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ABSTRACT
The capability of performing architectural exploration has become
essential for embedded microprocessor design in System-On-Chip.
While many retargetable instruction set (ISA) simulators have been
reported, the more relevant micro-architecture simulators, which
are capable of modeling the detailed machine features such as cache
organization, branch prediction and out-of-order scheduler, have
not be equipped with retargetability. In this paper, we propose a
new methodology that can generate completed micro-architecture
simulators from the abstract ISA and the application binary inter-
face (ABI) specification. We demonstrate our methodology by the
development of a tool that can automatically port the SimpleScalar
toolset, the de facto standard for micro-architecture simulation , to
any processor.

Categories and Subject Descriptors
I.6.7 [Simulation Support Systems]: Environments; C.0 [General]:
Modeling of computer architecture

General Terms
Design, Languages

1. INTRODUCTION
Due to the rapid development of the embedded system in the

recent decades, many new application-specific processor architec-
tures are developed to meet the required performance and power
consumption constraints. To reduce both the design time and the
development cost, simulation has been widely used as a means
to validate and evaluate the architecture without physically imple-
menting the design at cost and risk.

Instruction set simulation mimics the behavior of each instruc-
tion and models the effect on the target processor state at each step.
With the instruction set simulator, a new processor architecture de-
sign can be functionally verified against any real program. Micro-
architectural simulation, in contrast, mimics the effect of a micro-
architectural design to the instruction execution process. Towards
the growing complexity of micro-architectural designs, modeling
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a detailed micro-architectural design in simulation becomes more
challenging. Due to its micro-architectural modeling capability and
extensibility, the SimpleScalar toolset [1] developed at University
of Wisconsin emerged as the de facto standard of modern micro-
architecture simulators. With the rich set of micro-architecture
components, such as memory, cache, branch predictor and sched-
uler, the SimpleScalar toolset can model architectures with vary-
ing detail, ranging from the simplest unpipelined processors to the
out-of-order superscalar architectures. According to the statistics,
more than one half of the papers published in the last Annual Inter-
national Symposium on Computer Architecture (ISCA 2002) have
used SimpleScalar tools to evaluate their designs [1].

Being processor-dependent, simulators are traditionally devel-
oped manually to support different processor architectures. This
approach is no longer efficient enough for modern embedded pro-
cessors used in the system-on-chips area. Often times, the instruc-
tion set architecture (ISA) and the micro-architecture must be de-
signed to adapt to a specific or a family of applications. To find
the best solution from the design space, the system architects must
perform the so-called architecture exploration, where the software
development tools, among which simulators are the most impor-
tant, have to be developed for each architecture configuration. This
necessitates the notion of retargetable simulators, which can be
automatically generated from an architecture configuration speci-
fication. While retargetable instruction set simulators have been
reported extensively in the literature, no retargetable tool have be
reported with capability as comprehensive as SimpleScalar. This
is becoming a problem for future high-end embedded processors
where the abundance of instruction-level parallelism will make the
accuracy of instruction set simulation intolerable.

In this paper, we propose techniques that lead to automatic port-
ing the SimpleScalar toolset, which includes a rich, extensible li-
brary of micro-architectural modeling components. We make the
following contributions. First, we propose an architectural descrip-
tion language (ADL), called Babel, to capture not only the ISA
information of the processor, but also the ABI information. Note
that while ABI is essential, it has not been captured comprehen-
sively by previous ADLs. Second, we enhance the SimpleScalar
simulators with additional features such as delayed branches and
registered windows. Third, we provided the added value to the
popular SimpleScalar toolset with an automatic porting tool. From
our own experience, manually porting the tool takes one month of
study time of the open-source SimpleScalar infrastructure, which
has 30K lines of C code, and one additional month of development
time. With our tool and an reusable architectural specification, a
retargeted simulator is close to one click away.

The remainder of this paper is organized as follows. In Section 2,
we provide an anatomy of the latest SimpleScalar tool set. Sec-
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