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INTRODUCTION
The world of ASIC and FPGA design has 
been adopting the Universal Verification 
Methodology (UVM [1]) over the last several 
years. UVM is a culmination of well-known 
ideas, thoughts and best practices. Though 
UVM-1.1d is the most popular and default UVM 
version, UVM-1.2 has been around for a few 
years and has been adopted by many leading-
edge semiconductor design houses. The 
upcoming IEEE version of UVM (IEEE P1800.2) 
is set to make UVM even more widely adopted, 
just like many other IEEE standards.

While UVM is great in building testbenches 
and test scenarios/sequences, the primary 
objective of UVM was to build robust, 
reusable testbenches. For IP and sub-system 
level verification, these scenarios could be 
constrained-random and/or directed. Ideally 
constrained-random sequences run over 
multiple seeds should attain a very high level of 
functional coverage goals. However, practically 
speaking, it takes quite a few redundant stimuli 
to hit a given set of coverage points when 
attempted through traditional constrained-
random techniques. This is mathematically 
proven via “coupon collector’s theory”. [3]

At the system level (SoCs with multiple 
embedded processors, for instance) the 
scenarios tend to mimic real life application 
models, use cases etc. A pure constrained-
random approach falls short quickly at this level 
as the level of co-ordination needed across 

IPs, peripherals, processors and sub-systems 
within the SoC is very high. Though in theory 
one could develop a sophisticated constrained 
model for an end-to-end application scenario 
all within UVM/SystemVerilog, it is likely more 
painful than it is worth. Also with embedded 
processors becoming part of every modern-day 
SoC, UVM scenarios alone do not suffice; as 
hardware processors (such as ARM® Cortex®) 
do not understand UVM, rather they run C-code 
or assembly code in real life. 

Accellera has started an initiative to address 
this problem through a new specification 
language called the “Portable Stimulus Standard” 
(PSS).[5] However, at the stage of writing this 
article, the PSS is yet to be formally released. 
Different EDA vendors have their own version 
of PSS language and a methodology around 
it. The Mentor Graphics Questa® inFact™ 
Intelligent Testbench Automation solution 
[2] is one of the leaders in this space. We at
CVC have been consulting with customers
looking for innovative approaches using UVM
in deploying vendor-specific PSS solutions for
well over five years. A well-known approach
to PSS is Graph-based Verification (GBV) or
graph-based scenario models. To a first-timer to
GBV, a graph-based scenario model is like the
popular mind map based approach to problem
solving. According to Wikipedia, “a mind map is
a diagram used to visually organize information
and is hierarchical and shows relationships
among pieces of the whole”. [7]
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 A simple way to correlate mind map to GBV 
is to think of organizing various use-cases and 
application models around the given design.

Often a key requirement of end-users is to 
leverage an existing code base and build on it, 
rather than changing to a completely different 
language/tool/methodology regardless of the 
potential benefits of a new approach. Most 
of our customers do acknowledge that UVM 
is not for everything, but it is used in almost 
every project. So, a pragmatic approach to 
deploying PSS solutions would be to first 
integrate well with existing UVM testbenches 
and show value at the IP level and sub-system 
level and then move them seamlessly to the 
system level. This article focuses exclusively 
on this pragmatic approach in “bridging  
UVM to PSS.” 

In this article, we share our experience using 
Questa inFact around a UVM testbench for a 
vlb memory controller design. Though small 
in size, the various memory modes, memory 
regions and their access policies make the 
number of scenarios around the controller 
quite high. We decided to add a portable 
graph layer around an existing UVM testbench 
for this design. In this UVM testbench we had 
a comprehensive functional coverage model 
coded through a typical uvm_monitor → uvm_

subscriber setup. As mentioned earlier, 
the number of use cases are significant 
considering the design size, and hence the 
coverage model was big in the state space 
being modeled. Our aim was to see how much 
effort is required to import an existing UVM 
testbench to Questa inFact and add graphs 
around it. A subsequent goal is to obtain 
faster coverage closure with GBV as opposed 
to traditional constrained-random verification. 

We will share the steps in importing a UVM 
testbench to inFact along with code snippets 
and some sample graphs obtained.

 
REDUNDANCY IN CONSTRAINED-
RANDOM GENERATION  
A typical constrained-random generator has 
redundancy built-in. According to probability 
theory, a Coupon Collector’s Problem (CCP) 
describes the number of iterations it takes to 
collect all n coupons in a random pick (with 
repeats/replacements). A good reference 
to CCP theory is at [3]. CCP theory closely 
resembles coverage driven verification 
using the constrained-random generation 
technique. Though strictly speaking the 
coverage and stimuli are separate, often 
teams end up using constrained-random 

Figure 1. A mind map diagram
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generation to hit all functional coverage 
goals. Such a technique is proven to include 
redundancy, and it can be empirically proven 
that it takes n (log (n)) iterations to cover n items 
in a state-space. Using traditional constrained-
random generation with a robust coverage 
model, as done by many verification engineers, 
is a good example of needing many redundant 
iterations to reach 100% coverage goals. 

The mathematical analysis of the problem 
reveals that the expected number of trials 
needed grows as Θ(nlog(n)).  For example, 
when n = 50 it takes about 225 trials to collect 
all 50 coupons.

N – total number of different coupons. 
Xi – time to get the i-th coupon.

 
Graph-based verification can help reduce 
the redundant stimuli needed as per CCP. A 
typical graph-based solver attempts to address 
the above problem as a Traveling Salesman 
Problem (TSP) and finds a solution to meet  
the goals with minimum redundancy[4].

In our attempts to optimize our customers’ 
verification cycles, we at CVC always look 
out for the latest trends in verification. With 
Questa® inFact providing a graph-based 
approach to verification, it has the technology 
to reduce the redundant stimuli in a typical 
coverage closure cycle.  

 
ABOUT QUESTA® INFACT 
Questa inFact [2] Intelligent Testbench 
Automation accelerates attaining functional 
coverage goals by 10X to 100X, compared 
to randomly-generated stimulus. Stimulus 
is described using rules, and these rules are 
compiled into graphs. Questa inFact provides 
a visual representation of the stimulus model, 
generates test sequences that eliminates 
redundant stimulus, and very efficiently 
partitions coverage closure across parallel 
simulation running on a simulation farm. Using a 
graph-based, intelligent testbench automation  
approach, such as found in the inFact tool, to 
efficiently create verification scenarios and 
stimuli is a powerful way to enhance advanced 
verification environments. The inFact tool 
sequences may be used to augment or replace 
user-developed sequences in UVM, adding 
even more horsepower to verification. When 
coupled with a proven methodology like UVM, 
that ties all the tools together, inFact accelerates 
coverage closure, reduces common verification 
headaches, and frees up resources to focus on 
more ambitious verification plans and higher 
levels of functional coverage. Ultimately, this 
enables the verification team to exercise the 
device in a far more comprehensive manner, 
thereby reducing defects.

 
TARGET DESIGN - VLBUS 
The VLB [6] is an internal, proprietary bus 
developed by CVC. It provides a low-cost 

Figure 2. Graph of number of coupons, N,  
versus the expected number of tries needed  

to collect them all, E (T ) (Ref: [3])
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interface that is simple and reduces 
interface complexity. The VLB 
interfaces to any peripherals that 
are low-bandwidth and do not 
require the high performance of a 
pipelined bus interface. The VLB 
has a non-pipelined protocol. 

All signal transitions are related 
only to the rising edge of the clock to enable 
the integration of VLB peripherals easily 
into any design flow. Every transfer takes at 
least two cycles. The VLB can interface with 
the other high-performance bus protocols. 
It can be used to provide access to the 
programmable control registers of peripheral 
devices. Figure 3 shows a typical device with  
a vlb interface (DUT being a vlb slave).

Write transfers:  
Whenever the wr_rd_valid is active high in 
that time, the memory controller will perform 
the read/write operation depending upon the 
wr_rd signal. When wr_rd is active high,  
it performs the write operation. 

 
Read transfers:  
Whenever the wr_rd_valid is the active high 
and wr_rd is active low, it will perform the read 
operation.

 
VLB – SLAVE VERIFICATION 
CHALLENGE 
Given the generic nature of vlb, this can be 
hooked up to register-based slave models, 
memory controllers, etc. In this article, we 
highlight the typical challenges in verifying a 
memory mapped slave with various regions, 
access policies, etc. 

Figure 6 on the next page captures  
the memory mapped architecture of a vlb 
slave design. The memory address space  
is fully configurable.

 

Figure 3. VLBus interface

Figure 4. VLB write

Figure 5. VLB read
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A typical functional coverage model  
for this target design implemented via  
a uvm_subscriber is shown in Figure 7. 

Given the wide range of memory regions  
and access modes, this design required  
several UVM sequences to get reasonable 
coverage. A typical UVM test achieved around 
5% coverage with long running tests getting  
up to 15-20%. 

We decided to try out inFact on this design  
with the UVM setup to see how the flow  
to a graph-based environment looks. 

 
STEPS IN INFACT TO GET  
THE COVERAGE GRAPH 
The first step in deploying any 
new tool is in importing an 
existing code base to the new 
tool. With Questa inFact, a handy 
import wizard is available that 
reads existing SystemVerilog/
UVM testbenches. It creates 
a configuration for importing 
SystemVerilog classes and 
covergroups from the  
testbench environment.

At times a reusable verification 
environment may have more 
coverage points than necessary. 
Questa inFact provides the ability 
to choose various coverpoints 
and crosses to define a coverage 
strategy. Refering to Figure 
9, inside the stimulus tab, the 
coverage tab can be used to  
select which coverpoints and 
crosses are imported to create  
the inFact coverage strategy.

Figure 6. VLB coverage space

Figure 7. VLB coverage model in SystemVerilog

Figure 8. Questa® inFact testbench import wizard
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With a coverage strategy defined, 
the state-space can now be viewed 
as a graph within Questa inFact. 
A CDF file is generated from the 
stimulus tab (as shown in Figure 9). 
Questa inFact also includes a viewer 
for CDF files that displays the state-
space as a graph, as shown  
in Figure 10.

 
RESULTS AND NEXT STEPS

With the given vlb slave DUT and 
the configurable address space, 

we needed to explore alternate, better 
approaches than the typical constrained 
random verification that includes redundancy 
be definition. Graph-based techniques 
promise a bright future to handle this task. 
However, the key to any new technology will 
be a gradual migration path to it from existing 
standards, such as UVM.  In this article, we 
shared how we are able to import an existing 
UVM based environment to the Questa inFact 
tool through its testbench import capabilities. 
It works best when we have a robust functional 
coverage model, that can be easily migrated 
to a graph using inFact and visualized. Once 
a basic graph is available, inFact allows users 
to set a coverage goal and generates UVM 
sequences to achieve 100% coverage with 
minimal redundant stimuli. 

Some of the results of our coverage state-
space and the number of random UVM 
sequences/transactions it takes to close  
the coverage is shown in Figure 11.

 

Figure 10. Questa® inFact CDF file viewer

Figure 9. Questa® inFact stimulus tab

Figure 11. Number of transactions versus  
functional coverage for a peripheral IP
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From the table above it is clear that a graph-
based approach to functional coverage closure 
can lead to substantial gains in terms of the 
number of transactions needed to hit coverage 
goals. This is a big motivation for our consulting 
team to encourage customers to adopt this new 
technology and also to pave a way to portable 
stimulus as a next step. We reiterate that 
bridging UVM to PSS is critical for the industry 
to start adopting newer standards. This article 
shows how a graph layer can be quickly built 
around existing UVM. 
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State-space (bins) – n FCOV obtained n log (n) iterations FCOV obtained
192 81% 1009 98.8%

2749 83% 21769 99.6%
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