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Abstract

This paper presents an experimental study on the performance of the Intel Pentium Pro micropro-
cessor using embedded performance counters. The counters enable detailed run-time analysis of
branching and memory subsystem performance, and are accessed through a custom designed tool.
The study uses Windows NT and realistic benchmarks including BAPco’s Sysmark32 suite, the
Ziff-Davis Winstone97 PC Benchmarks, and selected Spec95 integer benchmarks. The results
show that the Pentium Pro memory subsystem and branch prediction are performing well, but the
UOP per cycle and IPC numbers are low. The Pentium Pro counters are not able to record enough
information about the core of the CPU to analyze the reasons behind the low UPC, but we make a
conjecture that the data hazards present between instructions and UOPs are the cause for the poor
performance. A wish list of counter events that would enable a more complete analysis is provided.

1.0 Introduction

As microprocessors continue to develop from application specific machines to enormous general

purpose systems, comprehensive performance analysis is becoming increasingly more important.

Post silicon performance analysis is ,crucial to the design of future generation microprocessors.

Existing silicon allows the architect to run vast numbers of instructions through real systems, pro-

viding true run-time execution of application software. However, post silicon analysis has always

been limited by the lack of visibility into the architecture provided by the pins.

In the past, architects used logic analyzers to gather traces of pin behavior between the micropro-

cessor and memory or between modules in multiple chip microprocessors. This method seemed to

provide insight into the behavior of systems, but left more questions than answers [Clark85,

Clark88]. It also misled the architect during analysis of systems, due to a lack of visibility into the

explanations of the observed behavior. More recent research addresses the visibility problem by

using detailed microarchitecture si~nulators to reach into the behavior of microprocessors

[Diep95]o Unfortunately, these simulators are severely limited by the number of instructions that

can be simulated in a given amount of time, and it has also been shown that these microarchitec-

ture models are not as accurate as the designer may suspect [Black96]. None of these methods can

provide a complete analysis of post silicon microprocessors.
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The current generation of microprocessors provide event counters built directly into the hardware.

These counters allow the architect to count events inside the microarchitecture, providing great

insight into the dynamic behavior of a software application on the hardware. [Cvet94, Chert96]

used such on chip event counters to successfully measure operating system impacts on hardware

and memory subsystem behavior.

This paper discusses the use of these counters on an Intel Pentium Pro system. We propose and

walk through a detailed analysis methodology based on the event counters, and present count

results that reveal the bottlenecks of the Pentium Pro beyond the memory subsystem. Section 2.0

starts the discussion with a description of the hardware platform used in this analysis. It includes a

description of the Pentium Pro, its counters, and the tool we developed to gain access to these

counters. Section 3.0 outlines the different benchmarks used in this analysis and the motivations

for their selection. Section 4.0 presents the results of our counter analysis, and Section 5.0 dis-

cusses an ideal set of counters that would allow a more complete microarchitectural analysis. Sec-

tion 6.0 concludes with a discussion of the effectiveness of this type of microarchitectural

analysis, and a discussion of the bottlenecks we found in the Pentium Pro microprocessor.

2.0 Hardware Platform

This work utilizes the Intel Pentium Pro microprocessor and its built-in event counters. A brief

description of the Pentium Pro is provided in Section 2.1. For a more detailed description refer to

[Colwel196], the Intel web site [Inte196a] or the Pentium Pro user manual [Inte196b]. The hard-

ware test platform is a 200 MHz Pentium Pro PC with 64MB of non-interleaved 60ns fast page

mode RAM, a 1.6GB EIDE disk drive, and an ATI WinTurbo graphics card with 2MB of YRAM.

I developed a custom Windows NT application to control counter access, and it is discussed in

Section 2.3. Section 2.2 outlines the counter events that are used in the analysis in Section 4.0,

and Section 2.4 discusses some caveats found in the data collection process.
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