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THE ORGANIZATIONS OF THE TASKS IMPLEMENTATION
IN THE DISTRIBUTED AUTOMATIC CONTROL SYSTEMS
OF HEAT SUPPLY STATIONS

Abstract. In this article we proposed a data processing technology that provides the ability to form the efficien-
cy indicators of the different processors that implement pipeline plans of data processing systems (DPS) and auto-
mated control systems (ACS) of the heat supply stations in general. The implementation of this technology will have
a significant effect in practice as the internal technology of ACS work is being improved. In addition, the described
approach offers the following advantages: the increase of the capacity of the pipeline data processing system; the
implementation of the functions uniformity of the pipeline data processing system which allows to reduce the re-
quirements for the ACS of the heat supply stations; the reduction of the time and the improvement of the quality of
communications in the system linking and coordinating the work of several heat supply stations.

Keywords: a data processing system (DPS), an automated control system (ACS) with heat supply stations, a
district heating supply system (DHS).

Introduction. Currently distribution and regulation of thermal energy, both inside and outside
buildings, according to demand is considered one of the most fundamental approaches to energy conser-
vation in Kazakhstan, and just as so in all developed countries.

In December 2017 the chairman of Kazakhstan power association, Shaimerden Urazalinov, men-
tioned the following while discussing problems in the heat supply sector [1]:

— there is high intellectual and physical wear of primary and secondary equipment on heat stations, in
boiler rooms, in heat networks and heat consumptions systems;

— the most pressing problem of elimination of excess losses of heat energy is not being dealt with;

— there is a lack of resolution concerning financial and organizational issues that would arise during
reconstruction and modemization of individual components of the heat supply system;

— currently operating centres of heat consumption, used in buildings which are connected to the city's
district heating systems, usually don't have any automatic machinery and only an insignificant amount of
them have heat meters and coolant meters at heat points;

— most consumers connected to district heating systems don't have the capability to regulate the con-
sumption of heat used for heating according to their wishes.

Whereas the use of modern technology for control of heat supply points, connected into a single
network, would allow for significant power savings and smoother heat distribution in living and industrial
spaces.

The advantages of having pipelined task completion machinery in distributed automated control
systems logically follow from the theory of production development and information conversion. In this
work we offer a methodology for typification of tasks in an automated control system of a heat station
with pipelined data processing, since one of the stages of organising data processing technology is the
stage of identifying typical tasks and typical task queues, which are then organized into a pipelined data
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processing plan. It's obvious that organising homogenous task queues into a pipelined plan leads to raised
effectiveness of distributed automated control systems.

Theoretical and methodological aspects of task typification in modular data processing system
are reflected in the works of domestic and foreign authors, such as A.G. Mamikonov [2], V.V. Kul'ba,
S.A. Kosyachenko [3, 4], A.S. Mironov, Ye.N. Sidorov, A.A. Ashimov [5], YU.YU. Kess, V.M. Revako
[6], A.V. Tovmasyan, B. Dyuran, P. Odell [7], Kh. Berzh, O. Ore [8]. Models and methods of data proces-
sing in technical and logistical system are examined in the works of V.V. Voyevodina [9-11], B.A. Go-
lovkina, K.G. Samofalova [12], G.M. Lutskogo, A.B. Barskikh, Ye.L. Shlimovicha [13], A.P. Shabanova,
D. Fillipsa, A. Garsia-Diasa [14], R.V. Konveya, V.L. Maksvella [15], L.V. Millera. Pipelined typical task
completion in distributed automated control systems signifies a new stage in automated control system
design and requires model-algorithmic task completion guarantees and adaptation of task typification
methodology for pipelined data processing system [16].

The technology offered here grants the opportunity of forming the performance identifiers of indi-
vidual processors realising pipelined plans, of the data processing system and of an automated control
system of the heat station in general. Implementing this technology gives significant practical advantages,
since the internal technology of operation of an automated control system is being perfected. Besides that,
the explained approach grants the following advantages: increase in throughput of pipelined data pro-
cessing system; guaranteeing the homogeneity of functionality of pipelined data processing system, which
allows to decrease the requirements to an automated control system of a heat station; the decrease in
latency and improvement of the quality of system communications linking and coordinating the operation
of several heat stations.

Research methodology. Let's examine model-algorithmic procedures allowing to trace back the
influence of data collection process in an automated control system on the effectiveness of task planning
assuming pipelined execution. For a task class in distributed automated control systems, the problem of
the minimization of resources is solvable in general form using the method of estimating the sufficient
capacity of the data processing system.

The method is based on the mathematical apparatus of the queucing theory. The problem of deve-
loping a model allowing to get an estimate of the capacity of a data processing system with data collection
is currently relevant. Said problem is related to the problem of the minimization of resources of the
automated control systems of the heat stations. Using the known mathematical apparatus as an instrument,
let's use the following model of estimation of the influence of the data collection process on the
effectiveness of the pipelined data processing in an automated control system:
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where T, is the specified maximum allowed waiting time for a service demand; P(<Tz) is the specified
minimum allowed probability of not exceeding T,; Q is the maximum amount of demands serviced in a
continuous time period (busy period); V(t) is the amount of recorded information. The value of V(t)
changes with time; T [V(t)] is the duration of a single servicing period. It is a dependent quantity of the
amount of information V(t) and is defined as:

* Tvar [V(r)]
M

M is the amount of processor in a data processing system; T.ons 1S the constant component of the servicing
interval, determined mostly by the time directly spent on demand handling; t,,,[V(t)] is the component of
the servicing interval dependent on the amount of information.

The parameter of t,.[V(t)] is determined by the time spent on managing information and decision-
making,

k is the ordinal position of the demand in the busy period,

j is the waiting period for the demand numbered k expressed in the amount of servicing intervals,

z'[V(r)] _ T const
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Peonst” (0) is the probability that the demand received in the data processing system isn't waiting for
service. In a single busy interval only one demand (k=1) can be such a demand, such that P..,,*'(0) for
every Q is a constant of 1,

Peonst™ 2(0) is the probability that the waiting period of the second, in the order of servicing, demand
(k=2) is equal to one servicing interval. In a single busy interval Peys™ 2(0) for every Q is a constant of 1.

P J :.—FEI’l o)) {_I' <J ) is the probability that cach demand, starting with the third one in the order of

servicing in a busy interval, waits for no more than j servicing intervals,

7=1.2,....J, J — is the maximum allowed servicing time expressed in the amount of servicing intervals.
The parameter of J corresponds to the parameter of T3ax and is dependent on the parameter of © [V(1)].

The model allows to obtain the dependence between the maximum amount of Q demands serviced in
a data processing system during a continuous time interval (busy interval) and the amount V(t) of recorded
information under the assumption of adherence to the given values of waiting time T for servicing de-
mands and probability P(<Tz) that it's not exceeded. The considered model allows identifying the depen-
dence between the capacity of the data processing system and the amount of information, gradually
collected and mastered by processors of pipelined data processing plan. An important application of the
model is selecting a strategy for organising the process of demand servicing with the capability of quanti-
tative assessment of different alternatives during distribution of the major tasks between processors.

Results. Having carried out calculations with real parameters of the network of heat supply stations,
we defined the dependence of the information volume and the duration of the service interval from the
time of information update.

The dependency of the amount V(t) of information on time t is determined based primarily on the
composition of the entities in the production environment of task consumers and on the operating condi-
tions of the data processing system providing such tasks. For example, figure 1 provides the dependency
of the amount of recorded information on its update time in the conditions of organising an automated
control system of a heat station with pipelined data processing.
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The dependence of the variable component t,..[V(t)] of the servicing interval is mostly determined
from the type of processors of the data processing system, from organization of servicing of the demands
being received from task consumers. For example, figure 2 shows the change of variable 1., [V(t)] as a
function of the data update time.
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Using derived dependencies, we have selected an optimal time for the data update while processing
the next nine parameters at ten heat stations: the temperature of network water in the supply line, the
temperature of network water in the return line, the flow temperature, the flow rate of network water in the
supply line, the flow rate of network water in the return line, the pressure of network water in the
supply line, the pressure of network water in the return line, the indoor temperature, the heat released.
Using four personal computers, each with an 15 CPU (4x4=16 cores) with pipeline processing of all the
parameters from 10 heat stations the optimal update time for the data is 10ms. Adding to that, the time to
receive full information decreased approximately tenfold compared to the current technology of
gathering and processing data from the heat stations.

Conclusion. The developed model of the system with pipelined data processing with data collection
has practical applications most obviously seen in the task of organizing the operation of several heat
stations into a uniform system, where said approach tested.

The obtained results show that it is possible to create information systems with the new architecture
proposed in [17]. In particular, by calculating the duration of the service interval it is possible to set the
optimal switching time between tasks performed by the processor. This will allow creating a software
complex for the management of heat supply stations with pipelined data processing.
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KBLTY IIYHKTTEPIH YJAECTIPUIN'EH ABTOMATTBIHABIPBIIFAH BACKAPY JKYUEJEPTHAE
MIHAETTEPAIH KOHBEHEPJIIK OPBIHJAJYbBIH YUBIMJAACTBIPY

Annotammsi. Makanana, MoniMeTTepai eHzey kyhenepinie (MOXK) skoHe >Kammbl KbUIBITY Iy HKTTEPiHIH Oac-
Kapy JKYHCICpiHIH ABTOMATTAHIBIPBLIVHIH, KOHBCHCPIK >KOCHAPIAPABI iCKC aCBIPATHIH KCKE MpoIeccopiap
SKYMBICBIHBIH THIMIUTIK KOPCETKIMITEPIH KAIBIITACTHIPY MYMKIHAITIH OCPETIH MOTIMETTEP Il 6HACY TEXHOJOTHACHI
YChIHBLTFAH. byn TexHOnoTHsHEI icke acklpy, ABJK >KYMBICBIHBIH iIIKI TEXHOJOTHACHI >KETIIIPIICTIHAIKTCH, TOXi-
pubeac MaHb3AB HOTIOKE Ocpeni. COHBIMCH KaTap OyJT CHIATTAJFAH TOCLT KEJICCi APTHIKIIBLIBIKTAPFA HE. MOIIMET-
TEpAl 6HICYAIH KOHBEHEPIIK >KYHECIHIH OTKI3y KaOlNeTiH apTThIpaabl, >KeUTbITY IMyHKTiHIH ABJXX TanmamrapeiH Te-
MEHICTYTE MYMKIHAIK OCpPETiH, MAIIMETTEPAl OHACY/IIH KOHBEHEPIIK XKYHECI KbI3METIHIH OIPKEIKIIITiH KAMTaMachI3
erezi; OipHENIe XKbUIBITY IYHKTTCPiHIH XYMBICHIH OalIaHBICTHIPATHIH SKOHE YHICCTIPETIH KYHEeAeT KOMMY HUKALMS
CaNAaChIH YKAKCAPTY KOHE YAKbIThIH a3aUTy.
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AnnoTtanms. B cratee HaMu IpeTOsKeHA TEXHOIOTHS 00PabOTKU JAHHBIX, KOTOPAS MPEAOCTABILIECT BO3MOXK-
HOCTB (hOpMHPOBAHHUS MOKa3aTencH 3()(PEKTHBHOCTH pabOTHI OTACTHHBIX MPOLCCCOPOB, PCATH3YIOIIHX KOHBCHCPHBIC
TUIaHbL, cucTeMbl 00padoTku maHEEIX (COJl) u aBroMarn3upoBaHHbie cucTeMbl yipasieHuI (ACY) TENMIONnyHKTOB B
nenoM. Peanmzarms 3T0¥ TEXHOIOTHH AACT CYIIECCTBCHHBIN 3((EKT HAa MPAKTHUKE, TAK KAK COBEPHICHCTBYCTCS BHYT-
peHHA TexHOTOTHA padoTel ACY. TloMHMO 3TOTO OMMCAHHBIA MOIXOM JACT CICAYIOUINC MPCHMYINCCTBA: YBEIIH-
YCHHE TPOILYCKHOHN CIMOCOOHOCTH KOHBEHEPHOH CHCTEMbI 0OPabOTKH JAHHBIX; OOCCICUCHHE OTHOPOAHOCTH (PyHK-
WA KOHBEHEPHOH CHCTEMBI 00PaOOTKH JAHHBIX, YTO MO3BOJIIET CHU3HTH TpeOoBaHUI K ACY TEIIOMyHKTA, YMCHb-
[ICHUC BPEMCHH M YIIyYIICHHC KAUeCTBA KOMMYHHKAIWH B CHCTEME, CBS3BIBAIONINE M KOOPAMHHPYIOHIHE PaboTy
HECKOJIKUX TCIUIONMYHKTOB.
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TEIJIOMYHKTAMH, CHCTEMA LCHTPATH30BAHHOTO TeriocHa0keHus (CLIT).
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