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Abstract: The selection of the appropriate distribution channel is crucial for the success of any busi-
ness dealing with physical goods. When dealing with this selection, it is crucial to have an effective
decision support system (DSS) that can assist with such decisions. While various DSS approaches
exist in the literature, not all are suitable for real-world applications. This research aims to address
this gap by developing practical DSS tools that can aid decision-makers in making optimal decisions
even in situations of uncertainty. The paper explores six different distribution channels (retailer’s
warehouse, wholesaler’s warehouse, manufacturer’s warehouse, cross-dock, 3PL services, and di-
rect delivery) in order to select the optimal one based on nine established criteria (inventory costs,
distribution costs, delivery speed, service level, market coverage, product availability, order consol-
idation capability, reverse logistics, and order tracking) by using the FUCOM (Full Consistency
Method) and ADAM (Axial-Distance-Based Aggregated Measurement) methods. After applying
the FUCOM method, C1 (inventory costs) had the highest value when observing criteria weights,
whereas C9 (order tracking) had the lowest. The results of the ADAM method showed that A5 (3PL
services) was the best-ranked alternative, whereas A4 (cross-dock) was ranked as the worst. Based
on the results, a model validation, and sensitivity analysis was conducted to determine whether the
final ranking of the alternatives will change. This research provides decision makers with the nec-
essary tools for better decision making, leading to improved distribution operations and increased
profitability for the business.

Keywords: distribution channel; distribution; logistics; FUCOM; ADAM

1. Introduction

Distribution channels are an essential part of any business operation that deals with
the distribution of physical goods. They represent a complex network of entities respon-
sible for facilitating the flow of products from producers to consumers. However, the se-
lection of the appropriate distribution channel is critical for the success of a business, as it
directly impacts the efficiency of delivering products to the end consumer and ultimately
affects profitability and customer satisfaction [1,2].

Effective decision-making in distribution is becoming increasingly important in to-
day’s fast-paced business environment. To ensure the success of any business, it is crucial
to make timely decisions based on information that leads to the efficient flow of goods
from producers to consumers. Therefore, there is a growing need for DSS that can provide
decision makers with the necessary tools to make quick, efficient, and accurate decisions.
This is even more pronounced in situations of uncertainty that are always present in dis-
tribution channels because of sudden changes in the demand, quantities, delivery ad-
dresses, etc. Although there are various approaches to DSS in the literature, not all of them
are practical for real-world applications [3]. As such, this research aims to fill this gap by
developing practical DSS tools that can assist decision makers in making optimal
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decisions for their distribution operations. By doing so, this research will contribute to the
advancement of distribution management practices and provide valuable insights to busi-
nesses seeking to improve their decision-making processes. Using the appropriate DSS
tools, decision makers can have access to real-time data and insights, allowing them to
make decisions based on information that can have a significant impact on their business’s
success [4]. Thus, the main motive of this research is to provide decision makers with the
necessary tools to make better decisions, leading to improved distribution processes and
increased profitability for the business. This paper aims to explore the process of selecting
the optimal distribution channel based on observed criteria, using the FUCOM and
ADAM methods. The FUCOM method reduces the subjectivity of decision makers, which
leads to consistency in the criteria weights. In other methods, the redundancy of the pair-
wise comparison appears, which makes them less vulnerable to errors in judgment,
whereas the FUCOM methodological procedure eliminates this problem [5]. The imple-
mentation of a fuzzy AHP (Analytic Hierarchy Process) for determining criteria weights
was also considered but the obtained results were not in accordance with the real situation
(certain criteria had negligible weights). After consulting with the experts who performed
the evaluation, it was established that the results were not correct. For these reasons, the
FUCOM was applied in this paper to determine the criteria weights. The ADAM method
ranks the alternatives using the volumes (aggregated measurement) of complex polyhe-
dra that are defined by points (vertices) in a three-dimensional coordinate system. The
main advantages of this method are reflected in the fact that it is simple, easily under-
standable, insensitive to the increase in the number of criteria, very intuitive, and has a
very low risk of rank reversal [6]. These were the main reasons why this method was com-
bined with the FUCOM in this paper. By applying these methods, decision makers can
evaluate and compare different distribution channels based on factors such as cost-effec-
tiveness, reach, and reliability.

The main contributions of this paper are the development of a new methodology for
evaluating and ranking distribution channels, closing the established gap since there is a
lack of papers in the literature regarding the issue of distribution channel selection, as well
as the proposal of a practical model that can be used by the managers in order to facilitate
the decision-making process.

The paper is organized as follows. After the introduction, in Section 2, a problem
description and literature review are presented. In Section 3, a proposed methodology is
described along with the implementation steps of the methods used in this paper. The
obtained results after the implementation of the proposed methodology are presented in
Section 4. In Section 5, a discussion is presented alongside model validation, sensitivity
analysis, and theoretical and managerial implications. Finally, in Section 6 of the paper,
concluding remarks are presented.

2. Problem Description and Literature Review

Distribution is a concept that refers to the efficient transfer of goods from production
to consumption with minimal costs and a satisfactory level of service. It includes all meth-
ods by which goods are shipped from the manufacturer to the end consumer. Without the
distribution process, people would not have a way to obtain desired services and prod-
ucts, such as food, clothing, footwear, etc. Distribution can be direct (products are shipped
directly from the manufacturer to the end-user), indirect (through the distribution centers
(DC) of the manufacturer), or via intermediaries (distributors or logistics providers, trade
companies (wholesalers and retailers), agents, etc.).

The selection of a distribution channel is a crucial decision that directly affects a com-
pany’s ability to achieve its goals. Management must carefully consider the company’s
goals when selecting a distribution channel. This decision has a significant impact on the
overall business success as it determines how the products will be placed and sold in the
market. Choosing the right distribution channel can help a company achieve its targets,
such as increased market share, improved profitability, and customer satisfaction. On the
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other hand, selecting the inappropriate distribution channel can lead to inefficiencies, in-
creased costs, and a negative impact on the company’s bottom line. Therefore, it is essen-
tial for management to take a strategic approach when selecting a distribution channel
and consider the company’s goals, market conditions, and customer needs to ensure the
most effective and efficient product distribution to the end consumer.

A distribution strategy is a strategy or plan that determines how a company intends
to enable end-users to use its products or services through the supply chain. The goal of a
distribution strategy is to maximize product sales and minimize distribution costs. A pro-
duction company can distribute through its own distribution channels or the distribution
channels of companies with which it collaborates [7].

In order to survive in the market and be competitive, a production company must
have an appropriate distribution channel. The distribution channel can be defined as the
path through which the products are transferred from the manufacturer to the end con-
sumer, and it includes various activities and decisions. Choosing the appropriate distri-
bution channel is not an easy task and there is no unique solution that every company can
use, as it varies from case to case. Many factors can influence whether a particular distri-
bution channel is the right choice for the manufacturer, and the most common ones are
product availability, customer satisfaction, order consolidation, order tracking, supply re-
liability, delivery speed, reverse logistics, etc. By choosing the appropriate distribution
channel, a company can achieve many advantages, such as significant cost savings while
maintaining a high level of service for customers [8].

Distribution channels can be physical and trading (also known as transactional) [9].
The physical distribution channel represents a set of methods and means by which a prod-
uct or group of products are physically transported from the place of production to the
point where they are made available to the end customer. This endpoint can be a factory,
a retail store, or the customer’s place of residence. The trade or transactional channel deals
with non-physical aspects of product distribution from the manufacturer to the end con-
sumer, and these aspects relate to the negotiations, purchase, and sale of products, as well
as ownership of the goods in the process of their transfer through various distribution
systems [9].

Distribution channels can be seen as a way to overcome differences in time, quality,
place, quantity, and space between production and consumption. Distribution channels
provide the following, among other things:

e availability of products on the market;

e  cooperation and collaboration in the chain;

e  concentration of companies on the core business;

e  a certain service level;

e minimal logistics and total costs;

e exchange of accurate and reliable information in direct and reverse flows;

e transactional efficiency resulting from reducing the number of connections and ac-
tivities.

Having all previously said in mind, it is necessary to choose an appropriate distribu-
tion channel to ensure profit, reduce costs, increase customer satisfaction, and even create
loyal customers. In this paper, physical distribution channels will be discussed in more
detail. There are different alternatives when considering physical distribution channels,
from direct delivery of the goods to the end-user, via indirect distribution, to the use of
the Internet and home shopping [9].

The importance of selecting the appropriate distribution channel has been widely
recognized both in practice and literature. Fu et al. [10] considered agency, reselling, and
hybrid channel types for green supply chains. Xie et al. [11] examined equilibrium pricing
and ordering decisions in the hybrid channel for a capacity-constrained supplier facing a
retail platform, and further analyzed the impact of limited capacity on the supplier’s dis-
tribution channel selection. Bian et al. [12] investigated distribution channel selection
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under environmental taxation. Luo et al. [2] addressed the problem of distribution chan-
nel selection on a hybrid platform for a supply chain with a manufacturer selling a prod-
uct to consumers. Serbest and Vayvay [13] used the Fuzzy AHP for the selection of the
most suitable distribution channel, whereas Zhao et al. [14] employed a game-theoretic-
based model for a comparative study of the environmental impacts of single-channel and
dual-channel supply chains. Dali¢ et al. [15] proposed the FUCOM-MARCOS (Measure-
ment of Alternatives and Ranking according to the Compromise Solution) model for se-
lecting a distribution channel, whereas [1] used the PCA (Principal Component Analy-
sis) —DEA (Data Envelopment Analysis) approach. Galkin [16] developed a model for cal-
culating distribution channel functioning efficiency in different regions. Hatami et al. [17]
proposed an MCDM (Multi Criteria Decision-Making) approach for the evaluation and
selection of distribution channels in the FMCG (Fast-Moving Consumer Goods) industry.
Kabiesz and Kubon [18] evaluated distribution channels in a selected meat processing
company. MikuSova et al. [8] proposed an ANP-based (Analytic Network Process) model
for selecting an appropriate distribution channel for high-value stones. A combination of
FMEA (Failure Mode and Effects Analysis) and QFD (Quality Function Deployment)
methods was applied by Paji¢ et al. [19] for risk assessment in distribution processes. Risk
analysis was performed for warehousing and transportation processes, and based on the
obtained results, corrective—preventive actions were defined. Pant et al. [20] applied the
AHP method to determine the best way to monitor health management practices. Prab-
huram et al. [21] evaluated four distribution network configurations of Omni-channel us-
ing MCDM methods. On the other hand, Ampountolas et al. [22] examined the influence
of social media (SM) on demand, where SM was observed as a distribution channel. The
selection of the distribution channel for a closed-loop supply chain was addressed by Jia
and Li [23]. Similarly, Modak et al. [24] analyzed a closed-loop distribution channel in-
cluding recycling facilities. In their case, the channel consisted of manufacturers, retailers,
and third-party collectors. Zhu [25] examined the problem of designing a distribution
channel strategy by simultaneously providing a product quality control strategy. Three
types of distribution channels were taken into account (direct channel, retail channel, and
mixed channel).

The FUCOM method is often used for determining criteria weights. For example,
Fazlollahtabar et al. [26] used it in their paper to determine the criteria weights used in
forklift selection in a warehouse. Khan et al. [27] used a combination of FUCOM-fuzzy
QFD for evaluating strategies to enhance the resilience of the healthcare sector to combat
the COVID-19 pandemic. Type-2 fuzzy development of the FUCOM with the combination
of MARCOS was used in [28] for the evaluation of facilities layout. On the other hand, the
ADAM method is a novel MCDM method proposed by Krsti¢ et al. [6]. In their paper, the
authors implemented this method for the evaluation of agri-food circular-economy-based
business models. Agnusdei et al. [3] implemented the ADAM method in combination with
a SWOT (Strengths, Weaknesses, Opportunities, and Threats) and ANP methods in order
to determine the role of digitalization in serving as a driver to achieve circularity in the
agroindustry.

3. Methodology

For solving the multi-criteria problem in this paper, an approach using the FUCOM-
ADAM methods is proposed (Figure 1). The FUCOM method is used to obtain the criteria
weights, which are then used in the ADAM method for ranking the alternatives. The FU-
COM method was developed in [29] to improve the process of determining criteria
weights. The AHP method is often used for determining criteria weights or for ranking
the alternatives. The ranking is performed based on pairwise comparisons. On the other
hand, the BWM is used for determining criteria weights where it is first necessary to de-
termine the best and the worst criteria before conducting pairwise comparisons. The main
advantages of FUCOM over AHP and BWM (Best-Worst Method) are as follows [29]:
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e  Significantly fewer pairwise comparisons (only n - 1);

e  Consistent pairwise comparison of criteria;

e  Calculation of reliable values of criteria weights, which contribute to rational deci-
sion-making.

) Problem definition

) Literature review

) Defining 9 evaluation criteria

) Defining 6 types of distribution channels (alternatives)

) Implementing the FUCOM method for determining criteria weights

) Implementing the ADAM method for ranking the alternatives

) Conducting seinsitivity analysis

Figure 1. Methodology for distribution channel selection.

3.1. FUCOM Method

The implementation steps for the FUCOM method are presented below [5,29-31]:
Step 1—All evaluation criteria are ranked from the most significant to the least sig-
nificant by decision makers.

Ci(1)> Ci(2)> ... > Ci(k) 1)

where k represents the rank of the observed criterion.
Step 2—In this step, ranked criteria are compared in order to determine the compar-
ative priority @+, where k represents the rank of the criteria.

D = (@112, 213, ..., pkl(k + 1)) @)

where @i+ represents the significance that the criterion of the Cjwrank has compared to
the criterion of the Cjg+1)rank.

Step 3—In order to determine the final values of the criteria weights, two conditions
must be met as follows:

Wi
= Qr/k 3
— /(e +1) @)
Wi
= Orsiert) @ Pea1)/k+2) 4)
Wi+2

After these two conditions are met, the final model for determining the criteria
weights can be defined as follows:

Min x (5)

s.t.
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Wijk .

Oy | <av) (6)

Wij(k+1) k+1

Wit _ <y Vi
Prjk+1) @ Per1y/k+2)| = X V) ()
Wij(k+2)

Yiaw; =1 (8)
wj = 0,Vj )

After solving this model, the final values of the evaluation criteria weights are deter-
mined (w1, wy, ..., wa)" as well as the degree of DFC ().

3.2. ADAM Method

In order to determine the final rank of the alternatives, the ADAM method was used,
which includes the following steps [6]:

Step 1: Formation of an initial decision-making matrix E including n criteria and m
alternatives.

E=[ey],, (10)
Step 2: Formation of a sorted decision matrix (S).
S=[sy] . (11)
Step 3: Defining the normalized matrix (N) using Equation (12).
S. .
|( JY_ forjeB
ml_ax Sij
njj= { mins;; (12)
l

,forjecC
(s, forj
where B represents the set of benefit criteria, whereas C represents the set of cost criteria.

Step 4: Finding the coordinates (x, y, z) of the reference (Ri) and weighted reference
points (Pj) that define the complex polyhedron using Equations (13)—(15).

Xy =ny Xsing,¥j=1,.,mVi=1.,m (13)
Yij = nyj X cos aj,Vj =1,...n;Vi=1,...m (14)
{O,fOT' Rij Vi 1 Vi 1 (15)
Z:i: = , =1.,.nvi=1...m
Y Wj,fOrPij J

where g;j is the angle that determines the direction of the vector that defines the value of
the alternative, which is obtained using Equation (16):

o

90
4 =(-D—7Vji=1..n (16)

Step 5: Determining the volumes of complex polyhedra V¢ as the sum of the volumes
of the pyramids of which it is composed using Equation (17).

n-1
Ve = Ve, Vi=1,..,m (17)
k=1

where Vi is the volume of the pyramid obtained by applying Equation (18):

1
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where B is the surface of the base of the pyramid and is calculated based on the reference
and weighted reference points of two consecutive criteria by applying Equation (19):

ay X (b — cx)
2

where ar represents the Euclidean distance between the reference points of two consecu-
tive criteria, which is obtained by applying Equation (20):

ay = J(xj+1 - xj)z + (Yj+1 - yj)2 (20)

br and cx are the magnitudes of the vectors corresponding to the weights of two consecu-
tive criteria:

Bk =Ck><ak+ (19)

by = z; (21)

Ck = Zjay (22)

h is the height of the pyramid from the defined base to the top of the pyramid located
in the coordinate origin (O) and is obtained by applying Equation (23):

_ 2\/5k(5k — a) (s, — di) (s — ex) (23)
(494

hu

where s is the semicircumference of the triangle defined by the x and y coordinates of two
consecutive criteria and the coordinate origin and is obtained using Equation (24):
_ Ay + dk + €

B 2

where dr and ex are the Euclidean distances of the reference points of two consecutive
criteria from the coordinate origin and are obtained using the following Equations:

Sk (24)

dy = \/sz +y7 (25)

€x = \[xj2+1 + y1'2+1 (26)

Step 6: Ranking the alternatives according to the decreasing values of the complex
polyhedral volumes V£ (i = 1,...,m), where the best-ranked alternative is the one with
the highest volume value.

4. Distribution Channel Selection—Practical Example
4.1. Defining Alternatives and Criteria

Generally speaking, there are four basic types of distribution channels [8]: direct dis-
tribution, distribution via cross-dock centers, distribution from distribution centers, and
customer pickup. In direct distribution, products are stored in a central warehouse or di-
rectly with the manufacturer, without distribution centers and when orders are processed,
and the manufacturer delivers them directly to the customer. When distributing via a
cross-dock center, after the products are manufactured, they are assembled, and adjusted
to the customers’ requirements, or certain value-added logistics (VAL) services are pro-
vided. The characteristic of this distribution channel type is the absence of warehousing.
When a distribution is performed from distribution centers, the aim is to cover the market
in order to achieve a strategic position for the customer. Finally, the characteristic of the
customer pickup type is reflected in the fact that the products are stored in warehouses or
directly with the manufacturer, but unlike direct distribution, the customer picks up the
goods themselves. In this paper, a case when goods need to be shipped from the manu-
facturer to a retail store was observed. In accordance with this, the aim of this paper was
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to select the most appropriate distribution channel. However, this paper considered and
evaluated the following distribution channels (Figure 2) (adapted from [9]):

Retailer’s warehouse (Alternative A1)—This channel consists of manufacturers who
deliver their products to national distribution centers (NDCs) or regional distribution
centers (RDCs), which are locations owned by retail organizations. These centers act
as consolidation points, as the goods from different manufacturers and suppliers are
consolidated there. Retailers then use their own vehicles to deliver all products from
different manufacturers to their own stores.

Wholesaler’s warehouse (Alternative A2) —Wholesalers have acted as intermediaries
in distribution chains for many years, providing a link between manufacturers and
smaller retail stores. However, this physical distribution channel has changed with
the development of wholesale organizations. These organizations have largely
started by providing price advantages by buying in bulk from manufacturers or sup-
pliers. One consequence of this is the development of an important physical distri-
bution channel as wholesalers use their own distribution centers and fleets.
Manufacturer’s warehouse (Alternative A3) —This was one of the classic physical dis-
tribution channels, and the most common channel for many years. The manufacturer
or supplier holds its products in a finished goods warehouse, a central distribution
center (CDC), or a series of RDCs. Products are transported by large vehicles to where
they are stored and then divided into individual orders that are delivered to retail
stores on the supplier’s retail delivery vehicles. This type of channel is still widely
used in the brewing industry.

Cross-dock (Alternative A4)—This method of distribution allows the company to be-
come more competitive in various ways. One is the reduction of the necessary ware-
house space. Since products are stored for a shorter period of time or not stored at
all, costs associated with warehousing are also reduced or eliminated. In addition,
cross-docking makes delivery easier as fewer parties are involved. The customer re-
ceives all their orders in one package, which is beneficial to them, while the company
benefits from cost savings.

3PL services (Alternative A5)—Distribution by third-party logistics providers or the
logistics services industry experienced its expansion in the 1990s for numerous rea-
sons, including the extensive growth of distribution costs and the constantly chang-
ing and more restrictive legislation on distribution that emerged at the time. As a
result, many companies have developed specialized expertise in storage and distri-
bution. These companies consist of those that offer general distribution services as
well as those that focus on providing ‘specialized’ services for a particular type of
product (e.g., frozen products) or for a single client company. In this paper, only stor-
age and transportation services are considered.

Direct delivery (Alternative A6)—The manufacturer or supplier delivers directly
from the production site to the retailer. The general rule is that this channel is only
used when delivering vehicles with a full load capacity.
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Figure 2. Distribution channels.

A case study of a retailer was observed in this paper. In order to evaluate distribution
channels for the purpose of selecting the most appropriate one, it is necessary to determine
the criteria by which they will be evaluated. There are a large number of criteria present
in the literature that are applied for this purpose, and those that were used in this paper

are presented in Table 1.

Table 1. Description of the observed criteria.

Cr. Nm.

Criteria

Description

Reference

C1

Inventory costs

The criterion that companies strive to minimize. The best distribution
channel is the one that has the lowest value according to this criterion.

(8]

Cc2

Distribution costs

The criterion represents the sum of all those costs incurred by the manu-
facturer to enable the delivery of the product from its location to the end
customer’s location. Therefore, for the manufacturer, this includes all costs
that arise to enable the delivery of the product from its production loca-
tion to the customer’s location, whether it is a retailer, wholesaler, or end
customer. The goal is also to minimize this criterion.

[1,17,32]

C3

Delivery speed

The criterion that is significant for the customer, the faster the delivery
speed of the product, the better the distribution channel is rated.

(8]

C4

Service level

The criterion can be defined as the expected probability of not hitting a
stock-out during the next replenishment cycle, and thus, it is also the
probability of not losing sales. It can also be defined as the probability of
being able to service the customers’ demand ever facing any backorder or
lost sale. Also, this criterion represents OTIF (On Time In Full)

[1,33-35]

C5

Market coverage

Refers to geographical coverage: stores per market area, industry cover-
age, call frequency, or coverage intensity.

[36]

Cé

Product availability

Does not refer to the availability of products at all times, but rather to their
availability at the moment of customer demand. It is a unit of time, and
the goal is to maximize the availability of the system. Also, this criterion

includes OSA (On-Shelf Availability)

(8]
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Order consolidation capa-

<7 bility

Not all types of distribution channels are suitable for order consolidation.
The goal is to combine multiple potential orders so that the customer re-
ceives only one complete order.

(8]

C8 Reverse logistics

Different types of distribution channels have different difficulties in the
process of reverse logistics. The reverse logistics process refers to closing
the circular structure of the distribution chain, where waste, as well as all [8,17]
other products that are withdrawn from the market for some reason (mal-

function, defect, expiration date, etc.), are returned to the manufacturer.

9 Order tracking

An important criterion that guarantees the possibility of accurate tracking
of orders throughout the entire ordering process. For customers, it is im- (8]

portant to have information about where their order is, which increases
their satisfaction.

4.2. Results

In Table 2, the priorities of the criteria are shown, which were obtained by comparing
all the criteria to the first-ranked (most significant one). The first criterion, inventory costs,
was highlighted as the most important criterion, and all other criteria were compared to
it. These values were obtained as an average based on the evaluations of five logistics ex-
perts. The significance of the first criterion is 1 since it is compared to itself.

Table 2. Priorities of criteria.

Criteria C1 C2 C3 C4 C5 Cé C7 C8 9
WGk 1 1.5 1.9 2.8 4.1 5.3 6.4 7 8.9
The FUCOM model in this paper has the following formulation.
Min x
S.t.
&—1.50| < ol -127< 4, $—1.47| <7 ﬂ—1.46| <
(o)) w3 Wy Ws
ﬁ—1.29| < ol -121| < ﬁ—1.09| < ol 127 < 4
We w7 Wg W9
&—1.90| < ol -187< 4, $—2.16| <7 ﬂ—1.89| <
w3 Wy Ws We
95 _156|< g, &—1.32| <1 ﬂ—1.39| <z
w7 Wg W9
9
ij = 1,wj = 0,Vj
j=1

Using the Lingo Solver program and solving this model, the following weight coeffi-
cients (0.294, 0.196, 0.155, 0.105, 0.072, 0.056, 0.046, 0.042, and 0.033)” were obtained and
used further to obtain the final rank of alternatives using the ADAM method.

In Table 3, the alternative ratings for all criteria are shown. These values were ob-
tained as an average based on the evaluations of five logistics experts. When evaluating,
experts used a 1-10 scale. The first two criteria should be minimized, whereas the remain-
ing criteria should be maximized.

Table 3. Initial decision-making matrix.

C1 2 C3 C4 C5 Ce C7 C8 C9
Al 6 6 8 8 7 10 10 10 8
A2 8 7 7 6 8 7 10 6 7
A3 10 5 7 9 2 5 5 8 5
A4 1 10 4 4 5 4 10 1 1
A5 10 9 9 10 10 8 10 9 10
Ab 9 2 10 10 1 10 2 10 10
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According to criterion C1, alternative A3 has the best rating as there are no or only
short-term inventory holdings of goods on the cross-docking platform. However, at the
manufacturer’s warehouse and in the channel with the 3PL provider, there must always
be a large amount of inventory to ensure that there is no shortage of products, and for
these reasons, these alternatives have the worst rating. Direct delivery has a similar rating,
while the inventory costs in alternative A1 are lower than those in alternative A2 because
there is a wider range of products in wholesale warehouses.

When it comes to the second criterion, i.e., distribution costs (C2), the best-rated al-
ternative is A6, as the goods move directly from the manufacturer to the retailer without
any intermediate stops or transshipments. The alternative A4 has the worst rating for this
criterion, given the numerous transshipment manipulations of goods from one transport
vehicle to another. Alternative A5 is the second-worst due to the costs of engaging a 3PL
provider, as well as the transportation of goods to their warehouse, transshipment, and
final distribution to the retailer. Distribution costs at the retailer’'s warehouse (A1) are
slightly lower than those at the wholesaler’s warehouse (A2) but higher than those at the
manufacturer’s warehouse, as it is considered that this warehouse is located near the pro-
duction site.

According to the third criterion, i.e., delivery speed (C3), the logical sequence is that
direct delivery (A6) has the best rank, followed by the 3PL service (A5), given that 3PL
providers perform transportation services in the most efficient way for their clients, and
delivery is direct without any additional activities. Then, in the third place, is the retailer’s
warehouse (Al), as their goal is to deliver goods to their retail stores as soon as possible,
which is not the case with wholesaler’s (A2) and manufacturer’s (A3) warehouses, so they
received lower ratings. The worst-ranked alternative in accordance with this criterion is
undoubtedly the cross-dock (A4) due to numerous transshipments of goods.

Criterion C4 refers to the service level, which is based on product availability, deliv-
ery speed, reliability, and many other factors. According to this criterion, the best-ranked
alternatives are A5 and A6, i.e., 3PL service and direct delivery, given the high delivery
speed and product availability, so in those cases, products will be in retail stores shortly
after the order is placed. In third place is the alternative Al, as the goal is to provide ex-
cellent service to its customers, whereas wholesaler’s (A2) and manufacturer’s (A3) ware-
houses received lower ratings. The cross-dock (A4) is the worst-rated alternative in ac-
cordance with this criterion given the very high possibility of errors during consolidation
and deconsolidation.

Market coverage (C5) is very important since the amount of income and costs, as well
as customer satisfaction, depend on it. According to this criterion, the best alternative is
A5 because 3PL providers specialize in providing transportation services, and they can
cover the requirements in different geographical areas in the easiest way. In second place
is alternative A2, because wholesaler’s warehouses can be found anywhere, followed by
the retailer's warehouses (Al), which cover a smaller geographical area compared to
wholesalers. The cross-dock alternative (A4) came in fourth place with a score of 5, be-
cause it does not cover larger geographical areas, but it is significantly better than the
manufacturer’s warehouse (A3) and direct delivery (A6), which are limited to smaller cov-
erage.

When ranking in accordance with the product availability (C6), the best alternatives
are direct delivery and the retailer’s warehouse, taking into account that the endpoint is a
retail store, so in those cases, there is the greatest possibility of fast delivery of the re-
quested products. As the 3PL provider covers a large geographical area and has a high
delivery speed, it can also have a high product availability, only if the manufacturer has
ensured that the product is in the provider’s warehouse, therefore this alternative (A5) has
a score of 8. For similar reasons, the second alternative (A2) has a score of 7, while the
alternatives A3 and A4 are significantly worse. Cross-dock is the least reliable of the ob-
served alternatives, and according to this criterion, it received the lowest rating.
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The order consolidation capability (C7) is certainly the greatest with the cross-dock
(A4). However, alternative retailer’s and wholesaler’s warehouses, as well as 3PL services,
also have a high possibility of consolidation, and accordingly, they received the highest
rating as well. Retailer’s warehouse, as well as wholesalers, deliver fully consolidated
goods to retail stores, whereas 3PL providers specialize in this type of service. A manu-
facturer in his warehouse, in which there are several types of products, can perform con-
solidation, but this is a rare case. In the case of direct delivery, the only thing that matters
is that the entire cargo space is filled because otherwise such delivery cannot be realized,
so the consolidation of the goods, in this case, is not a priority.

According to criterion CS8, i.e., reverse logistics, the alternatives related to the re-
tailer’s warehouse and direct delivery are the best rated. The retailer’s warehouse will col-
lect waste and returnable goods from its own retail stores, whereas direct delivery, as a
rule, should also have a reverse flow, and such goods can also be transported in it. The
3PL service provider can also transport waste or goods that must be withdrawn from sale
for some reason on the return trip, and for these reasons, alternative A5 received a score
of 9. If the manufacturers distribute to retail stores through their own warehouse, they can
also collect the goods that need to be returned, so alternative A3 was in third place. A
somewhat worse alternative is distribution through wholesaler’s warehouses, whereas the
worst alternative, due to its complexity, is A4 (cross-dock), where it is practically impos-
sible to carry out these flows.

Order tracking is the ninth criterion and in relation to it, the best alternatives are def-
initely direct delivery and 3PL services because they are very reliable and accompanied
by accurate and timely information. As the end-user, in this case, is a retailer’s store; the
alternative related to the retailer’s warehouse is ranked second according to this criterion,
considering the close connection of these participants in the distribution channel. The
wholesaler’s warehouse has a slightly lower rating, but in principle, they also provide
great opportunities for tracking the goods they ship to retail stores. The ability to provide
order tracking is not too important for the manufacturer, whereas cross-dock tracking is
practically at a very low level and even impossible; therefore, this alternative has the low-
est score according to this criterion (Table 3).

In the second phase, the ADAM method was applied in order to obtain the final rank-
ing of the alternatives. A software [37] was used to obtain the results. In other words, after
determining the alternatives, criteria used in this paper, and initial decision-making ma-
trix, the results were obtained by using Equations (10)—(26) (Table 4). In order to rank the
alternatives, the complex polyhedra defined by the reference and weighted reference
points need to be obtained. Figure 3 represents the complex polyhedral volumes that are
used for alternative ranking, and, as can be seen, the best-ranked alternative is A5 fol-
lowed by A6, Al, A2, A3, and A4. Based on these results, distribution using 3PL services
is ranked as the best alternative, whereas cross-dock was determined to be the worst-
ranked alternative. Also, alternative A5 has only a slightly higher value in volume when
compared with A6. The final ranking of the alternatives can be shown as A5 > A6 > Al >
A2>A3>A4

Table 4. Final ranking of the alternatives.

Alternatives Volume Rank
Al 0.02360405 3
A2 0.016557966 4
A3 0.013560078 5
A4 0.009072675 6
A5 0.026753025 1
A6 0.026302872 2
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Figure 3. Complex polyhedral for the alternatives.
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5. Model Validation, Sensitivity Analysis, and Discussion
5.1. Model Validation

In order to validate the obtained results, the same problem (with the same alterna-
tives, criteria, and values) was solved using the combination of FUCOM-MARCOS meth-
ods. The formulation and implementation steps for the MARCOS method implemented
in this paper are the same as in [38]. After implementing this methodology, it was con-
cluded that there is a difference in the final ranking of the alternatives when compared
with the methodology proposed in this paper (FUCOM-ADAM). Namely, alternatives A5
and A6 changed places, where it can be seen that alternative A6, which is direct delivery,
is the best-ranked, whereas A3, which represents distribution through the manufacturer’s
warehouse, is determined to be the worst-ranked alternative (Table 5). The final ranking
of the alternatives can be shown as A6 > A5>A4>A1>A2>A3.

Table 5. Final ranking of the alternatives after implementing FUCOM-MARCOS methodology.

Si Ki- Ki f(Ki) f(Ki) £(Kj) Rank
AAI  0.2189
Al 0.543133 2.481194 0.543677 0.179736 0.82026439 0.52307643
A2 0.45535 2.080174 0.455806 0.179736 0.82026439 0.43853477
A3 04263 1947465 0.426727 0.179736 0.82026439 0.41055753
A4 0.5491 2508451 0.54965 0.179736 0.82026439 (.52882275
A5 0.551056 2.517385 0.551607 0.179736 0.82026439 0.53070609
A6 0.636067 2.905741 0.636703 0.179736 0.82026439 0.6125779
Al 0.999

= IN|W (O[O |

In addition to that, a combination of BWM with ADAM was also applied where BWM
was used to determine the criteria weights, whereas ADAM was used for the ranking. The
BWM formulation was the same as in [39]. After the implementation, criteria weights were
obtained (Table 6). These weights were then used in the ADAM method, and based on the
results (Table 7), it can be concluded that the final ranking is the same as the rank obtained
after implementing the methodology proposed in this paper. Based on the model valida-
tion it can be concluded that when the ADAM method is combined with different methods
for determining criteria weights, there is no difference in the final ranking of the alterna-
tives. The ranking slightly changed only when another MCDM method (in this case MAR-
COS) was applied.

Table 6. Criteria weights obtained by the BWM method.

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9
Weight 0.3080 0.1941 0.1294 0.0970 0.0776 0.0647 0.0554 0.0485 0.0253

Table 7. Final ranking of the alternatives after implementing BWM-ADAM methodology.

Alternatives Volume Rank
Al 0.024059911 3
A2 0.016875592 4
A3 0.01300277 5
A4 0.009271342 6
A5 0.026816971 1
A6 0.024561149 2
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5.2. Sensitivity Analysis

In order to determine whether the change in the criteria weights affected the obtained
results, a sensitivity analysis was carried out. On that occasion, four scenarios were de-
fined, namely service-related, sales-related, logistics-related, and a scenario in which the
weights of all criteria are equal (Table 8). In the first scenario (service-related), it was de-
fined that criteria C3 and C4 had the highest values of the weights. For this reason, the
weights of criteria C1 and C2 were replaced with the weights of criteria C3 and C4, re-
spectively. In the second scenario (sales-related), it was assumed that the most important
criteria were those related to the sale of the product/service (criteria C5 and C6). For this
reason, the weights of criteria C1 and C2 replaced the values with criteria C5 and C6, re-
spectively. In the third scenario, it was assumed that logistics-related criteria (C7, C8, and
C9) were the most important. For this reason, the weight values of these criteria were re-
placed by the values of criteria C1, C2, and C3, respectively. Finally, in the last scenario, it
was assumed that all criteria have the same weight.

Table 8. Criteria weights in different scenarios.

Criteria Weights Criteria Weights Criteria Weights Criteria Weights

Criteria (Scenario 1) (Scenario 2) (Scenario 3) (Scenario 4)
C1 0.155 0.072 0.046 0.111
2 0.105 0.056 0.042 0.111
C3 0.294 0.155 0.033 0.111
Cc4 0.196 0.105 0.105 0.111
C5 0.073 0.294 0.072 0.111
C6 0.056 0.196 0.056 0.111
c7 0.046 0.046 0.294 0.111
C8 0.042 0.042 0.196 0.111
9 0.033 0.033 0.155 0.111

Based on the results of the sensitivity analysis, it can be concluded that the order of
alternatives slightly changed when compared to the results obtained in the previous sec-
tion (Table 9). Namely, only alternatives Al and A6 changed places, whereas the rest of
the alternatives did not change their rank. The order of alternatives according to these
scenarios can be shown as A5 > A1 > A6 > A2 > A3 > A4.

Table 9. Ranking of the alternatives in different scenarios.

Alternatives Volume Rank Alternatives Volume Rank
Al 0.024573071 2 Al 0.032609709 2
E A2 0.016558221 4 ‘;' A2 0.022333917 4
5 A3 0015228425 5 5 A3 0014381408 5
3 A4 0.011850111 6 3 A4 0.010473424 6
A5 0.027699935 1 A5 0.034746598 1
A6 0.022805697 3 A6 0.026236036 3
Alternatives Volume Rank Alternatives Volume Rank
- Al 0.037971369 2 - Al 0.036252117 2
o A2 0.02387671 4 o A2 0.024655794 4
g A3 0.017157544 5 g A3 0.01645782 5
3 A4 0.00612291 6 3 A4 0.009744762 6
A5 0.042965898 1 A5 0.039861288 1
A6 0.02716994 3 A6 0.026788069 3
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5.3. Theoretical and Practical Implications

Based on the presented results, it can be concluded that the proposed approach can
provide significant support for multi-criteria decision making. If real data were available
and used instead of expert estimates, even more, realistic results would be obtained. This
approach significantly contributes to the field of multi-criteria decision making as it con-
siders all aspects of the real problem that needs to be solved.

The paper represents an excellent basis for future research. It is particularly signifi-
cant in today’s era of small shipments with high frequency. In the current market, we are
witnessing an increasing demand for the delivery of smaller shipments with higher fre-
quency. This shift is largely driven by the rise of e-commerce and the growth of online
shopping. As a result, logistics companies are facing new challenges in terms of optimiz-
ing their operations and ensuring timely and cost-effective deliveries. The paper provides
valuable insights into how multi-criteria decision making can be used to address these
challenges. By considering multiple factors such as cost, speed, and reliability, decision-
makers can make decisions based on information about the most efficient and effective
ways of transporting goods.

Furthermore, the paper’s findings can be applied to a range of other industries be-
yond logistics. For example, in healthcare, multi-criteria decision making can be used to
optimize patient care, while in finance, it can be applied to investment decisions. Overall,
this paper offers an excellent framework for future research in the field of multi-criteria
decision making. Its insights into the challenges of small shipments with high frequency
make it particularly relevant in today’s market. As such, it is an area of research that is
worth exploring further.

In addition, the proposed approach is fully applicable in practice and suitable for
solving problems in real time. It is only necessary to determine the criteria by which alter-
natives will be evaluated and then either make an expert assessment or evaluate them in
some other way. The advantage of these two methods lies in their applicability in logistics,
regardless of the goods type, the type, and size of the company, etc.

Systematizing and selecting criteria, as well as identifying the most significant distri-
bution channels, enables practitioners to quickly and easily identify problems and solve
them. By streamlining the decision-making process, the model helps practitioners make
decisions based on information about the most efficient and cost-effective ways of trans-
porting goods. This is achieved through the identification of key criteria and distribution
channels, which enables practitioners to quickly identify the best options available. Fur-
thermore, the proposed model’s ability to be transformed into an application (software)
has the potential to revolutionize the way that logistics companies approach decision
making. With a user-friendly interface and simplified processes, the application would
provide a more accessible solution than the Excel templates that are currently in use. In
addition, the application’s accessibility would also make it easier for smaller logistics com-
panies to adopt more sophisticated decision-making processes. This would enable them
to compete with larger companies in terms of efficiency and cost-effectiveness, leveling
and promoting greater competition. Overall, the proposed model and application have
the potential to significantly improve the efficiency and cost-effectiveness of logistics op-
erations. By simplifying the decision-making process and making it more accessible to a
wider range of companies, these tools represent a valuable resource for practitioners.

The results obtained in this paper are in contrast to the results obtained in [15], where
the authors in that paper found that the best distribution channel (ranked alternative) is
manufacturer-wholesaler—retailer-consumer whereas the worst-ranked alternative is
manufacturer-consumer. These results are not surprising, given that the authors in that
paper observed completely different criteria and alternatives compared to those presented
in this paper. Also, the results of this paper showed that the best solution depends on the
weights of the criteria based on which the alternatives are evaluated.

When comparing the obtained results with the results from [8], it can be concluded
that there is a difference in the obtained results as well. Namely, in that paper, the best-
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ranked alternative was the cross-dock center, whereas local warehouses were rated as the
worst-ranked alternative. Based on this, it can be concluded that the application of the
proposed methodology also depends on the type of goods, given that the mentioned au-
thors dealt with the selection of distribution channels for high-value stones.

6. Conclusions

Distribution is one of the seven elements of the marketing mix, and the decision about
the distribution channel is equally important as the decisions about services, price, pro-
motion, service processes, physical environment, and human resources. The aim of this
paper was to choose an appropriate distribution channel based on observed criteria, using
the methods and approaches of multi-criteria decision making. The choice of a distribu-
tion channel can be made using various multi-criteria decision-making methods such as
TOPSIS, AHP, fuzzy methods, mathematical programming, and others, as well as their
combinations. In this study, a combination of FUCOM and ADAM methods was applied,
where FUCOM was used to obtain the criteria weights, whereas the ADAM method was
used to obtain the final ranking of alternatives. Six distribution channels (retailer’s ware-
house, wholesaler’s warehouse, manufacturer’s warehouse, cross-dock, 3PL services, and
direct delivery) were ranked in this paper using nine criteria (inventory costs, distribution
costs, delivery speed, service level, market coverage, product availability, order consoli-
dation capability, reverse logistics, and order tracking). Based on the results, the distribu-
tion channel with 3PL services was the best-ranked alternative while inventory costs stood
out as the most important criterion. Since the ADAM method is a novel MCDM method,
a model validation was conducted and the obtained results were compared with the com-
bination of two methodologies (FUCOM-MARCOS, and BWM-ADAM). The results of
this research were also compared with the results obtained from the previous research,
and it was concluded that there are certain factors (such as goods type, distribution chan-
nel type, etc.) that can affect the selection of distribution channel. The obtained results
showed the great applicability of the proposed methodology in this paper. After consult-
ing experts, it was concluded that the results matched the real situation. The only limita-
tion of this paper in this term is the relatively small number of experts that estimated al-
ternatives in accordance with the observed criteria. Since there are a large number of de-
cisions that need to be made on a daily basis in the logistics sector, the importance of these
methods lies precisely in the easier decision-making process. The decision-making process
is facilitated because management only has to evaluate alternatives according to criteria
and determine the importance of each criterion in relation to the top-ranked one, whereas
the other steps of the method can be easily carried out using Excel and Lingo or some
other solver. The only problem with the implementation can occur if managers are not
familiar with the application of the previously mentioned software. In these situations,
the development of an application would be a better choice.

Another limitation of the paper is reflected in the fact that e-commerce, as well as
omnichannel, were not considered as a sales channel, as well as the lack of data based on
which more accurate conclusions could be drawn. Future research could focus on includ-
ing a larger number of criteria, as well as other types of distribution channels, especially
omnichannel, testing on real-life cases, and involving more experts in assessing weights.
Also, future research could focus more on the different types of costs that exist in distri-
bution, considering their importance, and show how they could be reduced or increased
by switching to another type of distribution channel. Overall, future research should also
focus on the development and refinement of hybrid models that combine the proposed
approach with other techniques and approaches. This will enable practitioners to make
even more precise and effective decisions, ultimately leading to improved efficiency and
cost-effectiveness in logistics operations even in situations of uncertainty.
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