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Abstract:

Introduction/purpose: The paper presents a model of logistics support
planning in the conditions of limited logistic resources based on the
prioritization of customer requirements and resource allocation. Decision-
makers play a crucial role in the efficient and equitable allocation of
resources as they prioritize among different user requirements.

Methods: Requirement prioritization techniques that use nominal scale,
ordinal scale, and ratio scale, and five methods for converting ranks into
weighting coefficients have been applied to determine the degree of
significance of user requirements. The Requirements triage method has
been used for establishing relative priorities, while the heuristic algorithm
determining the Kemeny median was used to consolidate individually
ranked requests into a group rank. In order to balance opposing demands
of users, consensus measures of group decision making were used. For
obtaining an optimal planned solution of logistic support, the methods and
techniques of resource allocation were applied.

Results: A model for adaptive planning of logistics support in the
conditions of limited resource capacities of the logistics system has been
developed.

Conclusion: The proposed model can be effectively applied in other areas
of resource allocation.

Keywords: logistics planning, requirement prioritization, triage,
converting ranks into weights, resource allocation.

Introduction

Logistics support planning is a highly complex problem in a military
organization. Research shows that even the most powerful armies in the
world face numerous issues in planning the logistic support of military
operations (McConnell & King, 2019). The most common problems faced
by military logisticians are difficulties in forecasting, lengthy work,
mismatch of requirements, and poor visibility of logistic resources.

It is generally known that many logistics aspects (user requirements,
resource capacities, operational environment, time, etc.) are stochastic,
dynamic, and nonlinear, which causes high sensitivity of the logistic
system (Milenkov et al, 2020).

For military units to maintain the combat strength needed to conduct
operations in the new environment, whether combat or
humanitarian, research shows that armies will need to fundamentally
improve their logistics models used in the previous period and conduct
extensive logistics planning (Hurley & Coleman, 2018).

110




During the logistics support planning process, logistics bodies have
an essential role, first to understand and then to balance opposing
requirements of users, and with their knowledge, competence, and ability
to create an optimal Logistics Support Plan which will, in the observed
planning period, ensure the best overall military organization
performance with a limited resource capacity of the logistic system (Jia et
al, 2020).

All these limitations motivated the authors to explore the possibility
of applying the allocation of limited resources to the existing logistics
system and develop an awareness of the need to modernize the way of
thinking, decision making, and reducing the stress of logistics organs due
to increased outflow of staff.

Whenever deadlines are short, resources are limited and user
requirements exceed the resource capacities of the logistic system, it
implies that some requirements would not be completely met. In that
case, it is necessary to decide which requirements will be fully
completed, which partially, and which will not be completed, i.e. it is
essential to prioritize the requirements and allocate resources with which
the conflicting user requirements will be met to a certain
extent. Accordingly, priority prioritization and resource allocation are
significant activities in logistics support planning.

Determining the needs for ammunition (Zlatnik & Mares, 2020), fuel,
spare parts, food and water items, determining the occurrence of failure
on assets, as well as the place and time of service procedures, requires
extensive calculations and forecasts. To take specific measures to meet
these needs, logistics authorities must gain direct insight into the state of
availability of resource capacities of the logistics network (no matter
whether it is material stocks or maintenance capacities). These problems
cannot be adequately solved without modern decision support tools that
can predict rapid changes in logistic requirements and analyze the
resource capacities of the logistic network (McConnell et al, 2021). Some
of these tools, which can be found in the literature, belong to MCDM
methods: MARCOS, CODAS, EDAS, VIKOR, MABAC, and many others
(Li et al, 2020).

MARCOS (Measurement of Alternatives and Ranking according to
COmpromise Solution) considers an anti-ideal and ideal solution at the
very beginning of the formation of an initial matrix, closer determination of
utility degree concerning solutions, a proposal of a new way to determine
utility functions, a possibility to consider a large set of criteria and
alternatives while maintaining the stability of the method (Sarma et al,
2020).
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CODAS stands for COmbinative Distance-based Assessment, and it is
used to determine the desirability of an alternative. This method uses the
Euclidean distance as the primary and the Taxicab (hon-Euclidean) distance
as the secondary measure, and these distances are calculated according to
the negative-ideal point. The alternative which has greater distances is more
desirable in the CODAS method.

The desirability of alternatives in the Evaluation Based on Distance from
Average Solution (EDAS) method is determined based on their distances
from an average solution. Because the average solution is determined by the
arithmetic mean in this method, the EDAS method can be efficient for solving
stochastic problems.

VIKOR (Multicriteria Optimization and Compromise Solution in
Serbian) solves decision  problems  with  conflicting and
noncommensurable (different units) criteria. Assuming
that compromise is acceptable for conflict resolution, the decision-maker
wants a solution that is closest to the ideal one, and the alternatives are
evaluated according to all established criteria. It ranks alternatives and
determines the solution named compromise that is closest to the ideal.

The MABAC (multi-attributive border approximation area comparison)
model handles the complex and uncertain decision-making issues by
computing the distance between each alternative and the bored
approximation area (Pamucar & Savin, 2020).

Based on all the above, the goal of this paper primarily indicates the
growing need to develop the logistics planning process, and the final
transition from traditional thinking to more modern, innovative solutions to
keep pace with foreign armies. In practice, this would be reflected in a
fast decision-making process using information systems based on
modern resource allocation models to reduced logistics staff effort and
shorten response time.

The current process of manual logistic support planning requires a
high level of resourcefulness, combinatorics, and calculations to perform
all the defined tasks with the best possible results. Based on practical
experience, the method of allocation of limited resources was applied in
this paper as a starting point for the development of a simplified logistics
support plan. Certainly, this paper should contribute to the development
of logistics support and the planning process in the army in general,
given that the existing literature does not recognize this way of solving
the allocation of resources (Daoud et al, 2021).

Nowadays, research shows that even in modern armies, logistics
planners do not have adequate tools to help them provide quick answers
to questions, especially in a time-limited expedition planning environment
(Schwartz et al, 2019). Therefore, the development of more intelligent
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planning and analytics tools is enabling the military to expand logistics
innovations further and improve the efficiency of the logistics system.

Basic features of the logistics support planning

The logistics support planning is a complex undertaking that requires
good forecasting, logistics network optimization, and risk analysis in a
highly uncertain environment (Rogers et al, 2018).

The goal of the logistics support planning is to determine the optimal
logistics resources, as well as the order, manner, and deadlines for
performing logistics support tasks and elaboration of measures, based on
the elaborated variant of using engaged forces, objective assessment of
the situation, and accurate calculations and activities to increase the
efficiency of the logistics system, its stability, and vitality.

Logistics support planning is a segment of the operational planning
process and represents a very dynamic process with a defined goal that
takes place at a specific time. It requires a creative and organized action
of the logistics management bodies which is a necessary condition for
achieving a certain degree of organization in preparing executive logistic
staff and their precise work plan. The action should be harmonized
concerning the set goal, time, and space for the execution of tasks.

In the last period, the countenance of modern military operations has
changed radically, which has led to a change in the operational
environment and the use of military forces. Modern operations are
primarily reflected in the increasingly stringent and complex requirements
of users in terms of speed, safety, quality, quantity, and diversity of
providing the necessary resources. The emerging operational
environment is changing rapidly and requires rapid responses, which has
led to traditional military planning not offering good enough solutions.

New approaches to military planning should be able to deal with
emerging issues by providing solutions that are robust to deviations from
ordinary circumstances and be easily adaptable to new information that
becomes known during the execution of the plan, thus increasing
effectiveness and efficiency in military operations (Zeimpekis et al,
2015).

Traditional planning seeks solutions that require minimal
modifications of the plan during the execution phase. Such an approach
to initial plan development may require relatively large calculations. On
the other hand, agile planning requires quick solutions that allow a plan
modification and re-planning to anticipate events and information during
the execution phase (Zeimpekis et al, 2015).
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The basic elements considered in logistics support planning for a
military operation, as complex actions of the project type, are user
requirements viewed as activities to be serviced, time, resources, and
costs.

Resources are usually of limited capacity, which leads to the fact
that user requests for a specific type of resource are more significant
than the ability of the logistics system to fully meet all requests in one
particular (given, planned) period of time. In that case, the process of
planning the allocation of limited resources is very complex because the
logistics authorities are faced with the problem of how to provide an
effective, efficient and fair way to meet user requirements while obtaining
the most significant global utility of the military system.

Implementing an effective policy of planning and resource
management in military logistics requires constant monitoring and a
comprehensive analysis of the availability of actual and potential logistic
resources. This enables the development of an optimal system of
resource allocation among interested users, taking into account the
introduction of modern technologies and energy savings (Kostiuchenko &
Solomon, 2020).

The approaches to solve the problem of the rational allocation of
limited logistic resources, in the logistics planning process, depending on
the policy of resource adjustment, can be classified as follows:

- To firmly set a deadline, with a known scope and type of

requirements and engage resources sufficient to all user requirements
to be met. In this case, a cost minimization strategy is applied,;

- To find a solution for known available (limited) resources, with a

known scope and type of requirements, which will provide a
minimum extension of time to provide the necessary resources
and meet all user requirements. In this case, a time minimization
strategy is applied;

- To select the type and scope of requirements that can be met, to

achieve maximum effects, for known available (limited) resources,

in a firmly set period of time. In this case, the strategy of maximizing

the global utility is applied, i.e. the rule of allocative or Pareto

efficiency.

In the process of the logistics support planning, logistics staff should
continuously observe, study and analyze user requirements in different
ways and from different points of view, and generally have to make many
decisions based on individual perception and experimentally chosen
criteria, to respond to the requirements as rationally as possible to users
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with available resource capacities of the logistics system (Milenkov et al,
2020).
Figure 1 presents a logistics support planning model.

Customer satisfaction
policy

—  —

User Resource
requirem- Logistics gupport Cagftﬂges
ents planning th

logistics

[
[
Variants of the

Logistics Support
Plan

Figure 1 — Logistics support planning model
Puc. 1 — Modenb nnaHuposaHusi noeucmu4eckoli moO0epKKu
Cnuka 1 — Moden nnaHupara rnoeucmuyke nodpLuxke

The result of the planning process is the Logistics Support Plan, a
document in which the planning actions are written towards the set
goal. The development of the plan concretizes the goal and determines
in more detail what needs to be done to reach the goal, having in mind
the probable development of future events. The concretization of the goal
includes answers to the questions: what needs to be done, who needs to
do it, when it needs to be done, where it needs to be done, with what to
do it (with what resources), and how to do it. It aso needs back-up
solutions in the case the assumptions and limitations on which the plan
change is based (Andreji¢ et al, 2004; Andreji¢, 2001).

The plan must be flexible enough to allow for changes and additions,
thus expressing the continuity of the planning process. So, continuity of
planning requires reviewing the goals and, if necessary, redefining them,
i.e. revising the plan in certain time intervals. In general, the logistics
support planning process includes the following steps:

- Determining customer requirements, expressed through the
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necessary resource capacities of the logistics system;

- Determining the available resource capacities of the logistics
system in the observed planning period;

- Determining the deviation of the required and available
resource capacity;

- Choice of policy to meet customer requirements;

- Development of alternative planning solutions;

- Selection of a planning solution from the set of acceptable
solutions; and

- Concretization (detailed elaboration) of the selected planning
solution.

These activities indicate that in the process of logistics support
planning, it is necessary to apply adequate models for the allocation of
limited logistic resources in accordance with the conflicting requirements
of the users to achieve better global utility of military formation.

It is obvious that solving the problem of allocating limited resources
during the logistics support planning process requires the involvement of
several stakeholders, which in organizational terms is a collective (group)
way of decisions making. Therefore, it is imperative to adhere to certain
principles, adopted priorities and present restrictions to mitigate the
conflict of the user requirements and make the Logistics Support Plan as
efficient as possible.

Logistics support planning based on prioritization of
requests and allocation of limited resources

In the broader context of logistics support planning, the first
important question that arises is what to allocate and to whom to allocate
it, while the second question is how much to allocate. The answers to
these questions are very complex and must be assessed against the
higher goals of the military organization, especially when there are limited
resource capacities of the logistics system. In this regard, the problem of
resource allocation is an essential and challenging task in logistics
support planning, where logistics resource capacities such as material
resources, intangible items (e.g. services), and human resources are
allocated in accordance with user requirements.

In general, the problem of resource allocation is present in various
fields and attracts the attention of many researchers and
practitioners. Different approaches to resource allocation are presented
in the literature, which is based on specialized mathematical models and
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algorithms (Luss, 2012). These models are used in many areas, such as
industrial production management, communication, and computer
networks, emergency services, health services, air traffic, allocation of
water rights, environmental and military issues (Luss, 2012; Meran et al,
2021; Skobelev, 2011; Hameed et al, 2016).

The central question in resource allocation problems is how to
optimize a goal based on certain criteria. In such problems, there are
often contradictions and tensions in establishing a certain balance
between user requirements because achieving one value can be
detrimental to another. These problems are often modelled so that the
immediate outcome of optimization is a Pareto set of sustainable
solutions (Chevaleyre et al, 2006; Ogryczak et al, 2014).

If there are conflicting goals among interested users, the Pareto set
contains several solutions that represent different trade-offs in conflicts
over resources. The basic goal of solving such problems is to choose the
best compromise for a particular domain in which optimization is applied
(Luss, 1999).

Resource allocation is a problem of discrete optimization and
belongs to the category of NP-heavy (non-deterministic polynomial-time
hardness) problems. Finding solutions that meet all the limitations means
searching for a vast space of possible solutions. Therefore, the
application of advanced techniques that use different heuristics to narrow
the search space allows us to find a solution that is close to optimal.

The development of fully automated systems for solving allocation
problems is often rejected in practice. The reason may be restrictions
that are difficult to register fully, decision criteria difficult to
determine, and end-users not usually being experts in using complex
mathematical concepts such as large matrices of mathematical
programming or weighting factors of multicriteria optimization.

In the conditions of uncertainty, logistics staff in charge of logistics
support planning often have incomplete, inaccurate, contradictory,
insufficiently clear, and insufficiently reliable information on user
requirements and available resource capacities of the logistics system,
which complicates the process of determining the distribution of
resources in the logistics system in accordance with customer
requirements.

In the case when resource capacities of the logistic system are
insufficient to meet all user requirements, specific heuristic rules can
provide great assistance to logistics authorities in choosing a policy to
meet user requirements, such as:

- Rule "First come, first served";
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- Rule "The most urgent request is served first";

- Rule "The request whose realization lasts the shortest is served
first";

- Rule "The nearest date is executed first" (request with the shortest
time - waiting period);

- Rule "Priority of requests, i.e. ranking of requests according to the
degree of significance".

Prioritization of requirements has proven in practice as an effective
strategy in the allocation (distribution) of resources that facilitates the
decision-making process and allows suppliers to efficiently and fairly
provide resources to a larger number of users (Luss, 2012).

Limited resource allocation model

To solve the problem of the logistics support planning, it is
necessary to know the requirements of users (i=12,...,m) for a

particular type of resource (Bij), and, on the other hand, it is necessary

to know the availability of required resource capacities of the logistic
system (Rj) for the observed planning period.

The value (B ) represents the needs of the i-th user (i =12,...,m)

ij
m

for the j-th type of resource (j=12...,n), i.e. B, = > By it represents
i=1

the total required amount of the j-th type of resource of all m users. At the

same time, the size (Rj) represents the availability of the j-th type of

resources in the observed planning period.

Satisfaction of specific user requirements with the j-th type of
available resources (R j) can be presented as follows:

k | m
Rj:;RJ+ZRS+ZR”T (1)

i=k+1 i=l+1
where:
Rj+ - the amount of the j-th type of resource with which it entirely (100%)

meets specific user requirements (i =1,...,k),
R -

J
requirements are partially met (i =k+1,..., I),

the amount of the j-th type of resource with which specific i-th user
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RJT - the missing amount of the j-th type of resource due to which the i-th

user requirements are determined (i =] +1,...,m) unsatisfactory.

Depending of resources availability, two basic planning categories
can be applied: resource levelling and resource allocation.

The problem of levelling resources arises in the case when there is a
sufficient amount of available resources of the logistic system to meet all
user requirements in the observed planning period entirely. Here, it is
essential to fulfill the condition of timeliness of satisfying all user
requests, which is achieved by determining the order of satisfying user
requests for a specific type of resource.

In this case, the needs of all users are fully met, and the solution to
the problem of resource planning is unambiguous and comes down to

the distribution of the size of available resources (Rj) of a series of
quantities (Bij ) where the condition is satisfied:

&:2%3& (2

The size Rj represents the available amount of resources, i.e.

Rj = R'j +1;, where the size R; represents the number of resources that

are allocated to user requirements, while r; represents the number of

resources that remain after distribution, i.e. represents the excess
resources for the observed planning period.

The problem of resource allocation occurs when resources are
limited, i.e. insufficient to meet all user needs in the observed planning
period, which can be mathematically represented with the following
expression:

B, =Y B, >R, (3)
i=1

In this case, there is a shortage of resources, which for the j-th type
of resource is:

AR; =B; =R, 4
The size ARJ. should be taken away from the users in some way to
cover the existing lack of required resources.
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The solution to this problem comes down to allocating the available
amount of the resources R; to the order of new guantities b;; to satisfy

the following condition:

m m
R; =>"b; , respectively R => B, —AR, (5)
i=1 i=1
This can be done by shortening the required amount of resources to
each user by the number of missing resources 5”, SO thatARj

represents the total amount of missing resources that could cover the
resulting shortage or meet the condition:

AR, = ;5”. (6)

where: §; - reduced amount of the j-th resource to the i-th user.

Research on resource allocation problems shows that ranking user
requests according to the degree of importance, seeking or sharing the
same resource, is an important activity when deadlines are short and
resources are limited (Lehtola et al, 2004). Requirements prioritization is
the setting of ranks or ratings of importance to a set of requirements
based on specific criteria and according to the viewpoints of various
stakeholders (Moisiadis, 2002, Ogryczak et al, 2014).

In addition, when ranking the requests, what is important is the
method of determining the coefficient of the significance of the request
concerning the obtained rank.

From the set conditions and specific priority requests of the user
(Kij) for a specific type of resource, the coefficient of the significance of

the request of the i-th user for the j-th type of resource can be determined
(:uij € [011]) .

From the above conditions, the appropriate relative coefficient of the
significance of satisfying the user's request for the j-th type of resource
(,Hij ) whose value is:

B,
ij = n om (7)

w33

where:
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Bij - the size of the required j-th type of resources by the i-th user for the
observed planning period,
L - the coefficient of the significance of the request of the i-th user for

the j-th type of resource, and
M - number of users.

In that case, the reduced amount of the j-th resource to the i-th user
can be determined by the following relation:

5ij :,Bij 'ZARJ' (8)
j=1

In this situation, the amount of the j-th resource allocated to the i-th
user is:

b; = B, -5, ©)

The assessment of meeting the requirements of the i-th user with
the j-th type of resources after reducing the planned amount is
determined by the coefficient of individual service of the user:

b,
/lij :E (10)

ij
In this way, it is ensured that the coefficient of individual customer
service 4;; is equal to the coefficient of the average service 4; of all p

users (0 <p<s m) with the same priority of satisfying the requirements
with the j-th type of resource.

In this case, the coefficient of average customer service with the
same priority resource is:

b *
Z by

Aj="t— (11)
Z Bii
i=1

The procedure in this model of allocation of limited resources
ensures that the Plan of allocation of limited (insufficient) resources is
rational, fair, and correct for all users because all the set conditions are
met.
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Requirements prioritization techniques

One of the key problems of optimal allocation of limited resources is
setting priorities to meet user needs. However, this problem can be
overcome by using specific techniques, methods, and approaches of
prioritization.

Numerous user prioritization techniques have been presented in the
literature, see (Vestola, 2010; Achimugu et al, 2014; Khan et al, 2015;
Qaddoura et al, 2017; Hudaib et al, 2018; Olaronke et al, 2018).

In general, request prioritization techniques can be divided in two
categories. Techniques include requirement prioritization methods and
requirements negotiation approaches (Olaronke et al, 2018).

Request prioritization methods are classified into methods that use a
nominal scale, ordinal scale, and ratio scale, while approaches to
negotiating claims focus on assigning priority to meeting requirements
through consensus of stakeholders.

Nominal scale methods allow requests to be assigned to different
priority groups, where all requests in one priority group are treated
equally. Ordinal scale methods result in an orderly list, so it is possible to
see which requirements are more important than the others, but not by
how much, while relationship scale methods give a relative difference
between requirements, i.e. they can quantify how much more important
one request is than another. In addition to these methods, other methods
are cited in the literature, such as Interval Scale, Hybridized Scale, and
Machine Learning (Olaronke et al, 2018).

Each of these methods and techniques is characterized by different
challenges, as none can be considered the best given the problems that
accompany them, such as reliability, consistency, consensus when
multiple stakeholders are involved, as well as difficulties when there is a
large number of requirements, etc. In addition, some take more time but
give more accurate results (Zou et al, 2019).

In practice, it becomes challenging for decision-makers to choose
the correct method and techniqgue when prioritizing requirements. In
many cases, decision-makers are faced with the fact that not all
requirements can be fully met due to limited resources and time. This
means that it must be decided which of the requirements can be
removed from the observed set of requirements and which requirements
can be partially satisfied.

However, the development of models based on hybrid approaches
that include a combination of different methods and techniques, as well
as reaching consensus among stakeholders, can be considered as
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promising models in decision-making when prioritizing customer
satisfaction (Wei et al, 2021).

The Requirements triage method is a handy tool for establishing
relative priorities in the assessment of resources to meet user
requirements, where requests are most often classified into three groups
on a nominal scale, as follows:

- High priority requirements (critical, fundamental), which must be
fully met;

- Standard priority requirements (quite important), which can be
partially met; and

- Low priority requirements (irrelevant, not mandatory), which do not
have to be met in the observed period.

After the triage of requests, the next step is to rank those requests
that can be partially met according to the degree of importance
depending on their position on the ranking list.

Let X ={X,,X,,...,X, | be a set of predefined options (requirements),
where X; represents the i-th requirements (i=1,...,n). Let

D={d,,d,,...,d, } be a set of decision-makers, where d, denotes the k-
th decision-maker (k=1...,m). Each decision-maker d, € Dcan

express their preference information using different preference
structures.
The procedure of the rank selection process is given as follows:

Step 1: Obtaining the individual preference vectors

Let Rk:{rlk,rzk,...,rk} the individual ranking vector, where

n

r* represents the i-th rank of requirements (i =1,...,n), which is given by
the decision-maker d, .

Step 2: Obtaining the collective preference vectors
After obtaining individual preference vectors by different decision-
makers, for calculating the collective preference  vector

Rc:{rl°,r2°,.. rc} where I, represents the i-th rank of requirements

R B

(i =1..., n), in this paper, the heuristic algorithm of the median Kemenia
is applied (Milicevi¢ & Milenkov, 2014).
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Step 3: Consensus reaching process

A consensus-reaching process is a dynamic and iterative group-
discussion process that helps the decision-makers to bring their opinions
closer before making a decision (Pérez, 2018). This process consists of
several rounds where the decision-makers discuss and change their
preferences according to the suggestions given by a moderator. Usually,
the moderator is a person who does not participate in the discussion, but
he or she helps the decision-makers to make their preferences closer to
each other. The moderator's tasks are 1) computing the consensus
measures, 2) checking the level of agreement, and 3) generating some
advice for those decision-makers that should change their minds.

To calculate the level of consensus, the ordinal consensus degree
(OCD) measures is applied in this paper, The OCD is defined as the
deviation between individual preference vectors and collective preference
vectors (Dong & Zhang, 2014), as follows:

1 .
OCD(dk):n_zz‘rik —ri (12)
i=1

The ordinal consensus degree among all decision-makers is given
as follows:

OCD{dl,dz,...,dm}=%Zm:OCD(dk) (13)
k=1

If the OCD(d,,d,,...,d, )=0, then all decision-makers have

complete ordinal consensus with the collective option. Otherwise, the
smaller OCD{d,,d,,...,d, } value indicates the higher ordinal consensus

level among {d,,d,,...,d, .

When the level of consensus is not met, a feedback adjustment
procedure is applied to improve the level of consensus among decision-
makers, which is repeated until a predetermined level of consensus is
reached a (Tang et al, 2021).

Methods of converting ranks into weighting coefficients

Ranking user requirements and then converting ranks into weights
has certain advantages. The main advantage of this method of
determining the significance of user requests is that it is much easier to
rank user requests by applying specific methods of prioritization, and
then based on the obtained unified list of n prioritized (ranked)
requirements, determine the weighting coefficients of the significance of
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the requirements by applying specific methods for converting ranks into
weight values (Tufail et al, 2019).

In the literature (Milicevic & Milenkov, 2014; Alfares & Duffuaa,
2016), several methods for determining the weight values of the
coefficients based on their rank are presented. The following methods
were used in this paper:

1) Variable-slope linear (VSL) weights:

w, =100 —(3.19514 +Mj (r-1) (14)
n

2) Rank-sum (RS) weights:

w, =100-(n+1-r)/n (15)
3) Rank reciprocal (RR) weights:

w, =100/r (16)
4) Rank order centroid (ROC) weights:

100> 1/i
W, = Z':r (17)

r n .
D i
5) Geometric weights (GW):
100
W, =-——~ (18)
(v2)
where:
w; - weight value of the coefficient of significance of the request,
r - rank required, n - the total number of user requests.

The weight values of the coefficient of the significance of the
requirements obtained by these methods are in the range from 0 to 100.
By additive normalization, these values are reduced to the interval 0-1.

In this paper, the aggregation of the weight values of the coefficient
is performed by arithmetic averaging of the obtained values using the
above methods, with the following expression:

W W
== (19)
q
where:
g - the number of methods applied, and

j=12,...,n - the user request number.
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Application of the resource allocation model

For the observed planning period, the requirements of 5 users who
use the same resource of the logistics system were analyzed.

The logistics support planning process was implemented through the
following steps shown in Figure 2:

Step 1: Determine user requirements for a particular type of
resource
After the analysis, the user requirements were grouped into ten

homogeneous groups, with the total required capacity B, = 7000 of
resource units, as shown in Table 1.

Table 1 — Overview of the user requests for the same type of resource
Tabnuya 1 — O630p 3anpocos nosb3osamereli No 00UHaKo8OMYy mury pecypca
Tabena 1 — [peaned 3axmeesa KOPUCHUKa 3a Ucmy spcmy pecypca

Bl |B2 | B3 | B4 |BS B6 | B7 B8 | B9 | B10 | Total
K1 300 | 200 | O 100 | 100 | 100 | 250 | 100 | 150 | 200 | 1500
K2 100 | 200 | 100 | 200 | 300 | 150 | 150 | 100 | 200 | 200 | 1700
K3 0 0 200 | 100 | 150 | 300 | 200 |50 | 100 | O 1100
K4 200 | O 0 300 | 300 |50 | 100 | 100 | 250 | 200 | 1500
K5 0 100 | 200 | 50 | 150 | O 300 | 150 | 100 | 150 | 1200
Total | 600 | 500 | 500 | 750 | 1000 | 600 | 1000 | 500 | 800 | 750 | 7000

Step 2: Determining the available capacities of the logistics system
for the required type of resources

For the observed planning period, it was determined that the
logistics system for the required type of resources has a capacity of

Rj =5000 units of measure.

Step 3: Determining the deviation of the required (required) from the
available resource capacity

Given that the total required resource capacity of the user
isB; =7000 units of measure and that the logistics system has the

resource capacity of R; =5000 units of measure, there is a shortage of

resources in the system of AR, =B; —R; =7000—-5000 =2000 units of
measure.
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Step 4: Select a customer satisfaction policy.

The choice of customer satisfaction policy plays a key role, given the
present deficit of resource capacity of the logistics system. In this regard,
the “Priority of Requirements” rule has proven in practice to be a very
effective policy for the allocation of limited resources.

In this paper, the technique of request triage was first applied, where
after the analysis, it was decided which requirements will be fully
satisfied, which partially, and which will not be served. After that, the
technique of ranking the partially met requirements was applied to
determine their degree of significance to achieve the greatest global
usefulness of the system.

Step 4.1: Application of the triage requirement technique

By applying the request triage technique, the decision-makers
decided that the requests of users B7, B8, and B9 were fully met, and the
request of B10 was not met. It was also decided that other requirements
would be partially met by all users.

Table 2 — Overview of the user requirements after the triage
Tabnuya 2 — O630p 3anpocos nosib3osamernell nocne copmuposKU
Tabena 2 — lNpeeaned 3axmesga KOPUCHUKa HaKOH mpujaxe

B1 B2 B3 B4 B5 B6 Total
K1 300 200 0 100 100 100 800
K2 100 200 100 200 300 150 1050
K3 0 0 200 100 150 300 750
K4 200 0 0 300 300 50 850
K5 0 100 200 50 150 0 500
Total 600 500 500 750 1000 | 600 3950

Following the request triage procedure, the total required resource
capacity of the users is Bj =3950 units of measure, and the available

resource capacity of the logistics system is now R; =2700 units of

measure. So, there is still a deficit of resources in the system, which now
amounts to:

AR, =B, — R, = 3950 — 2700 =1250
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Step 4.2: Ranking the requests that are partially served

In the process of determining the degree of significance of the
requests that are partially served, five decision-makers participated in
ranking the requests B1, B2, B3, B4, B5, and B6.

Table 3 provides an overview of the ranked user requirements by
the decision-makers.

Table 3 — Overview of the ranked user requests by the decision makers
Tabnuya 3 — [Nposepka paHXupo8aHHbIX 3arpocos nosib3oeamesieli 0mMeemcmeeHHbIM
JIUYOM, NPUHUMAaKOWUM peLeHUsT
Tabena 3 — lNpeaned paHaupaHUX 3axmeea KopucHuUKa 00 cmpaHe GoHocuoua 00ryke

le];ilfé‘?g' B1 B2 B3 B4 B5 B6
DM1 1 2 4 3 6 5
DM2 1 2 3 4 6 5
DM3 3 1 2 5 4 6
DM4 1 2 3 4 5 6
DM5 2 1 3 5 4 6

Step 4.3: Consolidate individually ranked requests into a group rank

Consolidation of individually ranked requests by a group of decision-
makers into the final group order was done by applying the heuristic
algorithm to determine the Kemeny median.

After performing the procedure of binary relations between ranking
pairs, the obtained elements of the loss matrix are shown in Table 4.

Table 4 — Loss matrix element values
Tabnuya 4 — 3HayeHus anemMeHmos8 Mmampuubl MOMepk
Tabena 4 — BpeOHocmu enemeHama mampuue 2ybumaka

Bl B2 B3 B4 B5 B6
B1 0 0 0
B2 4 0 0 0 0
B3 8 10 0 2 0 0
B4 10 10 0 4 0
B5 10 10 10 6 0 4
B6 10 10 10 10 6 0
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Table 5 shows the procedure for applying the Kemeny median
algorithm to obtain the final group order of user requests in accordance
with the degree of significance.

Table 5 — Application of the heuristic algorithm of the Kemeny median to obtain a group
order
Tabnuya 5 — lNpumeHeHue agpucmuyeckoao anzopumma meduaHbl KemeHu 0ns
rosy4yeHus1 epynnoeoeo rnopsioka
Tabena 5 — lNpumeHa xeypucmuykoe anzopumma medujaHe KemeHuja 3a dobujar-e
epyrnHoe nopemka

Si(l) Si(2) Si(3) Si(4) Si(5) Si(6)
B1 8 2
B2
B3 30 10 2
B4 34 22 12 4
B5 42 30 20 10
B6 26 36 26 16 6 0

The final group rank of the requests is B2, B1, B3, B4, B5, and B6.

Step 4.4: To calculate consensus levels

By applying Egs. (12) and Egs. (13), the level of consensus is
calculated, which is OCD = 0.08889. The obtained level of consensus is
satisfactory, which means that the decision-makers do not need to adjust
their preferences.

Step 4.5: Determining the weight values of the coefficient of the
significance of the requirements

Table 6 shows the weight values of the coefficients of the
significance of the requirements based on their rank, obtained by
applying the method of converting the ranks into weight values.
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Table 6 — Weight values of the coefficient of significance of the request
Tabnuya 6 — Becosble 3Ha4eHUs1 KOaghghuyueHma 3Ha4yuMocmu 3anpoca
Tabena 6 — TexxuHcKe epedHocmu KoeghulyujeHama 3Ha4ajHocmu 3axmeea

B2 Bl B3 B4 B5 B6
VLS 0.2185 0.1978 0.1770 0.1563 0.1356 0.1148
RS 0.2857 0.2381 0.1905 0.1429 0.0952 0.0476
RR 0.4082 0.2041 0.1361 0.1020 0.0816 0.0680
ROC 0.4083 0.2417 0.1583 0.1028 0.0611 0.0278
GW 0.3347 0.2367 0.1674 0.1183 0.0837 0.0592
Wij 0.2763 0.2181 0.1714 0.1375 0.1101 0.0866

Step 5: Development of alternative planning solutions

By applying the model, alternative solutions for selecting the optimal
Logistic Support Plan have been developed, depending on the weight
values of the coefficients of the significance of the requirements u;,
which are shown in Table 7.

From Table 7, it can be seen that the difference between the
maximum and minimum values of the percentage of customer service in
the VLS method is 18.80, in the RS method 55.08, In the RR method
41.26, in the ROC method 69.33, while in the GW method it is 46.26.

The difference between the maximum and minimum values of the
percentage of customer service in the arithmetically combined group

value of weight coefficients Wj is 33.08.

Step 6: Selection of the planning solution

After analysing acceptable planning solutions for developing the
optimal Logistic Support Plan, the resource allocation was selected

based on the values of weighting coefficients Wj .

Step 7: Detailed elaboration of the selected planning solution

In this step, a customer service order with the allocated amount of
resources in the observed planning period is elaborated.
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Figure 2 — Flowchart of the proposed methodology
Puc. 2 — briok-cxema ripednazaemol memodorsoauu
Cnuka 2 — [Jujazpam moka npednoxeHe memodorioauje
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Conclusion

In logistics systems, there is often a need to make decisions
regarding the allocation of limited resources. Resource allocation
efficiency is measured by optimizing appropriate parameters such as
demand size, resource capacity, task execution time, system latency,
and cost, which are key elements in planning the logistics support of
military operations.

The considerable uncertainty and dynamics of the requirements
generated by military units (users of logistic products and services), and,
on the other hand, numerous limitations present in logistics indicate that
logistics support planning is a crucial and challenging area of logistics.

Optimal planning reduces or eliminates the uncertainty of future
activities and maintains the system within the permissible (tolerant)
framework of functionality in the observed future period.

To plan logistics support well, it is necessary to have reliable data on
customer requirements, as well as data on the availability of limited
resources of the logistics system. In addition, quality planning implies
applying modern methods, techniques, and software tools, which will
provide greater rationality and objectivity in determining the variants of
planning solutions.

This paper has shown that techniques for prioritizing customer
requirements and resource allocation provide a possibility of agile
planning of logistics support and ensure optimal allocation of limited
resource capacities of the logistic system. The goal in future research is
to consider the possibility of applying the allocation of multiple resources,
in multiperiod, according to priorities, and by substitution of resources to
finally obtain, as much as it is possible, an automated logistics support
plan ready to respond to all possible scenarios.

Due to the extraordinary dynamism and heterogeneity of
phenomena in logistics activities, logistics support planning cannot be
fully and easily formalized and automated. In that sense, the efficiency of
logistics support planning depends on creativity, organizational skills, and
innovation in the work of logistics staff.
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MOJENb NNAHVNPOBAHUNA NOMMCTUYECKOW NOJOEPXKN B
YCNOBUAX OrPAHNYEHHbBIX PECYPCOB

Hukona b. Cumny2, MapbsiH A. MuneHkos?,
Bnadumup P. MunoBaHoBun4Y?, Briada C. CokonoBu4Y?, KOppeCnoHAEHT,
Masen N. donbtnH®, Banax V. Takwac®

2YHusepcuteT 06opoHsl B . Benrpasa, BoeHHaa akagemus,
[enapTameHT noructuku, r. Benrpan, Pecny6nvka Cep6us

6 YuueepcuteT 060poHbl B BpHO, hakynbTeT BOEHHOTO PyKOBOACTBA,
[enaptameHT MmaTepuanbHO-TEXHNYECKOro obecneyeHms,
r. bpHo, Yewickas Pecnybnuvka

B YHMBepCUTET rocyaapCTBEHHON CnyX0Obl, hakynbTeT BOEHHbIX HayK 1
NOAroTOBKN 0MLEPOB, (haKynbTeT CHAbXeHWSs, (PUHAHCOB 1 BOEHHOTO
TpaHcnopTa, r. ByaanewrT, BeHrpus

PYBPWKA T'PHTW: 81.00.00 OBLWME W KOMIIEKCHBIE MNMPOBJIEMbI
TEXHUYECKUX U MPUKNAOHBIX
HAYK 1 OTPACIIEN HAPOOHOIO
XO3ANCTBA:
81.88.00 MaTtepuanbHO-TEXHUYECKOE CHAbXeHNe.
JlorucTuka;
81.88.75 3KoHOMMKa, OpraHuM3aums, ynpasneHue,
nnaHMpoBaHWe 1 NPOrHO3MpoBaHve B
MaTepuanbHOTEXHUYECKOM CHabXeHun
B[O CTATbW: opurnHansHas HayyHas ctaTbs

137

Simi¢, N. et al, Logistics support planning model in the conditions of limited resources, pp.109-139


https://iopscience.iop.org/journal/1742-6596
https://link.springer.com/journal/477

E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

Pesome:

Beedernue: B cmambe npedcmaeneHa Modefib  MiaHUpo8aHUst
nioeucmuyeckoli no0dep)KKU 8 YCri08USIX 02PaHUYEHHbIX J102UCMUYeCKUX
pecypcos, OCHOB8aHHasi Ha rpuopume3ayuu 3arpocos KIUeHmos U
pacrnipedeneHuu pecypcos. Jluua, npuHUMarouue peweHus, usparm
Ko4yesyro posib 8 3ghghekmusHoOM U CcripasedniueoM pacripedeneHuu
PECypCoB, NOCKOIIbKY OHU Orpedesnsirom npuopumems! cpedu pasnuyHbIX
3anpocos rnornk3oeamernel.

Memodel. [ns onpedeneHuss cmeneHu 8axHocmu mpebosaHull
ronb3oeamers Obinu NPUMEHeHbI MEMOOb! MpuopuMuU3ayuu 3arnpocos ¢
Ucrornb308aHUeM HOMUHasbHOU WKasbl, MopsiOKosoU wWiKanbl U WKarbl
OmHoweHUl, a makxe nsmb Memooos npeobpasosaHusl paHza 8
secoeble KoaghgpuyueHmsi. Memod CopmMupOoBKU 3arnpocos
ucrionb3oearsicsi Onsi onpedesieHuss OMHOCUMEsbHbIX MPUOPUMeMmos, 8
mo epeMsi Kak 3spucmuyeckuli ameopumm onpedesieHusi MeouaHsl
KemeHu  ucnonb3oeasnicss  Ons  obbeduHeHusi  UHOUBUOyaslbHO
paHXUpoBaHHbIX 3arpocos 8 epymnnoeol paHa. Ymobbl ypasHosecums
npomueononoxHele mpebosaHusi onb3oeamerieli, UCMOMb308asIUCh
KOHCEHCYCHbIe Mepbl epyrnogoeo NPUHSAMUS peweHud. [nsi nonyqyeHus
onmuMasibHO20 MIaHUPOBOYHO20 PeLUeHUs s1oaucmuYeckol rnoddepxku
rpuMeHeHb! MemoObl U puUeMbl pacrpedesieHuUs Pecypcos.

Pesynbmamsi: PaspabomaHa modesnb adanmueHo20 riaHupo8aHust
noaucmuyeckoli  odOep)KU 8 YCrosuUsIX 02paHUYeHHbIX PECYPCHbIX
803MOXXHOCMEU /102UCMUYECKOU CUCMEMBI.

Bbigod: [llpednoxeHHass modenb Moxem bbimb  3¢bgbeKmuUHO
rpumMeHeHa u 8 Opyaux cehepax pacripederieHusi pecypcos.

Knrouesbie  crnosa: nnaHUpoBaHUe — slI02UCMUKU,  Mpuopumesayusi
3arpocos, copmupoekKa, npeobpasosaHue paHa08 geca, pacrpederneHue
pecypcos.

MOOEN MITAHNPAHA NOTMCTUYKE NMOOPLWKE Y YCNOBUMA
OrPAHNYEHMX PECYPCA

Hukona b. Cumuh?, Mapjax A. MuneHkos?,
Bnadumup P. Munosaxosuh?, Brada C. Cokonosuh?, ayTop 3a Npenucky,
Masen J. dontuH®, Banax J. Takwac?

@ YuuBep3auTeT oabpaHe y beorpany, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja

6 YHuBepauteT onbpaHe y BpHy, ®akynTeT 3a BOjHO pyKOBOACTBO,
Opcek 3a noructuky, bpHo, Yewka Penybnuka

® YHnBep3uTeT 3a jaBHe cnyx0be, PakynTeT BojHMX Hayka u 0byky ocumumpa,
Opcek 3a cHabaeBare, hyHaHcuje u BojHu caobpahaj,
byanmnewTa, Mahapcka

OBNACT: nornctuka, MHXUHepCKkU MeHaLIMEHT, MHGOPMaLMOHe TEXHOMNOornje
BPCTA YJIAHKA: opurnHanHun HayyHu pag
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Caxemak:

Y80d: Y pady je npedcmasrbeH moden nnaHupara Jso2ucmuyke
rnodpuwike y ycrioguma ogpaHudeHuUx 102UCmuYKUX pecypca Ha OCHO8Yy
npuopumus3sayuje 3axmeea Kynaua u anokayuje pecypca. [JoHocuoyu
00rnyka umajy Kiby4yHy yrno2y y ecbukacHOj U MpasuyHoj arokauuju
pecypca jep Oajy npuopumem pasauqumumM 3axmesuma KOPUCHUKaA.

Memode: TexHuke npuopumu3ayuje 3axmeea Koje Kopucme
HOMUHarnHy ckany, opOuHanHy ckarny u ckajiy oOHoca, Kao u nem
mMemoda 3a npemeapare paHza Yy mMexXuHcKe KoegpuyujeHme,
npumereHe cy Kako 6u ce o0peduo cmeneH 3HavYaja 3axmeea
KopucHuka. 3a ymephusare peflamusHux rpuopumema KopuwheH je
Memod mpujaxe 3axmesa, 00K je Xeypucmuyku aneopumam 3a
olOpehusawe medujaHe KemeHuja kopuwheH 3a KoHconudauyujy
uHOugudyanHO paHaupaHux 3axmeea 'y 2pynHu paHea. Padu
banaHcuparba cyrnpomcmasibeHUxX 3axmeea KOpucHuKa, KopuwheHe
Cy Mepe KOHCeH3yca epynHoz o0ny4yusara. 3a  Oobujar-e
onmumarsiHoe Mf1aHCKo2 pewierba J1oeucmuydke nodpuwKe MpuMereHe
cy memode u mexHuke pacriodesnie pecypca.

Pesynmamu: PasseujeH je mMmoden 3a adanmueHO MaHupaHe
foeucmuyke nodpwke 'y ycrosuMma — OgpaHU4YeHUX PecypCHUX
Kanayumema Jfio2ucmu4Koe cucmema.

Bakrbyyak: [pednoxeHu mModesl Moxe ce eghukacHO MPUMEHUMU U y
Opyaum obrnacmuma asokauuje pecypca.

KrbyyHe peuyu: nnaHupare si02ucmuke, npuopumusayuja 3axmesa,
mpujaxa, npemeapare paHaa y rnoHoepe, asnokauyuja pecypca.
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