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Abstract- Data-flow based design environments bring advan­
tages of specification, validation and synthesis to embedded
systems design by decoupling computation from transfer of
data. The former is performed by actors, and data transfer
between actors and an execution order of actors is determined
by scheduling and buffering strategies. In this work, we examine
code sizes and cycle counts resulting from combinations of
scheduling and buffering techniques. The experiments were
carried out by designing an application specific instruction­
set processor streamlined for each of the benchmarks, using a
codesign environment called TeE. We also show what additional
overhead is introduced when an architecture implemented using
our approach is employed for an application outside its targeted
domain.

I. INTRODUCTION

The dataflow programming model represents a program as
a set of tasks (actors), and data dependencies (FIFO queues)
between actors. Individual actors consume data from their
inputs and produce data on their outputs when they are
executed. The functionality of whole program is defined by
the functionality of the individual actors together with the
semantics of their interconnections. In area of digital signal
processing (DSP), the applications often work on a streams
of data. Therefore, the scheduled dataflow graph needs to be
executed in an iterative manner, running within a loop (often
an infinite loop) without deadlocks, and using only a finite
amount of physical memory.

The synchronous dataflow (SDF) model [1] supports these
requirements well for an important class of signal processing
applications. With the application written as an SDF graph, the
actual work is performed by the actors, while a schedule for the
graph defines the order in which the actors actors are executed,
and also defines requirements for buffer management between
actors. Schedules and their associated buffer management
requirements in general add some overhead to the execution
time, code size and consequently instruction memory, and data
memory requirements of an SDF-based application.

In this work, we model benchmarks as SDF graphs using
the dataflow interchange format [2] (DIF), which is a tool
for developing and experimenting with DSP-oriented dataflow
models of computation. We use the DIF-to-C tool [3] to
synthesize C code for each of the benchmarks using different

combinations of SDF-based scheduling and buffering strate­
gies.

Our generation of ASIPs is done using the TTA Codesign
Environment [4] (TCE). We use the TCE compiler to compile
synthesized C code for different benchmarks onto different
ASIP instances, and we use the TCE simulator [5] to obtain
the count of executed instructions.

We also explore the relative quality of critical and non­
critical applications in this framework. Specifically, we select
one benchmark as being critical (highest priority for opti­
mized implementation), and tune the processor architecture
to minimize execute cycle count for the critical application.
We then recompile other (non-critical) benchmarks for the
derived architecture, and measure the overhead observed when
executing the non-critical benchmarks on a processor that was
not tuned specifically for those applications.

Our experiments demonstrate important trade-offs and in­
teractions among SDF-based applications; SDF techniques
for scheduling and buffer management; and critical and non­
critical application support in ASIPs. Our work also demon­
strates a novel design flow that integrates SDF techniques
from the DIF environment with ASIP technique from the TCE
environment.

II. RELATED WORK

Other approach to introduce dataflow programming to DSP
area is presented in SPEX language extension [6]. SPEX adds
constructs to programming language (C++ in presented work)
to allow programmers to describe inherent parallelism within a
DSP system, including describing streaming computation and
communication patterns of DSP systems.

Focusing on distributed control and memory, Kahn process
networks are used in [7], as a method for programming high­
throughput multimedia on a platforms consisting of multiple
microprocessors and reconfigurable components. From appli­
cation written in subset of Matlab, Kahn process network is
automatically derived.

In [8] authors present a high-level heterogeneous functional
specification and verification part of system for modeling
and simulation of embedded systems, El Greco. Their system
allows specifications in forms of cyclo-static dataflow (CSDF)
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