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Abstract— This paper introduces our on-going
project, titled Study on Hardware/Software Adaptable Mi-
croprocessors [10]. The goal of the project is to investi-
gate dynamically adaptable microprocessors that uti-
lize dynamic profile information. In this architecture,
microprocessor hardware itself is not reconfigured.
Instead, software, which consists of law control sig-
nals, is dynamically optimized, resulting in virtual
reconfiguration of the hardware. This adaptability
will provide us low-power and high-performance em-
bedded processors.

I. INTRODUCTION

We are investigating a processor architecture, which
is customized for a specific application when it is
running[10]. While there are a lot of studies on field pro-
grammable computing[2, 7, 22], we have come up with
starting yet another study on adaptable processor archi-
tectures, when we became aware of the following prob-
lem. To benefit from field programmable architectures,
we have to perform hardware/software partitioning to
accelerate hot spots in program execution. This is very
tedious work for software engineers who expect perfor-
mance benefit from dedicated hardware devices. Solv-
ing this problem is a key issue that field programmable
architectures have big commercial success, and this is
the goal of this study. To attain the goal, we revisit two
historical architectures, dynamic microprogramming[15]
and dataflow machines[4], and combine them with dy-
namic software optimization techniques[21].

I1. CusTOMIZABLE/ADAPTABLE
MICROARCHITECTURE

Why reconfigurability is required ?

One of the most important constraints in modern
microprocessor design is power consumption. Because
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there is a tradeoff between performance and power, each
microprocessor should be customized to a specific appli-
cation in order to achieve both high-performance and
low-power. In addition, it is better that the micropro-
cessor is adaptable to each phase in the execution of the
application, because every phase requires different hard-
ware resources in microprocessor. On the other hand,
this field customizability is desirable for the recent trend
of shortening time-to-market requirement.

What is reconfigured ?

Our major target is embedded processors for intelli-
gent mobile devices. One of the dominant applications is
digital signal processing, which is computing-intensive.
Hence, datapath should be customized to each applica-
tion. On the other hand, cache memories are a major
energy consumer of the entire processor. Thus, we also
should consider adaptable cache memories for power re-
duction.

How is a desirable configuration found ?

To accurately recognize the characteristics of a spe-
cific application, profiling is a powerful tool. We utilize
both static and dynamic profile information to deter-
mine optimal configuration.

When is the reconfiguration done ?

As mentioned above, dynamic hardware/software
partitioning for reconfiguration is a key issue for field
programmable devices.  Thus, the reconfiguration
should be done during an application program is run-
ning on the device. It is also possible to adapt the device
to environment or to input data set using runtime in-
formation. This does not deny static reconfiguration. If
static profile information is available, the compile-time
customization results in better configuration. Hence,



we also customize a processor to a specific application
when the binary code of the application is generated.
This is easier than dynamic reconfiguration and is pos-
sible because resource requirements is determined when
the algorithm for the application is fixed.

Where is the configuration determined 7

If large power consumption and computing power are
not required for the optimization of hardware configura-
tion, it is done on the running microprocessor that is the
object for the reconfiguration. This can utilize on-time
information. We expect this is possible since the scope
of dynamic optimization is very limited. On the other
hand, if large power consumption and computing power
are required, the optimization is performed outside the
processor, such as remote servers providing optimiza-
tion services. An example of the remote optimization is
that for mobile devices with wireless communication fa-
cility, such as future smart cell phones. A phone sends
condensed dynamic profile information to the remote
server, where optimal hardware configuration for the
phone is explored.

III. RECONFIGURATION VIA SOFTWARE
OPTIMIZATION

Figure 1 shows the block diagram of the microarchi-
tecture under consideration. It mainly consists of an
customizable ALU array and adaptable caches. The
ALU array resembles NEC’s DRP[13] and UT-Austin’s
Grid[14], and dataflow machines[4] are mapped on the
array. The difference from the related studies is in its
configuration strategy. DRP uses conventional FPGA-
like configuration data, and the Grid processor statically
determines dataflow mapping on the ALUs. In contrast,
we dynamically construct and adapt dataflow using
micro-instruction memory in each tile, which they de-
cide the behavior of the ALU and switch in the tile. The
adaptation used to utilize the virtual machine[20] or the
dedicated hardware[24]. Instead, it is done by replacing
the micro-instructions stored in the micro-instruction
memory. Each instruction is divided into several micro-
instructions and then they are spread into the ALU
array. This resembles dynamic programming for ar-
chitecture tuning[l, 5, 9, 12, 15]. However, we would
rather rely on dynamic optimization techniques[21] for
the adaptation. Based on runtime profile information,
instructions and thus micro-instructions are dynami-
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cally optimized, and thus the hardware is virtually re-
configured.

One of the dynamic optimization techniques is col-
lapsing ALU array. This collapsing combines the stag-
gered ALUI[8] and the collapsed ALUJ[23], Further-
more, this utilizes the constructive timing violation
technique[19], and enables to execute dependent opera-
tions in one cycle by dynamically identifying small delay
operations. This resembles the technique proposed by
Brooks[3], however, it exploit the large number of ALUs
and improve their utilization.

On the adaptable memorie structures, we proposed
techniques for reducing leakage current of caches[16, 17,
18] and the one for reducing power consumed in branch
target buffers[18].

IV. ImProOVING ALU UTILIZATION

This section presents preliminary results. Because
the proposed microarchitecture relies on large ALU ar-
ray, in this paper we first evaluate how efficiently a large
number of ALUs can be utilized. And then, the impact
of ALU collapsing in processor performance is evalu-
ated.

We use MASE simulation infrastructure[11] for this
evaluation. Because we are interested in the potential of
a large number of ALUs, some microarchitectural fea-
tures are idealized in this study. We use perfect caches,
perfect branch prediction, and perfect memory disam-
biguation. We vary instruction window size between
64 and 1024. The number of ALUs are varied between
16 and 1024, and there is no limitation in the network
connecting the ALUs.



TABLE I
BENCHMARK PROGRAMS

program input set
FFT Fast Fourier Transform
Toast GSM encode
CRC 32-bit Cyclic Redundancy Check
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FIG. 2 EFFECT OF INSTRUCTION WINDOW SIZE ON
PERFORMANCE

Three benchmark programs from MiBench[6] is used
for this study. It is developed for use in the context
of embedded, multimedia, and communications appli-
cations. It contains image processing, communications,
and DSP applications. We use original input files pro-
vided by University of Michigan. Table 2 lists the bench-
marks we used. All programs are compiled by Compaq
C V6.1-120 on Digital UNIX V4.0G (Rev.1530) with the
optimization options specified by University of Michi-
gan. Each program is executed to completion.

First, we evaluate the effect of instruction window
size. In this evaluation, the number of ALU is fixed to
be 1024. Simulation results are shown in Figure 2. The
horizontal line indicates instruction window size, and
the vertical line indicates instructions per cycle (IPC)
as the metric for evaluating processor performance. We
can easily find that instruction window size over 128
has little impact on performance even when there are a
large number of ALUs.

Next, we evaluate the effect of the number of ALUs.
In this evaluation, instruction window size is fixed to be
1024. Simulation results are shown in Figure 3. The
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horizontal line indicates the number of ALUs, and the
vertical line indicates IPC. We can also find that the
number of ALUs over 32 has almost no impact on per-
formance when instruction window size is enough large.

Last, we evaluate the effect of the number of ALU
collapsing per cycle. In this evaluation, instruction win-
dow size is fixed to be 1024, and the number of ALU is
also fixed to be 1024. Simulation results are shown in
Figure 4. The horizontal line indicates the number of
collapsing, and the vertical line indicates IPC. Different
from the results presented above, ALU collapsing has
significant contribution to processor performance. We
can find almost linear effect on performance. The re-
sults encourage us to investigate dynamic optimization
on collapsing ALUs based on exploiting small operand

bitwidth.



V. SUMMARY

In this paper, we introduced the project, titled Study
on Hardware/Software Adaptable Microprocessors. A
major target is embedded processors for intelligent mo-
bile systems. In such devices, both high-performance
and low-power are strongly required. We believe the
adaptability is inevitable for these requirements. Thus
the goal of the project is to investigate dynamically
adaptable microprocessors that utilize dynamic profile
information. In this architecture, microprocessor hard-
ware itself is not reconfigured. Instead, software, which
consists of law control signals, is dynamically optimized,
resulting in virtual reconfiguration of the hardware.

Our future study includes further investigating the
ALU array, the remote optimization service, profiling
methodology, and condense profile information. We also
have to consider dynamic optimization method of in-
structions.
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