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IMPLEMENTATION OF MODELLING SHIP-TO-SEQUENCE SUPPLY
STRATEGIES
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Abstract: The supply chain processes are key to improving the cost efficiency and sustainability of
manufacturing and service companies. One of the most innovative strategies of just-in-sequence
supply is the ship-to-sequence, which offers improvement possibilities over traditional just-in-time
approaches. This paper focuses on the implementation of modelling ship-to-ship supply, especially
the basic mathematical modelling in these strategies.

It not only evaluates the entire supply process, but it enables a thorough examination of a
comprehensive analysis of the financial impact of ship-to-ship supply for both suppliers and end-
users. It goes beyond the analysis of the entire supply process; it allows an examination of selected
processes at deeper levels and evaluates the impact of different factors on financial indicators.
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1. INTRODUCTION

The development of just-in-sequence (JIS) supply chain design methods is a priority
research area in the manufacturing and service industry environment, especially in the
efficient and cost-effective business management of traditional and complex processes. In
manufacturing, efficient and effective processes are important for producing raw materials
into finished products. This includes all manufacturing and service activities from assembly
line operations to quality control measures, inventory management, and logistics
coordination. Streamlining these processes not only improves productivity but also reduces
costs and enhances overall competitiveness [1].

The long-term operation of these company operations is crucial because manufacturing
processes are supported by the logistics activities which are the basis of the service systems.
The companies consider it as a priority research area to efficiently perform traditional and
complex logistics functions [2]. This highlights the critical importance of streamlining
processes, optimizing resource allocation, and enhancing overall operational effectiveness
to remain competitive in today's dynamic business landscape.

Our research addresses the implementation of ship-to-sequence supply strategies’
general mathematical modelling to describe and evaluate some typical system variations in
the planning, design, and sustainable development of internal and external corporate
logistics processes.

2. LITERATURE REVIEW

Based on the international literature, the just-in-sequence (JIS) supply is considered a
renewal of Just-in-Time (JIT) principles, because it enables the benefits of standard supplier
processes and standard certifications [3]. The JIS supplier philosophy is no other than a
central element of lean thinking [4]. These methodologies offer a systematic approach to
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inventory management, production scheduling, and logistics coordination, allowing
organizations to optimize their operations and focus on their core business objectives.

The traditional JIT and JIS solutions support the supply chain processes of the
company. It focuses on the supply chain processes that enable companies to shift their
manufacturing operations to a more efficient JIS-based supply chain:

o the efficient and cost-effective operation of traditional and complex business
processes,

e s crucial to serve the multimodal logistics activities and

e to handle logistics tasks.

The development of manufacturing and service processes embraces the entire supply chain
because it eliminates uncertainties and unnecessary activities [5]. The application of
different methods, using different algorithms, can reduce the risks involved in the
production process, which ensures the evaluation of the decision principles [6].
These concepts help to innovate supply chain-based manufacturing processes and to
control the fulfilment of related services:
e improving the traditional supply chain [7],
e adapting modern and innovative methods in manufacturing and supply processes,
and
the provision of intermediate goods [8],
to achieve higher quality of services,
to reduce the environmental impact,
reducing harmful emissions,
scheduling and delivery of desired products to serve customers at the lowest cost
throughout the supply chain [9],
o highlights the main network characteristics of each production system by planning
[10] and scheduling [11] resources for logistics activities.

Thus, there is an important role for the allocation and scheduling of resources related to the
smooth servicing of supply chain processes [12].

3. DESCRIPTION OF THE JUST-IN-SEQUENCE STRATEGIES

In this section, the objectives are to review the three basic just-in-sequence strategies, the
literature suggests three main types of just-in-sequence care strategies:

¢ ship-to-sequence,

e pick-to-sequence, and

e build-to-sequence strategies.

These three basic Just-in-Sequence (JIS) strategies are fundamental approaches used in
supply chain management to ensure that components and materials are delivered to the
production line in the correct sequence required for assembly.

Just-in-sequence (JIS) strategies hold high importance in modern supply chain
management due to their ability to enhance efficiency, minimize waste, and improve
overall operational performance.

These just-in-sequence strategies enable companies to respond quickly to changes in
customer demand or production requirements.



Implementation of modelling ship-to-sequence supply strategies 101

Implementing just-in-sequence strategies requires close collaboration of each tier between
suppliers, manufacturers, and logistics providers. This collaboration fosters transparency,
communication, and efficiency throughout the supply chain, leading to smoother operations
and improved customer satisfaction.

The difference between the three just-in-sequence delivery strategies is as follows:

o ship to sequence: the requested products are delivered to the user in the requested
sequence, even directly to the assembly line.

e pick to sequence: the products are not delivered to the user in the required
sequence, but the user builds the sequences himself from the available stock.

e build to sequence: the user manufactures the required products in order of the
sequence, the supplier is responsible for delivering the necessary parts for the
manufacture of the products, this can be taken into consideration depending on the
complexity of the mathematical model.

|~ Assembly line — Receiving = Receiving
Warehousing Categorize ‘Warehousing
ship-to-sequence
|— Commissioning — Warehousing — Assembly line 1

1

Just-in-sequence
— Delivery — Delivery — storage,
compaonents
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Figure 1. Just-in-sequence delivery models [Own edit]

Fig. 1 summarizes the differences between each just-in-sequence strategy: The ship-to-
sequence delivery model that manufacturing of assembly line products takes place at an
earlier point in the supply chain. The required parts are assembled according to the right
sequence of the just-in-sequence supply and processed to the users' assembly lines by the
suppliers. The pick-to-sequence delivery model is that the assembly line components are
handled by the users and delivered to the assembly lines according to the JIS. The
difference in the pick-to-sequence strategy is that the products are not delivered to the user
in sequence, the user builds the sequences from the available stock. The build-to-sequence
delivery model demonstrates that assembly line production is now only carried out at an
earlier point in the supply chain if own production cannot be solved. Normally, the required
sequence of components is handled and delivered to the users' assembly lines by the
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manufacturer. Thus, the user manufactures the required products itself according to the
sequence in the build-to-sequence supply, which can be defined as a function of the
complexity of the model.

Based on the above reasons, the research aims to focus on the field of material flow
modelling, which helps to plan and design logistics processes in companies.

4. IMPLEMENTATION OF GENERAL MODELLING SHIP-TO-SEQUENCE SUPPLY
STRATEGIES

Based on the above ideas, the present study is limited to the scope of traditional, just-in-
time, and just-in-sequence deliveries.

While there exist numerous other strategies and methodologies in the broader field of
logistics and supply chain optimization, focusing on these three fundamental approaches
allows for more in-depth analysis and comparison of their respective impacts, advantages,
and limitations.

Supply chain servicing is defined by the following cost components:

e natural costs,
e the supply costs.

The natural costs of using natural resources:
cNT =CC + P+ (Y, (1)

where:
e (Y is the specific cost of greenhouse emissions,
e (% isthe electricity cost of suppliers,
e (VY isthe specific cost of unexpected natural resources for suppliers.

The costs of logistics activities and other services in the ship-to-sequence supply chain:
CS¢ = C5+C"W +CP + C™, 2)

where:
e (S is the operating cost of suppliers,
e C" is operating cost of warehouses,
e (P isthe operating cost of delivery carriers,
e CMis the operating cost of manufacturer, assembly lines.

The problem's objective function describes the minimization of supply chain operational
costs:

C=Xn, Xj, CVT xi + X T C*¢.x;; - min, (3)

where:
e Xx;;is an assignment matrix of users, suppliers, and associated sequences, where
i=1...m and j=1...n, there is a direct connection between them,
o these focus on the supply chain processes which enable companies to improve
their business operations towards more modern and competitive just-in-sequence

supply.
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5. RESULTS

In this chapter, we examine the ship-to-sequence model in supply chain processes. This
model has objective function components which guarantee and support the required
sequences in manufacturing processes.

Based on the information provided, the value of supply chain operational costs for
suppliers (i), users (j), products (k), and sequence (t) are determined using random
functions within Excel.

A large number of parameters will not be presented, only summarized in the detail of
the sum of sequence values.

Table | shows the costs of ijk t sequences that can be measured and calculated in the
supplier-user relation. Thus, it can be exactly determined the supply and natural costs of
required sequences.

Table I.
Detail of sum of sequence values [Own edit]

SZuMt Cs [t€] Cw [t€] Cp [t€] Cum [t€] Cnar [t€]  Bgyp [t€]
111 0.05 0.54 0.02 0.01 0.07 0.54
112 0.05 0.74 0.02 0.02 0.06 0.74
113 0.04 0.31 0.02 0.01 0.07 0.31
114 0.00 0.95 0.02 0.02 0.09 0.95
115 0.06 0.51 0.02 0,.02 0.09 0.51
116 0.05 0.26 0.02 0.03 0.06 0.26
117 0.03 0.36 0.01 0.02 0.04 0.36
336 0.02 0.95 0.01 0.01 0.09 0.95
337 0.04 0.26 0.02 0.02 0.06 0.26
338 0.02 0.57 0.01 0.01 0.06 0.57
339 0.02 0.28 0.02 0.01 0.07 0.28
3310 0.06 0.27 0.01 0.01 0.07 0.27

Fig. 2 represents the partial costs of each sequence, which cost on average 0.58 eEUR.
From this, the cheapest cost 0.15 eEUR and the most expensive cost 1.53 eEUR.

The numerical analysis, which is essentially a virtual case study based on the proposed
models, demonstrates the applicability and understandability of the model.

Fig. 3 shows the breakdown and the percentage of these cost components, where the
sequence values were calculated to determine the whole operational cost of the system.

The above calculations can be used to determine and evaluate the costs of ship-to-
sequence supply. Thus, the total cost of the ship-to-sequence supply system is 51.30 eEUR
and the revenue from its activities is 51.97 eEUR.
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Figure 2. Breakdown of each just-in-sequence delivery costs [Own edit]
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Figure 3. Results of ship-to-sequence just-in-sequence costs calculations [Own edit]
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6. SUMMARY

The initial mathematical modeling of ship-to-sequence supply strategies supports the design
of optimal system parameters for basic strategies. The supply strategies can be tested using
mathematical models. These methods can effectively synchronize production with demand,
particularly in the context of managing both traditional and intricate processes.

In essence, the importance of JIS strategies lies in their ability to transform supply chain
operations, driving efficiency, cost-effectiveness, and competitiveness in today's dynamic
business environment. As companies strive to meet evolving customer expectations and
navigate complex supply chain challenges, JIS strategies play a crucial role in achieving
success and sustainable growth.

The three just-in-sequence supply strategies can be also used to evaluate and compare
the consistency of companies' just-in-sequence supply chain processes, especially in terms
of the cost of operating the company. It can be used to find the optimal just-in-sequence
strategy, to select the more advantageous model. This requires the complex modeling of
mathematical models and hybrid just-in-sequence model interpretation, where the basic
models are combined.
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