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Abstract—  Digital Signal Processors (DSP) have seen huge
growth in the last years, finding use in many application from
cellular telephones to advanced scientific instruments. This paper
discuss the Reconfigurable Architecture and its advantages when
using DSP applications. First, it presents two processors, the DSP
Blackfin ADSP-BF504, and then, the MIPS32 using the
Reconfigurable Hardware to work with MIPS32. After,   it
compares both processors, to show the benefits of using
Reconfigurable Hardware. Finally, the results are presented and
discussed. 
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I. INTRODUCTION

Today, the industry and the market of electronic devices is
growing with high speed. The computing is embedded on
those devices. Most of the products have a microprocessor to
do specific tasks. This is possible due to the fast technology
development, in response to market demands. To be in this
position, creating new methodology to build applications  was
necessary. One of them uses mathematical techniques to make
digital signal processing. 

A technique called Digital Signal Processing performs a
complex mathematical treatment, using a processor that needs
to perform millions of mathematical operations per second in
order to succeed in such applications. The general purpose
processors (GPP) do not have an architecture specialised for
this purpose, so specialized processors have been developed
for this purpose. They are processors for Digital Signal
Processing or DSP [1].

The DSP processors have optimized architectures. Inside of
then, there are functional units that allows accelerate the
execution of computations, such as floating point units, MAC
instruction support (Multiply and Accumulate), circular
buffer, FFT (Fast Fourier Transform ), FIR (Finite Impulse
Response), among others.  With an architecture so specialized,
these processors have gained the market and are present in
various applications, such as multimedia, mobile,
instrumentation, appliances, medical equipment, etc.

On the other hand, is possible to perform such applications
in other kinds of processors. They are: 

1. General purpose processors (GPPs) 
2. ASICs (Application Specific Integrated Circuits). 

The GPPs devices were used before the idealization of DSP
processors. Their advantage is the reduced cost, but its major
drawback is the low performance when in DSP applications.
As the third option, ASICs have an important characteristic:
The unit cost is even cheaper than the GPPs but the time to
market and the project costs are great, therefore, its
performance is high. The DSP processors provide the best
trade-off (intermediate to GPPs and ASICs): low unit cost,
low power consumption and high performance of DSP
applications [1][2].

Even the DSP processors being so good, the industry can
no longer guarantee such developments at the same speed and
processing power provided by Moore's Law. This limitation is
given by the heat dissipation, which is in the limit, due  to
processor  frequency  increase [3]. Therefore, to ensure the
required evolution, new techniques and methods are needed.

As one possible solution, a field that is growing in research
is Reconfigurable Architectures. This area of research aims to
increase the processor performance without increase its clock
frequency. This is made by the use of hardware structures to
perform portions of program code. Thus, increasing the
performance, because the sequential execution of instructions
takes a long time to be realized by conventional computing
method. Therefore, joining the customisation afforded by an
ASIC with the cost of one GPP.

This paper will study the DSP and compare with the
Reconfigurable Hardware working with a GPP –  General
Purpose Processor - Mips32 .

II. METHODOLOGY

This work did the follow steps: 
1. Choosing tools to simulate DSP processors and

another tool to simulate the Mips32 processor;
2. Selecting typical DSP applications;



3. Using simulators to generate execution traces from
the DSP applications;

4. Comparing the results between the DSP processor
and the Mips32, with and without the
Reconfigurable Hardware.

Three commercial tools were analysed to be chosen as the
DSP processor simulator on this work:

1. Code Composer;
2. Symphony Studio;
3. VisualDSP++.

Only the third list tool has a off-line simulator and a 90
days  demo licence. Because of this, were chose the
VisualDSP++ from [3]. Since having the tool, were selected a
DSP processor from [3], the Blackfin ADSP-BF504. The
selected applications are shown in Table 1.

The Balckfin family (Analog, 2012b) was developed for
applications that require low cost. On the other hand, the
Blackfin family performs high rates of digital signal
processing in applications such as: video, industrial
instrumentation, industrial control and biometrics. Among
many of its features we can highlight the following: 

1. Clock frequency of up to 400MHz; 
2. 16-bit MAC instruction (ability to perform up to

800 million MACs per second)
3. Two ALUs (Arithmetic Logic Unit) 40-bit;
4. Four specialized video ALUs for 8-bit shifter 40

bits. It has a RISC architecture with a pipeline of
10 stages.

To simulate a GPP, were searched the literature and the
Web, to find a MIPS simulator. Two are described as follows:

A. Wind River Simics

Simics is a full-system simulator used to run unchanged
production binaries of the target hardware at
high-performance speeds. Simics was originally developed by
the Swedish Institute of Computer Science (SICS), and then
spun off to Virtutech for commercial development in 1998.
Virtutech was acquired by Intel in 2010 and Simics is now
marketed through Intel's subsidiary Wind River Systems [6].

The objective using Simics was to simulate the MIPS
architecture. Unfortunately, Simics has only the MIPS-I,
which is an obsolete processor. 

B. Open Virtual Platforms™ (OVP™)

OVPsim is a multiprocessor platform emulator (often called
a full-system simulator) used to run unchanged production
binaries of the target hardware that uses dynamic binary
translation technology to achieve high simulation speeds. It
has public APIs allowing users to create their own processor,
peripheral and platform models. Various models are available
as source. OVPsim is a key component of the Open Virtual
Platforms initiative. Requires registration to actually
download [7].

OVPsim was the second candidate to be the MIPS
simulator, which was chosen. This choice was made due to
available processor MIPS32, which is appropriated to use.

C. The Reconfigurable Hardware

The Architecture proposed used in this work, shown in Fig.
1, was proposed by [9]. This unit works together with a BT
(binary translator) [10] unit coupled to execution stage from
Mips processor by buses and because that is called from
tightly coupled.

Fig. 1  Architecture proposed.

The PEs (processing element) of RU’s architecture are
composed by simple elements like: ALUs, multipliers,
registers and multiplexers. Its organization is fully
combinational there isn't any temporal barriers between levels.
This RU was made originally to interpret the Mips
instructions from R3000 processor. Making small changes this
unit could be used in this work coupled to Mips32. This
architecture's approach uses most of the ILP. 

The RU's architecture  is shown in Fig. 2.

Fig. 2  RU's Architecture proposed.



As shown in Fig. 2, the instructions can be allocated to RU
in parallel or sequential form. Instructions without
dependencies are allocated in parallel, horizontally. Whenever
some dependencies are detected the instructions are allocated
in sequential form, vertically. Each level represents  one clock
cycle. Therefore, it's possible to execute three basic
instructions for each  clock cycle or one load/store and a
multiply. The PEs are connect to the input context memory by
multiplexers and to output context memory by demultiplexers.

The reconfiguration cache memory stores the PEs
configurations to avoid evaluating from detection block
different from what occurs in superscalar architectures. 

TABLE I
SELECTED APPLICATIONS

N Application
1 Performs a multiplication of two real vectors
2 Two matrix addition 
3 Matrix subtraction
4 Matrix scalar multiplication
5 Calculates the  mean of the input array
6 Calculates the RMS of the elements in the input array
7 Accumulates the two vector product 
8 Two matrix addition
9 Executes the Discrete Fourier Transform
10 Executes the Inverse Discrete Fourier Transform 
11 Executes the Fast Fourier Transform
12 Executes the Inverse Fast Fourier Transform
13 Executes the Finite Impulse Response

III.  RESULTS AND DISCUSSION

The applications were executed in both processors and the
results are shown in Fig. 1, 2 and 3. Fig. 1 shown apps one to
eight. Fig. 2 sown apps nine and ten. Fig. 3 sown apps eleven
to thirteen. The results were obtained by simulating the
selected applications described in Table 1. The algorithms
were simulated with its original language C, excluding the
apps 9 to 12, obtained from [8], in Basic, and converted to C.
The performance results, considering the IPC=1 (Instructions
Per ), for ADSP-BF504 and MIPS32 are discussed below.

Fig. 3 Applications one to eight

The applications above are slight comparing to the next
simulated applications. But one can see the decrease of
MIPS32 clock cycles with the Reconfigurable
Hardware(array). Blackfin was better, comparing to
MIPS-pure(without array), but worst if comparing to
MIPS-array. 

 

Fig. 4 Applications nine and ten 

As one can see, the Blackfin had less clock cycles than all
MIPS32 configurations. The algorithms used, DFT and IDFT
have complexity O(n²). The two processors had more cycles.

Fig. 5  Applications eleven to thirteen

Apps 11 and 12, FFT and IFFT are O(nlogn), resulting in
less cycles. Blackfin won the MIPS32-pure and lost against
MIPS32-array. The app 13, FIR, resulted in technical draw,
since all processors had similar performance.  

IV. CONCLUSIONS

This work presented the simulation of applications DSP to
compare Blackfin and MIPS32 (with and without the
Reconfigurable Hardware). Thus, intend to show that using a
GPP processor with Reconfigurable Hardware can optimise
the program execution, comparing with the DSP processor.
The simulations resulted to show clock cycle reduction on
MIPS32 using the reconfigurable array. For future works, we
intend to make other types of simulations, like power
consumption, to get energy estimative.    
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