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Abstract

During the past decade, Al in many commercial applications has played an increasingly important role. Nevertheless,
desirable qualitative and application-specific software design characteristics have not been devoted much attention
regarding Al's ticket and reservation system applications. The objective is to integrate these design characteristics with
passenger needs in the area of ticketing and reservation systems so that the resulting applications will better serve the
major transportation sectors. The applications are treated separately, though it is recognized that increasingly, through
consolidation, multi-modal enterprises will conduct their operations through the common integrated database systems or
online operators. This applies to both full-service and automated systems. In particular, we address the unique problems
specific to airlines, rail, cruise liners, and buses. Based on the perspective of meeting the unique needs of the respective
transport sectors, we endow the Al-oriented systems architecture with transaction-based properties to enable the
operational systems to operate and be applicable for both large and small transactions. Our approach also supports
transactional ATM capabilities i.e., ticket point of sale, issuing the seat and travel pass, accommodating seat requests due
to service interruptions, upgrades, and duty of carrier changes, and meeting customer requests for specific flights.
Additionally, our approach has open system interface capabilities. Such a need originates from the desire of carriers to
participate with the online multi-modal operators and to enable agents and carriers to work asynchronously as well as
access all essential data needed to service a transaction communiqué with technical capabilities.

Keywords: Artificial Intelligence (Al), Ticketing Systems, Reservation Systems, Transportation Sectors, Multi-Modal
Enterprises, Transaction-Based Properties, Airlines, Rail Transport, Customer Requests, Open System Interfaces.

1. Introduction

Over time, information systems in the field of passenger services have undergone significant metamorphosis, and many
changes have occurred in the design process and methods of building application programs. In recent years, methods for
designing information systems have also been greatly influenced by the introduction of artificial intelligence and its
applications in the passenger service domain. These techniques have reduced system design development costs by
automating ticket and booking procedures in several ways, replacing some repetitive and routine work that was being
handled by transport employees. One of the principal goals in the design of such systems is improving employee quality
by using artificial intelligence problem-solving engines. The solution engines interact straightforwardly with the
passengers as well as the machine and act as dispatchers. Conversation processing becomes very significant because there
are so many different types of questions and information requests concerning transport services. Statistical learning
methods are useful for modeling dialog behavior and language understanding. These learning methods build statistical
models of language generation and perception. The models allow the system to analyze the structure and meaning of
spoken and written language, to understand and process information and commands, and to use language to help users
accomplish their objectives easily. Furthermore, in many systems, the artificial intelligence engine needs to reason; the
cost of using such tools could be relative and implemented efficiently.

1.1. Background and Significance

Air transportation systems play a relevant role in global society, being one of the most remarkable developments in the
history of mankind. The significant impacts that air transportation has made on the global village include social, economic,
cultural, and spiritual benefits, as well as generating employment opportunities not only in the establishment of airlines,
airports, and related agencies but also in the development of related sectors and industries involved in providing air
transport-related services. Given the present trends and high growth potential of air transportation, air service operators,
airports, travel agents, commercial organizations, and governments are equally interested in the evolution of air
transportation and have a greater potential demand for air travel. The vast majority of the above-mentioned interest groups
expect comfort, schedule reliability, and security from air travel. Millions of passengers use the air transportation system
to save time and eliminate physical distances compared to other modes of transportation. The preferred choice of air
transport for millions of passengers can be attributed to many factors, such as ever-improving technology, speed, comfort,
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safety, and environmental considerations. These benefits attract a large number of passengers and generate high
competition between airlines to upgrade their services to specific destinations.

The design and development of a computer system is quite cumbersome and becomes more complicated when it comes
to developing a reliable and user-friendly ticket reservation system due to the complexity involved in the domain and the
vast quantity of suppliers and goods. Creating an information system that can provide electronic ticket reservation services
and other travel-related information is a complex process. The ticket reservation or ticketing system can be established on
the foundation of a communications network that connects travel agents, a ticket reservation system, and a computer
reservation system. The sole purpose of the ticket reservation system is to provide a stateless ticket reservation architecture
that allows air, land, and sea passengers to choose intermodal travel solutions covering multiple transportation modalities.
The information system contains the logistic features necessary for intermodal travel. It comprises information about
specific transportation services, intermodal travel peripherals, and other options and features. The ticket reservation system
allows booking of different means of transport, such as flights, trains, and buses, and at the same time, it is capable of
creating different types of tickets. There are many challenges and opportunities in designing and developing a ticketing
system, such as offering the shortest travel time, considering all available transport along the route, establishing automatic
ticketing when possible, and proposing different types of tickets focusing on the passenger.

Equation 1 : Demand Prediction
For forecasting passenger demand based on historical ticket sales and external factors:

D(t) = Bo+ B18(t — 1) + BaE(t) +

Where: D(t) = predicted demand at time t
S(t—1) = ticket sales at time -1

E(t) = external factors (e.g., events, weather)
£0,51,52 = coefficients

€ = error term

1.2. Research Obijectives and Scope

The objectives of the present research can be identified as follows: a. Conduct a literature review on artificial intelligence
(Al) algorithms that can be applied and how they can be integrated into modern e-ticket reservation systems as well as
multi-modal transportation systems. Smart algorithms, such as optimization multi-objective algorithms, clustering, and
machine learning algorithms that are suitable for the issue, especially in anticipation of large or complicated demand
patterns, user requirements, and the increasing number of available means are needed. b. The outcome of an asynchronous
model-based approach and a cloud-based model for transportation is another significant scope of research. Customers will
experience immense advantages if the service is supported by cloud infrastructure benefits. Customers can get more with
less investment, pay on demand only for space and services, save time, and eliminate many tasks, such as arranging
services or looking after vehicles. c. In this study, the data and information on the ticket management system, which acts
as the cornerstone of revenue management, are another priority. Revenue management (RM) is not just a pricing system
but also a tactic for controlling outputs for fruitful sales. The ticketing system, as the starting and finishing point of the
travel choice, necessitates various system components to facilitate off-site acquisition. The facets of the modern system,
such as global effectiveness, the method, and target optimization for multimodal and multi-business route selections, are
crucial for all types of travel reservations, such as price policy at an individual level.
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High automation One-click analytics

Fig 1 : Benefits of Ticket Reservations Software for Business

2. Al Applications in Ticketing and Reservation Systems
Transport services deal with hundreds of millions of passenger ticketing and reservations daily. This volume places
ticketing and reservation as one of the most important and sensitive services in any passenger transport system, as it
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requires a very efficient, secure, and fraud-free operation for it to run seamlessly and be successful. Traditional ticket
processing is often accomplished through manual labor, specifically human ticket clerks, which is more time-consuming,
prone to fraud, and involves complexities in making corrections related to ticketing and reservations. With the beauty and
power of Al, such hassles can be alleviated. Al provides the ability of systems to practice diagnosis, reason, and make
decisions over a model of the ticketing environment. Such systems can also learn through time, exposure, and reason with
the model of the environment to extend the model and develop capabilities of knowledge creation, learning, and efficient
and effective communication with users and other agents in the system. In addition, train stations can be compared to the
sea of almost all human life, yet embarkation and disembarkation of passengers and relaying of various information
through boarding passes to scheduling passenger car reservations are some of the most time-consuming and accuracy-
sensitive tasks. Within an airport, complex Al deep learning techniques can be employed at the airside passenger
processing to ensure the right passengers are embarking and disembarking the airplane at the right time, at the right
assigned gate, and in the right seat, thus ensuring that passengers meet their scheduled events on both the airside and the
landside of the departure-arrival timelines. Modeling of both the numerous stations and the passenger rail corridor through
the use of Al in inter-airport passenger processing can provide detailed and descriptive measurements and maps of its
physical conditions to assist in both maintenance and the development of communication infrastructure that can integrate
adaptive efforts over time, including the installation of cameras and sensors in concourses and gates through practical
means to aid in the unique pilot and ground traffic control decision-making tasks tailored to each specific location of
boarding or deboarding passengers.

2.1. Machine Learning Algorithms

A few examples of supervised learning algorithm implementations are the following: - Regression analysis is used to
formulate and validate a logarithmic regression model between the input features of the machine learning algorithm to
determine the fare price of cross-border door-to-door passenger transport services. - Classification analysis is used to
formulate and validate a K-nearest neighbors classification model between the input features of the machine learning
algorithm to deal with the incident management process of the public authority and with the Passenger Information Lists
of the multinational European airline company. The output class label corresponds to the type of mobile application service
connected with customer care, using freely granted certificates. -+ The win rate determines or validates the classifiers'
accuracy. The model is trained and evaluated using K-fold cross-validation, where the original sample is randomly
partitioned into a training set (70% used to train the model) and a validation set (30% used to test the model). The error
rate of the analyzed classification models is improved with the Recursive Feature Elimination of features. Testing the
models required the generation of the confusion matrices and accuracy rates. An indirect performance metric in global
optimization named surrogate-assisted optimization has been applied. This model of support vector machine regression
prediction with input features outputs the lowest contribution of door-to-door cross-border trips. The member can use this
machine learning for the business intelligence decision-making process. The analytical results describe a new member of
the irregular preference relation.
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Fig 2 : Machine Learning and Al Can Improve'TraveI Services

2.2. Natural Language Processing

Challenges that must be tackled are the automatic understanding of user queries, the vastness of the scope, and the presence
of domain knowledge when addressing user queries. NLP has already been used in many successful enterprise
applications. While traditional methods often relied on hand-crafted Boolean rules and thresholds, the use of machine
learning for NLP—especially with deep learning—has enabled more generic, robust, and scalable approaches. Typical
use cases where different forms of chatbots have shown value include responding to customer service queries, providing
in-app help for mobile or web applications, providing in-app shopping assistance, providing access to help content, and
providing access to a company's employee or resource directory. NLP applied to customer service voice or chat
interactions can extract problems, detect trends, and find answers. It can also be used for customer profiling to provide
fast and personalized responses. Finally, NLP can be used to caption visually impaired user interactions.
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Work involving NLP applied to call center operations is mature. Entities strive to increase the level of automation by
augmenting human-like conversations handled by assistants. The focus is increasingly on customer benefits: how quickly
and effectively customers can get resolutions to their problems, queries, or tasks. Despite the available benefits of
employing NLP, not many transport industry-related systems have made effective and efficient use of NLP, especially for
conversations between customers and service providers in passenger rail transport. Customer-hostile system designs
include the presence of too many linear, workflow-like interactions, extended customer waiting time before and during an
interaction, poor system self-reporting capability, and inadequacy in the use of language to match the customer’s natural
language abilities and to provide sufficient help with bot conversations.

3. Revolutionizing Passenger Transport Services

Long before the Internet became popular, suppliers of transport services had developed manual ticketing and reservation
systems. Over the recent past, most suppliers have automated their systems. The most advanced countries are putting in
place online real-time systems. These allow clients to check the availability of and book space on the mode of transport
of their choice from the comfort of their homes or offices. In many cases, they can also print out their tickets in the same
manner. Suppliers can also use these Al ticketing and reservation systems to plan for demand and supply more easily. All
countries, except those at war, are short of funds. This has not restricted a few advanced countries from investing in real-
time online ticketing and reservation systems. The less advanced countries are at a disadvantage, as they cannot get the
funds needed to put such systems in place. This is because they fail to correctly demonstrate that the massive benefits of
such systems justify the costs of investing in them. Al currently provides what is possibly the most important breakthrough
of the 21st century. Small, medium, and large organizations alike are either reorienting their businesses in line with Al or
incorporating it into their current systems to raise efficiency. Al is so versatile that it can be used in virtually all public
and private services. Many use complex and simple Al applications alike.
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Fig 3 : Bus Passengers Counting Products

3.1. Enhanced Customer Experience

Our multimodal autistic Al technology is optimized to measure and analyze how happy or worried passengers are by the
minute. By integrating with the infrastructure, we can trigger actions to ensure customer satisfaction. We connect customer
satisfaction to actual emotions, personalize the passengers’ travel experience based on their state of mind, and anticipate
potential public transport disruptions. We demonstrate our approach with an electric self-driving shuttle. The technology
has a positive effect on the riders’ waiting and travel experience but also presents challenges regarding the design,
containment, and overall response strategy. The recent advances in deep learning technologies have made available a
variety of automatic recognition models based on image processing. However, the existing work focuses on offline or
resampled recognition based on fixed images or video frames from the past. The recognition of current emotions and their
real-time integration into an intelligent system that triggers personalized and/or general behavior for improving passenger
satisfaction is still a significant challenge.

3.2. Efficient Resource Management

One of the useful applications of Al tools and techniques in passenger travel service systems is the gradual transformation
of applications into expert systems. It is difficult to model these subjects using the expert systems approach because there
are numerous dependencies and interactions between factors. Nonetheless, it is a good start to view some of the
applications in passenger travel as problem-solving systems and to use this approach in developing problem-solving
prototype systems. The ticketing and reservation system, the bus scheduling system, and the rotorcraft routing system
were modeled as problem-solving systems using the expert systems approach as a support tool.

Very little research has addressed the resource allocation in a passenger transport service system. The two main types of
resources in these systems are facilities and infrastructure. It is often necessary to use a modeling language to represent
and solve this problem. This task is solved with resource allocation rules built on human expertise. The need for automated
systems to conduct feasibility studies gave rise to the application of simulation modeling to this problem. In contrast, a
simulation model can be built from a problem statement. It can generate simulation experiment programs that use
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simulation languages. A tool facilitates the exploration of the probable behavior of a system when a level of uncertainty
exists about the system's future inputs. This tool aided in the definition of system requirement accomplishments.

Equation 2 : Dynamic Pricing Model
To determine optimal ticket prices based on demand and supply elasticity:

P(t) = Py +a- (D(t) — Dpse) +v-C(2) Where:

P(t) = price at time t

PO = base ticket price

o. = price elasticity coefficient
Dbase = baseline demand

y = cost factor

C(t) = operational costs at time t

4. Case Studies

This section presents three real-life examples of Al applications developed for large North American transportation
companies. Each example exemplifies a wide range of the commercial applications of Al in the transportation area and
illustrates, straightforwardly and convincingly, the benefits that transportation companies may realize through the use of
Intelligent Ticketing and Reservation Solutions, a portfolio of Al technologies in intelligent ticketing, intelligent
scheduling, intelligent reservations, and intelligent communications services.

4.1 Computer-Based Train Dispatching The first application case, Computer-Based Train Dispatching, is a real-time
computer-based scheduling and dispatching system for the commuter railroad industry. It has been in operation for 3 years
at the Metro-North Commuter Railroad and serves both the operations dispatchers at the control center and the onboard
conductors. It produces a 24-hour schedule and assists in its real-time operation by automatically adjusting to delays,
emergencies, and equipment or conductor out-of-service conditions. The real-time operation of the railroad is based on
hourly schedule updates produced by the dispatcher with tools. In addition to the Metro-North application, a portion of
the technology to assist in generating long-range schedules, producing hourly schedules, and adjusting schedules when
delays occur, is being used by a freight railroad organization assisting in the operation of its New Jersey freight corridor.

4.1. Application of Al in Airline Ticketing Systems

In this section of the paper, the discussion is focused on applications of Al that are incorporated into airline reservation
systems, also known as Global Distribution Systems. First of all, the sub-section discusses briefly the historical
development and background of the Global Distribution Systems. The three most popular systems are introduced to the
readers, as these systems are mentioned in the case studies later. Following that, the broader concepts of Al and related
tools within those systems are thoroughly elaborated. Larger parts flow in elaborating the nature of the decision-support
systems in Al, the different models, and paradigms, as these details are important for understanding the classifications
made in the case studies.

The steps common to most travel applications are that initiating the process can be identified when passengers write down
their requests, such as destination, travel dates, and requirements regarding timing and cost, and communicate to an airline
reservation system in the form of queries. Upon receiving these, the reservation system searches and retrieves all relevant
sets of alternative travel itineraries that satisfy the queries. Finally, the system presents these results to passengers or the
travel agency as recommendations. This process of query answering aims to be as fast and efficient as possible. At the
same time, the quality of the service is usually very important since the customer’s satisfaction depends on the system
usability of each alternative scenario.
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Fig 4 : Airline ticketing process
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4.2. Al in Train Reservation Systems

Transport operators are experiencing a growing demand for their services. Due to this relatively new phenomenon, the
railway network is now experiencing congestion. The use of Al technologies like neural networks and genetic algorithms
has led to the implementation of a seat allocation tool for a railway operator. This tool can be used to respond to anticipated
user demand. The tool is designed to allocate the available seats on trains to expected reservations, across several service
types, such as first and second class, as well as discounts. The model uses an optimization process, which combines three
different techniques: network optimization for managing outputs, genetic algorithms for optimizing trade between
different services, and global lower bounds for speeding up the convergence of algorithms. Disruptions may entail
modifying the allocations and reallocating seats to other potential customers. The algorithm used allocates seats given
upcoming reservations, and the remaining seats are then managed at the railway station level.

A project involves a complex seat management system, offering a range of different functionalities such as adaptive
allocation, interrupt handling, robustness of allocation, and handling of special cases. To provide a good level of response,
it integrates machine learning techniques and genetic algorithms. The main purpose of the project is to set up a generic
seat management tool that is adaptable to all types of railway networks, taking into account varying rail company
operational approaches. It has three main components: an adaptation layer, a learning engine, and an optimizer. Once it is
set up, it can allocate seats to reservations previously made, with a high level of reliability. To do this, the learning engine
estimates the probability of the actual absence of each reservation.

5. Conclusion

Concluded in Chapter 5, this research proposal lays the foundation, approach, challenges, and anticipated research
contributions towards refining and validating a passenger service engineering model tailored for Al applications that
optimize ticketing and reservation systems. The model is fundamentally grounded in a unique blend of domain-specific
service engineering and evaluation theories and Al technologies as the focal point of future research activities.
Furthermore, this research design anticipates incorporating real-world transportation business organizations as a reference
to leverage benefits from the contributions of the research outputs. The successful execution of proposed research activities
will equip business practices, and researchers with an empirical service engineering model. This model can improve the
business processes for strategic community services and communities at large. Relatively, with various modes of
passenger transport and the competitive business market in passenger ticketing and reservations, transport has now been
demand-driven, cost-effective, efficient, and less complex to people with complex and ever-changing needs. However,
increasing complexity in multi-mode transport user choice sets, travel demand, flexible advanced rescheduling options,
and securing the adequate variety of services with the value for the investment and customer retention in the business
market. These can be costly and inefficient for transport business organizations, and customer dissatisfaction with queue
time and rescheduling. The passenger transport services are growing the artificial intelligence and web architecture that
would be an intelligent shift towards the millennium passenger convenience. The research studies covering general service
sciences in domains have been increasingly recognized. It aims to assist the business practices by integrating and applying
the state-of-the-art developments in technologies of Al to handle most customer services in smart and embedded
applications ensuring brand reputation and innovative customer experience by redefining customer services and in the age
of customer expectation.

Equation 3 : Reservation Capacity Management
N
R(t) = C(t) — Y B(i,t)
i=1

To manage available seats and prevent overbooking:
Where: R(t) = remaining capacity at time t

C(t) = total capacity at time t

B(i,t) = number of bookings made by user iii at time t
N = total number of users

5.1. Challenges and Future Directions

The future directions of the railway station smart scenario involve the shift from traditional railway companies to
developing new services to meet interoperability, human interaction, and passenger needs. With that said, future designs
incorporating the MCMT approach will greatly improve predictive learning for stations of any size due to dynamic
reusability when applied to multiple models. The user will have learned control of each model, identifying lifestyles that
have immense support with station parent structures and events. Because this work has been centered on developing use
scenario studies to forecast passenger behaviors focusing on a one-step ahead approach as a single model entry, it would
be better suited to a tracking chair, as the thinking time using that type of model would be more in line with such rapid
generation for extensive store traffic. The potential profitability of these productivity models would be to simulate large
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booking days ahead, knowing beforehand of delays and crowded areas, and plan to open stations earlier and maintain
extra staff to avoid stressful long queues or even catastrophic withdrawal. Enhancements and days of the week will also
be developed, summing the numerous elements into a soft matrix. With further research, the consensus will be to introduce
deep learning Al convergence in the structural railway model through VR representations, to meet the great demand for
finding a wealth of existing real-world information.
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Fig 5 : Passenger demand for Route 907 in May 2018.
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