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Abstract 

In the field of logistics, efficient scheduling and resource allocation are essential for ensuring 

the seamless flow of goods through transportation networks. This paper addresses the 

Interval Scheduling Problem, a combinatorial optimization challenge, in the context of 

logistics planning for goods transportation. The study examines how optimized appointment 

scheduling and resource allocation can enhance the performance of transportation networks. 

By combining theoretical insights, algorithmic solutions, and practical applications, this 

work proposes a comprehensive approach grounded in mathematical models that account for 

time, resource, and capacity constraints, alongside a computational implementation. 

Utilizing advanced computational techniques and real-time data integration, the proposed 

solutions aim to increase operational effectiveness and competitiveness while reducing costs 

in transportation logistics. 

Keywords: Interval Scheduling Problem, Time Slots, Resource Allocation, 

Combinatorial Optimization, Logistics, Transportation Networks. 

  

1 Introduction 

In today's interconnected world, large-scale transportation networks play a critical 

role in facilitating the efficient movement of goods and services. These networks form 

the backbone of global trade, supply chains, and local distribution systems [1]. 

Improving the efficiency of such networks is essential, as it directly impacts economic 

growth, operational costs, and service quality. Consequently, optimizing logistics 

operations within transportation networks has become a central focus of both 

academic research and practical development efforts [2]. 

While our previous research has predominantly addressed external aspects of 

transportation networks—such as routing and path optimization, including the well-

known Traveling Salesman Problem (TSP) and Vehicle Routing Problem (VRP) [14], 

[15]—a less explored area is the internal logistics within network nodes. This paper 

shifts the focus to understanding how goods are processed once they enter a node, 

such as a warehouse or distribution center, and how constraints and optimization 
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decisions within these nodes—related to resource allocation, timing, and capacity—

affect the overall flow and efficiency. Although past work has utilized heuristics, 

greedy algorithms, and dynamic programming for optimization [16], [17], [18], [19], 

there is still much to be explored regarding the internal logistics operations of these 

nodes. 

This study seeks to address this research gap by investigating the Interval 

Scheduling Problem (ISP) [3] as it applies to logistics within transportation networks. 

The ISP focuses on allocating tasks or activities within specific time intervals to 

maximize operational efficiency and minimize conflicts or overlaps in resource usage. 

In the logistics context, this involves scheduling deliveries, transport operations, and 

inventory management tasks across different logistical points in a way that ensures 

smooth and uninterrupted operations [4]. 

Classified as NP-hard due to its computational complexity [5], ISP necessitates 

advanced algorithmic solutions for effective resolution. Researchers and practitioners 

rely on dynamic programming techniques to decompose the scheduling problem into 

smaller, manageable subproblems. By recursively solving these subproblems and 

storing their solutions, dynamic programming optimizes resource allocation and 

minimizes scheduling conflicts within the constraints of time availability and resource 

capacity. 

The research question at the core of this study is: How can the Interval 

Scheduling Problem be effectively applied to optimize internal logistics within 

transportation network nodes, accounting for temporal, resource-based, and capacity 

constraints? By addressing this question, the study aims to contribute to the 

development of more efficient and reliable scheduling strategies that improve both 

operational performance and service quality in logistics operations. The findings are 

expected to provide practical insights into the management of internal logistics 

challenges and offer robust solutions for complex scheduling problems in this domain. 

The structure of the paper is as follows: Section 1 provides a review of both 

classical and contemporary literature on scheduling problems. Section 2 presents a 

mathematical model that addresses key constraints, such as operating hours, national 

holidays, team holidays, and the prevention of overlapping appointments within the 

same time intervals and available resources. Section 3 introduces the implemented 

solution using state-of-the-art programming frameworks. Finally, Section 4 analyses 

data sets and results, culminating in a set of conclusions based on the study’s findings. 

2 Literature Review 

2.1  Challenges of Uncertainty in ISP 

One of the key challenges in implementing ISP in logistics is managing uncertainty in 

processing and setup times. Article [6] highlights these challenges, emphasizing the 

need for resilient scheduling techniques such as robust optimization, stochastic 

programming, and scenario-based approaches to handle uncertainties effectively. 

These techniques are essential for minimizing disruptions and ensuring effective 

resource allocation in logistics operations. 
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2.2 Mathematical Models for Optimization in Logistics 

A substantial body of literature focuses on the development of mathematical models 

to optimize logistics operations. Article [7] introduces several crucial models such as 

linear programming, integer programming, and constraint programming, which are 

widely used for optimizing deliveries, vehicle routes, and work shifts. These models 

maximize resource utilization and minimize operational costs, playing a pivotal role 

in ISP implementation across various logistical nodes. 

2.3 Real-Time Decision Making in ISP 

The integration of real-time decision-making techniques into ISP is another 

significant theme in the literature. Article [8] explores the use of predictive models, 

including machine learning, to enhance scheduling accuracy. By incorporating online 

algorithms with predictive analytics, schedules can be dynamically adjusted based on 

real-time data, allowing logistics operations to respond swiftly to unexpected changes 

and improve overall operational efficiency. 

2.4 Heterogeneous Entities in ISP 

Another critical aspect of ISP in logistics is the consideration of heterogeneous 

entities—both in terms of agents and machines. Article [9] focuses on how 

heterogeneous agents with diverse preferences and constraints can complicate 

scheduling, necessitating robust allocation mechanisms that ensure fairness and 

efficiency without overlap. Similarly, article [10] addresses the complexities 

introduced by nonidentical machines with varying processing capacities, 

demonstrating how task allocation must be optimized to fully utilize these resources 

and enhance scheduling efficiency. 

2.5 Task Sequencing in ISP 

The sequencing of tasks is crucial in optimizing logistics operations (Fig. 1). Article 

[11] examines the permutation flow-shop scheduling problem, where tasks must be 

processed in a specific order across multiple machines. By applying constrained 

programming techniques, the study improves the sequencing of tasks to reduce delays 

and maximize throughput, which is directly applicable to ISP challenges in logistics. 

2.6 Resource-Related Constraints in ISP 

Scheduling in logistics is also influenced by various resource-related constraints, 

including team capacity, availability, and holidays. Article [12] investigates these 

variables using integer linear optimization to develop flexible scheduling solutions. 

These solutions accommodate both employee needs and operational requirements, 

ensuring sufficient staffing levels while preventing conflicts in ISP. 



International Journal of Advanced Statistics and IT&C for Economics and Life Sciences  
December 2024* Vol. XIV, no. 1 

© 2024 Lucian Blaga University of Sibiu 

 
Figure 1 - A solution to an Interval scheduling problem 

2.7 Heuristic Methods for ISP Optimization 

Given the complexity of scheduling problems, heuristic methods play a critical role in 

providing efficient solutions. Article [13] demonstrates the effectiveness of heuristics 

in addressing NP-complete problems, such as those encountered in ISP. By using 

heuristic techniques, logistics operations can achieve near-optimal scheduling 

solutions, even in highly dynamic environments, ensuring efficient resource allocation 

and minimizing scheduling conflicts. 

The literature review has outlined the primary challenges and existing solutions 

in applying ISP to logistics, including uncertainty, mathematical modeling, real-time 

decision-making, heterogeneous entities, and heuristic methods. Building on these 

findings, this paper will focus on developing a mathematical model that addresses key 

constraints—such as timing, resource capacity, and availability—applied to the 

logistics component at the entry point of a node within a transportation network. This 

model aims to optimize internal logistics operations, ensuring efficient resource 

allocation and scheduling. 

3 Mathematical Model Overview and Contribution 

3.1 Key Contribution and Innovation 

The primary contribution of this paper is the development of a new, custom 

mathematical model that addresses specific constraints related to logistics within 

large-scale transportation networks. While existing studies on the ISP have addressed 

certain constraints, the novelty of this model lies in its ability to serve as a reference 

framework for managing the inbound flow of goods at network nodes, considering 

real-time constraints such as working hours, team availability, holidays, and 

overlapping operations. 

This model is particularly useful for second-mile or middle-mile logistics 

operations, such as transporting goods from logistics centres to local warehouses and 

can be adapted for use by both private and public entities, including retail companies 

and courier services. A key feature of the proposed framework is its ability to 

dynamically assess the availability of a node based on the constraints, assigning time 

slots that ensure efficient processing of goods. 
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3.2 Future Application and Hybrid Integration 

Beyond its immediate utility, this model offers significant potential as a reference for 

future studies and hybrid implementations. Specifically, it can be integrated with 

dynamic routing methods, such as those used to solve TSP. By combining the 

scheduling framework with routing algorithms, future systems can construct dynamic 

transportation routes based on real-time node availability, evaluated for each specific 

time slot. This integration would enable logistics operators to select optimal routes 

that consider not only the shortest or most cost-effective path but also the operational 

readiness of each node at a given moment in time. 

In this way, the proposed model paves the way for hybrid scheduling and routing 

solutions that can improve the overall efficiency of transportation networks, allowing 

for more intelligent decision-making and resource allocation in logistics operations. 

3.3 Mathematical Model 

3.3.1 Definition of the transportation network 

To address the complexities of logistics scheduling within transportation networks, we 

must first define the transportation network itself and structure it as a graph. In this 

graph, nodes represent logistical points such as warehouses, distribution centres, or 

retail stores, while edges depict the connections or routes between these nodes (Fig. 

2). For the ISP, as applied to logistics units within this network, we will construct 

concepts such as time slots, which refer to the flow of logistic arrivals at these points, 

considering various time, capacity, and resource constraints. We will analyse the 

problem by considering diverse constraints, detailed further, and develop 

mathematical models that we will use to build our solution. 

When considering these constraints, it is crucial to consider a wide array of 

heterogeneous factors that influence operational efficiency. These factors include 

varied working hours depending on the logistics node, differing team sizes and 

availability, and distinct types of merchandise, each requiring customized processing 

times. Additionally, operator preferences for scheduling arrivals at logistics points at 

different hours or frequencies, rather than in continuous succession, must be 

accounted for. Our proposed solution will integrate these diverse aspects and will be 

applied to a large-scale transportation network.  

 
Figure 2 - Representation of Transportation network 
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To enumerate all the constraints identified for our problem, they are as follows: 

• Availability only between Logistic Point Working Hours 

• Existence or absence of team holidays or national holidays set by the 

government 

• Overlapping with other operations or deliveries already scheduled in the same 

slots. 

• Type of merchandise involved in the transportation process (palletized, non-

palletized, mixed, oversized, etc.), and different processing times for each 

• Continuous system verification to ensure that time slots do not become invalid 

by transitioning into the past 

• Real-time calculation of availability for scheduling 

By addressing these factors through advanced mathematical models, we aim to 

develop a robust scheduling solution that enhances the overall performance of 

transportation networks, ensuring that goods are handled efficiently, and resources are 

optimally utilized. 

To define the transportation network for the interval scheduling problem applied 

to logistics, we consider a network consisting of a total of a work points (nodes), 

where b represents the number of logistics centres and (a – b) represents the number 

of stores, forming a complete graph. This means each node is connected to every 

other node, allowing for logistics arrivals from one point to another. Mathematically, 

the transportation network is represented as a graph G = (V, E), where: 

• V is the set of vertices (nodes), representing the logistics centres and stores. 

• E is the set of edges (connections) between the nodes 

V = {v1, v2, …, va} where v1, v2, …, vb represent the logistics centers and vb+1, vb+2, …, va 

represent the stores. 

The set of edges E is defined as: E = {(vi, vj) ∣ vi, vj ∈ V, i ≠ j}, this means that for any 

two distinct nodes vi and vj: (vi, vj) ∈ E and (vj, vi) ∈ E. Network Properties: 

• The number of nodes (vertices) in the graph G is ∣V∣ = a 

• The number of edges (connections) in the complete graph G is: ∣E∣ = a×(a - 1). 

By defining the transportation network this way, we ensure a fully connected 

structure that supports robust and efficient scheduling solutions. This comprehensive 

framework allows us to address the interval scheduling problem in logistics 

effectively, accommodating the diverse and interconnected nature of logistics 

operations. 

3.3.2 Definition of Logistics Scheduling at a Point 

To define logistics scheduling mathematically, we represent it as a set named 

SCHEDULE with specific properties. A logistics schedule at a point involves the 

allocation of time slots for the arrival and departure of goods, considering various 

constraints such as working hours, equipment availability, and processing times for 

different types of merchandise. We define the logistics SCHEDULE as follows: 

 

SCHEDULE = {(O, D, Ts, Te, Ct, St) | O ∈ Vcenters, D ∈ Vstores 

, (vO, vD) ∈ E, Ts, Te ∈ T, Ct ∈ C, St ∈ STATUSES} (1) 

, where: 

• O is the origin point (logistics center) from the subset Vcenters ⊂ V where 

Vcenters = {v1, v2, …, vb} 
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• D is the destination point (store) from the subset Vstores ⊂ V where Vstores = 

{vb+1, vb+2, …, va} 

• Ts is the start time of the logistics schedule, from the set of time slots T 

• Te is the end time of the logistics schedule, from the set of time slots T 

• Ct is the cargo type from the set of cargo types C 

• St is the schedule status from the types of STATUSES = {“New”, 

“Processing”, “Canceled”, “Completed” etc.} 

3.3.3 Dependencies (indirect constraints) 

3.3.3.1 Dependency on Cargo Type 

The logistics SCHEDULE depends on the cargo type Ct, which influences the 

processing time. Different types of merchandise require different handling times, 

affecting the start and end times of the logistics schedule. Ct ∈ C = {C1, C2, …, Cm}, 

where each Ci represents a different type of cargo (e.g., palletized, non-palletized, 

mixed, oversized) with specific processing times τ (Ci).  

τ(Ct) = Te − Ts (2) 

3.3.3.2 Dependency on Inventory Source Teams 

The logistics SCHEDULE also depends on the availability of teams at inventory 

sources. Let Lt be the set of all teams at logistics nodes V. Lt = {Lt1, Lt2, …, Ltn}, 

where each Ltj is associated with a specific node v ∈ V and has its own availability. 

It’s necessary to have at least one team defined for the destination node (point) (∀ vj ∈ 

V, ∃ Ltk, with Ltk (node) = vj), and not be on holiday. For checking an existing team 

availability, we assume that team is available every day, except when there are team 

holidays. Team holidays are defined as a set of associations between teams and 

specific days intervals:  

LtH = {(LtHk, xl) ∣ LtHk ∈ LtH, xl ∈ X}, where xl represents a team holiday period 

X = {(startTime, endTime) | startTime, endTime ∈ T (time slots) 

, endTime > startTime}  (3) 

3.3.3.3 National Holidays 

National government holidays can also impact the scheduling process. Let H be the 

set of national holidays for a given year. H = {h1, h2, …, hm}. Similarly, as team 

holidays, we define a set of associations between national holidays and specific days 

intervals: 

H = {(Hn, xo) ∣ Hn ∈ H, xo ∈ X}, where xo represents a national holiday period (4) 

3.3.4 Logistic constraints 

Availability only between Logistic Point Working Hours: 

(Ts, Te) ∩ (Lwhs, Lwhe) != ∅, ∀ Ts, Te ∈ T 

, where Lwhs, Lwhe ∈ {hours} represents the (start and end) working hours  

(for a specific weekday) of (logistic) point Ltj  (5) 

Overlapping with Other Unfinished Operations: 

(Ts, Te) ∩ (Ts′,Te′) = ∅ 
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, ∀(Ts, Te), (Ts′,Te′) ∈ T and ∀ St, St’ ∈ STATUSES \ {“Finished”, “Canceled”} (6) 

Continuous System Verification: 

Ts ≥ current time, ∀ Ts ∈ T  (7) 

Real-Time Calculation of Availability: 

A (Ts, Te) ∈ {true, false}, availability status is based on real-time data (8) 

3.3.5 Comprehensive Scheduling Equation 

Finally, we define the comprehensive scheduling equation, incorporating all 

constraints ((1), (2), (3), (4), (5), (6), (7), (8)) for a specific logistics SCHEDULE: 

 

SCHEDULE = {(O, D, Ts, Te, Ct, St) | (vo, vd) ∈ E, (Ts, Te) ∩ (Lwhs, Lwhe) ≠ ∅ 
, (Ts, Te) ∩ H = ∅, count(Lt) ≥ 1, with Lt(node) = D, (Ts, Te) ∩ LtH = ∅ 
, (Ts, Te) ∩ (Ts′,Te′) = ∅, τ(Ct) = Te − Ts, Ts ≥ current time, A(Ts, Te) = true 

, ∀ O ∈ Vcenters ⊂ V where Vcenters = {v1,v2,…,vb}, ∀ D ∈ Vstores ⊂ V 

, where Vstores = {vb+1,vb+2,…,va}, ∀(Ts, Te), (Ts′,Te′) ∈ T, Te > Ts, Te’ > Ts’  

,∀ Ct ∈ C, ∀ St, St’ ∈ STATUSES \ {“Finished”, “Canceled”}}. (9) 

 

This comprehensive mathematical framework (represented visually in Fig. 3) ensures 

that logistics scheduling is efficient, considering all necessary constraints and 

dependencies. 

 

 
Figure 3 - Visual representation of proposed framework for restricted Interval Scheduling 

Problem 

4 Implementation of the Proposed Solution 

In this section, we will discuss the implementation of the solution for the interval 

scheduling problem described mathematically in the previous section. The application 

we have developed leverages well-known and widely used frameworks to ensure 

robustness and efficiency. The back-end processing is managed using PHP Symfony, 

a powerful framework that facilitates scalable and maintainable web applications. For 

data storage, we utilize a well-structured MySQL database, ensuring reliable and 

efficient data management. At the front-end, our application employs a variety of 

technologies to enhance the user interface and user experience. These include Node.js, 

JavaScript, jQuery, AJAX, Twig, Bulma and CSS. These technologies collectively 

contribute to a responsive and interactive user interface. To ensure portability and 
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streamline development and deployment processes, the application architecture is 

containerized using Docker. This approach not only enhances portability but also 

simplifies the management of dependencies and the deployment process across 

different environments. The application's functionality relies on the seamless 

communication between the frontend and backend via RESTful APIs. This 

architecture allows for efficient data exchange and ensures that the application can 

dynamically respond to user interactions and real-time updates. By integrating these 

advanced frameworks and technologies, our solution provides a comprehensive and 

effective tool for optimizing appointment scheduling and resource allocation in 

transportation networks, ultimately enhancing operational efficiency and reducing 

costs. 

The database has been populated with all streets, localities, and counties in 

Romania using a public governmental data source [20]. Subsequently, we con-

structed a transportation network that spans the entire country, encompassing 5 

regional logistics centres and 55 stores, each dynamically linked to an address. The 

transportation network is inspired by the distribution network of Dedeman stores [21]. 

Therefore, the variables from the mathematical model Section, have the following 

values: a = 60, b = 5. Major components of the applications are presented in Figure 4. 

 

 
Figure 4 - Major components of proposed framework 

 

The relationships between entities in the database are established using foreign 

keys to ensure dynamic connections and to enforce constraints that allow only valid 

values to be inserted. We have defined the LogisticSchedule entity, which serves as 

the main implementation of our problem. This entity is linked to the Status entity, as 

schedules can be in various processing states. It is also connected to the CargoType 

entity, where custom processing times are defined for each type of cargo. The 

LogisticSchedule entity is further related to the InventorySource entity, which defines 

the working schedule for weekdays and weekends, and is associated with teams 

(InventorySourceTeam) that may have specified holidays (TeamHoliday). Moreover, 

there is an entity for national holidays provided by the government. All these 
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relationships and entities in the database will help us validate when a new logistic 

schedule can be recorded in a specific slot, that is, for a certain logistics point, on a 

particular day, at a specific hour, and for a defined type of cargo. 

As discussed, the core implementation of our solution revolves around the 

LogisticSchedule entity, which will store all scheduled plans for a logistics point, only 

after all validations defined mathematically in the previous section have been verified. 

The proposed solution is based on a validation function that checks the availability 

status for scheduling a logistic appointment within a certain time interval, on a 

specific day, at a particular logistics point (the destination), which has assigned teams 

that may or may not have holidays.  

These teams can also be affected by national holidays. The scheduling is 

influenced by the type of cargo (considering that each specific type of cargo has 

different processing times and thus non-uniform slot occupancy), as well as the 

existence of other schedules with the condition that they are not in the final status. 

Additionally, it is impacted by the working hours of the store and the validity of the 

time moment.  

As mentioned, we have developed a function that validates the eligibility of 

creating a new schedule. This function is depicted in Figure 5. It returns a Boolean 

value. This function in turn calls five different singular functions, each of which also 

returns a Boolean value. We will present each of these functions immediately to 

highlight their significance and importance. If, in the end, each of these functions 

returns an appropriate result, then our main function will return true, indicating that 

we can record the schedule for the specified parameters at this time. 

 

 
Figure 5 - Validation function for presented solution of Logistic Scheduling Interval Problem 

 

The Function isFutureDateTimeValid ensures that the scheduled date and time 

for the logistics appointment are set in the future. It validates that the provided date 

and time are not in the past by comparing them with the current date and time. This is 

essential to avoid scheduling appointments for times that have already passed. 

The Function isNationalHoliday checks if the proposed scheduling date falls on 

a national holiday. This validation is crucial because national holidays typically affect 
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the availability of logistics services. The function queries the database to determine if 

the date lies within the range of any national holiday period. If it does, scheduling on 

that day is not permitted. 

The Function isAvailableAtLeastOneTeam ensures that at least one logistics 

team is available on the specified date at the given logistics point. It checks the 

availability of teams by considering their assigned holidays and other constraints. This 

function is fundamental to guarantee that there is sufficient human resource capacity 

to handle the logistics operations on the chosen date. 

The Function isWorkingHour verifies that the scheduling falls within the 

working hours of the specified logistics point. It retrieves the working schedule for the 

day (weekdays or weekends) and confirms that the logistics appointment can be 

accommodated within these hours. This ensures that the logistics operations are 

planned within the operational hours, avoiding conflicts with non-working periods. 

The Function isSlotAvailable checks the availability of the time slot for the new 

logistics appointment. It evaluates whether the proposed time slot overlaps with any 

existing schedules that are still active and not finalized. This function is crucial for 

preventing double-booking and ensuring that each time slot is dedicated to a single 

logistics operation, maintaining an organized and conflict-free scheduling system. 

By systematically applying these validation functions, the canMakeSchedule 

method ensures that all logistical appointments adhere to defined constraints and are 

feasible within the operational framework. Each function plays a vital role in 

maintaining the integrity and efficiency of the scheduling system. 

5 Results Assessment 

This section evaluates the performance and effectiveness of our application in solving 

logistics scheduling problems. We assess how well the solution adheres to defined 

constraints and improves the efficiency and reliability of the transportation network. 

Validation of Theoretical Models: We validated our theoretical models against 

real-world logistics scenarios by constructing a graph representing logistics centers 

and stores, incorporating constraints such as working hours, team availability, and 

cargo types. This approach, using real data, confirmed the accuracy and practicality of 

our models. 

Performance of the Scheduling Algorithm: The scheduling algorithm was 

tested across various logistics scenarios. Key performance metrics include: 

Accuracy: The algorithm consistently generated valid schedules, respecting all 

constraints. 

Efficiency: It handled numerous scheduling requests promptly, suitable for high-

demand environments. 

Scalability and Performance Analysis: The application demonstrated 

exceptional scalability and performance, maintaining reliability even as the 

complexity of the logistics network increased. Initially tested on a transport network 

with 60 nodes, the system was further validated experimentally with up to 500 nodes, 

representing logistics centers and stores across Romania. Under these expanded 

conditions, it continued to perform real-time validation for creating new schedules 

while accounting for existing ones. 

Performance metrics confirm the system's efficiency, with response times 

consistently under 10 seconds, even when handling up to 50 simultaneous user 
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requests generated using automated testing tools. Frontend AJAX requests ensured 

seamless real-time validation, effectively preventing invalid data entries. 

Practical Applicability: Our solution was assessed for practical applicability in 

real-world logistics operations. It effectively integrated diverse constraints, including 

team holidays and national holidays, demonstrating adaptability across different 

regions and industries. Real-time validation functions ensured schedules remained 

feasible and up to date.  

 

Analysis with Numerical Data: To illustrate, we consider the existing schedules 

for destination Store SRL Alba Iulia from Figure 6. 

 

 
Figure 6 - Example of existing schedules for specific Logistic Point 

 

On July 6, 2024, at 13:55:00, we attempted to schedule deliveries to destination 

Store SRL Alba Iulia with various start times on different days and hours, considering 

the cargo type as Oversized Cargo, which requires a processing time of 2 hours. The 

table below presents the scheduling attempts and their outcomes. In the column 

"Available Time Slot" we noted the system's response: "TRUE" if the scheduling was 

possible and "FALSE" otherwise, accompanied by the reason for the invalid 

scheduling. 

The operating schedule for the Alba Iulia store is Monday to Friday from 08:00 to 

18:00, Saturday from 08:00 to 17:00, and Sunday from 08:00 to 16:00. Additionally, 

according to the national holidays table, November 30, 2024, is Saint Andrew's Day. 

Furthermore, a vacation period for the Alba Iulia team has been set from August 15 to 

August 20, 2024. Table 1 presents the attempts and outcomes. 
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Table 1 - Validation of different schedule attempts 

6 Discussion: Comparison Between Our Method and TSP 

with Time Windows 

Advantages of Our Interval Scheduling Problem (ISP) Approach with Custom 

Constraints: 

• Dynamic Constraints Handling: Our method efficiently integrates various 

real-world constraints, such as working hours, holidays, overlapping 

operations, and merchandise types. These are highly relevant to logistics nodes 

and are checked in real-time, ensuring that the availability of time slots is 

accurately reflected. 

• Customized to Logistic Needs: By considering node-specific factors, such as 

team holidays and merchandise types, our solution is more tailored to the 

internal operations of logistic points compared to generic TSP with time 

windows. This allows for more precise planning and resource allocation within 

nodes. 

Nr. Start Time End Time Cargo Type 
Available 

Time Slot 
Reason 

1 
2024-07-06 

08:00:00 

2024-07-06 

09:59:59 

Oversized 

Cargo 
FALSE Invalid moment (past moment) 

2 
2024-07-06 

13:55:00 

2024-07-06 

15:54:59 

Oversized 

Cargo 
FALSE Invalid moment (past moment) 

3 
2024-07-06 

14:00:00 

2024-07-06 

15:59:59 

Oversized 

Cargo 
FALSE 

Slot unavailable, 

overlapping with another active 

schedule 

4 
2024-07-06 

15:00:00 

2024-07-06 

16:59:59 

Oversized 

Cargo 
TRUE - 

5 
2024-07-06 

16:00:00 

2024-07-06 

17:59:59 

Oversized 

Cargo 
FALSE 

Slot unavailable, outside 

working hours 

6 
2024-07-07 

08:30:00 

2024-07-07 

10:29:59 

Oversized 

Cargo 
FALSE 

Slot unavailable, 

overlapping with another active 

schedule 

7 
2024-07-07 

13:30:00 

2024-07-07 

15:29:59 

Oversized 

Cargo 
TRUE - 

8 
2024-07-07 

13:45:00 

2024-07-07 

15:44:59 

Oversized 

Cargo 
TRUE - 

9 
2024-07-07 

14:00:00 

2024-07-07 

15:59:59 

Oversized 

Cargo 
TRUE - 

10 
2024-07-06 

14:15:00 

2024-07-06 

16:14:59 

Oversized 

Cargo 
FALSE 

Slot unavailable, 

end time will be outside 

working hours 

11 

Any time 

between 

2024-08-15 

and 

2024-08-20 

Any start time +  

processing time 

Oversized 

Cargo 
FALSE Team is on holiday 

12 
2024-11-30 

(any time) 

Any start time +  

processing time 

Oversized 

Cargo 
FALSE 

National holiday (Saint 

Andrew's Day) 
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• Real-Time System Monitoring: Our approach continuously verifies that time 

slots remain valid, preventing issues caused by scheduling into past time slots. 

This real-time verification offers a higher level of accuracy and responsiveness 

than traditional TSP models. 

Disadvantages or Challenges: 

• Complexity: The introduction of multiple custom constraints increases 

computational complexity, especially when compared to TSP with time 

windows, which typically only accounts for a few constraints, such as travel 

times and delivery windows. 

• Scalability: Handling dynamic constraints in real-time, such as continuously 

monitoring holiday schedules or overlapping operations, may reduce 

scalability for larger networks. TSP with time windows is a more established 

solution that tends to scale better with larger networks due to its simplicity. 

Comparison with TSP with Time Windows: 

• Flexibility: While TSP with time windows primarily focuses on optimizing 

routes and delivery schedules within fixed windows, it does not account for 

the internal dynamics of logistics nodes, such as staff availability or different 

processing times for goods. Our ISP-based approach is more flexible in 

adapting to these internal constraints. 

• Real-Time Decision Making: TSP with time windows often works with pre-

set schedules, whereas our method incorporates real-time availability checks, 

offering more dynamic decision-making capabilities. This can improve 

efficiency in unpredictable environments but comes at the cost of increased 

system complexity. 

• Scope: TSP with time windows is primarily focused on external routing 

optimization. In contrast, our approach shifts focus to internal node operations, 

making it more suitable for environments where bottlenecks within nodes, like 

warehouses, are a significant factor in overall performance. 

7 Conclusions 

In conclusion, our analysis of the logistic interval scheduling problem highlights that 

the more detailed and real-world constraints we incorporate into our transportation 

network, the more complex the problem becomes. However, this increased 

complexity results in more adaptable and realistic solutions. By integrating custom 

constraints such as working hours, holidays, overlapping operations, and 

merchandise-specific processing times, our method creates solutions that are not only 

theoretically sound but also highly practical and robust in real-world logistics. 

Comparing our approach to the traditional Traveling Salesman Problem (TSP) 

with time windows, we observe that while TSP provides simpler, scalable solutions 

focused on external routing, it does not address the internal logistical complexities 

within network nodes. Our Interval Scheduling Problem (ISP)-based approach, on the 

other hand, captures these internal dynamics and offers real-time adaptability, though 

at the cost of increased computational overhead. 

Looking ahead, we plan to explore further the connections between TSP, Vehicle 

Routing Problem (VRP), and Logistic Interval Scheduling. Investigating how 

logistical constraints—such as capacity, resource availability, and time limitations—

affect the selection of optimal routes will be central to our future research. We aim to 
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develop heuristic solutions that account for all relevant constraints and variables, 

ensuring these theoretical ideas can be applied in practice. This work will focus on 

addressing the inherent uncertainty and complexity in transportation networks, with 

the goal of creating dynamic and scalable solutions for modern logistics. 
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