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Compile the refinement conjecture to a runtime check
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Challenges

» A and C may differ

» Data representation
» Number of state components

> Atomicity of a computation step

> ..

[Relate behaviors of systems expressed at different levels of abstraction j




Notions Of Refinement
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Refinement Conjecture
Runtime Checker
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Algorithm 1: Refinement Check

Input : s: concrete system state
n: number of steps to run
r: refinement map
rankT: rank of concrete state
Output: Partition, Error Status
w < r(s); error < false; partition < (); i < 0;
j«0;
do
u + Select-concrete-next-state(s);

‘ (match, v) +— Match-abstract-next-state(w, u)

if match
partition < partition :: (i, });
P il et
S u;w v
else if
Ru) =w A rankT(u,w) < rankT (s, w) ‘
it
s u;
else error < true;
n<n—1;
while n > 0 A —error;
return (partition, error);
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Refinement Conjecture
Runtime Checker

Algorithm 1: Refinement Check

S w Input : s: concrete system state
l l n: number of steps to run
r: refinement map
u % rankT: rank of concrete state
Output: Partition, Error Status

one step 1S .
(3viw - v: uBv) w < r(s); error < false; partition < (); i < 0;
i j«0;
Compile do
u + Select-concrete-next-state(s);
s w ‘ (match, v) +— Match-abstract-next-state(w, u) |,
l if match
U partition < partition :: (i, });

P il et
S U W v
else if
Ru) =w A rankT(u,w) < rankT (s, w) ‘
i—i+1
s u;
else error < true;
n<n—1;
while n > 0 A —error;
return (partition, error);

stuttering on left
(uBw A rankT(u, w) < rankT(s, w))

[Local proof method ~~ efficient runtime refinement checker]




Evaluation: RISC-V Sodor

» 5-stage pipeline Sodor Processor

> Single issue in-order pipeline processor

» Supports full bypassing between functions units
» Spike, executable RISC-V ISA simulator

> High-level specification

> Serves as the oracle
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Evaluation

» Effectiveness in detecting bugs
» Overhead cost of the refinement checker

1. Match concrete and abstract states
2. Computing the refinement map

3. Computing the rank of a concrete state

Algorithm 1: Refinement Check

do
u + Select-concrete-next-state(s);

‘ (match, v) < Match-abstract-next-state(w, u) ‘;

if match then
partition < partition :: (i, });
i—i+1l,j+j+1
S U w
end
else if‘ r(u)=w A rankT(u) < rankT(s) ‘
then
i+ i+1;
S u;
end
else error < true;
n<n—1,
while n > 0 A —error;
return (partition, error);
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Conclusion

An alternate testing methodology based on the theory of refinement.

Refinement implies functional
correctness
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Conclusion

An alternate testing methodology based on the theory of refinement.

Refinement implies functional
correctness

Abstract system serves as the
oracle

Robust to changes in the
implementation
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