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ASSESSING THE EFFECTIVENESS OF USING PARALLEL COMPUTING IN
CONTROLLING OF AUTONOMOUS ELECTRIC POWER PLANTS
Ushkarenko O.0., Shurmin Y.A., Vorobiov M.S. (maestrotees@gmail.com),
Admiral Makarov National University of Shipbuilding (Ukraine)

The theses examine the features of using queuing theory to assess the effectiveness of using parallel
computing in solving problems of managing objects as part of autonomous, including ship electric power
plants. Models of queuing systems for the cases of absence of parallel data processing and for parallel
data processing have been presented. Quantitative values have been obtained to evaluate the efficiency of
using parallel computing.

The current stage of technological development is characterized by an increasing penetration of
microprocessors into its various areas, which radically change the properties of many devices opening up
new possibilities for use. Microprocessor systems are interconnected into a hierarchical structure, forming
a computerized distributed control system with a communications system for the data exchange [1]. The
requirements for the reliability of autonomous electric power plant (AEPP) control systems are becoming
more stringent every year and the ways to solve the assigned problems often have the nature of distributed
events. At the same time, ship electric power plants (SEPP) are a special case of AEPP, therefore the
obtained results are also applicable to SEPP. The use of a distributed structure to control AEPS makes it
possible to create a number of algorithms and technical solutions that prevent breakage and loss of
transmitted data [2]. By distributing computing resources, it is possible to reduce the time of data
processing and control signals generation [3], and if one of the computing modules fails, it is possible to
redistribute the functions performed between other modules and ensure timely shutdown of the non-
working unit.

To implement distributed computing, a software algorithm was developed that allows the main
computing module to have information about the operations progress of the network modules at a certain
point in time. The main module can be represented as a queuing system (QS), which accepts requests to
perform certain tasks and sends them to computing modules. Each of the processors can separately
process the request, or all three processors can perform the parallel processing algorithm. In order to
compare the efficiency of using parallel computing, it is necessary to introduce a complex efficiency
indicator [4, 5]. It is proposed to use the following performance indicator:

E=304" -157,,,, 104",

where #* — the intensity of processed requests, r,,, — the average time of requests processing, i — the
intensity of lost requests (due to unavailability of all processors).
A A A

A
a b
Fig. 1. Models of queuing systems: a — without parallel processing; b — during parallel

processing

In state Qo, all computing modules are free and there are no service requests in the system. In state
Qi, the request is processed by the first processor; in state Q, two processors are busy servicing the
request; in state Qs, all processors are busy processing.
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The model of AEPP control system consists of several interconnected modules, ensuring distribution
at the computing level. For each of the generators, there is a separate computing module based on an 8-bit
microcontroller, which receives and processes data, and a main computing module based on a 32-bit
microcontroller, which receives calculation results from other modules (Fig. 2).

Module 1 Module 2 Module N
Start Start Start
/ 1. Data acquisition to \ / 1. Data acquisition to \ / 1. Data acquisition to \
the stack the stack the stack
2. Data calculation 2. Data calculation 2. Data calculation
3. Data conversion 3. Data conversion 3. Data conversion
4. Values calculation 4. Values calculation 4. Values calculation

5. Function 0 5. Function 0 5. Function 0
6. Function 1 6. Function 1 6. Function 1

yemmm -

N. Function N N. Function N N. Function N

g ———
IS
g ———

IN+1. Data writing to the IN+1. Data writing to the IN-+1. Data writing to the
stack stack stack
N+2. Creating the data N+2. Creating the data N+2. Creating the data
\ packet / \ packet / \ packet /
End End End

——_——J

Write all data in a certain period of time to the stack

Analysis of the states of each module

Data distribution between modules

Mode selection: generation of control signals

Main module

Fig. 2. The structure of AEPP control system

The main module polls the network at a certain constant frequency, which allows to clearly
determine the speed of operations and detect failure. Having identified a less loaded network module, the
main module redirects data to it, thereby allowing more time to be allocated to the loaded modules. When
any auxiliary module fails, the main module determines its last performed operation and generates a
specific signal indicating a failure of the monitoring system, which leads to the redirection of the
necessary data for calculations to other network modules. For such an organization of data exchange, the
main module has a stack that stores data from all network modules for a period of time equal to T= tmax'N,
where tnax IS the maximum module calculation time, N is the number of modules in the information
network. The organization of a package of transmitted data allows to analyze the most possible data
breaks and module failures and, accordingly, unload or restart this module.

Let’s denote the probabilities of the system being in each state as po — ps. A three-channel queuing
system (m=3) is considered. The intensity of the task flow is 1=25 s, the average complexity of the task
is 7=4-10° operations, the average processor speed is B=8-10° operations. Then the intensity of servicing
requests is =B/t=20 s™. For the QS model in Fig. 1, a, the system of equations has the form:

— APy +1p; =0
—(A+ )Py + APy +2up, =0
Py =2+ u)p, +3up; =0
Po+ P+ P+ P;=0
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The probability of losing requests prs is equal to the probability ps, since in state Qs all processors
are busy processing, and the arriving requests will be rejected. The intensity of lost requests is determined
by the equation:

A =Py
probability of requests processing:
pproc =1- Pres »
average processing time:
Porac
Toroe = 4 ,
intensity of processed requests:
A= 2P e

In Fig. 1, b, the QS model for the parallel processing option is presented. The system of equations
has the form:

{_ﬂ’lpo_'_/ulplzo
Po+ P =1 .

The probability of loss of requests prer IS equal to the probability p;, the probability of servicing
Poroc=Po. The intensity of the service flow g during multiprocessor processing of an application will not be
equal to the sum of the intensity of processing applications by each auxiliary processor, since the main
processor requires time to divide the task into subtasks and transmit information to each of the auxiliary
processors. For these reasons, processing time is reduced by 2.5 times (not 3 times). Solving systems of
equations and calculating a complex efficiency indicator showed that parallel processing of applications is
more preferable.

Conclusions. With the development of microprocessor and telecommunications technology, it
became possible to place information processing facilities near automation objects. This allows to create
effective control systems for objects with distributed equipment — distributed control systems. The use of
distributed computing technology makes it possible to create a number of algorithms together with
hardware and technical solutions that prevent interruption and loss of transmitted data. As was shown in
the research, by distributing computing resources, it is possible to significantly reduce data processing
time and, as a result, speed up the process of generating control signals.
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