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NAVRH STRUKTURY DISTRIBUCNEHO SYSTEMU S POUZITIM
UDAJOV O SKUTOCNOM OSIDLENI ZASOBOVANE]J OBLASTI

THE DISTRIBUTION SYSTEM DESIGN PROBLEM APPLYING REAL SETTLEMENT DATA

Obtiazny sposob ziskavania skutocnych hodnot vstupnych paramet-
rov je problematickym miestom ndvrhu Struktiry distribucného systému.
Pre nadvrh Struktiry distribucného systému je v tomto clanku pouZitd
metdda spojitej aproximdcie. Hlavny prinos cldanku je v pouZiti skutoc-
nych ddt o osidleni okolia okresnych miest, ktoré pokladame za miesta
vhodné na umiestnenie termindlu. PouZitim tychto udajov ziskame
podrobnejsi model distribucného systému pre metodu spojitej aproxi-
madcie. Umiestnenie jednotlivych termindlov urcime pomocou metody
vwuZivajiicej schémy.

1. Uvod

Uloha navrhu struktury distribuéného systému je viacuroviiovy
rozhodovaci problém. Uroveii rozhodnutia zavisi od predpoklada-
nej doby platnosti daného rozhodnutia. Pocet a umiestnenie ter-
minalov definuju strategické rozhodnutia. Rozhodnutia o prideleni
zakaznikov a vozidiel ku terminalom st ur¢ené na taktickej tirovni.
Na operativnej urovni sa rozhoduje o ¢asovych a priestorovych
rozvrhoch vozidiel.

Terminal je miesto v distribucnom systéme, ktoré umoznuje
manipulaciu a skladovanie distribuovaného tovaru. Tovar je tu
nakladany a vykladany na vozidla a prestvany v ramci prekladiska.
Predpokladame, Ze kazda jednotka tovaru na svojej ceste z primar-
neho zdroja k spotrebitelovi prejde prave cez jeden terminal.
Clanok nadvizuje na vyjadrenie nakladov vznikajtcich v distri-
bucnom systéme podla Daganzo [1]. Hlavna snaha spociva v co
najvacSom zrealneni priemernej vzdialenosti spotrebitela od ter-
minalu, ktora vystupuje vo vyjadreni dopravnych nakladov. Toto
spresnenie dosiahneme, ked' pouZzijeme skutoéné udaje o osidleni
Slovenskej republiky.

Vypocitame priemernu redukovanu hustotu rozmiestnenia oby-
vatelstva v zavislosti od vzdialenosti zakaznika od mozZného umiest-
nenia terminalu (v naSom pripade su moznymi umiestneniami
terminalov vsetky okresné mesta). Minimalizovanim takto spres-
nenej ucelovej funkcie ziskame vel'kost plochy /, ktort je optimalne
obsluhovat z terminalu za uvedenych predpokladov. Pocet termi-
nalov ur¢ime podelenim celkovej plochy plochou / a zaokruhlenim
tejto hodnoty. Konkrétne umiestnenia terminalov ziskame pomocou
pristupu vyuzivajuceho schémy, ktory je blizSie popisany v Buzna

[4].

* Ing. Lubos Buzna

The complicated way of obtaining true values of entry parameters
is a weaker part of distribution system design problem. This paper uses
a continuous approximation approach to identify an optimal number
of terminals. It is focused on applying real settlement data obtained

from close surroundings of towns that are suitable for placing termi-

nals. This more detailed information about settlement is used to obtain
a more precise model for continuous approximation. The schemes
location procedure is here used for a location of terminals.

1. Introduction

In the distribution system design problem decisions are made
at several levels. The level of the decision depends on time dura-
bility for which a decision is made. The number and terminal
location are defined at a strategic level. Decisions about customers
and vehicle allocations are assigned on a tactical level. Vehicle
routes are designed at an operation level.

The terminal is a place in distribution system, where it is pos-
sible to tranship and store items. Items are loaded and unloaded
at vehicles here and they are moved intraterminally. We assume
that items pass exactly through one terminal during their transit
from a primary source to a customer. This topic is based on a cost
expression according Daganzo [ 1], the main goal is to obtain a more
precise formulation of average distance from the terminal to a cus-
tomer, which is used in the total cost expression. We can obtain
this more detailed expression, when we use real data about the
Slovak Republic.

We compute an average reduced spatial customer density,
which depends on a customer distance from feasible terminal
location (in our case that are all district towns). We will minimize
this more detailed cost function and we will search a size of the
influenced area, which is optimal, when all suppositions are satis-
fied. We obtain the exact number of terminals by dividing the total
area by the influenced area. We determine the towns, in which ter-
minals should be allocated by a procedure using schemes, which
are described in Buzna [4].
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2. Metoda spojitej aproximacie

Princip tejto metody spociva vo vyjadreni celkovych jednot-
kovych nakladov na dopravu, vznikajucich pri preprave tovaru od
primarneho zdroja az ku konecnému spotrebitelovi, ako funkciu
terminalom ovplyvnenej plochy /. Terminalom ovplyvnena plocha
ma kruhovy tvar a terminal je umiestneny v strede tohoto kruhu.
Predpokladame, Ze vsetky uvazované oblasti maju rovnaku vel'kost.
Namiesto celkovych nakladov za uvazované casové obdobie pouzi-
jeme vyjadrenie jednotkovych nakladov, ktoré ma tento tvar:

S = fr (D + 1D + f(D) (1

Kde /(1) su naklady vznikajuce v terminli (naklady na zria-
denie terminalu a naklady na manipulaciu). Tieto naklady si moZeme
vyjadrit nasledovne:

_
frh = @

kde f'predstavuje sucet fixnych nakladov s manipulacnymi nakladmi.
Priemernd intenzita poZiadaviek spotrebitela v [t/km>.rok] je
oznacena ako A. Predpokladame, zZe A je na celej ploche oblasti R
konStantna.

Naklady f;(1) st sposobené dopravnou pracou pri zasobovani
terminalu z primarneho zdroja a nakladmi spésobenymi viazanim
kapitalu v tovare pocas jeho skladovania v terminali. Pre vyjadre-
nie tychto nakladov je potrebné urobit tieto predpoklady. Predpo-
kladame, zZe trasy vozidiel maju tvar, primarny zdroj - terminal -
primarny zdroj a tiez to, Ze vozidla su vzdy plne naloZené. Potom
mozZeme tieto naklady vyjadrif nasledovne:

2nyr (D) n 13K imax
Klmax A[

Sth= , 3)
kde n; su jednotkové naklady na jeden kilometer jazdy vozidla
zasobujuceho terminal, r,(/) je priemerna vzdialenost terminalu
od primarneho zdroja. Ak predpokladame
obdiznikovy tvar zasobovanej oblasti R
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2. Continuous approximation approach

The principle of this approach is based on the expression of
a total transport cost between the primary source and customers
as a function of size of a terminal influenced area /. The terminal
influenced area has a round shape and the terminal is situated in
the middle. We assume that all the considered areas of each ter-
minal have an equal size. Instead of the total cost during the time
period we will use a proportional cost, which belongs to the pass
a one item through the distribution system. This cost has the fol-
lowing form:

S = 1D+ f,(D + £,(D) (D

In the expression, f;-(/) is terminal cost (rent and handling
cost for terminal). We can estimate f;(/) by the following expres-
sion:

_S
Jr(D) = A )

where fis sum of rent and handling costs. An average demand
density rate [item/km>.year] is marked with symbol A. We con-
sider that A is constant for the whole area R.

The inbound cost f;(/), which is caused by transport opera-
tions between the primary source and terminals and contains also
pipeline inventory cost. If we want to express this cost, the fol-
lowing assumptions must be made . We assume that vehicle routes
have the form of the primary source - terminal - primary source
and vehicles travel fully loaded. Then f;(/) can be expressed in the
following way:

2”1’1(1) + clhKlmax
Klmax A

A = , 3)
where 1, is cost per vehicle - kilometer from the primary source to
terminal and r;(/) is an average distance from the primary source

to terminal. We consider elongated
R shape of the area R, which is rectangu-

s dizkou dlhsej strany L a polohu primar-
neho zdroja na kratSej strane obdiznika
v polovici jej vysky (obr. 1), potom:

1 Frimaty soutce

lar with length L. When the primary
source is located by the edge in half of
its height (Fig. 1), then:

L L
()= (4 ) =— 4

2 2
. L . .
O dopravnom parku zasobujucom ter- € > We suppose that the fleet i.e. vehi-
minaly budeme predpokladat, Ze je homo- Obr. 1 cles traveling from the source to termi-
génny a Ze K., j¢ maximalna kapacita Fig. 1 nals is homogenous. The vehicles are

vozidla, ¢, su niklady na kapital viazany
v jednej jednotke tovaru za planovacie obdobie.

Poslednou zlozkou nakladovej funkcie (1) su naklady sposo-
bené zasobovanim spotrebitelov z terminalu. Vyjadrime ich nasle-
dovne:

2n0r0([) + Con KOmax 0

fO(I) B KOmax )\

, (%)

kde n, su jednotkové naklady na jednotkovu vzdialenost vznikajuce
pri zasobovani spotrebitelov, r,(/) je priemerna vzdialenost spo-

capable to carry K, items. We con-
sider that ¢, is a holding cost per item-day.

The last part (1) is an outbound cost expressing a delivery cost
for customers from the terminal. We can write:

2ngr ConKomax 0
ofo(D) 4 oo

fO(D - KOmax A

, (%)

where n, is cost per vehicle-kilometer from the terminal to a cus-
tomer and (/) is an average distance from the terminal to a cus-
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trebitela od terminalu (jej popis je obsahom dalsej kapitoly), Ky p,ax
je maximalna kapacita vozidiel zasobujucich spotrebitelov, c,, je
cena kapitalu viazaného v jednej jednotke tovaru pocas zasobovania
spotrebitelov (Casto c,, = c;,) a 0 je priemerna priestorova hustota
obyvatelstva (celkovy pocet obyvatelov rozpoc€itany na celkovu
plochu zasobovanej oblasti |R]).

3. Priemerna vzdialenost zakaznika od terminalu

Ak predpokladame, Ze obsluhovana oblast R je rozdelena na
rovnaké kruhové oblasti a terminal je umiestneny v strede tychto
kruhov, potom mozeme priemernu vzdialenost spotrebitela od
terminalu vyjadrit v kazdej z oblasti nasledovne:

j d(x,, x)h(x)dx
I

ro(h) =
j] h(x)dx

(6)

kde /(x) je hustota rozmiestnenia obyvatelov na ploche (pocet
zakaznikov na jednotku plochy), A(x) si vyjadrime v zavislosti od
vzdialenosti od terminalu r, teda budeme predpokladat, ze body
leziace na kruhoch so stredom v mieste terminalu maji rovnaku
hustotu osidlenia.

Pre vsSetky okresné mesta SR (okrem Specifickej Bratislavy
a Kosic), ktoré povazujeme za kandidatov na umiestnenie termi-
nalu, sme zvolili po¢iatoény polomer kruznice 5 km, ktory sme
postupne zvacSovali o 0,3 km a v jednotlivych medzikruziach sme
spocitali redukovanu hustotu osidlenia (pocet zakaznikov - oby-
vatelov zijucich v medzikruzi podeleny obsahom medzikruZzia).
Redukovana hustota osidlenia okolia mesta je hustota osidlenia,
ktora do okolia mesta (kandidata na umiestnenie terminalu) neza-
pocitava obyvatelov miest, ktoré¢ maju vacsi pocet obyvatelov ako
je polovica poCtu obyvatelov mesta, pre ktoré redukovanu hustotu
vypocitavam. Pre toto obmedzenie sme sa rozhodli hlavne preto,
lebo nepredpokladame, zZe pri zasobovani budeme vozit tovar
z mensSich miest do vacSich, ale skor naopak. Ziskali sme takéto
udaje o vsetkych 69 okresnych mestach, spriemerovali sme ich
a vyhladili pomocou kizavych priemerov a hladali sme pre ne
metodou najmensich Stvorcov ¢o najlepsie analytické vyjadrenie.
Pricom sme museli brat do Gvahy tvar vyrazu (6) a jeho integro-
vatelnost. Ako najvhodnejsia sa ukazala funkcia:

1
ar+ b

hy(r) = ©)
pre hodnoty parametrov a = 0,000444 a b = 0,017647. Vysledok
zobrazuje graf ¢. 2. Vypocet hustoty sme uskutocnili pre 80 kilo-
metrové okolie miest, Co pri teoretickom celkovom pokryti plochy
SR kruznicami zodpoveda trom kruzniciam.

Hustotu /,(r) sme ziskali priemerovanim redukovanej hustoty
a preto nezodpoveda skutocnému poctu obyvatelov. Prepocitali sme
h,(r) tak, aby zodpovedala pre r€(0,80) tretine poctu obyvatelov
SR.

1

tomer (next chapter gives more details about ry(/)), Kj.x denote
a maximum capacity of vehicles supplying customers, c,, is
a holding cost per item-day (usually c,, = ¢,,) and & is a uniform
spatial customer density [customer / area] (it is a total number of
customers divided by the total size of area |R]).

3. Average distance from customer to terminal

When we assume that the total area R is divided to equally
circuit areas and terminals are situated in the middle of circles,
then we can express the average distance from a customer to the
terminal in the following in way:

j d(x,, x)h(x)dx
I

ro([) =
fl h(x)dx

(6)

where A(x) is a spatial customer density (number of customers per
unit area). We express A(x) as a function of distance customers
from the terminal ». We will assume that points situated at the
circle, which has its center in the terminal, have an equal spatial
density.

For all district towns (without specific areas of Bratislava and
Kosice), which are candidates on the terminal, we chose an initial
radius of circle a 5 km, we increased step by step this radius by 0.3
km and we computed a customers density rate in rings (number
of customer - inhabitants divided by an area of ring). A reduced
customer spatial density is a density of settlement in the surround-
ings of a town (candidate on terminal), which doesn’t add cus-
tomers situated in a town with more inhabitants than a half of
inhabitants living in the studied town. We decided for this restric-
tion, because we didn’t consider to supply a bigger town from
a smaller town. We obtained the data from all 69 district towns,
we made averages and effaced this average curve with running
averages. With the smallest square approach we found an analytic
approximation of this curve, we had considered the formula (6)
and its integral. The following formula fits our purpose best:

hy(r) = (7N

ar+b

where parameters have the settings @ = 0.000444 and b = 0.017647.
These curves are depicted in the Fig. 1. The computation we made
for town circles surroundings with a radius of 80 km. To cover the
Slovak Republic with those circles we would need three circles.

The £,(r) was averaged and reduced and it is not equivalent

to a real number of customers. We adapted /,(r) to one third of
inhabitants of SR for r&(0,80).

1

h(r) = +N=
") ar+ b

+ 57,43 (8)

0.000444 - r + 0.017647
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Obr. 2
Fig. 2

Takto sme ziskali vysledny tvar hustoty osidlenia, ktory sme
pouzili pri vypocte priemernej vzdialenosti spotrebitela od termi-

nalu, potom (1) bude mat tvar:

S =

I

+

M

4. Vypoctové experimenty
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We obtained the final form of the spatial customer density
function and we can use it for enumeration average distance cus-
tomers from the primary source, then (1) has the following form:

Pouzili sme rovnaké hodnoty vstupnych parametrov ako
v Clanku Buzna [4], aby sme ziskali lepSiu moznost porovnania

vysledkov s predchadzajicim menej
podrobnym pristupom. Oblast ma
plochu |R| = 49034 km? a dizku
L = 418 km. Maximalna kapacita
vozidiel K|nax 80 t a ich
dopravné naklady st n, = 10 Sk/km,
spotrebitelia st zasobovani autami
s maximalnou kapacitou Ky, =
=2,5 t a ich naklady na dopravu su
no = 5 Sk/km. Priemerna priesto-
rova hustota rozmiestnenia zakazni-
kov je & = 102,04 zakaznikov/km>
pre SR a A sme si urCili ako
A =3.4 t/(km>.rok). Ostatné koefi-
cienty sme predpokladali takto,
Cop = €1, = 2000 Sk/(t.rok) a f =

total costs [Sk/t]
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4. Numerical experiments

[~/ 7

J'V ki + Nr?\dr
o \ar+b

'

Vo r

J' K ( + Nr)dr

nlL + ClhKlmax + 0 ar+b + CthOmax6
Klmax A KOmax A

)

We used the same entry parameters as Buzna in [4], to get
a better possibility for comparison of results with a previous non-

detailed cost

— non detailed cost

0
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=1 500 000 Sk. Analytické vyjadrenie pre I* sa nam nepodarilo
najst, tak sme sa uspokojili s numerickym rieSenim. Graf ¢. 3 zob-
razuje zavislost nakladovej funkcie (9) a nakladovej funkcie podla
¢lanku Buzna [4], ktora nezohladfiuje nerovnomerné osidlenie.
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Fig. 3
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detailed approach. The
region has an area |R| =
= 49034 km? and the
length L = 418 km. The
maximum capacity of
vehicles K., = 80 t
and their n; = 10 Sk /km,
customers are supplied
with vehicles capable of
carrying Ko, = 2.5t
and their ny, = 5 Sk/km.
The uniform spatial cus-
tomer density is 6 =
= 102.04 customer/km?
for SR and A is deter-
mined as A = 3.4 (item

per year and square kilometer). Other coefficients we supposed
this ¢y, = ¢;;, = 2000 Sk/(item.year) and f = 1 500 000Sk. We
haven’t found an analytical expression for /*, we have satisfied the
numerical solution. In fig. 2 are depicted cost (9) and non-
detailed cost from Buzna [4].
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Optimalna plocha zasobovana z jedného terminalu, ktora
minimalizuje nakladovt funkciu (9) je pre dané vstupné udaje
* = 19600 km?, ¢o zodpoveda trom terminalom. Postup umiest-
nujuci pozadovany pocet stredisk na suvislej ploche vyuzivajuci
schémy, ktory je popisany v Buzna [4], umiestnil terminaly do
tychto miest - Trnava, Zvolen a Gelnica.

5. Zaver

Hlavnym cielom tejto prace bolo spresnif navrh struktury dis-
tribuéného systému. Pri vypoCte boli pouzité skutoné udaje
o osidleni zasobovanej oblasti, ktoré boli spracované popisanym
sposobom. Z uvedenych vysledkov vyplyva (pozri graf ¢. 1), Ze
v blizkom okoli vacS§ich miest je vysSia koncentracia osidlenia, ktora
postupne so vzdialenostou od terminalu klesa. Pretoze hustota osid-
lenia nie je rovnomernd, r,(/) je mensia, a preto aj celkovy pocet
stredisk vySiel mensi (optimalny pocet stredisk za predpokladu
rovnomernej hustoty osidlenia pre dané vstupné udaje je Sest).

6. Literatura - References

The optimal I* is 19 600 km?2. Tt corresponds to three termi-
nals. The schemes location procedure described in Buzna [4]
located terminals to Trnava, Zvolen and Gelnica.

5. Conclusion

The main goal of this paper was to obtain a more precise pro-
cedure to design the structure of distributions system. We used real
data about settlement of the influenced area, which we treated in
a described way. From the results we can see (Fig. 1) that in the
closed surroundings towns the concentration of a settlement is
bigger. The concentration is gradually descending with the dis-
tance from town. Because the concentration is not uniform the
ro(J) is smaller and the total number of the terminal is smaller too
(optimal number of terminals for uniform density of settlement is
six for this entry data).
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