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Abstract

In this thesis, we consider the design and applications of parallel non-blocking slot scheduling
algorithms. Slot schedulers divide time into discrete quanta called slots, and schedule resources
at the granularity of slots. They are typically used in high throughput I/O systems, data centers,
video servers, and network drivers. In this thesis, we first present an efficient implementation
of a concurrent non-blocking slot scheduler, and then we apply our slot scheduler to solve
scheduling and resource allocation problems. Typically, a resource in a concurrent system may
be accessed by only one thread at a time. To share a single resource, threads co-ordinate using
mutual exclusion algorithms. When threads require simultaneous access to multiple resources,
the task of coordinating them properly is the resource allocation problem. However, these
mutual exclusion algorithms (using locks) suffer from inherent problems such as deadlocks,
starvation, priority inversion, which makes the lock-based implementation untenable.

We propose a family of parallel lock-free and wait-free linearizable algorithms to map the
resource demands to a set of time slots. This mapping of resources to currently available time
slots introduces many problems. In specific, we look at problems for reserving, as well as
freeing a set of contiguous slots.

We show that in a system with 64 threads, it is possible to get speedups of 10X by using lock-
free algorithms as compared to a baseline implementation that uses locks. We additionally
propose wait-free algorithms, whose mean performance is roughly the same as the version with
locks. However, they suffer from significantly lower jitter and ensure a high degree of fairness
among threads. We next propose a class of algorithms using software transactional memory
(STM) that are in the middle of the spectrum. They equitably balance fairness and throughput,
and are much simpler to design and verify.

Subsequently, we propose applications of our slot scheduler. First, we applied our slot sched-
uler in developing a parallel architectural simulator to schedule concurrent accesses of shared
memory structures. Prior approaches for this problem either used locks, or used methods that
introduced a lot of simulator error. Our method provides impressive speedups and minimizes
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simulation error.

With the advent of solid state drives (SSDs), storage vendors are increasingly preferring them
because their I/O throughput can scale up to a million IOPS (I/O operations per second). These
disruptive changes in the world of storage systems and software has made the scheduler a
bottleneck. Supporting these devices is well beyond the means of conventional scheduling
techniques, and thus a more scalable solution is required. To genuinely satisfy our requirements
of having a high throughput scheduler, we extend our non-blocking slot scheduling algorithms
for I/O intensive workloads and make them aware of dependencies, deadlines, request lengths,
priorities, and evaluate their feasibility for SSDs with different RAID configurations.

We next propose a data structure inspired by our techniques to help us implement lock-free and
wait-free algorithms. To implement non-blocking operations in a linearizable and non-blocking
manner, requires us to associate additional information with memory words in a data structure.
Current approaches either use some bits in a memory word to pack additional information
(packing), or use the bits to store a pointer to an object that contains additional information
(redirection), and the original data item. The former approach restricts the number of bits for
each additional field and this reduces the range of the field, and the latter approach is wasteful
in terms of space. We propose a novel method called a memory word expander. It caches infor-
mation for a set of memory locations that need to be augmented with additional information.
It supports traditional get, set, and CAS operations, and tries to maintain state for a minimum
number of entries.
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