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Abstract

In the modern chip-multiprocessor system, concurrently executing applications/threads
shares common resource such as main memory. Memory scheduling algorithms are
developed to resolve memory contention between competing applications so that throughput
is high and fairness of the overall multi-core systems is guaranteed. This emphasizes the
importance of the memory access scheduling to efficiently utilize memory bandwidth.
Although memory access scheduling techniques have been recently proposed for
performance improvement, most of them have overlooked the fairness among the running
applications.

In this thesis, we present Time-based Least Memory Intensive (TB-LMI) scheduling that
address both fairness and system performance. The main idea of TB-LMI is to prioritize
threads according to their memory contentions every pre-defined period of cycles to improve
system throughput and to guarantee fairness. We evaluate TB-LMI on a variety of multi-
programmed workloads with different queue sizes of memory controllers and compare its
performance to six previously proposed scheduling algorithms. TB-LMI achieves the best
system throughput and fairness. Previously proposed algorithms were First-Ready First Come
First Serve (FR-FCFS) scheduling, First-Ready Fair Least-Request Most Related (FR-
FLRMR) scheduling, First-Ready Fair Issue-Queue based Most Related (FR-FIQMR)
scheduling, First-Ready Modified Reorder Buffer based (FR-Modified_ROB-based)
scheduling, First-Ready Least REQuest (FR-LREQ) scheduling and Thread Cluster Memory
(TCM) scheduling. TCM, FR-LREQ, and FR-FLRMR showed competitive results against the
new scheduling TB-LMI. On 8-core system, TB-LMI improves system throughput and
fairness on average by 4.22% and 11.7% respectively compared to TCM which was the
previous work that provides the best system throughput and fairness.
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Chapter 1. Introduction

A Central Processing Unit (CPU) is typically referred to as a processor. A processor
contains memory caches, decoders, and execution units. Memory caches may be separated to
a cache for instructions (Instruction cache) and another one for data (data cache) or unified
caches where one cache for both instruction and data. Execution units such as Arithmetic
Logic Unit (ALU) are used in performing arithmetic or logical operations. In order to
increase processor’s throughput, recent processors are tending now days towards parallel
architectures. In early days, Operating Systems (OS) were developed to support
multiprogramming. Multiprogramming is a kind of parallel processing in which several
applications can run at the same time. In case of single CPU, OS executes part of one
program, then part of another. All programs are appeared to be executed at the same time.
Recent processors contain more than one CPU (core), allowing different applications to
execute in parallel such as Simultaneous Multi Processing (SMP), Chip-Level Multi
Processing (CMP), and Simultaneous Multi Threading (SMT) (described later). In order to
get the highest benefit from recent processors, running applications must have a lot of
routines that can run simultaneously. As an example a user may use the desktop to surf the
web, watch a video and play a flash game at the same time. In general, hardware these days is
trending toward highly parallel architectures.

This move resulted in increasing the number of threads that execute in parallel. All these
threads are competing for shared resources. One of these most important resources is system
main memory. While execution, each thread sends requests to the main memory to serve the
cache misses. This introduces the need of memory access schedulers to decide which requests
should be served first to either improve throughput or fairness or both.

1.1 Simultaneous Multithreading

In processor design, there are two ways to increase the on-chip parallelism: the first is
superscalar technique which tries to make full use of Instruction Level Parallelism (ILP); the
second is Thread Level Parallelism (TLP). Superscalar means that a processor tries to execute
multiple instructions at the same time within a single processor core. TLP means that a
processor tries to execute instructions from multiple applications/threads at the same time.

Some core components are duplicated in SMT. For example; an SMT core might have
duplicate resources of thread scheduling, so that the core looks like two separate processors
although it has a single execution unit. One of the SMT processors implementations is Hyper-
threading processors which were introduced by Intel [1]. A processor with Hyper-Threading
Technology consists of two logical processors per core. Each logical processor has its process
state (logical registers and program counter). Each logical processor acts as a single processor
where it can be individually interrupted, stalled, or directed to execute a specific application
independently from the other logical processor. As shown in Figure 1 Hyper-threading
processors, logical processors share the instruction cache, fetch queue, decoder, and L2 cache
but they have different execution unit.
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Figure 1.1: SMT architecture

1.2 Symmetric Multiprocessing

SMP stands for a symmetric multiprocessor system in hardware and software
architecture. SMP consists of two or more identical processors that share common resources
such as main memory interrupt system, and I/O devices. Each processor has its own
Instruction cache, data cache, fetch unit, decoder, execution unit, and L2 cache. These
identical processors are implemented on different chip. Each processor has its own chip and
they share the common resources through a bus or a crossbar. Figure 1.2 shows SMP
architecture. One of the first SMP processors is that what was introduced by IBM s/360 series
in 1960s [2]. One of the main advantages of SMP processors are that if one processor fails the
other can handle system requests. Also, if one application is multithreaded it can use more
than one processor. Multithreaded applications may arise data inconsistency problem where
data required may be obsolete (wrong). It is possible to have multiple copies of any
instruction from a running application. One copy is in the main memory and a copy in each
cache. Cache coherence guarantee that the changes in any shared data is updated to all caches
and main memory. SMP disadvantages are its waste in power, energy, and area.

1.3 Multi-core processors

Multi-core processors are kind of processor that contains more than one core in one chip.
These cores have their own instruction cache, Fetch stage, Decode stage, data cache, and
execute stage but they share the same main memory and L2 cache. Figure 1.3 shows the
architecture of multi-core processors. Multi-core processors are classified into homogenous
multi-core which includes identical cores and heterogeneous multi-core that have non-
identical cores [3].
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