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Abstract

Many-core processors have already become a norm in the processor industry. Nearly
every machine nowadays is equipped with these many-core processors. Most of these
processors relax the order of execution of instructions in order to minimize the latency
caused by write instructions. As a consequence, a correct program under the SC memory
model might exhibit an erroneous execution under relaxed memory models. Therefore
there is a need to verify the correctness of a concurrent program with respect to underlying
memory model. In this work, we consider safety properties of concurrent programs as
correctness specification.

In this thesis we propose a trace partitioning based approach as a method of proving
correctness of concurrent programs under those memory models which have a well-
defined operational semantics. We take up the SC, TSO, and PSO memory models in
this work. We give an alternating finite automata (AFA) based construction to represent
a set of similar traces. Such a similarity measure allows us to partition the set of all
traces of a concurrent finite data domain program in a finite number of equivalence
classes. To extend this approach for the TSO and PSO memory models we propose an
equivalent alternate semantics of these models. Such a semantics allow us to construct
a set of symbolic traces of a program under these memory models. These traces are
then partitioned using AFA in a number of equivalence classes. To handle the unbounded
buffer size of TSO and PSO memory models we prove the existence of a fixed point k for
every program P such that it is sufficient to prove the correctness of P with buffer size k.
This theorem makes our approach complete for the TSO and the PSO memory models.
We implemented this approach in a tool Proof TraPar which works very competitively
against state-of-the-art tools.

For language memory models which are defined axiomatically, like C11, we explore
the possibility of using concurrent separation logic (CSL) as a feasible proof method.

We consider the C11 memory model and extend CSL to propose Relaxed Separation



Logic (RSL). We apply the idea of the transfer of ownership from CSL to model different

atomics proposed in the C11 model.
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