtual do_print function may be oveniddên to pr¡nt ¡ts

fields explicitly by calling member functioÌìs of uvm_printer (do_print is
called implicitly by print).

Several built-in printer classes are avaihble, which are all derived from
uvm_printer:

urrm_printer Raw, unformatted dump of object

uvm tabÌe printer Prints object in tabular format

uvm_tree_prin ter Prints multi-line tree format

uvm_1 in e_p rin ter Prints all object information on a
s¡ngle line

The uvm_printer class can also be extended to create a user-defined printer
format. Both the derived and user-defined printer classes do not extend the
printer's APl, but simply add new knobs. Printer knobs provide control over the
format of the printed output. Separate uvm_printer_knobs classes contain
the knobs foreach kind of printer.

Four default printers are globally instantiated in every UVM environment:

When an object's print function is called, if no optional printer argument is
specified, then the uvm_defauft_printer is used. The
ur¡m_def ault_printer variable can be assigned to any printer derived from
urrm_printer.

Declaration

class urrm_prínteri

uvm_defaul t_printer Default iable printer used by
uvm_object::printO Of
uvm_object : :sprint ( ) when
no printer is specified

ul¡m_def aul t_l ine_pr int er Line printer that can be used with
uvm_obj ect: : do_print ( )

uvm defauft tree printer Tree printer that can be used with
uvm obj ect : : do print ( )

u¡¡m_de f au 1 t_t abl e_p rin ter Table printer that can be used with
uvm_obj ect : : do_print ( )
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Methods

function void prinÈ_int (

string name,
uvm_bítstream_t value,
int size,
uvm_radix_enum radix :UVM_NORADIXT

byte scope_separator : ".",
string t!t)e name

Prints an integral field.

virtual function void
print_generic ( st ring name,

string type_name,
int size,
stríng value,
byte scope separator: ",");

Prints a field with the
spec¡fied name, type
name, size, and value.

virtuaf function void
print_object ( string name,

uvm_object val-ue,
byte scope_separator

Prirús an object.

virtua.l function void
print_string ( string name,

string value,
byte scope_separator : ".");

Prints a string.

vírtual- function void
print_tine (string name,

time value,
byte scope separator : ");

Prirìts a time value.

virtuaf function void
print_array_footêrt (int size = 0) t

Pri nts footer informatio n
for anays and marks the
completion of array
print¡ng

virtual function void
print_array_headert ( string name,

int size,
string arraytype = "ar¡ay",
byte scope_separator

Prints header
information for anays

virtuaf function void
print_array_ranget ( int mín,

int max) i

Prints a range using
ellipses for values

virtual protected function string
adjust_nameT (

string id,
byte scope separator : ". " ) ;

Prints a field and id
name.

virtuaf function string enitt O ; Emits a string for an
object.
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virtual function string format_rowi (

uvm_printer_row_info row) ;
Customizable method
for printing a row.

virtuaf function string
fo¡cmat_header O ,'

Customizable method
for printing a header.

use in derived printer classes

Members

Example

class my_object extends uvm object;
int addr = 198;
int data : 8929L;
string name : "This is my test string";
'uvm_object_utils_begin ( ny_object )

'uvm_fie.ld_int ( addr, gy¡4_trLr._ON )

'uvm_fie.ld_int( data, UVM_ALL_ON )

'uvm_fiefd_string( name, UVM_ALI_ON )

' uvm_obj ect_utils_end

endclass : my object

module top;
my_object my_obj = new("my_obj");
initial begin

/ / Pnrn using the table printer
u¡.¡m_de f au lt_pri nte r = uvm_de f au f t_table_pr int er i
$display("$ This is from the tabfe printer\n"),'
my obj.print O;

/ / Pnrt usir€ the tree printer
ur.¡m_de f au lt_pri nte r : uvm_de f au1 t_tree_pri nte r ;
$display("# This is from the tree printer\n");
my_obj .print O ,'

uwm_printer_knobs knobs; Knob object providing
access to printer knobs

string m_string Printer output is written to
this string when sprint
knob is set to 1 (only use in
derived pr¡nter classes)

128
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$display("# This is from the l-ine printer\n");
my_obj .print (uvm_default l-ine printer) ;

end
endmodule : top

Produces the following simulation results:

# This is from the tabte printer

Name Type Size Vafue

ny_obj
addr
data
name

my_obj ect
integral
integral
stríng

?)

32

¿z

G] 26

'hc6
'h15ccb
This is my test str+

# This is from the tree printer
my_obj: (my_object) {

addr: rhc6

data: rhl5ccb
name: This is my test string

)

# This ís from the fine printe.r
my_obj: (my_object) { addr: ,hc6 data: 'h15ccb name: This
is my test string )

A custom printer can also be created from uvm_printer or its derivatives.
Here is an e)€mple:

class my_printer extends uvm_tabfe_printer;

/ / Prirf.. out the time and name before printing an object
function void print_object( string name,

uvm_object value, byte scope separator:".,r)i

/ / Heade¡irúormation to print out (use write_sream( ))
write_stream ( $sfornatf (

"Printing object %s at time ?0t:\n",name, gtime) );

/ / Callthe parent funct¡on to print out object
super.print_object(name, value, scope separator );

endfunction 3 print_object
endcl-ass: my_printer
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my_printer my_special_printer : newO i

modufe top;
ny_object my_obj : nehr( "my_obj" );
initial begin

#100;
/ / Priñ using my_printer
my_obj .print ( my_special_printer ),'

end
endmodule : top
Produces the following simulation results:

Printing object my obj at time 100:

Name Type Size Vafue

my_obj
addr
data
name

my_obj ect
integral
integral-
string

32
J¿

zz

Q] 26

'hc6
'h15ccb
This is my test str+

a

lips

Set uvm_de f auf t_pr int er to uvm_de f ault_f i ne_pri nte r,
u¡¡m_def au.Lt_tree_printer, or uvm_de fauf t_tabf e_printer to
controlthe default format of the object printing.

The print_time function is subject to the formatting set by the
$tirneformat system task.

The print_object task prints an object recursively, based on the depth
knob ofthe default printer knobs (see uvm_printer_knobs). By default,
components are printed, but this can be disabled by setting the
uvm_component : : print_enabf ed bit to 0 for specific components that
should not be automatically printed.

Gotchas

ïhe printing facility is limited to printing values up to 4096 bits.

The UVM printing facility is separate from the reporting facility and is not
affected by the severity or verbosity level settings. lt is possible to create a
custom¡zed printer that takes accourìt of the reporting verbosity sett¡ngs (by
overriding its print_object function for e¡<ample). A better alternative is to
call sprint on an object and pass the string into a reporting method. For
example,

a

a
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uvm_report_info ("", tr.sprint O ) ;

This produces the following simulation result:

UVM_INFO @ 10Ons: uvm_test_top.m_env.m_driver [] :

Name Type Size Value

my_obj
addr
data
name

my_obj ect
integral
integral
string

ãt

22

g1 26

'hc6
'h15ccb
This is my test str+

See also

Print; wm_printer_knobs
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Printer knobs provide control over the formatting of a uvm_printer' s output.
The uvm_printer_knobs class contains a set of variables that are common to
all printers. The knobs class can be extended to include additional controls for
derived printers. UVM defines two typ_edefs for compatibility with OVM:
uvm_tab Ie_pri nte r_knob s and u¡¡m_t re e_p rin ter kn obs.

Declaration

class urrm_printer knobsi

type de f uvm_p rin te r_kn obs uvm_t abl e_p rin ter_kn obs i
typedef uvm_printer_knobs uvm tree printer knobs;

Methods

functíon string get_radix_str (

uvm radix enum radix);
Returns radixin a printable
form

Memberc

F rom uv m _prí nte r_kn obs:

int begin_elenents : 5; Number of elements at the
head of a list that should be
printed.

string bin_radix String prepended to any
integral type when uvM_erN
used for a radix.

string dec_radix : ilrdtr' String prepended to any
integral type when uvM_DEc
used for a radix.

uvm_radix_enum default_radix :
UVM HEX;

Default radix to use for integral
values when uvM NoRÃDrx is
specified.

int depth = -1; lndicates how deep to recurse
when printing objects, where
depth of -1 prints everythirg.

int end elements = 5; Number of elements at the
end of a list that should be
printed.

bit footer : 1; Specifies if the footer should
be printed.

bit ful]. name : 0; Specifies if leaf name or full
name is printed.
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bit header : 1; Specifies if the header should
be printed.

string hex_radix String prepended to any
integral type when uvM_HEX
used for a rad¡x.

bit identif,ier = 1; Specifies if an identifier should
be printed.

int indent : 2; Number of spaces for level
indentation.

integer mcd : UVM_STDOUT; File descriptor or multi-channel
descriptor where print odput is
directed.

string oct_radix : il'oil' String prepended to any
integral type when uvM_ocT
used for a radix.

string pref,ix = ""; Specifies string prepended to
each line.

bit reference : 1; Specifies if a unique reference
lD for a uvm_obj ect strould
be printed.

string separator : "{}"; (For tree printers only)
Determines the opening and
closing separators for nested
objects.

bit show radix : 1; Specifies if the radix should be
printed for integral types.

bit show root = 0; lndicates whether or rþt the
initial object that is printed
(when current depth is 0)
prints the full path name. By
default, only the leaf name is
printed.

bit síze : 1; Specifies if the size of the field
should be printed.

bit Èype_name = 1; Specifies if the type name of a
field should be printed.

string unsigned radi¡¡: 't6n' Default radix to use for integral
Va|ues when UVM UNSIGNED
is specified.

Example

Using default printer:
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uvm_defau.lt_printer. knobs . indent : 5; / / lndent by 5 spaces

ur¡m_def aultjrinter. knobs . type_name : 0; / / No type values

Output:

Name Type Size Value

my_obj
payload
t0l
tll
12l

tsl
crc
kind
msg

6

32

32

32

32

32

32

1

G730

rh95e
I hI2668
rh20 6a

'he7
'h3
RX

send tx

Using tree printer:

uvm*defauf t_printer : uvm_defauft_tree_printer;
uvm_default_printer.knobs.hex_radix : "0x"' /,/ Changeradix
u¡¡m default printer.knobs.separator : "@G";

Output:

my_obj: (ny_object)
payl-oad: G

[0]: 0x95e

[1]: 0x2668

l2l: 0x206a
[3]: 0x2?6d

[4]: 0x33d
[5] : 0xe7

@

crc: 0x3
kind: RX

msg: send_tx
@

@

Turning off identifiers (not very useful in practice):
ur¡m_de f auf t_p rin te r : ur¡m_de f au I t_l ine_p rin te r ;
u¡¡m_def aultjrinter. knobs . identif ier : 0;
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Output:

: (my_object) { : { :'h95e :,h2668
'h33d : 'he7 ) : 'h3 : RX : send tx )

'h206a : 'h276d :

t

a

T¡ps

To turn off all printing to STDOUT, set the mcd field to 0.

uvm_defauÌt_printer.knobs.mcd : 0 ;

This will stop all standard printing messages issued for transactions and
sequences.

Gotchas

The results of the reference knob is simulator{eperdent.

When negative numbeß are printed, the radix is not printed.

lf the maximum width of a column is reached, then nothing else is printed
untila new line is printed.

See also

Print

a

o
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A ur,rm_queue is a dynamic queue. The uvm_queue is parameterizable and
works very much like a regular Systemver¡log queue. lts advantage as a class
object is that it can be dynamically created (instead of statically declared),
passed by reference, and accessed globally through a global object.

Just as SystemVerilog provides methods for queues, uvm_queue implements
the analogous counterparts. Values are added to a queue by using insert ârìd
retrieved using get. A global queue can be created for sharing items across a
verification environment by using get global queue.

Declaration

cÌass uvm_queue #(type T : int) extends uvm_object;

typedef uvm_queue # (T) this_type,

Methods

function new(string name : ""); Constructor

virtuaf function uvn_object create (

string name : "");
Returns a newly created
uvm queue object.

virtual function void delete (

int index : -1);
Removes item from
queue at the specified
index.

lf no index is specified,
the entire queue is
deleted.

virtua.I function T get(int index); Returns the pool entry at
the specified key.

lf entry not found, an
entry is created and
returned for the key with
the default SystemVerilog
value for data type r.

static function T get_globa1 (

int index);
Returns the global queue
entry atthe specified key.

static function this type
get_g1obal_queue O ;

Returns a reference to
the global queue.

virtuaÌ function string
get_tipe_na¡ne O ;

Returns "uvm_queue'

virtual function void insert (

int index,
T item);

lnserts item into queue at
the specified index.
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virtual function T pop_backO; Returns the last element
in the queue.

Returns null if queue is
empty.

virtual function T pop_frontO; Returns the firct element
in the queue.

Returns null if queue is
empty.

virtua.I function void push_back (

T item);
lnserts item at the back of
the queue.

vírtua.I function void push_front(
T item);

lnserts item at the front of
the queue.

virtual- function int size O ; Returns the number of
items in the queue.

AIso inherited are the standard methods from uvm obj ect.

Example

' urrm_ana.Iysis_imp_decl (_pci )

'uvm analysis imp decl ( usb)

cfass top_sb extends uvm_scoreboard;
uvm_analys j-s_imp_usb # (usb_t rans, top_sb )

uvm_analysis_imp_pci # (pci_trans, top_sb)
usb_ap;
pci ap;

uvm_queue # (usb_trans) expected_queue;

functíon void build_phase (uvm_phase phase);
super.build_phaseO;
usb_aP = new("usb-a'", this) ;

Pci-aP = new ( "Pci-4P", this ) ;

// Createthequeue
expected_queue : newO;

endfunction : build_phase

function voíd write_pci (pci_trans t) ;

/ / Save expected result in queue

expected_queue.push_back( compute_resuft (t) ) ;
endfunction : write_pci

function void write usb(usb trans t)i
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o

a

/ / Compare the transaction with expected value from the queue

assert ( t.compare( expected_queue.pop_frontO )) efse
'uvm_error("TOP_SB", "Actual !: Expected! ")

endfunction :

endc fas s

write usb

lips

uvm_queue provides a custom copy for copying a uvm_queue.

u\nn_queue provides a custom convert2 string method for displaying
ttÞ contents of â uvm_queue.

uvm_queue uses an unbounded queue.

Gotchas

A uvrn_queue uses a Systemverilog queue to store its information. Four-
state index values of X and Zarc automat¡cally converted to 0. lndex
values greater or less than the queue size issue a warning ard immediately
return, having no effect.

The create method is not static-it only works on an existing instance of
uvm_queue.

o

a

o
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The uvm_random_stimulus class ¡s a component that can be used to
generate a sequence of randomized transactions. (More complex, layered
stimulus is better generated using UVM sequences). This cÍass may be used
directly or as the base class for a more specialized stimulus generator. The
transactions are written to a uvm_bfocking_put_port named
blocking_put_port. This port may be connected to a uvm_tfm_fifo
channel. lf the fifo depth is set to 1, the stimulus generator will block after each
write, until the component at the other end of the channel (usually a driver) has
read the transaction. This provides a s¡mple mechanism to synchronize the
random stimulus with the actions of the driver.

The gpe of transaction generated is set by a type parameter.

The generate_stimuf us task must be called to start the random stimulus
sequence. lt blocks unt¡l the sequence is complete. The length of the sequence
can be specif¡ed as a task argument. By default, an infinite sequence is
produced. Another optional argument allows a transaction'template" to be
specified. This template is generally a class derived from the transaction
parameter type that adds additional constraints.

Declaration

clas s ur¡m_random_st imu]us
+ (type T:uvm_transaction) exten.ds uvm_component;

Methods

Members

uvm_blocking_put_port # (T )

blocking¡rut_¡rort;
Port for generated
stimulus

Example

Using uvrn_random_stimulus in an environment

cfass verif_env extends uvm_env;
uvm_random_stimul-us # (basi c_transaction ) m_stimuf u s ;
dut driver m driver;

function new(string name
uvm_component parent) ;

Constructor

virtua.l task generate stim¡Ius (

T + : h,rll

input int max_count = 0 );

Starts stimulus of length
max_count (0 = infinite).
Optional transaction template t

virtual function void
stop_stimulua_generation ( ) t

Ends generate_st imu lus
task
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uvn_tln_fifo # (basic_transaction) m_fifo;
int test length;

virtual- function void buíld_phase(uvm_phase phase) ;
super. bui Id_phase (phase ),
get_config_int ( "run_test_.l"ength", test length) ) ;
m_stimul,us : new ("m_stímufus",this) ;
m_fifo : nehr (',m_fifo", this) ;
m_driver

: dut_driver: : type_id: : create ( "m_driver", this) ;
endfunction : build¡>hase

virtua.I function void connect_phase (uvm_phase phase),.
m_stimulus . blocking_put_port. connect (

m_fifo.put_export) i
m_driver . tx_in_port . connect (n_fifo . get_export ) ;

endfunction : connect_phase

virtua.l task run_phase (uvm_phase phase) ;
m_s timulu s . generate_s timul-us (null, te st_length ) ;

endtask: run_phase

' uvm_component_ut ils (ve rif_env)
endc.Iass: verif_env

Tips

The transaction type must be a SystemVerilog class with a constructor that does
not require argumerìts and convert2 string and clone functions. Using a
class der¡ved from u\¡m_transaction with field aúomation macros for all of its
fields satisfies this req uirement.

Gotchas

lf you want to interrupt the blocking generate_stimulus task before its
sequence is complete, you need to call it within a f ork- j oin (or fork-
join_none) block and call stop_stimulus_generation from a separate
thread.

See also

Sequence; uvm_transaction
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The UVM library includes a number of pre-defined register and memory test
sequences. Once a register model has been instantiated in an environment and
integrated with the DUT, it is possible to execute any of the predefined register
tests sequences to verify the proper operation of the registers and memories in
the DUT.

You can combine them in a higher-level virtual sequence to better verify your
design. Test sequences are not applied to any block, register, or memory with
the NO_REG_TESTS attribute def i ned.

Some of the predefined test sequences require back-door access be available
for registers or memories.

Declaration

class seguence_name
extends uvm_reg_sequence # (uvm_sequence # (uvm_reg_iten) ) ;

where sequen ce_name is the name of one of the pre-defined test sequences
described in the table below.

Pre-Defined Test Sequences

urrm_reg_hw_re set_seq Reads all the registers in a block
and checks their values are the
specified reset value.

uvm_reg_single bit_bash_seq Sequentially writes 1s and 0s in
each bit of the register, checking
it is appropriately set or cleared,
based on the field access policy
specified for the field containing
the target bit.

uvm_reg_bi t_bash_seq Executes
uvm_req_s ingle_bi t_ba
for all registers in a block
sub-blocks.

sh*seq
and

urzm_reg_single_access seq For each address map in which
the register is accessible, writes
the register then confirms the
value was written using the
back-door. Subsequently writes
a value via the backdoor and
checks the corresponding value
can be read through the address
map.
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uvm_reg_acces s_seq Executes
uvm_re g_s ingle_acces s_s eq fOf
all registers in a block and sub-
blocK

uwm_mem_si ngl e_walk_seq Writes a walking pattern into the
memory then checks it can be
read back with the expected
value.

uvm mem walk seq Executes
uvm_mem_singl e_wal k_seq
for all memories in a block and
sub-blocks.

ur¡m_mem_s i ng1 e_a cce s s_s eq For each address map in wh¡ch
the memory is accessible, writes
the memory locations for each
memory then confirms the value
was written using the backdoor.
Subsequently writes a value via
the back-door and checks the
corresponding value can be read
through the address map.

uvm_mem*access seq Executes
uvm_mem_s in g1e_ac ces s_seq fof
all memories in a block and sub-
blocks.

urrm_re g_share d_acce s s_seq For each address map in which
the register is accessible, writes
the register via one map then
confirms the value was written
by reading it from all other
address maps.

ur¡m_mem_share d_a cce s s_seq For each address map in which
the memory is accessible, writes
each memory location via one
map then confirms the value
was written by reading it from all
other address maps

uvm reg mem shared access seq Executes
uvm_reg_shared_acces s_seq fOl
all registers in a block and sub-
blocks and
uvm_mem_shared_ac ces s_seq fOf
all memor¡es in a block ard sub-
blocks.
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uvm_reg_mem_buil t_i n_s eq Execute all the selected
predefined block-level
sequences. By default, all pre-
defined block-level sequences
are selected

uvm_re g_mem*hdl_paths_seq Verify the HDL path(s) specified
for registers and memor¡es are
valid.

Attributes

The following bit-type resources in the resource database cause the
corresponding tests to be skipped (see Examples):

Rules

These tests require the back-door be defined for the register:
uvm_reg_singf e_access_seq and uvm_mem_singf e_acces s_seq.

These tests requ¡res the register be mapped in multiple address maps:
uvrn_reg_shared_access*seq, uvm_mem_shared_acces s_seq and
uvm_reg_mem_s hared_acc es s_se q

Example

lf a bit-type resource named "No REG HW RESEI rEST" in the "Rnc: : "
namespace matches the full name of the block or register, the block or register is
not tested.

a

Resource Iesfs skÍpped

NO-REG_HW_RES ET-TES T uvm reg hù, reset seq

NO REG TESTS AI

NO REG BIT BASH TEST uvm_re g_s i ngl- e_b i t_bas h_s eq,
uvm_reg bit_bash_seq

NO REG ACCESS TEST urrm_re g_s i ngl e_a cce s s_seq,
uvm*reg_acces s_seq

NO MEM üTALK TEST uvm_mem_singl e_wa1k_seq,
uvm_mem_wa Ik_seq

NO-MEM_TESTS All _mem and reg_mem tests

NO MEM ACCESS TEST uvm_mem_single_access seq,
uvm mem access seq

NO REG SHARED ACCESS TEST uvm_reg_shared_a cce s s_s eq

NO MEM SHARED ACCESS TEST uvm mem shared access seq
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uvm_resource_db# (bit) : : set (

{ "REG: : ", regmodel.blk.get_full_name O , ". *" },
"NO REG TESTS", 1, this);

Using the hardware reset test

c.lass smoke_test extends ur¡m_test;
my_env m_env;

task main phase(uvm phase phase);
urrm-reg-hw-reset-test test-seq : new O ¡
phase.raise_objection (this, "Running h$r_reset test") ;
test_seq.modef : m_env. regmodef i
Èest_seq. start (nufl) ;
phase.drop_objection(this, "End of hÍ¡_reset test") ;

endtask : main_phase
endc.lass: smoke test

T¡ps

Start with the simplest test-the hardware reset test-to debug the reglster
model, the environment, the physical transactors, and the DUT to a level where
it can be taken through more complicated tests.

Gotchas

a The DUT should be idle and not modify any register during these tests:
uvm_reg_s i ngI e_b it_bas h_s eq, uvm_reg_b it_ba sh_seq
urrm_reg_s i ngl e*a cce s s*seq, uvm_reg_ac ce s s_s eq,
uvm_reg_mem_a cce s s_seq, u\¡m_reg_share d_a cce s s_seq, and
uvm_reg_mem_s hared_acce s s_se q.

The DUT should be idle and not mod¡fy any memory during these tests:
uvm_reg_mem_a cce s s_s eq, uvm_mem_sh ared_a cce s s_s eq,
uvm_reg_mem_shared_access_seq, uvm_mem_s ingle_acce s s_seq
and uvm_mem_access_seq.

a

See a¡so

Register Layer; uvm-sequence

144 Copyr¡ght@2013 by Doulos Ltd. All rithts ¡eswed.



Register Generators

UVM provides the class library for creating register models, but it is typically
easier and more maintainable to represent a design's registers in a high-level
description format and automatically generate the register model. UVM does not
provide any specific register generators, but two popular generators are
mentioned here for quick reference.

RALGEN

A popular tool for automatically generating register models is ralgen, which is
provided as part of Synopsys'VCS simulator installation. For ralgen to generate
the UVM register definitions, simply supply the additional -uvm command line
switch:

% rafgen -I sv -t top -ur¡m ral_fiJ-e,raff

Ralgen uses a simple register definition syntrax called RALF that is based on the
Tcl scripting language. Standard Tcl commands may be used and muhiple
RALF files can be included using Tcl's source command. The following
provides a summary of the RALF syntax.

Gommon Tcl Syntax

RALF Syntax

field- defines a register field

field na¡ne {

properties
)

Properties

# Comment Comment.

set ¡ame r¡a-lue Sets variable name to vaf ue

source fifenane Reads in the specified Tcl file.

for {set i 0} {$i < n} {incr i} For loop.

if(9var){

]

lf statement.

bits n; Number of bits.
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access
rwl ro lwo lwl I rulwlcl rc I al I a0 |

other I user0 | userl I user2 | user3 I

dc;

Writeable (rw), read-only (ro),
write-o nly (wo ), write-o nce
(w1), read-only with design
update (ru), write 1 to clear
(wlc), clear on read (rc),
auto-set by design (ar), aúo-
cleared by design (a0), other
(other), user-defined
(user0-3), don't care (dc).

resetlhard reset value; Hard reset value.

soft reset vaLue; Soft reset value.

constraint nane ll
express ion

)l

Sets a constraint on field
values.

Use value to referto a field
value.

Must be valid SystemVerilog
syntax.

enurn { name[:vaf], ... ] Symbolic name for field values

cor¡er +l- blf Turns on/off field coverage.

+l-lnclude/exclude:

b = bits from register-bit
coverage

f = fields value is a coverage
goal

covertr oint {
bins name tttnlll: {

nl [n:n], ... ] | defauft

]

Defines bins for field value
coverage.

Must be val¡d Systemver¡log
syntax.

register - def ines a register

register name {

properties
)

PropertÍes

attributes {
name value,

)

User defined attribute

bytes n; Number of bytes in the register
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constraint na¡ne [ {
expression

]l

Sets a constraint on field
values.

Use fie-Zdnarne.value to
refer to a field value.

Must be valid SystemVerilog
syrfiax.

cover +l- alblf Turns on/off register coverage.

+l-lnclude/exclude:

a = address from address map

b = bits from register-bit
coverage

f = fields from field value
coverage

cross jteml, iten2, t
label name

)l

l t{ Cross-coverage point.

Label required if used in
a nother cross-coverage poi nt.

doc {
text

)

User specified documentatio n.

field name l=rename] [ [n] l
[ (hd]_path) l
l@bit offset [+incr] I t

OR

f,ield name [ [n] I | (hdL_pathl l
l9.bit_offset [+incr] I {

fieTd properties
)

Defines a spec¡f¡c register
field.

Use name of unused or
reserved to skip bits.

An index [n] indicates a field
affay.

hdl_path represents
hierarchical path to register for
backdoor access.

bit of f set direction relative
to tãtt_to_right value.

left_to_right; Concatenate fields from left to
right (the default is reverse).

noige ro I rl^r I no; Defines register access during
normal operations of device.

ro = read at any time

rw = read/write at any time

no = rìot accessible during
normal operations
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shared [ (hdl_path) ], Register is physically shared
wherever it is instantiated.

hdl_path represents
hierarchical path to register for
backdoor access.

reglÍle- register file to define a group of reg¡sters

regfile name I
properties

)

PropertÍes

constraint, na¡ne [ {
expression

)l

Sets a constraint on field
values.

Must be valid SystemVerilog
syntax.

cover +l- alblf Turns on/off register file
coverage.

+ | - lnclude / exclude registers
from:

a = address map ooverage

b = register bits coverage

f = field value coverage

doc {

text
)

User specified documentatio n.

register name[=rename] t tnl l
| (hdL_path) J IGoffset]
lread I writel ;

OR

register na¡ne I l¡] I t (hdl path\t l
IGoffset] {

fiefd properties
)

lnstances of a previously
defined register.

name must be unique.

An index [¡ ] indicates a
register anay.

hdi _path represents
hierarchical path to register for
backdooraccess. Register
anays must contain the 3d
placeholder for the index.

of f set may be specified as
Gnone.

Cannot contain fhe shared
propeìty.
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shared [ (hd]_path) l; Register file is physically
shared by all domains in the
block that instantiates it.

hdl_path represents
hierarchical path to register file
for backdoor access.

Memory-detinesa memory

memory name {

properties
)

Propeñies

access rwl ro; RAM (nr) or ROM (ro).

attributes {

name value,
Ì

User defined attribute.

bits n; Number of bits in each
memory location.

Required property.

cover +l- a Turns ory'off memory addres
coverage.

doc {
text

]

User specified documentation.

initia]. xl 0 | 1 laddrl literal [++l -
-1.

lnitial memory contents:

x = unknowns (default)

0 = zeros

1 = ones

"¿¿¡ 
= physical address value

/ife¡al = constant value ( ++
incrementing or -
decrementing)
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noise rol r$rlunusedl no; Defines memory access during
noÍmal opemtions of device.

ro = read at any time

rhr = read/wr¡te at any t¡me

unused = read/write to only
unused memory locations

no = not accessible during
normal operations

gl¡ared | (hdl. path') 1 ; Memory is physically shared
wherever it is instantiated.

hdi _path represents
hierarchical path to memory for
backdoor access.

size mlklMlcl; Specifies memory size where
lckilobytes, M=megabytes,
arìd G=gigabytes.

Virtual register - register across memory locations by combining virtual fields

virtua.l register name {

properties
]

Properties

Block- define a set of registers and memories

bl-ock name {

properties
)

bytes n,' Number of bytes in the
register.

field na¡ne [=rename]
l@bit_offsetl ;

OR

field ¡a¡ne l@bit_offsetl {
bits n;
Idoc {

text
)l

)

Virtual field of the specified bits
at bit offset.

At íeast one field propefty is
rcquired.

feft to right; Concatenate fields from left to
right (the default is reverse).
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OR

block name {

domain name {

properties
)

domain name {

properties
]

ldoc {

text
)1

]

Properties

attributes {
name vaJue,

)

User defined attribúe

þ'tes n; Number of concurrent byte
accesses through physical
interface.

Required property.

constraint nane ll
expression

)l

Sets a constraint on field
values.

Must be valid SystemVerilog
syntax.

Cannot constraint memory or
viftual reg¡ste r co ntents.

co\rer +l- alblf Turns ory'off register and
memory coverage in this block
(in this domain).

+ | - lnclude / exclude from:

a = address map coverage

b = register bits coverage

f = field value covemge

doc {
text

)

User specif ied documentatio n.

endian
fittle I big I fifo_ls I fifo_rns;

Register endianess.

Default little end¡an.
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lnelnory name[=rename]
[ (hd]_pathl J [@offsetl
I read I write ] ;

OR

memory name | (ådl_patå) l
lGoffsetl 1

properties
)

Previously defined memory.

hd]-_path represents
hierarchical path to register for
backdooraccess. Register
anays must contain the åd
placeholder for the index.

Cannot contain f/¡e shared
propefty.

register name l:renamel
| (hdL_path) J [@offsetl
Ireadlwrite];
OR

ttil l
[ + incr]

register nanellnll I(hdl path\1
f@offset) [+jncr] {

properties
]

lnstances of a previously
defined register.

name must be unique.

An index [n] indicates a
register aray.

hdl_path same as above.

of f set may be specif¡ed as
Gnone.

Cannot contain fhe share d
propefty.

regf,ile namef:renamel t tnl 1

[ (hd]_path) J [@offsetl l+incrj ì

OR

regfile narne[ [n] l
[@offset] [+incr]

properties
)

I (hdL_path) I
{

Previously defined register file.

+incr represents the
increment amount.

Other options same as above.

wirtual regiater
name f=rename I n] mem@offset
[+incr] I t

OR

virÈual register na¡ne[ [n]
mernGoffset [+incr] I {

properties
)

Previously defined virtual
register.

Options same as above.

sysfem - define a set of blocks or subsystems

system name {

properties
Ì

OR
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system nane I

domain name I
properties

)

domain name {

properties
)

Idoc {

text
)l

)

Properties

attributes {

name value,
)

User defined attri bute.

block
na¡ne[[ .donain]:renarnel [ [n]l
l(hdL_pathl I Goffset [+incrl,
OR

block narne[ [n] l
@offset [+incr]

properties
)

| (hdi _pathl l
{

Previously defined register file.

Irame must be unique.

An index [n] indicates a block
arcay.

¡Q1 _path represents
hierarchical path to register for
backdooraccess. Register
arrays must contain the %d
placeholder for the index.

+incr represents the
increment amount.

bytes n; Number of concurent byte
accesses through physical
interface.

Required property

constraint name l{
expression

ll

Sets a constraint on field
values.

Must be valid SystemVerilog
syntax.

Cannot constraint memory or
v¡rtual register co ntents.
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cover +l- alblf Turns orVoff register and
memory coverE¡ge in this block
(in this domain).

+ | - lnclude / exclude from:

a = address map coverage
b = register bits coverage
f = field value coverage

doc {

text
User specified documentatio n.

endian
fittfe I big I fifo_1s I fifo_rns;

Register endianess.

Default little endian.

systetn
nanell,domainl:¡¿narnel [ [n] l
[ (hdL_pathl ] Goffset l+incrl ì

OR

system na¡ne[ [n] I I (hdl path) l
Goffset [+incr] {

properties
]

Previously defined virtual
register.

Options same as above.

RALF Example

register ctrl {

fe ft_to_right;
fiefd soft_rst;
fiefd endianess;
fiefd mode {

bits 3;
reset 0x0;

)

memory memsys {

size 256;
bits 32,'

Ì
bfock sub system

constraint my_lmt {

vafue < 3'h7i
)

l
field rdy,'

154 Copyr¡ght @ 2013 by Doulos Ltd. All rbhts roswed.



Register Generators

bytes 4;
endian fittl-e;

register ctrl G'h0;

memory memsys 0'h1000;

UVM Register and Memory Packase (UVM RGMI

The UVM Register and Memory Package is a UVM contribution by Cadence
Design Systems that can be downloaded from the UVM World website. lt is a
separate register implementat¡on built on top of UVM, but not on top of the UVM
Register Layer.

UVM_RGM uses a SPIRIT IP-XACT XML file to capture a device's register
description, which can easily be edited using any XML enabled viewer (like
Eclipse). Once the registers are described, UVM_RGM uses a Java-based
converter to generate the conesponding UVM register implementation:

% $JAVA_HOME/bín/java -jar
$UVM_RGM_HOME /bu i lder / ípxact / uvmrgn_ipxa ct2 sv_par seï . j a r - i
INPUT FILE

The following is a brief description of the UVM_RGM register syntax:

Field

<spirit: f,ield>

(spirit: access) Register access (e.9., read-write)

<spirit:bitOffset> Bit offset of the field.

<spirít:bitvfidth> Width of the field

(spirit: nane) Name of the field
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<spi rit : vendorExtensiona>

(vendorExtens ions : accessJol icy> RWIC - bitwise write of 1

clears bit

RWIS - bitwise write of 1

sets bit

RC - clear-on-read

RS - set-on-read

RWonce - Write once,
read first write value

Wonce - Write once

RWOC - bitwise write of 0
clears bits

RWOS - bitwise write of 0
sets bits

RWC -Writes clear
register

RWS - Writes set register

RWIT -Write 1 to toggle

RWOT - Write 0 to toggle

ROW - WO, reads return
0

R1W - WO, reads return
1

RSVD - reserve field

USER - call user hook

ACP_NONE - no access
policy

<\¡endorExtens ions : collect_coverage> cov_update - coverage
enabled on updateQ

cov_compa¡e_and_upd
ate - coverage enabled
on
compare_and_update0

cov_all - coverage
enabled

cov_none - cover¿¡ge
disabled

<vendorExtens ions : cons traint> Valid SystemVerilog
constrairìt.
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(vendorExtensionE : exter¡ta1 event> Optional. Default is none

<vendorExtens ions : hdl3ath) Path for backdoor
register/field access

<vendorE¡ßtensions : is rsv> TRUE = field is reserved

<vendorExtensions : tl1 e> Enumerated type.

Regrsfer

(spirit: register>

(spirit : vendorExtenEions>

(spirit: access) Register access (e.9., read-write)

<spirit. : addressOf fset> Address of register

(spirit: name> Name of the register,

(spirit: size) Number of bits in register

(vendorExtenE ions : alternateJroperties) Same register
having alternative
name, offset, and
access.

<vendorExtensions : conqrare_mâsk> Compare maskfor
register.

<vendorExtens ions : cons traint) Valid
SystemVerilog
constraint.

Optional.

<vendorExtensions : exterfrel event> Optional.

Default is none.

<vendorExtens ions : hdlSath) Path for backdoor
access of register,

<vendorE:ßtensione : indirect_addr_reg> Address register for
an indirect register.

<vendorExtens ions : indirect_areg_f 1d) Field of indirect
register that holds
the address.

(r¡endorExtensions : indirect of,f,set) Offset of an
indirectly accessed
register.
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<vendorE:ßtens ions : i s_f ifo_wi th_depth> FIFO register with
g¡ven depth.

<vendorExtens ions : randomi ze nask) Mask specifying
fields not to
randomize.

(r¡endorExtensions : reg Èag) String tag.

<wendorExtensions : size> Size of the register

<vendorExLensi.ons : soft reset mask> Soft reset mask.

Default is 0.

<wendorExtensions : soft leset value> Soft reset value of
register.

Default is 0.

<vendorExtensions : t¡¡re) Type of the
reg¡ster.

<vendorExtensions : update mask) The update mask
used when
updating.

Address Block (Register File)

<spírít : addressBf ock>

(spirit : vendorExtensions>

(spirit:baseAddress) Base address of block.

(spirit: nane) Name of the block.

<spirít: range> Number of bytes in block.

<spirit: width) Width of registeftì

<vendorExtens ions : alternate3ropert
ies)

Same registerfile having
alternative name, offset,
and access,

(vendorExtens ions : cons traint> Valid SystemVerilog
constraint.

<vendorExtensions : external event) Optional.

Default is none.

<vendorExtens ions : hdJ-Sath) HDL path for register file.
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(vendorExtensions : logical_addresssi
n9>

Changes address mode
from the default of
MEMORY_MAPPED to
LOGICAL.

<vendorExtens ions : type) Type of the register file.

Memory Map

<spirit:nemoriÈlaP>

<spirit: name> Name of the memory

Component

<spirit:Iibrary) Name of library

(spirit: name) Name of component.

{spirit:vendor} Name of vendor

<spirit: version> Version number

<spirit : wendorExtensions)

Example

<spirit: component >

<spirit:memoryMaPS>
<spirit:memorYMaP>

<spirit : name>DUT</sPirit: name)

<spirit : addressBlock>

(vendorExtensions : cons traint> Valid SystemVerilog
constraint.

<vendorExtens ions : external event) Optional.

Default is none.

<vendorExtens ions : hdl3ath) HDL path for register file.

<vendorExtenEions : size) Size of the address map.

(vendorExtens ions : tYPe) Type of the register file.
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<spirit : name>Regs</ spirit : name>
<spi rit : baseAddress>0x0</ spirit : baseAddress>
<spirit : range>0x2c</spirit : range>
<spirit : wídth>32</spírít : width>
<spirit: register)

< spí rit : name>rxtx0( / spiri t : name>
<spirit:description>

Data receive/transmit register 0

</spirit : description>
<spirit : addressOffset> 0x0
</spiri t : addressOf f set>
<spirit : si ze>32</spírit: size)
<spirit : acces s>read-write</spirit : access>

<spirit: reset>
<spirit : val-ue>0x0</ spirit : value)
<spirit : nask>Oxf f f f f f f f</ spirit : mask)
</spirít: reset>
<spi rit : vendorExten sions>
<vendorExtens ions : type> rxtx_register
</vendorExtensions : type)
</spirit : vendo¡Extensions)

</spírit: register>

<!-- Other register definitions here
</spirít : addressBf ock>

< /spiri t : memo ryMap>
</spirit: nemoryMaps>
</spirit: component>

See also

Register Layer

For further information on this and other topics, please see the UVM trrtor¡als at
http://www.do ulos.com/kno whodsysve ri log/ wm/.
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The UVM Register Layer defines several base classes that, when properly
extended, abstract the read/write operations to registers and memories in a
DUT.

The UVM Register Layer classes are used to create a high-level, object-oriented
model for memory-mapped registers and memories in a design undertest
(DUr).

User perspective DUT

This abstraction mechanism allows the migration of verification ervironments
and tests from block to system levels without any modifications. lt also can move
uniquely named fields between physical registers without requiring modifications
in the verification environment or tests.

Register Model

A register model is typically composed of a hierarchy of blocks that map to the
design hierarchy. Blocks can contain registers, register files and memories, as
well as other blocks.

Register Model Generator

Most of the UVM register layer classes must be specialized via extensions to
provide an abstract view that corresponds to the actual registers and memories
in a design. Due to the large number of registers in a design and the numerous
small details invofued in properly configuring the UVM register layer classes, this
specialization is normally done by a model generator. Model generators work
from a specification of the registers and memories in a design and thus are able
to provide an up-to-date, correct-by-construction register model. Possible
formats are XML (|P-XACT), RALF and CSV. Whilst model generators are
outside the scope of the UVM library, two generators are described in Register
Generators.

Register Access

The register layer classes support front-door and back-door access to provide
redundant paths to the register and memory implementation and verify the
conectness of the decoding and access paths as well as increased performance

R1.rèad(...)t

R2.urite(...)t

nå,reaof,,.l;
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afterthe physical access paths have been verified. Designs with multiple
physical interfaces, as well as registers, register files, and memories shared
across multiple interfaces, are also supported.

Register Test Sequence Library

Prp-defìned
sequences

User{efined
sequences

Abstract
read/write

Generic physical

read/write

{frontdoor)
backdosr

Bus-specific

read/write

UVM also provides a reg¡ster test sequence library containing predefined
testcases you can use to verify the correct operation of registers and memories
in a DUT.

Register Layer Glasses

For each element in a register model-field, register, register file, memory or
block-there is a class instance that abstracts the read and write operations on
that element.

A block generally corresponds to a design component with its own host
processor interface(s), address decoding, and memory-mapped registers and
memories. lf a memory is physically implemented externally to the block, but
aôcessed through the block as part ofthe block's address space, then the
memory is considered as part of the block register model.

All data values are modeled as ,lelds. Fields represent a cortiguous set of bits.
Fields are wholly contained in a regrsfer. A register may span multiple
addresses.

The smallest register model that can be used is a block. A block may contain
one register and rp memories, or thousands of registers and gigabytes of
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memory. Repeated structures may be modelled as register arrays, register file
arrays, or block arrays

Register Model Classes

Users (or register model generators) do not use most of these classes direcfly;
instead, they create classes that extend them. For full details, please refer to the
UVM Class Reference Manual.

Enums

uvm_status_e - Return status for register operations

UVM IS OK Operatio n completed successfully.

UVM NOT OK Operation completed with enor

UVM HAS X Operatio n completed successfully
bú had unknown bits.

uvm_path_e - Path used for register opemtion

UVM FRONTDOOR Use the front door

UVM BACKDOOR Use the back door

uvm-reg block Block abstraction base class

uvln reg Register abstraction base class.

uvm_reg_in di r ect_da ta lndirect data access abstraction
class. Class includes an address
(index) register.

uvm_reg field Field abstraction base class

u\nn-vreg Virtual register abstraction base
class. All virtual register accesses
eventually turn into memory
accesses.

uvm_vreg_field Virtual field abstraction class.

urrm_reg file Register file abstraction base class

uvm mem Memory abstraction base class.

uvm_reg_fi fo Models a write/read FIFO. backdoor
access is not supported.

uvm_reg map Address map - collection of registers
and maps accessible via a specific
physical interface.

uvm mem mam Memory allocation manager
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UVM PREDICT Operatio n derived from observations
by a bus monitor via the
uvm_reg_predi cto r class.

UVM DEFAULT PATH Operation specified by the context

uvm_check_e - Read-only or read-and-check

UVM NO CHECK Read only

UVM CHECK Read and check.

ur¡m_endianness_e - Specifies byte ordering

UVM NO ENDTAN Byte ordering not applicable

UVM LÏTTLE ENDIAN Least-significant bytes first in
consecutive addresses.

UVM BIG ENDIAN Most-significant bytes first in
consecutive addresses.

UVM LITTLE FlFO Least-significant bytes first at the
same address.

UVM BIG FIFO Most-significant bytes first at the
same address.

uwm elem_kínd_e - Type of element being read or written

UVM-REG Register

UVM FIELD Field.

UVM MEM Memory location.

uvm_access_e - Type of operation being performed

UVM READ Read operation.

UVM V'¡R]TE Write operat¡on.

UVM BURST READ Burst read operation.

UVM BURST WRTTE Burst write operation.

ur¡m_hier_e - Whether to provide the requested information from a hierarchical
context

UVM NO HIER Provide info from the local context.

UVM HIER Provide info based on the
hierarchical context.
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UVM PREDICT DIRECT Predicted value is as-is

UVM PREDICT READ Predict based on the specified value
having been read.

UVM PRED]CT WRITE Predict based on the specified value
having been written.

uvm_predict_e - How the mirror is to be updated

uvm_coverage_modef_e - Coverage models available or desired. Multiple
models may be specified by bitwise OR'ing individual model identifiers

uvm_reg_mêm_tests_e - Select which pre-defined test sequence to execute.
Multiple test sequences may be selected by bitwise OR'ing their respective
symbolic values.

UVM-DO_REG_HV{_RESET Run wm_reg_hw_rese!_seq.

UVM DO REG BIT BASH Run wm_reg_bit_bash seq

UVM DO REG ACCESS Run wm_reg_access_seq.

UVM DO MEM ACCESS Run uvm_mem_access seq

UVM DO SHARED ACCESS Run
uvm*reg_mem_s ha red access_seq

UVM DO MEM WALK Run wm_mem_walk_seq.

UVM DO ALL REG MEM TESTS Run all of the above

Mirror

The register model maintains a minor of what it thinks the current value of the
registers is inside the DUT. The mirrored value is not guaranteed to be conect
because the only information the register model has is the read and write
accesses to those registers. lf the DUT internally modifies the content of any
field or register through its normal operations (for example, by setting a status bit
or incrementing an accounting counter), the mirrored value becomes oúdated.

The register model takes every opportunity to update its mirrored value.

UVM NO COVERAGE None.

UVM CVR REG BTTS lndividual register bits.

UVM CVR ADDR MAP lndividual register and memory
addresses.

UVM CVR FIELD VALS Field values.

UVM CVR ALL All coverage models
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Memories are not minored.

Access API

Registers and memories are normally accessed using the read O and write ( )

methods. When using the front-door (path=uvM_FRoNTDooR), one or more
ptrysical transactions are executed on the DUT to read or write the register. The
mirrored value is then updated to reflect the expected value in the DUT register
after the observed transactions.

When using the back-door (path=uvM_BACKDooR), peek or poke operations are
executed on the DUT to read or write the register via the back-door mechanism,
bypassing the physical interface.

Using the peek ( ) and poke O methods, reads or writes are made directly to
the register respectively, which bypasses the physical interface. The mirrored
value is then updated to reflect the actual sampled or deposited value in the
register after the observed transactions.

Using the get ( ) and set O methods, reads or writes are made directly to the
desired minored value respectively, withont accessing the DUT. The desired
value can subsequently be uploaded into the DUT using the update ( ) method.

Using the randomi ze ( ) method causes copies of the randomized value in the
uvm_reg_f ief d : : va.Iue property into the desired value of the mirror by the
post randomize O method. The desired value can subsequently be uploaded
into the DUT using the update O method.

Using the update ( ) method invokes the write O method if the desired value
(previously modified using set ( ) or randomize O ) is different from the
mirrored value. The mirrored value is then updated to reflect the expected value
in the register after the executed transactions.

Using the mirror ( ) method invokes the read( ) method to update the
mirrored value based on the readback value. mirror O can also compare the
readback value with the current minored value before updating it.

Field Access

When accessing a field (modelled using uvm_reg_f ietd), it may be possible to
access only that field, br¡t sometimes the entire register that contains the field
must be accessed.

lf a frontdoor access (read or write) is used, and if the field is the only field in a
byte lane and if the physical interface corresponding to the address map used to
access the field supports byte-enabling, then only the field is accessed.
Otherwise, the entire register contain¡ng the field is accessed. For a write, the
mirrored values of the other fields in the same register are used in a best-effort
not to modify their values. For a read, other fields in the same register are
updated.
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For a backdoor write, a peek-modify-poke process is used in a best-effort not to
modify the value of the other fields in the register. For a backdoor read, the
entire register is peeked, and the other fields are updated in the minor.

Field Access Modes

These are the field access modes. The effect of a read operation is applied after
the cunent value of the field is sampled.

W: no effect, R: no effect.

'RW" W: as-is, R: no effect.

W: no effect, R: clears all bits.

W: no effect, R: sets all bits.

W: as-is, R: clears all bits

W: as-is, R: sets all bits.

W: clears all bits, R: no effect.

"WS 
T W: sets all bits, R: no effect.

W: sets all bits, R: clears all bits.

W: clears all bits, R: sets all bits.

W: 1/0 clears/no effect on matching bit, R: no effect.

W: 1/0 sets/no effect on matching bit, R: no effect.

W: 1/0 toggles/no effect on matching bit, R: no effect.

'w0c " W: 1/0 no effect or/clears matching bit, R: no effect.

W: 1/0 no effect on/sets matching bit, R: no effect.

W: 1/0 no effect on/toggles matching bit, R: no effect.

W: 1/0 sets/no effect on matching bit, R: clears all bits.

W: 1/0 clears/no effect on matching bit, R: sets all bits.

"WOSRC" W: 1/0 no effect on/sets matching bit, R: clears all bits.

W: 1/0 no effect on/clears matching bit, R: sets all bits.

W: as-is, R: error

W: clears all bits, R: error

W: sets all bits, R: error

W: first one after HARD reset is as-is, other W have no effects,
R: no effect.

W: first one after HARD reset is as-is, other W have no effects,
R: error.
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lndirect Registers

The class uvm_reg_indirect_data models a registerthat is used to access
a register arrEry, indexed by a second (address) register. A read or write to an
indirect register results in a corresponding read or write to the register that is
indexed by the second register.

Virtual Registers and Fields

A virtual register represents a set of fields that are logically implemented in
consecutive memory locations. lt is modelled using the class uvm_vreg.
Similarly, a virtual field represents a set of adjacent bits that are log¡cally
implemented in consecutive memory locations. lt is modelled using
uvm_vreg_fie1d.

All virtual register and field accesses eventually turn into memory accesses.

Field Aliases

lf a field name is unique across all reg¡sters'fields within a block, it may also be
accessed independently of their register location using an alias declared in the
block. This enables models to be independent of the names of the registers in
which the fields actually reside. lf this behaviour is required, the fields must be
configured appropriately using uvm_reg_field: : conf igure O .

Callbacks

The Register Layer also provides a number of callback hooks, and some pre-
defined callback routines.

These are the various callback classes:

uvm_reg_cbs Facade class for callback methods
(except virtual registers and fields)

uvm_vreg_cbs Facade class for callback methods
for virtual registers.

urrm_vreg_f ief d:cbs Facade class for callback methods
for virtual fields.

uvm_reg_cb,
uvm_reg_cb_iter

Corvenience callback type and
iterator for registers.

uvm reg bd cb,
uvm reg bd cb iter

Convenience callback type and
iterator for backdoor access.

uvm_nem_cb,
uvm mem cb iter

Corvenience callback type and
iterator for memories.

uvm_reg_fi e1d_cb,
urrm_reg_fi efd_cb_i t e r

Convenience callback type and
iterator for fields.

uvm_vreg_cb,
uvm_vreg_cb_i ter

Convenience callback type and
iterator for virtual registers.
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uvm_vreg_f ieÌd_cb,
urrm_vre g_f ie Ì d_cb_i ter

Convenience callback type and
iterator for virtual fields.

uvm reg read_on1y_cbs Predefined callback for readonly
registers - issues an eror if a
write is attempted.

urrm_re g_wr i te_on 1 y_cb s Pre-def ined callback for writeonly
registers - issues an enor if a read
is attempted.

These are the callback methods:

tThe post-predict, encode and decode callback methods are not included in
uvm_vre g_cbs or uvm_vre g_f ief d_cbs

Transactions, Sequences and Adapters

The Register Layer provides generic bus transactions and adapters, analogous
to sequence items and drivers in UVM agents and test environments. UVM also
provides a number of bu¡lt-in test sequences, which can be used with a register
model. See Register and Memory Sequences for more information.

pre_write Called before a write.

post r^rrite Called after a backdoorwrite.

pre read Called before a read

post_read Called after a read.

post predictr Called by
uvm_reg_f ield : : predict after
asuccessful uvM PREDrcr READ
OT UVM-PREDICT-WRITE.

encodet Data encoder

d.ecodeT Data decoder

uvm reg item Defines an abstract register
transaction item.

urrm_reg_ba ckdoor Facade class for register and
memory backdoor access.

urrm_reg_bus_op Struct that defines a generic bus
transaction for register and
memory accesses.

uvm_reg_adapter This class defines an interface for
converting between
uvm_reg_bus_op and a specific
bus transaction.
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uvm reg tfm adapter For converting between
uvm_reg*bus_op and
uvm_t f m_gp (Generic Payload )
items.

uwm_reg_front doo r Facade class for register and
memory frontdoor access.

uvm_reg_seque nce This class provides base
functionality for both user defined
RegModel test sequences and
"register translation sequences."

uvm_reg_predi ctor Updates the register model minor
based on observed bus
transactions.

Gotcha

A register model, which is usually derived from uvm_reg_bf ock, should have a
buil-d O method. This is a user-defined method; it is not a base class method
and ûthout it there will be no method to call. (There is no inherited
bui 1 d_phas e ( ) method because uvm_re g_bl oc f is derived f rom
uvm_ob j ect, nOt uvm_component.)

Example

The register model will usually be generated by a memory model generator

class my_model extends uvm reg block;

endcl-ass: my_mode.I

The register-to-bus adapter provides functions to convert between abstract
register transactions and physical transactions. An adapter needs to have the
reg2bus and bus2reg functions overloaded by the user and then installed with
the reg¡ster map.

class reg_to_bus_adapter extends urrm_reg_adapter;
' uvm_ob j ect_ut ils ( re g_to_bus_adapte r)
function uvm_sequence_item reg2bus (urrm_reg_bus_op rw) ;

bus_trans tx = bus_trans : : type_id: : create ( "bus item" ) ;
tx. addr : rw. add.r [1 :O] ;

rêturn tx;
endfunction : reg2bus
function void bus2reg (uvm_sequence_item bus_item,

uvm_reg_bus_op rw) ,'

endfunction : bus2reg
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endcfass : reg_to_bus_adapter
Add the memory model to a test environment:

class my_env extends uvm_env;
my_model regmodefi
bus_agent agti

function void build_phase (urrm_phase phase) ;
super. bui ld_phase (phase) t
agt = bus_agent: :type_id: :create(... ) ;
if (regmodef == nuff) begin

regmodel = my_modef : :type_id: :create(... ) ;
regmodel.buildO;
/ / Lock the register model to pÍevent further structural changes

/ / and build the address map(s)

regmodel . lock_model- ( ) ;
end

endfunction : build_phase

function void connect_phase (uvm_phase phase) ;
if (regmodel- . getjarent ( ) == nul1) begin

/ / Create an ¡nstance of the register-to-bus adapter

reg_to_bus_adapter adapter
: reg_to_bus_adapter: :type_id: :create (. . . ) ;

/ / Sel the sequencer for the register model's default map to be

/ / the sequencer in the bus agent and connect it to the adapter

regmode I . default_map. set_sequencer (

agt.m_sequencer, adapter) ;
/ / Tu¡n on implicit prediction

regmodel. set_auto_predict ( 1 ),
end

endfunction : connect phase

endclass: my_env

Create the test:

cfass my_test extends uvm_test,'
ny_env env;
virtual function void run_phase(ur¡m_phase phase) ;

/ / Create and start a user-def¡ned or built-in sequence

my_reg_sequence seq :
my_reg_sequence3 :type_id: :create ("seq", this) ;

seq. start (env. agt. m_sequencer) i
endfunction : run_phase
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endcfass: my_test

See also

Register and Memory Sequences; Register Generators

For further information on this and other topics, please see the UVM tutorials at
hüp://www.do ulos.com/kno whow/sysveri log/wm/.
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UVM offers a powerful reporting facility, providing the mechanisms to display
messages in a uniform format to different destinations, filtering of messages, and
assigning actions to trigger when specific messages are issued. All reporting
messages are issued through a global uvm_report_server, but the report
server is not intended to be directly accessed. Rather, a uvm_report_obj ect
is provided as the user interface into the reporting machinery.

Each uvm_report_ob j ect delegates its report issuing to a
uvm_rep ort_ha ndl er, which contai ns i nstance specific reporti ng controls
and issues reporting actions if specified. The handler configures the server as
necessary and then issues messages. Each reporting object has an associated
handler, but all handlers use the same global report server unless configured
otherwise. The following illustrates this association:

aaaa

A report handler can be configured to perform actions that may trigger upon
certain messages occuning. The handler can even be configured to not forward
on report messages to the report server. The handler and its actions are shown
in the following diagram:

ç
UVM-NO-ACTþN

UVM_CALL_HOOK í-> report_hook() --

$stop

uuî_report_server

uvï_report_handler

uvm_report_object

uvm_report_handler

uwn_report_object

uvm_report_object

uvm_report_server

uvm_report_handler

UVi'_COUNT => count++

count >= M_quit_count

UVM-DISPLAY; UVM-LOG

Actuns

console F¡les
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Report Messaqes

There are four basic functions used for issuing messages: uvm_report_info,
uvm_report_warning, uvm_report_error and uvm_report_f ataf .

UVM provides a set of four corresponding global macro wrappers, which should
be used in preference to calling the functions.

'uvm_info (string id, string message,

ur¡m_ve rbo s ity verbos i ty_level )

'uvm_warnin€l(string id, string message)
'uvn_error (string id, string message)
'uwm_fatal. (string id, string message)

UVM provides four levels of severity: rNFo, wARNrNc, ERRoR, and FATAL. The
severity levels print messages by default, but the ERRoR and FATAL severity
perform additional actions such as exiting simulation. The severity levels are
defined as:

UVM INFO lnformational message.

UVM_WARNING Warning message.

UVM ERROR Error message

UVM FATAL Fatal message

The string id ¡s an identifier used to group messages. For example, all the
messages from a particular component could be grouped together using the
same id to aid in debugging. This id then indicates where the messages are
issued from so messages can quickly be traced to their origin.

The string message contains the text message to be issued.

The verbosity level represents an arbitrary value used for filtering messages. lf
the reporting macros are used, a verbosity level is required for 'uv¡n_inf o and
is not permitted for the other macros. lt is commonly set to UVM_NONE,
meaning that the message will be written, inespective of the global verbosity
level. Forthe other macros, the severity level is fixed as UVM_NONE so that
these messages cannot mistrakenly be turned off using the global verbosity. (lt is
still possible turn messages off using acflons - see below).

Messages with a verbosity level below the default verbosity level are issued;
whereas, messages with a higher verbosity level are not issued but filtered or.rt .

ïhe verbosity level provides a usêful mechanism for controlling non-essential
messages like debugging messages or for filtering out certain messages to
reduce simulation log file size for simulation runs used ¡n regression testing. To
change the default verbosity level, call the set_report_verbos ity_Ieve1
function. UVM defines the default verbosity levels as:

UVM NONE 0
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UVM LOW 100

UVM MEDIUM 200

UVM HIGH 300

UVM FULL 400

UVM DEBUG 500

The filename and line are optional arguments to indicate the filename and line

number where a report message is being issued from. This extra information

can help locate where the message occuned.

RepoÉ Act¡ons

When a particular message occurs of a specific severity or id type, several

possible report handling actions are possible. UVM defines 7 types of actions:

These action types can be OR-ed together to enable more than one action' By

default, the severity levels are configured to perform the following actions:

UVM INEO UVM DISPLAY

UVM WARNING UVM DÏSPLAY

UVM ERROR UVM DISPLAY I UVM COUNT

UVM EATAL UVM DISPLAY I UVM EXIT

Actions can be assigned using the set-report-*-action functions (see

uvm_report_obj ect):

set_report_severitY_action ( )

set_report_id_action ( )

set_report_sever ity_id_action ( )

For example, to disable warning messages on a particular reporting object' the

uvM No ACTTON can be used:

UVM NO ACTION no action.

UVM DISPLAY send report to STDOUT

UVM LOG send report to one or more files.

UVM COUNT increment report co urìter

UVM EXIT calls the pre_abort ( ) callback and $f inish to
termi nate simulation immediately.

UVM_CALL-HOOK call the report_hookQ methods.

UVM STOP calls $stop.
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set_report_severity_action ( UVM_WARNING, UVM_NO_ACTION ) ;

The UVM_coUNr action has a special behavior. lf uvM_coUNT is set, a report
issue counter is maintained in the report server. Once this count reaches the
max_quit_count, then the die method is called (see uvm_report_object).
Likewise, if the UVM_EXrT act¡on is set, then the die method is also called and
simulation ends. By default, rnax_quit_count is set to 0, meaning that no
upper limit is set for uu¿_couNT reports. To set an upper limit, use
set_report_max_qui t_count.

The uvM_Loc action specifies that report messages should be issued to one or
more files. To use this action, one or more files need to be opened and
registered with the report handler. A multi-channel file id can be used, allowing
duplication of messages to up to 31 open files. To associate a file with a
hardler, use the set report * f il-e functions:

set_report_de fault_fi1e ( )

set_report_severity_f i 1e ( )
set_report_id_file ( )

set_report_severity_id_f i 1e ( )

For instance, the following example demonstrates how to log all rnRon and
FATAL messages into a separate error log file:

/ / Open a file and associate it with a severity level
f = Sfopen ( "errors.log", "r"¡" ) -

set_report_severity_fife( UVM_ERROR, f
set_report_severity_file( UVM_EÀTAL, f

t;
t;

Report l{ooks

lnadditionto ass¡gn¡ng actions, UVM allows user-definable reporf hooks. Hooks
are functions that determine whether or not a message should be issued. lf the
hook returns a boolean value of true, then the message is issued; otherwise, it is
not sent to the report server. Customizable control like this can be quite useful
to disable reporting messages during certain periods of simulation. For
example, disabling all error messages while a reset signal is active by creating a
custom report hook for error messages:
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/ / Over¡ide the error report hook

function bit report_error_hook ( ) ;

if (reset)
return o; / / Tu¡n off enor messages if during reset

el-se
return l;

endfunction : report_error_hook

NoW whenever an error message is issued, the report handler will first invoke

the error report hook to see if it is acceptable to issue. Once the error report
hook is called, then the report_hook is also called. The report_hook
method acts as a catch-all function that can affect all messages, regardless of
their id or severity.

Report State

While the report handler and server are rpt intended for direct use by testbench

code, two functions are available that provide report statistics (collected by the

server whenever messages are issued) and the state of the handler:

For example, here is summary prinûed by report_summarize ( )

#

+ --- UVM Report Summary ---
+

+ ** Report counts by severity
# UVM_INFO : 16

# UVM_WARNING : 0

# UVM_ERROR t L6

# UVM_EATAL : 0

# ** Report counts by id
#[ENV ] 1

+ IRNTST ] 1

The report server has two virtual functions: process_report and

compose_uvm_info. These functions corürolthe construction of the reporting

messages and the processing of the report act¡ons. Both can be overridden, but

are onÌy intended to be changed by expert users.

function void
report_sunnarize(FILE f : O);

Generates statistical i nformation on
tle reports issued by the server

function void
dr¡rqr_report_state ( ) ;

Dumps the internal state of the
report handler (max quit count,
verbosity level, actions, and file
handles)
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Globals

All UVM components are derived from uvm_report_ob j ect so all the
reporting functions and machinery are available from inside any component.
There are global versions of the four reporting functions that can be called from
SystemVerilog modules and from any UVM class that does not have a
uvm_report_object base class (such as transactions and sequences). This
provides them with the same reporting interface. Enumeration types for the
report severity, verbosity, and reporting actions are also globally defined so they
can be used anywhere.

Because uvm_top is globally accessible, it acts as a global reporter. (OVM's

_global_reporter const is provided for backward compatibility: in UVM, it is
the same as uvm_top.)

Thresholds for the severity and veùosity levels may be set using command line
arguments:

Example

See uvm_report_object.

Tips

Use the'uvm_ (info I tarningI error I fataf ) macros forfull control of
messages rather than $display and $fdisplay. The system tasks do
not provide configure and filtering capabilities in your environment.

To pass in multiple variables and format them into a single string that can
be passed to'uvm_(ínfolwarning I error I fatal) macros, use a
system function like gsfonnatf. (The UVM reporting functions do not
accept variable length arguments nor a format string specifier as gdispf ay

a

+UVM SEVERITY:value sets the global severity level threshold,
whe¡e value equals one of the following:

TNFO
WARNING
ERROR
FATAL

+UVM VERBOSITY=vafue sets the global verbosity level threshold,
where value equals one of the following:

any integer value
NONE

LOW

MEDIUM
HIGH
FULL
DEBUG

UVM_NONE
UVM LOV{

UVM_MEDTUM
UVM-HIGH
UVM_FULL
UVM DEBUG
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does).:

'uvm_info( get_nameO,
$sformatf("Received transaction. Data : %d",
data), UVM NONE)

Gotchas

Don't forget the verbosity argument for 'uvm_info. You can't change the
Verbosity when using 'uvm_warning, 'uvm_error or 'uvm fataf.
Macros represent text substitutions, rìot statements, so they should not be
termi nated with semi-co lons.

The command line options +uvM sEVERrty and +uvr.,l vERBos rry cause
the format of the leading informalion printed before the message string to
be changed.

Not all information printed orÎ by UVM is controlled through the reporting
mechanism. UVM also provides a printing facility for traversing object
hierarchies and pr¡nting their internal contents. To control printing of data
objects (such as sequence items), see Printing.

See also

wm_report_object

a

o

a

a
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The urrm_report_catcher is used to intercept messages issued bythe
uvm_report_server. Caught messages may be modified before being passed
to the report server; they can be issued immediately, or they can be quietly
dropped.

Multiple report catchers can be registered with a report object, i.e., a component.
Catchers can be registered as default catchers which catch all reports on all
uvm_report_ob j ect reporters, or catchers can be attached to specific
components.

User extensions of uvm report catcher must implement the catch method
in which the action to be t¡aken on catching the report is specified. The catch
method can return cAUcHT, in which case further processing of the report is
immediately stopped, or return rHRow in which case the (possibly modified)
message is passed on to other registered catchers. Lastly, the report can be
immediately issued from the catcher by calling is sue. The catchers are
processed in the order in which they are registered.

The catcher maintains a count of all reports with FATAL,ERROR or WARNING
severity and a count of which of these had their severity lowered. These
stat¡stics are reported inthe summary of the ur¡m report server.

Declaration

virtuaf cfass uvm_report_catcher extends uvm_cafl-back;

Methods

function new(
string name

: "uvm report catcher");

Constructor

f unction uvm_report_ob j ect
get_client O ;

Returns the
uvm_report_ob j ect that
generated the message

function string get_context O ; Returns the hierarchical path
to the component issuing the
message.

function uvm sever.ity
get_sewerity ( ) ;

Returns the message's
severity.

function int get_verbosity O ; Returns the message's
verbosity.

function string get idO; Returns the message's id.

function string get_nessage O ; Returns the message's text.

function uvm_action get_action ( ) ; Returns the message's
action.
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function string get_fnane O, Returns the name of the
source file that generated
the message.

function int get_J.íne ( ) t Returns the line number in
the source file that
generated the message.

protected function void
set_severity (

uvm_severity severj-ty) ;

Change the message's
severity.

protected function void
set_verbosity (int verbosity) ;

Change the message's
verbosity.

protected function void set id(
strinq id);

Change the message's id.

protected function void
set_nessage (string message) ;

Change the message's text.

protected function void
set action(uvm action action);

Change the message's
action.

static function
uvm_rep ort_catcher
get_repolt_catcher ( string name ) ;

Returns the first report
catcher called name.

static function void
print_catcher(UVM_FILE file = 0);

Prints information about all
the registered report
catchers.

pure vírtuaf function action
cetchO;

callback - called for each
registered report catcher.

protected function void
unm_report_fåtal (

string id,
string message,
int verbosity,
string fname : "",
int fine = 0);

lssue the message,
bypassing any report
catchers.

protected function void
uvnì_report_error (

string id,
string message,
int verbosity,
string fname : "",
int line = 0);

lssue the message,
bypassing any report
catchers.
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protected function void
uvm_report_¡rarning (

string id,
string message,
int verbosity,
string fname : "",
int fine : 0);

lssue the message,
bypassing any report
catchers,

protected function void
uvm_report_info (

string id,
string message,
int verbosity,
string fname : "",
int line : 0);

lssue the message,
bypassing any report
catchers.

protected function void issueO; lmmediately issues the
message which is currently
being processed.

a

a

Rules

The catch method is a pure virtual function so it must be implemented.

Tips

The ur¡m_caflbacks # (uvm_report_object,
uvm_report_catcher) class is aliased to uvm report cb to make it
easier to use.

Catchers are u\¡m_report_cb objects so all facilities in the
u¡¡m_callback and uvm_caf fbacks# (T, CB) classes are available for
registering catchers and controlling catcher state.

Catchers are callbacks on report objects (components are report objects so
catchers can be attached to components). To affect all reporters, use nut 1

for the object.

Example

/ / Creale a new report catcher class
class my_error_demoter extends uvm_report*catcher;

function nehr(stríng name:"my error demoter") ;
super. ne!'t (nane) ;

endfunctíon

/ / This example demotes'MY_|D" errors to an info message
function action_e catch O ;

if (get_severityo :: wM ERROR && get ido :=

a
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set_severity (UVM INFO) ;
return THROW;

endfunction
endclas s

// lnstantiate the new report catcher
my_error demoter demoter = ne$ri

ínitial begín
/ / Catch messages for all reporters
uvm_report_cb : : add (nulf , demoter),.

/ / To atÍect some specific object use the specific reporter
uvm_report_cb : : add (myte st. myenv. myagent. mydr ive ï,

demoter),.

// to affect some set of components using the component name
uvm_report_cb: : add_by_name (tr*. *driver", demoter) ;

' uvm_error ( "MY_ID " ,

"This message will be demoted to UVM INFO")
/ / Disable demotion
demoter. callback_mode (0 ) ;
' uvm_e rr or ( trMY_I D n 

,

"This message wiff NOT be demoted,')
end

See also

Report; uvm_callbacks; uvm_report_object
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Ttre UVM reporting facility provides three important features for reporting
messages:

r tagging each message with a specific id

. assigning 4 levels of severity (rNFo, v'IARNTNG, ERRoR, and FATAL)

. controlling the verbosity of a reported message.

Each of these features provide users with different ways to filter or control the
generation of messages and actions associated with them.

The user interface into the UVM reporting facility is provided through the
uvm_report_ob j ect class. Report objects are delegated to report handlers,
which controlthe issuing of report messages. Additional hooks are also
provided so users can filter or control the issuing of messages. These hooks are
provided as the userdefinable functions report_hook and report_*_hook
that return 1 'bl if a message should be printed, otherwise they return I'b0.
The hooks are executed lf the uvM_cALL_HooK action is associated with a
message severity or id. (Note, the report_*_hook funct¡on is called first and
then the catch-all report_hook function, providing two possible levels of
filtering).

ln addition to the call hook action, UVM defines several other report actions:
uvM_No_AcrroN, wM_DrspLAy, uvM_LoG, etc. (see Report for full details).
These actions may be performed for messages of a specific type or severity.
The uvM_Loc action enables reports to send messages to one or more files
based on a message's type orseverity using the set report * fife
methods.

Since every uvm_component is derived from uvm_report_obj ect, the report
member functions are also members of every component. Typically, the
uvm_report_in f o, uvm_report_warning, uvm_report_error, and
uvm_report_fatal methods are called to issue messages of a specified
severity level. The uvm_component class extends several of the
uvm_report_object functions to operate recursively on a component and all
its subcomponents. These functions have the additional hier sr¡ffix added to
their name (see uvm_conponent).

Objects not derived from uvm_report_ob j ect can also usê uvm_top, which
acts as a global reporter, or by calling the macros 'uvm inf o, 'uvm warning,
'uvm error and 'uwm fataf.
Report objects provide a mechanism to increment a message count in the report
server (by setting a message's action to uvM_couNT) and to specify a maximum
permitted count. lf this maximum count is exceeded, the report server will call
the die function. A uvM_EXrr action w¡ll also invoke die. die calls the
report_summarize function and simulation is terminated immediately with a
call to $finish.
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Declaration

virtual class uvm_report_object extends ur¡m object,.

Methods

functíon new(string name : ""). Constructor

function void urrm_report_fatal (

string id,
string message,
int verbosity_level = UVM_NONE,
string fil-ename : "",
int line : 0);

Produces reports of
severity WM_FATAL (see
Report).

function void uvm_report_erlor (

string id,
string message,
int verbosity_l-evel- : UVM_LOW,
string fil-ename : "",
int line : 0);

Produces reports of
severity uvM_ERRoR (see
Report).

function void urnr_report_lrarning (

stríng id,
string message,
ínt verbosity_level : UVM_MEDIUM,
string fifename = "",
int l-ine : 0);

Produces reports of
severity WM_WARNTNG
(see Report).

function void uvn_report_inf,o (

string id,
string message,
int verbosity_level : UVM_MEDIUM,
string fil-ename : "",
int fine : 0);

Produces reports of
severity uvM_rNFo (see
Report).

virtua.l function void die O ; Called by report server
max quit count reached or
UVM_EXIr action (fatal
eror).

function void
duqr_report_stâte ( ) ;

Dumps the report
handler's internal state.

function int get_report_action (

uvm_severity severity,
string id);

Returns the action
associated with the
specified severity and id.

function int
get_report_f ile_handle (

uvm_severity severity,
string id);

Returns the file descriptor
associated with the
specified severity and id.

function uvm report handl-er
get_repolt_handler ( ) ;

Returns a reference to
the report handler.
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function uvm_rèport_se rve r
get_report_server ( ) ,'

Returns the report server
associated with this
report.

function int
get_report_ve rbosity_l eve I (

uvm_severity severity : UVM_INFO,
string id : "") t

Returns the verbosity
level for cunent object.
The severity and id
arguments are used to
check if the verbosity has
changed for the
severity/id combination.

virtual function void
report_header (FILE f : O) ;

Prints copyright and
version numbers to
command line if r=O or
to a file if f ¡s a f¡le
descriptor.

virtual function bít report_hook(
string id,
string message,
int verbosity,
string filename,
int f ine) ,'

virtual function bit
report_info_hook (

slring id,
string message,
int verbosity,
string filename,
int line);

vírtual- function bit
report_warning_hook (

string id,
string message,
int verbosity,
string filename,
int fine);

virtuaf function bit
report_error_hook (

string id,
string message,
int verbosíty,
string fi.lename,
int fine);

virtual function bit
report_fatal_hook (

string id,
string message,
int verbosity,
string filename,
int line);

User-definable functions
allowing additional
actlons to be performed
when reports are issued if
the report action is
UVM CALL HOOK.

Return value of 1 (default)
allows reporting to
proceed; otherwise,
reporting is not
processed.

The report_*_hook
functions are only called
for messages with a
corresponding severity.
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virtua.I function void
report_sunmarize (FILE f : 0),

Prints report server
statistical information to
command line if t:o or to
a file if f is a file
descriptor.

function void
reset_report_handler ( ) ;

Resets this object's report
handler to default values.

function void set_report_handler (

uvm_report_handfer handler ) ;
Sets the report harder

function void
set_report_måx_qui t_count (

int max count);

Sets maximum number of
uw couxt actions
before ¿ie method is
called; default value of 0
sets no maximum upper
limit.

function void
set_report_default_f iIe (

UVM FILE file) ;

function void
set_report_severity_f, i Ie (

uvm_severity severity,
UVM FILE file);

function void set_report_id_f,ile (

string id,
UVM FILE file),

function void
set_report_severity_id_f i Ie (

uvm_severity severity,
string id,
UVM FILE file);

Sets the output file for the
uvM LoG action.
Specifying both severity
and id takes precedence
over ¡d only which takes
precedence over severity
only wh¡ch takes
precedence over the
default.

function voíd
set_report_id_verbosity (

string id,
int verbosity);

functiôn void
set_report_seve!ity_id_verbosity (

uvm severity severit.y,
string id,
ínt verbosity);

Sets the report handler to
associate the respective
id/severity to a specific
verbosity level.

function void
set_report_severity_action (

uvm_severity severity,
uvm action action) i

function void
set_repoat_id action (

string id,

Sets the report handler to
perform a specific action
for all reports match¡ng
the specified severity, id,
or both, respectively,
where action equals

I]VM NO ACTION
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uvm_action action) i
function void
set_repo!t_severity_i.l:action (

uvm_severity severity,
string id,
uvm action action);

or

UVM_DISPLAY I

UVM_LOG I UVM*COUNT

I WM_EXIT I

UVM C.ALL HOOK

function void
set_report_sewerity_owerride (

uvm_severity cur_severity,
uvm_s eve rit y ner^r_severi ty),'

function void
set_report_severity_id_owerride (

uvm_severity cur_severity,
string id,
uvm_severity new severity) ;

Upgrades or downgrades
the severity level to the
newly specified level for
the specific id.

function void
set_leport_verbo sity_I eve 1 (

int verbosity leveI);

Sets the maximum
verbosity threshold
(reports with a lower level
are not processed).

function int uvm_report_enabled (

ínt verbosity,
uvm_severity severity : UVM INFOr
stríng id: "");

Returns I if component's
verbosity is greater than
the specified verbos¡ty
and the component's
action for the specified
severity and id are not
UVM NO ÀCTION.

Members

protected uvm_report_hand.Ier
m rh;

Handle to a report
handler.

Example

cfass my_test extends uvm_test;

/ / Tu¡n off messages tagged with the id = "debug" for the my_env

// component only
my_env.set_report_id_action ("debugrr, UVM NO ACTION) t

/ / Twn all UVM_INFO messages off -

/ / (Use set_report_*_hier version ffrom wm_componentl

// to recursively traverse the hierarchy and set the act¡on)
set report severity action hier(UVM INFO, UVM NO ACTION);
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/ / f urn all messages backon
se t_repo rt_seve ri ty_act íon_hi er ( UVM_I NEO,

UVM_DISPLAY I UVM_LOG );
se t_repo rt_severi ty_act ion_hi er ( UVM_WARN ING'

UVM_DISPLAY I UVM-LOG ),.
se t_repo rt_severi ty_act ion_hi e r ( UVM_ERROR,

WM-DISPLAY I UVM_COUNT I UVM_LOG

se t_repo rt_s everi ty_act ion_hi er ( UVM_FATAL,

UVM DISPLAY I UVM EXIT I UVM LOG )

t;

// Setup the global reporting for messages that use uvm_top as a

/ / global report handler (like the sequences machinery)

uvm_top. set_report_verbosity_levef ( UVM_ERROR ) ;

uvm top. d.ump report state O ,' / / Prirrt out state

/ / Corfigurelhe environment to quit/die after one UVM_ERROR message

set_report_max_quit_count( I ) ;

endcfass : my test

/ / Example with user-definable report hooks

class my_env extends uvm_env;

bit under_reset : 0; // lndicatesdevice underreset
UVM FTLE f;

// Oven¡de the report_hook function
function bit report_hook(input id, string message,

int verbosity, string
filename, int fine);

/ / TurnofÍ all reporting during the boot-up,

/ / inilializalion, and reset period

íf (lunder_reset && ( $time > 100ns ))
return l-;

efse
return 0; / / Eitlle-r under_reset ortime less than

/ / l00ns so do not issue report messages

endfunction : report_hook

function void start_of_simu.Iation_phase (uvm_phase phase) ;

/ / Duplicale report messages to a file

f : $fopen( "sim.log",
set_report_defauft_file_hier( f ) ;
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// Setup the env¡ronment to not print INFO, WARNING,

/ / and ERROR message during reset or initialization by

/ / adding the UVM_CALL_HOOK reporting action
set_report_severity_action_hier ( WM_INFO,

UVM-DISPLAY I UVM_CALI._HOOK );
s et_repor t_s eve ri t y_a ct í on_hie r ( UVM_WARNI NG,

UVM-DISPLAY I UVM_CALL_HOOK );
set*report_severity_action_hier ( UVM ERROR,

UVM-DISPLAY I UVM-COUNT I UVM-CALT.-HOOK );
endfunction : start of simulation phase

endcfass : my_env

Tips

. A ur¡m_component derives from uvm_repoît_ob ject so all the reporting
functions are available inside components. The uvm_component also
extends the reporting functions so that they can hierarchically traverse a
component and all of its subcomponents to set the reporting activity. The
additio nal f unctio ns prov¡ded are:

set_repor t_i d_ve rbos i ty_hie r
set_report_s eve rit y_id_verbos i ty_hie r
set_report_s eve rity_acti on_hier
set_report_id_acti on_hie r
set_report_s eve ri t y_i d_a cti on_hie r
set_report*s eve rit y_fife_hí er
set_report_def auf t_f i f e_hie r
set_report_id_f i f e_hier
set_report_severity_id f ile_hier
set_repor t_ve rb o s i ty_leve l_hie r
pre_abort

See uvm_component for function details.

o Use set_report_max_quít_count to globally set the number of enor
messages before simulation is forced to quit. To include warning
messages in the quit count, add the uvM_couNr action to UVM_VùARNTNG.

. The set_reporÈ_*_f iIe functions can use multi-channel descriptors.
Multi-channel file descriptors allow up to 31 files to be simultaneously
opened so report messages can be sent to multiple log files by OR-ing the
file descriptors together. Verilog uses the MCD value 32'hl for srDour.

o See Report for UVM severity, action, and verbosity definitions.

o Both the report_*_hook and report_hook functions are called when
the UVM_CALL_HooK act¡on is set. This means that both a severity-specific
action can be set as well as a general catch-all action. Note, however, if
report_*_hook returns I'b0, then report_hook is not called since the
message reporting will have already been disabled.
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Gotchas

Many components in UVM use the global reporting provided by uvm_top.
For example, sequences print general reporting messages using uvm_top.
To turn these off, set the reporting actions on uvm_top.

By default, reporting messages are not sent to a file since the initial default

file descriptor is set to 0 (even if uvM_LoG action is set). Use

set_report_de f ault_f if e ( ) to set a different file descriptor.

Actions set by s et_report_s eve r it y_i d_a cti on take precedence

over set_report_id_acti on.

Actions set by set_report_id_action take precedence over actions set

by set_report_severi ty_act ion.

Actions set by s et_repor t_s eve rit y-i d-verbos i ty take precedence

over set_report_id_verbosity.

lf the die function is called in a report object that is not a uvm_component
orfrom a uvm_component instantiated or¡tside of ur¡m_env, then
report summarize is called and the simulation ends by calling $f inish.

See atso

Report

a
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The parameterized class, uvm_resource_db provides a convenience interface
for UVM's resources facility. A resource is a parameterized container
(uvm_resource) that contains arbitrary data. The type of the data can be any
built-in SystemVerilog or user-defined type, including scalar objects, class
handles, queues, lists and virtual interfaces.

Resources are stored in a resource database (uvm_resource_poot) so that
each resource can be retrieved by name or by type. The database has both a
name table and a type table and each resource is entered into both. The
database is implementing as a singleton and is globally accessible.

Resources can be used to configure components, supply datra to sequences, or
enable sharing of information across disparate parts of a testbench.

Each resource has a set of scopes over which it is visible. This could be an
arbitrary string to provide a namespace utility, and it is also used to enable the
resource to be visible in only certain parts of the testbench. The set of scopes is
represented as a regular expression. When a resource is looked up, the current
scope of the entity doing the looking up is supplied to the lookup function. lf the
current scope is in the set of scopes over which a resource is visible then the
resource can be returned in the lookup.

The class uvm_conf ig_db provides a corwenience layer on top of
uvm_resource_db forwhen the hierarchical context is important. Both these
classes share the same underlying database, so it is possible to access the
same resources through both classes.

Multiple resources that have the same name are stored in a queue. Each
resource is pushed into a queue with the first one at the front of the queue and
each subsequent one behind it. The same happens for multiple resources that
have the same type. The resource queues are searched front to back, so those
placed earlier in the queue have precedence over those placed later.

The precedence of resources with the same name or same type can be altered.
One way is to set the precedence member of the resource container to any
arbitrary value, or to move a resource to either the front or back of the queue
us¡ng the set_priority function. The search algorithm will return the resource
with the highest precedence. ln the case where there are multiple resources that
match the search criteria and have the same (highest) precedence, the earliest
one located in the queue will be one returned.

Declaration

cfass uvm_¡esource_db #(type T = uvm object);

Methods

ln the following methods, the type is provided by the class parameter, T, and the
scope is the scope in which the resource is visible.
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static function rsrc_t
get_by_tipe (s tring scope) ;

Get a resource by type.

stat.ic function rsrc_t
get_by_name (

string scope,
string name,
bit rpterr = 1);

Get a resource by name. lf
rpterrislawarningis
issued if there is rp
match¡ng resourcê.

static function rsrc_t
set_default (

string scope,
string name);

Create a new ¡tem in the
resources database with the
default value for its type.

static function void set(
input string scope,
input string name,
T vaf,
input uvm object accessor

: nulf);

Create a new item in the
resources database with the
value val. accessoris used
for auditing.

static function void
set_anonf'¡nous (

input string scope,
T val,
input uvm_object accessor

: nuff);

Create a new anonymous
item in the resources
database with the value val.
accessoris used for
aud¡t¡ng.

statíc function bit read_by_nane(
input string scope,
input string name,
inout T vaf,
input uvm_object accessor

: nufl),

Retrieve a resource by
nameand scope. Returns I
if successful.

static function bit read_by_tf¡pe (

input string scope,
ínout T va1,
input uvm_object accessor

= nufl);

Retrieve a resource by type
and scope. Returns 1 if
successful.

static function bit
write_by_narne (

input string scope,
input string name,

input uvm_object accessor
: nulf);

Write a value into the
resources database,
creating a new resource if
one isn't located using name
and scope.

static function bit
write_by_type (

input string scope,
input T vaf,
input uvm_object accessor

= nulf);

Write a value into the
resoufces database,
creating a new resource if
one isn't located using the
type and scope.
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static function void durp O ; (For debugging purposes)
Dumps all the resources in
the resource pool.

Rules

Regular expressions are enclosed by a pair of slashes: / regex/ . (Without
the slashes the scope is a g/oÞ: *, + and ? are the only wildcards. Globs are
corverted to regular expressions before being stored in the database. )

All of the functions in ur¡m_resource_db# (T) are static, so they must be
called using the :: operator (See examples)

Examples

Create a resource called "max_count" of type int in a scope called
"shared_resources" and give it the value 100:

uvm_resource_db # (int) : :set ( "shared_resources",
"max_count", 100, nulf) ;

Retrieve the value of the "max_count" resource by name:

max_count = uvm_resource_db # (int) : :get_by_name(
"shared_resources", "max_count") ;

and by type (assuming no other ints in "shared_resources"):

max_count : uvm_resource_db # (int) : :get_by_type(
"shared_resources");

This shows how a virtual interface can be configured to point to an actual
interface using the resource database.

module top;

import uvm_pkg: : *;
import my_pkg::*;

,// lnstance of the interface that connects the DUï and TB
dut if dut ifl O;

// lnstancetheDUT
dut dutl (.i f(dut ifl) );

initial
begin

// Set virtual interface of driver to point to actual interface
uvm resource db #(virtual dut if)::set(
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"m_dut_if",
dut ifl);

run_test ( ) ;
end

endmodule: top

class my_driver extends uvm_driver # (my_transaction) ;

virtuaf interface dut if m dut if;

function void connect_phase (uvm_phase phase) ;

if ( ! uvm_resource_db #(virtual dut_if)::read_by_name(
trDUT",

"m_dut_i f " ,
m_dut_if) )

'uvm_fataf {"No vírtual interface set for",
get_full_nane ( ), " .m_dut_if " ) )

endfunction : connect_phase

endcfass: my_driver

Tips

uvm_config_db ârìd uvm_resource_d.b share the same underly¡ng database.

For configuration properties that are related to hierarchical position, e.9., "set all

of the coverage_enable bits for all components in a specific agent",

urrm_conf ig_db is the correct choice. Likewise, for cases where a

configurat¡on property is being shared withotf regard to hierarchical context,
uvm resource db should be used.

Gotchas

Care must be taken with write-by_name and write_by_type, because

the scope is matched to a resource which may be a regular expression, and

consequently, may target other scopes beyond the scope argument.

The scope provided to the get_* and read_* members is nof a glob or
regular expression.

See also

Configuration; wm_co nf ig_db

a
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The top level object in a wm testbench. Every UVM testbench contains a single
instance of uvm_root named uvm_top. Users should not attempt to create any
other instances of ur¡m_root. Any component that does not have a parent
specified when it is created has its parent set aúomatically to uvm_top. This
allows components created in multiple modules to share a common parerìt.

The uvm_top instance is used to search for named components within the
testbench. The searching functions are passed a str¡ng argument containing a
full hierarchical component name, which may also include wildcards: "?"
matches any single character while "*" will match any sequence of characters,
including ".". The component hierarchy is searched by following each branch
from the top downwards: a match near the top of a branch takes precedence
over a match near ¡ts bottom. The order in which the branches of the hierarchy
are searched depends on the child component names: at each level, starting
from uvm_top, these are searched in alphanumeric order. The f ind funct¡on
returrìs a handle to the first component it comes across whose name matches
the string (even ifthere are other matching components in subsequent branches
that are closer to the top of the hierarchy). The f ind_a]1 function returns a
queue of matched component handles (by reference). An optional third
argument specifies a component other than uvm_top to start the search.

The uvm_top ¡nstance may also be used to manage the UVM simulation
phases. A new phase (derived from uvm_phase) may be inserted after any
other phase (or at the start).

Declaration

virtua.l cfass uvm_root extends uvm_component;

Methods

virtual- task run_test(
string test_name = "");

Runs all simulation
phases for all
components in the
environment.

virtual function string
get_tIf)e_nåme O ;

Returns "uvm root"

function void stop_request ( ) .' Deprecated. Stops
execution of the cunent
phase.

function uvm_component find(
string comp match);

Returns handle to
component with name
matching pattern.

196 Copyright@2013 by Ooulos Lld. All rbhtsresflêd.



uvm_root

function void find_all (

string comp_match,
ref u¡¡m_component cornps [$],
input uvm component comp : nuÌf);

Returns queue of handles
to components with
matching names. comp
specifies component to
start search.

function voíd print_topology (

uvm_printer printer : nuff);
Print the verificat¡on
enviro nmerìt's compo nent
topology.

function void set_Èi¡lleout (

time timeout,
bit overridable : 1);

Sets the timeout for the
entire simulation-

Members

Global defines and methods

bit finish_on_coryIetion = l; When set, run_test calls
$f inish on completion of the
report phase.

bit enable3rint_toPoloçty : 0t When set the testbench
hierarchy is printed when
end_of_elaboration completes

ti¡e phase_ti¡¡eout :
.UVM DEFAULT TIMEOUT;

Sets the maximum simulated-
time for task-based phases
(e.9. run_phase). Exits with
error if reached.

uvm_component toP_Ievels [$] ; List of all of the top level
components, including the
uvm_te s t_t op component
that ¡s created by run test.

de f ine IM.Í_DEFAITLT_TIMEOIXI
9200s

Default timeout for simulation.

task run_teEt (

string test_name
Calls uvrn top. run_test

function void
global_stop_request ( ) ;

Deprecated. Co nvenience f unctio n
for
uvm test done.stop request.

function void
set_global_tineout (

time timeout,
bit overridabfe : 1);

Deprecated. Calls
uvm top.set timeout.

function void
set_globaI_s toP_timeout (

time tineout);

Deprecated. Sets
uvm test done,stop timeout.
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Gotchas

global_stop_request ( ) is deprecated. All environments using the
global_stop_request ( ) mechanism must add the switch
+UVM_US E_OVM_RUN_SEMANT IC.

Example

Configuring and running a test:

modufe top;

initial
begin

uvm_top.enabfe_print_topology = 1 ;
uvm_top, f inish_on_completion = 0;
run_test ("testl"r') ;

end
endmodule: top

Searchi ng for components :

cfass testl extends uvm_testi
' uvm_component_ut if s (te st1 )

verif_env envl;
uvm_component ci
uvm_component cq[ $] ;
function nev¡ (string name, uvm_component parent);

super. new (name, parent) ;
endfunction : new

virtual function void build_phase(uvm_phase phase) ;
super. build_phase (phase) ;
envl : verif_env: :type_id: :create ("env1",this),.

endfunction : buifd phase

function void end_of_elaboration_phase (uvm_phase phase) ;
c : uvm_top. find ("envl-.m_driver") ;
uvm_top. find_aff ("*", cg, c) ;
foreach(cqtil )

' ur¡m_info ( "FIND_ALL",
$sformatf("Found %s of type ?s",
cqIi] .get_fu.ll_name O, cqlil . get_type_name O ),
UVM_NONE)

endfunction : end_of_efaboration phase
endclass: testl
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a

a

Tips

Use objections to control end of simulation. (uirm-top. stop-request
and uvm_top . phas e_t imeout are deprecated')

For flexibility, use +uvM_TESTNAME command-line "plusarg" to set the test
name, rather than passing it as an argument to run-test. lf it is passed

as an argumerÍ to run_test, the command line option takes precedence.

The run_test argument can serve as a default test case if rnthing is

specified on the command line.

Gotchas

Objects of class uvm_root should not be created explicitly.

The name of uvm_top is set to "" so it does not appear in the hierarchical

name of child components.

A top-level environment instantiated by the test using the factory will have a

parent named "wm-test-top" that must be included in the search string for
find (or use "..")

Phases can only be inserted before calling run-test.

See also

End of Test; wm_test

a

a

a
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Class uvm_scoreboard is derived from uvm_component. Userdefined
scoreboads should be built using classes derived from ur¡m_scoreboard.

A scoreboard typically observes transactions on one or more inputs of a DUT,
computes the expected effects of those transactions, and stores a
representation of those effects in a form suitable for later checking when the
conesponding transactions appear (or fail to appear) on the DUT's outputs.

Declaration

cfass uvm_scoreboard extênds uvm component;

Methods

function nerw(string name,
uvm component parent),.

Constructor, minors the
superclass constructor in
uvm_component

Members

The uvm_scoreboard class has no members of its own. A scoreboard should
provide an analysis export (commonly connected to an internal analysis FIFO)
for each data stream that it observes, in addition to any internal structure that it
needs to perform its checking.

Tips

Use uvm_s coreboard as the base class for any user-defined scoreboard
classes. ln this way, scoreboards can be differentiated from other kinds of
testbench component such as monitors, agents, or stimulus generators.

For DUTs whose input and oúput can each be merged into a single stream
and that deliver output in the same order as their input was received,
scoreboard-like checking can be more easily accomplished with the built-in
comparator classes uvm_i n_o rde r_c las s_c ompara tor and
uvm_algorithmic comparator.

Gotchas

ur¡m_scoreboard has no methods or data members of its own, apart from its
constructor and what it inherits from ur¡m component.

See also

wm_algorithmic_comparator; uvm_i n_order_Jomparator

a

a
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Sequences provide a structured approach to developing layered, random

stimulus. A sequence represents a series of data or control transactions

generated either at random or non-randomly, and execr.rted either sequentially or

in parallel. Sequences differfrom the ui¡m-random-stinulus generation in

that they provide chalnrng or layeing ol other sequences to produce complex

data and control flows. Conceptually, a sequence can be thottght of as a chain

of function calls (to other sequences) resulting in the generation of sequence

items (derived from the uvm-sequence-item class).

When sequences invoke other sequences, they are refened to as complex or

hienrchical sequences. Hierarchical sequences allow for the creation of
sequence libraries, which define basic sequence operations (such as reading

and writing) that can be developed into more complex control or data operations.

UVM sequences are derived from the uvm-sequence class. Each sequence is

associated with a sequencer (derived from the uvm-sequencer class). The

sequencer is used to execute the sequence and place the generated sequence

items on the sequencer's built-in sequence item export (seq-item-export).
Generated sequence items are pul/ed from the sequencer by a driver (see

uvm-driver). (Alternatively, uvm-push-driver and uvm-push-sequencer
could be used to implement a push semantic). Each driver has a built-in

sequencer port (called seq-iten-port) that can be connected to a

sequencer's sequence item export. The driver pulls sequence items from the

sequencer by calling get O or get-next-itemO and sends an

ackrnwledgement back to the sequencer by calling put () or iten-done O ,

respectively.

Sequences and sequencers are registered with the UVM factory in the usual

way by calling the UVM macros. lf the sequence requires access to the derived

type-specific functionality of its associated sequencer, use the
' uvm_de cf a re_p-s equ encer macro to declare the desired sequencer
pointer.

Ttre main functionality of a sequence is defined by declaring a bodv O task. ln

the body, nine steps are performed by the sequence:

1. Creation of an sequence item.
2. Call wait for grant.
3. Execution of the parent sequenoe's pre-do task.

4. Optional randomization of the sequence ¡tem.

5. Execution of the parent sequence's mid-do task.

6. Call send_request.
7. Callwait_for_item_done.
8. Execution of the parent sequence's post-do function.

9. Optionally call get_response.

Steps 2 and 3 are performed by irwoking a sequence's start-item method.

Steps 5-8 are performed by invoking finish-item. Therefore, these I steps

can be reduced to the following:

1. Call the factory to create the sequence item.
2. Call start item.
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3. Randomize the sequence item.
4. Call finish item.

Alternatively, the following UVM macros perform most or all of these steps
aúomatically:

'ur¡m_do
'uvm_do_prí
'ur¡m_do_wi th
'uvm_do pri_with
'uvm_create
'uvm_send
'ulzm_send_pri
'uwm_rand_send
'uvm_rand_send_pri
'ur¡m_rand_send-w ith
' uwm_rand_s end_p ri_wit h
'uvm_create_on
'uwm_do_on
'uvm_do_on_with
'uvm_do_on_pri
'uvm_do_on_pri_with
'uvm_create_seq
'ur,rm_do_seq
'uvm_do_seq_with

Variables must be declared for any uvm_sequence or uvm_sequence_item
used by the UVM macros with the exception of req and rsp, which are pre-
defined members of a sequence. Class members of the uvm_sequence or
uvm_sequence_item can be declared rand so when the sequence is
generated, the field values may be constrained using the 'uvm do with,
' uvm_do_pr i_w ith,' ur¡m_rand_s end_wi th,
' uvm_rand_send3 ri_wi th,' urrm_do_on_h¡i th or
'uvm_do_on_pri_with macros. The 'uvm_* pri macros allow sequence
items ard sequences to be assigned a priority that is used when multiple
sequence items are waiting to be pulled by a driver.

A uvm sequence has the following basic structure:

class my_sequence extends uvm_sequence # (my sequence item) ;
my_sequence_item trans;

virtua.L task pre_doo; endtask // Optional

ví rtua.l tas k body ( ) ;

/ / UVM sequence macro such as
'uvm_do ( trans )

endtask : body

uvm do or'uvm do hrith
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virtual task post_doi endtask
endclass: my_sequence

/ / OPhional

The following diagram illustrates the flow of interactions between the driver,

sequencer, and sequence objects:

uvm_driver uvm_sequencel uvm_3equence

Higher-level sequences can be created by managing sequences from multiple

sequencers and are referred to as virtual sequences. Virtual sequences are

"v¡rtual" in that they do not generate their own sequence items; instead, they

control the spawning and execution of sequences assoc¡ated with non-virtual
sequencers. Virtual sequenceß¡ are also derived from the uvm-sequencer
class. A virtual sequencer has one or more handles to the other sequencers that
it controls (see Virtual Sequences for details).

Example

Declaring a sequence item:

cfass my_seLítem extends uvm_sequence-item;
rand int data;
rand bit [4:0] addr;

urrm_object_utits_begin ( my_seq-item )

'uvm_fiefd_int ( data' UVM-ALL-ON + UVM-HEX

'uvm field int ( addr, UVM ALL ON + UVM HEX

' uvm_obj ect_utils_end
endcfass : my seq_item
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Specialize a sequerìcer:

typedef uvm_sequencer # (my_seq_item) my_sequenceri

Declaring a sequence:

cÌass my_sequence extends uvm*sequence # (my seq item),.
'uvm_object_utils ( my_sequence )

my_seq_item m_seq_item;

function new ( string name : "my_sequence" );
super.net^r ( name );

endfunction : new

virtua.l task body O ,

/ / Create a sequence item using a macro
'uvm_do ( m_seq_item )

/ / Manually create another sequence item
m_seq item = my_seq_item: :type_id: :create O ;

m_seq_item. start_iten ( ),.
m_seq_ítem.randomize with { ... };
m_seq_item. f inish_item ( ) ;

endtask : body
endcfass : my sequence

Register all sequence related components with the UVM factory using the
registration macros for maximum flexibility and co nfigurability.

The UVM factory configuration functions (ser_conf ig O ,

set_inst_override_by_* ( ), and set_type_override_by_* ( ) ) can
be used to override uvm_sequence and uvm_sequence_items in order
to change the sequence generation.

Use the sequence action macros (like 'uvm_do and 'uvm_do_with) to
automatically create and execúe a sequence.

Gotchas

The uvm_sequencer implements only PULL mode, meaning that the
ur¡m_driver controls or pulls the uvm_sequence_ítems from the
uvm_sequencer. For the sequencer to controlthe interaction (i.e., PUSH
mode), use uvm_push_sequencer and a corresponding
urrm_push driver.

Tips

a

a

a
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a

a

No uvm_virtuaÌ-sequence exists. You must use uvm-sequence for
both virtual and non-virtual sequences.

Take care notto confuse uvm-sequence with uvm-sequencer. They

differ by one letter only, but have quite different functional¡ty.

See also

uvm-sequence-item; uvm-sequence; uvm-sequencer; Virtual Sequences;

Sequence Action Macros
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UVM seguences are derived from the uvm_sequence class which itself is
derived from the uvm_sequence_base and uvm_sequence_j-tem classes.
Multiple sequenoes are typically used to automatically generate the transactions
required to drive the design under test. A sequence may generate either
sequence ifems or invoke additional subsequences.

The main functionality of a sequence is placed in the body task. This task is
either called directly by a sequencer calling start (when it is a roof seguence) or
from the body of another sequence (when it is run as a subsequence). The
pre_start and pos t_s tart tasks are called whenever start is called. lf the
sequence is a root sequence, then its pre_body and post_body tasks are also
called.

The purpose of the sequence body is to generate a sequence item that can be
sent to a diverlhat controls the interaction with the design. The srarr_irem
and f inish_iten methods are used for this purpose. Alternatively, a set of do
actions provide an automated way to generate the sequence item, randomize it,
send it to the driver, and wait for the resporìse. These do actions are provided
us¡ng the sequence action macros such as 'uvm d.o or 'uvm do with. The
do actions operate on both sequence items and sub""quencei.

It is also possible to create sequence items, send them to a sêquencer, and wait
for a response by explicitly call¡ng the member tasks and functions of
uvm_sequence. A sequence has a response queue that bdfers the responses
from a driver and permits multiple sequence items to be sent before the
resporìsìes are processed. Member functions are provided to control the
behavior of the response queue.

By default, rcsponses from the driver are retrieved by calling get_response.
Alternatively, the sequence behavior can be set to use an automatic report
handler to fetch responses instead. The report handler is an overridden
response_handf er function (inherited from uvm_sequence_base).

Additional pre_do, mid_do, and posr_do virtual tasK can be defined for the
sequence. These tasks provide additional control over the sequence,s behavior.

A predefined request sequence item handle named req and response
sequence item handle named rsp are provided as members of uvm_sequence.
It is also possible to use your own sequence item handles in user-defined
sequence classes.
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The following diagram illustrates the flow of execution for a UVM sequence:

(not called for subsegøences)

variatians

'uvm_crsatg

'uwn_rand_send

l'uvm-sendskrps
randomizat¡on)

'uvm_do(sequence or item)

(not called for subsequences)

Declaration

cl-ass uvm_sequence_base extends uvm-sequence-item;

typedef enum {CREATED, PRE_START, PRE_BODY' BODY,

POST-BODY, POST_START, ENDED, STOPPED,
FINISHEDÌ uvm sequence state;

virtual cfass uvm_sequence # (type REQ : uvm-sequence-item,
type RSP = REO)

extends uvm_sequence_ba se i

Methods

uvm_sequence_base

body0

Generate ¡tem or subsequence.
synchronize with sequencer,

call parôr¡f pre_doO,
item or subsequence,

call pârer¡t mid_do0,
item + wait for ¡tem_done()

or call subsequence.body0,
cãll paßnt post_do0

posr_bodyO

post_start(l

function new(
string name : "uvm_sequence" I i

Constructor

function uvm_sequence_state_enum
get_sequencê atateO;

Returns the state of the
current sequence.

tas k neit_for_seçIuer¡ce_state (

uvm_sequence_state_enum state ) i
Waits until the sequence is
in the given state.
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virtual task start(
uvm_sequencer base
uvm_s equ enc e_b ase

parent_sequence :
int this_priority -
bit call_pre_post =

sequencer,

null,
-T,rl;

Starts execution of the
sequence on the specified
sequencer. lf
caÌl_pre_post = 1,
pre_body and
post_body tasks are
called.

virtual task prê_start O ; User-definable callback.

virtual task pre_bodyO ; User-definable callbâck.

virtual task pre_do (bit is_item); User-defined task called at
the start of a do action
performed by a aequence.

virtual- function void nid_do (

uvm_sequence_item this item) ;
User-defined function
called during a do action
just after this item is
randomized and before
either the ¡tem is sent to
the consumer or
subsequence body
executed.

virtual task bodyO; Main method of the
sequence.

virtuaÌ function void post_do(
uvm_sequence_item this item) ;

User-defined function
called after either the
consumer indicates the
item is done or a
subsequence bodyO
completes.

virtual task post_bodyO ; User-defined task called
on root sequences
immediately after the
bodyQ is executed.

virtuaf task post_startO ; User-definable callback.

virtuaf function bit is itenO; Overrides is_item from
uvm_s equen ce_i tem
base class. Returns 0.

function void set3riority (

int vafue);
Changes the pr¡ority of a
sequence (default = 100).

function int get3riority O ,. Returns the current priority
of a sequence.

function bit is blockedO; Returns 1 if sequence ¡s
blocked; otherwise, 0.
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virtual function bit
is ¡elevantO;

User-defined f unction that
defines when sequence
items are relevant for a do
action; i.e., a do action on
a sequence item is only
selected if function returns
1'b1 (default
implementation is 1'b1 ).

virtuaf task
wait for relevanto;

User-defined taskthat
defines the trigger
condition when the
sequencer should re-
evaluate if the sequence
item is relevant (only
called when is_relevant0
returns 1'b0).

task lock ( uvm_sequence r_base
sequencer = nulf);

Gets a lock on the given
sequencer, or blocks until
it can (see Gotchas)..

function bit has lockO; Returns 1 if sequence has
a lock; otherwise, 0.

task grab ( uvm_sequence r_base
sequencer : nulf);

Gets a lock on the given
sequencer, or blocks until
it can (see Gotchas).

function void unlock(
uvm_s equencer_bas e sequencer

= null-) ;

Unlocks the given
sequencer.

function void ungrab(
uvm_s equencer_bas e s equencer

: nuff);

Unlocks the given
sequencer.

virtuaÌ task wait_for_grant (

int item_prioritY : -1,
bit lock request = 0);

Blocks until sequencer
granted. Must be followed
bycallto send_request
¡n same time step.

virtual task start-item(
uvn_sequence_item item,
int set_priorj-ty = -1,
uvm_sequencer_bas e s equencer

= nult);

start item and
finísñ itemtogether
will initiate operat¡on of a
sequence item.

virtual task f,inish-item(
uvm_sequence_item item,
int set_priority : -1¡ '

See start item
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virtual function void
Eend_request (

uvm_sequence_item request,
bit rerandomize : 0);

Sends item to sequencer
Must follow call to
wait_for_grant.
Item is randomized if
rerandomize = 1.

virtuaf task wait_f,or_ite¡n_done (

int transaction id: -1);
Blocks until driver calls
item_done orput. lf
spec¡fied, will wait until
response with matching lD
is seen.

funct.ion void kill O ; Kills the sequence.

virtual function void do kill O ; User hook, called
whenever a sequence is
terminated by using either
sequence. kill O Or
sequencer. stop_sequ
ences ( ) .

function void
use_response_handler (bit enable ) ;

Changes the behavior to
use the response handler
if enable = l.

function bit
get_use_response_handler ( ) ;

Returns 1 if behaviorset
to use response handler.

virtual- function voíd
response_handler (

uvm_sequence item response) ;

The response handler -
called automatically with
response item if enabled

function void set_response_queue_
erro!_report_disabled (

bit vafue);

1 = disables errors from
being reported if the
response queue
overflows.

function bit get_response_queue_
elror_report_disabled ( ) ;

Returns 0 if response
queue overflow results in
errors, 1 if disabled.

function void
aet_reapon se_queue_dep th (

int vafue);

-1 indicates arbitrary
depth. Default is 8.

function int
get_response_gueue_depth ( ) ;

Returns response queue
depth.

virtual function void
clear_response_queue ( ) t

Empties the response
queue.

uvm_sequence

function new(
string name : "uvm sequence" );

Constructor,
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function void aend-reçfuest (

uvm_s equence-item reque st'
bit rerandomize : 0);

Sends sequence item to
driver. Randomize item if
rerandomize = 0.

function REQ get-current-item O ; Returns sequence item
currently executing (on
sequencer).

task get-resPonEe (

output RSP response,
input int transaction-id : -1)

Retrieves response with
matching lD (or next
response if lD = -1) and
removes it from queue.
Blocks until response
available.

Members

uvm-sequence-base

uvm_sequence

by calling the' uvn-de c 7 a re p_q equ enc e r macro' See Seguence

Action Macros.

Example

/ / Define a wm-sequence-item
typedef enum { read' write } dir-tt
class my-seq-item extends uvm-sequence-ítem;

bit [31:0] data;
bit [9:0] addr;
dir t dir;

bit do not randomizei Turns off randomization
when using the 'u¡¡m-do
and 'uvm_rand_send
macros.

urrm_phase EtertingJhaEe ; lf non-null, sPecifies the
phase in which this
sequence was started.
ArfomaticallY set when
this sequence is started as
the default sequence.

REQ req; Request sequence item

RSP rsPi Response sequence item

SEOUENCER P-seguencert ; Handle to sequencer
executing this sequence
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,// Register sequence item with the factory and add the
/ / lield aúomation macros
'uvm_obj ect_utils_begin ( my_seq_item )

'uvm_fiefd_int ( data, UVM_ALL_ON )
'ur¡m_field_int ( addr, UVM_ALL_ON )
'uvm_fiefd_enum( dir_t , d.ír, gy¡4_tr1,r._ON

'uvm object utils end

endcl-ass : my_seq-item

/ / Create a sequence that uses the sequence item
cfass my_seq extends uvm_sequence # (my seq iten);

//my_seq_item req; / / built-in sequence item
my_other_seq subseg; /,/ A nested subsequence

// Defirlp-aconstructor
function new ( string name : "my_seg);

super.ner^r (name) ;
endfunction : new

/ / Defirre the sequence functionality in the bodyQ using macros
vi rtuaf tas k body ( ) ,.

'uvm_info ( get_nameO,
"Starting the sequence . . .',, UVM NONE )

/ / Use the do action macros on the sequence item
'uvm_do_with( req,{ addr > lQ,hfff; dir =: read; } )

/ / lnvoke a nested subsêquence
'uvm_do_with( subseq, { ctrl_flag =: 'TRUE, } )

endtask : body

endcfass: my_seq

Here is an equivalent exampre that uses start item and f inish item to
generate a sequence item, and start to irvoke a subsequence instead of using
macros.

class my_seq extends uvm_sequence #(my_seq_itern),.
'uvm_decLare_p_sequencer (uvm_sequencer g (my seq itern) )

virtuaf task body O ;
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Tips

/ / Generate a sequence item

req : my-seq-itern: :type-íd: :create ("req") ;

start_item(req);
randomize(req) wíth { addr > lO'hffft dir == read; };
finish item(req);

/ / ftwoke a nested subsequence

subseq : my_other_seq: :type_id: screate ("subseq") ;

subseq.start (p sequencer) ;

endtask : body

Use the sequence action macros like 'uvm_do añd 'u¡¡m-do-with to
aúomatically allocate and generate the uvm_s equenc e-i tem.

Objects derived from uvm_component have a class member available

named m_name, which is useful for printing out the component's name in

reporting messages. Sequences are NOT derived from uvm-component
and do not have a conesponding publ¡c member. lnstead, use

get_name O when writing reporting messages. For example,

'uvm_info (get_name O r "Now executing sequence",
UVM NONE )

'uvm_error (qet_name O, $sformatf (

"Write to an invalid address! Address : ås", addr)

)

Use the factory to ovenide the sequence item types of sequences for
greater flexibility and randomization, allowing the same sequence to be

used with different conf¡gurations. For example,

// Modify the normal sequence to send error items

class error_seq extends normal_seq;

/ / i.rtí' -seq-ítem seq-itemi / / defined in normal-seq

f acto ry. set_type_ove rride_by-name (

"intf_seq_item", "intf_error-seLitem" ) ;

'ur¡m_do ( seq_item )

endclass 3 error seq

/ / Create a random sequence using randcase and factory type overrides

a

o
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cfass rand_seq extends uvm_sequencei
íntf_seq_item seq itemi

randcase

// Send an enor ¡tem 25% of the time
1 : factory. set_type_override_by_name (

"intf_seq_item", "error_seq_item" ),.
/ / Send a complex ilem25o/o of the time
1 : factory. set_type_override_by_name (

"intf_seq_item", "comptex_seaitem" ) ;

// Send a normal item 50% of the time
2 : factory.set_type_override_by*name(

"intf_seq_item", "intf_seq_item" ) ;
endcase

// Now send the randomly selected item
'ur¡m_do ( seq_item )

endclass : rand seq

Gotchas

Take care to use a uvm_sequence_item or uvm_sequence instead of a
uvm_transaction with the do sequence act¡on macros.

No uvm_virtual-_sequence ex¡sts so use u\nn sequence for both
virtual and non-v¡rtual sequences.

ln UVM '1.1 start_item/finish item cannot be used with sequences,
only sequence_items. This is not bãckward compatible with UVM 1.0.

A uvm_sequence_item must be created before calling start_item. A
uvm_sequence_item must have its randomize method called explicitly
(if random fields are required) before calling f inish_írem.

A uvm_sequence object must be created before calling its start method.

The grab and lock methods both attempt to lock the given sequencer
immediately. Either will block if the sequencer is already locked, in which
case grab goes to the front of the queue ând fock goes to the back of the
queue. When the sequencer is unlocked, the pending grab or Ìock
nearest the front of the queue will be selected next, passing over any
regular sequence items on the queue, which can only get selected once
there are no more pending lock requests.

See also

Sequence; uvm seq uence_item ; uvm_seq uencer; Sequence Action Macros

a

a

a

a

a
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UVM defines a set of macros, known as the seguence action macros, which
simplify the execution of sequences and sequence items. These macros are
used inside of the body task of a uvm_sequence to perform one or more of the
following steps on an item or sequence:

1. Create - allocate sequence item or sequence.
2. Synchronize with sequencer - if a sequence item, wait until the sequencer

is ready.
3. pre_do - execute the user defined pre_do task of the executing sequence

w¡th an argument of 1 for a sequence item and 0 for a sequence.
4. Randomize - randomize the sequence item or sequence.
5. mid_do - execrfe the user defined mid_do task of the executing sequerìce

with the specified sequence item or sequence as an argument.
6. Post-synchronization or body execution - for a sequence item, indicate to

the sequencer that the item is ready to send to the consumer and wait for it
to be consumed; for a sequence, execute the body task.

7. post_do - execute the user defined post_do task of the executing
sequence with the specified item or sequence as an argument.

These macros can be further divided into 2 groups: (1) macros that operate on
EITHER a sequence item or seqtænce and irvoked on sequencers, and (2)

macros that operate ONLYon sequences such as used on a virtual sequenoer.
The latter group contain "_on" as part of their names, implying their use on
sequerìces instead of sequence items.

Macros

Macros used on regular sequences or sequence items:

uvm_create ( i tem_or_se que nce ) Performs ONLY the create
sequence action on an item or
sequence using the factory.

uvm_declare3_sequencer (

sequencer)
Declare a variable
p_sequencer, which points
to the sequencer.

' uvm_do ( it em_or_s equen ce ) Performs all sequence actions
on an item or sequence. Sets
priority to -1.

'uvm_do¡>ri (

item or sequence,priority)
Same as 'ur¡m do bt¡t
assigns a priority.

'uvm_do3ri_with (

item_or_sequence, priori ty,
{constraint-block} )

Same as 'uvm do with but
assigns a priority. -
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'urm_do_with (

item_or_sequence,
{ constraint.-bl-ock }

Performs all sequence actions
on an item or sequence using
the specified constraints for
randomization. Sets priority to
-1.

'uvm_rand send(
item or sequence)

Similar to 'ur¡m_do but skips
the create stage. Sets prior¡ty
to -1.

'uvm_rand_send¡rri (

item or sequence, príority)
Same as 'ur¡m rand send
but assigns a priority. -

' uvrn_ra nd_send3ri_wi th (

item_or_sequence,
priority,
{constraint-block} )

Same as
'ur¡m rand send with but
assigns a priority. -

uvm_rand send_with (

item_or_sequence,
{ constraint-b1ock }

Similarto 'u¡¡m do with but
skips the create staç. Sets
priority to -1.

uvm_send ( item_o r_s equ enc e ) Similar to 'uvm_do but skips
the create and randomization
stages. Sets priority to -1.

uvm_seadpri (

item_or_sequence, prÍ ori ty)
Same as 'ur¡m send but
assigns a priority.

Macros used only with virtual sequences:

uvm_do_on (

item_or_sequence, sequencer )

Performs all sequence act¡ons
on a sequence started on the
specified sequencer. lts parent
member is set to this
sequerìce. Sets priority to -1.

'uvm_do_on_with (

item_or_sequence, sequencer,
{constraints-bÌock} )

Same as 'ur¡m do on but
uses the specified cõnstraints
for randomization.

'uvm_do_on3ri (

item_or_sequence, sequencer,
priority )

Same as 'uvm do on bú
assigns a prionty.

' u\¡m_do_onJri_wi tl¡ (

itêm_or_sequence, sequencer,
priority, {constrainÈs-bfock}

)

Same as 'ur¡m do on bttt
assigns a priority and adds
constrairfs.

uvm_create_on (

item_or_sequence, sequencer )

Creates sequence, assigrìs
parent sequence, and
associated sequêncer.
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Example

// Examples of 'wm-do and 'uvm-do-with

class example_sequence extends
uvm sequence # (exampfe_sequence_item) ;

task bodyO;
// Send the sequence item to the driver
'uvm do( req )

// Send item again, but add constraints
'uvm_do_with ( req,

{ addr > 0 && addr < \hffff; })
endtask : body

endcfass : example_sequence

// Examples of 'uvm-create and 'wm-rand-send

class f ixed_size_sequence extends
uvm_sequence * (example_sequence_item) ;

task body O ;

/ / Allocale the sequence item
'uvm create ( reg )

// Modify the sequence item before sending

req.size = I28;
req.size. rand_mode (0) ; // No randomization

// Now send the sequence item
'uvm_rand_send ( req )

endtask : body
endclass : fixed_size_sequence

/ / Êxample of 'uvm_do_on in a virtual sequence

class virtual sequence extends uvm_sequence;
'uvm obj ect_utils (virtual-sequence)
' uvm_dec f ar e_p_seque nce r (my_s equence r )

wríte_sequence wr_seq;
read sequence rd seqi

task bodyO;
f.ork / / Launch the virtual sequences in parallel

'uvm do on with ( r¡¡r seq'
p sequencer.seqr at
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{ ParitY :: l; addr > 48; })

a

-uvm_do_on_with ( rd_seq,
p_sequencer. seqr_b,
{ width := 32ì type :: LONG, })

j oin
endtask : body

endcfass : virtual sequence

Tips

A variable used in a macro for an item or sequence only needs to be
declared; there is rþ need to allocate it using new ( ) or
create obj ect ( ) .

Gotchas

¡ Do not use a semicolon after a macro.

o Take care to use a semicolon after the last constraint in a macro's
constraint block.

. lf you overr¡de a pre/mid/pos!_do callback in the situation where a
sequence starts another sequence, it is the callback of the parent sequence
that gets called, not the callback of the child sequence being started.

See also

Seq uence; uvm_sequence; Vi rtual Seq uences; uvm_seq uencer
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Class wm-sequence item is derived from uvm-transaction and is used to
represent the most bas¡c transaction item within a sequence.

uvm_sequence_item should be used for userdefined transactions instead of
uvm_transaction. When sequences are executed, they generate one or
more sequence items, which the sequencer passes through its consumer
interface to the driver's producer interface. The driver calls the

get_next_iten and item_done functions provided by its

uvm_seq_item_port to pull the sequence items from the sequencer.

Note that uvm_sequence and uvm-sequence-f ibrary ultimately derive from

uvm_sequence_item. ln other words, a sequence is a sequence item and so

is a sequence library; therefore, uvm-sequence and uvm-sequence-fibrary
inherit the uvm_sequence_item's methods.

When a sequencer creates a sequence, it gives it a unique integer identifier'

uvm_sequence_item has member f unctions that enable this identifier to be set

and returned. By default, the sequence identifier and other information aboú the

sequence is not copied, printed, or recorded. This behavior can be changed by

setting a sequence info bit.

Declaration

cfass uvm_sequence_item extends uvm_transaction;

Methods

function new(
string name : "uvm_sequence_item") ;

Constructor

function void set_itern_context (

uvm_sequence_base parent_s eq'
uvm_sequencer_base sequencer =

null-);

Sets the sequence and
sequencer context for a
sequence ¡tem.

function void
set_use_aequence_info (bit vafue ) ;

Sets sequence info bit.
Controls whether
sequence ir¡formation
is printed, copied or
recorded.

function bit
get_use_sequence_info ( ) ;

Returns cunerf val¡æ
of sequence info bit.

function void
set_id_info (urrm_sequence_item iten) ;

Copies sequence lD
and transaction lD
between sequence
items. Should be called
by drivers to ensure
response matches
request.
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function voÍd set_seçJuencer (

uvm sequencer base sequencer);
Sets the sequencer for
the sequence item (nof
needed when using
sequence action
macros).

f unction uvm_sequencer_ba se
qet_sequence! ( ) ;

Returns the sequencer
for the sequence item.

function void setJarent_sequence (

uvm sequence base parent) i
Set the item's parent
sequence.

f unction uvm_sequen ce_bas e
getjarent_sequence ( ),.

Get the item's parent
sequence.

virtual- function bit is ite¡nO t Returns 1. Used to
distinguish sêquences
from sequence_items.

function void set_depth (

integer val-ue) ;
Sets depth of
sequence item (for
example, 1 fora root
sequence item, 2 for a
child sequence item,
etc.).

function integer get_depthO ; Returns depth of a
sequence item from its
parent.

function string get_full_nane O ; Get the hierarchical
sequence name
(sequencer and parent
sequences).

function string
get_root_sequence_neme ( ) ;

Returns top-most
seque¡ìce name.

function uvm_sequence base
get_root_Eeguence O t

Returns reference to
top-most sequence.

function string get_sequence¡rath ( ) ; Get the sequence
name (including its
parent sequences).

Members

bit print_sequenca info : 0; lf l, sequence specific
information is printed by item's
printQ function (set to I
aúomatically by sequence
macros).

220 Copyr¡ght@2013 by Doulos Lld. Allri¡hts Þswed.



uvm_sequence_item

Example

typedef enum { Rx' TX } kind_t,
class my_seq_item extends uvm_sequence_itemi

rand bit [4:0] addr,'
rand bit [31:0] data;
rand kind_t kínd;
// Constructor
function new ( string name : "my_seq_item" );

super.new ( name );
endfunction : new

// Register with UVM factory and use field automation
'uvm_object_utils_begin ( my_seq_item )

'uvm_field_int ( addr, UVM_ALL_ON + UVM_DEC)

'uvm fiefd int ( data, UVM_ALL_ON + UVM_DEC)

'uvm_fie1d_enu ( kind_t' kind' UVM_ALL_ON )

' uvm_obj ect_utif s_end
endcfass: my_seq_item

Tips

Use the sequence action macros like 'uvrn_do and 'uvm_do_with to
automatically allocate and generate the uvm_s equenc e_i tem.

lf a sequence item is created manually using new O, then set
print_sequence_info = I to see sequence specific information (this is

automatically set when a sequerìcer executes a defauft sequence).

The get_sequence_path function returns a string containing a trace of
the sequence's hierarchy, wh¡ch can be useful in debug and error
messages.

Gotchas

The member funct¡on is_item O is declared virtual, but is not intended to
be overridden except by the UVM machinery.

The uvm_sequence_item constructor does not take the same arguments

as the uvm_transaction constructor. Be careful to note the difference
and call super . new ( ) with the correct arguments!

See also

uvm_transact¡o n; uvm_sequence; uvm-sequencer; Sequencer lnterface and

Ports; Sequence Action Macros

a

o

a

a
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The uvm_sequence_Library is a sequence (uvm_sequence) that contains a
list of registered sequence types. lt can be configured to create and execute
these sequences âny number of times us¡ng one of several modes of operation,
including a userdefined mode. When started (as any othersequence), the
sequerìce library will randomly select and execute a sequence from its
sequences queue, depending on the sefection_mode chosen.

The convenience class uvm_sequence_library_cfg is provided to make
configuration of sequence libraries more straightforward.

The macro 'uvm_add_to_seq_tib simplifies the task of adding sequences to
sequence libraries.

Declaration

t!.pedef enum {

UVM-SEQ-LIB-RAND,

UVM-SEQ_LIB_RANDC,

uVM-SEO_LIB-ITEM,
UVM-SEQ_LIB_USER

) uvm_sequence_lib_mode,.

cfass uvm_sequence_library # (type Reo=uvm_sequence_item,
RSP:REQ)

extends uvm_sequence # (REQ,RSP) ;

class uvm_sequence_fibrary_cfg extends uvm object;

Methods

uvm_sequence_library

virtuaf function int unsigned
select_sequence (

int unsigned max);

ln UVM_SEQ_LIB_USER
mode, returns index of the
next sequence to execute.

static functíon void
add_typewide_sequence (

uvm_object_wrapper seatype) ;

Registers a sequence type
with the library - affects all
instances of the class.

static function void
add_typewida_sequences (

urrm_object_hrrapper seq_types [$] ) ;

Registers the sequence
types with the library -
affects all instances of the
class.

function void add sequence (

uvm_obj ect_hrrappêr seq_type) ;
Registers the sequence type
with an instance of the class.

virtual function void
add_sequences (

uvm_object_wrapper seq types [$] );

Registers the sequence
Çpes with an instance of the
class.
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virtual- function void
re¡ûove_sequence (

uvm_object_wrapper seq_type) ;

Remove the sequence from
the library.

virtuaf function void
get_sequences (

ref uvm_ob ject_wrapper
seq types [$] ) ;

Get list of sequerìces in the
library.

function void
init_sequence_library ( ) ;

Must be called by subclass
constructor.

uvm_seq uence_library-cf g

Members

function new(
string name : "",
uvm sequence_fib_mode

mode : WM_SEQ_LIB_RAND,
int unsigned min : 1,
int unsigned max : l0);

Constructor,

uvm_sequen ce_f ib_mo de
selection mode;

The mode used to select
sequences for exect¡tio n.

int uns igned min_random_count:1 0 ; The minimum numberof
items to execute.

int uns igned ¡¡ax_random_count=1 0,' The maximum numberof
items to execute.

rand int unsigned seguêr¡ce_counti The number of items to
execute.

protected int unsigned
sequer¡ces_executedi

Number of sequences
execúed (not including
current sequence).

rand int unsigned select rand,' ln UVM_SEQ_LIB_RAND
mode, the indexofthe next
sequence to execute.

randc bit [15:0] select randc; ln UVM_SEQ_LIB_RANDC
mode, the index of the next
sequence to execute.

protected urrm_ob j ect_wrapper
sequences[$];

All registered sequence
types.
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a

Macros

Selection Modes

Rules

When extending uvm_sequence_library, the constructor must call
ínit_sequence_library ( ) .

When extendi ng uvm_s equence_l ibrary, the macro
' uvm_sequence_library_utif s must be used.

Example

class my_seq_lib extends uvm_sequence_library #(my_item) ;
' uvm_ob j ect_ut iI s (my_seq_l ib )

' uvm_sequence_library_uti1 s (my_s eq_l ib )

function new(string name:"") i
super.new(name);
inít_sequence_library ( ) ;

endfunction

endc fas s

lndividual sequence types may then be added to the sequence library, by type,
using the'uvm_add_to_seq_l-ib macro:

class my_seq extends uvm_sequence #(my_item) ;
' uvm_obj ect_utif s (my_seq) ;
'ur¡m_add_to_seq_1ib (my seq, my seq l-ib)

endc l-as s

uvm_sequence_libra ry_uti ls ( TYPE ) All sequence libraries must
use this macro.

uvm_add_to_seq_fib (

TYPE, LIBTYPE)
Adds the sequence TYPE to
the sequence library
LIBTYPE.

UVM SEO LIB RAND Random sequence selection

UVM SEQ LIB RANDC Random cyclic sequence selection.

UVM SEO L]B ITEM Emit only items, no sequence execution.

UVM-SEO-LIB-USER Apply a user-defined random-selection
algorithm -causes select sequence to be
called.
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Here is a test that uses the sequence library:

cfass my test extends uvm_test;

function void bui.ld_phase(uvm-phase phase) ;

uvm_sequence_librarY_c f g cf g ;

super. build_Phase (Phase ) ;

/ / Creale an ¡nstance of the configuration convenience class

cfg : tt""("seqlíb_cfg", UVM-SEQ-LIB-RANDC' 1000, 2000) ;

uvm_config_db * (uvm_sequence-Iibrary-cfq) : :set (

nulf,
" * . env. agent. sequencer. main-phase"'
"defauf t-sequence . conf ig'r,
cfg) ;

/ / Configure the sequence library and cause it to be run on a sequencer -
/ / ilis a sequence and is run in exactly the same way, either by setting

/ / ttre sequencer's default-sequence or starting it manually.

uvm_config_db # (uvm_sequencer-base) : : set (

this, " * . my-sequencer .maín-phase",
"def au.It_sequence " '
my seq_lib: :tYPe-id: :get O ) ;

See also

Sequence; uvm-sequence; uvm-sequenoe-item; wm-sequencer
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The sequencer controls the flow of u\nn_sequence_item transactions
geneEted by one or more uvm_sequence sequences. A sequencer is
connected to a driver using a TLM export. A sequencer randomizes sequerìce
items and sends them to the driver.

Avirtual sequencerincludes references to subsequencers, which are configured
by a higher-level component, typically the testbench. These subsequencers
may themselves be virtual sequeÍìcers or (driver) sequencers. A virtual
sequencer ¡s not connected directly to a driver.

uvm_sequencer is used for both sequencers and virtual sequencers.

A sequencer may be configured with a default_sequence. lf so, the
sequencer will start the sequence automatically. By default, a sequencer will not
generate sequences; either a default_sequence must be configured, or
sequences must be started manually on the sequencer.

A sequencer can be configured to generate different sorts of transactions, using
the factory.

uvm_sequencer implements a pull semantic: the driver pulls transactions
(sequence_items) from the sequencer. uvm_push_sequencer uses a push
semantic: the sequencer pushes transactions to the (push) driver.

Declaration

cfass ur¡m_sequencer_base extends uvm_componenti

clas s uvm_sequencer_param_ba se
#(type REo = uvm_sequence_item, type RSp : REe)
extends uvm_sequence r_base ;

class uvm_sequencer #(type REQ : uvm_sequence item,
RSP = REQ)

extends uvm_sequencer_param_base # (REe, RSp) ;
clas s uvm_push_sequencer

#(type REO = uvm_sequence item, RSP = REQ)

extends uvm_sequencer_param_base #(REo, RSp) ;

typedef enum {SEQ_TYPE_REQ, SEo TypE LOCK, SEe TypE GRAB}
seq_req_t;

typedef ênum {SEQ_ARB_FIEO, SEQ_ARB_WEIGHTED,

SEO_ARB-RANDOM, SEQ_ARB_STRICT_FIFO,
SEQ_ARB-STRICT RÃNDOM, SEO ARB USER}

SEQ_ARB_TYPE;

Methods

uvm_sequencer_base
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function new(string name,
uvm component Parent);

Constructor

function bit is-child(
uvm_sequence_base Parent'
uvm sequence-base child );

Returns 1 if cnírd is child
of parent.

virtual function integer
user¡>r iority-arbitration (

integer avaii--sequences [$] );

Called if arbitration mode =
SEQ_ARB_USER to arb¡trate
between sequences.
Default behavior is
SEQ-ARB-FI FO.

virtuaf task execute item(
uvm sequence_ítem item) ;

Cause sequencer to execute
item.

virtual function void
Etertjhase-sequence (

uvm_phase phase) i

Start the default sequence
for this phase, if anY.

virtual task wait-foa-grant (

uvm_s equence-base sequence-Ptr,
int item-PrioritY = -1,
bít fock request:0 )t

lssues request for sequence
and wa¡ts unt¡l granted.

virtual task ¡rait-for-item-done (

uvm_sequence-base sequence-pt r'
int transaction id);

Waits until driver calls
item done orput.

function bit is-blocked(
uvm sequence base sequence-Ptr);

Returns 1 if sequence is
blocked.

function bit has-lock (

uvm_sequence-base sequence-ptr ) ;
Returns 1 if sequence has a
lock on this sequencer, 0
otherwise.

virtual task lock(
uvm_sequence-base sequence-ptr ) ;

The given sequence locks
the calling sequencer, or
blocl<s until it can (see
Gotchas).

virtual task grab(
uvm sequence base sequence-Ptr);

The given sequence locks
the calling sequencer, or
blocks until it can (see
Gotchas).

virtual functíon void unlock (

uvm sequence-base sequence-ptr) i
Unlocks the sequencer

virtuaf function void ungrab (

uvm sequence base sequence-Ptr);
Ungrabs the sequencer

virtual function void
stop_sequences O ;

Kills all sequences running
on this sequencer.
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virtuaf function bit
is_grabbed O ;

Returns I if a sequence is
curently grabbi ng exclusive
access, 0 if no sequence is
grabbing.

virtual function
uvm_sequen ce_bas e
current_grabber O ,.

Returns a reference to the
current grabbing sequence,
nullif no grabbing sequence.

virtual function bit
has_do_awailable ( ) ;

Returns 1 if the sequencer
has an item available for
immediate processing, 0 if
no items are available.

function void set arbitration(
SEQ_ÄRB_Typr vaÏ);

Change the arbitrat¡on
mode. Default mode is
SEQ ARB FIFO.

function SEo_ARB_TYPE
gêt_albitration ( ) ;

Returns the arbitration
mode.

virtuaf task
wait_for_sequences ( ) ;

User overridable task used
to introdrce delta delay
cycles, allowi ng processes
placing items in the
e¡nsumer interface to
complete before the
prod ucer i nterface retrieves
the items.

uvm_seq ue ncer_pa na m_base

virtual function void send_request (

uvm_sequence_base se guence_pt r,
uvm_sequence_item t,
bít rerandomize : 0);

Called after
$rait_fo r_g ran t,
sends transactio n to
the driver.

function REQ get_cuEent_itemO ; Returns the sequence
item being executed.

function int get_num_regs sentO, Returns numberof
requests sent by
sequencer.

function int get_num_rsps_received ( ) ; Returns number of
responses received by
sequencer.

functíon void set num_last_reqs (

int unsignea mai);
Sets size of last
request buffer
(default=1 ,max=1024)

function int unsigned
get_nun_last_reqs ( ) ;

Gets size of last
requests buffer.
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function REQ last_req(
int unsigned n: 0);

Gets the last request
from the buffer (or
posit¡on within buffer)

function void set_num_Iast_rsPs (

int unsigned ¡nax);
Sets size of last
response buffer
(default=1 ,max=1024)

function int unsigned
get_nrun_1ast_rsPs ( ),

Gets size of last
response buffer.

function RSP ].est_rsP(
int unsigned n : 0);

Gets the last response
from the bdfer (or
position within buffer) .

virtual function void
stop_sequences O ;

Kill all sequences and
child sequences
curently operating on
the sequencer.

uvm_sequencer

uvm_push_sequencer

task runjhase (uvm_phase phase) ,' Sends sequence items
on its req3ort.

fllembers

uvm_seq ue ncer-param-base

uvm_sequencer

uvm_seq_item_pulf_inp # (REQ, RSP,
this_type) seq_iteÍi_exPorf ;

Sequence item export
(connects to driver).

uvm_push_sequencer

uvm_bf o cki ng_put_Po rt
# (REQ) reLPort,

Sequence item export
(connects to push-
driver).

Examples

Two examples follow, each using a slightly different coding idlom. The first is a

straightforward environment with a single sequencer. The second shows

communication between two sequencers.

urrm_analysis_export # (RSP)

rsp_e:¡port;
Analysis export that
may be used to send
responses to
sequencer.
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/ / Define a wm-sequence_item
typedef enum { read, write } dir_t,.
class my_seq_item extends uvm sequence item;

bit [3]:0] data;
bit l9:01 addr;
dir t dir;

/,/ Register sequence item with the factory and add the

/ / field automation macros
'ur,rm_ob j ect_utils_begin ( my_seq_item )

'uvm_field-int( data, UVM_ALL_ON )
'uvm_fief ¿l_int( addr, UVM_ALT._ON )

'uvn_field_enum( dir_t, dir, UVM_AIL_ON
' urrm_obj ect_utils_end

endclass: my_seq_item

/ / DeÍine a sequence - geneErtes betwêen I and 20 transactions
class my_sequence extends uvm_sequence # (my seaitem);

rand ínt num_items : 5;
constraint c_num_items { num items > 0; num items <: 20; }

task body;
if ( starting_phase l= nuff )

starting_phase. raise_obj ection ( this ) ;
repeat (num_items)
begin

my_seg item tx;
'uvm_do (tx)

end
if ( startingShase != nulf )

starting_phase. drop objection (this) ;
endtask : body

endcfass

/ / C¡eate a typedefforthe sequencer
typedef uvm_sequencer # (my_seq_item) my,sequencer,.

/ / Connect the sequencer to the driver
class my_env extends uvm env;

my_sequencer
my driver

m_seqr i
m drv;

function void connect_phase (uvm_phase phase) ;
/ / Hook up the sequencer to the driver
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m_drv. seq-item-port. connect (m-seqr. seq-item-export) ;

endfunction : connect Phase

endcfass: my_env

// Create a test
class my_test extends uvm-test;

my_env m_env;

function nel"¡(string name, uvm-component parent) ;

super. nev¿ (name, Parent) ;

endfunction : new

function void buifd-phase (uvm-phase phase) ;

super. bui ld_Phase (Phase) ;

// Use the factory to create the environment

m-env : my-env: stype-id: :create ("m-env" ' this) ;

/ / Set the sequencer's default sequence

urrm_config-db * (uvm-sequence-base) : : set (

nuÌl '
" * . m_seqr. main-Phase",
"default_sequence" '
my_sequence: : tYPe-id: : get ( ) ) ;

endfunction : build-Phase

endclass: my_test

The following example shows communication between two sequencers using a

sequencer interface.

class my-transaction extends uvm-sequence-item; ' "

class my-program extends uvm-sequence-itemi
'uvm obiect utils (mY-Program)

/ / my-proqxam contairìs a dynamic array of my-transactions

my_trànsaction tx-h [ ] ;

/ / Whena my-program object is randomized, a random number (n) of

/ / ¡andomized my_transactions are created and stored in the dynamic array

function void Pre-randomizei
int n = $urandom-range(3, 6) ;

tx h: neÌ"¡[n]i
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for(inti:0;i<n;i++)
begin

tx_hIi] : newi
assert( tx_hIi].randomizeO ) ;

end
endfunction

endclass : my program

class my_program_seq extend.s uvm_sequence g (my_program) ;
' uvm_obj ect_utils (my_program seq)

function new (string name = ',,');
super . new (name ) ;

endfunction: new

/ / C¡eale one my_program item, which contiains n my_tEnsaction items
task body;

my_program tx;
tx : my_program: :type_id: :create (,'tx") ;
start_item (tx) ;
assert ( tx. randomi ze (') ) ì
finish_item ( tx) ;

endtask: body

endcfass : my_program_seq

/ / TIle sequencer for my_transactions contains a uvm_seq_item_pullJcort;
/ / lhe my_proqram sequencer will pull mylerogram items through this
cl-ass my_tx_sqr extends uvm_sequencer # (my transaction);

'uvm_component utifs (my tx sqr)

uvm_seq_item_pu11_port # (my_progran) seq item porti

function new(string name, uvm_component parent) ;
super. new (name, parent) ,.

endfunction: new

function void buifd_phase (uvm_phase phase) ;
seq_item_port = ner^r("seq_itern_port", this) ;

endfunction : build_phase
endclass: my_tx sg.r

class my_tx_seq extends uvm_sequence # (my_transaction) ;
' uvm_obj ect_utif s (rny_tx seq)
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/ / lncludes the p-sequencer member - points to this sequence's sequencer
' ur¡m_dec l-are_p_sequence r (my-tx-sqr)

my_program my_program_h ;

function new (string name = "");
super.new(name);

endfunction: new

task body;
fork

forever
begin

int n;

/ / Gela my-program item from the my-program sequencer using

// the interface that connects itto the my-transaction sequencer

p_se que nce r . s eq-Ítem-p ort . ge t (my-p rog ram-h ) ;

/ / Find oú how many my-trarìsaction items there are

n : my-Program-h . tx-h. size O ;

/ / Createlhe same number here, copy across and generate

for (ínti=0; i<n; i++)
begin

my_transaction txi
tx : my_transaction: :tYPe-id: :create
start*iten ( tx) ;
tx.cmd = my-program-h.tx-hlil .cnd;
tx.addr : my-program-h. tx-htil .addr;
tx.data : myjrogram-h. tx-hlil .datai
finish_item (tx) ;

end
end

j o in_none
endtask: body

endcfass: my_tx_seq
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cfass my_env extends uvm_env;
' uvm_component_ut i ts (my_env)
uvm_sequencer # (my_prograrn )

my tx sqr
my_program_sqr_h;
my tx sqr h;

function void builrt_phase(uvm phase phase);
super. build_phase (phase) ;

/ / Create the sequencers (and other compo nents)
my_program_s qr_h

: uvm_sequencer # (my_program) ::type_id::create (

"my_program_sqr_h", thís) ;
my_tx_sqr_h : my_tx_sqr : :Lype_id: :create (

"my_tx_sqr_h,' , this);

endfunction : build_phase

function void connect_phase (urrm phase phase) ;
/,/ Connect the sequencers' port and export
my_tx_sqr_h. seq_item_port . connect (

my_program_sqr_h. seq_item_export ) ;
// Other component connections

endfunction: connect phase
endcfass: my env

cl-ass my_test extends uvm_test;
'uvm_component_uti.Is (my test)

my env my env h;

functíon new(string name, uvm_component parent) i
super. new (name, parent) ;

endfunction: new

function void buifd_phase (urnn_phase phase),.
super. build_phase (phase) ;
my_env_h : my_env : : type_id : : create ( "my_env_h",

endfunction: build phase

task run_phase (uvm_phase phase);
my_pro gram_s eq program_s eq;
my_tx_seq tx_seq;

this ) ;
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/ / Creale and start a my-tx-seq
tx-seq = my-tx-seq: :type-id: :create ("tx-seq") ;

tx_seq.start ( my_env_h'ny_tx_sqr_h ) 
"

/ / Create and start a my_program-seq
program_seq : my_program*seq: : type-id: : create (

"program_seq");
assert( program_seq.randomizeO ) ;
program_seq. start ( my_env_h.my-program-sqr-h ) ;

phase.phase done.set_drain-time( thís' 30ns ) ;

endtask: run_phase

endcl-ass: my_test

Gotchas

By default, a sequencer will not execute any sequences. You must either

use a de f ault_sequence (see examples above ¡n Tips section) or start a

sequence manually.

The grab and loc k methods both attempt to lock the given sequencer

immediately. Either will block if the sequencer is already locked, in which

case grab goes to the front of the queue and loc k goes to the back of the
queue. When the sequencer is unlocked, the pending grab or lock
nearest the front of the queue will be selected next, passing over any

regular sequence items on the queue, which can only get selected once

there are rìo more pending lock requests.

See also

Sequence; Virtual Sequences; uvm-sequence; uvm-sequence-item;
uvm-driver; Sequence Action Macros; Sequencer lnterface and Ports

a

a
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ln UVM, the passing of transactions between sequencers and drivers happens
through a sequencer interface exporUport pair. A sequencer producing items or
sequences contains a sequence item export, and a driver consuming ¡tems or
sequeiìces contains a sequence item port.

The UVM library provides an interface class and an associated export and port
to handle the communication between sequencers and drivers. The interface is
defined by class uvm_sqr_if_base.

An instance of class uvm_seq_item_puJ-t_port named
uvm_seq_item_port is a member of ur¡m d.river. lt enables the driver to
call interface methods such as get_next_item and item_done, which pull
sequerìce items from the sequencefs item queue.

An instiance of class uvm_seq_item_puf l_imp named
uvm_seq_it em_exp ort is a member of uvm_s equ enc er. lt provides the
implementation of the sequencer interface methods which manage the queuing
of sequence items and sequencer synchronization.

Declarations

virtual- cfass uvm_sqr-if base # (type Tl:ur¡m object, T2:TL) ;

class ur¡m_seq_item_pulf_port #(type REg:itra, tIæe RSp:REe)
extends uvm_port_base # (uvm_sqr_if base # (REO, RSp) );

class ur¡m_seq_item_pull_export # (type REe:int,
type RSP=REQ)

extends uvm_port_base # (uvm_sqr_if_base # (REe, RSp) );

cfass uvm_seq_item_pul-l_inp # (type Reg=1¡¿,
type RSP=REo, type lMp=int)

extends uvm_port_base # (uvm sqr if base # (REe, RSp) );

Parameters

type T1:uvm_object Base type for retrieved item

t]æe T2=T1 Base type for response item

type REQ:int Base type for requested item

type RSP=REQ Base type for response item

type IMP:int Base type for parent component
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virtuaf task get_next_item(
output T1 t);

Blocks until an item is
returned from the
sequencer.

virtual task try_next_item (

output T1 t),
Returns immediately an
item if available,
otherwise, nul/.

virtuaf function void iten-done (

input T2 t: null);
lndicates to the
sequencer that the
driver is done
processirE the item.

virtuaf task weit f,or_seguences O; Calls the
wait_fo r_s equences
task of the connected
sequencer (see
wm_sequencer).

virtual function bit
has do available O;

Returns 1 if item is
available, 0 if no item
available.

virtuaf function voíd
put_resPonse(input 12 Ll ;

Puts a response ¡nto the
sequefìcer queue.

virtuaf task get(output T1 t), Blocks until item is
returned from
sequencer. call
item done before
returning.

virtual task Peek(output T1 t); Blocks until item is
returned from
sequencer. Does not
remove item from
sequencer fifo.

virtuaf task Put(input 12 Ll; Sends response backto
sequencer.

Methods

uvm_sqr_if_base

uvm_seq_item-Pu I Lport

functíon new (string name,
uvm_component Parent,
int min_size=O, int max_size:l);

Constructor

Plus implementatíon of sqr-if-base methods
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uvm_seq_item_¡ru I l_export

function ner (string name,
uvm_component parent,
int min_size:l, int max size=1) i

Constructor

Plus implementation of sqr_if_base methods

uvm_seq_¡tem_pu I l_imp

function nerr (string name,
IMP parent);

Constructor

PIus implementation of sqr_if_base methods

Example

This e><ample demonstrates the use of uvm_seq_item_pul1_port and
uvm_seq_item_puff_imp between a driver and sequencer.

class my_driver extends ur¡m_driver #(my_trans) ;

task run_phase (uvm_phase phase);
forever begin

/ / Pull a sequence item from the interface. We could use get

// instead of get_next_item, in which case we don't need to call

/ / to e.all item_done .

seq_item_port.get_next_ite¡n( req ) ;

/ / Appty transaction to DUT interface

/ / Set the response id and indicate that item is done
rsp : new

rsp. set_id_info (req) ;
seg item_port. item_done ( rsp ) ,

end
endtask : run_phase

endclass : my driver

// Connect the sequencer and driver together
class my_env extend uvm envi

function void connectjhase (uvm_phase phase) ;
my_drv. seq item*port. connect (

my_seqr.seq_item export ) ;
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endfunction : connect phase

endcl-ass : my env

Tips

A driver can call get_next_iten multiple times before indicating item-done
to the sequencer (in other words, there is no one-to-one conespondence of
function calls).

See atso

uvm_driver; uvm_sequencer; Virtual Sequences; uvm-sequence
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uvm_subscriber is a convenient base class for a user-defined subscnber (an
analysis component that will receive transaction data from another component's
analysis port).

A subscriber that is derived from uvm_subscriber must override its Inherited
write method, which will be called automatically whenever a transaction data
item is written to a connected analysis port. The analysis_export member of
a subscriber instance should be connected to the analysis port that produces the
data (typically on a monitor or other verification component).

Declaration

virtuaf cfass uvm_subscriber #(type t : int)
extends uvm_component,.

Methods

Members

function new( string name,
uvm component parent);

Constructor

pure virtual function void write (

transaction type t);
Override this method to
implement your subscriber's
behavior when it receives a
transaction data item.

urrm_analys is_imp
* (transaction_type, this_type)
analysi s_exporÈ;

lmplementation of an
analysis export, ready for
connection to an analysis
port.
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Example

/ / Define a specialized subscriber class. This class does nothing except to

/ / rcporl all transactions it receives.

class examp.le_subscriber extends
uvm_subscriber # (exampfe_transaction) ;

int transaction_count;
function new(string name' uvm_component parent) ;

super.nehr (name, parent) ;

endfunction
function void write (example_transaction t);

'uvm_info ("lilRITE", $sformatf (

"Received transaction number ?0d: \n%s"'
transaction_count++' t.sprintO ), UVM_NONE )

endfunction
endcÌas s

/ / lnlhe enclosing environment class:

c.Iass subscriber_test_env extends uvm_envi
example_subscriber m_subscriber ;

example monitor m_monitor; / / see arfrble uvm-mon¡tor

function void buifd_phase (uvm_phase phase) ;

m_monitor

m_subs criber

: example_monitor: :type_íd: :create (

"m_monitor",this);
: examp]-e_subscriber : :type_id: :create (

"m subscriber"' this) ;

endfunction
function void connect_phase(urrm_phase phase) i

/ / Connecl monito/s analys¡s port (requires)

// to subscriber's export (provides)

m_monitor.monitor_ap. connect (

m_subscriber. analysis_export ) ;

endfunctíon

endclass

Use uvm_subs criber as the base for any custom class that needs to

monitor a single stream of transactions. Typical uses include coverage

collection, protocol checking, or data logging to a file. lt is not appropriate

lips
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a

for end-to-end checkers since these typically need to monitor transaction
streams from more than one analysis port (see Gotchas below). For such
applications, one of the built-in comparator components such as
uvm_in_order_cf a ss_comparator Of
uvm_al gori thmi c_compar ato r may be a ppropri ate.

Gotchas

Unless one of the built-in comparator components meets your need, a
component that needs to subscribe to more than one analysis port must be
created as a specialized extension of uvm_component with a separate
urrm*analys is_export for connection to each analysis port that will
povide data. Classes derived from uvm subscriber are applicable only
for monitoring the output from a single analysis port (but note that a custom
comparator could contain multiple subscriber members that implement the
write function for each of its analys is_exports).

The argument for the overridden hrrite function MUST be named "t,'.a

See also

wm_i n_order_*_comparator; wm_analysis_export
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A class derived from ur¡m_test should be used to represent each test case. A
test will create and configure the environment(s) required to verify particular

features of the device under test (DUT). There will typically be multiple test
classes associated with a testbench: a single test object is created from one of
these at the start of each simulation run. This approach separates the testbench

from individual test cases and improves its reusability. uvm_test is itseJf

derived from uvm_component so a test may include a run_phase task. A test
class is sometimes defined, but never explicitly instantiated, in the top-level
testbench module (a test class cannot be defined in a package if it needs to
include hierarchical references).

The uvm_top. run_test task or the global run_test task is called from an
initiaf block in the top-level testbench module to instantiate a test (using the
factory) and then run it (run_test is a wrapper that calls
uvm_top. run_test).

The test's build_phase method creates the top-level environment(s).

The simulator's command-line plusarg +uvtt_TnSTNAME: te stname specifies
the name of the test to run (a name is associated with a test by registering the

test class with the factory). lf this plusarg is not used, then the test_name
argument of run_test may be used to specify the test name instead. lf no test
name is given, no test or env¡ronment will be created and a fatal message will be

issued.

Configuration and/or factory overrides may be used within the test to customize

a reusable test environment (or any of ¡ts cÆmponents) withottt having to modify
the environment code.

Declaration

virtuaf cfass uvm_test extends uvm_component;

Methods

function new ( string name'
uvm component parent) i

Constructor

Also, inherite d methods íke bui I d_phas e, conf i gu re_pha se,

connect_phase, âftd run_pha se.
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Example

This example shows a test being defined and run from a topJevel module.

module top;

class testl extends uvm test;

function void build_phase (uvm_phase phase) ;

/ / C¡eale environment
endfunction: build phase

function void connect_phase (uvm_phase phase) i
/ / Connect test environment's virtual interface to the DUT's interface
m_env.m_mon.m_bus_if = tf . cpu_if .non;

endfunction : connect_phase

task run_phase (urrm_phase phase) ;

/ / Call methods in environment to control test (optional)

endtask: run phase

// Register test with factory
'uvm_component_utifs ( testl )

endclass: testl

initial begin
run test("test1"); / / Use testl by default

/ / Can override usir€ +uvM TESTNAME

end

// Contains DUT, DUT interface, clocldreset, ancillary modules etc.
test harness tf O;

endmodule

Tips

Write a new test class for each test case in your verification plan.

Keep the test classes simple: functionality that is required for every test
should be part of the testbench and not repeated in every test class.

It is a good idea to start with a "default" test that provides random stimulus
before spending time developing more directed tests.

a

a
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a

a

a

a

Use the connect phase metl'od to connect the virtual interface in the

driver to the DUT's interface.

The name of thetest instance is "uvm test top".

Gotchas

Do not forget to register the test with the factory, using
' uvm_component_utif s.

Do not call the set_inst_override member function (¡nherited from

uvm component ) for a top-level test.

See also

wm_env; Conf iguratio n; wm-factory
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TLM imp ports require the target method to be defined or implemented in the
class a port is instantiated. For example, a class that uses a uvm_put_imp port
must implement the conesponding put method. A problem arises, however, if
more than one imp port is used which require the same method to be
implemented. To work around this, UVM defines a set of macros that can
uniquify the name of the imp method with a custom suffix. For example,

' uvm_put_ímp_decf (_usb )

creates a custom TLM put port called uvm_put_imp_usb, which requires a
method called put_usb. By us¡ng these customized TLM ports, multiple
implementations can exist in the same component, and these customized ports
can still be connected to the default TLM port and export types.

Macros

These macros create TLM ports of the same name (without the_dect) with the
sü¡'r'rx appended to the end of the name.

' u¡¡m bl- ocking_put_ímp_dec 1 ( SUf'¡'IX)

' uvm_nonblockingSut_imp_dec I ( S UFF I Xl

' uvm_pu t_imp_de c 1 ( S UF¡'IX)

' ur¡m_bf ock ing_ge t_imp_dec 1 ( S UFFIX)

' ur¡m_nonb1 ocking_ge t_imp_dec.l ( S UFF I Xl

' ur,rm_ge t_imp_dec l- ( S UF¡'fx)

' u¡¡m_bl- ock ing_peek_imp_de cl- ( SU F F I X )

' ur¡m_bl ocking_get_peek imp_decl ( SU FFr X't

' ur¡m_no nbl ock ing_ge t_pee k_imp_dec I ( S U FF I X)

'ur/m_ge È_peek_imp_dec1 ( SUFFI X't

' ur¡m_bl ocking_ma ste r_imp_dec 1 ( S UFF I Xl

' ur¡m_nonbf ock ing_ma ste r_imp_dec I ( S U FF I Xl

' uvm_ma ste r_imp_decl ( SUFF I X\

' u¡¡m_bl ocking_s.l ave_imp_decl ( SU FF I X)

' uvm_nonbf ockíng_s1 ave_irnp_decl ( SU FF I X\

' ur¡m_s Iave_imp_decl ( SU FF I X)

' uvm_bl ocking_transpor t_imp_dec I ( S UFF I X)

' ur¡m_nonbl- ocking_transport_imp_decf ( SU¡'¡'JX)

' uvm_transport_imp_dec I ( S UFF I Xl

'uvm_analysis imp decl (SU¡'¡'IX)
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Example

Declaring two analysis ports inside of a scoreboard

' urrm_analysi s_imp_decf (_ahb)
' urrm_analysis_imp_decf (_pc j- )

cfass fuflchip_sb extends uvm*scoreboard;

uvm_analysis_ímp_ahb # (ahb_trans, fullchip_sb) ahb_ap;
uvm_analysis_inp_pci *(pci_trans' fullchip_sb) pci_ap;

function voíd write_ahb (ahb_trans t) {

/ / AHB implementation

expected_queue.push_back ( compute_result (t) ) ;

l

function void write_pci (pcí_trans t) {

/ / PCI implementation

assert ( t.compare( expected_queue.pop_frontO )) el-se
'uvm error("FULLCHIP SB", "Actuaf !: Expected!")

endclass

lips

Include a separator like an underscore before the su¡'¡'rx name to make

the new TLM port names more readable.

Place these macros in a package to avoid namespace collisions and to
make it eas¡er to share the new, customized TLM ports.

Gotchas

o Be careful to not call the same macro with the same suffix in the same

context or namespace coll¡sions will occur.

See also

TLM-1 Ports, Exports and lmps

o
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UVM provides a set of interface methods (not to be confused with SystemVerilog
interfaces) that provide standard transaction-level communication methods for
ports and exports (they are based on the SystemC TLM-1 library). These
methods exist in "blocking" and "non-blocking" forms. Blocking methods may
wait before returning and are always tasks. Non-blocking methods are not
allowed to wait and are implemented as functions. The interface methods are
virtual tasks and functions that are not intended to be called directly by
appllcations. (They will issue an errcr message if they are called.)

Three types of operation are supported. The semantics are as follows:

o Putting a transaction into a channel, e.g. a request message from an
initiator. This adds the transaction to the current channel but does rrct
overwrite the existing contents.

c Getting a transaction from a channel, e.g. a response message from a
target. This removes the transaction from the channel.

. Peeking at a transaction in the channel withor.rt removing it.

Unidirectional "blocking interfaces" contain a single task. Unidirectional "non-
blocking interfaces" contain one function to access a transaction and typically
one or more other functions to test the state of the channel conveying the
transaction. For convenience, "combined interfaces" are provided which include
all of the methods from related blocking and non-blocking interfaces.

Bidirectional interfaces combine a pair of related unidirectional interfaces so that
request and response transactions can be sent between an initiator and target
using a s¡ngle bidirectional channel.

TLM-1 ports and exports are associated with each of the TLM-1 interfaces. They
provide a mechanism to decouple the initiator and target of a transaction,
providing encapsulation and improving the reusability.

The type of transaction carried by an interface, port or export, is set by a type
parameter.

Declarations

virtual cfass uvm_tlrn_if_base # (type T1 : int,
type T2 : int);

Methods

virtua.l task put(input T t) ; Blocks until t can be
accepted

vírtua1 task get(output T t),. Blocks until t can be fetched

virtua.l task peek(output T t), Blocks until t is available
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virtual function bit tryjut(
input T t) t

Returns 1 if successful,
otherwise 0

virtual function bit canJut O ; Returns 1 if transaction
would be accepted,
otherwise 0

virtual function bit try-get (

output T t);
Returns 1 if t successful,
otherwise 0

virtual function bit can-getO; Returns 1 if transaction is
available, otherwise 0

virtuaf functíon bít tryJeek(
output T t);

Returns I if successful,
otherwise 0

virtual function bit canieêkO, Returns I if transaction is
available, otherwise 0

virtuaf task transPort (

input Tl request,
output T2 response ) i

Blocks until request
accepted and response is
returned

virtuaf function bit
r¡b_transPort (

input T1 request'
output T2 resPonse);

Returns'l if request
accepted and resPonse
returned immediatelY,
otherwise 0

virtuaf function void write(
input T t) t

Broadcasts transaction t to
listeners.

Example

Declaring port to connect to ur¡n-tlm-req-rsp-channel

uvm_master_port # (my-req'my-rsp) m-master;

Calli ng uvm-tlm-req-r sp-cha nne l- methods via port:

m_master.put (reql) ;

m master.get (req1) ;

Use of master imp and slave-imp in uvm-tlm-req-rsp-channel to
implement exports:

cl-as s uvm-tLm-req-r sp-channe I
# ( type REQ = 1tt¡ , tYPe RSP : REQ )

extends uvm comPonenti

typedef urrm tlm-rearsp-channel #( REQ , RSP ) thís-type;

protected uvm-tÌm-fifo #( REQ ) m-request-fífo;
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protected u¡¡m_tlm_fifo +( RSp ) m response fifo;

uvm_master_imp
#( REo, RSP, this_type, uvm_t.tm*fifo #( REe )

uvn_tÌm_fifo #( RSp ) ) master exporti

uvm_slave_imp
#( REQ , RSP ,this_type ,uvm_ttm_fifo #( REO )

u¡¡m_tl-m_fífo +( RSp ) ) slave exporti

Exports instantiated in function called from uvm tfm ,req_rsp_channel
constructor:
master_export : new( "master_export" , this ,

m_reguest_fifo, m_response fifo );

slave_export : new( "sfave_export" , this ,
m request fifo , m response fifo );

It is often easier to use the comb¡ned exports when creating a channel
s¡nce these can be connected to blocking, non-block¡ng, or combined ports.

Gotchas

Remember that the export that provides the actual implementation of the
interface methods should use uvm_*_imp ratherthan uvm *export.

A wm_*_imp instance requires a type parameter to set the type of the
class that will define its interface methods (this is often its parent class).
This object should also be passed as an argument to its constructor.

See also

wm_tlm_fifo; TLM-1 Ports, Exports and lmps

Tips

a

a

a
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UVM porfs, exports and imps are classes that are associated with one of the

UVM TLM-1 interfaces.

Ports and exports are used as members of components and channels derived

from uvm_component. They provide a mechanism to decouple the initiator and

target of a transact¡on, providing encapsulation and improving the reusability.

lnterface methods can be called as memberfunctions and tasks of a port. The
implementations of the interface methods are not defined within the port class -
the port passes on the function and task calls to another port or an export

instead. Ports, therefore, "require" a connection to a remote implementation of
the interface methods. Exports are classes that (directly or indirectly) "provide"

the implementation to a remote port. A UVM rmp is an export that contains the

functional implementation of the interface methods. lt is used to terminate a

chain of connected ports and exports.

ln addition to the methods required by a particular interface, all ports and exports

have a common set of methods that are inherited from their uvm port base
base class (see uvm-port-base).

The type of transaction carried by a port or export is set by a type parameter.

A port of a child component may be connected to one or more exports of other

child components (usually at the same level in the hierarchy), orto one or more
ports of its parent component. Within a component, each export that is not an

imp may be connected to one or more exports of child components. The

minimum and maximum number of interfaces that can be provided/required by a

porVexport is set by a constructor argument.

Port and export binding is achieved by calling the port's/export's connect
function. The connect function takes a single argument: the port or export that
provides the required interface:
p_or_e_requires . connec L (p-or-e-provìdesl . The order in which

cãnnéct functions are called does not matter - bindings are resolved at the end

of the connect phase.

A unidirectional TLM port can be connected to any unidirectional TLM export that
has an identical transaction type parameter (since all TLM interfaces share a

common uvm-tf m_i f_base base class). However, a run-time error will be

reported when an interfacp method required by the port is called if that method is

not provided by the connected export.

The class name of a TLM port, export, or imp is based on the type of the TLM

interface it implements; for example, the ur¡m-blocking-put-port can call

the put task defined in uvm_t lm-i f-base. Every TLM interface has a

corresponding port, export, and imp. The complete set is listed below.

Blockin g unidirectional interfaces

uvm_b1o cki ng_put_Po rt
uvm_blo cki ng_get_Po rt
uvm_blo cki ng_pee k_P ort
ur¡m_bfo ckí ng_get_pe e k_Por t

Copyr¡ght@2013 by Doulos Ltd. All r(¡hts rewed. 251



TLM-1 Ports, Exports and lmps

ur¡m_bl-o cki ng_put_expor t
u¡¡m_b I o c ki ng_ get_expo r t
uvm_blocking_pee k_expo rt
uwm_b.Iocking_get_peek export

ur¡m_b.l o c k i n g_put_imp
uwm_bl- o cki ng_get_ímp
uvm_bf o c ki ng_pee k_imp
ur¡m_b.l o c ki ng_ get_pe e k_inp

Non-blockin g unid irect¡onal interfaces

ur¡m_nonb f o c ki n g_put_po r t
uvm_nonbf o c ki n g_get_po rt
uvm_nonbf o cki ng_pee k_port
uvm_nonbfo cki ng_get_pe ek_por t

uvm_nonbf o c ki ng_put_export
ur¡m_nonb 1 o c k i n g_ ge t_expo r t
uvm_nonbf o c ki n g_pee k_e xpo rt
uwm_nonblo c ki ng_get_pe e k_export

ur¡m_n onb 1 o c ki n g_pu t_imp
uvm_nonblocki ng_get_imp
ur¡m_nonbf o c ki ng_pee k_imp
uun_nonbfo c ki ng_get_pe ek_ímp

Gombined lnterfaces

uvm_put_port
uvm_get_port
urrm_peek_port
uvm_get je ek_port

uvm_put_export
uvm_get_export
urrm_pee k_expo rt
uvm_get_pe e k_expo rt

ur.rm_put_imp
uvm_get_ímp
ulrm_peek_imp
urrm_get_pe ek_imp
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Bidirectional Interfaces

uvm_bf o cki ng_mas te r_po rt
ur¡m_nonbf o cki ng_mas te r_po rt
uvm master_port

ur¡m_b I o c ki n g_ma s te r_exPo r t
uvm_nonblo ckí ng_mas ter_exPort
uvm*mas ter_export

uvm_blocking_mas ter_imp
ur¡m_nonb.lo c ki ng_ma s te r_imP
uvm_master_imp

ur¡rn_bf o cki ng_s lave_por t
uvm_no nb l- o c k i n g_s I ave_Po r t
uvm_sIave_port

ur¡m_bL o cki ng_s lave_exp ort
uvm_nonblo cki ng_s lave_exPort
uvm sfave export

uvm_bf o cki ng_s lave_imP
ur¡m_nonb I o c ki n g_ s I a ve_ imP

urrm_slave_imp

uvm_bl-o c ki n g_tra nsp ort_Po rt
uvm_nonb f o c ki ng_ t ra n sp o rt_po rt
uvm_tra nsp ort_po rt

uvm_b1o ckj- ng_t ransp ort_expor t
ur¡m_nonbl o cki ng_t ra nsport_expor t
uvm transport export

uvn_bIo ckí ng_t ransPort_imP
ur¡m_nonblo c ki ng_tra nsp ort_imp
uvm_t ransport_imP

Sequencer interface

uvm_seq_i tem_pu1 l-_P ort
uvm_seq_item_puI l_exPort
uvm seq_item_puf l-_imp
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Declarations

cfass uvm_put_port #( type T : int )

extends uvmjort_base #( uvm tfm if base #(T,T) )

class ur¡m_blocking_put_export +( type t: int )

extends uvm_port_base #( uvm tlm if base #(T,T) );

cfass ur¡m_master_port #( type REQ: irt¡, type RSP: REe )

extends uvm_port_base #( uvm tfrn if base #(REe, RSp) );

class uvm_put_imp # ( type T : int , type IMP : int )

extends uvm_port_base #( uvm tfm íf base #(T,T) );

cfass urrm_master_imp
# ( type REQ : ltta , type RSP = REQ , type IMP : int ¡

IyPE REQ_IMP : IMP , tYPe RSP_IMP : ]MP )

extends uvm_port_base #( ur¡m tf¡n if base +(REe, RSp) t;

class ur¡m_seq_iten_pull_port # (type REo=int, type RSP:REQ)

extends uvm_port_base #(sqr_j-f_base # (R80, RSp) ) ;

(Ihe other port and êxport classes are similarly derived from uvm_porr_base)

Gommon methods for TLM ports and exports

plus methods inherited from uvmJotf_base

Gommon methods for unidirectional imps

function new(string name,
IMP inp) t

Constructor. irnp is handle to
object that implements interface
methods.

Plus methods inherited

function new(string name,
uvm_component. parent,
int min_size : 1,
int max size : 1);

Constructor. min síze and
max size set minimum and
maximum numberof
requi red/provided i nterfaces
respêctively (unlimited = -1).

2il

from uvmltotf_base
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function new(string name'
IMP imp,
REO_IMP req_inP : nulfr
RSP IMP rsp imp = nulf);

Constructor. imp is handle
to object that implements
interface methods

Gommon methods for bidirectional imps

Plus methods inherited from uvmlott-base

Example

A component with a multi-port that can drive an unlimited number of interfaces:

class compA extends uvm-componenti
uvm_bÌocking-put_port # (int) p0,

function new(string name, uvm-component parent) ;

super. new (name, Parent) i
endfunction: new

virtual function void build-phase (ur¡m-phase phase) ;

super. build_Phase (Phase) ;
p0 : new("p0",this, 1, IIVM-UNBOUNDED-CONNECTIONS) ;

endfunction : build_Phase
task run_phase (uvm-Phase Phase);

p0. debug_connected-to ( ) ;

for (int i:1; i<: p0.sizeO t i++) begin
p0.put (i) ;
p0.set_if(i);

end
endtask: run_Phase
' uvm_component_ut ils ( conPA )

endclass: compA

A component that provides the implementation of a single interface

cl-ass compB extends uvm_componenti

uvm blocking_put_ímp # (ínt'compB) put-exporti
function new(string name, uvm-component parent) ;

super. new (name, Parent ) ;

endfunctíon: new

virtual function void build-phase (uvm-phase phase) ;

super. bui ld_Phase (Phase) ;
put_export : new("put-export"' this) ;

endfunction : build_Phase
task put(int val) ; // intertacemethod

'uvm_info ("compB", $sformatf ("Received ?0d",val),
UVM NONE)

endtask: put
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' uvm_component_ut ils ( compB )

endcl-ass: compB

A component that connects port elements to exports locally while passing the
remaining port elements to a higher level port:

class compC extends uvm component,.
compA A,'

compB 800,801;
uvm_blocking_put_port + (int) put_porti
function new(string name, uvm_component parent) ;

super. new (name, parent) i
endfunction: new
virtuaf function void build_phase(uvm_phase phase) ;

super. bui lrl_phase (phase ) ;
put_port : ner4r ("put_port',, this,

1, UVM_UNBOUNDED_CONNECTIONS ) ;
A : compA: :type_id: :create ("4", this) ;
800 : compB: :type_id: :create ("B00",this) t
B0l : compB: :type_id: :create ("B0l",this),

endfunction : build_phase
function void connect_phase (uvm_phase phase) ;

/ / the order here does not matter
4.p0. connect (B00.put_export) t
A. p0 . connect (80 1 . put_export ) ;
4.p0. connect (put_port) ;

endfunction : connect_phase
' uvm_component_ut i.Is ( compC )

endclass: compC

An environment that instantiates compC and further compB components to
provide the required number of interfaces to compA:

class sve extends uvm env;
compc C;
compB 281,82,803ì

function void connect_phase (uvm_phase phase) ;
C.put_port. connect (ZB1 .put_export ) ;
C . put_port . connect (B0 3 . put_export ) ;
C. put_port. connect (B2 . put_export) ;

endfunction : connect_phase
' uvm_component_ut i 1s ( sve )

endclass: sve

Simulation output (note order of outputs):

UVM_INFO G 0: svel.C.A.p0 [Connections Debug]
interfaces from 3 places

has 5
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WM_INEO G

interface
UVM_INFO O

interface
UVM_INFO G

interfaces

interfaces
UVM INFO E

interface
UVM_INEO @

interface
UVM_INFO O

interface
UVM_INFO G

UVM_INEO @

UVM_INFO G

UVM_INFO O

UVM INFO @

0: sve1.C.A.p0 [Connections Debug]
províded by svel. C.800. put-export
0: sve1.C.A.p0 [Connections Debug]
provided by svel.C.B0l.put-exPort
0: sve1.C.A.p0 fConnections Debug]
provided by svel.c.Put_Port

has 1

has 1

has 3

UVM INFO G 0: svel.C.put port lconnections Debug] has 3

has 1

has 1

has 1

from 3 pJ-aces

0: svel.C.put_port IConnections Debug]
provided by svel.B03.Put-export
0: svel.C.put-port IConnections Debug]
provided by svel.82.Put-export
0: svel.C.put-port IConnections Debugl
provided by svel-. ZBl.put-export
0: sve1.B03 [compB] Received 1

0: svel.82 lcompB] Received 2

0: sve1.C.B00 [compB] Received 3

0: svel.C.B01 [compB] Received 4

0: svel-.281 [compB] Received 5

Tips

a

a

lf appropriate, give "producer" and "consume/' components ports and

connect them using a uvm-tlm-f ifo channel. This usually requires less

coding effort than giving the consumer an imp that can be directly

connected to the Producer.

It is often easier to use the combined exports when creating a channel

since these can be connected to blocking, non-blocking, or combined ports'

Gotchas

Remember that the export that provides the actual implementation of the

interface methods should use uvm-*-imp ratherthan uvm-*export'

A uvm_*-imp instance requires a type parameter that gives the type of the

class that defines ¡ts interface methods (this is often its parent class). This

object should also be passed as an argument to its constructor.

The order that interfaces are stored in a multi-port depends on their

hierarchical names, not the order in which connect is called.

The interface elements in a multi-port are accessed using index 1 to sizeQ'

lndex 0 and index 1 return the same interface!

See also

wm-port-base; wm-tlm-f ifo; TLM-1 I nterfaces

a

o

o

a
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UVM's implemerÍation of TLM-2.0 is loosely based on the original SystemC
TLM-2.0 implementation.

ln TLM-1, the primary means of mak¡ng a connection between two processes is
through ports and exports, whereas in TLM-2.0, this done through sockefs. A
socket is like a port or export; in fact, it is derived from the same base class as
ports and exports, namely uvm_port_base. However, unlike a port or export, a
socket provides both a forward and backward path. Thus, you can enable
asynchronous (pipelined) bidirectional communication by connecting sockets
together. To enable this, a socket contains both a port and an export.

components that initiate transactions are called initiators and components that
receive transactions sent by an initiator are called fargefs. lnitiators have initiator
sockets and targets have target sockets.

lnitiator sockets can only connect to target sockets; target sockets can only
connect to initiator sockets.

Target
te.minatat
çorket

lnterconnect componerfs have both target and initiator sockets.

lnitiàtor
term¡natèt
sockÈt

lnitiator
tèaminatèr
*cket

Târget
terh¡nàtor
si¡{èt

ln¡t¡åtrr
têrh¡n¡tor
sðakèt

TãrgÈt
terminetor
s.let

sockets may be terminafors orpassfhrougfrs. passthrough sockets are used to
enable connections across hierarchical boundaries. There can be an arbitrary
number of passthror.rgh sockets in the path between the initiator and target.
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ÞrmlnãtÕr p3ssdìtotglì

Hierarchiel boundarieç

Furthermore, any particular socket implements either blocking interfaces or non-

btocking interfaces. Thus there are eight ditferent kinds of socket (see TLM-2.0

Sockets).

Blocking and non-blocking transport

The SystemVerilog implemerúation of TLM-2'0 provides only the basic transport

interfaces, which are defined in the uvm-tlrn-if class.

Blocking transport (b_transport) completes the entire transaction within a

single method call; non-blocking (nb-transport) describes the progress of a

transaction using multiple nb-transport O method calls going back and forth

between initiator and target.

For blocking interfaces, the b-transport task transports a transaction from the

initiatorto the target in a blocking fashion. The call to b-transport by the

initiator marks the first timing po¡nt in the execúion of the transaction. The return

from b-transport by the target marks the final timing point in the execut¡on of
the transaction.

For non-blocking ¡nterfaces, nb-transport-fhr transports a transaction in the

forward direction, that is from the initiator to the target (the forward path).

nb_transport_brnr does the reverse, it transports a transaction from the target

back to the initiator (the backward path). An initiator and target will use the

forward and backward paths to update each other on the progress of the

transaction execution. Typically, nb-transport-fw is called by the initiator

whenever the protocol state machine in the initiator changes state, and

nb_transport-bw is called by the target whenever the protocol state machine

in the target changes state.

Use Models

Since sockets are derived from uvm-port-base, they are created and

connected in the same way as TLM-1 port and exports. You can create them in

the build phase and connect them in the connect phase by calling

connectjhase O.

lniüêtorlnitiator får8èt
passthrouglr

lårget
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Some socket types must be bound to imps-implementations of the transport
tasks and functions. Blocking terminator sockets must be bound to an
implementation of b_transporr ( ) , for e)€mple. Non-blocking initiator sockets
must be bound to an implementation of nb_transport_bw and non-blocking
target sockets must be bound to an implementation of nb_transport_fw.
Typically, the task orfunction is implemented in the component where the socket
is instantiated and the component type and instance are provided to complete
the binding.

Generic Payload

TLM-2.0 defines a base object, called the generic payload, for moving data
between components. I n SystemVeri lo g, uvm_t tm_ge ne r i c_payt oad is the
default transaction type, but other transaction types could be used. Users may
extend uvm_t f m_ge ner i c_pay toad, for example, to add co nstrai nts.

Generic Payload Extension Mechanism

Extensions are used to attach additional application-specific or bus-specific
information to the generic bus transaction described in the generic payload.

An extension is an instance of a userdefined container class based on the
uvm_tl-m_extension class. The set of extensions for any particular generic
payload object are stored in that generic payload object instance. To add an
extension to a generic payload object, allocate an instance of the extension
container class and attach it to the generic payload object using the
set_extensio n0 method:

gp_Xs_ext Xs : new O;
gp . set_extension (Xs ) ;

Various methods eist for managing extensions.

Example

This e><ample shows how to use a TLM-2.0 socket interface between two
components.

// lnitiator component
cfass initiator extends uvm component;

// Blocking initiator socket
uvm_tfm_b_initiat.or_socket#(my seq item) t.Im2 sock;

' uvm_component_ut i1s ( in iti ator )

function new(string name, uvm*component parent) ;
super.new (name, parent) i
/ / Create the socket
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tfm2_sock : new ("t]m2_sock", this ) ;

endfunction: new

/ / During simulation, use the socket to pass transactions to the target

virtuaf task run_phase (ur¡m_phase phase) ;

my_seq_item rw;
uvm tfm tine deLay : nêwi

phase . rai se_obj ect ion ( this ) ;

rr¡¡ = my_seq_item3 : type_id: : create ("rw", ,
get_ful.l_name O ) ;

/ / Pass a transaction through the socket

tl-m2_sock.b_transport 1rw, delay) ;

phase. drop_objection (this) ;

endtask : run_phase

endcfass: inítiator

/ / largeL component
cfass target extends uvm_componenti

uvm_tIm_b_target_socket # (target, my-seq-item) tfm2-sock"

t uvm_component_ut ils ( ta rget )

function new(string name : "target",
uvm_component Parent : nuII);

super.nehr (name, Parent) ;
tl-m2_sock : new("tfm2_sock", this) ;

endfunction : new

// lmplementation of the blocking transport method. the initiator calls this

// through the socket

task b_transport (my_seq-item rw, uvm-tlm-time defay) ;

// Process the transaction

endtask : b transPort

endc]ass 3 target
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// Environment that instantiates the initiator and target
cÌass tb_env extends uvm component,.

uvm component utj,ls (tb env)

initiator m_initiator;
target m target;

// Construct the environment
function new(string name, uvm_component parent) ;

super. nev,, (name, parent) ;
endfunction : new

/ / Build the initiator and target components
function void buifd_phase (ur.rm_phase phase) ;

m_initiator : initiator: :type_id: :create ('m_initiator,',
this ) ;

m_target : target: :type_id: :create("m_target", this) ;
endfunction : build_phase

/ / Connect the target and the initiator sockets
function void connect_phase (urrm_phase phase) ;

m_initiator. tlm2_sock. connect (m_target. t1m2 sock) ,
endfunction : connect phase

endcl-ass : tb_env

See also

TLM-2.0 Sockets; TLM-2.0 Ports, Exports and lmps
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ln TLM-2.0 interfaces, ports, exports and imps are used as the basis for sockets
(See TLM-2.0 Sockets).

The SystemC TLM-2.0 standard recommends the use of sockets for maximal

interoperability, convenience, and a consistent coding style. The use of ports

and exports directly with the TLM-2.0 core interfaces is not recommended.

Declaration

cl-as s uvm_tlm_b_transportjort
#(type T : uvm_tlm_generíc_payload)
extends uvm_port_base # (uvm_tlm_if # (T) );

c]as s uvm_tlm_nb_transport_f w_port
+(type T = uvm_tl-m_genericSayload,

type P : uvm_tlm_phase_e)
extends ur.rm_port_base # (uvm_tlm_if # (T, P) ) ;

clas s uvm_tlm_nb_transport_bhr_port
# (type T : u¡¡m_tfm_generic_payload,

type P : uvm_t.Im_phase_e)
extends uvmjort_base # (uvm_tfn_if # (T, P) ) ;

clas s uvm_tlm_b_transport_export
#(type T = uvm_tfm_genericaayload)
extends uvmjort_base # (uvm_tlm_if # (T));

cf as s uvm_tf m_nb_transport_f r¡t_export

+(type T : uvm_t1m_generic_payload,

uvm tlm b transport_port Blocking transport port.

uvm tIm_nb_transport*f wjort Non-blocking forward
transport port.

uvm_t lm_nb_tr anspor t_bw_port Non-blocking backward
transport port.

u¡¡m_t Im_b_t r a nsp o rt _expo r t Blocki ng transport export.

uvm_t fm_nb_t rans por t_fw_e xpo rt Non-blocking forward
transport export.

uvm_t 1m_nb_t r an s po r t_b w_e xpo r t Non-blocking backward
transport export.

ur,¡m tlm b transport imp Blocking transport
implementation.

uvm_tlm_nb_transpor t_f w_imp Non-blocking forward
transport implementation.

u¡¡m_t Im_nb_trans po r t_bw_imp Non-blocking backward
transport implementation.
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type P : uvm_tlm_phase_e)
extends uvm_port_base # (uvm_tÌm_if # (T, P) ) ;

cl-as s uvm_tlm_nb_transport_br^¡_expo rt
# (type T = uvm_tÌm_generic_pay1oad,

type P = uvm_tl-m_phase_e)
extends urrm_port_base # (uvm_tlm_if * (T, P) ) ;

class uvm_tfm b_transport_ímp
# (type T = uvm_tfm_generic_payload,

t!æe IMP = int)
extends uvm_port_base + (uvm_tlm_if # (T) );

cf as s uvm_tfm_nb_transport_f w_imp
+ (type T = uvm_t1m_generic_payJ-oad,

type P : uvm_tlmjhase_e,
type IMP : int)

extends uvm_port_base * (uv¡n_tlm_if # (T, P) ) ;

cf as s uvm_tl-m_nb_transport_bw_irnp
+ (type T = uvm_tlm_generíc_payload,

type P : urrm_tlm3hase_e,
type IMP = int)

extends uvm_port_base #(uvn tlrn if #(T,P) );

ExamÞle

This example shows a TLM-2.0 socket, which uses the port and imp classes.

class master extends uvm componenti

,// Non-blocking initiator socket - is a foruvard port and has a backward
uvm_t lm_nb_ini tiator_so cke t

#(trans, uvm_tln_phase_e, this_t) initiator socket;

imp

function void build_phase(uvm_phase phase) ;
// Construct the socket, hence the port and imp
initiator_socket = new("inítiator socket,,, this, this),

endfunction

// Required implementation

function uvm_tfm_sync_e nb_transport br^r(

trans t,
ref urnn_tlm_phase_e p,
input uvm_tl-m_time delay) ;

transaction : t;
state : pi
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ret.urn UVM_TLM_ACCEPTED;

endfunction

endcl-as s

See also

TLM-2.0 Sockets
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Sockets provide interconnections in TLM-2.0 models. Each
ur¡m_tlm_*_socket class is derived from a corresponding
ur¡m_t f m_*_soc ket_ba se class. T he base class co ntai ns most of the
implementation of the class, the derived class contains the connêction
semantics.

Sockets come in several flavors: each socket is either an initiator or a target, a
passthrough or a terminator. Further, any particular socket implements either the
blocking irúerfaces or the non-blocking interfaces. Terminator sockets are used
on initiators and targets as well as interconnect components (See TLM-2.0).

Passthrough sockets are used to enable connections to cross hierarchical
boundaries.

There are eight socket types: the cross of blocking and non-blocking,
passthror4h and termination, target and initiator.

Sockets are specified based on what they are (lS-4, that is an inheritance
relationship) and what they contain (HAS-A).

Declaration

clas s uvm_tfm_b_initiator_so cket
# (type T = uvm_tl-m_generic_payload)
extends uvm_tlm_b_initiator_socket_base # (T),.

cf as s ur¡m_t1m_b_target_socke t
#(type IMP : int,

type T : uvm_tlm_generic_payload)
extends ur¡m_t.Im_b_target_socket_base # (T),.

class uvm_tfm_nb_initiator socket
#(type IMP: int,

type T : uvm_t1m_generic_payl-oad,
tlæe P : uvm_t1m_phase_e)

extends uvm_tlm_nb_init iator_soc ket_base #(T,P);

clas s uvm_tlm_nb_ta rge t_s ocket
# (type rMP : int,

type T = uvm_tfm_generic_payload,
type P = uvm_tlm_phase_e)

extends uvm_tfm_nb_target socket base *(T,p) ;

class uvm_tlm b_passthrough_inítiator_socket
#(type T : uvm_tfm_generic_payload)
extends uvm_tlm_b_passthrough initiator socket base# (T) ;
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clas s uvm_tlm_b_pas sthrough_target_socke t
#(type T : uvm_tlm_generic_payfoad)
extends uvm_tfm_b_passthrough_target_socket_base # (T) ;

c f as s uvm_tf m_nb_pa s s through_ín i t í ato r_s ocket
* (type T = uvm_tl-m_generic_payload,

type P = uvm_tlm_phase_e)
extends

uvm_tlm_nb_pass through_i nit iator_soc ket_base # (T, P) ;

cf as s uvm_tlm_nb_passthrough_ta rget_s ocket
+(type T : uvm_t1m_generic_payload,

type P : uvm_t..Im_phase_e)
extends uvm tfm nb_passthrough_target_socket_base # (T,P) ;

Methods

Rules

lnitiator sockets can connect to target sockets. You cannot connect initiator
sockets to other initiator sockets and you cannot connect target sockets to
target sockets.

There can be an arbitrary number of passthrough sockets in the path

between an in¡tiator and target.

Some socket $pes must be bound to imps, implementations of the
transport tasks and functions. Blocking terminator sockets must be bound
to an implementat¡on of b_transport O . Non-blocking ¡nitiator sockets

must be bound to an implementation of nb transport bw ( ) and non-

a

a

function new(
string name,
uvm component parent),'

Constructor, except for
wm_tlm_b_target_socket,
wm_tlm_nb_i nitiator_socket and
wm_tl m_nb_target_socket

function new(
string name,
uvm_component parent,
IMP imp : nufl);

Constructor for

uv m_tlm_b_target_socket
uvm_tlm_nb_i nitiato r_socket
uvm_tlm_n b_target_socket

ímp is a reference to the class
implementing the transport method. lf
not specified, it is assumed to be the
same as parent.

function void connect(
this type provider);

Connect this socket to the specified
socket.
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blocking target sockets must be bound to an implementation of
nb_transport_fw ( ) .

Example

See TLM-2.0, TLM-2.0 Ports, Exports and lmps and uvm_tlmrif for examples

Tips

Create sockets in the build phase by calling new ( ) and connect them in the
connect phase by calling connect phase ( ) .

See also

TLM-2.0; TLM-2.0 Ports, Exports and lmps; uvm_tlm if
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Class uvm_tfm_analysis_f iro is provided for use as part of an analysis
component that expects to receive its data from an analysis port. lt is derived
from ur¡m_tfm_f if o and adds a write member function. Only the methods
directly relevant to analysis FIFOs are described here; for full details, consult the
article o n uvm_tlm_f ifo.

The "put" end of an analysis FIFO is intended to be written-to by an analysis
port. Consequently, an analysis FIFO is invariably set up to have unbounded
depth so that it can never block on write. The FIFO's try_put method is
re-packaged as a write function, which is then exposed through an
analysis_export that can in its turn be connected to an analysis_port on
a producer component. The get_export (or similar) at the other end of the

FIFO is typically connected to an analysis component, such as a scoreboard,
that may need to wait for other data before it is able to process the FIFO's
output.

The type of data canied by the analysis FIFO is set by a $pe parameter.

Declaration

class uvm_tlm_analysís_fifo #(type T = int)
extends uvm tlm fifo # (T);

Methods

function ¡.¡ew(string name,
uvm component parent : null);

Constructor

function void write (input T t); Puts transaction on to the
FIFO; cannot block (FIFO
is unbounded).

function void flush O ; Clears FIFO contents

task gêt(output T t),' Blocks if the FIFO is
empty.

function bit Èry_get(output T t); Returns 0 if FIFO empty

function bit try3eek(output T t) ; Returns 0 if FIFO empty.

functíon bit tryJut(input T t) , Returns 0 if FIFO full.

function int usedO; Number of items in FIFO.

function bit is_en¡I¡ty ( ) ; Returns 1 if FIFO empty
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uvn_ana fys is_imp
# (T, uvm_tlm_analysis*fifo # (T) )

analysi s_erçort;

For connection to an
analysis port on another
component.

blocking3ut_oçortr;
nonb locklng3ut_o<port t ;
put_e:çort'i

Exports blocking/non-
blocking/combined put
interface.

blocking_get_e:çort t ;
nonblocking get_e:çortt
get_e:çort';

Exports blocking/non-
blocking/combined get
interface.

blockingSeek_expor tr ;
nonb J.oc kin g¡eèk_expor tr
peek_export','

Exports blocking/non-
blocking/combined peek
interface.

blocking_get3eek_e:çortr ;
nonb locking_get_¡reek_e:æortt ;
getSeek_e:<¡rort,' ;

Exports blocking/non-
blocking/combined
get_peek interface.

ur,rm_analysis_port #(T ) put_ap;
uvm_analysis_port #( T ) get_ap;

Analysis ports.

Memberc

Expo¡t type omitted for clarity. * export is an implementation of the
coffespond¡ng uvm_tfm_*_if ¡nþrtace (see the article on TLM-| lnterfaces)

Example

Declaring and connecting an analysis FIFO so that the monitor can wrire to it,
and the analyzer can get from it:

class example_env extends uvm_envi
uvm_t]m_analysis_fifo # (example_transact.ion) an_fifo;
example_monitor m_monítor; / / llørs analys¡s port

example_analyzer m_analyzer; / / has"get" port

virtual- functíon void build_phase (uvm_phase phase) ;

m_monitor / / Create

m_anal-yzer / / Crcate
an_fifo = new("an_fifo", this);

endfunction
virtua.I function void connect_phase (uvm_phase phase);

m_moni tor . monitor_ap. connect (an_f if o . analysis_export ) ;
m_ana.l,yzer.get_port.connect (an fifo. get export) ;

endfunction

endcfas s
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Tips

It is not necessary to use a uvm_tfm_analysis-fifo to pass data to an

analysis component that does not consume time, such as a coverage checker or
logger. ln such a situation, it is preferable to derive the analysis component from
uvm_subscriber so that it can provide its own write method directly. Use

analysis FIFOs to buffer analysis input to a component such as a scoreboard

that may not be able to service each analysis transaction immediately because it

is waiting for a conesponding transaction on some other channel.

The size O and is_fult O methods are inherited from uvm-tlm-fifo, and

will both return 0.

Gotchas

lf the type parameter of a uvm_tf m_analysis-f ifo is a class, the FIFO

stores object handles. lf an object is updated after it has been ptÎ into a FIFO

but before it is retrieved, peek and get will return the updated object' lf the FIFO

is required to transport an object with its state preserved, the object should first
be "cloned" and the clone written to the FIFO instead.

Do not use the put or try_put methods inherited from uvm-t1m-f if o to write

data to an analysis FIFO (they are not members of uvm-analysisSort).

See also

wm_tl m-f ifo ; TLM-1 I nterfaces ; w m-subscri ber; uvm a na lysis-po rt;

wm_analysis_export
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Extension class for the Generic Payload. The class is parameterized with an
arbitrary type, which represents the type of the extension.

To implement a generic payload extension, simply derive a new class from this
class and specify the name of the derived class as the extension parameter.

Extension objects.
constructed as needed

Extension array, indexed
by extension type lD

Declaration

virtuaf class uvm_tfm_extension_base
extends urrm_object;

class uvm_tl-m_extension +(type f: int)
extends uvm tlm extension base;

Mefhods

function new(string name = ""); Constructor,

virtual function
uvm_t lm_exten s ion_b ase
get_ty'¡re_handle O ;

An interface to
polymorphically retrieve a
handle that uniquely
identifies the type of the sub-
class.

virtual function stríng
get_ti1 e_handle_name ( ) ;

An interface to
polymorphically retr¡eve the
name that uniquely identifies
the type of the sub-class.

static function this type IDO; Return the unique lD of th¡s
TLM extension type.

272 CopyrigH @ 20 13 by Doulos Ltd. All rights rêsded.



uvm tlm extension

Rules

An instance of the generic payload can contain one efension object of each

type; it cannot contain two instances of the same extension type.

Example

/ / Extension class

cJ-ass my_extension
extends uvm_tl-m_extension# (my_extension) ;
' uvn_obj ect_ut if s (my_extension)
int when;

endc Ias s

/ / Add an extension to a payload

uvm_tlm_gp gp : new;
my_extension ext : new;

ext.when: $time;
gp. set_extension ( ext ) ;

// Retrieve the extension value

rny_extension exti
if ( $cast( ext, gp.get_extension( my_extension::IDO) )

// Extension Present

else
'urrm error (

Tips

The extension type c¿¡n be identified using the rD ( ) method. This can be

used to retrieve an extension from a uvm_tlm_generic_payload
instance, us¡ng the uvm_tlm_generic_payload: :9et-extension ( )

method.

When extending class uvm_tfm_extension to create a user-defined

extension class, always specialize uvm_tlm-extension with the user-

defined type being defined, as shown in the example above

See also

wm_tl m_ge neric_payload
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Class uvm_tfm_f if o is provided for use as a strandard channel. Data is written
and read in first-in first-or¡t order. The FIFO depth may be set by a constructor
argument - the default depth is 1.

The uvm_tfm_fifo channel has both blocking and non-blocking puf and gef
methods. A put operation adds one data item to the front of the FIFO. A get
operation retrieves and removes the last data item from the FIFO. Blocking and
non-blocking peek methods are also provided that retr¡eve the last data item
without removing it from the FIFO. Exports are provided to access the channel
methods. Analysis ports enable the data associated with each put or get
operation to be monitored.

The type of data carried is set by a type parameter.

Declaration

class uvm_tfm_fifo #(type T = int)
extends ur¡m t.lm fifo base #(T);

Methods

function new(string name,
uvm_component parent = nulf¡
int size = 1);

Constructor

function bit can_getO; Returns 1 if there is data
available for reading from
the FIFO. Returns 0 if the
FIFO is empty.

function bit can3eek ( ) ; Returns 1 if there is data
available in the FIFO for
peeking at. Returns 0 if
the FIFO is empty.

function bit canJutO; Returns I if there is space
available in the FIFO to
accept new data. Returns
0 if the FIFO is full.

function void flush O ; Clears FIFO contents.

task get(output T t), BlocK if the FIFO is
empty. Once there is data
available in the FIFO,
removes the next item and
assigns t.to it
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task peek(output T t); Blocks if the FIFO is
empty. Once there is data
available, reads the next
item without removing it
from the FIFO, and
assigns t.to it

task put(input T t); Blocks if the FIFO is full.
Once space is available,
writes the data t to the
FIFO.

function bit try_get(output T t), lf there is data available in
the FIFO, removes the
next item from the FIFO,
assigns t to it and returns
1. Returns 0 immediately
if the FIFO is empty.

function bit tryjeek(outPut T t) ; Returns 0 if the FIFO is
full. lf there is data
available in the FIFO,
reads the next item of data
without removing it,
assigns t to it and returns
1. Returns 0 immediately
if the FIFO is empty.

function bit try3ut(input T t) ; lf there is space available
in the FIFO, writes data t
to it and returns 1.
Returns 0 immediately if
the FIFO is full.

function int sizeO; Returns the FIFO depth.

function int usedO; Returns the number of
items in the FIFO.

function bit is_enPÈYO ; Returns 1 if the FIFO is
empty.

function bit is fult O ; Returns I if the FIFO is
full.

Members

blocking3ut-o<portt

nonblockíng3ut-e:çorùt
put-erçortr

Exports blocking/non-
blocking/combined put
interface.
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blocking_get_e:çortl
nonb lockin g_get_e:rportr

get_e:çortr

Exports blocking/non-
blocking/combined get
interface.

blockingSeek_exportr

nonb locking3eek_expor tt
peek_exportr

Exports blocking/non-
blocking/combined peek
interface.

bloc kin g_get_pee k_e :<po r tt
nonb lockin g_ge t3ee k_e x¡ro rtt
getJeek_e¡q)ortr

Exports blocking/non-
blocking/combined
get_peek interface.

urrm_anaÌysis_port #( T ) put_ap

uvm_ana.lysis_port #( T ) get_ap

Analysis ports.

Export type omitted for clarity. * export is an implementation of the
corresponding uvm_tfm_*_it inbrtace (see the afticle on TLM-| Interfaced.

Examþle

Declaring port to connect to ur¡m_tf m_f i f o:

uvm_get_port # (basic_transaction) m trans in;

Calling uvm_tlm_fifo method via port:

m_trans_in . get (tx) ,'

Using uun_tlm_fifo between uvm random stimulus and a driver:

class verif env extends uvm env;
urr* tandom stimu.Ius
dut_driver m_driver,.
uvm t.lm fifo # (basic

# (basic_transaction) m stimuÌus;

_transaction) m_fifo;

virtual- function void build_phase (urrm_phase phase) ;
super. buif d_phase (phase ) ;

m_stimul,us = ... // Create
m_fifo:... // Create
m_d¡iver :

dut_driver : :type_id: :create ("m_driver", this) ;
endfunction : build_phase

virtual function void connect phase (uvm phase phase);
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m_st imu.Ius . bf ocking_put_port . conne ct (m-fifo . put-expo rt ) ;

m_dr ive r . m_trans_in . connect (m_f if o . ge t_export ) ;

endfunction: connect phase

endcfass: verif env

Tips

The uvm tf m f ifo uses a Systemverilog mailbox class as its internal

búfer soãn infìnite depth FIFO can be created by setting the size

constructor argument to 0.

ln general you should make TLM connections between components by

connecting a port on one comporìent directly to an export on another
component ratherthan conrìectirg tlìe two components through an

intermediate FIFO. Use a FIFO only where you need to búfer transactions.

Gotchas

lf the type parameter of a uvm_tlm_f ifo is a class, the FIFO stores object

handles. lf an object is updated after it has been prf into a FIFO but before it is

retrieved, peek and get will return the updated object. lf the FIFO is required to

transport an object with its state preserved, the object should first be copied and

the copy put into the FIFO instead of the original.

See also

wm_tlm_analysis-fifo ; TLM-1 I nterfaces
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The SystemC TLM-2.0 standard defines a class, the generic payload, that
represents a generic bus transaction with command, address, data, and other
attributes. A generic payload transaction can represent either a read or a write
operation over a memory-mapped bus. The UVM equivalent,
uvm_tlm_generic_payload, is the default transaction type for TLM interfaces
in UVM. Although other transaction types can be used, the TLM-2.0 standard
strongly recommends either using the generic payload off-the-shelf or extending
the generic payload using the built-in extension mechanism (see
uvm_t1m_extens ion).

Unlike the native SystemC TLM-2.0 standard, UVM explicifly permits the
urrm_tlm_generic_payload class to be extended in order to add constraints.

Declarafion

Globals

typedef enum

{

UVM-TLM_READ-COMMAND,

UVM_TLM_WRTTE-COMMAND,

UVM-TLM-I GNORE_COMMAN D

) uvm_tlm_command_e;

typedef enum

{

UVM_TLM_OK_RESPONSE : 1,
UVM_TLM_INCOMPLETE_RESPONSE : 0,
UVM_TLM_GENERIC_ERROR_RESPONSE : -1 ¡

UVM_TLM_ADDRESS ERROR_RESPONSE = -2,
UVM_TLM_COMMAND_ERROR_RESPONSE : -3,
IIVM_TLM_BURST ERROR_RESPONSE : -4¡
UVM_TLM_BYTE_ENABLE_ERROR_RESPONSE = -5

) uvm_tfm_response_status e;

Glasses

cfass uvm_tlm_generic*payload extends uvm_sequence_item;

Eypedef uvm_tIm_generic_payload uvm tfm gp;

Methods

function new(strinq name : ""); Constructor

virtual- functíon
ur¡m_tfm_commanrl e gtet_con¡¡and0 ;

Accessor
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virtual function void
set_command (

uvm tlm command e command);

Accessor

virtual function bit iE readO; Accessor

virtuaf function void set readO; Accessor

virtuaf function bit is ¡rriteO; Accessor

virtuaf function void
set writeO;

Accessor

virtual functíon void
set addresE(bit t63:01 addr);

Accessor

virtuaf function bit [63:0]
get_add¡ess O ;

Accessor

virtual function void get-data (

output byte unsigned P []);
Accessor

virtuaf function void set-dâta(
ref byte unsigned P tl);

Accessor,

virtuaf function int unsigned
get_data_length ( ) ;

Accessor

vírtuaf function void
set_data_lengtt¡ (

int unsigned length);

Accessor

virtual function ínt unsigned
get_streaming-width ( ) ;

Accessor

virtuat functíon void
set_strea¡ning-width (

int unsigned width);

Accessor

virtuaÌ function void
get_byte_enable (

output byte unsigned P[]);

Accessor

virtual function void
set_byte_enable (

ref byte unsigned P[]);

Accessor

virtual function int unsigned
get_byte_enable-Iength ( ) ;

Accessor

virtuaf function void
set_byte_enable-length (

int unsigned length);

Accessor

virtuaf function void
set dÍri allowed(bit dmi) t

Accessor

virtuaf function bit
iE dmi allowed0;

Accessor
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virtual function
uvm_tfm_re sponse_status e
get_responsê EteEus O;

Accessor

virtual function void
set_respor¡sa status (

uvm_t f m_respon se_status
status);

Accessor

virtual function bit
is_response_ok ( ) ;

Accessor

virtuaL function bit
is_response_error ( ) ;

Accessor

virtua.I function string
get_responso string O ;

Accessor

function uvm_tfm_extension base
set_extension (

uvm_tIm_extension_base ext) ;

Accessor

function int
get_num_extensions ( ) ;

Accessor

function uvm_tfm_extension base
get_extension (

uvm_t fm_extens ion_ba se
ext_handfe);

Accessor

function void clear extension(
uvm_t Im_ext ens íon-ba se

ext handfe);

Accessor

function void clear_extenaions ( ) t Accessor

Rules

The members are protected and should only be accessed using the accessor
methods listed above.

Example

/ / Create a generic payload transaction using the factory:
uvm_tfm_gptx : uvm_tfm_gp: stype íd: :create

// Randomize the transaction
assert( randomized_tx. randomize O htith

m_address >: 0 && m_address < 256;
m_lengt h:: 4 I I m_length =: g;
m_data. size :: m_1ength,.
m_byte_enable_length <= m length;
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(m_byte_enable_length % 4, :: O;

m_byte_enable. size :: m_byte_enable-length;
m_streaming_width == ¡n_fength;
m_res pon s e_s ta tus :: UVM_T LM_INCOMP LET E-RESPONS E t

])
el-se

'uvm error ("Initiator""'tx.randomíze O fail-ed" )

/ / Creale a copy of tlæ transaction

tx. copy (randomized_tx) ;

/ / Use the blocking transport, which ¡s implemented in the target

initiator_socket.b_transport (tx' delay) ;

/ / Was the bus transaction successful?

assert( tx.is_response_okO ) ;

Tips

The primary purpose of having the TLM-2.0 interfaces and the generic payload

in UVM is for communication with SystemC models that run alongside the

SystemVeri log verif icatio n enviro nment.

To fully understand the i ntended use of the generic payload and other features

of TLM-2.0, refer to the IEEE 1666 SystemC standard.

See also

TLM-2.0; TLM-2. 0 Sockets; uvm-tlm-extensio n
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The UVM TLM-2.0 subset provides the following two transport interfaces:
blocking (b_transport) completes the entire transaction within a single
method call and non-blocking (nb_rransporr) describes the progress of a
transaction using multiple nb_transport O method calls going back and forth
between initiator and target.

ur¡m_tfm_if is the base class type to define the transport functions,
nb_t ran spo rt_ fw, nb_transp ort_bÌ^r and b_tra nsport.

For blocking transport, a call to b_rransporr g indicates start-oflife of a
transaction, and return from b_transport ( ) end-oilife of the transaction.

For non-blocking transport, significant timing points during tre lifetime of a
transaction (for example, the start-of response-phase) are indicated by calling
nb_transport ( ) in either the forward or backward direction, the specific
timing point being given by the phase argument. Protocol-specific rules for
reading or writing the attributes of a transaction can be expressed relative to the
phase. The phase can be used for flow control, and for that reason might have a
different value at each hop taken by a transaction; the phase ¡s not an attribute
of the transaction object.

A call to nb_transport O always represents a phase transition. However, the
return from nb_transport O might or might not do so, the choice being
indicated by the value returned from the function (uvM_TLM_AccEprED versus
uvM_rLM_UPDATED).

Generally, you indicate the completion of a transaction over a particular hop
using the value of the phase argument. As a shortcut, a target might indicate the
completion of the transaction by returning a special value of
UVM_TLM_COMPLETED. However, this is an option, not a necessity.

The transaction object itself does not contain any timing information by design.
You can pass the delays as arguments to b_transport ( ) /nb_transport ( )
and push the actual realization of any delay in the simulator kernel downstream
and defer it (for simulation speed).

Declaration

Globals

typedef enum

{

UNINITÏALI ZED_PHASE,

BEGTN-REO,

END_REO,

BEGIN-RXSP,

END_RESP

) uvm_tlm_phase_ei

typedef enum
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UVM_TLM-ACCEPTED,

UVM_TLM-UPDATED,

UVM TT,M COMPLETED

) uvm_tlm_sync_e;

Macros
.define UVM_TLM_TASK_ERROR \

"TLM-2 interface task not implemented"

' def ine UVM_TLM_FUNCTION_ERROR \
"TLM-2 interface function not implemented"

Class

class uvm_tl-¡n_if *(type T : uvm_tlm_generic_payload'
type P: uvm_tlm_Phase_e );

Methods

Rules

o

a

Each of the interface methods takes a handle to the transaction to be

transported and a reference argument for the delay. ln addition, the non-

blocking interfaces take a reference argument for the phase.

Any component that has either a blocking termination socket, a non-

blocking initiator socket, or a non-blocking termination socket must provide

implementations of the relevant functions. This includes initiator and target
components as well as interconnect componerús that have these kinds of
sockets. (Components with passthrough sockets do not need to provide

implementations of any sort).

virtual function uvm_tlm_sYnc_e
nb_transport_f,w (

Tt, refPP,
input uvm_tlm_time delay) ;

Non-blocking forward
transport.

virtual function uvm_tIm_sync_e
nb_transport_bw (

Tt, refPP,
input uvm_tlm_time delay) ;

Non-blocking backward
transport.

virtual task b_transPort (

T t, uvm_tlm_time delay),
Blocking transport.
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Example

Example of a target component with a blocking transport socket. There is an
example of a non-blocking transport in TLM-2,0 Ports, Exports and lmps.

cJ-ass Target extends uvm_component;
' uvm_component_ut ils ( Target )

l-ocal- byte unsigned ¡n data[4];

// Declaration of target socket
uvm_tfm_b_target_socket # (Target, my transaction)

t socketi

function new

function voíd build_phase (uvm_phase phase) ;
super.build phase (phase) ;
t_socket = ner¡¡( "t_socket", this, this ),.

endfunction : build phase

/ / Called by initiator through the socket
task b_transport (my_transactj-on t, uvm_tlm_time delay) ,.

if ( t.get_address O :: 64'IlCo00)
if ( t.get_comnand0 :: UVM_TLM_READ_COMMAND )

t. set_data (m_data) ;
efse

t. get_data (m_data ) ;
# (delay.get_realtime (lns) ) ;

endtask : b transport

endcfass: Target

Tips

ln general, any component might modify a transaction object during its lifetime
(subject to the rules of the protocol).

See also

TLM-2.0; TLM-2.0 Ports, Exports and lmps; TLM-2.0 Sockets
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uvm_tl-m_time is used to represent time values in a canonical form that can
bridge initiators and targets located in different timescales and time precisions.

lntegers are not sr-rfficient, on their own, to represent time without any ambiguity:
you need to know the scale of that integer value. The scale is information
conveyed or¡tside of that integer. ln SystemVerilog, it is based on the timescale
that was active when the code was compiled. SystemVerilog properly scales
time literals, but not integer values that happen to be used to store times. That
is because it does not know the difference between an integer that carries an
¡rìteger value and an integer that carries a time value. The 'time' variables are

simply 64-bit integers, they are not scaled back and forth to the underlying
precision.

Declaration

class uvm tfm tinei

Methods

function new(
s!ring name : "uvm_tlm_time",
reaf res:0 );

Constructor

statíc function void
set ùime resolution(rea]- res);

Set default resolntion. By
default, the default
resolution is 1.0e-12 (ps)

function string get_nane ( ) t Return name.

function void set_absti¡e (

real- secs);

Set time to t in units of
SECS

function real geÈ_abstirne (

real secs);
Return time, scaled to secs

function void reset O ; Reset time to 0.

function real get_realtime (

time scaled,
real secs = 1.0e-9),

Return time us¡ng current
timescale. Set scaled to
1ns (see Tips & Examples).

function void incr(

time scaled,
real secs = l-.0e-9);

lncrement by t in the cunent
timescale. Set scal-ed to
1ns (see Tips & Examples).

function void decr(
real t,
time sca.led,
reaf secs);

Decrement by t in the
current timescale. Set
scaled to 1ns (see Tips &
E¡<amples).
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Rules

Resoh.¡tion, although a real number, must be a power of 10; for example, 1 .0e-
9 for nanoseconds.

Tips

For get_realtime, incr, and decr, the scaled argument should always be
1ns and the secs argument left at its default value of 1e-9. (The exception
would be ¡f tle timeunit is greater than 1 ns). These arguments are used so that
ur¡m tfm tine can work out what the current timescale value is.

Example
'timescale 10Ops/lps

/ / CreaTe a new uvm_tlm_time value

u¡¡m_tl-m_time delay : new("de.Iay"\ ; / / Value will be OnS

defay.set_abstime(10.5,1.0e-9); // Setto10.5ns
delay.incr (25,lns) ; / / lncrement by 25x 100ps (timescale) = 2.5nt
delay.incr (25ns,1ns) ; / / lnc¡ement by 25ns

/ / Display value in ns and ps
'ur¡m_info("",$sformatf("del-ay is å.3f ns, *.3 ps",

deÌay. get_abstime ( 1.0e-9 )

de1ay. get_abstime (1. 0e-12) ),UVM_NONE)
/ / Display value using the current timescale
'uvm_info ( "", $sformatf ("delay is %.3f xl0ops",

delay. get realtíme (1ns) ) , UVM NONE)

Tips

When co-simulating with SystemC, it ¡s recommended that default canonical
time resolution be set to the Systemc time resolution.

Gotchas

. Theconstructordoes notsetthetimevalue: use set abstimeor incr
a Remember that time values provided as actual arguments to

uvm_tl-m_time' s methods use the timescale of the unit in which they are
compiled.

See also

TLM-2.0

286 Copyright@2013 by DoulosLtd. All ri¡htsr€sflod.



uvm transact¡on

uvm_transaction is a virtual class that is used as the base class for
transact¡ons in a UVM environment. lt is derived from uvm_obj ect. lt adds
functions for managing transactions and hooks to support transaction recording

uvm_transaction is the base class for uvm_sequence_item; you should
derive all userdefined transaction classes from uvm_sequence_item, not
uvm transaction. The intended use ofthe methods provided by

uvm-transaction ¡s for a ur¡m-dríver to call the accept*tr, begin-tr,
and end_tr methods of uvm_component.

Transactions are often used as the stimulus in a UVM testbench. The name of
the component that initiates a transact¡on may be recorded as a member field.
Knowing where each transaction in a complex testbench originates from can be
a useful debugging aid. The initiator name can be set as a constructor argument
or by calling the set_inítiator function. A get_inítiator function ¡s

provided to retrieve the initiator name.

The start and end time of a transaction may be recorded and stored within the
transaction using the functions begin_tr and end_tr respectively. By defauh,
the time recorded is the current simulation time: if a different time is required,
this can be specified as a function argument. Many transaction-level models
support the concept of a transaction being accepted by a target some time after
it has been sent. An accept_tr function is provided to indicate when this
occurs. The start, end and acceptance of a transaction are notified by events
named "begin_event", "end_event" and "accept" respectively. These
events are contained within a pool of events managed by each transaction. The
event pool can be accessed by calling the get_event_pool function. Callback
functions are provided that correspond to the " begin_event" , "end_event" ,

and "accept" events. They are virtual functions that by default do nothing but
may be overridden in a derived class.

A transaction recording interface is provided but is not implemerÍed in UVM
itself. This is intended to be implemented by UVM tools, where required.

Declaration

virtuaf class uvm transaction extends uvm object,'

Methods

function r¡ew ( string name - rr rr,

uvm_component initiator : nuÌl);
Constructor

function void set_initiator (

uvm component inítíator) ;
Sets initiator (component
that creates transaction).

function uvm_component
get_initiator O ;

Get initiator
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function void accept_tr (

time accept time:0);
Accept transaction
(triggers "acceptw event).

function integer begin_tr (

time begin time : 0);
lndicate start of transaction
(triggers "begin" event).

function integer begin_child_tr (

time begin_time : 0,
integer parent_handle : 0);

lndicate start of child
transaction (tr¡ggers
"begin" event).

function void end_tr (

time end_time : 0,
bit free_handle : 1);

lndicate end of transaction
(triggers "end" event).

function integer gêt_tr_handle ( ), Returns transaction
handle.

function void enable_recording(
string stream,
uvm recorder recorder : nufl);

Enable (start) recording to
specified stream.

function void
disable_recording ( ) ;

Disable (stop) recording.

function bit
is_recording_enabled ( ) ;

Check if recording
enabled.

function bit is_actir¡e O; Returns 1 if transaction
started but not yet ended,
otherwise 0.

virtual protected function void
do_accept_tr ( ) ;

User-defined callback
function.

virtua.L protected function void
do_begin_tr O ;

User-defined callback
function.

virtual protected function void
do_end_tr ( ) ;

User-defined callback
function.

function uvm_event_pool-
get_eventJool O ;

Returns the local event
pool.

function time get_begin_ti¡ne O; Return transaction begin
time.

function time get_end_time O ; Return transaction end
time.

function time get_accept_timeO ; Returns time that
transaction was accepted

function void
set_transaction_id ( integer id) ;

Sets the transaction id,
which is otherwise -1.

function integer
get_transaction_id ( ) ;

Returns the transaction id.
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Example

cfass basic_transaction extends
rand bit [7:0] m_var1 , nr-Yar2;
static int tx count = 0;

uvm_s equence_item;

function new (string name = "",
uvm_comPonent initíator:nuf l) ;

super . new (name, initiator ) ;

tx_count++;
endfunction: new

virtual protected function int do_begin-tr O t
'uvm_ínfo ("TRX", $sformatf (

"Transaction %0d begínning",tx count),
UVM_NONE )

endfunction: do begin_tr

virtuaf protected function void do-end-tr O;
'uvm_info $sformatf (

"Transaction %0d ended",tx count) '
UVM_NONE )

endfunction: do end tr

' uvm_obj ect_ut i ls_be gín (bas ic-transact ion )

' uvm_f iel- d-int (m-varl, UVM-ALL-ON + UVM-DEC )

' uvm_f ield_ínt (m_var2, UVM-ALT.-ON + UVM-DEC )

' uvm_obj ect_utils_end
endc.Iass : basic transaction

Gererating constrained tttndom transactions:

virtual task generate_stimufus (

basic_transaction t : nul-l, input int max count : 30 );
basic_transaction temp;
uvm_event_pool tx_epoof ;

uvm_event tx_end;
íf( t :: nulf ) t = ne$t("trans",this);
for( int i:0,' (max count =:0 ll i < max count-L)rí++ )

begin
assert( t.randomizeO ) ;

$cast( temp , t.cl-oneO );
'uvm_info ("stimulus generation"'

temp.convert2stringO ' UVM_NONE )
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a

tx_epoof : temp.get_event_pool- O i
blocking*put_port.put ( temp ) ;
tx_end = tx_epool.get ("end") ;
tx_end. wait_trj-gger ( ),

end
endtask : generate_stimulus

Tips

The functions to accept, begin and end transactions are optional - they are
only really useful when transact¡on recording is active.

It is best to implement the beginning and ending of transactions in a driver.
To do this, call uvm_component: : begin_tr ârìd
uvm_component_end_tr, which will in turn call the transaction recording
methods of the transaction object.

The transaction handle returned by beqin_tr may be used to create ch¡ld
transactions, by passing the handle to begin chit-d tr

Rules

Do not derive classes directly from uvm_transaction: use
uvm sequence item as the base for user{efined transaction classes.

Gotchas

Each transaction object maintains its own event pool. lf an initiator needs to wait
fora transaction to be accepted/ended before continuing, it needs to save a
copy of the transact¡on handle to access the associated events.

See also

wm_object; wm_seq ue nce_ite m ; uvm_ra ndom_sti m ulus ; uvm_co mpo nent

a

290 CopyÌ¡gtìt @2013 by Doulos Ltd. All rbhtsG946d.



Utility Macros

UVM defines a set of utility macros for objects and components. These register a

class with the UVM factory and define functions required by the factory. Two of
these functions are visible to users:

function urrm_object create(string name = "");

vi¡tual function string get_type_name O i

Also, the following typedefs are used for factory automation:

typedef uvm_object_registry # (T) type_id,

typedef uvm_component_registry +(T,S) type_id;

These macros also provide a wrapper around the /Teld automation macros.

Macros

Macros used only with objects:

Macros used only with components:

' uvttr_component_util s ( T ) Registers simple
component T with
factory and defines
factory methods.

uvm_object_utils (T) Registers si mple object
T with factory and
defines factory methods.

' uvû_ob ject_utiI s_begin ( T ) Registers si mple object
T with factory and
defines factory methods.
May be followed by list
of field automation
macros .

uvm_object_utiI s_end Terminates list of field
automation macros.

u'vm_ob j ec t3aram_util s ( T ) Registers parameterized
object T with factory and
defines factory methods.

urm_ob j ec t3aram_u til e_begin ( T ) Registers para meterized
object T with factory and
defines factory methods.
May be followed by list
of field automation
macros.

291 Copyrighû @ 2013 by Doulos Ltd. All rilhts r€sw€d.



Utility Macros

' uvm_conE onent_util s_begin ( T ) Registers simple
component T with
factory ard defines
factory methods. May be
followed by list of field
automation macros.

uvm_coryo tren t_u ti I s_e nd Terminates list of field
aúomation macros.

uvtn_corqronen tJeram_util s ( T ) Registers parameterized
component T with
factory and defines
factory methods.

' u\rm_componentJaram_utils_begin ( T ) Registers parameterized
component T with
factory and defines
factory methods. May be
followed by list of field
automation macrcrs.

Macros that do not register objects with the factory and do not define factory
methods (used to call field automation macros in abstract base classes or where
the default factory methods are not suitable):

Example

Registering a transaction with the factory and calling the field automation macrcrs
on its fields:

class basic_transaction extends uvm_sequence item;
rand bit [7 : 0 ] addr, data,.

' uvm_ob j ect_ut ils_be gin (basic_transact ion )

' uvm_f iel-d_int ( addr, UVM_ALL_ON )
'uvm_fielrr-int ( data, UVM_ALL_ON )

' uvm_ob j ect_ut il-s_end
endcfass : basic transaction

Registering a driver component with the factory and calling the field automation
macro for its virtual interface wrapped in a UVM object:

cfass dut_dríver extends ur¡m driver # (basic transaction);

uvm_f i eld_utiIs_begin ( T ) May be followed by list
of field automation
macros.

uvm field utils end Terminates list of field
automation macros.
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Tips

uvm_get-port # (basic-transaction) m-trans-in;
vif wrapper vif;

' uvm_component-ut i1 s-be gin (dut-driver )

' uvm_f ief d_ob j e ct ( vif , UVM-ALL-ON )

' uvm_component_ut if s-end
endc.lass: dut_driver

Call the 'uvm_obj ect-utils macro(s) at the end of the class definition.

This will ensure any members that are referenced by the field aúomation

macros will have been declared.

Call the' uvm-component-ut its macro(s) at the beginning of the class

definition. This will ensure the type-id proxy class, create method, and

get_type_nane methods are defined in the proper order for use in other

class methods.

Gotchas

Do not use a semicolon after a macro or a compiler error may result.

Make sure yo u call' uvm-ob j e ct-uti I s | 
-be 

gin /-e ndl with objects

and' uvm_c ompone nt [ 
-be 

gin /-e nd] with compo nents.

Classes that call 'ur¡m-f ield-utiIs-* cannot be built by the factory

unless they have create and get-type-name memberfunctions.

Parameterized classes must use the 'uvm-object-param-utiIs* or
' uvm_component-param-u t i t s * versio ns' See uvm-component and

uvm-object. for more details and examples.

There are no mâcros called 'ur¡m-obj ect-param-utif s-end or
' uvm-component-param-util- s-end. Use
' ui,rm ob j ect_utits_end or' uvm-component-uti Is-end.

See also

$/m-o bject; tvm-co m pone nt; uvm-f acto ry; Field Macros

a

a

o

a
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Virtual Sequences

A viñual sequence is a sequence whose purpose is to manage the behavior of
sequences on other sequencers. Like ordinary sequences, a virtual sequence
runs on a sequencer. However, the sequencerfora virtual sequence is not
linked to a driver, and the virtual sequence does not itself have data items. A
sequencer used in this way is commonly called a viñual sequencer. A virtual
sequencer acts only upon sequences (not sequence items) and is used to
coordinate the execution of sequences on one or more other sequencers. A
(non-virtual) sequencer can only be associated with a single driver, which
typically only corrtrols one device interface. A virtual sequencer provides a
mechanism to control the interaction of multiple device interfaces by managing
the sequencers that generate their transactions.

For each sequencer that it controls, a virtual sequerìcer must have a variable
holding a reference to that sequencer. lt is the user's responsibility to populate
these variables with references to the appropr¡ate subsequencer instances; this
should be done as part of the connect_phase method of the enclosing
component or environment. Note that a virtual sequencer does nof use TLM
interfaces to corìtrol its subsequencers.

Note that fìo uvm_vi rtu al_sequen ce or uvm_vi rtua I_s equ enc er classes
eist; rather, both sequencer and virtual sequenceß &se sequences derived
from the uvm_sequence class.

Creating a new virtual sequence is similar to creating any ordinary sequence.
However, virtual sequences invoke an alternative set of sequence action
macros: 'uvm_do_on and'uvm do on with. Thesemacrosrequirean
additional argument to specify the seqienc", instance that should execute the
sequefìce.

Declarations

class ur¡m_sequencer *(type REQ = uvm_sequence_item,
RSP = REQ) extends uvm_sequencer_param_base # (REe, RSp);

virtuaf cfass uvm_sequence # (type REQ : uvrr_sequence_item,
type RSP : REo) extends uvm_sequence_base,.

Virtual sequences and sequencers use the same base classes as ordinary
sequences and seqræncers.

Example

/ / Create a virtual sequencer
class my_virtual_sequencer extends uvm_sequencer;

/ / Yanables to reference the sequencers we will control
uvm_sequencer # (seq_item) m_write_sqr,.
uvm_sequencer # (seq_item) m_read_sqr;

,// Register this sequencer with the factory
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'uvm component utils ( my-virtual-sequencer )

function new ( string name,

uvm_component Parent = nuff );
super.new ( name, Parent ) t

endfunction : new

endclass : my_virtual-sequencer

/ / Qreahe a virtual sequence

cl-ass read_Ítrite_seq extends uvm-sequencei

my_read_seq read-seq; // Sequences on sequencers

mywrite_seq write_seq;

endfunction : new

/ / Def ine the virtual sequence functionality.

// Note the use of 'wm-do-onQ instead of 'uvm-doQ !!

virtuaf task body O ;

/ / Wnle to a bunch of register locations

for ( int i : 0; i < 32ì i +: 4 ) begin
' ur¡m_do_on_with ( write_seq'

p-sequencer.m-write-sqr, { addr := i; })
end

// Now read the results on another interface
'uvm_do_on ( read-seq, p-sequencer.m-read-sqr )

endtask : body
endclass : read write seq

// Connectthe sequencerto the driver

class my_env extends uvm-env;

function new

super. new

my_vi rtual_sequencer
uvm_sequencer # (seq_item)
uvm sequencer # (seq_item)

( string name : "read_write_seq );
( name ) ,'

m_vseqr;
m_seqr_hl;
m seqr r;

/ / Build the componerìts

function void buifd-phase (uvm-phase phase) ;

super. build_Phase (Phase) ;
m vseqr : my_virtual-sequencer: :type-id: :create (
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"m_vseqr", this);
m_seqr_hr : uvn_sequencer# (seq_iten) : :type j-d3 :create (

"m_seqr_w", this);
m_seqr_r : uvm_sequencer# (seq_item) : :type id: :create (

"m_seqr_r", this);
endfunction : build phase

/ / Connecl up the sequencers to the virtual sequencer
function void connect_phase (urrm_phase phase) ;

m_vseqr.m_write_sqr : m_seqr_¡/;
m_vseqr.m_rea.l sqr : m_seqr_ri

endfunction : connect phase

endcfass : my_env

Tips

a

a

a

a

a

The configuration mechanism could be used to connect the sequencers to
the variables in the virtual sequencer.

Multiple v¡rtual sequencers can be connected together in the same way that
a sequencer connects to a virtual sequencer. A higher_level virtual
sequencer cont¡ains references to lower-level virtual sequenceß¡, just as a
regular virtual sequencer contains references to ordinary sequencers. ln
this way, multiple layers of stimulus and control can be conf¡gured using a
hierarchy of virtual sequencers.

A virtual sequence can also be run on a null sequencer.

Gotchas

Do not use the macros 'uvm_do, 'uvm_do_with, 'uvm_ran.t send, efc.
with virtual sequences. lnstead, use the 'uvm do on and
' uvn_do_on_wi th.

Use uvm_sequence and uvm_sequencer forvirtual sequences. No
uvm_virtual,_sequence class exists.

Virtual sequence action macros such as 'ur¡m do on automatically create
and randomize a sequence object. lf instead yãu call ,.q. ,trrt
manually, the argument rhis_item must first be allocated (using new or
sequence_type: : type_id: : create) and randomized.

By defauh, a sequencer will not execute any sequences.

$ee also

Sequence; uvm sequence; uvm sequencer; SequenceAction Macros

a
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add_typewi de_seq ue nces( )

56

36

222
222
222
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after_export 96

Agent 14

wm_objection_callback 108

analysis

B

21,24,240

b_transport0 282

barrier
before_export
begin_child_tr0
begin_tr0
bit_exists0
bodyQ 206,208
build_phase0

c

48,64, 109

callback_mode0 29

Callbacks 32

can_getQ
TLM-1
wm_tlm_fifo

can_peek0

274

TLM-1 249

wm tlm fifo 274

can_putO
TLM-1
wm tlm fifo 274

cancel0 78

check_config_usage0 65

check_phaseQ
clear0

48,110

uvm_objection
clone0

105

44
26
96
56
56
61

249

249

compare0
wm_object 102

Gompilation Directives 43

Configuration 64
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connectQ
TLM-2.0 Sockets
wm_port_base .

48, 109

267
120

36

connect_phase0
copvO

create0
type_id 53,59,83, 103

create_component0
create_compo nent_by_name( )
create_co mpo nent_by_typeQ .

create_object0
create_object_by_na me0
create_o bject_by_typeO

D

debug_connected_to0
debug_create_by_name0 ........ 82
deb ug_c reate_by_ty peQ

delete0
wm_callbacks 36
wm_pool 115

.54
81

80
54
80
80

120

8l

delete_by_name0
delete_callback0

wm_event 78
die0 19t

do_copyQ
wm_object 102

do_print0 121, 126,130
wm_object

do_report0
102

5l
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do_resolve_bi ndi ngs( )
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do_unpack0
wm_object 103

dropped0
w m-callbacks-o bjectio n 38

wm_objection-callback
dump0

108

e nd_of-elaboration3 hase 0 48, 109

end_tr$ 57

TLM-2.0 263

create_compo nent 83

create_object 83

Fþld Macros 86

find_all0 196

find_by_name0
wm_phase

f ind_override-by-na me0
wm-factory ..........'....----....... 81

f i nd_override-by-type0
wm_factory 81

finish_item0 209

112
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uvm_tlm_a na lysis_f if o 269
wm_tlm_fifo 274

(t

w m_seq_item_pull_¡co rt 69

get_arg_value0 39

ge!_children0 .

ge!_config_int0
47
65
65
65

get_config_object0
get_config_string0

wm_phase 112

get_globalpool0 116
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Set_imp$ "....'.113
geUnst0 39

getjump_target$ .

get_name0
wm_component

113

get_next_child0
get_next itemQ

uvm_object 101

47
219,236,239

get_num_children0
get_num_waiters0
get_object_type0

uvm_object 101

wm_phase 113
get_phase_type0 113

get_plusargs0 39
get_provided_to0 120

47

47
26,78

gelschedule0 50,113

ge!_sequence_¡rath0 221
220
223
113

ge!_sequenceo
ge!_sequencesQ
ge!_state0
ge!_threshold0
get_toolnameQ

26
40
77
77

ge!_trigger_data0
get_triggerJime0

Set_type0

uvm_object 101

wm_object 101.103
uvm_pool 116

get_uvm argsQ 39

global_stop_request$ 72, 111, 197

grab0

H

209,227

has_child0
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HDL Backdoor Access 93

I

lmp
TLM-1 ............ .....................251
TLM-2.0 263

is_before0
is_empty0

113

uvm_tlm_analysisJifo 269
wm_tlm_fifo 275

is_enabled0
is_exportO .

is_imp0

is_relevant0 20s

29
119
120

item_done0

J

69,219,236,239

jump all()

L

113

last0
lock0

116
209,227

M

main_phaseQ 49,110

max_size0 119
mid_do0 201,208

119
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N

nb_transport_bwQ
nb_transport_fw$

282,283
282,283

next() 116
next_item0 69
null sequencer 296
num0

o

116

Objection
example 72

80Override (factory)

P

parr_ap
peek0

96

TLM-1 248
wm_seq itemjull_port 69
wm_tlm_fifo 275

phase_started0 49

Gallbacks
137

48

24

pop_back0

Port

TLM-2.0
pos!_body0

263
206,208

pos!_co nf ig ure_p hase0 49,110
pos!_doQ 201,208
post_main_phase0
post_reset_phase0
pos!_shutdown_phase0
post_startO
pre_abort0
pre_bodyQ

206,208
56

pre_co nf ig ure_phase( )

206,208
49,110

201,208
49,110
49, r10
49,110

pre_do0

49,110
49,110
49,111

pre_main3hase0
pre_reset_phase0
pre_shutdown_phase0

Copydght @ 2013 by Doulos Ltd. All .þhts resfled. 305



Index

pre_startO 206,208
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Print
print()

248
.69
275

105

113

116
121

38
52

106
108
145
150
145

57
57

wm_component 48
82

102
65
66
66
57
54

137
137

wm_factory
wm_object

prirÍ_config0

print_enabled

pri nt_config_matches0
pri nt_co nf i g_with_a udit0

print_ovenide_info0
push backQ
push_frontQ
prrt0

TLM-1
wm_seq_item_pulþort
uvm_tlm_fifo

R

raise_objection0
wm_objection
wm_phase

raised0
uvm_callbacks_o bjectio n

wm_component
uvm_objection
wm_objection_callback

RALF ..

block
field .

memory ...... 149
regfile .

register
system
virtual register

ralgen
read_by_name0

Record
record0

56,287

148
146
152
150
145
193

record_errorJrQ
record_event_tr0
Register and Memory Package
Register and Memory Sequences
Register Generators

155
141

l4s
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remove0
uvm_heartbeat ..

remove_sequence0
91

Report 173

report verbosity level 174

report_hook0 '177, 184
48,110report_phase0

report_summarize0 177, 184,191
req

uvmdriver

223

68
r03

resumeQ

reseed0
reset0

wm_event
reset_phase0

78

resolve_bindings0

uvm_driver
rsp_port

68

run_phase0 48, 109

run_test0

s

75, 196,243

select_sequence0 222

seq_itemjort
Sequence
wm driver 68

Sequence 201

Sequence Action Macros .'." 215

Sequencer ¡nterface and Ports 236

setO
wm_config_db 6l

49,110
50, 120

50, 51

201

se!_arbitration0
se!_auto_reset( )

228
.26
204
.65

se!_config0
set_corfig_irìtQ
set_config_objectQ
se!_config_string0
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se(_defaulUndexQ 120
se!_domain0 50
set_drain_time0 105
set_heartbeat0 90
set_ifQ 120
set_ins!_override0

wm_component 54
uvm_object ......................... 103

setj ns!_override_by_na me( )
wm_factory .......................... Bl

set_inst_override by_typeQ
Sequence 204
wm_component 54

81

90
101

50

wm_factory
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set_report_id_f¡le0 176,187
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187, 191

se!_repo rt_i d_f ile_hie o
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set_report_severity_override0 ....................... 1BB
set_report_verbosity_level0 174,188

. 56, 190set_report_verbosity_level_hier( )

set_type_ovenide0
wm_component 54
wm_object 103

set_ty pe_ove nid e_by_name0
wm_factory 81

set_type_ove rrid e_by_type( )
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wm_componerìt ........................

TLM lmplementation Declaration Macros
TLM-1 lnterfaces
TLM-I Ports, Exports and ¡mps

TLM-2.0 Ports, Exports and lmPs

TLM-2.0

wm_tlm-analysisJifo
wm_tlm_fifo

.91
208
209

54

246
248
251
263

283

249
269
275

249

shutdown_phase0
size0

49,111

wm tlm fifo 275

sprint 0
wm_object 102

start0
wm_heartbeat
wm_sequence

start_item0
start_of-simulatio n3 hase0 48, 109

STDIN 190

STDOUT .........190

stop0
wm heartbeat 91

stop-stimulus-generationQ ..... 139

suspend0 50, 51

TLM.2.O 258

uvm_tlm_fifo
try_putQ
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type_id::createfl 53,59,83,103

u

ungrab0 209,227

used0
wm_tlm_analysis_fifo
wm_tlm_fifo

Utility Macros

uvm_agent 14
uvm_a lgorithm ic_comparator 17
uvm_analysis_export 21
uvm_analysis_port 24,240
uvm_barr¡er
uvm_bottomup_phase
UVM-CALL_HOOK 175,186,187
uvm_callback

example
uvm_callback_iter
uvm_callbacks
uvm_ca llbac ks_objection
UVM-CB-TRACE-ON
wm_check_e
UVM_CMDLINE-NO_DPI
wm_cmdline_proc
uvm_cmd I ine_processor
uvm_component
wm_component_lookupQ
wm_component_registry
uvm_config_db
UVM COUNT 175, 187, 190

............... 165wm_coverage_e
wm_def a ult_li ne_pri nter 124,126

124,126
124,126
124,126

wm_default_printer
uvm_default_tablejri nter

269
275
291

26
112

29
32
30
36
38
43

164
43
39
39
47
48
80
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UVM-DISABLE-AUTO-ITEM-RECORDING 43

UVM-DISPLAY 175, 184,187
uvm driver 68, 201

UVM EMPTY MACROS 43

UVM-ENABLE-FIELD-CHECKS 43

wm endianness e 164

UVM ERROR 174,185
uvm_event 77,90
wm_event_callback 77

wm_event_pool
UVM EXIT 't75,184,185, 187

uvm_factory
UVM_FATAL 174,'185
UVM FILE
wm_hdlcheck=path()
wm_hdldeposit$
wm_hd[orceQ
wm_hdforce_time$
UVM-HDL-MAX_WIDTH 44,
UVM HDL NO DPI

wm_hdlread()
wm_hdlrelease0
wm_hd lre lease_a nd_read 0
uvm_heartbeat

uvm_in_orde r-*-comparator
wm_in_order-built-in_comparator .......................................... 96

wm_i n_order_class_co m parator

wm_i n_order_comparator 96

UVM-INFO 174,185
64

122,126
UVM-LINE-WIDTH 44

UVM LOG 't75, 184, 187 , 191

UVM-MAX-STREAMBITS M
wm_mem ...... 163

wm_mem-access-seq .........142

77

80

56
93
93
93
93
93
44
94
94
94
90

164
.96

uvm_is_match0
wm_line_printer

w m_mem_s hared_access_seq
wm_mem_si ng le_access_seq

142
142
142wm_mem_si ngle_walk_seq

uvm_monitor 99

UVM-NO-ACTION 175, 184,187
UVM NO DEPRECATED
UVM-NO_DPI 44

UVM NOPRINT 121

UVM NUM LINES

Copyright@20'13 by Doulos Ltd. Allrþhts reswsd.

44

3tl



lndex

uvm_object l0r
wm_object_registry 80
wm_objec!_stringjool .......... 115
uvm_objection '105

uvm_objection_callback ...... 108
wm_objection_cbs_t 108
UVM_PACKER-MAX_BYTES 44,45

uvm_phase 112
uvm_pool ....... 11S
uvm_port_base 119

uvm_printer 121,126
uvm-printer_knobs 121, 123,132
wm_push_driver 68
wm_push_sequencer ...........
uvm_queue
uvm_random_st¡mulus
wm_reg
uvm_reg_access_seq ...........
UVM REG ADDR WIDTH
wm_reg bit_bash_seq .......... 141
wm*reg block 163

uvm_reg_mem_M l3aths_seq 143

UVM_REG_NO-INDIVIDUAL_FI ELD ACCESS 45

uvm_rcport_catcher 180
UVM REPORT DISABLE FILE 45
uvM_REPORT_DTSABLE_F| LE_L|NE ................................... 46
UVM_REPORT_D ISAB LE-LI N E 46

wm_report_error0
wm_report_fatal0

226
r36
139

163
142
45

174,185
'174,185
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wm_report_info0 174,185
173,184uvm_rcport_object

wm_report_warning0 174,'t85

read_by_name0
seo

UVM_RGM (Register and Memory Package)

uvm_scoreboard

wm_seq iteml3ort 219,
wm_seq_item_pullexpo rt

wm_seq_item_p ull-¡cort

wm_sequence_base
uvm-sequence-item ........... 201' 219

uvm_sequence-library 219,222

wm_seq ue nce-li brary-cfg 222

uvm_sequencer_base
wm_seq ue ncer_pa ram-base 226

wm subscriber 21,240
122,126wm_table3rinter

uvm_trable_p ri nter_knobs 132

uvm root

................'.......... 226

193

193
155
196
200
236
236
236
236
219
207

uvm_test 243
105
269
278
278
272
274
278
282
282
278
283
285
196
112
287

132

wm_test_do ne_objection
uvm_tlm-ana lys is-f ifo
wm_tlm_command-e
uvm_tlm_extens ion 272,

wm_tl m_extensio n_base
uvm_tlm_fifo
uvm_tlm-generic-payload
uvm_tlm-if
wm_tlm_phase_e

wm_tlm_sync_e ...............

uvm_tlm_time
uvm_top
wm_topdown_phase

221

122,126
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UVM-WARNING
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uvm_tree_printer
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Virtual Sequencer 294
Virtual Sequences ................. 203,294

w

wm_objection
wait_for_relevant0
wait_for_sequencesQ
wait_modified0
wait_offQ
wait_on0
waitjtriggeo
wait_ptrigger_data0
wai!_triggeo
wai!_trigger_data0
Wildcard (- and ?)
write0

TLM-1 249
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Free UVM Tutorials
To assist new users in understanding and applying UVM, Doulos has created a

number of tutorials, which are available on our website. Please visit
www. do ulos.c¡ m/kno whow

The Golden Reference Guide (GRG) ser¡es
o SystemC

r SystemVerilog

r OVM

o VMM

. PSL

. VHDL

. Verilog

About Doulos
Doulos is the global leader for the development and delivery of world class

training solutions for SoG, FPGA and ASIC design and verification. Established

in 1990 and fully independent, Doulos sets the industry stardard for high quality

training in SystemC rM, SystemVerilog, PSL, Verilog@, VHDL, Embedded

Systems, ARM@, Xilinx@, Altera@, Perl & TcUTk.

Doulos know-how is delivered worldwide through regularly scheduled classes in

major locations in the U.S and Europe, and through in-house training at

customer locations. To find out more about the Doulos training portfolio please

visit our website www.doulos.com




