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How to use equivalence checking in design  
 
In this note we show that functional equivalence checking is a powerful tool in the design process; providing cost-
efficient high confidence verification of functional design modifications, choices, and optimizations. Formal 
functional equivalence checking uses formal verification technology based on mathematical algorithms to prove 
or disprove that two versions of the same design produce the same outputs on all sequences of input stimuli 
respecting a set of functional constraints. We show how Esterel Studio seamlessly integrates functional sequential 
equivalence checking between Esterel modules; making its use immediate and highly accessible. 
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Figure 1: Sequential equivalence checking 

1. Functional equivalence checking 
Functional equivalence checking is used to check whether two designs are functionally equivalent, that 
is, that on the same input sequences they both produce the same output sequences. The equivalence is 
said to be functional because it is only concerned with functional aspects and not aware of technology-
dependent speed, area, and power consumption. In particular, a design can be optimized to run at twice 
the speed, using half the area and half the power but still be functionally equivalent to the original 
design. In this note, we only consider functional aspects and therefore simply talk about equivalence 
checking in the following.  

Equivalence checking is probably the most successful application of formal verification techniques 
in the semiconductor industry. Daily replacing millions of simulation cycles, equivalence checking is 
used to demonstrate the correctness of RTL synthesis results and gate-level optimizations. Though cost-
efficient, the application of equivalence checking requires a certain amount of know-how and often 
requires a fair amount of semi-automatic setup to be successful.  Due to this need for expertise and 
manual intervention, micro-architects and designers have so far not embraced equivalence checking in 
the design conception phases where design alternatives are studied and many design choices and 
optimizations are made. 

Equivalence checking is either combinational or sequential. In combinational equivalence checking 
only the combinational parts are compared and implications about the sequential behavior are derived 
from mapping register inputs and outputs of the compared designs. The reduction from sequential to 
combinational reasoning makes the checking problem easier but relies on the construction of a mapping 
between registers. Register mappings can often be constructed partly or even fully automatically but for 
aggressive register optimizations it is far from trivial. In sequential equivalence checking, the full, 
combinational and sequential, behavior is directly considered. Sequential equivalence checking is 
computationally harder than combinational checking but requires no (manual) register mappings. In fact, 
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the term sequential is only used to explicitly distinguish from combinational equivalence checking 
which due to its widespread use has (misleadingly) become synonymous with equivalence checking. In 
the following we use equivalence checking and sequential equivalence checking interchangeably. 
  
2. Equivalence checking in Esterel Studio 
Esterel Studio delivers highly accessible equivalence checking. The equivalence checking capabilities 
are seamlessly integrated into Esterel Studio and fully automatic. Esterel Studio directly implements 
sequential equivalence checking and hence requires no manual mapping of signals and memory 
elements. Esterel Studio equivalence checking compares two Esterel/SSM (Safe State Machine) modules 
having the same (primary) input and output signals. Signals are the same if they have the same names, 
directionality, array dimensions, and data and signal types. Note that the Esterel qualifiers temp, reg, 
mem, init, and combine are part of the implementation of the interface and do not have to be identical. 

Sequential equivalence checking uses formal verification technology to prove or disprove that two 
modules produce the same outputs on all possible sequences of input stimuli (see Figure 1). When 
analyzing equivalence of an output under a set of constraints with formal verification the result is either 

· Passed: all input sequences respecting the set of constraints produce the same outputs for both 
modules. 

· Failed: an input sequence that respects all the constraints but produces different outputs on the 
two modules was found and extracted for simulation. 

· Undetermined: an output neither passed nor failed within the limits given. In which case either 
the formal analysis: 

o [Timeout] timed out because it reached the user-set timeout, 
o [Aborted] stopped because it reached the user-set sequential depth of the bounded 

analysis or was stopped by the user, or  
o [Error] ran out of memory.  

 
3. Getting started with equivalence checking 
It takes five basic steps to get going with equivalence checking. Starting from a project and an active 
configuration, follow the steps below (illustrated in Figure 2): 
 
Step 1: Launch equivalence checking on the active configuration (by clicking on the  icon in the 
toolbar). The launching compiles the active module and opens the equivalence-checking window.  

Step 2: Select reference; to choose the reference module that you want to prove functionally equivalent 
to the active module. The reference module can be selected either directly or by selecting a configuration 
that defines it as main module. When the reference module is selected directly its compilation is done 
based on the active configuration. 

Step 3: Select outputs to be compared; you can disable and enable the comparison of the outputs 
individually by toggling the status in the Enable column of the Goal Panel (by default all outputs are 
compared). 

Step 4: Launch bounded or full model checking (BMC or PROVE button); to compile the reference 
module and prove the equivalence between the active module and the reference module.  

Step 5: Inspect results and play scenarios; the results appear for each enabled output goal in the status 
column of the Goal Panel. When an output is found to not be equivalent, an input sequence that shows 
the difference is generated. The input sequence can be simulated on any of the two modules. Simulation 
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can be launched directly on the active configuration by choosing Play in the contextual menu on the 
Scenario column of the Goal Panel. 
 

1) Launch sequential equivalence checking  

2) Select reference  

4) Launch model checking 
3) Select outputs 

5) Inspect results &  
    play scenarios  

 
Figure 2: Five steps to prove equivalence 

 
 
4. Getting more out of equivalence checking 
As shown above, proving of equivalence can be restricted to only include certain outputs. Furthermore, 
the usage of equivalence checking can be refined using environment constraints.   
 
Proving only some outputs equivalent: when correcting an error in a module, the error may only affect 
some of the outputs; the other outputs should not be affected by the correction. Consider for instance a 
FIFO where one of the control flags is incorrectly implemented. The corrected FIFO should be proven 
equivalent on all outputs except for the faulty control flag that was (hopefully) corrected.  
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Constrained equivalence checking: when optimizing a module, certain optimizations will only be 
correct in a constrained environment. Consider for instance a FIFO with bypass logic. If the FIFO is 
used in an environment where read is never done on an empty FIFO then the bypass logic can be remove 
to obtain an optimized FIFO. The original FIFO should be functionally equivalent to the optimized FIFO 
but only under the (environment) constraint that bypass never happens. It is straightforward to add 
constraints; there are a number of natural ways to define them using assertions, input relations, input 
constraints, external constraint files, and ESI input sequence constraint (cf. the Esterel Studio User 
Manual for details). 
 
5. The role of automatic assertions 
Before checking two modules equivalent, it is important to verify that they both respect all their 
automatic assertions. Automatic assertions are automatically extracted by structural analysis and they 
verify a number of common design errors including out-of-range, out-of-bounds indexing, write/write 
race, and read-before-write errors. The role of the automatic assertions is to verify the absence of all 
such errors. In general it is important to verify all automatic assertions because they verify the absence 
of common design errors. Moreover, when dealing with formal verification it is even more important 
because if one or more automatic assertions fail then the design can be internally inconsistent and the 
formal verification can produce false-negatives, that is, input sequences that when simulated lead to 
failure of dynamic checks. 
 
6. Summary 
Equivalence checking is a powerful tool to prove or disprove the functional equivalence between all or a 
subset of outputs with or without input constraints. Esterel Studio provides immediate accessible 
sequential equivalence checking between Esterel/SSM modules applicable by micro-architects, 
designers, and verification engineers alike.  
 
 
 
 


