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Chapter6
Conclusion

The design of modern embedded systems has become increasingly complex.

There is a wide range of design parameters that have to be tuned up to find

the optimal tradeoff in terms of several design requirements. Those systems

should be low cost, small in terms of area, light weight and be power

efficient, since they are often battery-based devices. This is in contrast

with the requirements of achieving real-time, performance and providing

reliable and secure operation. As result, the increasing market for compact

embedded computing devices is leading to new multi-processor system-on-

a-chip (MPSoC) architectures designed for embedded systems, providing

task-level parallelism for streaming applications integrated in a single chip.

Platform based design of heterogeneous multi-processor system-on-chip

(MPSoC) systems is becoming today’s predominant design paradigm in

the embedded systems domain [81]. In contrast to more traditional design

paradigms, platform based design shortens design time by eliminating the

effort of the low-level design and implementation of system components.

A platform based design environment typically consists of a fixed, para-

meterizable platform or a set of (parameterizable) components that can be

combined in specific ways to compose a platform.

In this thesis, we have investigated the problem of optimising DSE for

• searching in the design space
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• evaluating a single design point in the design space

6.1 Discussion

Our problem definition (Section 1.2) concluded with the following research

question: ”How can we use pruning techniques to speed up the evaluation of

a design point and optimise the search in design space?”. This question was

answered in Chapters 4 and 5, where pruning techniques were introduced

for optimising system performance and lifetime. We gave an overview of

the preliminary information necessary for understanding the rest of the

thesis in Chapter 2. We first described the basic knowledge about multi-

objective optimisation problems. Then, we explained the multi-objective

optimisation problem in the context of design space exploration of embed-

ded systems. We describe evolutionary algorithms as heuristic methods

for searching in the design space, with a brief description of the genetic

algorithm NSGA-II we used throughout this thesis. Afterwards, we dis-

cussed several metrics for evaluating the quality of the solutions obtained

while performing design space exploration using heuristic search.

Based on the research presented in this thesis, we draw the following

major contributions:

1. We extended the objective space with the introduction and imple-

mentation of a complete framework for high-level power estimation

for MPSoC. The technique is based on abstract execution profiles,

called event signatures, and it operates at a higher level of abstrac-

tion than, e.g., commonly-used instruction-set simulator (ISS) based

power estimation methods and it is proven to be capable of achiev-

ing good evaluation performance. Since every design point evaluation

takes only 0.16 seconds on average, the presented power model of-

fers remarkable potentials for quickly experimenting with different

MPSoC architectures and exploring system-level design options dur-

ing the very early stages of design.

2. We introduced a new, hybrid form of DSE, combining simulations
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with analytical estimations to prune the design space in terms of ap-

plication mappings that need to be evaluated using simulation. For

this purpose, the DSE technique uses an analytical model that estim-

ates the expected throughput of an application (which is a natural

performance metric for the multimedia and streaming application

domain we target) given a certain architectural configuration and

application-to-architecture mapping. In the majority of the search

iterations of the DSE process, the throughput estimation avoids the

use of simulations to evaluate the design points. However, since the

analytical estimations may in some cases be less accurate, the ana-

lytical estimations still need to be interleaved with simulative eval-

uations in order to ensure that the DSE process is steered into the

right direction.

We studied different techniques for interleaving these analytical and

simulative evaluations in our hybrid DSE. Experimental results have

demonstrated that such hybrid DSE is a promising technique that

can yield solutions of similar quality as compared to simulation-based

DSE but only at 15% of the execution time.

3. We proposed an exploration framework for Network-on-Chip (NoC)

based MPSoCs that substantially reduces the computational cost of

slack allocation. First, we develop failure scenario memoization to

reduce the computational cost of lifetime estimation by storing and

reusing estimated lifetime values for systems with one or more failed

components.

4. We introduced a correlation-based architecture distance metric to

identify symmetries for clusters of components called islands. In

modern platform- and network-on-chip based design, components are

clustered around switches in the on-chip network. When clusters

and the tasks mapped to them are considered to be symmetric, some

configurations have the same effect on the overall system lifetime.

This can be leveraged to reduce the number of evaluations. We

verified the proposed techniques on four NoC topologies using two
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different applications.

This approach globally reduces the number of design points eval-

uations needed during system-level DSE by a factor from 3 to 5,

maintaining the same level of accuracy of state-of-the-art explora-

tion algorithms.

6.2 Open Issues and Future Directions

There are several interesting further research directions based on the con-

tributions in this thesis.

For istance, in this thesis, we consider the problem of reducing the

simulation overhead in system-level DSE. To this end, we have presented

an iterative design space pruning methodology based on static throughput

analysis of different application mappings. However, the analytical estim-

ations may in some cases be not accurate enough, because of estimation

inaccuracies due to topological cycles in the dataflow graphs that are gen-

erated and used for throughput estimation during the analytical mapping

exploration. There is an opportunity to improve the model by using Max-

imum Cycle Mean (MCM) analysis. MCM analysis can be used to correct

the estimation errors due to the topological cycles generated during analyt-

ical mapping design space exploration. Since the throughput calculation

needs to be fast and sufficiently accurate at the same time, we propose

an approximated MCM analysis which improves the estimation proposed

in the previous sections, achieving performance faster than regular MCM

analysis [36].

In Chapter 2, we extended the design space by presenting a frame-

work for high-level power estimation of multiprocessor systems-on-chip

(MPSoC) architectures on FPGA. We have incorporated the power models

in a (highly automated) system-level MPSoC synthesis framework, allow-

ing for accurate and flexible validation of the models. Within this context,

an other interesting direction would be integrating security as possible

metric in the early stage of DSE. Security has been intensively studied in

the areas of cryptography, computing, and networking. However, security
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is not yet well perceived by designers as the hardware or software imple-

mentation of specific cryptographic algorithms and security protocols [56].

The first steps for this future work are already taken in [11].


