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Introduction
Rapid population growth, urbanisation 
development, and fast economic growth have 
been determined as the common factors that have 
contributed to the increasing amount of waste 
generation rates in many nations worldwide. 
Thus, it is necessary to generate a more effective 
and efficient method or model to address solid 
waste management problem. Moreover, a 
number of approaches are available to manage 
and dispose solid waste, such as composting 
(Jara-Samaniego et al., 2017), incineration 
(Yang et al., 2017), and landfilling (Vosoogh 
et al., 2017). Regardless of the varied methods 
available to dispose solid waste, landfilling is 
still the preferred choice due to its simplicity and 
low costing, especially  in developing countries 
(Rahmat et al., 2017). 

In general, a good landfill site selection plan 
should be beneficial to both the government and 

the community in terms of long-term survival 
and free from pollutions. Hence, the initial step 
in the preparation of the plan is determining 
the most suitable location to establish waste 
disposal facilities that would not negatively 
affect the aspects of economy, ecology, and 
environmental health (Chang et al., 2008). 
In selecting a new landfill site, all important 
criteria, including environmental, economic, 
and social elements, must be considered in the 
preliminary screening and landfill suitability 
assessment phase. Nevertheless, the criteria 
used may differ between research as they rely on 
the type of landfill (municipal or hazardous), as 
well as physical and ecological conditions of the 
research areas (Moghaddas & Namaghi, 2011; 
Bahrani et al., 2016). In fact, a comprehensive 
study carried out by Mat et al. (2016) reported 
the varied landfill selection criteria across many 
nations.
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Although prior studies have employed 
various criteria related to environmental, 
economic, and social aspects, these studies 
have failed to investigate the best utilisation 
of their limited resources in locating a new 
landfill site, which may cause a problem in the 
implementation phase. In addition, resource 
requirements need to be finalised early within 
a project lifecycle as these demands often 
surpass initial estimates and incapability’s to 
secure resource commitments, which possess 
the potential to dampen project efforts (Reel 
& Systems, 1999; Somers & Nelson, 2001). 
Furthermore, in landfill selection, resource 
requirements (e.g. vehicles, drivers, and fuel) 
that aid the transportation of solid waste from 
customers to landfill facilities must be defined 
at the beginning stage and allocated equally to 
the most suitable landfill facilities. With that, 
customers can be served efficiently during waste 
collection. This should enhance the present solid 
waste management system to be more effective.

On top of that, determination of resource 
requirements is indeed necessary when planning 
for landfill selection with limited resources. In 
such situations, trade of decision must be made 
regarding which landfill site should be open to 
receive the available resource. For instance, 
for the farthest landfill site, more maintenance 
cost should be allocated due to the long distance 
covered by the particular vehicle in collecting 
waste from customers until disposal at the landfill 
site. Other resources that can be considered 
are the transportation cost, number of vehicles 
and drivers as well as drivers’ working hours. 
Therefore, we believe that these resources affect 
the operating costs of a landfill.

In this paper, a real life waste collection 
vehicle routing problem with time windows 
(VRPTW) benchmark problem has been used 
to test the proposed algorithm. The benchmark 
problem is based on the solid waste management 
services in North America, of which nearly 
26000 collections are conducted to collect about 
80 million tons of garbage a year (Sahoo et al., 
2005).  

Since there are many criteria that belong to 
environmental, economic and social groups that 

must be weighed in during landfill site selection 
process, this problem has often been viewed 
as a multi-criteria decision-making problem 
(MCDM) (Onut & Soner, 2008). As such, 
most past research solved landfill site selection 
problems by using statistical procedures, 
geographic information systems (GIS), MCDM 
methods, and fuzzy techniques. For example, 
Anderson & and Greenberg (1982) applied 
the matrix statistical approach to evaluate land 
use suitability to locate new hazardous landfill 
facilities based on water supply, physical, and 
cultural criteria. Meanwhile, Al-Bakri et al. 
(1988) identified and evaluated a potential 
landfill site in Shuiba Industrial Area located 
at Kuwait by using a weighting/scaling scoring 
system. Nonetheless, the initial combination of 
GIS and analytical hierarchy process (AHP) 
was proposed by Siddiqui et al. (1996) for 
landfill selection in Cleveland County found 
at Oklahoma. Charnpratheep et al. (1997) 
combined the fuzzy set theory (FST) and AHP 
into a raster-based GIS for preliminary screening 
of landfill sites in Thailand. Cheng et al. (2002) 
applied the MCDM approach (simple weighted 
addition (SWA), weighted product (WP) 
method, TOPSIS, cooperative game theory 
(CGT), and ELECTRE) to solve issues related 
to landfill selection in Regina of Saskatchewan 
Canada.

Additionally, in 2003, similar MCDM 
approaches were utilised by combining them 
with inexact mixed integer linear programming 
(IMILP) methods to detect an optimal landfill 
site selection and a waste-flow-allocation 
pattern in Regina (Cheng et al., 2003). On top of 
that, Şener et al. (2006) identified an appropriate 
landfill in the vicinity of Ankara by using the 
integration of GIS, simple additive weighting 
(SAW), and AHP, whereas Gemitzi et al. (2007) 
integrated GIS, fuzzy logic, AHP, and order 
weighted average (OWA) for municipal landfill 
selection in Greece. Besides that, Chang et al. 
(2008) combined GIS with fuzzy MCDM for 
landfill siting in Texas, while Aragonés-Beltrán 
et al. (2010) used the Analytic Network Process 
(ANP) to identify the best location for landfill 
siting in Spain. On the other hand, Gorsevski 
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et al. (2012) evaluated landfill suitability in 
Macedonia by using GIS-based fuzzy MCDM 
approach, while Arkoc (2014) solved MSW 
landfill selection at Çorlu District by employing 
GIS with an overlay analysis. Furthermore, 
Torabi-Kaveh et al. (2016) coupled GIS 
analysis with a fuzzy AHP to locate a suitable 
landfill site in Iranshahr County located in Iran. 
Additionally, more information concerning 
decision-making techniques in solving landfill 
site selection problems can be referred to the 
article published by Mat et al. (2017). Table 1 
presents a summary of recent studies concerning 
landfill site selection problems.

With that, this paper presents a landfill 
site selection problem that emerges when a set 
of candidate landfill sites are already available 
and further evaluation is required to select 
the best site among them. In such a case, it is 

common for local authorities to opt for the 
most economical landfill in terms of operational 
cost incurred at the time of waste collection 
from customers until disposal of at the landfill 
site. Sahoo et al. (2005) reported that one-
third of waste management revenue is derived 
from landfill disposal and the remaining waste 
collection services. Moreover, given that the vast 
majority of income comes from waste collection 
services, increment in management level and 
technical efficiency (routing, dispatching, and 
maintenance) should be given priority. Hence, 
the utilisation of available resources can reduce 
operating costs (Sahoo et al., 2005). Besides, 
identifying the most suitable location for landfill 
facilities could also reduce operational cost, as 
well as routes taken by waste collection vehicles 
and the number of vehicles needed (Benjamin & 
Beasley, 2013). 

Table 1: Recent works on landfill site selection problem

Author(s) Descriptions

Vosoogh et al. (2017)
Zoning the pollution potential of the Mashhad aquifer by
using modified DRASTIC method and GIS to assess both old and new 
landfill sites.

Rahmat et al. (2017)
Determined a suitable site to dispose solid waste in Behbahan city in Iran 
by using a combination of GIS and
AHP.

Jamshidi-Zanjani & Rezaei
(2017)

Selected a landfill site in Markazi province in at Iran by using different 
methods, including ANP combined with fuzzy linguistic quantifier, ordered 
weighted average (OWA), and weighted linear combination (WLC) 
approaches in GIS.

Chabuk et al. (2017) Detected the most suitable landfill site by using GIS and
two varied methods of MCDM

Al-Ruzouq et al. (2018)
A combination of fuzzy membership and AHP in GIS
environment was used for landfill siting in Sharjah city,
United Arab Emirates.

Ding et al. (2018)
A selection of Construction and Demolition
(C&D) waste landfill sites in Shenzhen, China using GIS
and AHP methods presented

Kahraman et al. (2018)
Information axiom into a trapezoidal intuitionistic fuzzy set to overcome 
doubts among experts in deciding the best location for landfill siting in 
Istanbul included

Santhosh & Sivakumar Babu
(2018)

A landfill site selection process in Bengaluru
City in India using integrated AHP with GIS after considering groundwater 
vulnerability contamination assessment presented. The assessment was 
solved by using the DRASTIC method.
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Thus, in this study, in order to determine 
resource requirements for selecting good landfill 
site, the problem is solved as waste collection 
VRPTW. In constructing vehicle routes, various 
solution techniques have been successfully 
applied by previous research, for instances, 
heuristic approaches (i.e. Molina et al., 2019), 
exact methods (i.e. Lysgaard et al., 2004), and 
technology applications (i.e. Chaudhary et al., 
2019). Of all these, heuristic technique is the 
most appropriate technique for finding solutions 
involving real-world applications (Louati & 
Chabchoub, 2019). The greedy algorithm is 
one of the heuristics approaches which is often 
used (Karabulut & Tasgetiren, 2014; Delgado-
Antequera et al., 2019) in generating initial 
solution. Therefore, in this study, the nearest 
greedy (NG) algorithm is used for analysing 
resources such as total travel distance to transport 
collected waste to the landfill, number of drivers 
required for the collection and total working 
hours of drivers. All these resources affect waste 
management operating cost. With that, in this 
paper, a single landfill site selection problem 
by using NG algorithm had been investigated to 
reduce the operating costs incurred during the 
waste collection process. 

Materials and Methods
This section presents the real-life waste 
collection VRPTW benchmark problem sets 

and new approach to rank the candidate landfill 
sites used in this paper.

Benchmark dataset
This paper investigated the waste collection 
vehicle routing problem with time windows 
(VRPTW) benchmark problem employed to 
test the proposed landfill site selection model 
with resource requirements embedded into the 
model. The benchmark problem was introduced 
by Kim et al. (2006). The problem consisted of 
varying numbers of customers, landfill sites, 
vehicle capacity, and route capacity per day. The 
characteristics of each dataset are displayed in 
Table 2.

The first column of Table 2 lists the name 
of all datasets to represent the total number 
of nodes (i.e. depot, customers, and landfill 
site) involved in each dataset. Figure 1 depicts 
an example of dataset 102 (i.e. a total of 102 
nodes) which comprised of 99 customers, 
2 landfill sites, and 1 depot. In this study, the 
following scenario is illustrated where the 
waste collection process starts with an empty 
vehicle from the depot, collecting waste from 
one location (termed as customer) and unloaded 
the accumulated waste at the landfill. Then, the 
vehicle will leave the landfill and collect more 
waste from other customers’ locations until no 
waste is found to be collected and then return to 
the depot with an empty capacity. The number 

Table 2: Characteristics of Waste Collection VRPTW benchmark problem

Dataset / number 
of nodes

Number of
customers

Number of landfills
sites

Vehicle capacity 
(cubic yards)

102 99 2 280

335 330 4 243

804 784 19 280

1051 1048 2 200

1351 1347 3 255

1599 1596 3 280

1932 1927 4 462

2100 2092 7 462
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of landfill sites displayed in the third column of 
Table 2 is considered as the potential candidate 
landfill sites. For instance, dataset 102 consists 
of 2 potential landfill sites and the vehicle 
capacity is limited to 280 yards. Besides, for 
all datasets, the maximum number of customers 
served by each vehicle is 500 on a daily basis. 
Meanwhile, the duration of lunch break for 
drivers is an hour. Other than that, the vehicle 
travels in static speed, which is 40 miles per 
hour (mph). Furthermore, the coordinate of each 
node (depot/customers/landfill sites) provided in 
the dataset is in feet. 

The New Approach
The new approach proposed in this paper is 
projected to solve single landfill site selection 
problem, as illustrated in Figure 2. In this 
research, the ranking process starts by generating 
the distance and travel time matrix (n x n) for 

each dataset, where n is the total number of 
nodes (depot/landfill site/customer). The number 
of matrices constructed depends on the number 
of landfill site. For example, dataset 102 has two 
candidate landfill sites. Thus, the nearest greedy 
(NG) technique adopted from (Mat et al., 2017; 
Mat et al., 2018) was executed twice with varied 
distance and travel time at each execution. In 
the first run, distance and travel time between 
the nodes were used based on the coordinate 
of candidate landfill 1. Next, in the second run, 
distance and travel time between the nodes had 
been based on the coordinate of candidate landfill 
2. The total distance travelled, and the numbers 
of constructed routes were then calculated for 
each solution. After that, the solutions obtained 
were sorted in ascending order based on the 
total distance travelled. Lastly, the rank of the 
solutions is displayed, where the lowest distance 
is regarded as the best solution.

Figure 1: Location of nodes for dataset 102

Figure 2: Pseudo-code of ranking process
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Basically, the NG technique selected the 
closest customer from the present node to be 
served based on a set of problem constraints, as 
listed in the following:

•	 Maximum number of customers served per 
day

•	 Route capacity per day

•	 Driver’s rest break

•	 Vehicle travel speed

•	 Time windows (depot/customer/landfill 
site)

•	 Service time

•	 Each customer is serviced exactly once

•	 Each vehicle route starts and ends at the 
depot

•	 The amount of waste collected at each 
customer cannot exceed vehicle capacity

•	 The vehicle must be emptied at the landfill 
site before continuing servicing the 
customer or before returning to the depot 
(final trip)

Further elaboration pertaining to the 
technique employed by NG in constructing 
a vehicle route is illustrated in Figure 3. In 
addition, this study presents a new set of initial 
solutions constructed for each vehicle route 
that must start from the depot. A new vehicle 
route was constructed by identifying the nearest 
distance from a set of customers that needs to be 
scheduled from depot 0. Once ii was confirmed, 
the variables, the total capacity, and the present 
vehicle capacity were updated. Next, the rest 
period allocated to the drivers was determined. 
The drivers were permitted to take a break 
during their break time. Otherwise, the driver 
would need to identify the next closest customer 
jj to be serviced from customer ii. At the same 
time, the variables were updated.

Next, the vehicle was checked if it was 
loaded with waste. If the vehicle was full of 
load, a candidate landfill site was suggested 
for disposal of waste. Upon waste disposal, 
the candidate landfill site was included in the 
present vehicle route, in which the variables, the 

total capacity, and the present vehicle capacity 
were updated.

After that, the system determined if there 
was remaining customer(s) that required 
waste disposal service. Upon opening the time 
window, the vehicle would have to service the 
customers. In the absence of customers and 
after emptying the vehicle, the vehicle would 
need to return to the depot. Thus, the variables: 
total vehicle capacity and total customer visited 
per day, would be updated. However, a new 
vehicle would be used to collect waste from any 
remaining customer(s), indicating increment in 
the number of drivers. The new vehicle would 
eventually undergo the whole process starting 
from the initial phase. The whole process would 
be terminated as soon as all customers have 
sought the service.

Furthermore, it is worthy to highlight that 
the whole process was executed n times based 
on the number of candidate landfill sites derived 
from the dataset. For example, dataset 102 has 
two possible landfill sites. Thus, it was executed 
twice to construct two solutions for the dataset. 
In the first run, all collected waste from the 
customers was unloaded at landfill site 1, while 
in the second run; all the waste was unloaded at 
landfill site 2. 

Both solutions (obtained from both runs) 
provided resource requirements to serve all 
customers in terms of the total distance travelled 
and the number of drivers needed. The resource 
requirements from both solutions were further 
compared so as to choose the best landfill site 
for the dataset. The comparisons are discussed 
in detail in the next subsection.

Results and Discussion
This paper applied resource requirements to 
select the best landfill site. The outcome of the 
total distance travelled and the number of drivers 
needed had been determined for the waste 
collection process. As such, the NG technique 
was coded in C++ and run on a Pentium® Dual-
Core CPU T4300 @ 2.10GHz with 3.00 GB 
memory. Besides, this very approach was tested 
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on the same benchmark problem employed by 
Kim et al. (2006) and Benjamin and Beasley 
(2010, 2013). With that, Table 3 until Table 10 
present the resource requirements needed to 
serve all customers if each candidate site was 
selected as a landfill site. The third and the 
fourth columns of the tables display the resource 
requirements, whereas the last column shows 
the ranking of the candidate landfill sites.

Table 3 presents the resource requirements 
that served 99 customers based on two different 
landfill candidate sites. Based on the solution 
proposed by NG technique, if site 1 was selected, 
the waste management team would need to hire 
three drivers to serve the customers and the total 
distance travelled by all the drivers would have 
been 257.21 miles. Meanwhile, if site 2 was 
selected, they also need to hire the same number 

Figure 3: Flow chart of the NG technique to construct vehicle routes

Table 3: Computational results for dataset 102 

Dataset Landfill ID Total distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on total 

distance

102 1 257.21 3 4 1

2 701.66 3 8 2
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of drivers, but the total distance would have been 
higher when compared to site 1 (an increment 
by 172.8%). Average working hour per driver if 
site 1 was selected is 4 hours. While, average 
working hour for site 2 is 8 hours, this is due to 
the location of landfill site 2 which is far from 
the customers (refer to Figure 1). Moreover, 
as observed, the waste management team was 
given two options, either site 1 or site 2. If 
site 1 was selected, they could save thrice the 
resources required (i.e., fuel consumption), as 
compared to site 2, where the distance travelled 
by all drivers was longer.

Table 4 presents the resource requirements 
needed to serve 330 customers based on four 
different landfill candidate sites. Based on 
the solution proposed by NG technique, site 
1 emerged as the best choice, when compared 
to the rest. The total distance travelled by all 
drivers was 213.28 miles and average working 
hour per driver if site 1 were selected is 5 hours. 
Meanwhile, all candidate landfill sites would 
require six drivers, the same number. 

Table 5 presents that dataset 804 proposed 
two candidate sites: sites 3 and 9. Both sites 
would require similar number of resources (6 

Table 4: Computational results for dataset 335 

Dataset Landfill ID
Total 

distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on total 

distance

335

1 213.28 6 5 1

2 552.35 6 6 2

3 688.37 6 7 3

4 865.45 6 7 4

Table 5: Computational results for dataset 804 x

Dataset Landfill ID Total distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on total 

distance

804

1 1545.27 7 9 4
2 2582.25 10 9 14
3 801.05 6 8 1
4 1781.39 8 9 6
5 1987.39 8 9 9
6 2037.66 8 10 11
7 2582.25 10 9 14
8 805.48 5 10 2
9 801.05 6 8 1
10 1495.67 7 9 3
11 1754.50 8 9 5
12 1818.47 8 9 7
13 3670.64 11 10 14
14 2448.19 10 9 13
15 2007.04 8 10 10
16 2074.75 8 9 12
17 1781.39 8 9 6
18 1866.26 8 9 8
19 1545.27 7 9 4
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drivers, 8 hours working duration per driver in 
average and a total of 801.05 miles in travel 
distance). Therefore, the authorities are given 
two options to choose either site 3 or site 9 as 
a landfill site. If the authorities faced limited 
resources, such as drivers, they could choose 
site 8, which would need only five drivers to 
serve 784 customers. However, the total travel 
distance of all drivers was 805. 48 miles, 
indicating an increment by 4.43 miles (0.55%), 
when compared to sites 3 and 9.

Table 6 presents the resource requirements 
that would be required to serve 1048 customers 
based on two candidate sites. Based on the 
solution proposed by NG technique, both 
sites would need eighteen drivers to serve the 
customers, while the lowest total distance 
travelled by all drivers would have been 3048.53 
miles (site 1). If site 2 were selected, the same 

number of drivers would be required, but the 
total distance would escalate, as compared to 
site 1 (an increment by 1.73%). Average working 
hour per driver would be 7 hours.

The results depicted in Table 7 shows the 
resource requirements needed to serve 1347 
customers based on three different landfill 
candidate sites. Based on the solution proposed 
by NG technique, site 3 appeared to be the 
most suitable site that gave the lowest total 
travel distance in serving all the customers. 
The average working hour per driver for site 3 
would be 7 hours. However, all the candidate 
sites would require the same number of drivers, 
a total of 8. 

Table 8 displays the resource requirements 
needed to serve 1596 customers based on two 
different candidate landfill sites. Based on the 

Table 8: Computational results for dataset 1599 

Dataset Landfill ID Total distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on 

total distance

1599
1 3012.37 18 9 2

2 1847.19 15 10 1

Table 7: Computational results for dataset 1351 

Dataset Landfill ID Total distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on 

total distance

1351

1 1290.81 8 8 2

2 1382.95 8 8 3

3 1040.01 8 7 1

Table 6: Computational results for dataset 1051 X

Dataset Landfill ID
Total 

distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on total 

distance

1051
1 3048.53 18 7 1

2 3101.20 18 8 2
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solution proposed by NG technique, if site 2 
were selected, the waste management team 
would need to hire fifteen drivers to serve the 
customers and the total distance travelled by all 
drivers would have been 1847.19 miles. Average 
working hour per driver would be 10 hours for 
site 2. On the other hand, if site 1 were selected, 
more drivers and more coverage of distance (an 
increase of 63.08%) would be needed, when 
compared to site 2.

The computational results presented in 
Table 9 show the resource requirements needed 
to serve 1927 customers based on four different 
candidate landfill sites. Based on the solution 
proposed, site 4 provided the lowest distance in 
serving all the customers. However, the same 
number of drivers (sixteen) would serve all the 
customers for each candidate landfill site and 
the average working hour for each of driver is 
similar for all sites which is 13 hours.

Lastly, Table 10 demonstrates the resource 
requirements needed to serve 2092 customers 
based on seven different candidate landfill 
sites. Based on the solution proposed by NG 
technique, site 3 offered a better solution, as 
compared to the rest. If site 3 were  selected, 
the waste management team would need to hire 
eighteen drivers to serve all the customers, the 
total distance travelled of all drivers would have 
been 2300.23 miles and 10 hours would be  the 
average working hour of all drivers.

Conclusion
This paper has introduced a new approach to rank 
the candidate landfill sites based on resource 
requirements, such as the total distance travelled 
and the number of drivers needed. As such, 
the nearest greedy (NG) technique was used to 
evaluate both resources. The proposed approach 

Table 9: Computational results for dataset 1932 

Dataset Landfill ID
Total 

distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on 

total distance

1932

1 1431.17 16 13 3

2 1384.60 16 13 2

3 1431.89 16 13 4

4 1368.36 16 13 1

Table 10: Computational results for dataset 2100

Dataset Landfill ID
Total 

distance 
(miles)

Number of 
drivers

Average 
working 
hour per 

driver

Ranking 
based on 

total distance

2100

1 3258.36 20 10 4
2 5203.36 25 9 7
3 2300.23 18 10 1
4 3687.20 21 10 6
5 3502.47 21 10 5
6 2949.76 19 10 2
7 3005.00 19 10 3
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was tested on a waste collection vehicle routing 
problem with time windows (VRPTW) dataset 
suggested by Kim et al. (2006). As a result, 
the computational findings showed that both 
resources (travel distance and drivers) greatly 
influenced the landfill site selection problem. If 
the number of customers who seek the service 
is higher, then more resources would need to be 
allocated. In the near future, the authors would 
like to consider a multiple landfill site selection 
in the attempt to devise more reliable solutions.
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