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ANALYSIS AND DEVELOPMENT
OF COMPROMISE SOLUTIONS

IN MULTICRITERIA TRANSPORT TASKS

Posensinymo memoo po3e’sizanis 6azamoxpumepiaioHux mpancnopmuux 3ae0ans. 3anpononosana
imepauiina npouedypa, 6 SKill NOUAMKOBUL NAAH 3A80AHHS € ONMUMATLHUM 3G OCHOBHUM 3 Kpume-
piie. Ha nacmynnux imepauyisax peanidyemvcs ycmynxa 3a OCHOBGHUM 3 KPUMePiie 3 Memoio noinuen-
Hs snavenns dooamrxosux. [pouedypa mpusae 00 ompumanis KOMIPOMicHozo piwenns. Poseisnymo

npUKIA0U Po36’a3anis 3a0ayi.

Kmeouosi cnosa: 6azamoxpumepiarvia mpancnopmua 3adaua, imepavitine piwenns, Qopmyeaniis

Ilapemo-6e3niui piuwens.

1. Introduction

In the practice of planning and organization of trans-
portation of goods, two different mathematical models are
traditionally used:

— the transport task by the cost criterion (at the same

time the average total cost of transportation is mi-

nimized);

— the transport task by the time criterion (the maxi-

mum of the traffic durations is minimized).

These tasks are alternative in the sense that their op-
timal plans, as a rule, do not coincide (the shortest route
is not necessarily the cheapest one). The technologies for
solving these problems have been well worked out [1-3]
and constructively take into account the different speci-
fics and features of the productions of each of them. For
this reason, they are fundamentally different and their

integration into a single computational procedure is very
problematic. At the same time, when solving the practical
problems of transport logistics, there is a need to solve
compromise problems, for example, such:

a) to find a transportation plan that minimizes the
average total cost of transport, provided that the longest
of them does not exceed the prescribed one;

b) to find a transportation plan that minimizes the
maximum of the transportation duration, provided that
their average total cost does not exceed the specified value.

It should be noted that when solving practical tasks
of transportation planning, it is expedient to take into
account one more criterion — the probability of successful
implementation of the transportation plan for the aggregate
of routes from suppliers to consumers, which are determined
by the selected plan. The development of a method for
solving this problem is of theoretical and practical interest.
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2. The ohject of research
and its technological audit

The object of research is the multicriteria transport
problem of linear programming.

Simultaneous consideration of several criteria for op-
timal solutions is a problem. The fact is that the optimal
solutions for different criteria do not coincide as a rule.
This circumstance motivates the search for compromise
solutions to the multicriteria problem. In this connec-
tion, the subject of research is the method of constructing
a compromise solution.

3. The aim and ohjectives of research

The aim of research is development of a technology
for finding compromise solutions for linear programming
transport problems by the criteria: average total cost, the
probability of implementing a transportation plan, the ma-
ximum duration of transportation.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To analyze the general principles of compromise for
a set of criteria and the choice of rational.

2. Development of a computational procedure for con-
structing a compromise solution.

4. Research of existing solutions
of the prohlem

Several different approaches to the solution of multi-
criteria problems are known and used in practice. One of
the most commonly used is the formation of the Pareto
optimal set of solutions [4-8]. Let X;, j=12,..,n be the set
of possible solutions of the problem, and let F, i=1,2,..,m
be the set of criteria for evaluating the quality of the
solution. Let’s introduce the concept of a dominant solu-
tion. The decision is dominant if:

F(X)2F(X,), s=12.n s#k i=12..m,
and for each i at least one of these inequalities holds
strictly. A Pareto-optimal set is a subset of the set of all
solutions X,,X,,.,X,, such that none of its elements is
dominant. The shortcomings of this method are obvious.
First, there is no constructive way to form a Pareto-
set (except for the search of all solutions). Secondly, it
is not clear how to choose the best from the set of un-
modified decisions.

Another frequently used method is scalarization [9—11].
The simplest way to implement the basic idea is addi-
tive convolution. At the same time, for a set of criteria
F,F,.,F,, its scalar mapping is formed by the formula:

F(X):iociE(X), o; >0, ioci =1
i=1 =

Another way is to convolve using the «ideal point» [11].
In this case, for each criterion F,, the best value F® is
chosen, and then the quality level of a particular solution X;
is estimated by a number:

L= o,[EX)-EOT.
i=1

The general disadvantage of this approach is the ar-
bitrariness in the choice of numerical values of weighting
coefficients o;,i=1,2,..,m.

Finally, when solving multicriteria problems, the so-
called method of concessions is often used [12, 13]. Thus
from a set of criteria the basic criterion is chosen, the
others are defined as additional. Then the problems are
solved according to the main criterion and then the va-
lues for all additional criteria are calculated for the ob-
tained solution. If these values are satisfied by the person
making the decision, then the solution of the problem is
over. Otherwise, a concession is made: a new solution is
found that will be worse than the previous one by the
main criterion, but somewhat better by additional ones.
The procedure continues until a compromise solution is
found that satisfies all the criteria. The advantage of this
approach: simplicity, interactivity and ability to control
the breakpoint. The disadvantage — there is no general
method that describes the procedure for moving from an
existing solution to an alternative one. At the same time,
if in accordance with the features and nature of the prob-
lem this transition is easily realized, then the proposed
method is expedient to use.

5. Methods of research

Let there be m centers — suppliers of cargo and n cen-
ters of its consumption. In this case:

a; — volume of cargo to be transported from the i-th
supplier;

bj — volume of cargo to be transported to the j-th
customer;

cij — average cost of transporting a unit of cargo from
the i-th supplier to the j-th consumer;

pij — probability of successful realization of cargo trans-
portation from i-th supplier to j-th consumer;

tj — duration of the corresponding transportation.

Let’s introduce the set:

X=(x;),

where x; — the volume of cargo planned for transport
from the i-th supplier to the j-th consumer, i=12,..,m,
j=12,..,n

Let’s formulate the criteria for the effectiveness of the
transportation plan X:

L(X):iic,jx,-j, (1)
T(X)=max {tl-j ~8(x,-j )}, (2)
P:ﬁﬂp,,é(xg), (3)

0, if x; =0,
1, ifx; > 0.

where (x;)= {

The required transportation plan must satisfy the fol-
lowing constraints:
Zx,-jzai, i=12,..m, (4)

1
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DXy =bj, j=12..m, 5)
i=1
x;20,i=12,..,m,j=12,.,n (6)

It is assumed that the balance condition Y a,= b; is
i=1 =1
met, and in addition, the duration of transportation from
the i-th supplier to the j-th consumer does not depend
on the volume of transportation xy, i=12,...m, j=12,..,n.
Let’s set the task of developing a method for finding
a transportation plan Xz(x,-j) that satisfies the const-
raints (4)—(6) and optimizing the criteria (1)—(3) optimally.

6. Research results

First let’s consider the two-criterion problem by the
criteria (1), (3), using the following iterative procedure.

Iteration 1. Using standard methods, the transport
problem is solved by the cost criterion: to find a plan
X= (xif) that minimizes (1), satisfying constraints (4)—(6).

Let X® =(x§7-1)) be the solution of the problem. Using
this plan, let’s find a non-zero set {p;8;(x;)}. In this
case only those elements of the matrix Pz(p,_-,-) to which
the plan’s non-zero supplies X® correspond will be high-
lighted. Let’s find a pair of indices:

(il,j1)=argmin{pl-jS(xg))}. (7)

It is clear that the route from the supplier iy to the
consumer ji is the least reliable of the plan’s routes X®,
Let’s call it critical.

Now let’s modify the initial matrices C and P, as follows:

'('1) = Clj, lf plj > pi|.71’ (8)
" M, if py < pij;

o _ [P 3 Dy>Pijs )
v .

07 if pijspilﬁ'

Operations (8) and (9) exclude the possibility of using
routes whose reliability is worse than critical. Iteration 1
is complete. The first stage of the assignment procedure
is carried out.

Iteration 2. Using the resulting matrix C® =(c{"), let’s
again solve the transport problem (1), (4)—(6). Let X®» = (x{)
be the solution of this problem. It is clear that the plan X®
will not be better than the plan X® by criterion (1), but
it is certainly better than this plan by criterion (3). Thus,
the assignment by criterion (1) in favor of criterion (3)
is realized.

Next, let’s select the set {p,-]-S(x}f))} again, find (i, j,) =
=argmin{pi,-8(xsz))} and modify the matrices C®, P®:

o[ P,

DM P s s
o _ P i >
! 0, if p"<pl.

Iteration 2 is complete.

Carrying out of each iteration reduces the number of
possible routes. The solution of the problem is continued

until the next solutions of problem (1), (4)—(6) give an
admissible plan.

Let’s consider an example. For a system of three manu-
facturers and four consumers with numerical characteristics:

a, =10, a, =30, a; = 20,

b1 :18, b2:8, b3:12, b4 :22,

let’s introduce the value matrix C and the probability P:

4789 0.25 0.9 0.75 0.8
C9=[710 3 5, P9=[0.5 0.45 0.2 0.8].
2654 0.3 0.7 08 04

Iteration 1. The solution of problem (1), (4)—(6) gives
the transportation plan:

080 2
X0={0 012 18|.
180 0 2

The values of the criteria (1) and (3) for the plan are:
L(X")=244; P(X")=0.0138.

Let’s obtain a nonzero set of probabilities:
{Pid(a§")}={0.9;0.8;0.2;0.8;0.3; 0.4}.

In this case, P,;, =0.2= Py;. the modification of the origi-

nal matrices C and P in accordance with (8), (9):

47 89 0.25 0.9 0.75 0.8
cW={710 M 5|, P=05 045 0 0.8.
26 54 0.3 0.7 0.8 04

Iteration 1 is complete.
Iteration 2. Acting like the previous one, let’s obtain
the plan:

8§02 0
X,=|0 8 0 22.
10010 0

The value of criteria (1) and (3) for the plan are equal:
L(X®)=308; P(X®)=0.0144.
In this case, L(X®)> L(X"), P(X®)> P(X"). The non-
zero probability set, corresponding X®, has the form:
{psd(x§)}={0.25;0.7; 0.45;0.8;0.3; 0.8},
from where P,;, = 0.25. Modification of matrices C" and P®:

789 0 09 07508
C®=7 10 M 5/, PP =|05045 0 0.8
2 6 5 4 0.3 0.7 08 04

Iteration 2 is complete.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/2(38), 2017

15—)



IHPOPMAUTHHO-KEPYI0YI CHCTEMM:
( IHPOPMALIHHI TEXHOMOTTI

I55N 2226-3780

All calculations on subsequent iterations are performed
in a manner similar to the previous one, let’s give their
results without explanation.

[teration 3.

0820
X =[100 0 20|,

8010 2
L(X®)=316; P(X))=0.0324,

L(X®)>L(X®);, P(X®)>P(X®),

{pid(x?)}={0.9:0.75,0.5;0.8; 0.3; 0.8}, P,;, =0.3,

7809 0 09 07508
C®={7 10 M 5/, PP =[050.45 0 0.8].
M6 5 4 0 07 08 04

Iteration 4.

0820
X®=1180 0 12|,
0 01010

L(X)=348; P(XV)=0.0864,
L(X®)>L(X®); P(XW)>P(X®),

{Ppid(x§)}={0.9;0.75, 0.5, 0.8;0.8; 0.4},

Pn\in=0-4y
7 89 0 09 07508

CW=1710 M 5|, P¥W=[05045 0 0.8

M6 5 M 0 07 08 0
Iteration 5.

000 10
XD=118 0 0 12/,

0812 0
L(X®))=384; P(X)=0.1792,

L(X9)>L(XW); P(X®)>P(X),

{ps8(x)}={0.8;0.5,0.8,0.7; 0.8}, P, =0.5,

7 89 0 09 07508
CO=\M10 M 5|, P9=|0045 0 0.8
M6 5 M 007 08 0

Further solution of the problem is impossible, since
all routes to the first consumer are blocked.

A joint analysis of all the results of solving the problem
allows to draw the following conclusions.

1. The realized iterative procedure of successive con-
cessions ensured the receipt of a set of plans, none of
which is majorizing, that is, for no pair:

()P, (1) L),
the inequalities:
(1) <L), (20} P(x)

aren’t satisfied simultaneously.

2. The obtained results make it possible to choose a com-
promise solution of the problem. Let the criterion (1) be
chosen as the main one, and it must be minimized, and the
criterion (3) is constrained (for example, P(x)> P, =0.05.
Then the plan X is a compromise, since this plan mini-
mizes (1), satisfying the constraint (P(X )—0 084> 0. 05)

Let’s note now that the formulated multicriteria transport
problem can be solved in a similar way in the other case,
when the main criterion is the reliability of the transportation
plan implementation, and the average total cost should not
exceed a given threshold. At the same time, as the initial
transportation plan, the resulting plan of the previous task
can be chosen, for which the maximum probability of its
realization is achieved.

Iteration 1. So the initial plan has the form:

080 10
=118 0 0 12|,
0812 0

L(X")=384; P(X")=0.1792.

Let’s find a non-zero set {c,»jS(x?-“)} and define a pair
of indices (i, )= argmax{cyé(x(“)}.

The corresponding toute from the supplier iy to the
consumer j; will be the most expensive:

{e;8(x)}={%7;5:6:5}, Cjuax =14 =9.

The operation of modifying the matrices C and P is
as follows:

w _ )% if ¢; <cu,
Cij

M, if ¢;2cy;

W _ | Pi if ¢; <cu,
Y 0, if ¢;=cy.

Then
47 8M 0.25 0.9 0.75 0
cW=l7Mm3 5,P"=/05 0 02 08|
265 4 03 07 0.8 04

Iteration 1 is complete.

;18
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Iteration 2. Using the method of the maximum element
of the matrix PW= (p,(;)), let’s obtain a plan:

0820
X@O=1180 0 12/.
0 01010

The values of the criteria (1) and (3) for the plan X® are:
L(X®)=384; P(X")=0.0864;

L(X®)<L(X®), P(X?)<P(x1).

Then the set is formed:

{8} ={7:8,7:5:5; 4}, i =8

Modification of matrices C® and P® gives:

47 MM 02509 0 0
C®=l7M 3 5/,PP=/05 0 0208
26 5 4 0.3 0.7 0.8 0.4

Iteration 2 is complete.
Iteration 3. Acting similarly, let’s obtain a plan:

280 0
X®=|80 0 22.
8012 0

The values of the criteria (1) and (3) for the plan X® are:
L(X®)=306; P(X"9)=0.0216;
L(X®)<L(X®), P(X®)<P(X®).

The set of values corresponding to non-zero deliveries
has the form:

{ci/S(xig-B))} ={4,7,7,5 25}, Cjuna =T

Modification of matrices P® and C® gives:

4 MMM 025 0 0 0
CO=M M 3 5[,PP=| 0 0 0.20.8|
2 6 5 4 0.3 0.7 0.8 0.4

Iteration 3 is complete.
Iteration 4. Again, using the maximum element me-
thod for the matrix P®), let’s obtain the plan:

1000 0
XW=10 08 22.
8040

The values of the criteria (1) and (3) for the plan X® are:
L(X®)=258; P(X")=0.00672;

L(X®)<L(X®), P(X®)<P(X®).

Let’s form the set:
{ei8(x§™)}={4:3;5: 2,6, 5}, Cjuax =6.

Modification of matrices P® and C® gives:

4 MMM 0250 0 0
CW=M M 3 5[,PD=| 0 00.20.8|
2 M5 4 0.3 008 0.4

Further solution of the problem is impossible, since
all routes leading to the second consumer are blocked.

Let’s note that an independent solution of the problem
formed in the example using two different basic crite-
ria yields partially coincident partial solutions, but this,
apparently, is an effect of small dimension of the origi-
nal problem. On the other hand, the joint use of all the
particular solutions obtained allows to realize important
advantages of the resulting Pareto-set solutions, since these
solutions do not majorize each other. Analysis of this set
gives a wide scope for choosing a compromise solution.

The proposed method is easily generalized to the case of
a larger number of criteria. Let the duration of transportation
be chosen as the third criterion. Let’s now construct the
matrix T =(t;), as before, the problem is solved according
to the basic, cost criterion (1). Let X® =(X ;) be the
solution of the problem. Further, let’s find nonzero sets
{p;(x;M)} and {¢;6(x;)}, and pairs of indices:

(ir, j) = arg min{p;8(ac; ")},
(i3, j») = arg max{t;0(x;V)}.

It is clear that the route (i,j;) is the least reliable
of the route of the plan X®, and the route (i,/,) is
the most durable. Let’s call them critical. We modify the
matrices C, P, T by the rule:

com ={Cijr if (P > Piji) A (L5 <tizjo),
! M, if (py < puj) V(& 2tip);

o Dij»s if (pi >Puji) Aty <tinjr),
! 0, if (P S Pij)v(ty Ztinpn);
P :{tijv if (py>Pij) Aty <tinj»),
! M, if (p; <Py V(L 2tinp).

These operations exclude the possibility of further
using routes that are worse than critical ones.

Further actions are performed as described above.

The direction of further research is connected with
the consideration of the situation when the initial data of
the problem are not defined exactly. The real variants of
the emerging uncertainty are described in [14—18]. Pos-
sible approaches to solving transport problems with the
uncertainty of the initial ones are discussed in [19-21].

7. SWOT analysis of research resulis

Strengths. The proposed method for solving the transport
problem of linear programming, in contrast to the known
ones, allows one to obtain a compromise solution that
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provides the best value for the main criterion, provided
that the additional criteria take values not worse than
those given. The achievement of this effect by traditional
methods is not feasible.

Weaknesses. The application of this method increases
the total time for solving the problem.

Opportunities. Application of the proposed method opens
up the prospects for solving transportation problems in
conditions when the initial data on the cost of transpor-
tation, the likelihood of the plan and the duration of its
implementation contain uncertainty.

Threats. The application of the method of concessions
provides the possibility of obtaining a compromise solution
that will inevitably be worse than the optimal solution by
the main criterion. At the same time, the more stringent
the requirements will be on additional criteria, the more
tangible the deterioration of the decision will be on the
basis of the main criterion.

1. Based on the results of the analysis of known methods
for solving multicriteria problems (Pareto-set formation,
scalarization of the vector criterion, concession method),
the last is justified. Important advantages of the proposed
method: simplicity of the computational procedure, grounded
technology of forming a new solution at each iteration,
realizing the concept of assignment, quality control of
the solution obtained at each step.

2. To implement the method, an iterative procedure
is proposed in which the initial plan is optimal by the
main criterion. At subsequent iterations, an assignment is
made to the main criterion in order to improve the values
of the additional criteria. The solution of the problem is
continued until a compromise solution is obtained, ensuring
the best value for the main criterion, provided that the
values for the remaining criteria are no worse than those
given. The application of the proposed method opens the
prospect of its generalization to the case when the initial
data for the solution of the problem contain uncertainty.
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AHANIM3 ¥ PA3PAEOTKA KOMNPOMHCCHEIX PEWMEHUHA
MHOrOKPHTEPHANBHBIX TPAHCNOPTHBIX 3AAAY

PaccmoTpen MeTo/ pelieH st MHOTOKPUTEPHAIbHBIX TPAHCIIOPT-
HBIX 3aja4. [Ipemsoxkena wrepanuonHas HpoleAypa, B KOTOPOIt
HAYQJIbHBII TJIaH 3a/1a4d SIBJISIETCST ONTUMAJIBHBIM 110 OCHOBHOMY
u3 kpurepues. Ha nocsenyionmx nurepaiusix peajnsyercs yCTyl-
Ka 110 OCHOBHOMY M3 KPHUTEPHEB C IeJbI0 YJIy4YIIeHNs 3HAYCHUS
nonosHuTe bHbIX. [Iporenypa npojoskaeTcs 10 MOJydyeHUs KOM-
[IPOMHUCCHOTO pelierus. PaccMoTpenbl IpUMepbl peleHis 3a/iaun.

Kmoueesie cnoBa: MHOTOKPUTEPUATbHAS TPAHCIIOPTHAS 3a/1a-
4a, uTepaluonHoe penienne, dhopmuposanue IlapeTo-mMHOKecTBA
pelIenuii.

Raskin Lev, Doctor of Technical Sciences, Professor, Head of the
Department of Distributed Information Systems and Cloud Tech-
nologies, National Technical University «Kharkiv Polytechnic Insti-
tutes, Ukraine, e-mail: topology@ukr.net, ORCID: http.//orcid.org/
0000-0002-9015-4016

Sira Oksana, Doctor of Technical Sciences, Professor, Department
of Computer Monitoring and Logistics, National Technical Univer-
sity «Kharkio Polytechnic Institutes, Ukraine, e-mail: chime@bk.ru,
ORCID: http;//orcid.org/0000-0002-4869-2371

Parfeniuk Yurii, Postgraduate Student, Department of Distribu-
ted Information Systems and Cloud Technologies, National Tech-
nical University «Kharkio Polytechnic Institutes, Ukraine, e-mail:
parfuriyl@gmail.com, ORCID: https://orcid.org/0000-0001-5357-1868

;18

TEXHOMOTTYHHIA AYAMT TA PE3EPBM BHPOEHMLTBA — N 6/2(38), 2017



