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How to use interpolation to prove more assertions  
In this note we show how to use the new interpolation proof strategy to efficiently prove more assertions. The 
interpolation strategy adds additional and complementary proof power to Esterel Studio Design Verifier1. 
Interpolation combines the efficiency and robustness of Bounded Model Checking (BMC) with novel state-space 
approximation techniques to achieve efficient proof strategies. 
 
1. Formal verification strategies 
Formal verification uses mathematics and efficient algorithms to prove or disprove assertions. To prove 
an assertion, it proves that no input sequence respecting the given functional environments constraints 
can falsify the assertion. To disprove an assertion, it produces an input sequence that respects the 
environment constraints and violates the assertion.   

As opposed to simulation-based verification, formal verification is exhaustive; it analyzes all 
possible behaviors. The state-space of a design increases exponentially with the number of state-holding 
elements of the design (adding one state-holding element potentially doubles the number of states). 
Furthermore, there are infinitely many possible input sequences (of ever increasingly length) to be 
analyzed. Therefore, formal verification is inherently complex and no single method is always the best. 
Best practice is to use several alternative strategies. Formal verification strategies are either Bounded 
Model Checking (BMC) or Full Model Checking (FMC) strategies. Full model checking is also known 
as unbounded model checking. 

Bounded model checking performs a bounded analysis; verifying that no assertions can be falsified 
up-to a specific sequential depth K. The advantage of BMC is that it is very efficient in finding assertion 
failures; bugs! Its disadvantage is that it does not try to prove assertions and hence can only give partial 
assurance; when an assertion is analyzed up to bound K, there can be no input sequence shorter than K 
that falsifies the assertion. BMC does not look to prove because it is faster to only look for failures. 

Full model checking both finds bugs and proves assertions but it puts emphasis on proving 
assertions and does, in general, not explore in sequential depth as fast as BMC. Full model checking 
does hence not find bugs as efficiently as BMC. 
 
2. Interpolation proof strategy 
Interpolation2 is a novel full model checking strategy that adds new and complementary proof efficiency 
to Esterel Studio’s list of proof strategies. A recent benchmark of industrial Esterel designs confirms the 
additional proof power of interpolation in comparison with the current default (induction-based3) proof 
strategy. Each assertion of the benchmark was first analyzed using the novel interpolation strategy and 
then using the default strategy. In both cases, a timeout of 600 seconds was used4. In Figure 1(a), the 
results are plotted against each other; time spend by interpolation against time spend by the default 
strategy.  

                                                
1 Esterel Studio Design Verifier is based on Prover™ Plug-In, a trademark of Prover Technology AB in Sweden, the United 
States, and other countries. 
2 An explanation of the theory behind interpolation can be found in “Interpolation and SAT-based Model Checking” by Ken 
McMillan; presented at the 15th International Conference on Computer-Aided Verification (CAV), July 2003, pp. 1-13. 
3 An introduction to induction-based model checking can be found in “Checking Safety Properties Using Induction and a 
SAT-Solver” by M. Sheeran, S. Singh, and G. Stålmarck; presented at the Third International Conference on Formal Methods 
in Computer-Aided Design, November 2003, pp. 108-125. 
4 The benchmark was run on a 2GHz 64 bit AMD Opteron machine with 8 GB RAM running Linux Red Hat Enterprise 4 
(64bit). 
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     On 1210 cases including both user-defined and automatic assertions, interpolation won 926 times and 
completed 135 cases that were not completed by the default strategy within the timeout. The geometric 
mean of the speed-ups was 7.8 and the median was 6.7, hence in 50% of the cases interpolation was at 
least 6.7 times faster. The global speed-up was 2.9. These results indicate that interpolation clearly out-
performs the default strategy.  This does however not make the default strategy redundant for at least 
three reasons. First, the default strategy won 202 times and completed 9 assertions that were not 
completed by interpolation within the timeout. Second, interpolation tends to consume a lot more 
memory than the default strategy and hence can run out of memory where the default strategy does not. 
Third, the default strategy is better at analyzing multiple assertions simultaneously. As explained below 
in Section 4 (Getting more out of interpolation), the full benefit of interpolation is obtained when 
combining it with the default strategy. 
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Figure 1: Scatter plots of time in seconds. In each case the X-axis is the default strategy and the Y-axis is interpolation. 

 
Analyzing assertions simultaneously 

The default strategy is better at analyzing multiple assertions simultaneously. To illustrate this, the 
assertions of the same benchmark were grouped in order to analyze multiple assertions at the same time 
(in average analyzing more than a hundred assertions per case). Each group of assertions was first 
analyzed using the novel interpolation strategy and then using the default strategy, in both cases using a 
timeout of 3600 seconds. Whenever the analysis of an assertion completes, the time spent so far on the 
whole group is tracked. The results are plotted in Figure 1(b).  

On the 1210 cases, interpolation won 670 times and completed 288 cases that were not completed by 
the default strategy within the timeout. The default strategy won 237 times and completed 46 cases that 
could not be completed by interpolation within the timeout. The geometric mean of the speed-ups was 
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0.89 and the median was 1, hence in 50% of the cases the default strategy was at least as fast as 
interpolation. However more importantly, the overall time saved by analyzing assertions simultaneously 
was significant. When analyzing one assertion at a time it takes more than 17 hours with interpolation 
and more than 49 hours with the default strategy. In comparison, it takes 9 hours when analyzing 
multiple assertions simultaneous with any of the two strategies.  
 
  
3. Getting started with interpolation 
It is straightforward to use the interpolation proof strategy; all it takes is to change the formal 
verification settings. To use the interpolation strategy, follow the following steps (see Figure 2). 
 
Step 1: Launch the Design Verifier and select (auto) goals and constraints,  
Step 2: Select the Settings Tab and type in the “Add. Options field”: “–interpolation”, 
Step 3: Select the (Auto) Goals Tab and press “Prove” 

 

Launch the Design Verifier 

Select settings 

Type-in additional options 

-interpolation 

 

 
Figure 2: Getting started with interpolation. 

 
 
4. Getting more out of interpolation 
The interpolation strategy immediately adds more proof power. But to get the full benefit, it is often 
important to apply environment constraints, adopt an iterative approach combining multiple strategies, 
tune the interpolation strategy, and analyze difficult assertions individually. 
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An incremental iterative approach: An efficiency measure for a proof strategy is the ratio of the 
number of completed verifications (passes or failures) divided by the time spent. To optimize this ratio, 
the best practice is to, first analyze multiple assertions simultaneously and stop the analysis when no 
new assertions are completed in a “reasonable” time-span depending on the complexity of the design 
and the properties. Second, relaunch the analysis on the remaining assertions, and so forth.  When this 
iterative approach does not lead to new completed verifications fast enough, it is time to change strategy. 
 
Changing strategies: Due to the inherent complexity of formal verification, no single method is always 
better. Therefore, best practice is to use and combine multiple strategies. In particular, it is 
recommended to first use the default strategy and then the interpolation strategy in an iterative approach 
focusing on the remaining assertions. 
 
Analyzing assertions together or individually: When analyzing goals there is a trade-off in time and 
proof success. Interpolation is in general most efficient when applied to a single assertion at a time. This 
is mainly because reductions are more aggressive and abstractions are better tailored for the specific 
assertion. However, significant time can be gained by proving many assertions at the same time. The 
best practice is to first try to prove all or groups of assertions together and then to prove the remaining 
assertions one-by-one. To prove assertions one-by-one either manually select the assertion to be 
analyzed by disabling or removing all other assertions, or use the additional option: -one_by_one. Note 
that proving assertions together also can have great synergistic effects since proven assertions help 
approximate the reachable state-space by eliminating (unreachable) states that do not respect the already 
proven assertions. 
 
Choosing the interpolation strength: Interpolation takes a “strengths” parameter, which is a measure 
of the precision of the computed reachable state-space approximation. By default the parameter is 
automatically set to be the same as the current depth.  The user can change the strength using the 
additional option -interpolation_strength <number>. The default setting ensures that the interpolation 
strategy is complete in the sense that if given memory and time enough it will sooner or later prove any 
correct assertion. However the greater the strength the more expensive the analysis, hence the best 
practice is to explicitly set the strength to 0 when the analysis does not converge at small depths. 
Practice shows that 0 or 1 is often sufficient even though there is no guarantee. 
 
Constrained assertion verification: A design rarely behaves as intended in an arbitrary environment. 
Instead, its “correct” behavior relies on its environment complying to certain properties, for instance, 
implementing a specific communication protocol. Such environment properties are often called 
environment constraints. The best way to specify environment constraints is using assertions.  In formal 
verification, these environment constraints serve to constrain the analysis to only consider intended 
behavior. In simulation, they serve to verify that input sequences respect the intended environment . It is 
straightforward to add constraints for formal verification; 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. Summary 
Interpolation is a new complementary proof strategy that proves more assertions and proves assertions 
faster. To get the full benefit of interpolation use it in combination with the default strategy.  


