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Abstract. Set Covering model determines the location of facilities that can be used that minimize
the cost of assigning facilities to the point of request with the limitation that each facility was
used for a number points of request. If there is an imbalance between the volume of demand
points and the capacity of the facilities, it is necessary to open/closed facilities. In fact, facility
location problem can extended for the decision not only open/closed but rezising area the existing
facilities that can be adjusted considering the avaibility area of facilities location and demand
points. This case has not been accommodated on the basic model of set covering. Not all the
existing facilities can be resized. Rezising the area of facility location was assumed discrete. The
aims of this study was optimized the alghorithm of set covering model. The solution this study
was devided into two stages. The first stage was screening facilities that can be resized with
survey location. The second stage was set covering model which the facilities will be
close/opened and resize the existing facilities.

1. Introduction

Theory and location modeling were first introduced by Weber [ 1] who revealed the problem of finding
a single facility to minimize the total travel distance between the facility and a group of customers.
Determination of the best location for one or more facilities so that customers or demand points can be
served well [2]. According to Owen & Daskin [3] determining the location of facilities is very important
for planning in various aspectsgfor public and private facilities. This will affect the operational and
logistical activities of a facility. Determination of the location of the facility can be determined from the
size of the required costs [4] [5]. Besides based on the cost of determining the location of facilities can
be determined through the distance from the demand point to the facility [6]. Hotelling [7] developed
facility theory by studying the location of two facilities on one line. Customers choose the closest facility
from two facilities and vendors to maximize their market share. Some real problems in determining the
location of facilities both public and private include determining the location of the facility. In recent
years, there have been many applications regarding the location of facilities such as public facilities,
such as offices, post offices, fire engines, and hospitals) and private facilities (such as factories and other
industrial facilities) [8] [9]. The mathematical model was developed by calculating the probability of a
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specific busy ambulance and validated by a simulation model carried out in determining the location of
a facility [10].

In addition to the above facilities, one of the publggy facilities that requires optimal decision making
in determining the location of facilities is a landfill. Where the model is, there is a temporary landfill
located close to residents. Several studies regarding the choice of location of facilities related to the
impossibility of these facilities close to residents or demand points because several factors related to
health, odor, aesthetics, etc [11, 12, 13, 14]. This may be due to different models of waste management,
especially household waste collection. In household waste collection, some countries use bin that was
not permanent or easily moved to collect household waste and use compactors as a means of transported
the garbage before being sent to landfills. Some countries use the permanent trash bin for collect
household waste. Coffe & Coad [15] explain its in two categories, such as Haul Container System and
Stationary Container System. In [11], the demand point was describe as people in campus building.
Research on determining the location of waste disposal facilities that have been carried out using
optimization techniques as a search for solutions.

The criteria used in determining the location of facilities using the set covering model include the
location of the facility, the location of the demand point, the distance between the location of the facility
and the location of the demand point, cost, capacity of the facility and others. This study assumes that
the garbage disposal facility is a stationary container system in the form of a permanent building
consisting of several types of facilities in accordance with the volume of capacity. Because they are
stationary, each facility cannot be moved, and in one location the capacity of the facility can be adjusted
with resized to determine the volume of new capacity for existing facilities. Adjustment of the area is
certainly not possible for every location of the facility with the same size, because this depends on the
availability of land that still exists in the facility area. Thus, determining the size of the resized area
cannot be done simultaneously.

The demand point classification in this study assumes that waste can be collected through several
types of sources not only from households but can also from other facilities such as offices, shopping
centers, markets, education, recreation areas and others. Decision variables in this study not only
determine which facilities will be opened or closed, but which old facilities can be expanded based on
the type of facility (maximum capacity volume) and available area. In real conditions, it could be that
with the request of the community or decision makers, some facilities do want to be closed, so that if an
imbalance occurs between the availability of the capacity of the landfill and the amount of waste
produced by the community.

So the purpose of this study is to show the concept of capacity expansion in the decision to open or
close a facility based on the importance of decision making. Based on the conditions of developing
criteria for the type of facility and facility decision variables that can be expanded, the solution to the
location of the facility is discrete in two stages. Daskin [16] describes three conditions for the completion
of a facility location namely planar, discrete and network. The first stage is direct screening to the
location of the location of @psting waste disposal facilities by determining the maximum area that can
be expanded by measuring the length and width of the area, while the height is not expanded because it
is related to the ability to move to transportation. This stage generates new w:qne capacity data for
existing facilities. The second stage is devegling a mathematical algorithm for the set covering model
with the development of the criteria above.
using the LINGO 11.0 program.

ompletion of the set covering model is not simultaneous,

2. Literatur Review




International Conference on Advanced Mechanical and Industrial engineering I0P Publishing
TOP Conf. Series: Materials Science and Engineering 909 (2020) 012082  doi:10.1088/1757-899X/909/1/012082

Facility location models are investigated in discrete space, planar continuous space, and particular in a
network environment [17][6]. Its can be seen that the planar form will provide a large area without
restrictions, while the discrete form of the facility has a location point. It is also different from the form
of a network model that will provide a network from either the route or anything else in the facility.

According to Daskin [16] location theory can be used for discrete problems where there are only
demand points and facility points without special requirements. One method is set covering. The set
covering problem was firstly introduced by Toregas in 1970, but it was published by Toregas & ReVelle
[18]. The problem of determining this location used to find the minimum number of facilities (from their
location) so each request can be fulfilled optimally with distance and time. Set covering is a method that
can be used to minimize the number of facilities that will cover demand. The covering set still only
determines which facilities will be maintained. In addition, the facility point has been determined in
advance based on the area covered [ 1gggBased on this, a model was developed to find out the allocation
of demand to facilities and to limit the maximum distance between the demand points and facilities
without firstly determining the facilities included in the coverage area.

The covering set in Daskin [16] also has the characteristic of using binary numbers (1,0) which can
only determine whether demand can be allocated or not. In other function the binary will show which
facilities will be maintained because they can cover demand and are closed when not covering demand.
The impact of using binary numbers also makes each source point only able to allocate to one facility
point. So, demand can be allocated when volume is less than capacity. In reality there are problems
where the amount of capacity is greater indeed than demand but the size of the capacity of each facility
is smaller than demand. Based on these problems, this journal develops a set covering model that
requires additional research steps to be carried out before the set covering method is implemented when
there is a problem that the volume to be allocated is greater than the capacity. If volume demand more
than capacity of facility we can take a new facility or resize the facility[ 19]. Set covering model has not
grouped the types of each demand and facility. So in this model development also develops the type of
facilities and demand with the additional indexes. Based on figure 1 this model can be applied to discrete
locations where facilities and demand points have points both latitude and longitude.

2. Numerical Model

91 . Set Covering Model

Set covering model is one of the oldest from optimization problems in the literature of mathematical
programming [20]. Set Covering is a model to determine the lowest cost of the placement of several
facilities where each point of demand can be achieved by a minimum of one facility [ 16]. Set covering
problem (SCP) is a mathematical model that is important for some problem solving applications [21].
Set covering problem classified as NP-Complete[22][23][24]. So, set covering is an optimization
method that has a function to enable the number of needed facilities to uncover other facilities. Selected
facilities will be able to cover requests for other facilities, so it will minimize the number of facilities
that can reduce costs because the facility can cover all requests. According to Daskin [16].

2.2. Mathematical Model Development

The set covering model as one of the discrete location theory models has always been developed that
determined facilities will be retained to be open/closed. The following mathematical model of set
covering in this study from the set covering model of Daskin [16]. This study assumed that the facility
has several types and the demand point has several categories. Its were not accomodated before in set
covering model. There were three types of facilities and two categories of demand points. Its such as
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type K, type L and type M for types of facility and demand points / and demand points ./ for
classifications of demand point.
The mathematical model in this study uses notations as follows:

D im
D..da
D..u'
Dy

Ty

Set of demand point type / with the index ¢

Set of demand point type ./ with the index j

Set of alternative point of facility type K with index k

Set of alternative point of facility type L with index /

Set of alternative point of facility type M with index m

capacity of facilities type K with index k (m*/day)

capacity of facilities type L with index / (m*/day)

capacity of facilities type M with index m (m'/day)

volume of demand points type / with the index i (m*/day)

volume of demand point type J with index j (m’/day)

maximum distance between demand point with facility by seeing the ability of
people walking by carrying load

the distance between the demand points type / with index ¢ and alternative facility
locations type K with index &

the distance between the demand points type / with index ¢ and alternative facility
locations type L with index /

the distance between the demand points type / with index ¢ and alternative facility
locations type M with index m

the distance between the demand points type J with index j and alternative facility
locations type K with index &k

the distance between the demand points type J with index j and alternative facility
locations type L with index /

the distance between demand points type J with index j and alternative facility
locations type M with index m

total mileage as distance of fulfillment

tkm|dat dirt dim + dip+ dirt din < Ta }

all alternatives to facility locations includes the point of the demand points with
index i (V) and j (N))

Variable decision:

Xy

Y i

Yir

(1, if the facilities type K with index & becomes the location of the can covered
demand and 0, if the opposited)

(1, if the facilities type L with index / becomes the location of the can covered
demand and 0, if the opposited)

(1, if the facilities type M with index m becomes the location of the can covered
demand and 0, if the opposited)

(1, if the demand points type / with index i can be met by alternative location k and
0, if the opposited)

(1, if the demand points type / with index i can be met by alternative location / and
0.if the opposited)

(1, if the demand points type / with index 7 can be met by alternative location m and
0, if the opposited)

(1, if the demand points type J with index j can be met by alternative location k and
0, if the opposited)
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Y.d

Y,r'm

(1, if the demand points type J with index j can be met by alternative location / and

0, if the opposited)

(1, if the demand points type J with index j can be met by alternative location m

and 0, if the opposited)

The mathematical model set covering problem:

Minimize: C,.X, +Y C,

X, +>.C, X,

kek lel meM
Subject to Z Yr‘k +YH +Yr.m > 1 Viel
kdmeN,;
DY, 4Y, 4V, 21 Vel
k{me N
DV,Y, 4D VY, <C.X,
iel jed
DVY,+D VY, <CX, Vel
il jed
z‘ff‘}’:m + va ‘ij g Cm‘Xm vm € M
ief jed
d, X, zmax '}y, — Vkek
d,. X, zmax {d}Y, VieL
dnuﬂ‘Xm zmﬂ_x { :rr}‘}/fur VHI € M
dp X, >max {4}V,  Vkek
dpo X, 2max {d/}Y,  Viel
d,..X,>max {d,}’, }.YM Vme M

x {01} Vkek
x, {01} WvieL
X, 01} VYmem
v, {01}  Vkek
X, 01} vielL
X, 01}  VYmeM
X, 01} Vkek
X, {01} wvieL
X, {01} VmeM

Vkek

(h

2)

(3)

4

(6)

(N

(8)

9

(10)

(11)

(13)
(14)
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(16)
(17)
(18)
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Equation (1) represents minimize the number of facilities consisting of three different types with the
capacity of the facilities. Constraint (2) express that demand point type / (3) express that demand
point type .J can at least be served by one facilify such as sets of facilities type K, L and M. Constraint
(4), (5) and (6) ensure that the sets of facilities type K, L and M have the capacity to accommodate both
types of sets of demand points classification / and J. So, facility can’t cover demand when the demand
is more than its capacity. Constraint (7), (8), (9), (10), (11) and (12) restrict the maximum distance
allocation from maximum mileage so the distance between the demand points and facilities is no more
than the maximum distance for each sets of facilitis type K, L and M and demand points classification /
and J. Constraint (13), (14) and (15) are binary constraint for decision variabel open/closed facility
existing and facility that will be resized for facilities type K, L, and M. Then constraint (16), (17), (18)
were binary constraint that defines determination sets of demand point type [ that will be covered by
certain facilities and constraint (19), (20) and (21) were binary constraint that defines determination sets
of demand point type ./ that will be covered by certain facilities.

3. Application on Hypotetical Data and Disscussion

3.1. Hypotetical Data

The set covering model is tested through the application of hypothesis data. The process of changing the
size of the facility area in this model that uses a discrete model which is done separately selected directly
by researchers in the form of a point grid as in Figure 1. In real conditions, the grid points can be
represented through the points of longitude and latitude. Figure 1 shows that there was three regions (A,
B, and C) where each region has a location where demand points are from households (I) and one public
facilities (J). There was Iy, I, I5 for household and 1, J», J; for other public facility. The demand points
from household was assumed as a weight point as area, because of the difficulty of data retrieval if the
location of the demand point was done for each house point for each household.

There are three types of facilities assumed in this study, namely facilities type K, L and M with
differences in facility capacity. These three facilities are spread over three regions A, B and C. Region
A has one type K (K,) facility and one facility type L (L,). Region B has one facility K (K) and one
facility M (Ma). While region C has one facility K (Ks) and one facility L (L2). In actual conditions, the
number of facilities in one area can be more than one type of facility with more than one facility per
facility. In real case the data application for this study can be describe fully for facility location decision
for waste management in Yogyakarta [24]

Figure 1. Discrete location in this model
Hypotetical data was carried out with distribution real case data with validation process firts, as
follows:

3.1.1. Capacity of Facility
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Facility capacity is the ability to accommodate a facility for the demand given to it. Hypothetical data

on facility capacity in Table 1.

Table 1. Capacity of facilities

Facility

Volume (m?)

K
K>
K
Ly
L
M;

B B = = ] LN

3.1.2. Volume of Demand

Volume of demand points is the amount that will be allocated from the demand point to the facility.
There are two classifications of demand points, namely households and other public facilities.
Hypothetical data on demand volume for each demand points in Table 2 and Table 3.

Table 2. Volume of demand types [;

Demand Volume [1113]
I 3
) 8
I; 1

Table 3. Volume of demand ypes .J;

3.1.3. Distance Facility Location and Demand Point

Demand Volume (m?*)
Ji 1
J2 3
J3 1

Distance is an important constraint in an allocation of demand to a facility in the set covering method
[26]. So, distance is one of the needed data in solving problems with set covering. Distance measurement
can use the distance and latitude distance approach in real conditions. Table 4 until Table 9 shown the
distance data of facility locations each type and demand points each classification.

Table 4. Distance between K and [;

I, L L
K; 2 6 1
K, 2 4 7
K; 7 5 1

Table 5. Distance between L; and [;
I I I3

I V5] E

Table 7. Distance between K} and J;

Ji J> Jz
K; 2 6 2
K> 2 6 7
K; 7 5 1

Table 8. Distance between L; and .J;

Ji i Js
L, 3 2 8
L 8 4 2
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3.1.4. Maximum Distance

Set Covering Model solves the problem in mim'mizingge number of facilities needed to cover demand
for all request node with the maximum service distance desired [17]. Maximum distance was the
maximum distance allowed for demand to allocate to facilities. The maximum distance is assumed 5 m
from the demand point to the facility location.

3.2. Disscussion

According to Hernandez [19], the resizing process in achieving goals in minimizing costs and the
number of facilities to be allocated is important. The resizing process can be done based on consideration
of extending costs and facility capabilities. The first stage for solution this problem was the screening
location prosses. The screeni rocess for selecting these facilities can be done using the researchers
consideration factors such asrga, distance from the demand point to facility and availability of land.
After Scregming and resizing the selected facilities, it can proceed the second stage to optimization
solution Df% set covering model was developed. So the objectives of the method will be achieved in
minimizing the number of facilities.

The set covering model that used to the basic model in the development of this model has the purpose
of choosing the facilities to be opened or closed, as well as the model to be developed has the same
purpose. This developed model can be used in non-commercial facilities that have rules for range such
as the maximum distance that can be reached. Research on the determination of facilities that will remain
open at an objective to minimize facilities has often been done as in the research of Hernandez [19] and
Wang et al [5]. The development of the model was different from others, this model was developed
discretely so that it requires the initial stages before processing was importance for the data using a
mathematical model. Model suitability testing is done using hypothetical data.

The set covering model that has been developed in terms of demand points classification and facility
type that was originally single into several types consisting of demand volume, facility capacity, distance
between demand and facilities, and maximum distance will be processed using the LINGO 11.0
software. According to the results, infeasible results were obtained for determining the facilities to be
opened to accommodate demand allocations from 6 facilities consisting of 3 type of facilities K, 2 type
of facilities L and 1 type of facility M. If there was infeasible solution shows that there was no solution
space for this problem or there was no area that meets all the constraints. This was because demand with
a volume exceeding facility capacity will not be able to send or allocate to facilities, such as garbage
from /> sources cannot allocate to any facility.

According to Table 10, Facility K> will be resized to 9 m® and L; to 3 m’ and will be analyzed with
the same software. The results of the analysis show that facilities K, K>, L;, and L> will still be opened.
The K; facility will accommodate demand from J; and .J>. Demand from [ and J; will be allocated to
K>. Whereas for L facilities will receive an allocation from I,. The demand of [; will be allocated to L;.
The resizing process can be used for the set covering that has demand problems more than capacity. It
also has the main purpose like the set covering purpose to minimize facilities that will still be placed.
Allocation of demand from the point of demand to the facility can be seen in Table 10.

Table 10. Allocation of demand

No Facility Demand Op;zi?lr;ed Capacity (m?)
1. K Ji o @] 5
2. K JENVE: 0 7
3. K - C 1
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4. Ly I O 1
5. L; I O 2
6. M; - C 2

18

ased on the results of the analysis above, it can be seen that one of the-weaknesses of the set covering
method and discrete location, when the total volume of demand and total capacity has the same value or
below, but the capacity of each facility is smaller than the volume of demand will infeasible solution.
This is because the use of binary numbers (1.0) in the set covering method which can only give a decision
when the demand will allocate to the facility. There are only two choices, namely allocated or not seeing
capacity. This problem can be dealt by adding new facility with capacities that are in accordance with
the volume of demand that cannot be allocated yet or other than that, it can process with resizing possible
facilities. The hypothetical data processing with this model were done by changing the size of the
selected facility. This model can uses for the real situation problem if the volume of facility capacity not
balanced with the volume of demand point in set covering model. The decision of facility location for
the set covering model is not only open / closed facility with the addition of new facilities but still
maintaining the existing facilities by conducting resized capacity.

4. Conclussion

Problems will arise when the demand point volume is greater than the capacity of existing facilities. The
set covering model developed can represent a real problem where there are several classifications of
demand points and several types of facilities that have different capacities and can adjust the size of
existing facilities, not only the decision of open / closed facilities, but also can be changed the size of
the area of the facility that has been exist so that a new volume is obtained. Model solutions will be
obtained in two simultaneous steps. Stage one, namely resizing existing facilities can be requested to be
done separately and selected directly by carrying out the screening process and stage 2 is optimizing the
model of covering covering. Further research can be developed by searching for solutions
simultaneously with the help of Geographic Information System (GIS) so that the location of demand
points can be determined through each point of the housechold’s household. In addition, GIS can also
help determine the area of a facility that may be directly expanded in size and also measure distances
with another approach, namely nekwork. So the set covering model is no longer discrete but network.
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