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ROUTE OPTIMIZATION FOR THE DISTRIBUTION NETWORK
OF A CONFECTIONARY CHAIN
ABSTRACT
This study considers the distribution network of a wellknown perishable food manufacturer and its franchises in
Turkey. As the countrywide number of stores is increasing
fast, the company is facing problems due to its central distribution of products from a single factory. The objective is
to decrease the cost of transportation while maintaining a
high level of customer satisfaction. Hence, the focus is on
the vehicle routing problem (VRP) of this large franchise
chain within each city. The problem is defined as a rich VRP
with heterogeneous fleet, site-dependent and compartmentalized vehicles, and soft/hard time windows. This NP-hard
problem is modelled and tried with real data on a commercial solver. A basic heuristic procedure which can be used
easily by the decision makers is also employed for obtaining
quick and high-quality solutions for large instances.
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1. INTRODUCTION
Production, handling and distribution of food
and confectionary products demands a precise, climate-controlled environment, as well as facilities that
will guarantee safe and reliable storage to protect the
integrity of the goods. While the cost of transportation
is considered as a major factor in the distribution of
such perishable goods, the quality and timely delivery
are also fundamental.
The case study considered in this paper involves
one of the largest confectionary franchise chains in
Turkey, founded in 1938. The factory currently producPromet – Traffic&Transportation, Vol. 27, 2015, No. 6, 497-503

es 60 thousand servings of cakes, 150 thousand servings of milk puddings, 20 thousand servings of syrupy
desserts, 7 tons of ice cream, 300 kilograms of handmade chocolate and 5 tons of pastry products daily.
In addition to this product range, the brand offers yogurt varieties and buttermilk. At the time of the study,
the company has been distributing its products to 179
franchise stores (dealers) in 46 cities, as well as some
big supermarket chains. With its 3,000 employees,
the company has a factory site of 10,000 m² and a
cold storage warehouse of 1,500 m² in Izmir, Turkey.
Besides the main facilities in Izmir, there are two warehouses Ankara and Adana, and three cross-docking
centres in Istanbul, Antalya and Bursa.
Based on company management information, the
transportation costs arising from distribution is a major cost component due to the centralized infrastructure. As the number of dealers grows, the total length
of the distribution routes increases, which is currently
around 350,000 km/month. Timely delivery, which is
most crucial in perishable goods, is also affected as a
result of this growth. Therefore, the main goal of this
study is to minimize the total transportation cost of
timely delivery for the defined distribution network.
Currently, the company employs a third party logistics provider (3PL) for distribution, and pays on the basis of travelled distance. The distribution is completed
in two hierarchical phases, on macro and micro levels.
The macro-level distribution involves the direct shipment of the consolidated demand of a cluster of cities
to the related warehouse/cross-docking centre from
the main facilities of the company, using 12 high-capacity vehicles of 2 different types. As there are only
five such transhipment points and the corresponding
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city clusters are predetermined, this phase is trivial
and beyond the scope of this study. The focus is on
the micro-level distribution, which mainly takes place
between the transhipment centres and the dealers/
stores within cities. Stores in Izmir take their shipments directly from the factory without the use of the
transhipment points.
A countrywide heterogeneous fleet of 28 vehicles
of 2 different types is dedicated to the micro-level distribution of the transhipment centres. Each vehicle
has two flexible-capacity compartments having different climates of storage, one for frozen (-24°C) and the
other for cold products (+4°C). Flexible capacities are
adjusted via a moving wall according to the varying
demand. No split deliveries are allowed, that is, each
store must be visited only once by a single vehicle. A
time window is defined for each delivery point in the
network. While some time windows may be violated
with a penalty (soft time windows), some have to be
met strictly (hard time windows). In addition, as some
stores are located on narrow streets in urban areas
while some are located in rural areas, only eligible vehicles can be sent to a specific store due to accessibility or traffic regulations. Based on these properties,
the problem on hand can be defined as a rich VRP with
heterogeneous fleet, site-dependent vehicles, soft and
hard time windows, and will be abbreviated hereafter
as HSDTVRP.
There are numerous studies in literature on rich
VRP with various specifications. Some of these share
common features with ours in terms of the specification of the fleet. As an example, Tarantilis and Kiranoudis [1] focused on the distribution of fresh milk,
modelled the problem as a heterogeneous fixed fleet
VRP, and developed a threshold-accepting-based algorithm. Gendreau et al. [2] constructed a heuristic for a
heterogeneous fleet VRP where demand was met with
vehicles of different capacity having fixed and variable
costs. Ambrosino and Sciomachen [3] proposed a
solution for a distribution chain of a food market having two different types of products, similar to the compartmentalized vehicles in our problem. Their problem
was defined as an asymmetric capacitated VRP with
heterogeneous fleet and split delivery.
Time window specifications constitute an important feature of the problem, and VRP problems with
time windows have attracted much attention from
researchers. For instance, Doerner et al. [4] studied
VRP with multiple inter-dependent time windows, and
developed several variants of a constructive heuristic
procedure and a branch-and-bound-based algorithm.
Ombuki et al. [5] presented VRP with time windows as
a multi-objective problem having two objectives as the
number of vehicles and the total cost. They developed
a genetic algorithm solution for the problem using the
Pareto ranking technique. Taner et al. [6] considered
time limitations as hard time windows, and illustrated
498

through several benchmark problems and a case study
that simulated annealing and iterated local search for
solving various instances of VRPs can significantly
reduce transportation costs. In a later study, Galić et
al. [7] presented and discussed the cost savings of a
fast-moving consumer goods distributer through formulating and solving the problem as a rich VRP with
hard time windows. Özdemirel et al. [8] considered
optimizing the distribution network of donations in a
real-life application, and their problem also included
hard time windows. Among other studies in the area,
Dohn et al. [9] proposed an extended formulation of
VRP with time windows and other temporary dependencies, where Pisinger and Ropke [10] developed an
algorithm for a capacitated site-dependent VRP with
time windows and multiple depots. In their algorithm,
all variants are first converted to the rich pickup and
delivery model, and an adaptive large neighbourhood
search is applied. Their study is also close to our problem in terms of site-dependency.
Some other studies have common characteristics
with ours in terms of perishability. As an example, a
real-world distribution problem of fresh meat was
studied in [11], where the problem was formulated
as an open multi-depot VRP, and a stochastic search
algorithm called the list-based threshold-accepting
algorithm was proposed. Another study considered a
heterogeneous fleet site-dependent VRP with multiple
time windows, based on a real-life problem of a large
food distribution company having products of different
temperature requirements, categories, and quantities
[12]. However, unlike this study with multiple hard windows defined for the customers, our problem involves
a single soft or hard time window for each customer.
Besides this difference, flexible-capacity compartments of vehicles bring an additional complexity to our
problem, as opposed to single-compartment vehicles
in [12].
Osvald and Stirn [13] considered the distribution
of perishables under a different setting, and defined
their problem as a VRP with soft and hard time windows and time-dependent travel times over a homogenous fleet of vehicles. They included loss of quality
and perishability of goods as part of the overall distribution cost. Hsu et al. [14] focused on perishable
goods having a decreasing value function throughout
their lifetime, and considered stochastic travel times
for vehicles. The problems in these studies are close
to ours in terms of soft time-window constraints and
perishability; however our study also involves heterogeneous fleet, multi-compartments with adjustable
capacities defined as decision variables, and soft time
windows as well as hard ones.
To the best of our knowledge, there is no single
study combining the specifications of our rich real-life
VRP problem, probably due to the special structure
arising from several practical necessities. We describe
Promet – Traffic&Transportation, Vol. 27, 2015, No. 6, 497-503
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our problem in detail and present its mathematical
model in the next section. Our solution procedure is explained in Section 3. Numerical results for the real-life
problem instances are presented and discussed in
Section 4, and conclusions are presented in Section 5.

2. PROBLEM DEFINITION
Before presenting the specifics of our model, data
collection and analysis are explained.

2.1 Data collection and analysis

the problem is defined on a directed graph G = (V, A)
where V = N ∪ {0, n+1}. The set Ki defines vehicles that
are eligible to serve delivery point i (due to narrow
streets, etc.). Each vehicle has two compartments,
one for frozen products (-24°C) and the other for cold
products (+4°C), denoted by p = 1, 2. The following parameters are used in modelling the problem.
Ki – set of vehicles eligible to serve vertex
(delivery point) i;
vk – total capacity of vehicle k;
si – service time at vertex i;
cij – unit cost of transportation from vertex i
to vertex j;
tij – travel duration from vertex i to vertex j;
dip – demand of vertex i for compartment p;
bi – upper bound of soft time window for vertex i;
li – lower bound of hard time window for vertex i;
ui – upper bound of hard time window for vertex i;
pi – penalty cost per unit time at vertex i.

As a result of a preliminary study, the analysis of
sales in terms of each product family (such as cake,
dessert and bakery) at each point of sale was conducted using data from the previous year. The frequencies
of deliveries were identified, and the vehicle capacity
requirements of each product were calculated.
The average service times at each store, wareOur decision variables are as follows:
house or supermarket were identified through an anal1, if vehicle k travels
ysis of the speed and position records kept by the GPS

software, which is currently used on every vehicle by
xijk =  from vertex i to vertex j on its route
the 3PL. As a result, the average service time of a store
0, otherwise.

was estimated to be 30 minutes, whereas the service
yi – time penalty of vertex i;
time for a large mall or supermarket was estimated to
zik – time at which vehicle k starts serving vertex i;
be 90 minutes. The reason for the increased service
vpk – capacity of compartment p of vehicle k.
duration at malls is mainly due to waiting times at the
Based on the above definitions, the following is the
delivery queues at these large centres.
mixed integer programming formulation for HSDTVRP:
For forming distance and time matrices, the averMin ∑ ∑ cij xijk + ∑ pi y i
(1)
age pairwise distances and times of the whole distri( i , j )∈A k∈K K
i∈N
bution network were calculated using the GPS software. The results were verified using the coordinates subject to
of each store on a mapping software. Unit costs of =
∀i ∈ N
(2)
∑
∑ xijk 1
j ≠i k∈K K
transportation and the time violation penalties were
directly obtained from the company.
=
x0 jk 1
∀k ∈ K
(3)
∑
j ≠0
The assumptions of our problem are as follows:
–– Distribution starts at 07:00 a.m. from all tranship=
xijk - ∑ x jik 0
∀j ∈ N, ∀k ∈ K j
(4)
∑
j ≠i
j ≠i
ment centres.
–– Products must be delivered before 10:00 a.m. =
for
∀k ∈ K
(5)
∑ xi,n+1,k 1
i ≠n+1
stores in malls, which is strict by regulations, therefore defined as a hard time window upper bound of
zik + si + tij - z jk ≤ M (1 - xijk ) ∀(i, j ) ∈ A, ∀k ∈ Ki  K j (6)
180 minutes.
–– All other stores prefer to be served before 12:00
dip xijk ≤ v kp
∀k ∈ K, p =1,2
(7)
∑∑
p.m. This is defined by a soft time window upper
i∈N j ≠i
bound of 300 minutes.
vk1 + vk 2 ≤ vk
∀k ∈ K
(8)
–– Each product can be placed on top of any other
product in the vehicle, as pallets are utilized for
li ≤ zik ≤ ui
∀i ∈ N, ∀k ∈ K
(9)
holding products.
i

i

2.2 Model formulation
A set K = {1, ..., m}, k ∈ K of distinct capacitated
vehicles coming from two types are initially located at
the main depot, and are ready to deliver to N delivery
points i = 1, 2, …, N through a set of arcs A. The main
depot is represented by vertices 0 and n+1. Hence,
Promet – Traffic&Transportation, Vol. 27, 2015, No. 6, 497-503

j

j

y i ≥ zik - bi

∀i ∈ N, ∀k ∈ K

(10)

xijk ∈ {0,1} , y i , zik ≥ 0

∀i, j ∈ V , ∀k ∈ K

(11)

The objective function in (1) minimizes the total
cost of transportation and time window violations.
Constraint set (2) ensures that each delivery point is
visited exactly once. Constraint set (3) dictates that
499
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each vehicle must leave from the main depot, and the
conservation of flow is ensured by constraint set (4).
Constraint set (5) assures each vehicle to return to the
main depot at the end of its tour. A vehicle can start
servicing delivery point j after it finishes the delivery of
the previous vertex (i), and traverses arc (i, j). This fact
is reflected by constraint set (6), where M represents
a large enough number. Constraint sets (7) and (8) together impose compartment and total capacities for
the vehicles. Note that the optimal compartment capacities of each vehicle are determined by the model.
While constraint set (9) imposes bounds for hard time
windows, constraint set (10) computes the violation of
the soft time windows. Note that the model allows for
different soft and hard time window bounds for each
vertex. Finally, constraint set (11) imposes sign restrictions on variables.

3. THE SOLUTION PROCEDURE
An attempt is made to optimize this NP-hard problem by modelling on IBM ILOG CPLEX Optimization Studio 12.4 platform using OPL programming language
and CPLEX solver. However, as the problem size grows
exponentially, computer memory problems prevent obtaining even a feasible solution for problem instances of
some cities. For this reason, we developed an extension
for a well-known heuristic algorithm for obtaining quick
and high-quality solutions for the decision makers.
As the decision maker required a simple-to-use and
simple-to-understand heuristic, the Savings Heuristic
by Clarke and Wright [15], which performs the routing of vehicles from a central depot to a number of
delivery points either in a parallel or sequential fashion, was employed. However, as the basic form of the
Savings Heuristic is not sufficient where time windows
are concerned, we adapted the heuristics to employ
hard time constraints, as shown below. Through the
Savings Heuristic, more than one route can be built
simultaneously in the parallel version, where in the
sequential version exactly one route is built at a time.
As a pilot study, both versions were executed for small
instances, and the results were compared with the optimal values obtained from the model. After obtaining
satisfactory results, larger instances were tested. The
model was run with a 30-minute time limit for larger
instances. In this paper only the sequential version
is reported, as it consistently provided better results

than the parallel version. The developed heuristic presented below was coded in C++ on a Microsoft Visual
Studio 2010 platform. All runs are made on a 1.8 GHz
Triple-Core processor PC with 4GB RAM.
Sequential Savings Heuristic (SSH):
S0.Input demands, hard time windows, distance and
time matrices, service times.
S1.Form a subtour 0-j-0 for each vertex, assuming that
it is assigned to the main depot. Compute the savings Sij = ti0 + tj0 - tij for all vertices (i and j). Create
a savings list L and sort all savings in descending
order.
S2.Select the first element of list L (the largest Sij).
Form a new subtour by connecting (i,j) and deleting arcs (i,0) and (0,j) if the following conditions are
satisfied:
–– vertex i and vertex j are not already in the same
subtour,
–– forming the new subtour does not violate any of the
constraints. That is, the new vertices to be added
must not violate vehicle capacities, compartment
capacities, or hard time window constraints.
S3.Return to S2 and process with the next entry in the
list, until list L is empty. Compute tour time, distance and penalty.
As it can be seen in the above pseudo-code, the
heuristic does not perform the forming of a subtour if
any hard time window is violated in Step 2, even if it
results in a saving. This is how SSH considers the original hard time window limitations in the problem. For
the treatment of the soft time windows for stores, they
are regarded as hard time windows in SSH, and several different upper time limits are tried in an iterative
manner for obtaining minimum violations at minimum
cost, as will be illustrated in the next section.

4. NUMERICAL RESULTS AND DISCUSSION
The instances for all cities were solved with real
data from the company and several representative
results are presented and discussed in this section.
For handling the soft time windows in the problem,
the SSH heuristic was executed at three levels of hard
time window upper bounds (UB) for stores as 300, 360
and 420 minutes. Note that 300 minutes correspond
to the original upper bound of the soft time windows
in the problem, which means that all stores are to be

Table 1 – Results for Ankara

Ankara

500

Solver Mileage
(30-min. time limit)
(km)

Current Mileage
(km)

144.6

196.0

UB for Stores
(min.)

Heuristic Mileage
(km)

Number of
Vehicles Used

300

152.2

3

360

152.2

3

420

152.2

3
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served before 12:00 p.m. We set this bound as a hard
limit in SSH, and also tried a one-hour relaxation (360
minutes) and a two-hour relaxation (420 minutes) to
observe if a better objective function value can be obtained. Although other combinations of hard time window upper bounds and number of vehicles were also
tried, only the pareto-efficient solutions are presented
for the sake of conciseness. The upper bound for malls
(180 minutes) was not varied, as it is already defined
as a hard time window. All SSH solutions are obtained
under 30 seconds. A 30-minute execution time limit
for the solver was set, as initial experimentation suggested that longer run times did not produce better
results, i.e., either the model could find the optimal
solution within this time limit, or exited due to insufficient memory.
We start presenting the results with the distribution of the capital city, Ankara. The SSH and the solver were executed for this instance having 17 delivery
points and 3 vehicles. Table 1 presents the solutions.
The total mileage for Ankara is 196 km in the current practice of the 3PL. The incumbent solution obtained by the solver for 17 delivery points within the
30-minute time limit was 144.6 km using 3 vehicles,
which brings a 26% improvement over the current
mileage. The best solution by SSH was found as 152.2
km at an upper bound of 300 minutes for stores. The
heuristic also brings a 22% reduction in total mileage.
All stores are served before 12:00 p.m. in the SSH
solution, as satisfied also by the solver’s output.
For illustrative purposes, the routes of the three
vehicles for Ankara are depicted on a map in Figure 1,
where the single depot of the company is represented
by point I in (a) and (b), and by point E in (c). The vehicles
serve the 17 delivery points, as shown in the figure.
Next, the results for Istanbul are presented in
Table 2. This major city of Turkey has 48 total delivery
points distributed to two continents. As no malls are
served in Asia region, there are only time window constraints for stores. On the other hand, to serve some
special stores in Europe region with limited morning
traffic access, an additional hard time upper bound of
120 minutes is imposed as a constraint both in the
model and in SSH only for this region.

a) Route of Vehicle 1

b) Route of Vehicle 2

c) Route of Vehicle 3

Figure 1 – Solution for Ankara

Table 2 – Results for Istanbul.

İstanbul-Asia

İstanbul-Europe

Solver Mileage
(30-min. time limit)
(km)

Current Mileage
(km)

No feasible
solution

310.0

No feasible
solution

512.0
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UB for Stores
(min.)

Heuristic Mileage
(km)

Number of
Vehicles Used

300

234.1

3

360

234.1

3

420

234.1

3

300

400.5

5

360

384.5

5

420

384.5

5
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No feasible solution could be obtained in 30 minutes by the solver for Asia and Europe regions having
18 and 30 delivery points, respectively. Currently, four
vehicles are used for Asia region and five for Europe,
with a total daily mileage of 822 km. For Asia region,
the best SSH solution uses three vehicles instead of
four at UB=300. This solution has a mileage of 234.1
km, which brings a significant 24.5% reduction over
the current value. For the European region, all SSH
solutions use five vehicles. For UB=300, a total mileage of 400.5 km is obtained, which brings nearly 22%
improvement over the current one. Further improvement in mileage was possible at the expense of a onehour violation in original soft time windows; i.e. the
best SSH solution in terms of mileage was obtained as
384.5 km at an upper bound of 360 minutes.
As the company originated from Izmir, a large number of stores are located in this city. Five vehicles currently serve 34 delivery points with a rather efficient
total delivery mileage of 533 km, as the 3PL is also
very experienced in this city. However, the company
management reported that they continuously receive
complaints from the stores in Izmir due to late deliveries. The hard time windows established for malls were
violated as well as the soft ones for stores. Table 3
presents the results for this city.
No feasible solution could be obtained from the
solver within the time limit. The best mileage obtained
by SSH is 517.7 km, which brings a slight improvement
over the current one with one less vehicle. The main
advantage of this solution is that the deliveries for
the malls can be accomplished within their strict time
windows as opposed to the current practice. The soft
time windows are violated by at most 2 hours for some
stores. However, note that the SSH solution in the first
row of Table 3 means it is possible to stay within both
hard and soft time limits using the current number of
vehicles and covering merely the current total mileage.
This result was found to be very remarkable by the de-

cision makers. The vehicle routes in this solution are
significantly different from the current ones by the 3PL.
Finally, we present the results for Bursa in Table 4,
with only 8 delivery points served by two vehicles. The
solver yielded an optimal solution for this small instance, bringing around a 17% reduction on total
mileage with two vehicles, satisfying all time windows
without any violation. The heuristic solutions with different values of upper bounds all yielded an identical
mileage with no violation as well, as the time window
constraints are already redundant for this city.
Results for all cities in Turkey were computed in a
similar fashion, and optimal solutions were obtained
by the solver whenever possible. The reductions in total mileage presented in this section constitute representative figures for other cities’ results as well. The
obtained savings directly translate to reductions in
transportation costs, as well as carbon emissions from
the vehicles.

5. CONCLUSION
The vehicle routing problem is a combinatorial optimization problem that is stimulating to both the scientific community and the practitioners, as it promises significant reductions in transportation cost of distribution.
In our era where one of the main determinants of the
cost of products is the transportation cost, the optimization of delivery routes becomes especially important.
This study considers a real-life distribution problem
of a well-known large perishable food manufacturer in
Turkey. The problem is defined as a rich VRP with heterogeneous fleet, site-dependent and compartmentalized vehicles, and soft/hard time windows, and a
mixed integer programming model for obtaining exact
solutions is proposed. Due to the combinatorial structure of the problem, a simplistic heuristic approach
for obtaining practical near-optimal solutions is also

Table 3 – Results for Izmir.
Solver Mileage
(30-min. time limit)
(km)
İzmir

No feasible
solution

Current Mileage
(km)
533.0

UB for Stores
(min.)

Heuristic Mileage
(km)

Number of
Vehicles Used

300

532.7

5

360

532.7

5

420

517.7

4

UB for Stores
(min.)

Heuristic Mileage
(km)

Number of
Vehicles Used

300

160.7

2

360

160.7

2

420

160.7

2

Table 4 – Results for Bursa.

Bursa

502

Solver Mileage
(30-min. time limit)
(km)

Current Mileage
(km)

152.2 (optimal)

183.0
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utilized. The objective is to minimize the cost of transportation while maintaining a high level of customer
satisfaction.
The problem is modelled and solved with real data
obtained from the company, and very satisfactory results are attained. Cost reduction exceeding 20% can
be achieved using the solutions developed for distribution. Contacts with the decision makers of the company reveal that the developed heuristic approach is
easily applicable. One additional advantage of the
heuristic is that it can handle small variations in the
current set of constraints. All results were presented
to the company, and the current efforts are on implementation.
As a further research topic, some simple improvement heuristics may be developed for distribution for
obtaining better solutions. These may assist in proposing better distribution alternatives to the decision
makers. Employing more sophisticated state-of-the-art
metaheuristic approaches that provide fast near-optimal solutions for the problem may constitute another
future research opportunity.
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zaman aralıkları içeren bir zengin ARP olarak tanımlanmaktadır. Bu NP-zor problem bütün dağıtım ağı için gerçek veri
kullanılarak ticari bir çözücü ile denenmiştir. Büyük boyuttaki örnekler için ise hızlı ve iyi çözümler üreten, karar vericiler tarafından kolaylıkla kullanılabilecek bir sezgisel yöntem
kullanılmıştır.
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