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Abstract. In this paper, vehicle routing problem (VRP) with time windows and real world constraints are
considered as a real-world application on google maps. Also, tabu search is used and Hopﬁeld neural networks is
utilized. Basic constraints consist of customer demands, time windows, vehicle speed, vehicle capacity and
working hours. Recently, cost and on-time delivery are the most important factors in logistics. Thus, the logistic
applications attract attention of companies. In logistic management, determining the locations of delivery points
and deciding the path are the vital components that should be considered. Deciding the paths of vehicles
provides companies to use their vehicles efﬁciently. And with utilizing optimized paths, big amounts of cost and
time savings will be gained. The main aim of the work is providing the best path according to the needs of the
customers, minimizing the costs with utilizing the VRP and presenting an application for companies that need
logistic management. To compare the results, simulated annealing is used on special scenarios. And t-test is
performed in the study for the visited path in km with p-value of 0.05.
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1. Introduction
In ever evolving and improving world, logistics becomes a
remarkable factor between competing companies. The
companies present many innovations about logistics area to
be able to deliver, provide the needed products and service
to their customers on time, at the demanded place. Latest
developments in technology induce the improvements
about logistics area in companies. It is very important and
vital to provide the demands of the customers on time for
the companies’ prestige. Besides, while providing the needs
of customers, to provide better working platforms for their
own staff together with having maximum proﬁt and minimum cost are the main aims of the companies.
Hence, companies focus on explorations about vehicle
routing problem (VRP). Researches about VRP started with
travelling salesman problem (TSP) [1]. The VRP problem
consists of the problems that reveal during the delivery/collection of products and presenting of service to the
customers from one or more depot. The VRP varies
according to its application areas, thus many different
solutions, methods are presented for them. The solutions
mostly focus on the efﬁcient utilization of deﬁnite amounts
of capacity having delivery vehicles with considering
vehicle capacities and service time limits of the customers
[2].

An extension of the bacterial foraging optimization
(BFO) algorithm with time-varying chemotaxis step length
and comprehensive learning strategy is proposed in [3]. The
adaptive comprehensive learning bacterial foraging optimization (ALCBFO) method was used on vehicle routing
problem with time windows (VRPTW). An agent-based
cooperative population learning algorithm for the vehicle
routing problem with time windows is presented in [4].
Also, an adaptive large neighbourhood search (ALNS)
heuristic algorithm was presented in [5] for the pickup and
delivery problem with time windows and scheduled lines
(PDPTW-SL). The capacitated vehicle routing problem
(CVRP) is explored in [6]. Four algorithms are utilized to
solve the considered problem: an improved intelligent
water drops (IIWD) algorithm as a new swarm-based nature
inspired optimization one; an advanced cuckoo search
(ACS) algorithm; and two effective presented hybrid metaheuristics incorporating these methods, known as local
search hybrid algorithm (LSHA) and post-optimization
hybrid algorithm (POHA). A new variant of the time-dependent VRP was studied in [7] with allowing more than
one edge between the nodes. And the problem was
designed as the time-dependent vehicle routing problem in
multigraph which derived the FIFO property. And also, a
heuristic tabu search (TS) algorithm was utilized for
resolving the problem. Open vehicle routing problem with
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cross-docking (OVRPCD) is addressed with presenting a
simulated annealing (SA) algorithm in [8]. The SA algorithm includes many neighbourhood structures for
increasing the performance on solving OVRPCD. The
clustered CVRP is studied in [9]. To solve the clustered
CVRP, a two-level solution approach is presented to gain
high quality solutions. A metaheuristic based on iterated
local search was improved for the multi-depot vehicle
routing problem with simultaneous deliveries and pickups
(MDVRPSDP) in [10]. Also, an adaptive neighbourhood
decision mechanism was inserted into the improvement
steps and then, the perturbation steps of iterated local
search.
Most of the existing papers for solving VRP problem
include only graphical illustrations to address the problem,
but for a real life solution, map applications are required.
Recently, a few papers considered to study VRP on real
map whereas adding this feature will provide the VRP
problem to be solved as a real life problem with working on
real transmission roads and will minimize total cost of the
problem.
Although the VRP with deliveries have frequently studied in real life scenarios of logistics, working on a real
world application on google maps has received less attention so far. In literature, a few number of papers have used
metaheuristics to solve the vehicle routing problem on
google maps.
In this paper, we study the VRP problem on both real
map and graph illustrations to present more signiﬁcant
solutions. Furthermore, we consider not only optimization
of a VRP but also present a user friendly logistics application together with a database that can be utilized in
logistics ﬁrms. Because, there are a few papers that include
logistics applications. Also, we focus on tabu search
because of its simple and ﬂexible structure that provides
better computation time. Tabu search is used for VRP and
compared with SA on special scenarios.
The main aim of the paper is to present an application
that optimizes the routes with considering the VRP limits.
The application is developed as windows form application.
The map is constructed by utilizing gmap.net library. For
the related data, Microsoft SQL server is used. In the paper,
the vehicles use one depot, visit delivery points at most one
time and deliver the packets to the customers in between
the deﬁned time periods which are known as time windows.
During the process, the minimum cost having path is produced by Tabu search algorithm. The routes are illustrated
and shown as a graph on windows form and also on google
maps. As a result of the optimization process, the gained
outcomes are presented with graphics.
The rest of this paper is organized as follows. In section 2, VRP problem is proposed with its basic components, general aims, basic types and solution methods.
Section 3 brieﬂy presents main components of tabu search
algorithm. The proposed system is given in section 4. The
presented scenarios and the gained results are compared

and presented in section 5. The comparisons are given with
an application of tabu search on Hopﬁeld neural networks
and SA in section 6. The paper ends in conclusion by
proposing concluding remarks.

2. VRP problem
2.1 Basic components of VRP
VRP owns some components from real life: route, customers, vehicles, depot centers, drivers, constraints and
aims. Route network is represented with a graph in VRP. In
a graph, there are nodes and edges. In VRP, the routes are
represented by edges and the customers are represented by
nodes. The graphs may be directed or undirected. Customers are the units who may have a packet that should be
delivered from the depot or send to a destination.
The constraints vary according to the rules of the transportation, the quality of the logistics service and the
working conditions of the drivers. However, the constraints
are layered in three steps. The constraints about the vehicles
are as follows: vehicle capacity constraints, the sum of the
spent time constraint during the delivery, the driver’s daily
working hours constraint that will be decided by ministry of
labour and number of vehicles constraint that are waiting in
a depot. The constraints about the customers are as follows:
time constraint at the delivery area, the constraint of not to
come by a delivered customer again. Other constraints are
as follows: a vehicle may use the same route more than
once, the total delivery time is more than a daily delivery
time period [11].

2.2 General aims of VRP
In VRP, the applications are developed according to the
requested aims. These aims are to minimize the delivery
and vehicle costs, to optimize the number of vehicles and
drivers, to optimize the spent time during the delivery
period, to minimize the total visited distance. The applications may be developed according to one of these presented aims or some of these presented aims by combining
them and also considering their contradictions. Then the
VRP problem turns into a multi-objective decision
problem.
VRP considers providing convenient service distribution
for customer demands between the deﬁned points on the
map. Application areas develop according to the demands
of customers. Basic application ﬁelds are fuel and diesel
delivery, the arrangement of the soldiers in a battleﬁeld,
ﬂights of airplanes, delivery of food and beverage to the
restaurants, delivery of money to the bank ATMs and cash
machines, student and worker services, delivery of packets
that are purchased by shopping over internet, garbage collecting and transporting [12].
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2.3 The types of VRP and solution methods

3.1 Main components of tabu search algorithm

To develop applications in VRP, its limitations are considered. VRP is sublayered according to these limitations.
VRP with time windows: every customer has time limitations, thus the delivery to the customers should be performed in between the pre-deﬁned time periods. VRP with
backhauls: the delivered packets to the customers might
need to return for some reasons. The deposit of the delivered product may need to be collected, the package and
wrapping of the products can be collected for recycling or
the product may return by the customer. The VRP is performed together with considering these parameters. Multiple capacitated VRP: The utilized vehicles have different
transportation capacities. Split delivery VRP: more than
one vehicles may serve to one customer. Multiple depot
VRP: the number of depots may be more than one,
according to the transportation corporation and number of
customers. In this case, every one of a vehicle leaves from
its depot, delivers its packets and returns its depot. And
different distance VRP is considered when the arrival distance to the customer and return to the depot after delivering to the customer are different during the delivery [13,
14].

Basic components of tabu search algorithm are a starting
solution, movement mechanisms, neighbourhood, memory,
tabu list, tabu destroy criterions and stopping. A starting
solution is needed for the solution of tabu search algorithm.
Different solution methods may be used to acquire a
starting solution. These results are gained as randomly and
also a solution can be gained with heuristic methods. In the
project, the starting solution is gained with greedy
approach. In greedy approach, the possible closest one to
the solution is chosen. According to this approach, ﬁrstly a
city is chosen as a starting point, then the closest another
city is chosen, thus a city list is formed with adding closest
city to the last one. The gaining of new solutions with the
alteration over existing solutions is performed by movement mechanism. The possible movements in movement
mechanism form the neighbourhood table of existing
solution. These movements can arise as the movements
between the routes and for the routes.
One of the most important components of tabu search
algorithm is a neighbourhood structure. The main aim of
optimizing the solution is to choose best movements. To get
true results with the algorithm, neighbour choosing is also
an important factor. While choosing the neighbours, n?1
neighbours should be decided for n chosen points.
Another component of tabu search algorithm is memory.
The arised states during the tabu search algorithm and the
states that should not be searched are listed in a list which is
known as tabu list. And the states that should not be
allowed are named as tabu. The memory is temporary and
is used to avoid a vicious cycle. After a while, these
movements are removed from tabu list and they are allowed
to be used [19]. Tabu list keeps the states that should not be
looked at during the search. The size of the tabu list affects
the result. Tabu destroy criterions are the states where the
tabu disappears. Most general tabu destroy criterion is
getting closer result with the produced solution than older
solution, as a result of this, the tabu is destroyed. The
effectiveness of tabu search algorithm increases with utilizing this criterion. Tabu search algorithm continues its
search till providing one or more stopping rule. Some of
these rules are: the chosen neighbour solution has no
neighbour, to reach a deﬁnite number of iterations, to reach
a deﬁnite value of a solution, the algorithm gets stuck and it
does not produce better results [20].

3. Tabu search algorithm
In VRP solution methods, tabu search algorithm belongs to
meta-heuristic method under heuristic methods. Tabu
algorithm is developed by [15] for proposing an optimized
solution for VRP. It is inspired by human memory’s
working principles. The basic idea of tabu search algorithm
is preventing from repetitions and prohibiting or punishing
the repetition in the next step. The main aim of tabu
algorithm is satisfying the deﬁcient parts of simple hill
climbing heuristic (HC). In HC, new solution candidates
are compared with the old solution and the proximity
between solution and result is decided. The closest solution
to the result in between the new solution candidates and old
solution is replaced with the old solution. And this factor
may cause a vicious cycle in HC, it may be stuck between
more than two neighbourhoods having same distance. The
properties of the searched area or not choosing the most
suitable HC may route the search that has not utilized a
control mechanism to the best local points. In real life
problems, there are many local bests but less global bests
are found and also in some situations there is sole, thus it is
inevitable to emerge a vicious cycle.
In this case, tabu search algorithm advises to use memory
usage to avoid a vicious cycle. Already visited or the
candidate solutions that should not be visited are kept in a
short time memory like list which is called as tabu list.
Thus, the steps in the related list are not used for a deﬁnite
period of time. The search avoids of local searching and
closer results to the real result are gained [16–18].

4. Proposed system
VRP is one of the most important topics in management.
Here, the problem consists of one depot and randomly distributed locations having customers’ deliveries with minimum cost, minimum number of vehicles and shortest route.
In addition to the basic limitations of VRP, every customer is
visited once and every route starts and ends at the depot. Main
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components of VRP are composed of delivery network,
customers, vehicles, depots, drivers, limitations and aims.
In the system, many basic parameters of VRP are considered: minimizing the total transportation cost by considering the travelled total distance of vehicles, minimizing
the number of vehicles which are utilized to deliver the
packets to the customers. And computing and minimizing
the total time period of the related delivery path with
considering the capacity of the delivery vehicle. These aims
are intended to be provided in the presented paper. The
produced results are presented together with older results of
previous routes, thus user may compare the gained results
with previous results. VRP with time windows and tabu
search algorithm is utilized in the project.
The improved application can be utilized by cargo corporations. Routes will be deﬁned according to the needs of
the corporations. In the application, VRP with time windows will decide the routes according to the customer’s
time intervals. The application can be used in many different areas such as deﬁning routes for space vehicles in
space stations. The time windows will be important for
space stations because the time intervals of sun is vital for
space stations. And VRP with time windows can easily be
modiﬁed according to the needs of space vehicles. Also, it
can be used in fuel and diesel delivery, student and worker
services, garbage collecting and transporting. To provide a
more convenient system, the positions of the delivery
points and depot are assigned with using mouse on the
gmap.net library. And also the determined routes are presented over the map of gmap.net library. The coordinates of
depot and customers are kept in the database. With the help
of these values, the coordinates on the map are matched
with the pixels on the windows forms and graphical illustrations are performed over windows forms. And .Net
Visual Studio 2013 Standard edition with SQL Management Studios database is utilized.

4.1 System interfaces
Interfaces of the presented VRP system are formed as
Windows forms with Microsoft Visual studio C#. Main
interface is designed as neat and user friendly. The main
aim of the presented interface design is providing easy to
use interfaces for users. Main interface is composed of two
parts. The user can easily manage the program and make
some processes over the ﬁrst part. The routing will take
place over second part which is a gmap.net map together
with the illustrations of the depot and customers’ locations.
In addition to this, with the route button, the optimized
route is illustrated over the map. With the graphic button,
the route over the map is illustrated over the graph. Added
depots and cargo delivery points are represented with
DataGridViews. The stations interface is the ﬁrst interface
of the system. Depot and cargo delivery determination
processes take place over stations interface.

Figure 1. Main interface with vehicles part.

The vehicles are added and removed from the system over
vehicles interface. Added vehicles are illustrated over DataGridView as given in ﬁgure 1. After the route deﬁning process,
according to the optimized result, the delivery order of the
cargos and serving time periods to the customers are deﬁned at
report interface. Also, the cargo delivery addresses are proposed with excel. Depots’ and cargo delivery points’ locations
can be determined and illustrated on the gmap.net map.
Addresses, coordinates of related depot and cargo delivery
points are gained from gmap.net map. And also processes are
performed according to the information. Besides, with the
route button, routes can be illustrated over the map.
The results are presented in one interface. Here, the results
are given after the routing processes with DataGridView. The
results are gained before and after using the presented system
and they are given together with the routes. And also, these
results are illustrated as graphically on an interface together
with the DataGridView. The DataGridView includes whole
routes and lists starting from the last one till the ﬁrst one. In
the DataGridView, many data are presented about routes:
route no, route, the sum of the route in meters before using the
proposed system, the sum of the route in meters after using
the proposed system, the cost of the route in kuruş (Turkish
lira) before using the proposed system, the cost of the route in
kuruş (Turkish lira) after using the proposed system, the
emission of the route in gr before using the proposed system,
the emission of the route in gr after using the proposed system, the total spent time in minutes before using the proposed
system, the total spent time in minutes after using the proposed system. For the calculations in the system, real distances are taken as km by gmap.net according to the gained
distance, with using average vehicle speed and average
emission rates. With the proposed system many results are
gained: cost, distance, emission and spent time. These results
are given with graphics by comparing the optimized solution
with the initial solution.

An optimization algorithm for a capacitated VRP
In the report interface, the information of addresses of
customers that will be visited, the information of the cargo
vehicle’s visiting time to the customer and the information of
time period of serving to the customer data are given. In the
presented application: the corporation’s working hours starts
at 08.00 AM, the vehicle leaves the depot, visits whole
delivery points and turns back to the depot, the service period is
15 min for every customer. If needed, the data on the page can
be transferred to a excel ﬁle and editing can be done. After the
routing process, packets’ delivery data can be listed. Delivery
addresses, the distances of these delivery addresses as meters
and each packet’s service time periods are given on the ﬁle.

5. Presented scenarios
After choosing the depot and cargo delivery points, the
system starts with greedy algorithm and produces a starting
solution. Then, with utilizing the produced starting solution, tabu search algorithm is used. And optimized solution
is gained and consequently the route is produced. As shown
in ﬁgures 3 and 7 the vehicle left the depot, wandered the
whole delivery points according to the tabu search algorithm and turned back to the depot. To avoid the disorder,
the path from the depot to ﬁrst cargo delivery point is
represented with blue coloured arrow and the path from the
last cargo delivery point to the depot is represented with a
black coloured arrow. Other paths between the cargo
delivery points are represented with a green coloured
arrow.
In the system, before adding a vehicle, the user should
add a depot for the application. If the user does not add a
depot before adding a vehicle then the system will present a
warning message because the user tries to add a vehicle to
an application that does not have a deﬁned depot. To add
vehicles, user should choose one of the three vehicles that
are given on the page or the system may decide the vehicle
according to the packet amounts in kilogram that will be
delivered. The vehicles’ capacity, average fuel usage rate
and emission rates are given together with their pictures on
the page. The user can decide which vehicle to choose
according to vehicle’s properties. The chosen vehicle’s
basic information are shown on the page in the DataGridView which are the number of the vehicle, its type, its
related depot number and its average speed.
Capacity and average fuel usage rate are compared
before and after tabu search algorithm which is applied to
the system. Results are gained before optimizing the system
and also results are gained after optimizing the system with
the proposed algorithm, then results are compared. Also,
the vehicles that will be used in the scenarios are decided
by the program according to the cargo amounts. In the
presented project, every cargo is assumed to be 100 kg. The
sum of the cargo amount is calculated and the program
decides which vehicle will be used in the scenario. Added
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vehicles, chosen cargo positions and depots can be erased
from DataGridView. The vehicles’ speed limit is decided as
50 km/h. Because the vehicle speed limit is 50 km/h in the
city. It is assumed that one litre of fuel’s cost is around 4.75
TL. The total cost of the whole scenarios’ are computed in
Turkey’s currency unit (TL).

5.1 Scenario-1: Localization of customers
and the depot between the counties of Istanbul,
Turkey
In the ﬁrst scenario, 16 customers are served between the
counties of Bahcelievler, Zeytinburnu, Bayrampasa, Kagithane, Beyoglu, Maslak, Bahcekoy, Zekeriyakoy, Poyraz,
Kaynarca, Akbaba, Gorele, Arnavutkoy, Umraniye, Kadikoy and Atasehir with the depot in Uskudar, Istanbul,
Turkey as given in ﬁgures 2, 3, 4 and 5. In ﬁgure 2, the
depot and customers’ locations are positioned.

Figure 2. Localization of customers and the depot on the map.

Figure 3. Shortest path between the customers and the depot
over the google maps and over a graph.
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Figure 4. Detailed list of customers with their private data.

Figure 6. Localization of customers and the depot on the map.

Figure 5. The tour lengths in different cities with their counties.

In ﬁgure 3, the shortest path is computed according to
the presented system. The route is illustrated over the
google maps and the graph for the chosen vehicle.
In ﬁgure 4, the detailed list of customers with their private data is given. The list includes many vital data about
the customers for the system. The addresses of the customers, the travelled distance between the locations, arrival
time to the customers, leaving time from the customers,
time windows of the customers, data of the cargo, data of
the depot and data of the vehicle are kept in the list.
The tour lengths change in different cities depending on
the crowded population of the city. Sixteen counties are
visited in different cities on the map to reveal the tour
lengths’ changes depending on the crowdedness and vastness of the cities in ﬁgure 5. Because the increase in population produces bigger cities with more roads, trafﬁc and
buildings. The tour lengths are mostly affected by the trafﬁc
and one way roads of the considered city. Especially, in
Istanbul and Ankara which are the biggest cities of Turkey,
one way roads cause great tour length increases because of
working on a real time map. Thus, Istanbul has the longest
tour length when compared to other cities.

Figure 7. Shortest path between the customers and the depot
over the google maps.

5.2 Scenario-2: Localization of customers
and the depot between the cities in Turkey
In the second scenario, 16 customers are served between
the cities of Tekirdag, Istanbul, Izmit, Bursa, Kırklareli,
Kutahya, Balıkesir with the depot in Istanbul, Turkey as
given in ﬁgures 6, 7, 8, 9 and 10. In ﬁgure 6, the depot and
customers’ locations are positioned.
In ﬁgure 7, the shortest path is computed according to
the presented system and the route is illustrated over the
google maps for the chosen vehicle.
In ﬁgure 8, the shortest path is computed according to
the presented system and the route is illustrated over a
graph for the chosen vehicle.
In ﬁgure 9, the detailed list of customers with their private data is given. The list includes many vital data about
the customers for the system.
The tour lengths change in different regions depending
on the surface area of the region. Sixteen cities are visited
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Figure 10. The tour length between cities in different regions.

Figure 8. Shortest path between the customers and the depot
over a graph.

Figure 11. The travelled distance between the customers and the
depot.

Figure 9. Detailed list of customers with their private data.

in different regions on the map to reveal the tour lengths’
changes depending on the crowdedness and vastness of the
regions in ﬁgure 10. Thus, biggest surface area owning
region which is Central Anatoli region has the longest tour
lengths when compared to other regions.

5.3 The travelled distance and cost results
of scenario-1 and scenario-2
In ﬁgures 11 and 12, initial results (without performing the
presented system) and optimized results (after performing
the presented system) are given. The results of the traversed
distance are given in meters (m) in ﬁgure 11. The total cost
of the consumed fuel before applying the presented system
and the total cost after applying the presented system are
given in Turkey’s currency unit (TL) in ﬁgure 12. Also,
optimization rates are proposed on ﬁgures 11 and 12.

Figure 12. The total cost of the consumed fuel.

The data is examined by the paired sample t-test method.
The test results are presented in table 1. Gained results
show that the tabu search algorithm performs signiﬁcantly
better as in t-test with p value of 0.05 in terms of visited
path in km.
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Table 1. Statistical results of paired t-test.
Path in km
Before optimization
(km)
Sample size (n)
Mean (X)
Standard
deviation(s)
T-value (t)
P value

After optimization
(km)

20
33,595
24,337

20
20,215
14,113

5,607,201,688
104,335 9 10-5

Figure 14. A warning message for a localization problem.
N
dui
ui X
¼ þ
Ti;j VJ þ Ii
dt
r
j¼1

Figure 13. Localization of the customers and the depot.

ð1Þ

where V = f(ui) is output signal (vector) of neuron. Also, u,
T, and I are the state vector of neuron, connection strength
matrix and bias of the ith neuron, respectively; r is the RC
time constant; u0 is a constant.
The output function is given by

 
1
uxi
1 þ tan h
Vxi ¼ f ðuxi Þ ¼
for all x; i
ð2Þ
2
u0
The general energy function for the Hopﬁeld network
[22] is described by

5.4 Scenario-3: Localization warning
In the project, if a user positions a customer’s location in the
sea as in ﬁgure 13, the system warns the user about the
inappropriate position of the chosen location with a warning
message as presented in ﬁgure 14. And the user is forced to
position the customer’s location on the land over the map.

6. Comparisons with applications of tabu search
6.1 Hopﬁeld neural network
The connection between neural networks and physical
systems which are considered in statistical mechanics is
established in [21] by Hopﬁeld. Real world situation
problems are easily constructed as optimization problems.
And the Hopﬁeld network is mostly used for solving
optimization problems, by mapping the optimization
problem over a neural network. So that the network conﬁgurations correspond to possible solutions of the considered problem.
The dynamics of the network that present the output of
the neurons in the Hopﬁeld network are described by

E¼

N X
N
N
X
1X
Ti;j Vi Vj 
Vi Ii
2 i¼1 j¼1
i¼1

ð3Þ

where N is the number of neurons, Tij represents the weight
of interconnect between the input of the neuron i and the
output of the neuron j.
The energy equation [23] is given by
E¼

AXXX
BXXX
Vxi Vxj þ
Vxi Vyi
2 x i j6¼i
2 i x x6¼y
!2
C XX
þ
Vxi  K
2
x
i
DXXX
þ
dxy Vxi ðVy;iþ1 þ Vy;i1 Þ
2 x y6¼x i

ð4Þ

where K is used as a parameter to adjust the neutral position
of the ampliﬁers utilized to construct the network [23].
6.1a Tabu Search on Hopﬁeld neural network comparison with
the proposed structure: In optimization problems that are NPhard for heuristic approach, Hopﬁeld method was also used. In
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Table 2. Tour length results of scenarios.
Minimum Maximum Average
16-city scenario
17-city scenario (Tabu Search
on HopeﬁeldNN scenario)

2681
3441

4228
4985

3705
4497

traveling salesman problem, when gradient descent based
Hopﬁeld neural network is used as a method, it is hard to gain
an optimal solution. Because of its gradient descent based
structure and many local minima owning energy function.
Thus, to gain better solutions, it’s very important to escape
from local minima. To improve the quality of the solutions
together with the computation time, a tabu search into a
Hopﬁeld type neural network method is proposed for taking
advantage of ﬂexible and simple tabu search in [24] for TSP.
With providing a proper energy function, Hopﬁeld method can
be utilized for many problems. But, there are two factors that
affect the quality of the gained solutions and computation
time. The ﬁrst one is the energy function‘s multiple local
minima. And the proportional rise of neurons to the square of
the number of cities is the other vital factor. Tabu search is
used to overcome both of these problems. The Hopﬁeld network structure and energy function is presented together with
the coefﬁcients in [24]. Here, to ﬁnd a better solution, tabu
search discards local minima with enforcing limitation for
utilization of short term memory of last solutions. Main idea
and algorithm of this paper is used on VRP with its 17-city
scenario for comparing the proposed 16-city scenario.
The proposed 16-city scenario is compared with the 17
city problem data which is gr-17 from TSPLIB [25].
Average tour length, minimum tour length and maximum
tour lengths are considered. The proposed 16-city scenario
produced better results than the compared 17-city scenario
as presented in table 2.

6.2 Tabu search and SA comparisons
with the proposed structures
SA is a metaheuristic and it was introduced in [26]. It is an
iterated local search algorithm that enables bad solutions to
escape from local minima. To prevent from low quality
solution, non-improving moves are probabilistically accepted
in an attempt. With its simple logic, the cyclic order neighbourhoods can be utilized in many problems such as the VRP
and the set covering problem [27, 28]. SA is a hill climbing
algorithm but it is slower than a simple hill climbing procedure thus it needs longer computation time. Also, in the search
space, it can escape from local optima with its speciality [29].
An SA algorithm for the two-dimensional loading
heterogeneous ﬂeet vehicle routing problem (2L-HFVRP)
is proposed with a heuristic local search in [30]. In VRP,
the impact of triangle inequality violations on solution
quality is presented considering SA, ant colony

Figure 15. Total costs of tabu search and simulated annealing
based 2-phase heuristic.

optimization and savings algorithm methods in the paper
[31]. In [32], a hybrid approach is presented to minimize
the total distance and costs for the third party reverse
logistics provider (3PRLP). In the study, Sweep and
Clarke-Wright savings algorithm is combined with SA
algorithm. A combination of harmony search and SA metaheuristics is presented as a new integer programming model
for transportation with cross-docking, direct shipment and
milk run logistics in [33]. In [34], a vehicle routing problem
with time windows (VRPTW) is considered together with
deciding best routes and ﬁnding lowest travel cost. An SA
approach is utilized in the presented novel mathematical
model to overcome the problem.
Total cost in currency is compared for different number
of customers in ﬁgure 15. The tabu search and SA algorithms are implemented on randomly generated scenarios
with one depot and nearly 20 customers. In SA based
2-phase heuristic, the ﬁrst phase includes the assigning of
customers to the depots and in the second phase an SA
algorithm for solving the single depot VRP is proposed.
And collected results are compared. Our proposed tabu
Search based scenarios are compared with the SA based
scenario in [35]. The tabu Search gives better solution
when compared to the SA based solution for total cost in
currency. There is small gap between gained solutions of
algorithms, and usually the gap between tabu search and
SA solutions is equal to zero.
Tabu search and SA is known as similar in many ways.
However, they differ in analysing the search space and
achieving convergence. SA uses a cooling scheme but long
and short term memory is used in tabu search [36, 37].

7. Conclusion
The system is designed to ﬁnd the optimized routes for
cargo ﬁrms while delivering the packets to the customers.
Also, if it is demanded, it can be easily integrated to many
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sectors and areas. Because of the ﬂexible structure of the
program, instead of using the system only at cargo ﬁrms,
the system can be used at school services or factory services
that transports the students or workers in between their
homes, schools or factories. It is very easy to utilize the
program in different usage areas which are based on
deﬁning and ﬁnding optimized routes.
In cargo delivery systems, determining the routes, providing the delivery in a smooth manner and providing
customer contentment are the most important factors. The
proposed system will provide many advantages to related
companies and corporations. The most important one of
these advantages is ﬁnding and utilizing the shortest path,
thus the corporations will gain great amounts of savings.
Also, vehicle maintenance costs are decreased. Consequently, it is obvious that the system will provide big
amounts of proﬁt and acquisition. From the experimental
results, it is shown that our algorithm outperforms the
compared methods for the VRP problem.
Besides, t-test is conducted and p-values is calculated to
decide if the presented algorithm’s performance is good
enough. It is realized that the presented tabu search algorithm’s performance is better with 95% conﬁdence at visited path in km.
As a future work, in addition to decreasing costs,
diminishing the emission rates of Co2 may be considered as
a main study topic. Thus, the damage which is applied to
nature may also be reduced.
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