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Welcome to our Short Workshopresented at DVCon United States in March 2020.

This short workshop delivers techniques, tricks, skills and insight for engineers facing the challenges of verifying a
highly configurablgparameterized design using the Universal Verification Methodology (UVM).

Who will benefit?

To get the most out of this workshop, you should have sound basic knowledge of SystemVerilog and the UVM, and
experience of their use on at least one verificatoB @ SOG ® LG Q& GFAf 2NBR FT2NJ OSNA-
who are, or soon will be, working on a project where the RTL device under test (DUT) is highly configurable
(parameterized). Such configurability is commonly found in generic designiRsbas fabric, memory controllers

and highspeed interfaces.

Although the focus is on the UVM, many of the ideas presented will also be of value to those using other verificatior
techniques such as formal property verification.

This tutorial workshop binigs together a collection of powerful techniques and good practice learnt through
experience on many larggcale projects. Drawingon ha®lF N SR gA&aR2Y 2F SNAf Il 06Qa
of published papers, and new material created especialljif&rS S @Sy > (KS ¢2N)] aK2LIQa&
and examples aim to be immediately useful as well as having continuing value in your future work.

Additional materials
Supporting this presentation, a curated and annotated collection of papers writteafiyus Verilab consultants is
available atttps://www.verilab.com/resources
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DVEON Agenda

» Introduction

» Connecting to Parameterized RTL

« Extracting RTL Parameters

* Tuning Testbenches with RTL Parameters
« RTL Parameter Generation & Coverage

« Parameter Selection Optimization

« Other Topics

« Conclusion
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Agenda

The range of topics we have chosen to discuss are all very practical in nature and are based on experience from th
Verilab consultant community. Parameters are powerful things,amdime code would otherwise need to be
YIydz- ffe& SRAGSRT 2NJ da 8AFRST a!/whéQR tA1S ONXiT ez
be happy to share that better way with you.
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» In SystemVerilog parameters enable flexibility
— Compile-time specialization of the code-base

* RTL module with variable FIFO depth, bus width, instance count, etc.
+ Verification component with variable channels, etc.

» Parameterization enables horizontal reuse

— Same module RTL code in different project derivatives
+ Automatic address space allocation based on nhumber of masters, slaves

— Same verification code adapting to different projects
» Parameterized code trades flexibility with complexity

SYSTEMS INITIATIVE

RTL designers like use parameters, and with good reason. There is really no downside to using them in an RTL
design context, everything works seamlessly.
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* Verifying highly parameterized RTL designs is a major challenge
— Verification planning
— Regression runs and analysis

— UVM testbench code

SYSTEMS INITIATIVE

VerifioOl A2y Qa NBfFGA2YAKALl gAGK we¢[ LI NI YSHSNBEvoRdr & yS¢
a2YSGiAYSa NBONBFGS || GaOSNATFAOFIGAZ2Y GSNBA2YyE 2F GKS
codec very error prone and involving manual work. Over time better and better ideas have emerged with respect to
the handling RL parameters by verifiers, and thankfully so.
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« Parameter "ripple effect" is a major problem in the class world

x_env #(parameter int X BUS_WIDTH=10) extends uvm env;
param_cov_wrapper #(.X BUS WIDTH (X BUS_WIDTH)) cov_wrapper;
X_env_sequencer #(. X BUS WIDTH(X BUS WIDTH)) sequencer;
if agent #(. X BUS WIDTH(X BUS WIDTH)) agent;

function void build phase(uvm phase phase);
sequencer = x_env_sequencer# (X BUS WIDTH)::type id::create...

Verbose and error-

E uvm_component param utils (x_env# (X _BUS WIDTH)) prone code

COV_Wrapper = param cov_wrapper# (X BUS WIDTH) ::type id::create...

X _env_sequencer # (parameter int X BUS WIDTH) extends uvm sequencer;

— if_agent # (parameter int X BUS WIDTH) extends uvm agent;
X_monitor il ¥ BUS WIDTH(X BUS WIDTH)) monitor;
x _driver #(.X BUS WIDTH(X BUS WIDTH)) driver;

‘x_monitor # (parameter int X BUS WIDTH) extends uvm monitor;

Imagine when there

are many parameters!

‘x_driver # (parameter int X BUS WIDTH) extends uvm driver;

SYSTEMS INITIATIVE

@

This slide illustrates why we want to avoid parameterized classes in our UVM environment. It seems natural on the
surface to want to create a parameterized UVM environment to echo a parameald®izé module, but there are

many reasons to avoid doing this. | have worked on many successful UVM projects over the years and have never
needed to resort to parameterized classes. If you find yourself in a situation where you think you need them,
definitely make an effort to find another way. In my experience there always is one. Each parameterization creates
new type, and this becomes very tedious to deal with as the number of parameters increases.
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* Techniques presented today will allow you to:

— Avoid the “parameter ripple” issue

— Keep TB in perfect sync with RTL parameters

— Automatically adjust TB to different RTL parameterizations
— Make more effective use of limited verification time

* All techniques have been ‘battle tested’ in real projects

SYSTEMS INITIATIVE

In this presentation we aim to providelsitions that will be clean (no parameter ripple), robust (no possible RTL/TB
differences in parameterization value), haraf§ (TB automatically adjusts itself to RTL parameters), and efficient.
The techniques demonstrated have been developed and deployegal projects, so we have high confidence in

their applicability.
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DVCON  Traditional DUT to TB Connection

module tb;
b if max type b_if 1();
b #(...) //pl parameterization

b if max type b if 2();
b #(...) //p2 parameterization

initial begin

b_inst 1(.data(p if 1.datal[7:0

b inst 2 (.data(b_if 2.data[11:0] ),

uvm_config_db#(virtual b if max type) ::set (null,

nx.bl: agent", "b vif"™; b if 1);
uvmiconfigidb#(virtual b if max type) ::set (null,
"*.b2 agent", "b vif", b if 2);

Each RTL parameterization

connects to max-size interface

o) B Works ok - But we can
do better...

class b_agent extends uvm agent;
virtual b _if max type vif;
function void build phase(...)

r

uvm_config_db#(virtual b if max type)::get(this, "", "b_wif", vif):

Get from config_db; avoids
parameterized classes

e}

Traditio

nal DUT to TB Connection

This example shows a single RTL module with two differentidis parameterizations; because we want to avoid

LI NJ Y

SGSNAT SR OftlaasSa
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LI NI YSGSNRAT SR dzO0Y-us@aBKEiEE i

virtual interface to communicate between the clasased and modukbased worlds. (Note: Parameterized classes

in a UVM testbench are problenmiatbecause of all the code necessary to maintain them, and how error prone that
code is¢ as shown in the introduction) This is a fine technigweay better than having parameterized classes to
deal with the different busvidths. There is some pain inViag to specify what part of the maaidth interface
connects to the actual RTL bus (which is usually smaller thaswid#tx). Also, this example is a bit contrived for
illustrative purposes usually a tb module will instantiate just one RTL module ad® @nd that DUT will in turn
instantiate multiple instances of a particular RTL block. We use the multiple instances directly in the tb module to
make our point as clearly as possible.
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Dveoi Traditional DUT to TB Connectlon
= == ut env
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Traditional DUT to TB Connection

This is vat it looks like visually whenrtiial interfaces are published to the config_db and UVM agents get those
virtual interfaces. Recall that the interfaces are defined as-midth interfaces.
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« What is the UVM Harness?
— Atechnique to connect SV/UVM TB and RTL module

« Scalable solution for DUTs in which the number of instances of an RTL
module is parameterized

* Handles bus-width parameterized RTL

« Avoids messy assign statements and wires in testbench module file

« Encapsulates SV interface-RTL module connectivity in a reusable file
« Low maintenance from a code perspective

« Error-proof from a functionality perspective

SYSTEMS INITIATIVE

UVM Harness

The UVM Harness technique was first introduced to the presenters in 2011 in a cu®graper written by David

[ FNBE2Y oO0dal +a | I NYySaa 2KAGSLI LISNY ¢KS YAaaiaya fAayl A
2y aSOSNIf LINP2SOGa airAyOS GKSyo LiQa (GKS 1AyRa2¥ (S
connecting RTL modules and TB just seems rudimentary and a necessary evil. But this technique is a huge
improvement over the old way of doing things and anyone who grasps it will likely never do it the old way ever
again.
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Traditional placement

* Interface is outside design module

tb

b el (I T - 5

dut_inst

SYSTEMS INITIATIVE

UVM Harness placement

pvon UVM Harness: Interface Placement

* Interfaceis inside design module

tb

dut_inst

e oo

UVM Harness: Interface Placent
¢tKS !+a KINySaa

0§SOKYAIljdzS F2N) O2yySOilGAy3

0KS we¢]|

ideas. The first one being that the virtual interface is inside the RTL module rather than outside it.

Y 2



2020

pvio UVM Harness: Interface Inside DUT

» SystemVerilog bind directive can amend a module definition
— Syntax: bind <module_type> <interface type> <interface_name>;
* Amending module definition naturally affects all instances

b
p
s block_inst
p
mem_inst —— mem_inst
block_inst_2
block_inst block_inst

p
p
s block_inst_1
p

block_inst_1

block_inst

o808
*9—9e
== ﬂ'l

-
e e
PR W

block_inst_2

subsys_inst subsys_inst
dut_inst dut_inst
a@ bind block_module_type b_if_type b_if();
13
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UVM Harness: Interface Inside DUT

Then& i WLI N} RAIY AKATGIQ ARSIF A& (2 NBYSYOSN (iKpaste G KS
code into an instance of a module: it can change the module definition itself, so that all instances are always
affected. Here we show how a particuksyntax of the bind statement results in an interface being placed inside a

LI NI A Odzf  NJ Y2RdzE S GeLIS o6& | YSYRAy3 (KIFG Y2RdzZ SQa RS
technique when a design has multiple instances of a particular modetsuse so much gets accomplished in an
error-resilient manner with very little code.
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« Step 1: Define an RTL module interface with input ports of type
"wire" and matching parameters

module #(int IN WIDTH = 6, int OUT_WIDTH = 8) interface #(int IN WIDTH = 6, int OUT_WIDTH = B)
b type (input logic clk, b if type (input clk,
input logic rst, input rst,
put logic data in[IN WIDTH-1:0], innut data in[IN WIDTH-1:0],
ogic data out[OUT WIDTH-1:0]); data out[OUT WIDTH-1:0]);
endmodule endinterface

Interface is all inputs,

uses SV port coercion

Port coercion: IEEE 1800-2017

(SystemVerilog LRM) section
23.3.3.1

b_if

SYSTEMS INITIATIVE

UVM Harness Stdpy-Step

We now present the steps involved in the UVM harness technique. Step 1 is to create an RTL module interface
where all of the interface portsra of type wire (in the example we leave out the type, as it defaults to guire
FfOSNYFGAGBSte 6S ¢2dAd R KIFIPS gNRBGS aAyLldzi 6ANB Of 1=
AYGSNFIFOS KFa |ff L} NIa re@idihg/RIIRmobule partisButideiiThiZ is decissg wed F
are relying on a littlknown SystemVerilog technique called port coercion, whereby the simulator will coerce the
direction of the port to the proper direction. For example, should there be a drivdrat port, the compiler will

1y2e¢ G2 GNBFG Ad Fa Fy 2dzildldziT AF GKSNBQa y2 RNAGSN
reusing interfaces in highly configurable testbenches (as detailed in [1] agd¢®] references).180 note that port
coercion is in the SV LRM and therefore is supported by all simulators. Also, the question sometimes gets raised
GAYAalSIR 2FORSGNPHEHZ2VKAGIZERRNI 6Ke y20 dzaS Ay2dzi LRNIak
beid/ G A0t 6KSYy YI1Ay3d O02yySOlA2ymdhtethfidie. a2 GKFGd R2Sa&\
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« Step 2: Define a max-width interface with ports of type "wire"

interface
b max if type (input clk,
input rst,
input data in [ "MAX IN WIDTH-1:0],
input data out[ MAX OUT WIDTH-1:0);

endinterface

xo 3! T

- -
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UVM Harness Stdpy-Step

The maxwidth interface concept is still applied in the UVM harness technique, because we still want to avoid having
parameterized classes. Aamwidth virtual interface will allow for connection to any instance of the RTL module.
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« Step 3: Instantiate and connect max-width interface inside RTL
module interface

interface #(int IN WIDTH = 6, int OUT WIDTH = 8§)
b if type (input clk,
input rst,
input data in [IN WIDTH-1:0],
input data out [OUT WIDTH-1:0]1);

// Step 3
b max if type b max if(.%*);

DUTs with ports of type
“logic” are problematic
for port coercion

endinterface: b_if type

Solution: 2-levels of
interface with ports of
type “wire”

= | N.al (-2
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UVM Harness Stdpy-Step

This is the newest addition to our understanding of how to best do the UVM Harness technique. We instantiate the
maxwidth interface insidex nonmaxwidth RTL module interface... this is counterintuitqva larger thing

aK2dz RyQi oS lotS G2 FAG AYyaiARS | avylftfSNI GKAy3IH . d
module interface itself mawidth is to immunize ourseks against an RTL module that has ports of a type other

than wire (e.g. logic). It turns out that for pecbercion to work, there needs to be a wite-wire connection. By

placing the maxwvidth interface with ports of type wire inside the RTL moduleriiatee (also with ports of type

wire), the portcoercion will work regardless of the types on the ports of the actual RTL module. In the past | have
asked RTL designers to change their port types from logic to wire, to accommodate this technique. Nailbhger

need to do this.
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« Step 4: Tie off unused bits of max-width interface with weak tie-off

interface #(int IN WIDTH = 6, int OUT WIDTH = 8)
b if type (input clk,
input rst,
input data in [IN WIDTH-1:0],
input data out[OUT WIDTH-1:0]);
// Step 3
b max if type b max if(.%*);

// Step 4
if (IN WIDTH < "MAX IN WIDTH) begin: unused data in pull-down
assign (pulll,pull0) b max if.data in[ MAX IN WIDTH-1:IN WIDTH] = '0;
end
if (OUT WIDTH < "MAX OUT WIDTH) begin: unused data out pull-down
assign (pulll,pull0) b max if.data out[ MAX OUT WIDTH-1:0UT_WIDTH] = '0;
end
endinterface: b _if type

UVM Harness Stdpy-Step

Here we tie off the unused bits of the masdth interface. We contemplated what would happen if we just assigned
the entire bus to a weak pulldown rather than being precise about the bits to affefter all if the pulldown is

NE I £ f

oY

e

GoSEH 1€ Al aK2dZ R 06S 2O0SNNARRSY 6KSy

I aldNRYy

this is bad verification practice: As a verifier, you don't wartteenff any bits that the RTL module is rgall
responsible for: If the RTL module doesn't drive a net it's meant to drive, you don't want the testbench silently
Ot SIFyAy3a dzLJ 4KS YS&daa GKNRddAK || (SaidioSyOKQa

LJdzf f dzLJk L.
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« Step 5: Create parameterized harness module and Instantiate RTL
module interface inside Sefault of maxwidth:

{Hlenameb harness.sv) bind statement will right-size them
module b harness = for each RTL module instance later

#(IN WIDTH = "MAX IN WIDTH,

OUT_WIDTH = "MAX OUT WIDTH)} ();
; b
b if type #(.IN WIDTH(IN WIDTH), .OUT WIDTH(OUT WIDTH) i
b if(.clk ( g .
.rst ( ) x
.data in ( ), =
.data out( ) f

Yz
b_harness
endmodule

SYSTEMS INITIATIVE

UVM Harness Stdpy-Step

This is also a change from our originatierstanding of the UVM harness: we now believe a module is a better type
for the harness than an interface is. A module is more versatile because it can instantiate other modules. An
interface cannot. Some projects might want to reuse existing assarimdules inside their harness, and making the
KFNySaa | Y2RdZ S gAff lff2¢ GKIFIGd {2YS ¢ ZddhicRis frudH dzS
However, we were unable to come up with any compelling use cases for a virtual harness asshearld.
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» Step 6: Connect RTL module interface ports to RTL module using

u pWal'd referen ce to mOd UIe type Hierarchicial references: IEEE 1800-
2017 (SystemVerilog LRM) sections
module b harness 23.6-23.8
#(IN WIDTH = 'MAX IN WIDTH,
OUT WIDTH = ‘MAX OUT WIDTH) ();
b if type #(.IN WIDTH(IN WIDTH), .OUT WIDTH(QUT WIDTH)

b if(.clk (b _type.clk ),
.rst (b_type.rst ),

.data in (b_type.data_in ),
.data out (b_type.data_out )
)i

-=] x®w3gl o

b_harness

endmodule b_type

SYSTEMS INITIATIVE

UVM Harness Stdpy-Step

CKA& adGSLI Aa FYy20KSN) WLI NFXRAIY AKATEIQ 2ySod ¢KS AydS
RTL module, as opposed to module_instance.port_name. The fact that SystemVerilog supports suchesyatax w
AdzNIINR &S (G2 YSI FyR Al GdzNya 2dzi G2 0SS LRGSNFdA & 2K
GKS a02L) 2F (GKAA KIFINySaasxs O2yySOG GKS LERNIa 2F GKI
GY2RarferBh y 3¢ dzAS 2 F 0 AppvReHul tecBn@@eYoSRTE . 4 AR NB Ol A2y asx | &
slides.
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« Step 7: Bind harness to RTL module definition

// bind <module type> <interface type> # (parameter mapping) <interface name>";
bind b b harness #( .IN WIDTH(IN WIDTH), .OUT WIDTH(OUT WIDTH)) harness():

b_inst_1 b_inst_2 b_inst_n

== xm3zl o

=1 xm3l T

harness harness harness

dut_inst

Each harness takes parameters from each DUT instance:

The interface bus widths ‘auto-size’ themselves
accellera

SYSTEMS INITIATIVE

UVM Harness Stdpy-Step

I SNBQa (KS LI g §Wih ané linéd & &defivg Qg tjadiz§ an RTL DUT, to achrlyected DUT

TB forall instances of a particular module; no possibility of missing a module, no possibility that one module instanci
is connected differently than another module instance; complete certainty that there will be no further TB bugs due
to connections.
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UVM Harness Step-by-Step

« Step 8: Add a set vif() function to harness

module b harness(..);
b if type b if(.);
function void set vif(string path) ;

uvm_config dbf# (virtual b max if type)::set(null, path,

endfunction

"bovif?; b if . bmax 1if);

« Step 9: Call set_vif() from top testbench module

module tb;

dut dut inst();

initial

begin

dut_inst.b inst 1.harness.set vif("*.
dut_inst.b inst 1l.harness.set vif("*.

dut_inst.b _inst n.harness.set vif("*.
dut_inst.b inst n.harness.set vif("*.
run_test();

env.b_agent_l.driver");
env.b_agent 1.monitoxr")

env.b_agent n.driver");
env.b agent n.monitor"):

21

UVM Haness Stefby-Step
2SS ySSR (2
variable string for path, allows the virtual interface to be set wherever it is needed in the verification enviromiment.
is important to call set_vif before calling run_test, to ensure that the virtual interfaces are in the config_db before
the environment gets built. Having them both in the same initial block assures that this is the case.

3Si

0§KS @A NI dz €

AyGSNFIOSa

Ay 2

i KS
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]

\

dut_env

b_inst_1

Y

0
P

==l ==

b_agent_1
uvm
CONFIG
P DB
L= E]

b_inst_n

b_agent_n

-= x®g o

b_hamess

Al

8@ dut_inst

SYSTEMS INITIATIVE
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\
4
UVM Harness: Result

What itlooks like visually when virtual interfaces are published to the config_db and UVM agents get those virtual
interfaces, using the UVM harness technique. Notice how this is similar to the picture in the traditional approach
except that we have done somethgjra lot more powerful, using a lot less code.
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* Automatically extract RTL parameters for testbench use

— Avoids proliferation of ‘ifdef macros in testbench code

— Simplifies merging of functional coverage over different parameter sets
* Use extracted RTL parameters to make testbench flexible

— Less DV engineer time/effort

— More readable testbench
* Technique:

— Use harness module to collect RTL parameters

— Use UVM config DB to publish collected parameters

24
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22dz2 RyQl AG 0S yAOS FT2N) GKS (SatoSyOK G2 oS lFotS G2
struggled in the past with nerobust and ugt ways of accomplishing this, but was very pleased to learn about this
approach, which | now use religiously. The idea is to bind an interface (or mptluBi Qa4 adA 01 6AGK
sake of readability) to an RTL module, capture the values gidh@meters inside that interface (since it has module
scope after the bind) and then publish the parameter values to the config_db so that themdddscan make use

of them. | like to think of this as a kind of trojaorse technique, with the bound ietface being the horse, and

instead of releasing soldiers (parameters) it is capturing them to send off to far away places.
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Corresponding names of
DUT’s RTL parameters

module dut harness #/(

PARAM] = 8,

PARBMN = 1)
Struct reflecting RTL

) () - parameter values

rtl info struct t rtl info;

Method capturing values

function void capture rtl info(string path): into struct and put into

rtl_info.dut_paraml = PARAMI;

rtl info.dut param2 = PARAMZ2;

rtl info.dut paramN = PARAMN;
uvm_config db# (rtl_info_struct_t)::set(null,{path, "env.*"},

"rtl info struct", rtl info):

config _db

endfunction

endmodule

SYSTEMS INITIATIVE
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Extracting RTL Parameters

We start by defining a harness that has matching parameters as the RTL module we wish to extrd¢extome

define a data structure (of type struct) that has fields which correspond to each RTL parameter. Finally we define a
method that can be called by a bound harness to capture the values of the RTL parameters in which it is bound, an
publish them tathe UVM config_db.
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* Interface bound to the DUT via the SystemVerilog bind statement

bim; dutlc(iggahzrnesi) #( Bind statement will capture
e (DUT:P 2y, DUT RTL parameters
[...]

harness_inst(.*)

Bind statement can go anywhere

z e.g. dut_harness.sv
(o8 cut harness=)
f
module dut #(DUT_PARAML = 4, ...)W(..) module tb top:
dut harness dut dut_inst
# (. PARAMI (DUT_PARAM1) 4 (DUT_PARAM1 ( 2 ),
.PARAM2 (DUT_PARAM2) ¢ DUT_PARAM.?( 0 ),
.E‘A.RAMB(DUT_PARAMB) ) € DUT_PARM3( 8 )
harness inst ( -
- B
endmodule

26
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Extracting RTL Parameters

¢tKS O0AYR aitladSYSyid ONBFriaSa Iy AyadlryOS 2F aRdzi yKI Ny
parameter values are equal to the DUT parameters after that bind statement executes. This is beedisd t
aldlGdSYSyid alrea aoO02yySOd 5!'¢yt!wlam G2 GKS t!w!awm LI
DUT_PARAM1 to PARAM1,; after the bind, DUT_PARAML is the value of the RTL parameter, and so PARAML1 get:
RTL parameter value. Tricky the fiigte you see it.
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* Capture method call made before testbench is created

module tb_top;
initial
begin
dut.harness_inst.capture rtl info("*.env");
run test();
end
endmodule

27
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Extracting RTL Parameters

Before creating the UVM environment (via run_test), the RTL parameters are captured (via the capture_rtl_info call
YR LldzofAaKSR (2 GKS ! +a Sy @AaNERyYS yimporaity kdeiKiheZall @ & S
capture_rtl_info in the same initial block as run_test, to ensure that the config_db has the parameter values when
the build_phase of the verification environment executes.
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// file b harness.sv
module b harness #(IN WIDTH = "MAX IN WIDTH, ..., PARAM1 =38, ...} ();

b if type #(.IN WIDTH(IN WIDTH), .OUT WIDTH(OUT WIDTH)

b if(.clk (b _type.clk Vosz
LSk (b_type.rst iy
.data in (b _type.data in ), Harness file combining TB hookup
-data out(b_type.data_out) and RTL parameter extraction

)

el dnfbo: struck & BEL dnfor
function void capture rtl info(string path):
rtl info.dut paraml = PARAMI;

endfunction
endmodule

bind dut dut harness #( .IN WIDTH(DUT IN WIDTH), ..., .PARAMI (DUT PARAM 1))

accellera harness inst(.*)
b8

SYSTEMS INITIATIVE

Extracting RTL Parameters

HereQ the fnal result of what a haess file looks like with interface connection, RTL parameter extraction, and bind
statement.
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DV Extracting RTL Parameters

TB module combining TB hookup
module tb;

dut dut_inst():

and RTL parameter extraction

initial begin
dut_inst.b inst 1.harness.set vif("*.env.b_agent l.driver"):
dut _inst.b inst 1.harness.set vif("*.env.b_agent 1l.monitor");

dut_inst.b inst n.harness.set vif("*.env.b_agent n.driver");
dut_inst.b inst n.harness.set vif("*.env.b agent n.monitor");
dut.harness inst.capture rtl info("*.env");
run_test();

end

SYSTEMS INITIATIVE
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Extracting RTL Parameters

Andwhat the testbench module file looks like with harnesses publishing virtual interfaces and the RTL parameters
being @ptured and published all before run_test creates the UVM environment. Notice how clean this is compared
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Tuning Testbenches with RTL

Parameters

020

DESIGN AND VERIFICATION™

Dveon Tuning Testbenches with RTL Parameters

* Classes use RTL parameters from the config_db for randomization

class config obj extends uvm object;
‘uvm_component utils(config obj)

rtl info struct t dut rtl param info; Use RTL parameter for
rand int port_number; randomization constraint

constraint port num constr {
(port number >= 0) && (port_number < dut rtl param info.number of ports):;
}

function new(string name) ; Retrieve rtl_info_struct
if (luvm _config db# (rtl_info_struct t)::get(null, "*", reflecting captured RTL
"rtl info struct"”, dut rtl param info)) parameter values
‘uvm_fatal (get_name (), "Failed to get ..")
endfunction
endclass

32
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Becausehe extracted RTL parameters are available before the UVM environment is constructed, constraint blocks
can safely make use of the RTL parameters to guide randomization anywhere in the UVM environment. In this
instance the RTL parameter specifies the nundfgrorts present in the DUT, and the randomization limits itself to a
port number inside that valid range. Another situation where | have seen this is to randomize values to be

programmed into DUT registers (via a random configuration object), whereTthg&ameters specify the bus
widths of the register fields.
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Dveon Tuning Testbenches with RTL Parameters

* Classes use RTL parameters from config_db for coverage

class param cov wrapper extends uvm component;

covergroup x bus vals cg (int BUS_WIDTH) ; SV covergroup constructor
coverpoint x bus { can be passed arguments
bins all values[] = {0:2**BUS_WIDTH!;
¥
endgroup Arguments can tune
rtl info struct t dut rtl param info; coverage bins

function new(...
if (luvm config db#(rtl info_ struct t)::get(null, "*", RTL parameters are known
"rtl info struct", dut rtl param info)) at the time of all UVM
E uvm fatal (get name (), "Failed to get ..") class construction

x_bus_vals_cg = new(.BUS_WIDTH (dut_rtl param info.BUS_WIDTH)):

SYSTEMS INITIATIVE

Tuning Testbenches with RTL Parameters

Covergroups can be passed arguments at the time of their creation, and these arguments can tune coverage bins.
Fortunately, the RTL parameter extracti@thnique shown earlier makes the values available before the UVM
SYGANRYYSYy(l Aa odAfidzr a2 lye Oflaa Oty YI1S daAasS 27
when it comes to tuning coverage: if you wanted to tune coverage binstmfiguration object that is randomized
within the UVM environment, that configuration object would not be ready in time for the constructor of the
coverage class (18840n M1 &aSOGA2Y wmopdn adl iSa GKFG a!'y SYo®@RRSR
YyS6 YS(iK2ZRDPéOD {2fdziAz2yad R2 SEA&AG T2NJ GKAA aAddz GA2
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Dveon Tuning Testbenches with RTL Parameters

* SVA can use RTL parameters from the config_db

interface dut if assertions(input clk, ...) Redeclare local variable
int rtl param max value; for RTL parameter
class checker phaser extends uvm_ component

function void end of elaboration phase(...
if (!'uvm config db#(rtl_info_struect_t)::get(null, "*", Embed class to get RTL

"rtl info struct", dut rtl param info)) parameters from
‘uvm_fatal (get_name (), "Failed to get ..") config_db
rtl param max value = dut rtl param info.max wvalue;
endfunction
endclass
checker phaser m phase = new("checker phaser");

property p check data range;
@ (posedge clk)
data in < rtl param max value;
endproperty
a_check data range: assert property(p check data range):;
3@ endinterface

SYSTEMS INITIATIVE

Use parameter value in
SVA

Tuning Testbenches with RTL Parameters

There are different approaches available to use RTL parameters in assertions. One simple way would be to
parameterize the ecapsulating module/interface and just pass the RTL parameter values that way. Here we show a
more complex method that was adapted from a technique to use UVM configuration values in SVA. Both technique
are valid, though the one presented here is slighels errosprone because it uses the extract RTL parameters as
opposed to relying on manually entering their value upon instantiation of the interface/module containing the SVA
(though defining the parameters as “define macros would alleviate this isslie to
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references at the end of this presentation).
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* RAL uses RTL parameters for register reset values

rtl info struct t dut rtl param info;

uvm reg fields dut reg fields([$]: i !
T - as usual via config db

Get RTL parameter struct

1f (!uvm_conf:i.g_d.b# (rtl _info struct t)::get(null, "*",
"rtl info struct", dut rtl param info))
‘uvm fatal(..)

dut regblock.featureA reg.fieldl.set reset(

Struct contains register
dut rtl param info.mydut featA regfieldl resetval):

reset value to reflect
RTL value
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Tuning Testbenches with RTL Parameters

The reset value of a register can be specified in an RTimptera The slide shows how a UVM RAL implementation
would make use of that parameter when defining the reset value of that field (via reg_field.set_reset()). A user of
that register would later apply the reset to that field (perhaps in response to detpetinard reset in the system) by
calling reg_field.reset(), and get the correct value according to the current RTL parameterization.
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Dveon Tuning Testbenches with RTL Parameters

* RAL uses RTL parameters for register inclusion/removal

if ¢ !uvm_config_db# (rtl_info struct t)::get(null, "*",
"rtl info_struct",dut rtl param info))
uvm_fatal(..)

if (dut rtl param info.mydut featureA enable == 1’'b0) begin Check if parameter
dut regblock.myreg featureA regl.get fields(dut reg fields); includes feature
foreach(dut reg fields[r]) begin
dut reg fields[r].set access("RO"):
dut_reg fields[r].set_reset(0)
dut_reg fields[r].reset();
end

Conditionally set the
fields as read-only

end

* Need to verify that a removed register/field really was removed

a@ UVM built-in register tests adapt automatically

SYSTEMS INITIATIVE

Tuning Testbenches with RTL Parameters

The presence/absence of a register in a DUT version can be specified ingard®i¢ter. This slide shows how a

UVM RAL implementation would make use of that parameter when defining the access type of that field (via
reg_field.set_access()). A nice feature of the UVM RAL is that tharbrglgister test sequences will automatigall

adapt to the access types of the registers. However, additional testing is required to check if a register which was
present in one DUT version, truly is no longer present in another DUT version. This would be done by attempting to
write to the registerand checking that the write value was not stored (or checking for a slave error on the register
0f201Qa LRNIO
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Dve:on Tuning Testbenches with RTL Parameters

* RAL uses RTL parameters for field sizes
— Could not be changed dynamically in reg model

* Note: this changed in UVM 1800.02; our solution was developed before then
* Clever use of factory overrides provides a solution

class myreg featA channelen reg extends uvm reg:;
‘uvm object utils (myreg_featA channelen regq)
uvm reg field channel en;

function wvoid build phase (uvm phase phase);

channel en = uvm reg field::type id::create("channel en");
channel en.configure (
.parent (this), .
. Same size regardless of
.size (8), «
.1sb _pos (0), parameters
.access ("RW"™),

L& sl
al,‘cellera endfunction

SYSTEMS INITIATIVE

Tuning Testbenches with RTL Parameters

The width of a register field can be specified RTL parameter. We build this example over the cotesesbides,
so here we just show the most basic approach of hardcoding the size field. Note that this technique was developed

prior to UVM 1800.02, which allows a register model to be unlocked and modified, and so there may be better ways
to do this goingorward. 1800.02 is also called UVM 1.2
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Dv:on Tuning Testbenches with RTL Parameters

* RAL uses RTL parameters for field sizes
— Use virtual method to return the size parameter

class myreg_featA channelen reg extends uvm reqg;
‘uvm object utils (myreg_featA channelen regq)
uvm_reg_field channel_en;

function void build phase (uvm phase phase);
channel en = uvm reg field::type id::icreate("channel en");
channel en.configure (

sparsnts  [Ehis), Use method to
.size (get channel en size()),

- - - return value
.1sb pos (0),

.access ("EW"™),
| R |

endfunction

virtual function int get_channel en size() wirtual’ so method body
t 8; ;
FE can be overridden
al,‘cellera endfunction

SYSTEMS INITIATIVE

Tuning Testbenches with RTL Parameters
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have above), a child of this class could override the function to return a different size.
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CONFERENCE AND EXHIBITION

* RAL uses RTL parameters for field sizes

Dveorn Tuning Testbenches with RTL Parameters

uvm object utils (myreg featA channelen_ extended regq)

if (!uvm_config_db#(rtl_info_struct_t) ::get(null,

‘uvm_ fatal (..)
return dut_rtl param info.featureA reg width;
endfunction
endclass

Class myreg featA channelen extended reg extends myreg featA channelen reg

virtual function int get channel en size(): Get parameter value
rtl info struct t dut rtl param info; from the config db
Mikmn
r

"rtl infeo struct", dut_rtl param info))

class my env extends uvm env;

set type override by type (myreg featureX channelen reg::get type(),
myreg_featureA channelen extended reg::get type()):;

endclass

Factory override register

type

SYSTEMS INITIATIVE
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Tuning Testbenches with RTL Parameters

This is where the payoff is: by extracting the RTL parametersenngnting a child class and overriding the virtual

Fdzy OlAz2y 3ASGYOKIyyStyeySyypwaril Soos 6S Oly KI @S
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of the DUTc very powerful! The final step is to use the factory to override the bases aléth the child class.
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pDvi.ri RTL Parameter Generation & Coverage

* Need to specify what RTL parameters will be simulated

* Solution: autogenerate a SystemVerilog file that assigns all parameter
values using ‘define’s

— Avoids error-prone manually maintained “regression list” files

* Generation script can be coded in a scripting language

— But best done in self-contained SystemVerilog module to take advantage
of randomization engine

SYSTEMS INITIATIVE

There are several different ways we can use to generate the actual RTL parameters used in a simulation, but all of
them require this to be done in advance. We want to dvoianually created sets of parameters as these are error
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take advantage of the built in constrained random engine
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DvCon RTL Parameter Generation & Coverage

// RTL parameter generation script
// implemented in SystemVerilog
// instead of Python/Perl/etc. to

// take advantage of randomization =
J/# engine generates //auto-generated RTL parameters file

: define X BUS WIDTH 13
module generate rtl params file; . K = =
R = = = memmmmmm=wp define X ADDR WIDTH 4
initial - S

begin
// SV randomization & file I/O
end
endmodule

// Testbench file
module thb();
X #(.BUS WIDTH ( X BUS_WIDTH),
.ADDR_WIDTH ("X ADDR WIDTH) x inst (

42
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RTL Parameter Generati&Coverage

Whether we use SV to generate the parameters, or any other scripting language, the generated parameters need t

be written out to a file. One way to do this is to have the file contain a set of "define values, and then refer to these
in our teg environment.
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Dv0n RTL Parameter Generation & Coverage

* Random parameter generation requires coverage!
* RTL parameter information can be sampled in SV covergroups

* Data can be merged and analyzed after regression runs

— Even across different RTL snapshots which vary over parameter value
permutations

* TB can get all RTL parameters from config_db to perform coverage

* Very important to cross with functional coverage to avoid false positives

— Functionality which is parameter-dependent must be considered for
crossing
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RTL Parameter Generation & Coverage

Once we have generated the parameter values, we need to know what was actually generated and SystemVerilog
coverage is ideally suited to this task. This allows us to ensure that all the relevantieasegesed. As the

testbench automatically adapts to the parameters (it retrieves them from the config_db), theoretically we only need
to compile the testbench once, even though the RTL will be compiled for each set of parameters. The testbench cal
extractall the parameter values used from the config db and use these for the coverage. For the coverage, we cove
the parameter values themselves but should also consider using the parameters as cross items in functionality whic
is dependent on the value of ¢hparameters. Note that codeoverage probably cannot be merged across different
parameter sets.



RTL Parameter Generation & Coverage
As we saw earlier, we have an rtl_info_struct type that encapsulates the RTL parameters used. This can be sample
at congruction time of the covergroup as all the RTL parameters are constant (and known) at that point for a given

simulation of a particular set.



