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This paper presents the design and
implementation of trace-directed program
restructuring (TDPR) for AIX® executable
programs. TDPR is the process of reordering
the instructions in an executable program,
using an actual execution profile (or
instruction address trace) for a selected
workload, to improve utilization of the
existing hardware architecture. Generally, the
application of TDPR results in faster programs,
programs that use less real memory, or both.
Previous similar work [1—-6] regarding profile-
guided or feedback-directed program
optimization has demonstrated significant
improvements for various architectures. TDPR
applies these concepts to AIX executable
programs at a global level (i.e., independent
of procedure or other structural boundaries)
running on the POWER, POWER2™, and
PowerPC 601™ machines and adds the
methodology to preserve correctness and
debuggability for reordered executables. Using
the prototype tools developed for this effort
on a selection of both user-level application
programs and operating system (kernel) code,
improvements in execution time of up to 73%

and reduced instruction memory requirements
of up to 61% were measured. The techniques
used to restructure AIX executables are
discussed, and the performance improvements
and memory reductions measured for several
application programs are presented.

Introduction

Today’s high-performance computer memory architectures
are optimized for programs which exhibit high spatial
and/or temporal locality for both instructions and data.
Memory hierarchies have evolved in an attempt to
minimize cost and maximize performance by exploiting
this ““locality of reference’ program characteristic.
Similarly, design assumptions are typically made regarding
other program characteristics (such as branching behavior)
which result in processor designs optimized for those
assumed characteristics (such as branch prediction).

As long as these program assumptions hold, processor
performance is maximized. However, when a program
deviates from these assumed characteristics, the processor
architecture is inefficiently utilized, which usually leads to
reduced performance or excessive use of real memory.

While hardware design tradeoffs are made on the basis
of software-related assumptions, compilers attempt to
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