Chapter 22: Software Performance
Engineering of an Embedded System DSP

Software performance engineering is critical for developing high-
performance embedded systems that meet real-time requirements. In this
chapter, we discuss the challenges and techniques involved in software
performance engineering of embedded system DSPs. We cover
performance analysis, optimization, modeling, and simulation techniques to
help engineers develop high-performing embedded DSP systems.

Embedded system DSPs are used in a wide range of applications, from
automotive to medical to aerospace. These applications demand high
levels of performance and reliability, and software performance engineering
is essential for ensuring that embedded system DSPs meet these
demands.

Software performance engineering is a systematic approach to improving
the performance of software systems. It involves a combination of analysis,
optimization, modeling, and simulation techniques. By applying these
techniques, engineers can identify and eliminate performance bottlenecks,
improve system responsiveness, and reduce power consumption.
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In this chapter, we will discuss the challenges and techniques involved in
software performance engineering of embedded system DSPs. We will
cover the following topics:

= Performance analysis: techniques for identifying performance
bottlenecks

= Performance optimization: techniques for improving system
performance

=  System modeling: techniques for creating models of embedded
system DSPs

= Simulation: techniques for simulating embedded system DSPs

= Case study: a case study of how software performance engineering
was used to improve the performance of an embedded system DSP

The first step in software performance engineering is to analyze the
performance of the system. This involves identifying performance
bottlenecks and understanding the factors that affect performance. There
are a number of techniques that can be used for performance analysis,
including:

= Profiling: Profiling tools can be used to collect data about the
performance of the system. This data can then be used to identify
performance bottlenecks.
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Tracing: Tracing tools can be used to track the execution of the
system. This data can then be used to understand the behavior of the
system and identify areas for improvement.

Modeling: Modeling tools can be used to create models of the system.
These models can then be used to simulate the system and analyze
its performance.

Once the performance bottlenecks have been identified, the next step is to

optimize the system. This involves making changes to the software or

hardware to improve performance. There are a number of techniques that

can be used for performance optimization, including:

Code optimization: Code optimization techniques can be used to
improve the efficiency of the software. This can involve making
changes to the data structures, algorithms, or code structure.

Hardware optimization: Hardware optimization techniques can be
used to improve the performance of the hardware. This can involve
making changes to the processor, memory, or other hardware
components.

System optimization: System optimization techniques can be used to
improve the performance of the system as a whole. This can involve
making changes to the software, hardware, or operating system.

System modeling is a powerful technique that can be used to analyze and

optimize the performance of embedded system DSPs. By creating a model

of the system, engineers can simulate the system and analyze its

performance under different conditions. This information can then be used



to make informed decisions about how to improve the performance of the
system.

There are a number of different system modeling techniques that can be
used, including:

= Block diagrams: Block diagrams are a simple but effective way to
model the system. They can be used to represent the system's
components and their interactions.

= State machines: State machines are a more complex but more
powerful way to model the system. They can be used to represent the
system's behavior in different states.

= Petri nets: Petri nets are a graphical modeling technique that can be
used to represent the system's concurrency and synchronization.

Simulation is a powerful technique that can be used to analyze the
performance of embedded system DSPs. By simulating the system,
engineers can observe its behavior under different conditions and identify
potential problems. This information can then be used to make informed
decisions about how to improve the performance of the system.

There are a number of different simulation techniques that can be used,
including:

= Event-driven simulation: Event-driven simulation is a simulation
technique that simulates the system's behavior based on the events
that occur in the system.



= Time-driven simulation: Time-driven simulation is a simulation
technique that simulates the system's behavior over time.

= Hybrid simulation: Hybrid simulation is a simulation technique that
combines event-driven simulation and time-driven simulation.

In this section, we present a case study of how software performance
engineering was used to improve the performance of an embedded system
DSP. The system was a digital signal processor (DSP) that was used in a
medical imaging application. The DSP was responsible for processing the
images and generating the display.

The original DSP system was not able to meet the real-time requirements
of the application. The system was too slow and the images were not being
displayed in real time. The engineers used software performance
engineering techniques to identify and eliminate the performance
bottlenecks in the system.

The engineers used profiling tools to identify the performance bottlenecks.
They found that the DSP was spending too much time in the image
processing algorithms. The engineers then used code optimization
techniques to improve the efficiency of the algorithms. They also made
changes to the hardware to improve the performance of the DSP.

As a result of the software performance engineering efforts, the engineers
were able to improve the performance of the DSP system by 20%. The
system was now able to meet the real-time requirements of the application
and the images were being displayed in real time.



Software performance engineering is a critical for developing high-
performance embedded systems that meet real-time requirements. In this
chapter, we have discussed the challenges and techniques involved in
software performance engineering of embedded system DSPs. We have
covered performance analysis, optimization, modeling, and simulation
techniques to help engineers develop high-performing embedded DSP

systems.
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