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Introduction

Thread level parallelism (TLP) is one of the

most promising key issue to high-performance

processor architecture in the next generation.

Present state-of-the-art technologies, such as

superscalar, out-of-order, speculative execu-

tion, and value prediction, are successful in

keeping continuous compatibility with conven-

tional processor's instruction set architecture.

For the multithreaded processors to be

widely accepted, we must solve the following

two problems. First, who (what) produce mul-

tithreaded codes? And second, we should a-

bandon plenty of existing (single-thread) bi-

nary codes if their source codes are not avail-

able. As a realistic solution to the problems,

we focus our approach on the e�cient reuse of

existing binary codes on a multithreaded ar-

chitecture that exploits rich TLP.

Based upon these background, we have pro-

posed a binary translation and run-time opti-

mization system[1] for multithreaded proces-

sors. Our system translates existing single-

thread codes into multithreaded ones both

statically and dynamically in a machine-

independent fashion.

Binary Translation System

Figure 1 illustrates the con�guration of our

proposed system. In Figure 1, The STO

(Static Translation and Optimizer) exe-

cutes the static binary translation and opti-

mization, and the DTO (Dynamic Transla-

tion and Optimizer) performs the dynam-

ic (run-time) binary translation and optimiza-

tion. Both sub-systems input the source bi-
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Figure 1: System Con�guration

nary code and translate it to multithreaded

one. STO's mission is to prepare translated

binary codes for the multithreaded processor

before the program is executed. However, it

could not complete the translation. The re-

maining translation should be done at run-

time by DTO. DTO runs concurrently with

the execution of application. It is invoked at

proper intervals during application execution.

DTO collects pro�ling information and mon-

itors the program behavior. After detecting

a hot-path, DTO arranges global scheduling,

eliminates redundant codes, and applies possi-

ble optimization methods. Then, DTO substi-

tutes the original code to the optimized one.

STO acquires useful information such as

code analysis information, control- and data-


ow information, during the analysis of input

binary code. DTO can make full use of these

information. This reduces overheads in run-

time optimization.

In order to evaluate the basic idea of the bi-

nary translation from single-thread codes into

multithreaded ones and their optimization, we

have built a pilot translation system[2]. Figure

1



2 shows the block diagram of the pilot system.

In Figure 2, MultiThread Code Gener-

ator translates source binary code into mul-

tithreaded one using the thread pipelining

model[3]. And it also performs various op-

timizations such as loop-unrolling. Finally,

it generates the multithreaded partial binary

code and the resulting partial binary code is

merged into the original (single-thread) bina-

ry code by Binary Patcher. Binary Patch-

er merges two binaries and inserts the 'jump'

instructions to the top of the original code re-

gion within the original binary code. Thus, the

translated code is executed in the multithread-

ed manner, while the rest of the program is

executed in the single-thread manner.
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Figure 2: Pilot System

Evaluation

We evaluated the e�ectiveness of the binary-

level multithreading system using an inner

product calculation program.

We have assumed that the target multi-

threaded processor follows the architecture of

SIMCA[3], that is a simulator based on the

thread pipelining model. Original binary code

is generated by gcc cross compiler (version

2.7.2.3) with \-O2" option. Performance was

measured as execution cycles of the hot-spot

loop by using the SIMCA. By comparing the

number of execution cycles, speed-up ratio was

calculated.

Figure 3 illustrates the evaluation result for

the inner product calculation program. In Fig-

ure 3, we can �nd that speed-up ratio is limit-

ed by unrolling factor. The inner product cal-

culation contains the small amount of opera-

tions. Thus thread pipelining overheads could

not be hidden unless su�cient loop-unrolling

is applied. This result reveals that the e�cien-

cy in thread pipelining heavily depends on the

grain size of calculation.
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Figure 3: Inner Product Calculation

Conclusion

A pilot binary translator, that is a static part

of our system[1], was built for the sake of pre-

liminary evaluation. Using the inner product

calculation program, we have evaluated the ef-

fectiveness of the binary-level multithreading

system. The results show overheads in thread

pipelining and, if each thread has su�cient cal-

culation, the overhead can be negligible and

the speed-up, linear to the number of thread

units, is achieved.

At the present time, we are developing the

dynamic part of the binary translation system.

And we will continue to develop our system

and show e�ectiveness in practical programs

such as SPEC benchmarks.
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