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Abstract

The computer industry has turned to multicore processors as a power-efficient way to use the vast number of transis-
tors on a chip. Most current multicore processors are homogeneous (i.e., all the cores are identical), and scheduling
them is similar, but not identical, to what operating systems have been doing for years. However, microarchitects are
proposing heterogeneous core implementations, including systems in which heterogeneity is introduced at runtime.
These processors will require schedulers that can adapt to heterogeneity.

In this position paper, we discuss the trends that are leading to dynamic heterogeneity, and we show that schedulers
must consider dynamic heterogeneity or suffer significant power-efficiency and performance losses. We present the
challenges posed by dynamic heterogeneity, and we argue for research intfo hardware and software support for effi-
ciently scheduling such systems.
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1 Introduction

Moore's Law provides computer architects with
more transistors than they can effectively use to extract
instruction level parallehsm n a single core. Thus, all
current and future high-performance processor chips are
multicore processors (also known as chip multiproces-
sors or CMPs). These multicore processors include the
Cell Broadband Engine [11], Intel’s CoreDuo and Quad-
Core Xeon, AMD’s Dual-Core Opteron, Sun Microsys-
tems’ Miagara [13], and IBM’s Power5 [12]. These pro-
cessors have between two and eight cores i a single
chip package, with the expectation of greater numbers
of cores in future generations.

At first glance, scheduling a multicore processor
may not appear to present a substantially new problem
for operating systems. There 15 a long history of OS
scheduhing for multithreaded microprocessors and tradi-
tional multi-chip multiprocessors. There has even been
recent research [9, 8] into one aspect of scheduling that
15 umique to multicores, which 1s that processors often
share L2 caches. Except for this 1ssue of cache shanng,
it might at first appear that scheduling of multicore pro-
cessors would be a stramghtforward extension of existing
scheduling techmques, except future multicore proces-
sors are unlikely to be composed of homogeneous cores
[15, 1]. Due to core specialization and runtime fault
handling and power management, 1t 1s hkely that mult-
core processors will feature heterogeneous cores. Fur-
thermore, this heterogeneity 1s hkely to be both static (as
an ntentional design feature that does not change) and
dynamic (as a response to run-ime events such as phys-
ical faults or power management). In this position paper,
we focus on dynamically heterogeneous multicore pro-
cessors (DHMPs), because they will present a greater
challenge to future operating systems.

In a DHMP, the OS scheduler has a sigmificant
impact on power efficiency and performance. The
scheduler must decide which threads (or portions of
threads) should run on which cores. A good schedule
will match each thread with a core that can provide it
with sufficient performance at an acceptable power cost.
A poor schedule wall match each thread with a core that
either cannot run 1t at an acceptable performance (e.g.,
due to faults in that core) or that needlessly wastes
power runming it. A poor schedule can lead to shorter
battery hife for a laptop, slower response time for a gam-
ing console, greater power costs for small business com-
puting, or less computational throughput for a server
farm. Scheduling a DHMP 15 a fundamentally different
and more difhcult problem than scheduling homoge-
neous systems.

In the rest of this paper we further motivate and
define the research challenges presented by DHMPs.
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Section 2 reviews multicore architecture to frame the
1ssues related to scheduling these systems. In Section 3,
we present the challenges we see for the efficient sched-
ulng of DHMPs. In Sechion 4, we discuss the hmited
research that has been done mn this area. We conclude n
Section 5 with a call to action for scheduling research,
outhming fruitful future areas of research.

2 Multicore Trends and Impact

With the increasing transistor budgets afforded by
Moore’s Law, architects have sought ways to use all of
them n a power-efficient manner. Until recently, archi-
tects have dedicated their transistor budget to extracting
instruction level parallelism (1L.P) out of single-threaded
code. However, dedicating current transistor budgets
strictly to ILP 15 not power-efficient, and thus architects
have sought to use transistors to also exploit thread level
parallelism. An mmitial approach was simultaneous mul-
tithreading (SMT) [18], such as in the Pentium4, in
which multple threads share a single core’s resources.
Unfortunately, a single SMT processor 1s also limited in
how many transistors 1t can use power-efficiently. Thus,
the industry has begun placing multiple independent
cores on each chip. Each of these cores may itself be
multithreaded, providing a multipheative number of
schedulable contexts.

Homogeneous multicore processors are composed
of 1dentical cores that provide a consistent computing
capability for each schedulable context. Homogeneity
simphfies the job of the scheduler and allows us to use
existing scheduling algonthms for multiprocessor sys-
tems. These algonthms may factor cache warmth and
cache shanng mto scheduling decisions, but they gener-
ally do not discriminate amongst cores, as they are all
viewed as equally capable of performing computations.

2.1 Sources of Heterogeneity

The pnmary problem with homogeneous multicore
processors 15 that narve repheation of state-of-the-art
single-core designs in a single package (or chip pack-
age) stress the power and cooling himits for the chip.
There 15 a fixed amount of power that a chip can con-
sume before we cannot cool 1t (with air coohng). Given
this power budget, a chip cannot contain dozens of
Pentium4-hke processors, even 1f each one 15 itself
power-efficient. Nevertheless, for mgh-pnionity tasks, we
still want the single-threaded performance provided by
current gh-performance cores. Thus, architects believe
that (statically) heterogeneous multicore designs, such
as the Cell Processor [11], will be prevalent in coming
generations |15, 1]. As illustrated 1n Figure 1, a mult-
core design might consist of a small number of high-
power and high-performance cores, coupled with a
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