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Abstract

SMT processors increase performance by executing in-
structions from several threads simultaneously. These
threads use the resources of the processor better by shar-
ing them but, at the same time, threads are competing for
these resources. The way critical resources are distributed
among threads determines the final performance. Currently,
processor resources are distributed among threads as deter-
mined by the fetch policy that decides which threads enter
the processor to compete for resources. However, current
fetch policies only use indirect indicators of resource usage
in their decision, which can lead to resource monopoliza-
tion by a single thread or to resource waste when no thread
can use them. Both situations can harm performance and
happen, for example, after an L2 cache miss.

In this paper, we introduce the concept of dynamic re-
source control in SMT processors. Using this concept, we
propose a novel resource allocation policy for SMT proces-
sors. This policy directly monitors the usage of resources
by each thread and guarantees that all threads get their fair
share of the critical shared resources, avoiding monopoliza-
tion. We also define a mechanism to allow a thread to bor-
row resources from another thread if that thread does not
require them, thereby reducing resource under-use. Simula-
tion results show that our dynamic resource allocation pol-
icy outperforms a static resource allocation policy by 8%,
on average. It also improves the best dynamic resource-
conscious fetch policies like FLUSH++ by 4%, on average,
using the harmonic mean as a metric. This indicates that
our policy does not obtain the ILP boost by unfairly run-
ning high ILP threads over slow memory-bounded threads.
Instead, it achieves a better throughput-fairness balance.

1 Introduction

Superscalar processors increase performance by exploit-
ing instruction level parallelism (ILP) within a single ap-
plication. However, data and control dependences reduce
the ILP of applications. As a result, when the available
ILP is not high enough, many processor resources remain
idle and do not contribute to performance. Simultaneous
multithreaded (SMT) processors execute instructions from
multiple threads at the same time, so that the combined
ILP of multiple threads allows a higher usage of resources,
increasing performance [7][15][16][17]. However, threads
not only share the resources, they also compete for them.

In an SMT, resource distribution among threads deter-
mines not only the final processor performance, but also
the performance of individual threads. If a single thread
monopolizes most of the resources, it will run almost at
its full speed, but the other threads will suffer a slowdown
due to resource starvation. The design target of an SMT
processor determines how the resources should be shared.
If increasing IPC (throughput) is the only target, then re-
sources should be allocated to the faster threads, disregard-
ing the performance impact on other threads. However, cur-
rent SMT processors are perceived by the Operating Sys-
tem (OS) as multiple independent processors. As a result,
the OS schedules threads onto what it regards as processing
units operating in parallel and if some threads are favored
above others, the job scheduling of the OS could severely
suffer. Therefore, ensuring that all threads are treated fairly
is also a desirable objective for an SMT processor that can
not be quickly disregarded.

In current SMTs, resource distribution among threads is
either static or fully dynamic. A static resource distribution
(used, for example, in the Pentium 4) evenly splits the re-
sources among the running threads. This ensures that no
single thread monopolizes the resources and that all threads
are treated equally. This scheme suffers the same problem
as a superscalar processor: if any thread does not fully use
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the allocated resources, these are wasted and do not con-
tribute to performance. Dynamic sharing of resources is
accomplished by running all threads in a common resource
pool and allowing threads to freely compete for them. In
a dynamically shared environment, it is the fetch policy (I-
fetch) that actually controls how resources are shared. The
fetch policy determines which threads can enter the pro-
cessor to get the opportunity of using available resources.
However, current fetch policies do not exercise direct con-
trol over how resources are distributed among threads, us-
ing only indirect indicators of potential resource abuse by
a given thread, like L2 cache misses. Because no direct
control over resources is exercised, it is still possible that a
thread will obtain most of the processor resources, causing
other threads to stall. Also, to make things worse, it is a
common situation that the thread which has been allocated
most of the resources will not release them for a long period
of time. There have been fetch policies proposed [2][9] that
try to detect this situation, in order to prevent it by stalling
the thread before it is too late, or even to correct the situa-
tion by squashing the offending thread to make its resources
available to other threads [14], with varying degrees of suc-
cess. The main problem of these policies is that in their
attempt to prevent resource monopolization, they introduce
resource under-use, because they can prevent a thread from
using resources that no other thread requires.

In this paper, we show that the performance of an SMT
processor can significantly be improved if a direct control
of resource allocation is exercised. On the one hand, at any
given time, ‘resource hungry’ threads must be forced to use
a limited amount of resources. Otherwise, they could mo-
nopolize shared resources. On the other hand, in order to
allow ‘resource hungry’ threads to exploit ILP much better,
we should allow them to use as many resources as possible
while these resources are not required by the other threads.
This is the trade-off addressed in this paper.

In order to control the amount of resources given to each
thread, we introduce the concept of aresource allocation
policy. A resource allocation policy controls the fetch slots,
as instruction fetch policies do, but in addition it exercises a
direct control overall shared resources. This direct control
allows a better use of resources, reducing resource under-
utilization. The main idea behind a smart resource alloca-
tion policy is that each program has different resource de-
mands. Moreover, a given program has different resource
demands during the course of its execution. We show that
the better we identify these demands and adapt resource al-
location to them, the higher the performance of the SMT
processor gets.

In this paper, we propose such a resource allocation
policy called Dynamically Controlled Resource Allocation
(DCRA). DCRA first classifies threads according to the
amount of resources they require. This classification pro-

vides DCRA with a view of the demand that threads have
of each resource. Next, based on the previous classifica-
tion, DCRA determines how each resource should be dis-
tributed among threads. Finally, each cycle DCRA directly
monitors resource usage, without relying entirely on indi-
rect indicators. Hence, it immediately detects that a thread
is exceeding its assigned allocation and stalls that thread
until it no longer exceeds its allocation. Our results show
that our DCRA policy outperforms a static resource allo-
cation policy(SRA) [4][11][12] and also the best dynamic
resource-conscious fetch policies like FLUSH++ [1] in both
throughput and fairness [10]. Throughput results show that
DCRA improves SRA by 7% and FLUSH++ by 1%, on
average. Fairness results, using the harmonic mean as a
metric, indicate that DCRA outperforms SRA by 8% and
FLUSH++ by 4%, on average. Both results confirm that
DCRA achieves better throughput than the other policies
and in addition presents a better throughput-fairnessbalance
than them.

The remainder of this paper is structured as follows: we
present related work in Section 2. In Section 3 we present
our new policy. In section 4, we explain the experimen-
tal environment. Sections 5 presents the simulation results.
Conclusions are given in Section 6.

2 Related work

Current SMT processor proposals use either static re-
source allocation or fully flexible resource distribution.
The static sharing model [4][11][12] evenly splits critical
resources (mainly registers and issue queues) among all
threads, ensuring that any thread monopolizes a resource,
causing other threads to wait for that resource. However,
this method lacks flexibility and can cause resources to re-
main idle when one thread has no need for them, while the
other threads could benefit from additional resources.

An alternative to static partitioning of resources is to
have a common pool of resources that is shared among all
threads. In this environment, the fetch policy determines
how resources are shared, as it decides which threads enter
the processor and which are left out.

ROUND-ROBIN [15] is the most basic form of fetch and
simply fetches instructions from all threads alternatively,
disregarding the resource use of each thread.

ICOUNT [15] prioritizes threads with few instructions
in the pre-issue stages and presents good results for threads
with high ILP. However, an SMT has difficulties with
threads with high L2 miss rate. When this situation hap-
pens, ICOUNT does not realize that a thread can be blocked
and does not make progress for many cycles. As a result,
shared resources can be monopolized for a long time.

STALL [14] is built on top of ICOUNT to avoid the prob-
lems caused by threads with a high cache miss rate. It de-
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