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ABSTRACT

Parallelization of code is increasingly important to high performance. One such enabler of
parallelization  is  commutativity.  However,  code  fragments  may  not  always  commute.  One
approach  is  to  use  conditional  commutativity,  where  code  fragments  commute  under  some
precondition called the commutativity condition.

This dissertation introduces new methods for automatic parallelization of programs by 
exploiting conditional commutativity. I introduce a method for automatic parallelization of 
programs with commutativity conditions via the Veracity programming language. Sequential and 
parallel semantics of so-called commute blocks are given. Safe parallelization requires scoped 
serializability, a novel correctness condition that is a strengthening of serializability. Next, in the 
context of a whole-program parallelization in Veracity2G, I describe a novel runtime model and 
implementation for concurrent execution of programs with commutativity conditions across non-
neighboring code regions.

These techniques naturally depend on knowing commutativity conditions, which must be 
discovered and verified. This dissertation thus also improves automation of commutativity 
condition verification and synthesis in two ways. First, I present a new tool Servois2: a 
generational improvement on an existing tool for synthesis of commutativity conditions of abstract
data types (ADTs). The tool reasons about a larger number of theories and outperforms its 
predecessor. Servois2 is used as the commutativity condition reasoning backend for Veracity and 
Veracity2G. Second, a novel abstract interpretation framework for extending a language with 
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ADTs is presented. Formalization of sufficient commutativity abstractions is given, and the ability 
to statically guarantee these abstractions is shown.

In sum, the work presented explores the process of using conditional commutativity for 
performance benefit, starting from obtaining the conditions through the parallelization of code.


