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Abstract

Architecture simulations may take days during design when silicon
is not available. Long simulation time is impractical; yet the cost
of early design mistake is high. Hence, fast architectural parameter
exploration without rigorous simulation is an important problem.
Analytical models can execute fast. However, few analytical models
can produce benchmark performance of a design. The presented
method, termed Fast Benchmarking, based on analytical models,
can produce benchmark performance of a processor in a few hundred
milliseconds. With accurate model, performance data produced by
the tool is accurate. For example, instruction fetch results differ
by £7% on average with simulations. This article further extends
the concept by presenting a new method for analytically guided
adaptive architecture simulation. To our knowledge, no other work
has presented a full methodology to use analytical models for the
study of processor performance during design. The method gives
birth to a valuable tool that can be used in the industry for designing

high-performance multi-core, multi-threaded processors.
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1. Introduction

Processors and applications are becoming ever larger and
more complex. Designers are challenged with a maze of
entangled and competing design goals. Many expensive
mistakes are made during early stage of architecture defi-
nition. Early stage mistakes are also difficult to fix later.
Simulation has remained a primary vehicle to cope with
this challenge. But timing-accurate full system simulations
can take even years [1].

Benchmarking is a primary tool for studying perfor-
mance of different design choices. A software model of the
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architecture, popularly known as architecture model, exe-
cutes the benchmarks. The process, known as architecture
simulation, can produce data and charts to help with design
decisions. Among others, the SPEC CPU2006 benchmarks
stress processor, memory, and compiler performances [2].

Architecture simulation requires a carefully crafted
simulator that must model the architecture accurately
along with realistic workloads. The details take toll on
simulation speed. The CPU2000 includes a suit of 26
programs with a combined total of 8 trillion instructions
[1]. To make matters worse, hundreds of simulations are
often needed to produce meaningful data. The analysis
of massive amount of simulation data is also a daunting
task. Developing insight about a design to guide hundreds
of simulations is even more challenging.

This is a big problem and there are conferences and
journals for this subject. Even so, a good solution to avoid
lengthy simulations has remained illusive. The problem,
frustrations, and the state of the art can be found concisely
in a special issue of IEEE Micro [1], [3]-[5]. In the guest
editors’ words, “the desire for faster and more accurate
simulation is by no means satiated”.

The problem can be observed in the research design of
many dissertations on computer architecture. For exam-
ple, Burns in his dissertation on on-chip SMT processors
presented large number of performance graphs. He wrote
the POSM simulator and ran hundreds of simulations in
each configuration of POSM [6]. Hossain tried to alleviate
the architecture simulation problem by using analytical
models [7]. In other works, Binkert, Dreslinski, Hsu, Lim,
Saidi, and Reinhardt presented the M5 simulator. Mb
provides a capability to simulate multiple systems in a
network [4]. In their work on hybrid-compiled simulation,
Reshadi, Mishra, and Dutt improve interpretive simulation
performance by applying compiled simulation [8].

There are efforts to avoid full benchmark simulations
by taking samples of executions only, while still trying to
maintain accuracy. SimFlex and SimPoint are two good
examples [3], [5]. A challenge in realizing sampling lies
in constructing the correct initial state for a large number
of fine-grained measurements. For what is known as the
warming problem, Wenisch, Wunderlich, Ferdman, Aila-
maki, Falsafi, and Hoe present a solution in Livepoints,
which allows simulation in 91 seconds [3]. To reduce
randomness in SimPoint, Van Biesbrouck, Calder, and





