
Parameterize Like a Pro  

 

Welcome to our Short Workshop, presented 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 configurable parameterized 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 verification prƻƧŜŎǘΦ LǘΩǎ ǘŀƛƭƻǊŜŘ ŦƻǊ ǾŜǊƛŦƛŎŀǘƛƻƴ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ƭŜŀŘǎ 

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 design IP such as bus fabric, memory controllers 

and high-speed interfaces. 

Although the focus is on the UVM, many of the ideas presented will also be of value to those using other verification 

techniques such as formal property verification. 

This tutorial workshop brings together a collection of powerful techniques and good practice learnt through 

experience on many large-scale projects. Drawing on hard-ŜŀǊƴŜŘ ǿƛǎŘƻƳ ƻŦ ±ŜǊƛƭŀōΩǎ ŜȄǇŜǊƛŜƴŎŜŘ ǘŜŀƳΣ ƘƛƎƘƭƛƎƘǘǎ 

of published papers, and new material created especially for ǘƘŜ ŜǾŜƴǘΣ ǘƘŜ ǿƻǊƪǎƘƻǇΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ƎǳƛŘŀƴŎŜ 

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 written by various Verilab consultants is 

available at https://www.verilab.com/resources 

 

https://www.verilab.com/resources


 

Agenda 
The range of topics we have chosen to discuss are all very practical in nature and are based on experience from the 

Verilab consultant community. Parameters are powerful things, and anytime code would otherwise need to be 

Ƴŀƴǳŀƭƭȅ ŜŘƛǘŜŘΣ ƻǊ ά ȫƛŦŘŜŦ a!/whέΩŘ ƭƛƪŜ ŎǊŀȊȅΣ ǘƘŀƴƪŦǳƭƭȅ ǿŜ Ŏŀƴ ǎŀȅ άǘƘŜǊŜ ƛǎ ŀ ōŜǘǘŜǊ ǿŀȅ ŦƻǊǿŀǊŘέΣ ŀƴŘ ǿŜ ǿƛƭƭ 

be happy to share that better way with you. 

 



Introduction  

 

RTL designers like to use parameters, and with good reason. There is really no downside to using them in an RTL 

design context ς everything works seamlessly. 



 

VerifiŎŀǘƛƻƴΩǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ w¢[ ǇŀǊŀƳŜǘŜǊǎ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ŜŀǎȅΦ .ŜŦƻǊŜ ƪƴƻǿƛƴƎ ǘƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ, I would 

ǎƻƳŜǘƛƳŜǎ ǊŜŎǊŜŀǘŜ ŀ άǾŜǊƛŦƛŎŀǘƛƻƴ ǾŜǊǎƛƻƴέ ƻŦ ǘƘŜ w¢[ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ŀ ŦƛƭŜ ŀƴŘ ŎƻƳǇƛƭŜ ƛǘ ǎŜǇŀǊŀǘŜƭȅ ŦǊƻƳ ǘƘŜ ŘŜǎƛƎƴ 

code ς very error prone and involving manual work. Over time better and better ideas have emerged with respect to 

the handling RTL parameters by verifiers, and thankfully so. 



 

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 parameterized RTL module, but there are 

many reasons to avoid doing this. I 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 a 

new type, and this becomes very tedious to deal with as the number of parameters increases. 



 

In this presentation we aim to provide solutions that will be clean (no parameter ripple), robust (no possible RTL/TB 

differences in parameterization value), hands-off (TB automatically adjusts itself to RTL parameters), and efficient. 

The techniques demonstrated have been developed and deployed on real projects, so we have high confidence in 

their applicability. 



Connecting to Parameterized RTL  

 

Traditional DUT to TB Connection 
This example shows a single RTL module with two different bus-width parameterizations; because we want to avoid 

ǇŀǊŀƳŜǘŜǊƛȊŜŘ ŎƭŀǎǎŜǎ όŀ ǇŀǊŀƳŜǘŜǊƛȊŜŘ ǳǾƳψŀƎŜƴǘΣ ǘƻ ōŜ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘƛǎ ŜȄŀƳǇƭŜύΣ ǿŜ ǎŜƭŜŎǘ ǘƘŜ άƳŀȄ-bus-ǿƛŘǘƘέ 

virtual interface to communicate between the class-based and module-based worlds. (Note: Parameterized classes 

in a UVM testbench are problematic because of all the code necessary to maintain them, and how error prone that 

code is. ς as shown in the introduction) This is a fine technique ς way better than having parameterized classes to 

deal with the different bus-widths. There is some pain in having to specify what part of the max-width interface 

connects to the actual RTL bus (which is usually smaller than max-width). Also, this example is a bit contrived for 

illustrative purposes - usually a tb module will instantiate just one RTL module as a DUT, and 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. 



 

Traditional DUT to TB Connection 
This is what it looks like visually when virtual interfaces are published to the config_db and UVM agents get those 

virtual interfaces. Recall that the interfaces are defined as max-width interfaces. 



 

UVM Harness 
The UVM Harness technique was first introduced to the presenters in 2011 in a conference paper written by David 

[ŀǊǎƻƴ όά¦±a IŀǊƴŜǎǎ ²ƘƛǘŜǇŀǇŜǊΥ ¢ƘŜ ƳƛǎǎƛƴƎ ƭƛƴƪ ƛƴ ƛƴǘŜǊŦŀŎŜ ŎƻƴƴŜŎǘƛǾƛǘȅέύΣ ŀƴŘ ƛǘ Ƙŀǎ ǇǊƻǾŜƴ ǘƻ ōŜ ǾŜǊȅ ǳǎŜŦǳƭ 

ƻƴ ǎŜǾŜǊŀƭ ǇǊƻƧŜŎǘǎ ǎƛƴŎŜ ǘƘŜƴΦ LǘΩǎ ǘƘŜ ƪƛƴŘ ƻŦ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ȅƻǳ ŘƛŘƴΩǘ ƪƴƻǿ ȅƻǳ ǿŜǊŜ ƳƛǎǎƛƴƎ ǳƴǘƛƭ ȅƻǳ ǎŜŜ ƛǘΣ as 

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. 



 

UVM Harness: Interface Placement 
¢ƘŜ ¦±a ƘŀǊƴŜǎǎ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ŎƻƴƴŜŎǘƛƴƎ ǘƘŜ w¢[ ƳƻŘǳƭŜ ŀƴŘ ǘƘŜ ¦±a ǿƻǊƭŘ ǊŜǉǳƛǊŜǎ ŀ ŦŜǿ ΨǇŀǊŀŘƛƎƳ ǎƘƛŦǘΩ 

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



 

UVM Harness: Interface Inside DUT 
The neȄǘ ΨǇŀǊŀŘƛƎƳ ǎƘƛŦǘΩ ƛŘŜŀ ƛǎ ǘƻ ǊŜƳŜƳōŜǊ ǘƘŀǘ ǘƘŜ {ȅǎǘŜƳ±ŜǊƛƭƻƎ ōƛƴŘ ǎǘŀǘŜƳŜƴǘ Ŏŀƴ Řƻ ƳƻǊŜ ǘƘŀƴ ŎƻǇȅ-paste 

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 particular syntax of the bind statement results in an interface being placed inside a 

ǇŀǊǘƛŎǳƭŀǊ ƳƻŘǳƭŜ ǘȅǇŜ ōȅ ŀƳŜƴŘƛƴƎ ǘƘŀǘ ƳƻŘǳƭŜΩǎ ŘŜŦƛƴƛǘƛƻƴ ǘƻ ŀƭǿŀȅǎ ƘŀǾŜ ǘƘŜ ƛƴǘŜǊŦŀŎŜΦ ¢Ƙƛǎ ƛǎ ŀ ǇƻǿŜǊŦǳƭ 

technique when a design has multiple instances of a particular module, because so much gets accomplished in an 

error-resilient manner with very little code. 



 

UVM Harness Step-by-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 ports are of type wire (in the example we leave out the type, as it defaults to wire ς 

ŀƭǘŜǊƴŀǘƛǾŜƭȅ ǿŜ ǿƻǳƭŘ ƘŀǾŜ ǿǊƻǘŜ άƛƴǇǳǘ ǿƛǊŜ ŎƭƪΣ ŜǘŎΦέύΣ ŀƴŘ ƳŀǘŎƘƛƴƎ ǇŀǊŀƳŜǘŜǊǎΦ hŦ ƴƻǘŜ ƛǎ ǘƘŀǘ ǘƘŜ w¢[ ƳƻŘǳƭŜ 

ƛƴǘŜǊŦŀŎŜ Ƙŀǎ ŀƭƭ ǇƻǊǘǎ ŘŜŦƛƴŜŘ ŀǎ άƛƴǇǳǘέΣ ŜǾŜƴ ƛŦ ǘƘŜƛǊ ŎƻǊresponding RTL module port is output. This is because we 

are relying on a little-known 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 driver to that port, the compiler will 

ƪƴƻǿ ǘƻ ǘǊŜŀǘ ƛǘ ŀǎ ŀƴ ƻǳǘǇǳǘΤ ƛŦ ǘƘŜǊŜΩǎ ƴƻ ŘǊƛǾŜǊΣ ƛǘ ǿƛƭƭ ǊŜƳŀƛƴ ŀƴ ƛƴǇǳǘΦ ¢Ƙƛǎ ƛǎ ŜȄǘǊŜƳŜƭȅ ǇƻǿŜǊŦǳƭ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ 

reusing interfaces in highly configurable testbenches (as detailed in [1] and [3] ς see references). Also note that port-

coercion is in the SV LRM and therefore is supported by all simulators. Also, the question sometimes gets raised 

άƛƴǎǘŜŀŘ ƻŦ ŘƻƛƴƎ ǘƘƛǎ ǇƻǊǘ-ŎƻŜǊŎƛƻƴ ǎǘǳŦŦΣ ǿƘȅ ƴƻǘ ǳǎŜ ƛƴƻǳǘ ǇƻǊǘǎΚέ ¢ƘŜ ŀƴǎǿŜǊ ƛǎ ǘƘŀǘ ƛƴƻǳǘ ǊŜǉǳƛǊŜ ǇƻǊǘ ǿƛŘǘƘǎ ǘƻ 

be ideƴǘƛŎŀƭ ǿƘŜƴ ƳŀƪƛƴƎ ŎƻƴƴŜŎǘƛƻƴǎΣ ŀƴŘ ǎƻ ǘƘŀǘ ŘƻŜǎƴΩǘ ǿƻǊƪ ƛƴ ǘƘƛǎ ƳŀȄ-width technique. 



 

UVM Harness Step-by-Step 
The max-width interface concept is still applied in the UVM harness technique, because we still want to avoid having 

parameterized classes. A max-width virtual interface will allow for connection to any instance of the RTL module.  



 

UVM Harness Step-by-Step 
This is the newest addition to our understanding of how to best do the UVM Harness technique. We instantiate the 

max-width interface inside a non-max-width  RTL module interface... this is counterintuitive ς a larger thing 

ǎƘƻǳƭŘƴΩǘ ōŜ ŀōƭŜ ǘƻ Ŧƛǘ ƛƴǎƛŘŜ ŀ ǎƳŀƭƭŜǊ ǘƘƛƴƎΗ .ǳǘ ƛƴ ǎƻŦǘǿŀǊŜ ƛǘ ŀƭƭ ǿƻǊƪǎΦ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ƴƻǘ Ƨǳǎǘ ƳŀƪƛƴƎ ǘƘŜ w¢[ 

module interface itself max-width is to immunize ourselves against an RTL module that has ports of a type other 

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

placing the max-width interface with ports of type wire inside the RTL module interface (also with ports of type 

wire), the port-coercion will work regardless of the types on the ports of the actual RTL module. In the past I have 

asked RTL designers to change their port types from logic to wire, to accommodate this technique. No longer will I 

need to do this. 



 

UVM Harness Step-by-Step 
Here we tie off the unused bits of the max-width 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 affect ς after all if the pulldown is 

ǊŜŀƭƭȅ άǿŜŀƪέΣ ƛǘ ǎƘƻǳƭŘ ōŜ ƻǾŜǊǊƛŘŘŜƴ ǿƘŜƴ ŀ ǎǘǊƻƴƎ ŘǊƛǾŜǊ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƛǘΦ !ŦǘŜǊ ǎƻƳŜ ǘƘƻǳƎƘǘΣ ƛǘ ǘǳǊƴǎ ƻǳǘ ǘƘŀǘ 

this is bad verification practice: As a verifier, you don't want to tie-off any bits that the RTL module is really 

responsible for: If the RTL module doesn't drive a net it's meant to drive, you don't want the testbench silently 

ŎƭŜŀƴƛƴƎ ǳǇ ǘƘŜ ƳŜǎǎ ǘƘǊƻǳƎƘ ŀ ǘŜǎǘōŜƴŎƘΩǎ ǇǳƭƭǳǇκǇǳƭƭŘƻǿƴΦ 

 



 

UVM Harness Step-by-Step 
This is also a change from our original understanding 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 assertion modules inside their harness, and making the 

ƘŀǊƴŜǎǎ ŀ ƳƻŘǳƭŜ ǿƛƭƭ ŀƭƭƻǿ ǘƘŀǘΦ {ƻƳŜ ǿƻǳƭŘ ŀǊƎǳŜ άŀƴ ƛƴǘŜǊŦŀŎŜ Ŏŀƴ ōŜ ǾƛǊǘǳŀƭΣ ŀ ƳƻŘǳƭŜ Ŏŀƴƴƻǘέ ς which is true. 

However, we were unable to come up with any compelling use cases for a virtual harness in the class world. 



 

UVM Harness Step-by-Step 
¢Ƙƛǎ ǎǘŜǇ ƛǎ ŀƴƻǘƘŜǊ ΨǇŀǊŀŘƛƎƳ ǎƘƛŦǘΩ ƻƴŜΦ ¢ƘŜ ƛƴǘŜǊŦŀŎŜ ǇƻǊǘǎ ŀǊŜ ōŜƛƴƎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƳƻŘǳƭŜψǘȅǇŜΦǇƻǊǘψƴŀƳŜ ƻŦ ǘƘŜ 

RTL module, as opposed to module_instance.port_name. The fact that SystemVerilog supports such syntax was a 

ǎǳǊǇǊƛǎŜ ǘƻ ƳŜΣ ŀƴŘ ƛǘ ǘǳǊƴǎ ƻǳǘ ǘƻ ōŜ ǇƻǿŜǊŦǳƭΦ ²Ƙŀǘ ǘƘƛǎ ƛǎ ǎŀȅƛƴƎ ƛǎΣ άŀƴȅǿƘŜǊŜ ǘƘƛǎ ǘȅǇŜ ƻŦ ƳƻŘǳƭŜ ƛǎ ǾƛǎƛōƭŜ ǿƛǘƘƛƴ 

ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ƘŀǊƴŜǎǎΣ ŎƻƴƴŜŎǘ ǘƘŜ ǇƻǊǘǎ ƻŦ ǘƘŀǘ ƳƻŘǳƭŜ ǘƻ ǘƘŜ ǇƻǊǘǎ ƻŦ ǘƘƛǎ ƛƴǘŜǊŦŀŎŜέΦ ¢ƘƛǎΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ 

άƳƻŘǳƭŜ-amendƛƴƎέ ǳǎŜ ƻŦ ōƛƴŘΣ ōŜŎƻƳŜ ŀ ǎǳǇŜǊ-powerful technique for RTL-¢. ŎƻƴƴŜŎǘƛƻƴǎΣ ŀǎ ǿŜΩƭƭ ǎŜŜ ƛƴ ǘƘŜ ƴŜȄǘ 

slides. 



 

UVM Harness Step-by-Step 
IŜǊŜΩǎ ǘƘŜ ǇƻǿŜǊ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜ ς with one line of code, we go from having an RTL DUT, to a fully-connected DUT-

TB for all instances of a particular module; no possibility of missing a module, no possibility that one module instance 

is connected differently than another module instance; complete certainty that there will be no further TB bugs due 

to connections. 



 

UVM Harness Step-by-Step 
²Ŝ ƴŜŜŘ ǘƻ ƎŜǘ ǘƘŜ ǾƛǊǘǳŀƭ ƛƴǘŜǊŦŀŎŜǎ ƛƴǘƻ ǘƘŜ ¦±a ŎƻƴŦƛƎψŘōΦ !ŘŘƛƴƎ ŀ άǎŜǘψǾƛŦέ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ƘŀǊƴŜǎǎΣ ǘƘŀǘ ǘŀƪŜǎ ŀ 

variable string for path, allows the virtual interface to be set wherever it is needed in the verification environment. It 

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. 



 

UVM Harness: Result 
What it looks 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 something a lot more powerful, using a lot less code. 

 



Extracting RTL Parameters  

 

²ƻǳƭŘƴΩǘ ƛǘ ōŜ ƴƛŎŜ ŦƻǊ ǘƘŜ ǘŜǎǘōŜƴŎƘ ǘƻ ōŜ ŀōƭŜ ǘƻ ƳŀƪŜ ǳǎŜ ƻŦ w¢[ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ŀ Ǌƻōǳǎǘ ŀƴŘ ǘƛŘȅ ŦŀǎƘƛƻƴΚ LΩǾŜ 

struggled in the past with non-robust and ugly ways of accomplishing this, but was very pleased to learn about this 

approach, which I now use religiously. The idea is to bind an interface (or module ς ƭŜǘΩǎ ǎǘƛŎƪ ǿƛǘƘ ƛƴǘŜǊŦŀŎŜ ŦƻǊ ǘƘŜ 

sake of readability) to an RTL module, capture the values of the parameters inside that interface (since it has module 

scope after the bind) and then publish the parameter values to the config_db so that the class-world can make use 

of them. I like to think of this as a kind of trojan-horse technique, with the bound interface being the horse, and 

instead of releasing soldiers (parameters) it is capturing them to send off to far away places.  



 

Extracting RTL Parameters 
We start by defining a harness that has matching parameters as the RTL module we wish to extract from. Next, we 

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, and 

publish them to the UVM config_db. 



 

Extracting RTL Parameters 
¢ƘŜ ōƛƴŘ ǎǘŀǘŜƳŜƴǘ ŎǊŜŀǘŜǎ ŀƴ ƛƴǎǘŀƴŎŜ ƻŦ άŘǳǘψƘŀǊƴŜǎǎέ ƛƴǎƛŘŜ ǘƘŜ 5¦¢ ƳƻŘǳƭŜΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ƘŀǊƴŜǎǎΩ 

parameter values are equal to the DUT parameters after that bind statement executes. This is because the bind 

ǎǘŀǘŜƳŜƴǘ ǎŀȅǎ άŎƻƴƴŜŎǘ 5¦¢ψt!w!aм ǘƻ ǘƘŜ t!w!aм ǇŀǊŀƳŜǘŜǊ ƻŦ ǘƘŜ ƘŀǊƴŜǎǎέΣ ǿƘƛŎƘ ƛǎ ŀ ǿŀȅ ƻŦ ŀǎǎƛƎƴƛƴƎ 

DUT_PARAM1 to PARAM1; after the bind, DUT_PARAM1 is the value of the RTL parameter, and so PARAM1 gets the 

RTL parameter value. Tricky the first time you see it. 



 

Extracting RTL Parameters 
Before creating the UVM environment (via run_test), the RTL parameters are captured (via the capture_rtl_info call) 

ŀƴŘ ǇǳōƭƛǎƘŜŘ ǘƻ ǘƘŜ ¦±a ŜƴǾƛǊƻƴƳŜƴǘ όƛƴ ǘƘƛǎ ŎŀǎŜ ǘƘŜ ǎŜǘ ƛǎ ǘƻ ϝΦǘōψŜƴǾύΦ !Ǝŀƛƴ ƛǘΩǎ important to keep the call to 

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. 



 

Extracting RTL Parameters 
HereΩs the final result of what a harness file looks like with interface connection, RTL parameter extraction, and bind 

statement. 



 

Extracting RTL Parameters 
And what the testbench module file looks like with harnesses publishing virtual interfaces and the RTL parameters 

being captured and published ς all before run_test creates the UVM environment. Notice how clean this is compared 

ǘƻ ǘƘŜ άǇƻƭƭǳǘƛƻƴέ ǿŜ ƴƻǊƳŀƭƭȅ ǎŜŜ ƛƴ ŀ ǘŜǎǘōŜƴŎƘ ƳƻŘǳƭŜ ŦƛƭŜΦ 



Tuning Testbenches with RTL 
Parameters  

 

Because the 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 number of ports present in the DUT, and the randomization limits itself to a 

port number inside that valid range. Another situation where I have seen this is to randomize values to be 

programmed into DUT registers (via a random configuration object), where the RTL parameters specify the bus 

widths of the register fields. 



 

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 extraction technique shown earlier makes the values available before the UVM 

ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ōǳƛƭǘΣ ǎƻ ŀƴȅ Ŏƭŀǎǎ Ŏŀƴ ƳŀƪŜ ǳǎŜ ƻŦ ǘƘŜƳ ƛƴ ǘƘŜƛǊ ŎƻƴǎǘǊǳŎǘƻǊΦ bƻǘŜ ǘƘŀǘ ǘƘƛǎ ƛǎƴΩǘ ǳǎǳŀƭƭȅ ǘƘŜ ŎŀǎŜ 

when it comes to tuning coverage: if you wanted to tune coverage bins to a configuration object that is randomized 

within the UVM environment, that configuration object would not be ready in time for the constructor of the 

coverage class (1800-нлмт ǎŜŎǘƛƻƴ мфΦп ǎǘŀǘŜǎ ǘƘŀǘ ά!ƴ ŜƳōŜŘŘŜŘ ŎƻǾŜǊƎǊƻǳǇ ǾŀǊƛŀōƭŜ Ƴŀȅ ƻƴƭȅ ōŜ ŀǎǎƛƎƴŜŘ ƛƴ the 

ƴŜǿ ƳŜǘƘƻŘΦέύΦ {ƻƭǳǘƛƻƴǎ Řƻ ŜȄƛǎǘ ŦƻǊ ǘƘƛǎ ǎƛǘǳŀǘƛƻƴ ŀƴŘ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ώрϐ ŀƴŘ ώсϐΦ 



 

Tuning Testbenches with RTL Parameters 
There are different approaches available to use RTL parameters in assertions. One simple way would be to 

parameterize the encapsulating 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 techniques 

are valid, though the one presented here is slightly less error-prone 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 issue too). 

¸ƻǳ Ŏŀƴ ŦƛƴŘ ƳƻǊŜ ƻƴ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ƛƴ aŀǊƪ [ƛǘǘŜǊƛŎƪΩǎ !ŘǾŀƴŎŜŘ ¦±a ¢ǳǘƻǊƛŀƭ ŦǊƻƳ 5±/ƻƴ-Europe 2015 (see 

references at the end of this presentation). 



 

Tuning Testbenches with RTL Parameters 
The reset value of a register can be specified in an RTL parameter. 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 detecting a hard reset in the system) by 

calling reg_field.reset(), and get the correct value according to the current RTL parameterization. 



 

Tuning Testbenches with RTL Parameters 
The presence/absence of a register in a DUT version can be specified in an RTL parameter. 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 the built-in register test sequences will automatically 

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 register and checking that the write value was not stored (or checking for a slave error on the register 

ōƭƻŎƪΩǎ ǇƻǊǘύ 



 

Tuning Testbenches with RTL Parameters 
The width of a register field can be specified RTL parameter.  We build this example over the course of a few slides, 

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 going forward. 1800.02 is also called UVM 1.2 



 

Tuning Testbenches with RTL Parameters 
!ƴ ƛƳǇǊƻǾŜƳŜƴǘ ƻǾŜǊ ƘŀǊŘŎƻŘƛƴƎ ǘƘŜ έǎƛȊŜέ ŦƛŜƭŘ ƛǎ ǘƻ ǳǎŜ ŀ ŦǳƴŎǘƛƻƴ ǘƻ ǊŜǘǳǊƴ ŀ ǾŀƭǳŜΦ ¢ƘŜ ΨōŀǎŜΩ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ 

ŦǳƴŎǘƛƻƴ ǊŜǘǳǊƴǎ ŀ ŦƛȄŜŘ ƴǳƳōŜǊΣ ǎƻ ǘƘŜǊŜΩǎ ƴƻ ǾŀƭǳŜ ōŜƛƴƎ ŀdded just yet. But by making the function virtual (as we 

have above), a child of this class could override the function to return a different size.  



 

Tuning Testbenches with RTL Parameters 
This is where the payoff is: by extracting the RTL parameters, implementing a child class and overriding the virtual 

ŦǳƴŎǘƛƻƴ ƎŜǘψŎƘŀƴƴŜƭψŜƴψǎƛȊŜόύΣ ǿŜ Ŏŀƴ ƘŀǾŜ ǘƘŜ ǊŜƎƛǎǘŜǊ ƳƻŘŜƭ ǎǇŜŎƛŦȅ ǘƘŜ ΨǎƛȊŜΩ ŦƛŜƭŘ ōŀǎŜŘ ƻƴ ǘƘŜ w¢[ ǇŀǊŀƳŜǘŜǊǎ 

of the DUT ς very powerful! The final step is to use the factory to override the base class with the child class. 



RTL Parameter Generation & 
Coverage  

 

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 avoid manually created sets of parameters as these are error 

ǇǊƻƴŜ ŀƴŘ ŘƛŦŦƛŎǳƭǘ ǘƻ ƳŀƛƴǘŀƛƴΦ ²Ŝ ŎƻǳƭŘ ǳǎŜ ŀƴȅ ǎŎǊƛǇǘƛƴƎ ƭŀƴƎǳŀƎŜ ōǳǘ ƛǘΩǎ ōŜǘǘŜǊ ǘƻ ǳǎŜ {ȅǎǘŜƳ±ŜǊƛƭƻƎ ŀǎ ǿŜ Ŏŀƴ 

take advantage of the built in constrained random engine 



 

RTL Parameter Generation & Coverage 
Whether we use SV to generate the parameters, or any other scripting language, the generated parameters need to 

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 test environment.  



 

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 relevant cases are covered. 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 can 

extract all the parameter values used from the config db and use these for the coverage. For the coverage, we cover 

the parameter values themselves but should also consider using the parameters as cross items in functionality which 

is dependent on the value of the parameters. Note that code-coverage 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 sampled 

at construction time of the covergroup as all the RTL parameters are constant (and known) at that point for a given 

simulation of a particular set. 


