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STRUCTURAL OPTIMIZATION
IN A MULTI-CHANNEL DISTRIBUTED MASS SERVICE SYSTEM

Abstract. Problem of structural optimization in a distributed service system is solved by the example of system
"Production - delivery - consumption™ for mass market product. In this regard, the purpose of work is to develop a method
for structural optimization of "Production - delivery - mass consumption™ system, by introducing and rational placement of
intermediate production points based on solving clustering problems with taking into account the peculiarities of
calculating distances between city objects. To achieve the goal of the work, it is necessary to solve the following tasks:
clustering of city objects, using the metric of city blocks, for a given number of groups for selected location of production
and grouping centers; finding the best location for a given number of clustering centers; determination of a rational number
of clustering centers. Task was solved in three stages. First stage - clustering a set of consumption objects for given
intermediate delivery centers locations. The second stage - finding the best locations for a given number of intermediate
delivery centers. The third stage - determination of the rational number of intermediate centers. Formulated problem is
solved according to two criteria: combined length of delivery routes product consumers and the probability that a random
delivery time exceeds the critical value. The numerical value of the second criterion is calculated on the assumption that for
each path may be estimated value of the mean and variance delivery time. The appropriate number of production centers is
determined by a simple comparison of system efficiency for several realistically possible options. An example of clustering

problem solving in the metric of “city blocks" on a directed graph by both criteria is given.
Keywords: distributed system "production - delivery - consumption"; clustering; directed graph; shortest path.

Introduction

Consider one of the many, important in practical
sense, management tasks, come up in system
"production - delivery - consumption”. Let the city has
I production centers of some consumer product. This
product must be delivered to n its consumers. The
natural desire to make this system as efficient as
possible leads to the expediency of dividing the entire
set of objects into groups, each of them can be serviced
by the "nearest" production center.

This problem is solved by the methods of cluster
analysis [1-4].

Cluster analysis is one of the central positions
among data analysis techniques and is a set of methods
and algorithms, designed to find some partition of the
studied set of objects into subsets similar objects. In this
case, the following requirements are usually imposed on
the clustering results:

—each cluster must contain objects with similar
values of properties or attributes;

— the set of all clusters must be exhaustive, that is,
contain all objects of the studied population;

—none of the objects should belong to different
clusters at the same time.

The position of each object is specified, in the
simplest particular case, a point in a two-dimensional

Cartesian coordinate system by vector X =(x,X,).

Distance between a pair of points x and x, measured,
for example, in the Euclidean metric

R(x. %)= \/(X11—X21)2 (a2 —%)* . ()

In practice, other measures of points proximity are
also used in [5, 6]:

— metric of "city blocks"
R(x, %) = X1 — X1 | +[ X2 — %22/, 2

— metric P.L. Chebyshev
R(X1, X2 ) = max{|xqq — X | +[X2 = Xp2l},  (3)

— Minkowski metric

v
R(x, %)= ((X11—X21)P +(X2 —Xzz)P) ! )

Metric (4) in special case when p=q, is
converted to metric (2). But if p=2, then the

Euclidean metric will be obtained (1). Solving a specific
clustering problem for each of points to be grouped
using one of the formulas (1) — (4), found distance to the
grouping centers is calculated and selected closest of
them.

Returning to formulated task of structural
organization in system ‘“production - delivery -
consumption”, it should be noted that this task has a
fundamental feature that distinguishes it from standard,
traditional grouping tasks.

Difference lies in the method of distance
calculating between grouping objects, and the distance
for any two points of the city can not be correctly
calculated in any of metrics shown above. It is
determined by total length of the route, consisting from
relevant sections of urban highways.

In this regard, the purpose of work is to develop a
method for structural optimization of "Production -
delivery - mass consumption™ system, by introducing
and rational placement of intermediate production
points based on solving clustering problems with taking
into account the peculiarities of calculating distances
between city objects.
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Formulation of the problem.

To achieve the goal of the work, it is necessary to
solve the following tasks:

— clustering of city objects, using the metric of city
blocks, for a given number of groups for selected
location of production and grouping centers;

— finding the best location for a given number of
clustering centers;

— determination of a rational number of clustering
centers.

Main results

Let's start by solving the first task from the list. An
adequate mathematical model of this problem can be
obtained using the graph, containing a set of vertices
and arcs connecting these vertices. Moreover, for an arc
connecting directly a pair of vertices i and j, its length

is indicated by r;, the totality of which all the arcs of

the graph shows the matrix RW - (rij ) In solving the

clustering problem of vertices there is a need to
calculate the distance between any pair of vertices. To
calculate these distances, it is natural to use algorithm
Floyd - Warshall [7], the essence of which is as follows.
If the transition from the top i to the top j possible
through one of the many intermediate vertices
ke{l,2,..,1}, then shortest route from i to j

determined by relation

. r-1+l’l-,l’-2+l’2-,...,
fj =min ! I ! . (5)
k lik +rkj,,...,,rie+rej
Let introduce a matrix generalization of relation (5):
R® _rOerY. (6)

where the operation ® implements calculation by
formula (5), i.e

i@, 0 @,

r-(z) =min
CICRIMC L

1 k

()
Mk
The matrix R(z):(rigz)) defines the set of
shortest two-step paths between the graph vertices.

Further, to find the matrix of shortest three-step paths,
we use a matrix relation similar to (6)

RO = rW gRrA), ®)

where

I

RGN

rij(g) =min
k

9)
Mk

Note that relation (9) essentially embodies the
well-known principle of dynamic programming [8],
according to which the optimal multistep control is
determined by the best choice of options set: { initial
step + optimal continuation of state, occurring after the
initial step }.

Consider an example of introduced relations using
to solve the following simple clustering problem. Let
the locations of two certain production centers, of a
product, and nine centers of its consumption be
determined in the city, as well as the highways of the
city along with their intersections (Fig. 1).

Fig. 1. Transport network configuration
(2 suppliers, 9 consumers)

The collection of all these points defines a graph
with 20 vertices along with a set of arcs, connecting
some of them. The lengths of these arcs are defined by
the matrix (Tabl. 1). In this matrix the symbol M,
located in i -th line and j -th column, corresponds to a

situation where points i and j are not interconnected
directly.

Table 1 — Matrix of distances between transport network points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 M M M M 15 15 M M M M M M M M M M M M M
2 M 0 M M M M 14 16 M M M M M M M M M M M M
3 M M 0 36 M 38 M M M M M 08 M 24 M M M M M M
4 M M 42 0 23 M 41 M M M M 28 09 M M M M M M M
5 M M M 23 0 M M 51 M M M M 16 M 44 M M M M M
6 M M 37 M M 0 31 M 49 M M M M 14 M 32 M M M M
7 15 14 M 41 M 31 0 30 M 42 M M M M M M M M M M
8 M 16 M M 51 M 30 O M M 33 M M M 09 M M 13 M M

0]
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End of Table 1

9 M M M M M 49 M M 0 43 M M M M M 17 14 M 29 M
0 M M M M M M 42 M 43 O 50 M M M M M 30 M 12 14
1 M M M M M M M 33 M 51 0 M M M M M M 20 M 34
2 M M 08 28 M M M M M M M 0 M M M M M M M M
3 M M M 09 09 16 M M M M M M 0 M 33 M M M M M
4 M M 24 M 14 M M M M M M M M 0 M M M M M M
5 M M M M 44 M M 09 M M M M 33 M 0 M M M M M
66 M M M M M 32 M M 17 M M M M M M 0 M M M M
7 M M M M M M M M 14 27 M M M M M M 0 M 17 38
8 M M M M M M M 13 M M 20M M M M M M 0 M M
9 M M M M M M 14 M M 12 M M M M M M 17 M 0 M
20 M M M M M M M M M 14 34 M M M M M M M M 0
We calculate the matrix of two-step shortest paths ( ) ( ) r(2) M . since there are no
between points using (7). We have: 17 = "8 =18 =
@ Q.0 O, 0. corresponding two-step paths;
hy’ =minine’ +15, 67 +175 1= 2) (00 0, 0.
. )/ =minin +17), g+ o=
=min{1.5+M, 1.5+1.4}=2.9;
=min{1.4+15, 1.6+M}=29;
t2) —min{e® 4 (@ (@ D1
13 16 " '63+ 17 173 (2) .
' =M;
=min{1.5+3.8, 1.5+ M} =5.3;
{ } D =il oD, 1)
(2) . (1) (1) (1) (1) _ 24 27 74 '28 84
Ng” =MINhg" +lgy Ty Ty (= .
=min{1.4+4.1, 16+M}=55;
=min{l5+M, 1.5+4.11=56;
{ } @ w0 0, 0],
(2) . . 25 27 Tl75 0 28 g5
Ii5° =M, since there is no two-step path between )
points 1 and 5, =min{1.4+M, 1.6+5.3}=6.9;
(2)_ @ 2 _.0 : 3 N € R ) I ) B
e =he =15, ny/ =1y =15; e =MINILY +156", T +lgg’ 1=
2 (@ 1) (1 1)) _ Cmi 14
r1(8) :m|n{rl(6)+ré8), r1(7)+r7(8) }_ —mln{1.4+3.0, 1.6+|\/|}—4.4,
. 2 1 2
=min{l.5+M, 1.5+3.0} =4.5; r2(7) —r() =14, rz(g) =r2(8) =16, rz(g) =M;

L,

rl(gz)zmi“{rl(é) 69+ 17" *Trg }:

=min{1.5+4.9, 1.5+M}=6.4;
rl(’lzg =min {rl(é) + r6(,11)0' r1(71) + r7(’11)0 }:
=min{15+M, 1.5+4.2} =57;
{2 _2 _ .2

111 =112 =113 T
corresponding two-step paths;

M |, since there are no

rl(’lzz =min {rl(é) + ré?4, r1(71) + r7(’11)4 }:

= min{1.5+ 1.4, 1.5+M } =29;

}:

=min{1.5+32, 1.5+ M} =4.7;

£,

rl(’lzg =min {rl(é) + r6(,11)6' r1(71) + r7(’11)6

2 (@@ 1 1) ) _
s =min{e) o3, o 40l | =
=min{1.4+4.2, 1.6+M}=56;
1
r211 n{r +"711! r28)+r8(1)1}
=min{1.4+M, 1.6+3.3} =4.9;
rz(zl)2 = rz(zl)3 = rz(,zlz1 =M, since there are no

corresponding two-step paths;

rz(ﬂ =min {rz(%) Y rz(;) + ré% }:

715’

=min{l.4+M, 1.6+0.9} =

£ -w.
2(%;: {27+r718'r28+r8(11)8}

n{l4+M, 16+13}=29;
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(2 _ (2 . Continuing similarly for the remaining possible

19 =220 = M, since there are no - -~ b2
corresponding two-step paths. paths, we fill in the matrix R\®/ (Table 2).

Table 2 — Matrix of the lengths for shortest two-step paths

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 29 53 56 61 15 15 45 64 57 M M M 29 M 47 M M M M
2 29 0 M 55 69 44 14 16 M 56 49 M M M 25 M M 29 M M
3 53 M 0 36 67 38 68 M 87 M M 08 45 24 M 70 M M M M
4 56 55 36 0 25 80 41 78 M 83 M 28 09 60 69 M M M M M
5 6,1 69 67 25 0 M 66 53 M M 86 53 16 M 44 M M 66 M M
6 15 44 38 80 M O 30 60 49 72 M 46 M 14 M 32 63 M 80 M
7 15 14 68 41 66 30 O 30 79 42 63 69 50 44 39 62 71 43 54 56
8 45 16 M 79 53 60 30 O M 72 33 M 69 M 09 M M 13 M 6,7
9 (64 M 87 M M 49 79 M 0 43 91 M M 63 M 17 14 M 31 57
10 57 56 M 83 M 72 42 72 43 0 48 M M M M 60 29 68 12 14
1 M 49 M M 86 M 63 33 91 48 0 M M M 42 M 77 20 60 34
12 M M 08 28 53 46 69 M M M M 0 37 32 M M M M M M
3 M M 45 09 16 M 50 69 M M M 37 0 M 60 M M M M M
14 29 M 24 60 M 14 44 M 63 M M 32 M 0 M 46 M M M M
5 M 25 M 69 44 M 39 09 M M 42 M 60 M 0 M M 22 M M
6 47 M 70 M M 32 60 M 17 60 M M M 46 M 0 31 M 48 M
7 M M M M M 63 71 M 14 29 77 M M M M 31 0 M 17 43
8 M 29 M M 66 M 43 13 M 68 20 M M M 22 M M 0 M 54
19 M M M M M 80 54 M 31 12 60 M M M M 48 17 M 0 2,6
200 M M M M M M 56 67 57 14 34 M M M M M 43 54 26 0
From the resulting matrix analysis it follows, that r(3) _minlt ) r(z) r(l) r(z) _
using of shortest two-step paths from production points 113"~ 6 *fe13: 17 +1713 (=
(Nel and Ne2) most consumption points (12-20) is —min{l5+M, 15+50} =65
unattainable. ’
Continuing of procedure, we calculate three-step (B —minl® 42 QL 2]
matrix paths using the formula (9). 115"~ 16 7615 171577715 (T
We get: =min{1.5+M, 1.5+3.9}=5
®_2 06)_.02
r, =", Yy =
12 =h2 Nyt =hsts @) _minle® 2 @), (2) |-
r1,16“"“'”{&6 o160 M7 T1716 (=
B _2)  B_ 0
14 =740 5 TS5 =min{15+3.2, 1.5+6.2} =4
®_,0 O_,0
L =6a’, 6y =6y, 3 (@ 2 1 2) | _
o A AT rl(,lg‘ :m'n{"l(s) ”6(,1%' r1(7) ”7(,1)7 }‘
3) _ (2 3)_ (2 (3 _ (2
r1(8) _rl8)' r1(9) —rlg)' 10 ="10 =min{15+6.3, 1.5+7.1} =78,
@, (2 3 . 2) (1) (2 )_
(G =min{ds) 2L o) +fd) g =min [ 3}, o) 43 1=
=min{1.5+M, 1.5+6.3} =738, =min{l5+M, 15+4.3}=58,
@ 4 () @) _ minle® 4 2 0, (2
min r +r 11’ Oy r1,19‘:r"“”{r16 tle190 My ”7,19}
=min{15+M, 1.5+6.3} =7.8, =min{1.5+8.0, 1.5+5.4}=6.9,
@ (2 3 (@) (2) ) (2
r112 _mm{r ”612' h7 +12 rl(,zz,:mln{rl(G)Jrré'Z)o, r1(7)+r7(’2)0}
=min{1.5+4.6, 1.5+6.9}=6.1, =min{l5+M, 1.5+5.6}=7
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Continuing in the same way, we get:

) =minfi 2 )

=min{1.4+6.9, 1.6+M} =83,

{ ”713' rzs) +r5§i% }
{

=min{1.4+50, 1.6+6.9}=6.4,

min{rd) + 12 (), (2)
27 714' 28 Tlg14

=min{l.4+44, 1.6+M} =58,

min{rld + 12} Y4 p2)
27 715, 28 Tlg15

=min{1.4+39, 1.6+09}=2

min{rd) 4 (2 (b (2)
27 716' 28 Tlg16

=m|n{14+62 1.6+M} =76,

INCIRNARNC
717' 28 8,17

=min{1.4+7.1, 1.6+M}=85,

r217 =min I’

—min{rl¥) +r2) D 2)
18 27 718' 28 "l518

=min{14+43, 16+13}=29,
2
min r +r 19, r28)+r8( 2,}

@, (2)
r220 =min I'27 ”720’ g +1820

=min{1.4+5.6, 1.6+6.7}=7.0.

=min{1.4+54, 1.6+M}=6.8,

Performed calculations show us that for each of
consumption points there is exists and is found the
shortest three-step route from each of production
centers.

The respective paths lengths are calculated,
summarized in Table 3 and can be used for comparison
for clustering purposes.

Table 3 — Lengths of the shortest routes from production
centers to consumption points

Production Consumption points
centers
12113 (14| 15|16 | 17|18 |19 | 20
6,1165|129|54(4,7|78|58(69]7,1
2 83(64|58(25(76(85(29(68(7,0

Distances comparison from production centers (1
and 2) to delivery points (12 - 20) makes it possible to
form clusters as follows:

Cluster 1: points 12, 14, 16, 17,

Cluster 2: points 13, 15, 18, 19, 20.

Solution obtained.

In delivery system of perishable products (or
products of immediate use), another criterion is more
important than distance to the delivery points - delivery
time. The values calculation of this parameter must be
carried out taking uncertainty into account, arising due
to differences in some sections throughput of highways,
dynamics of the flow density for transport units, road
surface quality, depending on weather conditions, time
of day, etc. In suppose that according to results of
preliminary processing of the corresponding data for all
transport network sections, shown in Fig. 1, average
values of the duration in overcoming these sections and
their variance have been determined. Then, using this
data for any route, the probability that random duration
of the delivery time will exceed a critical value can be
calculated. Moreover, if for some specific route, the
average time to overcome it is m, and the variance is

—o2, then, assuming a normal distribution of this time,
probability of exceeding the critical value is calculated
by formula

Tl
P(T zTKp)=T{p —

Calculation results are summarized in Table 4.

T-me m)’ dT .

Table 4 — Probabilities of critical value exceeding
by the random delivery time

Production
centers

Consumption points
12 13|14 | 15|16 |17 |18 | 19| 20
0,45|0,41|0,16|0,47|0,43(0,61{0,44|0,47|0,51
2 0,72|0,54|0,51|0,13|0,68(0,79(0,19|0,59{0,68

Data comparison presented in table 4 leads to the
following clustering of consumption points:

Cluster 1. points 12, 13, 14, 16, 17, 19, 20,

Cluster 2: points 15, 18.

Thus, the result of clustering by the time criterion
is radically different from the previous one, obtained
taking into account only the distances between the
centers of production and points of consumption.

The considered clustering problem becomes more
complicated if the proximity measures of objects are
determined indistinctly [9-12]. Application methods of
fuzzy mathematics in this case, is absolutely justified,
since practical tasks, similar to the above, are solved in
a situation where actual available initial data is
insufficient to obtain a correct theoretical and
probabilistic description of them. Methods of the fuzzy
mathematics theory are less demanding and are better
suited for constructing adequate mathematical models in
a small sample of these data, since they do not need to
correctly reconstruct the unknown distribution density
of the corresponding random variables. Consider a
possible approach to clustering problem solving in
terms of fuzzy mathematics. We will assume that the
duration measures of overcoming network sections are
determined by fuzzy numbers (L-R) type with their own
membership functions. Consider the technology for
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fuzzy value calculating of the integral metric for a
fragment of a route composed from two consecutive
sections. We introduce two corresponding fuzzy
numbers 11 2 @(L-R) type, that determine performance
of these two sections in the network:

M =My, aq,B1), M =(My, 0, B7)- (7

Here: mi, my; — modal values of the numbers F1
and F2, o4,0, —left fuzziness coefficients values of the
membership functions in numbers F1 and F2 ; $1,B, -
right fuzziness coefficients values of the membership
functions in numbers F1 and F2.

To calculate integral metric that determines the
level of preference for a network fragment, consisting of
given two sections, it is necessary to define the rules for
performing the following operations on fuzzy numbers
(L-R) type: addition, multiplication, selection of the
minimum value, division. We define these rules by
formulas justified in [13]:

— addition:

(m,a,B) = (my, 0q,B;) +(My,a2,B2),
M=y +My; o =0y +0ip; B =Py +B;
— multiplication

(m, o, B) = (my, 0, By ) (My, 012, B2),
M=m -My; o =Moy +Mycy —040o; 9
B =myBy +mafy +B1B2;
— division
(m,,B) = (my,aq,B1): (M, 02,B5),
_ My Mooy M o Mty + Moy (10)
my my (M7 +B) my (M3 —ap)
— selection of the minimum value

(m, o, B) = min{(my, 0y, By), (Mg, a1, B2)}-

A natural and easily interpreted rule for choosing
the lesser of two numbers is formulated as follows: if
the difference between these two numbers is positive,
then the subtracted is the smaller; if the difference
between these numbers is negative, the minuend is
smaller..

Define a rule perform the subtraction operation:

(m,a,B)=(my, aq,B1)— (M, 02, B2),

m=m —My; a=0y+Pp; B=P+ap.

Thus, the problem of determining the smaller of

two fuzzy numbers is reduced to analyzing subtraction
result. In accordance with this, a simple and

understandable rule for comparing two fuzzy numbers is
formulated as follows.

For numbers being compared n; u n, calculate
values of the left (by,by) and right (c,cp) their
carriers borders:

by =my —ay, ¢ =y +fy,
by =my —ap, C =My + ;.

©)

m

1)

Now comparing rule is formulated as follows:
a) if min{(b,—b,), (c;—¢c,)}>0,then F > F,,

b) if max{(b, —b,), (c; —C,)}<0,then F <F,,

c) if min{(b, —b,), (c; —¢,)}<0 and

[min{ (b, —by), (¢ —C2)}| > max{(by —b,), (¢, —¢2)},
then F < F,,

d) ifmin{(b, —b,), (¢, —¢,)} <0 and

[min{(by —b,), (¢ — o)} < max{(y —by), (¢, —¢2)},
then F > F,.

The above ratios provide a calculation by the
formula (7) values of fuzzy measures of the distance for
each point to the clusters centers. These values are used
when performing clustering procedure.

Problem of clustering is even more problematic if
the initial data are specified inaccurately in the sense of
Pavlak. [14-16]. Real way to solve problem in this case
is to use the method of constructing fuzzy models for
objects that are determined inaccurately [17].

Method for solving the second problem for a given
number | clusters uses an iterative procedure consisting
of preliminary and subsequent stages. At the
preliminary stage, the initial location of grouping
centers is found. To do this, a Cartesian coordinate
system is applied to the city map so that the abscissa of
the leftmost of the grouping objects and the ordinate of
the lowest of the objects are equal to zero. Then a
rectangle is constructed, the lower left vertex of which
is placed at the origin. (0,0), and the upper right vertex
is chosen so that all the objects of the city lie within this
rectangle, and he had a minimum area. Now we find the
center of the rectangle at the intersection of its
diagonals, from which we draw | rays with an angle

o =360’ / I between them. Then we find point of rays

intersection with the rectangular sides and segments
midpoints formed in this case. The resulting points are
used to determine the initial grouping centers by finding
the nearest point on the nearest highway. Each of the
subsequent iterations consists of two steps. At the first
step, according to the method described above,
clustering problem is solved. According to results of
this task is calculated clustering quality criterion, equal
to sum of the distances from grouping objects to
corresponding grouping centers.
Let be:

(Xko.Yko) — grouping center coordinates K -th
cluster, K=1,2,...,1,
(Xks.Yks ) — coordinates S -th object from K -th

cluster.
Then

K= \/(XKO_XKS)2+(YKO_YKS)2 -(12)
SeNgk

sum of distances from grouping center K -th cluster to
objects of this cluster, S e Ny,
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Nk - many numbers of objects that fall into the K -th
cluster;

I

= Mk - (13)
K=1

sum of all routes lengths, which were obtained as a

result of clustering.

It is clear that criterion (13) value is lower, the
higher quality of clustering. In the second step, the
grouping results are used to correct the positions of the
grouping centers. To do this, within each cluster, it is
necessary to find a point, the sum of distances from
which to the objects of this cluster is minimal. This task
can be solved as follows. From center of the cluster will
hold K myueii rays (for example K =4) with an angle

between them f =360° / K. Then, for each of objects in

each of resulting sectors, we find the shortest distance to
grouping center (by formula (7), we sum them up and
among the resulting sums we find the greatest. Correction
of cluster grouping center position consists in its
movement along bisector of the sector with greatest sum
of distances to intersection with nearest highway. New
positions of the grouping centers obtained in this case are
used at the first step of next iteration. Effectiveness of this
clustering is estimated by formulas (12), (13). The
procedure continues if new value of criterion (13) is
better than the previous one. As a result of solving this
problem, the best position of clustering centers for a
given number of clusters will be obtained.

Finally, let's move on to the third task. Simplest for
implementation and a reliable way to solve it is to solve
the complex of first and second problems sequentially,
first for two clusters, then for three, etc. Comparison of
criterion calculated values (13) for these options
provides choice of the best.

Conclusions
1. Problem of structural optimization in the
distributed  system  “production -  delivery -

consumption™ is considered and solved. The problem is
solved in three stages.

2. At the first stage, problem of distributing a set
of consumers into clusters was solved. Optimization
criterion - is total length of delivery routes in the city
blocks metric. To solve the problem, proposed method
that implements the technology of dynamic
programming.

The method is generalized for case when the initial
data is not clearly specified. An alternative approach to
solving problem of clustering according to criterion is
also considered - minimum probability that the delivery
time will exceed a given threshold value.

3. At the second stage, problem of rational location
finding a for a given number of production points was
solved. To solve that problem, a procedure for
sequential improvement of initial plan is implemented.

The appropriate number of production centers is
determined by a simple comparison of system efficiency
for several realistically possible options.
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CTpykTypHa onTHMi3anisi y 6araTokaHa/bHiil po3noaineHiii cucreMi MacoBoro 046cJ1yropByBaHHs
JI. T'. Packin, O. B. Cipa, 0. JI. [Tapdentox, JI. B. Cyxommaux

AHoTanisi. 3a7aya CTpyKTYPHOI ONTHMIi3alil B PO3NOAINIEHIN cucTeMi 00CIYroByBaHHS BUpIllIEHA Ha NPUKIIAJl CHCTEMU
«BHPOOHULTBO - TOCTABKA - CHOXUBAHHS) IPOLYKTY MAacOBOr'0 HOMUTY. Y 3B'I3KY 3 LIMM METOK POOOTH € PO3poOKa METOAUKU
CTPYKTYpHOI onTuMi3anii cucTeM «BHPOOHUITBO - JOCTAaBKA - MACOBE CIIOKMBAHHS» ILISXOM BIIPOBAIKCHHS 1 paIliOHAIBHOTO
PO3MIIIIEHHSI MPOMIXHHUX TOYOK BHUPOOHMIITBA HAa OCHOBI pIlleHHA 3alad KiacTepusalii 3 ypaxyBaHHAM OCOOJIHBOCTEM
pO3paxyHKy BijacraHeil. Mk MicbkuMmu oO'ektamu. [locraHoBka 3amaui. [yl TOCSATHEHHsST METH POOOTH BHUpIIIEHI HACTYIIHI
3aB/IaHHS: KJIacTepH3allisi MICbKMX OO'€KTiB 10 METPHII MiChbKMX KBapTaliB IO 3aJaHiil KUIBKOCTI rpym Juii 0OpaHOro
po3TainryBaHHs BHUPOOHMYHX 1 IPYMOBHX IEHTPIB; MOIIYK HAHKPAIIOro MicIisl PO3TALIyBaHHs JUIS 3aJaHOi KIJIBKOCTI IIEHTPIB
KJlacTepu3allil; BU3HAYCHHS ONTHUMAJIbHOI KIJBKOCTI LEHTpIB KiacTepu3anii. 3ajadya BupilleHa B Tpu eranu. [lepmmii eram -
KJIacTepH3allisi MHOKMHH 00'€KTIB CIIOKMBAHHS UL 33JaHUX MICLlb PO3TAIlyBaHHS IIPOMIKHUX LIEHTPIiB focTaBKu. Jpyruii eramn
- BiJIIYKaHHS HalKpaliuxX MiCLb pO3TallyBaHHs 3a/IaHOi KiJBKOCTI MPOMDKHUX LIEHTPIB HOCTaBKU. TpeTiii eram - BU3HAYCHHS
ONTHMAJIBHOI KiJIBKOCTI MpoMiXHUX 1eHTpiB. ChopMyaboBaHa 3aqaya BUPIIIYETHCS 3@ IBOMA KPHUTEPIsSIMH: CyMapHa JOBXHHA
MapILIpyTiB JOCTaBKM IPOJYKTY CIIO)KMBAa4yaM; BIPOTiJHICTH TOrO, LIO BHNAJKOBMH Yac JIOCTABKU INEPEBUILUTH KPUTHYHE
3Ha4yeHHs. YucenbHe 3HAYEHHS JPYroro KPUTEPiro OOYHUCITIOETHCS 3a NPUITYILEHHAM, 110 IS KOXHOTr0 MapupyTy MOXYyTb OyTH
OLIIHEH] 3HAYCHHs CepeAHBOro 3HAUEHHS 1 JUCIepcii Yacy H0CTaBKH. BinmoBinHa KijbKiCTh BUPOOHUYNX LIEHTPIB BU3HAYAETHCS
MPOCTUM TOPIBHSHHSAM €(DEeKTHBHOCTI CHCTEMH [UIsl IEKUIbKOX peajlbHO MOXIIMBUX BapiaHTiB. HaBemeHo mpukiaj pillieHHs
3aJadvi Ki1acTepu3alil B METPULII «MiChKHX KBapTaJiB» Ha OpieHTOBaHOMY Irpadi 3a 000Ma KpUTEPisMH.

KawuoBi ciioBa: posnoxineHa cucrema «BHUPOOHHITBO — JOCTaBKa - CHOXKUBAHHS»; KIIACTepi3allisi; Opi€eHTOBaHUI
rpad; HAKOPOTIINHT HUTSX.

CTpyKTypHasi ONTHMHU3ALUS B MHOTOKAHAJIBHON pacipe/ieIeHHOH cucTeMe MaccOBOro 00C.IyKHBAHUS
JI. T. Packus, O. B. Cepas, 0. JI. ITapdentok, JI. B. Cyxomnun

AHHoTanus. 3ajaya CTPYKTYpPHOH ONTHMH3ALMU B PACHpEAENEHHOM cucreMe OOCIy)KHBaHHs pellleHa Ha Mpumepe
CHCTEMBI «IIPOU3BOJICTBO — JIOCTaBKa - MOTPEOJICHUE) MPOAYKTa MacCOBOIO CIpoca. B CBs3U ¢ 3TMM Leblo paboThI SBISETCS
pa3paboTka METOAMKH CTPYKTYPHOM ONTHMH3aluHu cucTeMbl «[IpOoM3BOACTBO - JOCTaBKa - MaccoBOE IIOTPEOJICHHE» IyTeM
BHEJIPEHHS U PAllMOHAJIBHOTO Pa3MEILEeHHs IPOMEXYTOYHBIX TOUEK IPOU3BOJCTBA HA OCHOBE PELICHHUS 3a/]a4 KIACTepHU3aLUH C
y4eTOM OCOOEHHOCTEW pacuera PacCTOSHHUA. MEXAy ropoackumu obbektamu. [locraHoBka 3amaun. it AOCTHIKEHHS LGN
paboThI pelLIeHbl CIEeAYIOIHe 3aJa4n: KIACTePU3alus TOPOJICKUX 00BEKTOB M0 METPUKE FOPOACKHX KBApTAIOB IO 3aJaHHOMY
KOJIMYECTBY TPYII Ul BBIOPAHHOTO PACIONOXKEHHS IIPOM3BOJCTBEHHBIX W TPYIIIOBBIX LEHTPOB; MOMCK HAMIIY4IIEro
MECTOIOJIOKEHUS U1 33/IaHHOTO KOJMYECTBA LIEHTPOB KJIACTEPHU3ALMH; OIpeieJIeHHe PalOHAIbHOTO KOJMYECTBA LIEHTPOB
KJ1acTepu3alyy. 3ajada peleHa B Tpu 3tana. [IepBblit aTan — KiacTepu3alis MHOXKECTBA 00bEKTOB MOTPEOICHHS U1 3a1aHHBIX
MECT PACIIONIOKEHUSI MPOMENKYTOUYHBIX LEHTPOB JOCTABKH. BTOpoW 3Tam — OThICKAHME HAWIYYLIMX MECT PaCIONOKEHUS
33IaHHOTO YHMCNIA TIPOME)KYTOUHBIX IIEHTPOB JIOCTaBKU. TpeTHil sTam — OmnpeaeseHHe paloHaIbHOTO YUCHIA TPOMEKYTOUYHBIX
nenTpoB. ChopMmynupoBaHHas 3ajadya periaercss 1Mo JBYM KPUTEpHsIM: CyMMapHas JUIMHA MapLIPYTOB JIOCTAaBKH IPOAYKTa
MOTPEOUTEIISIM; BEPOSTHOCTh TOTO, YTO CIy4yalHOE BPeMs JOCTAaBKH MPEBBICHT KPUTHYECKOE 3HaueHHe. UMClIeHHOe 3HaYeHHe
BTOPOTO KPUTEPHsI BBIYUCISCTCS B MPEANOIOKEHHH, YTO IS KaXKJJOr0 MapLIpyTa MOTYT OBITh OLIEHEHbI 3HAYCHHs CPEAHETO
3HAYECHHUs M JUCTICPCUM BPEMEHM JocTaBKu. [lomxozsiee KOJIMYECTBO MPOM3BOACTBEHHBIX LIEHTPOB ONPENENSAETCS MPOCTHIM
cpaBHeHHEM 3()(GEKTUBHOCTH CHCTEMBI JUIsl HECKOJIBKUX PEealbHO BO3MOXKHBIX BapHaHTOB. IIpuBesieH npuMep peleHus 3a/1a4un
KJIaCTepH3alii B METPHKE «TOPOJICKIX KBAPTAIOB)» HAa OPUEHTHPOBAHHOM rpade o 000UM KPUTEPHSIM.

KaoudeBble caoBa: pacnpeneieHHas CHCTEMa «IIPOM3BOIACTBO — JIOCTaBKa - MOTpeOJEHHe»; KIaCTepH3alus;
OpPUCHTUPOBAHHBIN rpad; KpaT4alIInii MyTh.
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