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Abstract. As part of the solution of problem optzani
tion of large-scale facilities carried out formaliion of
the system description of large-scale monitorirefjre:d
the composition and the relationship subsets ahefds,
relationships, topologies and properties. Formdlatee
mathematical model and the task of reengineeripg-to
logical structures of centralized three-tier systefrtarge-
scale monitoring based on indices of cost andieffiy.
The proposed mathematical model explicitly settiata
between costs for the reengineering and time psiougs
messages in the system from its structure and aggol
The analysis of the objective function revealed thave-
lopes their local extrema are one-extreme (relativéhe
number of nodes in the system). Considering this; p
posed a method of directed inspection of localesws,
which allow to find best solutions in terms of theni-
mum additional cost. Selection of the single soluirom
a set of effective proposed to carry out the metbibhi-
erarchy analysis or cardinalist approach aidechbyaddi-

The notion “reengineering” was suggested and origi-
nally interpreted in the study [1] that revealedngineer-
ing principles for business processes of compamiest
contemporary publications on various aspects ofigee
neering problem also refer to reengineering busimpes-
cesses or software structures, and use the notitreen-
gineering” alongside such notions as “redesign¥ote-
tion”, “ modernization”, and “restructing”
[2-5].

In LSMSs, operativeness and cost indices largely de
pend on the applied technology, structure, andrparers
of the elements and links, as well as on their lapo
(site implementation). This peculiarity predeteresrthe
need to solve the problem of technological, stmattu
topological and parametric optimization in the meg of
reengineering LSMSs.

Since the monitoring practice applies a relatively
small set of technologies, types of elements, nates
links, the most difficult task is optimization di¢ LSMS

migration”,

tive function of general utility. The values of thestructure and topology.

weighting coefficients of the utility functions arried
out by an expert or based on comparator identifinat

The analysis of contemporary publications on the de
sign of monitoring systems has revealed that thén ma

Practical application these results allows redine t objective of monitoring systems is collection oé theces-

time of obtaining solutions and more accurate sgj\of
large dimension problem.

sary information at minimum cost [6-8].
Minimized additional costs [7] (alongside minimized
regular costs), the required or maximized contwihg to

Key words: large-scale monitoring system (LSMS)a multiple coverage of the monitoring zone [8], axin

structure, topology, reengineering.
INTRODUCTION

In modern conditions, a lot of scientific and resba
social and economic, as well as technical decisemas
based on the data provided by large-scale mongays-
tems (LSMSs). This is exemplified by the systemaiof
tronomic, ecological, radiation, geological and ioyd
meteorological, economic and medical monitoring.

mum coverage of the monitored objects (with regatzat
irregular coverage radii) [9-11] and a minimizec@age
time of information receipt (optimal operativene§2]

are used as criteria in the tasks of optimizatibmoni-
toring systems. Restrictions on probabilistic syppf
information to a specified number of consumers [434
the location of the monitoring points [14] serve aakli-
tional limitations.

Mathematical models and methods for solving the

problems of the analysis and synthesis of othgelascale

Changes of the monitoring conditions (emerging ne objects in the fields of transportation, commuriaatand

objects of observation, stricter requirements ® dpera-
tiveness and accuracy of observations) and (or)toels
(appliances and technologies) lead to inefficien€yhe
current variant of the system construction. Anem@pts
to adapt the system do not secure the best outcome.
The most effective variant of the system constouncti
can be obtained through its reengineering, whigyssts
a fundamental reconsideration of the current stétihe
observed objects, the entire system, tools andntdch
gies of monitoring, as well as through its radiealesign.

logistics can be applied in reengineering LSMSs15~
16].
The analysis has revealed that the most common are

monitoring systems with radial nodal structures ten-

tain a single center, one level of nodes and aafityrof
elements distributed between the nodes of the myste
(each node covering its subset of the monitoreeats).
Design and (or) operation costs as well as opeadiss
(time of information receipt) costs serve as inttice of

the monitoring system efficiency. Therefore, a tapi
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problem lies devising a method that would solveva-t RS=RNR.R=R°UR",R"=R'URS, @)
criteria task of reengineering topological strueturof . o S
LSMSs in terms of the costs and operativeness. G"=G"\G,G =G'\G",

GS :G'nG",G' :GSUG_, Gn :G+ UGS
FORMALIZATION OBJECTIVE OF
REENGINEERING TOPOLOGICAL STRUCTURES

OF LSMSs The scheme of interconnections between such catego-

” "o

ries as “element”, “relation”, “topology” and “prepty”

Formalization of the generalized LSMS descripti®n iIn reengineered LSMSs allows introduction of sétsew

based on the suggested in the study [15] scherarfye- propertiesP™ = P"\P' and properties that are or can be
scale objects. The LSMS is viewed as a systeexcluded from consideratioR™ =P'\ P" .
S=<E,RG >, where:E is a set of elements in the sys- At the first stage, a set of feasible solutionsirtyr

tem,R is a set of relations (links) between the elementreengineering LSMSS ={s}0S" is determined by

and G is a topological implementation of the monitoring . . .
system structﬂrelg R> P *subsets of elementsE’ OE"OEY, their relations

Topological implementation of the LSMS is based o R 0 R" O RY and topologiesG" 0 G" 0 GY. Further
the topological complex of elemer@, relationsGg, and  stages of reengineering the topological structufe o
data transmission trajectori€. The process of reengi- | spmss allow selection of subsets of elemeBfs(] E* '

neering must distinguish between the subsets dhant lati ROOR and logies G° 0 G ¢
and the required properties of the syster® -and P", relations and topologies rom a fea-

respectively. The sets of properti®s and P" are sub- sible area S ={s}. Using the above subsets we obtain a
sets of the universal set of propertieS that can be ob- set of the required propertieB” 0 PV that are specified

tained on universal sets of elemei®$ , relationsR” ,  as objective functions, either cost and (or) furai limi-
and topologies [15]: tations.

The set of tasks (stages) of the structural andlégp

PV =¢ (EY,RY,GY), ical reengineering LSMS largely coincides with #et of

problems of synthesis the initial version LSMS, luill

be different by productions, input data and liniias.
According to the suggested in [6] general decomposi

n scheme for reengineering LSMSs, the meta-ltasi

gan be presented as follows:

where ¢ is a mapping.
The E” set consists of various types of elements th%t
can be applied in reengineering LSMS. TRieset is de- 10
termined by theE” set composition, whereas the latter i
determined by composition of t& andR" sets. Mean- . _ .
while, the difference between the sets of elemanthe MetaTask = Task; :{Objs,s,Q ,C ,S'} - 3)
new E" and the existingg’ structures determines the set - {s°, K(s%)},
of elements that ought to be included in the neucstre:

where: Objs — a set of quantitative and qualitative char-
acteristics of the LSMS objects;— the existing realiza-
tion LSMS; Q" — the required set of the system functional

E"=E"\E'.

Accordingly, it is possible to identify a subsetedé-
ments in the existing LSMS structure that can l#ugled  qualities; C' — marginal values of the system coSt—
from further consideration in the process of reragring

LSMS- the area of reengineering (feasible patters3);- a new

LSMS pattern obtained during its reengineering(s°®)
E-=E'\E" — criterial assessment of the selected patterrnt@alogy
' of the LSMS.

The objective of reengineering the topological stru
ture of a three-tier LSMS that is based on the stpe
elements, nodes and links and regards reengineeostg
as well as operativeness requirements is considert
S e S following formulation.

E zEnE,EZE UE,E:E UE (1) Specified:

] N ] — a set of the system elemernits{i},i =1,n that
| Smce;om&o smc;n cr)]f the selts pf gjlatg?s. be(;vxleen cover the entire set of the monitored objects;
elementsk’, R* and the topologiess , Is deter- — the existing pattern of the topological structure

mined by composition of the sefs andE", we can 515 (whereS is a set of feasible topological patterns)
identify the corresponding subsets of relations thaght q ined by the si ¢ ol s={ili=1n
to be included in LSMSs during their reengineeriag, G€termined by the sites of elements ={i},i=1n,

ther reused or not used at all; nodesy' =[yi1,i =1n (wherey' is a Boolean variable;
if there is ani-element based nodey' =1; other-
R"=R'\R,E”" =R'\R’, wisey' =0), the center (the system center is sited on the

The set of elemeni&®, that can be reapplied in reen-
gineering, presented as an intersection of the Eedasd
E":
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base of the element=1), as well as links between the C(b)=C.(b)+C_(b)+C,c(b)+Cg(b)+Cg,(b).(6)
elements, nodes and the centgf=[x;],i,] =1,n
A desirable goal consists in minimizing the additib

) ) ) costs AC(a,b) . Meanwhile, the difference in the costs
are linked directly,x; =1, otherwisex; =0); (5) and (6)

(where x; is a Boolean variable; if the elementand ]

— the cost of setting up (operation of) nodes],
i=1n andlinks[c;], i,j =1n. 4C(a,b)=C(a)-C(b), 7)

It is necessary to identify the optimum in termse&f . . -
y fy P fails to account for the possible use of parthefexisting

ficiency and cost topological structurs® 0S (where topological structurealS.

Sis a set of feasible patterns) that is determingdhle In view of the above equation (7), a particulatei

number of nodesl their sites y=[y;],i =1,n (the cen- on of the minimum additional costs:
tral node is sited on the base of the first elemeat

y, =1) and the scheme of links between the elements, k,(a,s) - rgsn
nodes and the center=[x;],i,] =1,n in view of the
specified constraints of costs and operativeness. (with the possible use of a part of the existingological

In order to simplify the model and taking into ac-Structure al1S) can be presented as follows:
count the symmetry a square matrix of links (betwee

system elements, nodes and center) and the cdstewil _ _a o _ .
place the triangular upper diagonal matrix. kl(a,s)—AC(a,s)—igl[(q e (D =g i ] +
Whereas the initial set of feasible solutions itede non _
mined by the following [5]: +§Zl[(qj +6; )(L=x )% +(dy —g; %% ] - min, (8)
i=1j=
x=[%;1,% 0{0,1}i,j =1n,x, =1;
ixij >1.0)=1n: wherec; — the cost of th_e elements, nodes and the center
j=i in the new structurei,=1,n; x; and x; — respectively,
n n n - . .
=n+Y X 4 elements of the matrices of adjacency (links) betwthe
S={s}= hzléx” |Z ! ) elements, nodes and the center in the existingtsie
x; =1 - x, =10i =1n: X' =[x;] and in the reengineered structwe [ x;] (if
X =10%; =1 - ij = the elementsi and j are linked directly, x; =1 or
=argmin{ minc,minc, } Oisn,ij=Tn, X ~1:OMerwiseX; =0.0rx =0): d, — the cost of
1<i'j ) j<i'sn modernizing an element, a node, or the centeramtw

) ) structure i =1,n; e — the cost of dismantling the nodes
where S — a set of feasible patterns of topological struc-

tures of LSMSs:— a pattern of the topological structure:N the existing structuré=1,n; g; - the cost of re-
sources that can be reused after dismantling thgalno

equipmenti =1n; [c;l.i,] =1,n — the cost of links

between the elementsand j;and S — a set of feasible

_ R patterns of the topological structures of LSMSs.

element basedy; =1; otherwisex; =0; i=1n), n -a The second desirable objective is minimizing the

maximum time for receipt of the information on theni-

) _ ) tored objects. The task under consideration alloges of

the cost of links between the elemeritand j . the deterministic operativeness model that takés ac-
The cost of the existing LSMS patter@(a),al]S  count the dependence of information time on théesy's

consists of the costs of the cen@g(a), node<, (a), topological structure. The_ _model WOl_JId facilitatesass-
) ment of the strictly specified operation technoldtpat
elementCe(a), and links between the nodes and th@etermines the intensity of the same-type flowsnédr-

centerCy-(a) as well as the elements and the nodesation from and to the center:
Cey (@) [7]:

X=[x;],i,] =1n- a matrix of links (wherex; is a
Boolean variable; if the elementsand j are linked di-
rectly, x; =1; otherwisex; =0 if the system node is-

number of the system elements, afd;; ], i', =1nis

a =[a,],a =const, B =[B],B =const,i =1,n
C(a)=Cc(a)+Cy(a)+Cyc(a)+Cg(a)+Cq(a).(5)
in the channels and nodes of the system.

By analogy, estimate the co€(b) of the optimal The entire time of information receipt from each el
pattern LSMS for new conditions of functioning, ¢axd- ~ €Ment _Of the system =_{ i }’_i = 1rn can be pres_ented as
ing the current topological structue]S) can be repre- consisting of the following time intervals: (1) ept of a
sented as: request from the centar”, (2) transmission of the re-
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guest via the center-node chanmﬁ\J , (3) processing of where:k; andk, — marginal values of costs on reengi-
the request in the node’*, (4) transmission of the re- neeringk,(a,s) and operativeness(s), respectively.

A set of feasible solutions (4) generally consists
two subsetsS=S%JS*, whereS®is a subset of agree-
ment, in which particular criteria of costg(a,s) and

quest via the node-element channgf , (5) receipt of the
information by the system elemetit, (6) transmission of

the response via the element-node chamfiél, (7) pro- efficiency k,(s) can change concertedly, whi® is a

cessing of the response in the nayé, and (8) transmis- g pset of compromise (effective options), in whpetntic-

sion of the response via the node-center chan\fef ular criteria of costsk,(a,s) and efficiencyk,(s) are
strictly contradictory.
ko (S)=7.(3)=7C +7%Y (s)+ 7V1(s) + 7VUE + An optimal solution of any multi-criteria objective
Z(E) E'U( ) UZ' ' U£ ) h (_) ' (9) belongs to the area of compromise [21]. In a sdévalis-
+T17+17 +17°(s)+ 1 (s),i=1,n. crete two-criteria objective (11), an optimal sant

s° [0S belongs to a subset of compromise] S O S.

The tlmg intervals for transmission of requests anﬁone of solutions of th&~ subset can be improved by
responses via the channels center-mgtlés), element- 4 particular criteria simultaneously. In view thie latter,

node 7™ (s) as well as processing of requests and ré&election of the best option of topological struesu
s°[S for LSMSs consisting of relatively few elements

sponses in the node¥'*(s), r'2(s),i =1,n depend on : ;
ought to be accompanied by formation of a set efiah-

the amount of elements connected to each of thesn@d < )
the LSMS topological structure). Meanwhile, timgein V€S S and a subset of compromis' . The approach is
as follows [22].

The first of generated optiorsis integrated in the
set S* . Each of further alternatives 0'S is compared
sion of the response via the element-node chanfitare to each option belonging to the set of compromise
independent from the system’s topological structure sOSK. If a generated optiors 0S is the best of all

Since a desirable goal is minimizing the maximung,psetS¥ options in terms of costs and efficiency, it is

time for receipt of the information on the monitdreb- . . . .
jects, the efficiency criterion (based on the abegeation integrated in the subset of effective optiogS. If an

vals for receipt of a request from the certgr, receipt of

the information by the system elemarftand transmis-

(9) can be presented as follows: option s 0SX is worse than the new or®0S, it is
excluded from the subs&" .
Tic +ﬂ+TiE +ﬂ+ When the generation of alternative opti®gisS S (4)
q; q; i is completed, the subset of effective opti6fiss formed.
ko(S) = max - rgg (10) In general,Card S* << Card S which allows a consid-

I<i<n OCi + (Xi + ﬁl + ﬁl n n
E F E q_ izzlg)(ﬂ')ﬁi erable reduction of the memory capacity to stotera-
' ' tive options and save time for their further aniaslys

) The method of hierarchy analysis [23] is suggested
where: ¢, and g; — bandwidths of the center-node andor selecting the only solution from the subseefiéctive

node-element channel$y and h, — velocities of pro- optionss®OS .

cessing the request and the response in the systdes. Given the volumes of the existing LSMS and the ini-
When the monitoring system uses a not strictly déial set of feasible solutions (4), the set of efifiee solu-
terministic data collection technology that causetero- tions (11) can be quite potent. Therefore, the best-

geneous flows in the network, the correlations{)L0) promise solutions® S . ought to be found with the

are used for preliminary assessment of the opemss. cardinalist approach aided by the additive functiafn
Imitation models would secure a reliable assessmént general utility:
the time for information receipt in LSMSs [17-18].
P(s)= s)+ S) — max, 12
A METHOD FOR REENGINEERING (8)=Mé1(8)+adz(s) - a2 (12)
THE TOPOLOGICAL STRUCTURES
where: 7, — coefficients of significance of particular crite-
A mathematical model of a two-criteria task of reenyjg
gineering the LSMS topological structures includess
malized criteria of costs (8) and operativenes$: (10 k(s),0<7, <1,i= 1—,2,,71 0, =1;
ki(a,s) - min, ky(a,8) < k;; &(3) =1k (s)=k (k' (s)=k N, (13)
> _ NI _
ky(s) - {Eﬁ)n(ri} - %‘Q,kz(s)ﬁ Kz where: k(s), k™ ,k’'(s), i =12 — the current (for an

option s0S), the worst and the best values of a particu-
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lar criterioni ; 7, ,i =12 - a weight coefficient of a par- preferencesR°(s)), or have more than one solution. The

ticular criterioni , and 4 ,i =12is a parameter that de- only solution can be found by means of a reguldrize

termines the type of the utility function of a peutar
criterioni .

original task, ie. an additional criterion. Preferences
based on the relationship of strict prefereig S* ) are

The analysis of the objective functions (8) and)(10o,nd due to such criteria as the maximized minimum

revealed that the envelopes of their local extraneasin-

gle-extreme dependences on the number of noddwein

system. Therefore, the maximum point of the genatibl
ity function (12) is between the minima of the chsic-
tion (8) and the efficiency function (10) by thermoer of
nodes in the systenu .

Therefore we suggest that the task of reengineeri

of the LSMS topological structures should be solwgtth
the method of a directed enumeration of local en&ref
the objective function (12).

The method can be applied via preliminary assess-

Ejifference of the general utility function (12) afljacent

optionss;, s;,; U RS(SK ) or the maximum sum of their
differences.

Preferences that can be expressed as a ratio of

ﬁé{uivalenceRE(SK ) are provided with such criterion as

the minimum sum of the modules of values differeince
the general utility function (12). A lax preference

Rys(S* ), requires pre-selection of binary relations of the

ment of weight coefficients, ,i =1,n as well as parame- Strict preferenc®s(S* ) and the equivalencB; (S*).

ters 44 i =1,n of the utility functions of particular crite-

ria (12) — (13). They can be found by means ofrtiegh-

ods of expert assessment or comparatory ideniticat

[19-20].

The method of comparatory identification of the-pat

tern of multi-factor assessment (12) consists énftilow-
ing. A decision-maker or an expert determines tineditp-

tive utility on the set of optionsd S going by the val-
ues of particular criteria of cost (8) and opematiess
(10). The qualitative utility can be expressed byea of
binary relations of equivalence, of lax and stpcefer-
ences:

RE(SK )={(y,Z): y!ZDSK 1 y>' Z},
RNS(SK ):{(y,z): y,ZDSK ’ y>' Z},
RS(SK )z{(y,Z): y,ZDSK Y- Z}

and generally represented by the order of one effah
lowing functions:

m

Rus(SA):s°=s 25, 2..25,, (14)

RE(S"):s°=s =s;=..=5

RI(SH )X =X =X = .. S,

where: m — capacity of the subset of options used in S€hat

lection of the pattern parameters (12) — (13).

The method of a directed enumaration of local ex-
trema of the objective function (12) is as folloviRre-
sumably the system lacks nodes, u=0. The general
utility function’s (12) value is calculated for tHeown

values of the weight coefficientg ,i =1,n and parame-

ters 44 ,i =1,n of the utility functions of particular crite-

ria. If the selected topological structure satsfibe con-
straints of the objective (11), the obtained vabiethe
generalized  criterion is viewed as record

P (s°)=P(s,u=0),and the obtained optionas locally
optimal s°.

Let us increase the number of nodes: 1. Analyz-
ing the options for the topological structure witsingle
node we find the best option among those which rifeet
objective constraintsP” (s,u=1).

If P (su=1)<P’(s°), the best option iss® ,
where the number of nodes iis=0. Otherwise, we in-
crease the number of nodes in the systan¥ U +1) and
distinguish best option of the topological struetamong
those which satisfy the objective constraints uhi val-
ue of P* (s,u) decreaseB* (s°).

CONCLUSION
1. The study formulates the task and presents a new

hematical model for reengineering the topoldgica
structures of centralized three-tier large-scalaitooing

Systems of equations and (or) inequalities aredasgy stems (LSMSs) in view of the indices of efficigrand

on the set order of alternatives (14) and compleetchy
the following ratios:

0<n <144 >0,i=12u n, +n7, =1.

cost, which is aimed at optimization of large-scale

jects.

2. The analysis of objective functions of the thsls
revealed that such functions are one-extreme ireldb
the number of nodes in the system). On this basés,
have suggested the method of a directed inspecion

The best values of parameters can be selectedeby fhca| extrema of the objective function to solve firob-

criterion of the minimum error in the recovery bétdeci-
sion-maker’s (expert’s) preferences.

lem of reengineering the topological structureteims of
their efficiency and cost. In contrast to the methmf

However such formulation of the task is not correatxhaustive search, the suggested approach corsigera
(by Hadamard). In general, such task may have he sonarrows the search area and facilitates the sexretiec-

tion at all (if the decision-maker mistakenly haedfied

tive solutions.
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