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NAVRH DQPRAVNs?cH OKRSKOV PRI MODELOVANI
DOPRAVNEHO PROCESU V UZEMi

LOCATION OF TRANSPORTATION DISTRICTS AT MODELING
OF TRANSPORTATION PROCESSES IN A REGION

Viilohdch dopravného pldnovania je casto prilis velky pocet miest,
v ktorych vznikajii dopravné poziadavky (obci v regione). Preto je
potrebné celkovy pocet miest v dopravnej sieti redukovat na vopred
urceny pocet dopravnych okrskov. V ¢lanku popisujeme algoritmus na
automatické vytvorenie dopravnych okrskov. Problém vytvorenia doprav-
nych okrskov sa dd formulovat pomocou matematického apardtu ako
kapacitne neobmedzend lokacnd iiloha, ktorii dokdzeme riesit exakt-
nym algoritmom. Navrhli sme niekolko kritérii, podla ktorych opti-
malizacny algoritmus vytvdra okrsky. Vysledky vypoctov sme porovnali
s ndvrhom experta pre dopravné planovanie.

1. Uvod

Pri modelovani dopravného procesu v tizemi sa rieSené uzemie
rozdeluje na dopravné okrsky. Dopravny okrsok je z urbanistic-
kého, hospodarskeho a dopravného hladiska homogénne uzemie,
ktoré pozostava z katastralnych uzemi jedného alebo viacerych
sidelnych utvarov [1]. Pocet dopravnych okrskov zavisi od pozado-
vanej presnosti modelu, urbanistickej Struktiry uzemia, Struktury
dopravnych sieti v uzemi a moznosti ziskania demografickych
udajov pre jednotlivé dopravné okrsky. S poctom okrskov rastie
rozsah vzorky obyvatelstva, ktori musime zahrntt do dopravno-
sociologického prieskumu. Vysledkom prieskumu je okrem iného
matica zaujmu, ktora udava, kolko Tudi cestuje medzi kazdymi
dvoma miestami siete, pricom za vychodisko a ciel cesty povazu-
jeme tazisko okrsku. Na druhej strane pocet okrskov nemoze byt
prili§ maly, aby nedoslo k prili§ velkym odchylkam zataZenia
dopravnych sieti v modeli oproti realnej situacii.

Vyznamnou pomdckou pre odbornika, ktory vytvara dopravné
okrsky, moze byt pocitacovy program, ktory ponuka automatické
vytvorenie zvoleného poctu okrskov. Program vyuziva skutocnost,
Ze problém vytvorenia dopravnych okrskov sa da formulovat ako
uloha umiestnenia stredisk obsluhy na dopravnej sieti [2].

Transportation planning should frequently work with too many
places, where transportation demands arise (dwelling places in a re-
gion). That is why it is necessary to reduce the total number of such
places in a transportation network on a given number of transporta-
tion districts. An algorithm for automatic location of transportation
districts is described in the paper. The location of transportation dis-
tricts can be defined using mathematical model of the uncapacitated
location problem, which can be solved using an exact algorithm.
Several criteria are proposed according to which an optimal location
of transportation districts is calculated. The results of calculations
were compared with the hand-made solution of an expert.

1. Introduction

Transportation planning divides a region into transportation
districts. Every transportation district should represent a partial
area of the region, which is homogenous from an urban, economic
and transportation point of view and should comprise cadastral
area of usually one or several dwelling places [1]. The number of
transportation districts depends on a demanded precision of
a model, on an urban structure of the region, transportation network
structures and on available sources of demographic data for trans-
portation districts. The more transportation districts will be created,
the more detailed demographic data must be available and the
more data is to be collected by transportation and sociological
surveys. A result of those surveys should provide among others an
O-D (origin-destination) matrix. The matrix says how many people
travel every day between two places in a network, where every
travel is supposed to origin and to end at the center of gravity of
a transportation district. On the other hand, the number of dis-
tricts cannot be too small, so that the workload of a transportation
network in a model will not differ from the real traffic.

A computer program, which offers an automatic creation of
a given number of transportation districts, can be a significant
help for a planner who should design the districts. The program is
based on the fact that the problem of transportation districts
creation can be defined as a problem of location of service centers

in a network [2].
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2. Matematicky model

Ozna¢me symbolom n pocet obci na sieti. Zo Statistickych
udajov je znamy pocCet obyvatelov b; kazdej obce. Z idajov o cestnej
sieti vypocitame maticu {d;} vzdialenosti kazdych dvoch obci.
Treba vytvorit p € <pmw Domax) Orskov (pozostavajucich z jednej
alebo viacerych obci) a pre kazdy okrsok S;, k = 1, ..., p urcit
jednu zastupujucu obec (taZisko) i, tak, aby sa sief zloZena zo
zastupujucich obci iy, kK = 1, ..., p s agregovanymi poctami obyva-

= Z b; €o najmenej lisila od povodnej siete. Predpokla-
JES,

telov a;

dajme, Ze sa minimalizovanu odliSnost F siete zastupujucich obci
a povodnej siete podari vyjadrif ako sucet nejakych ohodnoteni F,
jednotlivych okrskov. Nech navySe moZno ohodnotenie F, uvazo-
vaného okrsku S, vyjadrit ako sucet nejakych nezapornych ohod-
noteni ¢, ; vyjadrujicich ,mieru odliSnosti siete”, ktoru sposobi
zahrnutie obce j do okrsku S so zastupujucou obcou 7. Tym pred-
pokladame, Ze odliSnost F sieti mozno vyjadrit vztahom

F=> F. =

Zavedieme bivalentné premenné y; € {0, 1] vyjadrujuce, €i
obec i (ne)bude zastupujucou obcou nejakého okrsku a premenné
x; € {0, 1} vyjadrujuce, i obec j (ne)bude priradena zastupujicej
obci i. Potom mézZeme ulohu vytvorenia okrskov vyjadrit pomocou
modelu:

2. Mathematical model

Let n stay for a number of dwelling places in a network. The
number b; of inhabitants is known for each place from statistical
data. The data on a road network can be used to calculate the
matrix {d;}, which gives the distances between any two dwelling
places. The goal of the district location will be to create p € (p,,, i
pmm) districts (consisting of one or several dwelling places) and to
choose one representing place (center of gravity) i, for each dis-
trict S, k = 1, ..., p, so that the network composed of represent-

ing places i, k = 1, ..., p with aggregated numbers of inhabitants

a;, = Z b; will differ as little as possible from the original network.

JES

Let us suppose that the difference F between the network of
representing places and the original network, which is to be mini-
mized, can be given as a sum of costs F, for all districts. Let
further the cost F) for a district S, be defined as a sum of non-neg-
ative costs ¢; ;, which will correspond to an “extent of difference”,
which will be caused by including a dwelling place j into a district
S, with a representing place i,. The difference F among the net-
works can be then given by

P P

F=) F=> > Ciyi

k=1 k=1 jES;

Let bivalent variables y; € {0, 1} define that a place i will or
will not be a representing place of a district and variables x; € {0,
1} define that dwelling place j will or will not be allocated to a rep-
resenting place i. Then the following model can describe the
problem of transportation districts location:

minimize I CiXy (D
i=1j=1

subject to " x; =1 forj=1,..,n 2)
i=1
X; =V, fori=1,..,n j=1,.,n 3)
:1 Vi = Pinax 4
_:1 3= D 5)
x;,¥, €10, 1} fori=1,.,n j=1,.,n (6)

Tuto ulohu prevedieme pomocou Lagrangeovej relaxacie na
kapacitne neobmedzenu loka¢nu ulohu, ktoru dokaZeme riesit
exaktnym algoritmom BBdual [3, 4] zalozenym na metode vetiev
a hranic.

Mieru odlisnosti siete sme vyjadrili pomocou siedmich mode-
lov. Najjednoduchsi model vyjadroval ,,posun“ poziadavky, tzn.
minimalizovali sme vzdialenosti zrusenych obci ku zastupujicim
obciam, do ktorych sa presunu poZiadavky na prepravu. Prijatelné
rieSenie dalo kritérium vazZenej vzdialenosti, kde vzdialenost bola
vynasobena poctom poziadaviek (poctom obyvatelov obce). V tomto
pripade je ¢; z modelu (1) - (6) definované vztahom c; = b, d;.

The problem can be reformulated using Lagrangean relaxation
on an uncapacitated location problem, which can be solved using
exact algorithm BBdual [3, 4] based on the branch and bound
approach.

The extent of difference of a representing network against the
original one was calculated according to seven different models.
The simplest model expressed the “displacement” of a transporta-
tion demand, in other words, the distance of dwelling places to
their representing places was to be minimized. A better acceptable
solution was attained using a weighed distance, where the distance
was multiplied by amount of a transportation demand in the
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Pomerne zlozitym kritériom bolo zachovanie prepravnej prace,
ktoré pozadovalo, aby celkovy pocet osobokilometrov bol rovnaky
pri pévodnom pocte obci a po agregacii poziadaviek do fazisk. Pri
odvodzovani tohto kritéria sme vychadzali z nasledujicej tivahy.
Dopravna praca v povodne;j sieti je uréena vztahom

Z Z irPjr>

Jj=1r=

kde d,, je vzdialenost medzi obcami j a r a p,, je odhad velkosti
zatazenia trasy/siete (pocet obyvatelov cestujucich v uvazovanom
obdobi z j do r). Koeficient p;, tu odhadujeme pomocou kvadratic-
kého gravitacného modelu, kde predpokladame, Ze pocet obyva-
telov b, sa na svojich cestach do obci r = 1, ..., n rozdeli v pomere
Lpritazlivosti“ obci j a r. Prifazlivost obci vyjadrime vztahom

bb,
)
a teda
b;b, b,
2
Y | @
n b J
q=1 \Yjq q=1

Tuto dopravnu pracu chceme v sieti zastupujucich obci ¢o
najviac zachovat. V zastupujucej obci i, , ktora je faZiskom okrsku

Z b;. Prirade-

JESK

S, uvazujeme agregovany pocet obyvatelov b,-A =

nim obce j k zastupujucej obci i, pri zachovani vsetkych ostatnych
obci siete zmenime prepravnu pracu o hodnotu

n
Dzdikrpjr - rpjr [g(d’k’ - jl’)pjr
=1 r=1

Ak do tohto vyrazu dosadime za p;,, dostaneme vztah pre c;
z modelu (1)-(6):

(

n

Z()

q=1

(dir —d, )

Jr

Dalej mozeme spojif uéinky kritéria vazenej vzdialenosti, ktoré
sa snazi zachovat Strukturu povodnej siete a kritéria zachovania
dopravnej prace a vytvorit ich konvexnu kombinaciu, kde pre
a € (0, 1) bude

¢; = b,

i J

ad; + (1 — a)
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dwelling place (by a number of its inhabitants). The coefficients
c; from the model (1) - (6) are defined by c; = b; d;; in this case.
Another more complex criterion is conservation of transporta-
tion work, which demands a total amount of transported person-
kilometers to be retained possibly the same for the original network
model and for a model with representing places in centers of gravity.
The derivation of this criterion is based on the following assump-
tion. The overall transportation work in a network is given by

n.n

2. 2. dibie

Jj=1lr=

where d, is the distance between places j and r and p;, is an esti-
mation of a traffic volume (of number of passengers traveling
during a time period from place j to r). Coefficient p;, will be esti-
mated using a quadratic gravity model, where the number of inhab-
itants b; is supposed to split on their travels into places r = 1, ..., a
in proportion to an “attraction” of districts j and r. The attraction
of districts is given by

b;b,
(d,)
and so
b;b, b,
> (d,)
] Byl L B

Z() Z(q)

This transportation work should be retained as accurately as
possible in a network of representing places, too. An aggregate
number of inhabitants in a representing place i;, which is a gravity

Z b;. Allocation of

JES

center of a district Sy, is supposed to be b; =
a place j to a representing place i, by retaining all others places in

a network in their original positions will change the transportation
work by

uzd,ﬂp,, Z 0[] = uz(d,”

The value p,, in this expression can be substituted for, and
a following expression for ¢; from the model (1)-(6) will result:

DZ( = ) ( )2D
s

)p,,

A criterion of weighed distance, which tries to retain the
structure of the original network, can be further added to a crite-
rion of a transportation work and a new criterion as a convex com-
bination (for a € <0 1)) of both values will be

DZ( ”()D

b,

2y
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3. Zaver

Model dopravnej obsluhy uzemnospravneho celku bol overeny
na tizemi Zilinského kraja. Zilinsky kraj ma 313 obci. Odbornik na
dopravné planovanie rozdelil obce do 139 okrskov tak, ako je zna-
zornené na obr. 1. Okrsky vytvorené odbornikom mézeme porov-
nat s rieSenim vypocCitanym algoritmom podla kombinovaného
kritéria s hodnotou o = 0.9 (obr. 2).
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3. Conclusions

The transportation model of the region was tested for the region
of Zilina. The region of Zilina comprises 313 dwelling places. An
expert in transportation planning replaced the places by 139 dis-
tricts as shown in Fig. 1. The districts created by an expert can be
compared with a solution estimated by the algorithm, calculated
for a combined criterion with a value of the parameter & = 0.9
(see Fig. 2).
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Obr. 1. Dopravné okrsky Zilinského kraja navrhnuté expertom
Fig. 1. Transportation districts in the region of Zilina designed by an expert

Porovnanie ru¢ného a automatického rieSenia ukazuje prija-
telnu zhodu. Vyhodou automatického navrhu je rychlost rieSenia
a nezavislost od expertnych znalosti rieSitela. Algoritmus navySe
dovoluje generovat presne pozadovany pocet okrskov, zatial ¢o
expertny navrh moézZe dosiahnut vopred zadany pocet okrskov
spravidla len vel'mi priblizne a kazda zmena by viedla k pracnemu
opakovaniu celého postupu vyberu. Preto je popisany algoritmus
vhodny na rutinné vyuzivanie pre urcovanie dopravnych okrskov
roznych regionov.

Podobny model, aky sme popisali v tomto ¢lanku, sa da pouzit
aj pri navrhu novych zemnych celkov pri zmene verejnospravne;j
sustavy [5]. Struktura verejnospravnej sustavy ovplyviuje dizku

A comparison of solutions received from an expert and from
the algorithm proves an acceptable compliance of both approaches.
The advantage of the computer solution lies in the speed of cal-
culations and independence of the algorithm on the expert knowl-
edge. Moreover, the algorithm can generate a precise number of
transportation districts, while an expert solution can hardly meet
accurately the demanded number of districts and any change in
the demanded number will necessitate a tedious repetition of the
whole design. That is why the algorithm is convenient for trans-
portation districts determination in various regions.

A model similar to one described in this paper can be used for
design of new territorial regions according to changes in public
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Obr. 2. Dopravné okrsky Zilinského kraja vypocitané algoritmom
Fig. 2. Transportation districts in the region of Zilina estimated by the algorithm

cesty, ktoru musi obyvatel prejst, aby sa dostal k sluzbam, ktoré su
umiestnené v stredisku regionu (izemnospravneho celku). Prie-
mernu diZku cesty z miesta bydliska do centra regionu pripadajucu
na jedného obyvatela mozno lahko vyhodnotit a pouzit ju ako kri-
térium na optimalne umiestnenie stredisk regionov. Ak predpokla-
dame, Ze kazdu obec priradime najbliz§iemu spravnemu stredisku,
tak umiestnenie stredisk zaroven definuje aj tvar uzemnospravnych
celkov.
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