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With the latest process technologies, com-
plex high-performance systems – once the
exclusive domain of ASIC and custom chips
– can now be created with FPGAs. Although
this benefits both consumers and companies,
it also creates significant new design and ver-
ification challenges that must be addressed to
meet time-to-market requirements. 

As a designer, you use system-level
analysis and simulation to evaluate differ-
ent architectural alternatives. The result
of this architectural exploration is the
RTL (register transfer language) specifica-
tion, which forms the definition of your
device’s functionality.

Depending on the product require-
ments, you can realize this functionality
in a number of forms: using Xilinx®

devices as FPGAs designed into the final
product or prototypes for verification of
complex ASICs.
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The RTL description defines the func-
tionality, so maintaining equivalent behavior
for all implementations under all circum-
stances is critical. As design sizes have
increased, the ability to prove equivalence by
exhaustive simulation has disappeared.

ASIC designers recognized this issue
several years ago and turned to equivalence
checking (EC) to maintain functionality.
When you design one of today’s high-com-
plexity FPGA devices, whether used in the
final product or as an ASIC prototype, you
are clearly facing these same challenges. As
a result, EC is quickly becoming a manda-
tory verification methodology in FPGA
design flows. This methodology becomes
even more important if you have selected
the EasyPath™ low-cost FPGA solution
for your production needs.

In this article, we’ll provide an
overview of EC technology and the bene-
fits it brings to FPGA design. Using the
Synopsys Formality equivalence checker
in your FPGA design flow enables you to
quickly verify the implementation of your
device, giving you the freedom to focus
your efforts on other design tasks.

Introduction to Equivalence Checking 
EC is a formal, static verification technology
that uses mathematical techniques to deter-
mine if two versions of the same design, at
different stages of development, are func-
tionally equivalent. The power of this tech-
nique is its ability to compare between:

• Two RTL versions

• An RTL description and a gate-level
netlist

• Two gate-level netlists 

EC flows consist primarily of four stages:

1. Read: the EC tool reads RTL
descriptions or netlists for the refer-
ence and implementation designs
and segments the logic in each
design into smaller components
called logic cones (Figure 1). Logic
cones are simply small groups of
logic bordered by registers, ports,
and black boxes. The end points 
for each logic cone are known as
compare points.

3. Verification: using mathematical tech-
niques, each set of matched compare
points is proven to be functionally
equivalent or non-equivalent. 

4. Debug: when non-equivalent logic
cones have been identified, graphical
debug techniques are available to isolate
the logic causing functional deviations.

Static verification has two primary bene-
fits: it is orders of magnitude faster than
dynamic verification and provides 100%
verification coverage. EC can prove that dif-
ferent versions of a design are equivalent (or
not) in a matter of minutes, rather than the
hours or days required for dynamic simula-
tion. Equivalence checking also eliminates

2. Match: using a variety of tech-
niques, the equivalence checker
maps corresponding compare points
between the implementation and
reference designs (Figure 2). The
fastest of these techniques is name-
based matching, but differences
between the RTL and gate-level rep-
resentations can lead to highly dis-
similar names, making advanced
matching algorithms necessary.
Registers may have been duplicated,
merged, or otherwise optimized
away such that the logic cones
between design versions may be
quite different, making the match-
ing process far from simple.
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Figure 1 – Logic cone with compare point

Figure 2 – Matched (or mapped) compare points between design versions



the need to create extensive sets of test pat-
terns in an attempt to demonstrate equiva-
lence by automatically identifying compare
points and then applying sophisticated ver-
ification techniques. Dynamic simulation
remains an important part of your verifica-
tion strategy, but its primary use is to ensure
proper RTL behavior.

Equivalence Checking in FPGA Flows
Because the value of EC is well understood
by ASIC designers, its initial application to
FPGA prototyping is an obvious choice. In
the prototyping context, you want to prove
that your FPGA prototype implements the
RTL functionality that will be used to cre-
ate an expensive ASIC.

The FPGA verification usually hap-
pens in two phases: first by proving the
equivalence of the reference RTL to the

post-synthesis netlist, and second by prov-
ing the equivalence between the post-syn-
thesis netlist to the post place and route
(PAR) netlist. You can perform a similar
check between the reference RTL and the
ASIC implementation netlist(s) to ensure
that your final ASIC matches the func-
tionality proven in the FPGA prototype,
as shown in Figure 3.

The benefits of EC also apply when you
intend to use the FPGA as the final imple-
mentation of your design. The ability to
quickly and exhaustively prove the corre-
spondence between your reference RTL,
the post-synthesis netlist, and the post-
PAR netlist significantly reduces simula-
tion time or multiple programming
iterations, neither of which can conclusive-
ly prove the equivalence between various
versions of your design.

Block-level design elements like digital
clock managers (DCMs) and block RAMs,
inherent features of the Xilinx architecture,
pose interesting challenges in FPGA
designs. When they are instantiated – as is
common in FPGA prototyping flows –
they are treated as “black boxes” for syn-
thesis and EC purposes. The contents of a
black box are not verified, but the signals at
the periphery of the “black-boxed” element
are proven to be equivalent.

RAMs can also be inferred from the
RTL. These inferred RAMs can be
directly verified by Formality as long as
the inferred RAM does not become
excessively large. Large memories can be
fully verified using memory-specific ver-
ification tools. 

Using Formality in a Xilinx Design Flow
Formality, the proven equivalency check-
ing tool from Synopsys, allows you to veri-
fy designs 10-100X faster than
simulation-based techniques – and identify
and correct logic errors 5-10X faster –
because of its graphical schematic debug
capabilities. This performance advantage
enables you to run Formality at every stage
of the implementation flow and catch
errors when they are first introduced, great-
ly reducing the cost of correcting them. 

Functional verification using Formality
is the clear winner in terms of performance
and error isolation. Today’s very large pro-
grammable devices may contain hundreds
of thousands of logic cells, making equiva-
lency checking a mandatory component of
the modern competitive design flow.

Synopsys and Xilinx have created the
Formality EC flow for Xilinx FPGA
designs (shown in Figure 4). Design dis-
crepancies can result from the numerous
transformations that take place during
synthesis and in ISE™ software
(NGDbuild, MAP, and PAR). These
transformations may change the design to
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Figure 3 – Verifiying an ASIC implementation against an FPGA prototyped implementation



improve timing, reduce area or power, bet-
ter match the architectural features of the
Xilinx device, or meet design rules.
Transformations such as combinatorial
reductions, sequential optimizations
(retiming), FSM re-encoding, register
merging or duplication, and place and
route optimizations increase the risk of
unintended functional changes. 

EC tools consider two versions of a
design independently, without knowing
how they were created. Therefore, Formality
has no awareness of the transformations that
occurred during design implementation.
These transformations include changes to
the logic, in net and instance names, in hier-
archy, and to the number or meaning of
state elements. These changes may impact
the names of compare points, preventing the
use of efficient name-based matching tech-
niques and increasing the use of advanced
but slower matching techniques.

Additionally, any changes to a bounding
element of a logic cone results in a change to

the logic cone itself. For example, if you opti-
mize away a register during synthesis, you
remove the end point of a logic cone, forcing
that logic cone to be expanded until another
end point is found. The effect is that the
matching of compare points may no longer
be possible; even if a match is made, the logic
between corresponding cones is no longer
equivalent and verification will fail. 

Tight Linkage Between 
Tools Improves Usability
In the past, EC tools required extensive tool
setup to understand these logic optimiza-
tion transformations. Fortunately, Synopsys
Design Compiler FPGA and Xilinx PAR
tools write out an automated setup file for
Formality. This file contains information
telling Formality which optimizations were
performed in particular areas of the design,
minimizing the manual setup information
that you might otherwise need to provide.
Formality uses this setup information to
understand the differences between the two

versions and, after validating the informa-
tion, uses it to more quickly complete the
equivalence check. Linking multiple tools
through the setup file helps you achieve the
fastest possible time to results and eliminate
errors that might be introduced in a manu-
al setup process. 

Complex FPGA devices are increasingly
being designed using modular, or hierarchi-
cal, flows. Formality provides an ideal way
to verify each individual module and ensure
that they have been correctly stitched
together at the upper levels of your design.

Formality is a mandatory step in the
EasyPath methodology. EasyPath devices
are not reprogrammable, so ensuring that
the device is 100% equivalent to the refer-
ence RTL is essential. Formality’s static
analysis techniques prove functional equiv-
alence, minimizing the risk of implement-
ing incorrect functionality to help you
reach volume production sooner.

Conclusion
Today’s FPGAs have achieved the same
level of functional complexity as some
ASICs. The ability to realize very complex
functionality in FPGAs has created
tremendous challenges in the FPGA verifi-
cation process. Formality helps you:

• Achieve 100% coverage

• Reduce runtimes 10-100X versus 
traditional dynamic verification

• Quickly isolate discrepancies between
the RTL and implementation

• Reduce or eliminate the time spent 
re-simulating after a design change

• Verify that changes did not uninten-
tionally impact other functionality

Synopsys and Xilinx have worked togeth-
er to create a proven FPGA static verifica-
tion solution centered on Formality, Design
Compiler FPGA, and Xilinx ISE implemen-
tation tools. Formality provides a fast, thor-
ough functional verification methodology
for proving equivalence between multiple
representations of your design. For more
information on Formality or DC FPGA,
visit www.synopsys.com or contact your
Synopsys sales representative. 
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Figure 4 – Formality/DC FPGA/Xilinx verification flow


