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Introduction

Transportation problems (TP) represent a well known and frequently used
part of linear programming (LP). As compared with general LP problems, the
TP possess some specific features which enabled to develop specific methods
of their solution. Due to accelerated expansion of information technologies,
usually little attention is paid to TP with parametres; the capacity and effi-
ciency of the contemporaneous personal computers make it easy, to compute
TP with new input data from the very beginning.

Parametric problems allow to observe relations between the optimal solu-
tion of the model and the modification of input data. Acceptable modification
of the data are measured through variable parametres, conditioning the opti-
mum solution.

Purpose of this paper is to show some possibilities presented by the solu-
tion of a simple parametric TP to be taken into account, while evaluating the |
transportation system and deciding about the transportation programme. }
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Linear Parametrization of the Supply and Demand Vector

Let us suppose a simple TP with parametres
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and 2 g+ K= 2 b+ A" (5)
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where: A — scallar parameter expressing modification of the i-th supply capacity di
A _ gcallar parameter expressing modification of the j-th demand b;

Let us indicate the supply-demand vector b = (a1, a2, ..., Gy b1, ba, o
bn)" and the matrix of basis B, which is a sub-matrix of the whole system
of coefficients A = (a;); the coefficient vectors of variables xj have the
specific form, i.e.
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where: ei = (0, ..., 1,0, ... 0) =g
ej=(0,...,1,0 ... o j=1,
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Matrix B~ = (i), Oij e (1,0, 1} 1s the transformation matrix. Solution of

the problem (1) to (5), supposing that just the k-th coefficient of the supply-
_demand vector b (1 €k <m+n—1) is modifying by A, which is defined
by the expression

Xpi = B (b + Ay ex) (6)
which equals to
xpr =B b+ B ex (7)

and further to

Xpx = Xijj + )W\'Aik (1,)) e N (8)
where A are coefficients of the k-th column in matrix B and N; is the set
of indices related to basic variables. To keep the solution feasible in the sam¢
basis the following condition has to be satisfied:

,X,/+)LkAka(),(i,j) e Ny 9)

The set of inequations (9) defines the interval of feasible values of parame
ter As. Let’s analyze it! The Ajx elements of matrix B~ can acquire the values
1, —1, 0. Therefore, the solution of the set (9) for Ai = 1 will become the
inequation

A < max (— f\‘i—q:@“,() (i, j) € Ny (9
ik
/

i

and for Ay = —1
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[ntersection of both these intervals (10) and (11) defines then the interval

® <Ay <%
e (12)

If A = 1 does not exist, we suppose 8l = o

If Aix = —1 does not exist, we suppo;c ¥ = o

In case of simultaneous modification of several or all the supply-demand
items of a TP b_y parametres M) respectively A? and, assuming B™' being
the trans\lorma‘llon matr]x‘ the solution of the problem can be defined h;
means of the following relation:

xp=B" (b+2) 13
B =0, A 0y
from which it follows

xgr= x5+ B4 (14)
If we wish to keep the solution feasible in the optimal basis B, it is needed

xp+B A 20 (15)
respectively B~ 2 -xp (16)
u-e;ljhe set of inequations (16) defines the arca of feasible values of parame-

Application

Tqbo 111ustml§ the above, a small numerical example is shown below. In
ab. I the optimal solution of a TP is given.

L. The optimal solution of a TP

55 " S, 55 S, a,
2 2 o0 " & 100
O i 20 150 ! 250
70 130 7 12 ! 200
150 130 120 150 550
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According to (10) and (11) the intervals of feasible parameter values are
as follows:
~100 < A
~150 < A
~_70 S )\'(ml
_g0 < X
80 <A< 70
20 < A" < 150
and intervals for feasible modification of the supply-demand values, are
e (0; 120)
e (100; o)
e (130; 280)
by € {70; 300)
=
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by € {50; 200)

by e (100; 270)

According to (16), the area of feasible parameter values is defined by the
set of following inequations:

A > -100
—A@ l g ®Y > —80

— A > 20
A 2@ A 38 300 A0 > 150
A - > -70

A > -130

Parametric Problem and Evocation of Intentional Degeneration

If the solution of a TP contains less than m +n = | positive (1’1'orn—mi41(2
values of xjj, it is called degenerated. Degenceration 1m a tranqurtat'.’onlergser
gramme means that the optimum solution can be attained, usmg~ 1 Lol
number of transportation routes than ina non—dcgenerqted programm‘Lj. o’
often be advantageous to have minimum transportation routes becau:

: o . reasons:
speeding up the programme, better vehicles exploitation, and other red

. e s m C oads’ch

On the other hand, the concentration of transport is limited by the ¢
pacity. _ . e o
 various s, neede -ious considerations; t s
There are TP of various types, needed various con P o

i as efore > diffe
nomic interpretation of a degenerated solution has therefore to be ¢
ated according to individual particularities of the treated problem.
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Degeneration in a TP can be initiated intentionally by introducing A =
g, resp- A = Q(k>. After having modified the vector xz accordingly, we get
at least one null-element. Hence, by means a suitable modification of one or
more supply — demand values in a TP, we can intentionally evoke degenera-
fion and lessen the number of transportation routes to be used. This can be
demonstrated on the example above. Let us suppose A2 = -80, i.c. by = 50.
We get, in accordance with (6)

0 0 0 0} /100 (100) xi3

0

0-1 1 1 0]|250 0| xa
-1 00 0 0 1 200 | 20| x23

I 1 =1 =1 =1|]150]|71230 | x4

o1 0~=1 0 50 150 | x3

00 0 1 of\120) {30 x

As we can see, the same volume of 550 units can be transported by using
a lesser number of transportation routes, i.e. five. At the same time, according
to (5), the 4th demand increases by 80 units, i.e. bs = 230.

Conclusions

Solution of a problem does not end up by computing the formal optimum.
This one has to be further analyzed and consequences of various modifica-
tions in the transportation programme considered. The final decision becomes
then an adjustment between the optimal ideal solution and the practical pos-
sibilities.

Formulation of parametric TP-s of various types and analysis of their
solutions represent an important information about properties of transforma-
tion systems. Sensibility analysis of optimal solution and consideration of
modifications in supply-demand values are of basic use for amendments in
tf‘ﬂHSportation programmes; at the same time, the internal degeneration pro-
Vides the possibility of increasing the programme efficiency.

All the necessary computations can easily be performed in the table proc-
&ssor MS Excel.
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K vyuziti parametrickych dopravnich tloh.

Scientia Agric. Bohem., 29, 1998: 139-144.

S rychlym rozvojem pocitacovych informacnich technologii je v posledni dopg
vénovdna mald pozornost vyuZiti parametrickych distribucnich dloh linedrniho pro.
gramovéni. Vyznam téchto tloh spoc¢ivd v moznosti lépe poznat vlastnosti zkoumg-
ného systému a vyuzit je pro efektivni rozhodovani.

V prici je vénovina pozornost parametrickym jednostupiiovym dopravnim dlo-
ham. Tyto dlohy jsou specifickymi Glohami LP, a proto se pro jejich zkoumni
vyuzivaji specidlni pfistupy a metody.

Je formulovana parametricka dopravni Gloha (1) aZ (5) a odvozeny vztahy (10),
(1D a (16), umoziujici zjistit interval, resp. oblast piipustnych hodnot parametri pri
zméné okrajovych hodnot dlohy v ramci kterych nedochdzi ke zméné€ baze. Ziskané
poznatky jsou dulezité pro analyzu dopravniho systému. Zaroven je uveden postup
pro vyvoldni Gmyslné degenerace, kterd poskytuje z ekonomického hlediska zajimavi
feSeni. Uvedené vztahy jsou demonstrovany na ilustracnich piikladech.

parametrickd Gloha; linedrni parametrizace; matice transformace; interval pripustnych
hodnot parametrd; oblast ptipustnych hodnot parametrl; degenerované feSeni: stabi-
lita optimdlniho feSeni
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