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ABSTRACT

A typical data center application requires the processor cy-
cles of thousands of machines. Even a single-digit perfor-
mance improvement can significantly reduce the cost and
power consumption of a data center. Unfortunately, achiev-
ing sustained improvement, even if modest, is difficult. Data
centers are dynamic environments where applications are
frequently released and servers are continually upgraded.
For maintainability and fault tolerance, the physical capa-
bilities and configuration of the servers are abstracted from
the application programmer.

We study application performance under different proces-
sor prefetch configurations. These configurations are largely
transparent to the programmer, yet we observe a wide range
of performance when comparing the worst and best con-
figurations, with relative performance improvement ranging
from 1.4% to 75.1%. Alarmingly, one application that con-
sumes the vast majority of cycles on our data center has a
23.6% improvement.

Default prefetch configurations favor aggressively prefetch-
ing memory, which benefits most applications, but some
data center applications have highly tuned memory behavior
and aggressive prefetching severely decreases performance.
We develop a tuning framework which attempts to predict
the optimal configuration based on hardware performance
counters. It applies to a large number of performance-critical
data center applications without modifying the source code
or binaries. The framework achieves performance within 1%
of the best performance of a suite of important data center
applications.
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1. INTRODUCTION

Data center operators leverage economies of scale to in-
crease performance per watt. The large scale of data center
applications encourages operators to be meticulous about
application performance. A single-digit improvement can
obviate thousands of machines. However, optimizing data
center applications is a delicate task. To increase machine
utilization, operators host several applications on the same
physical machine, but this may reduce aggregate perfor-
mance by increasing contention on shared hardware resources.
Cloud Computing introduces third-party applications into
the data center. This adds new dimensions to the config-
uration space and adds external dependencies into the op-
timization problem. Consolidation is driven by application
scale, the need for high utilization and emerging applica-
tions. Consolidation dually multiplies the impact of appli-
cation optimizations and increases its difficulty.

We propose a system to optimize applications according
to data center constraints. We model optimization as a pa-
rameter search problem and use machine learning techniques
to predict the best parameter values. This framework is
designed for seamless integration into existing data center
practices and requires minimal operators’ intervention.

In this work, we focus on optimizing memory system per-
formance by configuring memory prefetchers. As hardware
moves towards integrated memory controllers and higher
bandwidth, configuring prefetchers properly will play an im-
portant rule in maximizing system performance. Currently,
manufacturers tune prefetchers for aggressive prefetching.
This produces superior performance for applications that are
not limited by memory bandwidth, but aggressive prefetch-
ing produces pathological behavior for applications that have
finely tuned memory behavior. Due to the impact of scale,
programmers of data center applications commonly apply
memory optimizations that increase the effective utilization
of bandwidth like data structure compaction and alignment,
and software prefetching. Aggressive prefetching can destroy
programmers’ careful orchestration of memory.

We have found few papers that address the impact of
prefetcher configuration from the perspective of the applica-
tion programmer or the data center operator, even though
proper configuration has a significant performance impact.
Instead, most papers address the concerns of hardware de-
signers. Choosing the right configuration, however, has a
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Figure 1: Performance improvements of data center applications relative to worst prefetch configuration
by using various machine learning algorithms. Oracle denotes the best performing configuration for an

application found through exhaustive enumeration.

large impact on performance. On a collection of 11 data
center applications, we find a range of improvement between
1.4% to 75.1% comparing the worst to best performing con-
figurations (see Figure 1).

We apply machine learning to predict the best configura-
tion using data from hardware performance counters, and
we show a methodology that predicts configurations that
achieve performance within 1% of the best performance of
a suite of data center applications.

We only show results for isolated application executions.
To address the context of data centers, we must also con-
sider co-hosted applications, dynamic application mix and
large-scale deployments. We believe that our general tuning
framework can be extended to address these issues, but we
will consider them in future work.

Our contributions are the following:

1. A system that significantly improves application per-
formance transparently to the application programmer
and with minimal overhead to data center operators.

2. A study of the performance of real data center appli-
cations under varying hardware prefetcher configura-
tions.

3. An instantiation of machine learning, including select-
ing the training dataset and problem formulation, that
predicts near-optimal prefetch configurations.

2. RESULTS

Our performance tuning framework models application
optimization as a parameter search problem using machine
learning to predict the best parameter values. We specif-
ically consider the problem of selecting the best memory
prefetcher configuration for a machine. For the Intel Core 2
architecture, each processor core has 4 independent prefetch-
ers, each of which can be turned on and off. In total, there
are 16 different configurations for each core.

We evaluate several different machine learning algorithms
and problem formulations. Figure 1 summarizes our results.
DT is a decision tree algorithm. LR is a linear regression
model. MLP is a multilevel perceptron. There are many dif-
ferent ways to formulate our prefetcher selection problem as
a machine learning problem. The formulation that we report
here is as follows. Our feature vector is a list of hardware
event counters related to memory performance (e.g., L2 lines

in and out, branch prediction misses, cache lines prefetched)
and prefetcher configuration. The learning problem is to
predict the best performing configuration given values for
the hardware event counters.

For some applications, performance is relatively insensi-
tive to prefetcher configuration. We exclude these applica-
tions from our training set. For many applications, several
configurations result in performance within a small fraction
of the best performing configuration. To avoid overfitting,
we consider all near-best configurations as equivalent.

Since we are concerned with data center optimization, our
true performance metric is overall system performance. We
assign a weight to each application in our benchmark suite
which represents the relative number of processor cycles con-
sumed by each application (not shown here) in the data cen-
ter. When examining the weighted performance of the DT
algorithm, we find that we achieve a weighted performance
within 1% of the oracle.

3. CONCLUSIONS

In this work, we highlighted some of the difficulties of opti-
mization within the data center environment. We proposed
a framework for parameter optimization based on machine
learning. We performed several experiments to understand
the sensitivity of the framework to several influential com-
ponents: machine learning algorithms, training datasets and
problem formulation methods. For the specific problem of
choosing hardware prefetcher configurations, we show that
our framework can achieve performance within 1% of the
best configuration. We have shown that judicious exploita-
tion of the machine learning-based framework is a promising
approach to conquer the parameter value optimization prob-
lem.



