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I. INTRODUCTION

In the past we experienced an automatic increase of single-
threaded performance with every new processor generation.
This has come to an end: Due to physical limitations, the
clock frequency cannot be increased any longer and only minor
improvements to the architecture can be made. Fortunately,
Moore’s Law [6] is still valid, so the number of available
transistors per chip doubles every 18 to 24 months. The
additional number of transistors can be used to either enlarge
the on-chip caches or to integrate more processor cores onto
a single die. The first has the advantage of improving the
single-threaded performance, the latter improves only the
performance of multi-threaded applications.

But a major problem when executing a multi-threaded
application on a chip-multiprocessor is supplying the cores
with data to fully utilize the functional units. All cores are
sharing the memory bandwidth, therefore reducing the effec-
tive bandwidth for each core. Due to the memory wall [12]
the proper usage of caches is very important for the overall
performance of an application. A poor usage of the cache
hierarchy can lead to performance degradation in orders of
magnitude. The improvement of the cache usage is the major
goal of our tool environment.

II. OVERVIEW

Our toolset is divided into 3 layers: data acquisition, data
analysis, and optimization.

A. Data Acquisition

The data acquisition layer is organized into three main
columns of different kinds of capturing data: the simulation
with various simulators, monitoring using hardware coun-
ters and using instrumentation for generating memory access
traces.

1) Monitoring: For monitoring, we offer the data profiler
dprof [9] for Itanium-II-based CMP systems which employs
the four performance counters delivered by the Performance
Monitoring Unit (PMU) of the Itanium II processor [4] to
collect information of different global events like the number
of cache misses or executed instructions.

Using debug symbols and a modified memory allocation
mechanism, the dprof is able to associate individual cache
miss events to the corresponding data structure in the source

code and can generate statistics on them. These statistics may
cover the whole problem, a single function, or even a single
line of code, enabling location of concrete access hotspots.

2) Instrumentation: For generating memory access traces
we mainly rely on doctor [7]. Doctor is a tool for instrument-
ing and parsing x86 assembly code and was developed for
the augmint simulator [7]. Doctor augments every load/store
instruction with additional code, gathering status information
like instruction or memory address, and delivering this infor-
mation to a backend like the augmint simulator or stores them
into a file for generating memory access traces.

3) Simulation: In addition to doctor, we use various sim-
ulators to obtain information which can’t be gathered from
hardware counters or instrumentation, e.g. simulating a mem-
ory hierarchy when optimizing a program for a CMP system
which is not yet build.

For simulating CMP systems we use Augmint [7] and the
full system simulator Simics [5]. For cache simulations we
use the SimpleScalar tool set [1] or our own cache simulator
Cast0r (see II-B2). While the SimpleScalar tool set is a fully
functional simulator, Cast0r models only the cache hierarchy
of an arbitrary CMP and uses memory access traces as input.

B. Data Analysis

To assist developers in the task of optimizing memory
performance of CMP systems, we provide tools analyzing the
data gathered from hardware counters, memory access traces,
or from simulators, to highlight where a problem might occur
and where to optimize first.

1) Stride/Pattern-Recognition: The first developer assisting
tool is a pattern analyzer [10]. Based on a memory access
trace, the analyzer applies appropriate algorithms, e.g. the
Teiresias algorithm [8] for pattern recognition, to detect regu-
larities among the memory references like access patterns or
strides. Besides the access pattern, such as linked references
or access strides, push-back distances are generated in a post-
processing step. All the information provided by the pattern
analyzer can be used to give a developer hints about optimiza-
tion possibilities or as input for automatic optimization tools
[2].

2) Hit-/Miss-Classification – Cast0r: The second tool is
a flexible cache simulator named Cast0r [3]. This simulator
is capable of delivering detailed information about cache



activities at runtime, such as cache misses or cacheline in-
validations. It models various cache organizations potentially
deployed by a CMP machine including arbitrary number
of processors, cache levels, cache organization, private or
shared caches, different coherence protocols, write strategies,
replacement strategies, and a set of prefetching strategies. The
main advantage of this simulator is that it also able to analyze
the reason of cache misses, such as conflict/capacity or false
sharing. Cast0r uses memory access traces generated from
doctor as input. As output it provides detailed profiles of
access histograms, cache updates and cache miss classification
at data block granularity.

3) Visualization – YACO and VRI: We also provide two
visualizers, which can be used for visualizing cache access
behaviour of shared memory applications or arbitrary infor-
mation like a memory access histogram. These visualizers
are forming the core of our tool infrastructure as they are
providing direct feedback to developers.

YACO is a dedicated for visualizing the cache access be-
haviour shared memory applications. Not only it can show
several performance bottlenecks, but more specifically, also
depict the reason and in some cases even the solution. YACO
has a number of 2D and 3D graphical views to present the
runtime cache access behavior and the memory operations on
data structures.

The second tool, Visualizer for Runtime Information (VRI),
is for visualizing arbitrary information like memory access
traces generated by doctor, or conventional histograms. To
maximize flexibility, a plug-in concept was integrated into VRI.
Plug-ins exists for importing several trace formats, for trans-
forming, for processing the imported data, and for visualizing
them. Plug-ins can be plugged together to form a complete
processing chain. Additional plug-ins can be easily integrated,
an API is provided for this purpose

C. Optimization

Although the primary goal of this tool environment is to
support developers in the task of optimizing data locality of
their applications, we also provide components to automat-
ically perform certain kinds of code modification and code
transformation for automatic program optimization. Usually
this task is done manually by developers and requires some
experience to be successful, however developers have to know
in which case to apply a certain optimization, e.g. loop
unrolling or blocking and in which cases this transformation
is not promising.

As a concrete example, we implemented a semi-automatic
precompiler that modifies a program written in C and inserts
several prefetching instructions to optimize data locality of
this program. For this purpose the access patterns and strides
detected by the pattern analyzer are used by our tool for guided
prefetching DogP to calculate suitable positions for prefetch-
ing instructions within the assembly code of a program.

These prefetching instructions decrease the reuse distance
and therefore improve memory performance. This is especially

important for multicore systems as they use the same memory
controller and therefore have to share the memory bandwidth.

D. Program Development Kit
Our program development kit (PDK) features an interactive

graphical user interface enabling the developer to conduct the
entire optimization process from within a single environment.
The PDK acts as a frontend for the introduced tools and
enables controlling them via a simple Graphical User Interface
without deep knowledge of their parameters.

As of now, we provide the EzCO PDK for this purpose. For
better integration into existing frameworks a refined PDK is
currently developed to be integrated into the Eclipse Frame-
work, enabling the users to use the tool-chain within the same
place as for programming.

III. CONCLUSION

In this paper we presented our tool environment for per-
forming data locality optimization for chip multiprocessors. It
consists of several tools covering data acquisition, data anal-
ysis, and optimization. To simplify the optimization process
we provide a program development kit which enables the
control of the introduced tools from within a uniform graphical
user interface. This tool suite was extensively tested and used
successfully for application optimization [11].
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