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SECTION 4. Computer science, computer 

engineering and automation. 

 

PROBLEM SOLVING OF DIGITAL PROCESSING SIGNALS ON 

COMPUTER INSTALLATION 

 

Abstract: One of the successful architectural solutions in the field of multiprocessor computing systems are 

reconfigurable computing systems (RVS), built on the base of programmable logic integrated circuits (FPGA).Rapid 

development of RVS is directly related to their ability to achieve high real performance for a wide class of labor-

intensive tasks, since RVS allows you to program your computing architecture, adapting it under the structure of the 

current task being solved. 
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Introduction 

Rapid development of effective computer 

installation caused common usage of digital signal 

processing technology (DSP). In turn delivery of the 

new intensive computational problem of the DSP is 

motivation for developments o more powerful 

computer installation (CI). One of the up-to-date 

classes of the intensive computational problem of the 

DSP is wide problem class of data-flowing computing 

of information, which means processing of big data 

store in real-time mode using the same mechanisms 

[1], which contains such problems as different hydro 

and radar data-flowing processing of pictures and the 

others.  

 

Materials and Methods 

For solving these classes of problems 

multiprocess computer installation is used (MCI), 

they make possible to reach high rate of productivity 

by means of development such direction as [1,2] – 

technical , which involves updating technologies of 

the creation element base, including by means of 

increasing the density of the valve-on-chip layout, 

leading to an increase of processor performance; - 

architectural - the building of optimal architecturаl Ci 

designed to solve specified classes of tasks; - 

algorithmic - the development of effective 

mathematical methods; - software - developing 

programs that maximize the capabilities of CI. 

Successes for each of the areas of development of the 

MAS give new qualitative opportunities in solving 

already existing complex tasks, and also open up 

prospects for solving new, even more labor-intensive 

tasks, the fulfillment of which until a certain moment 

was impossible due to insufficient performance of 

computing systems. One of the successful 

architectural solutions in the field of multiprocessor 

computing systems are reconfigurable computing 

systems (RVS) [1, 2], built on the base of 

programmable logic integrated circuits (FPGA). 

Rapid development of RVS is directly related to their 

ability to achieve high real performance for a wide 

class of labor-intensive tasks [5, 6], since RVS allows 

you to program your computing architecture, adapting 

it under the structure of the current task being solved. 

An important factor affecting the real performance of 

the RVS is the choice of the format representing 

numbers. Thus, the floating-point format is advisable 

to use for tasks that require high accuracy of 

calculations and are not so critical to speed of data 

processing and the FPGA hardware resource used. 

However, in most cases, the accuracies provided by 

the fixed-point format is enough to solve a wide range 

of tasks. Such format allows increase substantially  the 

actual system  performance compared to the use of the 

floating point format and significantly reduce the 
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number of FPGA hardware resources involved. This 

is due both to the properties of the format itself with a 

fixed comma, and to the possibility of using data of 

variable bit depth at different computational stages, 

which is typical of DSP tasks. Economy a hardware 

resource, in turn, may allow additional computational 

structures to be placed on the free hardware space of 

the FPGA, increasing the specific system 

performance. Specific performance in this work will 

be understood as the ratio of the real performance of 

the computing system to the expended hardware 

resource (the number of FPGA logic cells) required to 

solve the set task [9, 10]. In the tasks of stream 

processing, the algorithms of the fast Fourier 

transform (FFT) are widely used, therefore the 

specific and actual performance of the RVS when 

solving this class of problems depends on the 

efficiency of the implementation of the FFT 

algorithms. Structural implementation of FFT 

algorithms on RVS for data in a floating-point format 

does not constitute special problems due to the wide 

dynamic range and large bitness of the representation 

of numbers (usually 32 or 64 bits), but leads to low 

specific performance of computing systems, because 

of the properties format uses a large number of 

hardware FPGA resources. The use of the fixed-

comma format with structural implementation of FFT 

algorithms makes it possible to achieve high specific 

and real performance of computing systems, but can 

lead to a high error of deductions and errors in the 

discharge grid overflow. This is due both to the 

narrow dynamic range of data representation in the 

fixed-commo format, and with changing capacity of 

the facts in the process of executing the algorithms. 

The amount of overflow errors may increase while 

enhancing the length of FFT and small capacity of 

program inputs. Elimination of overflow errors in 

progress arithmetic operations can be carried out in 

one of two ways: - applying a scaling operation (bit 

shift), which consists of discarding the least 

significant digits of the result of an arithmetic 

operation in order to present it with the required 

number of digits; - increase in digits for storing the 

result of an arithmetic operation. Existing methods of 

FFT implementation, eliminating overflow errors 

using the scaling operation, do not allow to increase 

the specific performance of the RVS without a serious 

loss of calculation accuracy. applying of the way of 

increasing digits for storing the results of arithmetic 

operations at the output of each iteration of the FFT 

avoids errors caused by scaling and, thus, preserves 

the accuracy of calculations, but leads to a significant 

growth in the involved FPGA for FFT large 

dimensions, what is also indesirable. Thus, an urgent 

task is the development of new methods for creating 

parallel-conveyor programs with scalable digits, 

implementing FFT algorithms on the RVS and 

allowing for high specific performance and acceptable 

computational accuracy when solving DSP tasks. By 

scaling a category, we mean a procedure of limited 

(targeted) increase in the bitness of the results of 

operations by one category or the coordinated use of a 

scaling operation (bit shift) for to guarantee 

computation without overflows and ensure the 

required accuracy. 

 

Conclusion 

RVS-on base FPGA  have significant advantages 

compared in the MWS of traditional architectures, 

allowing you to customize the computational field of 

the system under the structure of the algorithm of the 

problem being solved and to provide higher real 

performance, close to the peak, in solving 

computationally labor-intensive and strongly related 

DSP problems in real time. Close to linear growth 

performance of the RVS, while increasing in the 

number of processors in the system, makes it possible 

to select the hardware for the computational tasks 

predictably and economically. The use of the fixed-

commo data representation format for solving DSP 

tasks on the RVS significantly increases the specific 

and real system performance, but requires control on 

the accuracy of calculations and possible overflows of 

the discharge grid in conditions of limited and variable 

bitness of data representation at various computational 

stages. One of the most used algorithms for solving 

computationally laborious DSP problems is the FFT 

algorithm. 
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