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Abstract

Ridesharing, the joint trips among multiple users using a common vehicle,
is emerging as one of the most useful innovations in modern wurban
transportation. In the context of increasing environmental challenges and the
need for sustainable transportation solutions, this practice offers significant
benefits. Not only by reducing carbon dioxide emissions, but by also providing
more cost-effective and flexible transportation options, as well as alleviating
road traffic congestion.

This diploma thesis focuses on the development of a multiplatform
application aimed at promoting group travel within the Technical University
of Crete (TUC) community, in the city of Chania. The application stands out
for its ability to offer an all-in-one product for both passengers and drivers by
including both a passenger and a driver mode. Users, after selecting their role,
can either create a new ride to help fellow members of the TUC community
reach their destination, or make a request in order to receive suggested rides
that fit their spatial, time, and capacity criteria. Passengers and drivers can
see all available rides and all available requests in real time through dedicated
screens. All users, with minimal personal data displayed, are listed on the
Community screen.

Initially, due to the geographical characteristics of the area where the
Technical University of Crete is located, we separated the points of interest
inside the Campus into two lines. This separation was made so that detours
are avoided. Then, we selected the five most popular routes, to and from the
Technical University of Crete, and created points on them to build complete
routes. A two-stage greedy algorithm is utilized to propose suggested rides to
passengers and they, in their turn, can choose which one to enter. The
algorithm can also create cross-line suggestions, meaning that even if the
passenger’s route is partially included in the driver’s route, with a slight
change in the pickup or drop-off point to match the driver’s, more passengers
can be served. The entire process is fully assisted with notifications and
real-time data updates using a combination of WebSockets and the
Publish/Subscribe messaging service. The selected architecture is the
Model-View-ViewModel (MVVM) so that we can achieve a clean separation of
concerns. Design-wise the Android part follows the Material You guidelines
and its iOS counterpart, the Apple Human Interface guidelines. That way we
ensured that the Ul is fully aligned with the latest design standards from
Google and Apple. After the beta version release of the application, user
evaluations and feedback was used to identify bugs, improve usability, and
shape its future versions.

Beyond improving the waiting and travel experience by reducing both
times, this application actively contributes to reducing the number of vehicles
on the road, thereby decreasing the carbon footprint and promoting
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environmental sustainability. By using this application, the community of the
Technical University of Crete can become a pioneer in utilizing innovative
urban transportation solutions. This could serve as a model of sustainable
mobility and inspire other communities. The contribution of this thesis to the
development and application of innovative solutions in the field of ridesharing
reflects an effort towards a sustainable future for mobility, offering users a
high-quality and efficient experience.
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ITepiindm

Ov ouvemPotinég Sadpoués Yetalld TOAMATAGOY YENOTWV YPNOHIOTOLOVTIC
EVOL XOWVO OYMNUNL, UVAOEXVIOVTAL (G o OO TIC TLO YPEHOWES XOUVOTOULES OTIS
OUYYPOVEC ACTIXEG UETAPORES. XTO TAXUGLO TWV AUEAVOUEVLY TEQUBUANOVTIXGY
TEOXANOEWY oL TNG avayXNG YLt BLOCIUES ADOEIC UETAPORMY, AUTH 1) TEUXTIXY
Teoopépel onuovTixd ogéhn. 'Oyt uévo pe tn peiwon Twv exmounoy SLogetdiou
Tou  Gvipoxa, OAAG TUPEYOVTOC TLO  OLXOVOUIXES XL EUENXTEC EMLAOYEC
HETOPORAS, xoIMS XAl AVUXOUPLCT] ATO TNV XUXAOPOELIXT] CUUPOENOT).

H mopoloo  Sumhouatind)  epyocio  eondler oty avdmtudn  uLog
TOANUTTAATQORUIXNG  EQUQUOYHC TOU GTOYEVEL OTNV TEOWINCT TWV  OUIOLXMY
METOWVAOEWY EVTOC TG xowotntoag tou IloAuteyvelov Kentng, oty mokn twv
Xaviwv.  H eqopuoy) Ceywpller yia v mavotnTtd g Vo TEoo@épel éva
OMNOXANEWUEVO TEOLOY, TOCO Yl EMPBATEG, OGO Xou YL 00MYOUS, UAOTOUMVTIS
Aewtovpylar emBdtn, oAAd xou odnyol. Ou yeroteg, a@ol emAéiouv TovV pOAO
ToUg, Umopolv efte va dnuiovpyioouy e véa Oadpopr) yia va Bondricouy To
utohoinar Yehn g xowodtntoag tou Ilohuteyvelov Kertne va @tdcouv otov
Tpooploud Toug, elte vo umofdAouv aftnua vy vo AdBouv TEOTEWVOUEVES
OLDPOUEC TTOU  TaELALOUY OTAL YWEWE, YEOVIXE oL YWENTIXS XELTARLL TOU
enéhe€ayv. O emPdrec xou o odnyol umopolv va Brénouy Okeg Tig Brardéoueg
OLodpopES xan Ohot Tar Olordéotar AUTHUOTO, OF TEAYHATIXO YEOVO UECE) ELOLXMY
oYovev. ‘Olol oL yefoTeg, HE TNV TEOBOAY EAAYLOTLY TEOCKTIXWY DEBOUEVLY,
epgaviCovton oty ovévr « Community».

Apyixd, AOY® TOV YEWYRAUPIXWY YORAUXTNRIC TIXWY TNS TEELOYTE OTNV oTnoia
Beloxeton to Iohuteyvelo KpAtng, ywplooue o onuelo evolapépovtog eviog tng
ITohuteyvewolmohng os 800 ypouuéc.  Autdc 0 BlywWEIoUOS EYVE MOTE Vo
amo@euy Yol ol Topuxdudelc. Xtn cuvéyel, EMALLOUE TIC TEVTE TO ONUOPLAELS
otadpoueg amd xou mpog o Ilohuteyvelo Kerjing xon dnuiovpyriooue ornuelo o
QUTEC YL VO XUTUOXEVACOUUE OAOXANEWUEVES OLUOPOUES. XENOULOTOLCOUE EVAY
dminoto akyderipo dVo cTadiwy 0 omolog BNUOVEYEL TEOTEVOUEVES OLUDPOUES
Yoo Toug emPBATEC oL omolol UE TN OEd Toug, umopolv va emhégouv ot mola Yo
evtaydolv. O  ahyopriuoc umopel emlong vo  ONUIOLEYHCEL  TEOTACELC
OLUC TAUPOUUEVWY DLIBPOUMY, TEAYUO TOU OTUALVEL OTL axOUY XL av 1) OLadEOUT
Tou emiPBdTn mEpLhoUBdvETOL €V UEPEL OTY OWDEOUY| TOU 00NYO0U, UE Wa UIXEY)
olMoyry oto onuelo emPBifacne 1) amoBiBacng yi vo Tonpldel pE oUTO TOU
odnyoV, pmopolv va egunnpetnioly meploodtepol emBdtec. ‘OAn 1 Saduxacio
uroo Tnelleton TAREMC UE ELWDOTOLACELS X0l EVIUEQWOCELC DEDOUEV(Y OE TTEOYUATIXG
Yeovo ue évav  ocuvduaoud WebSockets xou v umneecia  unvuudtwy
Publish/Subscribe. H emleyuévn apyttextovixy| eivar 1 Model-View-ViewModel
(MVVM), wote vo emtlyoude capr] Slaywploldd opuodlothtony.  And dmodn
oyedaopon, 1 viomoinorn Android axololinoe Tic xaTeUIUVTNAPIES YROUPES TOU
Material You xou 1 avtiotoryn iOS autéc tou Apple Human Interface. Me
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QUTOV TOV TPOTO, Blacpaiioous OTL 1) Blemay| Yot evapUovileTon TAHEWS YE To
o TEOcPaTo TEoTUTH oyediaone Twv Google xou Apple. Metd tnv xuxiogopia
¢ beta éxdoong Tng e@upuoYhc, oL ACLOAOYHOEIC XOL TO OYOALO TWV YENOTOV
yenowomotinxay  yloo  Tov  eVIomons  ogohudtwv, TN Peitiwon  Tng
YENO THOTNTAS XAl TN SLUORPMOT) TV HEAAOVTIXWDY EXOOCEWMY TIG.

[Tépa amd T Betiwon tne eumeiplag ovaovAc xot UETAXiVNONG UEWWDVOVTOS
X0l Toug BVO yEdvoug, auTY 1 EQUEUOYT] cUUBAAAEL evepyd oTn pelworn Tou
ool TwY oY NUATWY 0To BEoUo, TeplopllovTag €Tl To amoTUTwWU viponor xaL
mpowdwvtag TNV meptBallovind| Biwootnta.  XenoWonowvtag auThY TV
epappoyt), 1 xowotnta tou Ilohuteyvelov Kering umopel va yivel mpwrtondpog
OTNV EQPURUOYT) XOUVOTOU®Y ANICEWY A TIXWOY PETAPOR®Y. Autéd Vo unopoloe va
YENOWEVGEL (G EVOL LOVTENO BLOCIUNG XIVNTIXOTNTAC XL VoL EUTVEDCEL Xl GAAES
xowotntes. H oupfol| tng mopoloag Bimhwpatindg epyaciog otny avdmTuln xat
EQUQUOYT] XUVOTOUWY AUCE®Y OTOV TOUEN TNG XOWAG YENONG OYNUAT®Y,
avtotonteilel o mpoomddelnr Yyl évar Budciuo UEAAOV GTOV  TOEN TNG
XVNTIXOTNTAC, TROCPEPOVTAC GTOUS YENOTES (MLl UPNATAC TOLOTNTOC XoU AmOdOTIXY)
eunetplo.
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Chapter 1

Introduction

Sharing economy [1, 2, 3] is a type of economic paradigm with its main
characteristic being the sharing among peers. It typically involves peer-to-peer
transactions for the shared use of goods and services using the Internet to
share space, resources, and workforce. Uber, Lyft, Airbnb, and VRBO are
among those companies that utilize this model. They take advantage of the
underutilization of these products and services in order to benefit financially
but at the same time reduce waste, costs, and improve the overall efficiency
within the community. Likewise, sustainable means of transportation, such as
walking, cycling, electric scouter usage, and metro/tram, promote and target
the reduction of vehicle use, minimization of environmental carbon footprint
and cost. Combining these two, we can potentially create greener, more
functional, and friendlier cities for the decades to come.

Now, ridesharing [4, 5, 6, 7] is fundamental to collaborative sustainable
mobility. It is a form of shared transportation where different individuals share a
common vehicle for their trip. This leads to minimization of individual costs for
each participant and maximization of efficiency. There are two main categories
of ridesharing. The first is the non-commercial ridesharing which is a peer-to-
peer, cost-sharing, and non-profit way of sharing a vehicle between people that
travel in the same direction. In most cases, the participants of the coalition are
not professionals, and the arrangement occurs without using a specific platform,
thus not considered a commercial service. The second is called ride-hailing or
mobility as a service (MaaS). In this case, there is a professional driver that
offers their services through applications like Uber and Bolt. There is no cost-
sharing, but rather a fee that depends on the distance and the time that the
vehicle is occupied.

The advantages of ridesharing are multiple and considerable [6]. A large-
scale adoption of this model could significantly reduce traffic congestion in urban
environments by minimizing the number of moving vehicles needed to serve the
needs of their citizens. Furthermore, the reduced costs of traveling by splitting
the fuel and/or other costs makes it more attractive for all the parties involved.
Reduced emissions would improve air quality and make the energy profile of
communities cleaner.
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Chapter 1. Introduction

It is particularly important to implement a ridesharing solution because
public transportation in Chania is expensive and operates on irregular
schedules. Moreover, the routes are infrequent, there is crowding during rush
hours, and apart from the students, is barely used by anyone else. This mostly
negative image is painted and reinforced by recent studies, such as that of
Bogiatzis [8], as well as the Public Services Evaluation Report conducted by
the Greek Government [9]. In the latter, the Chania public transportation
system scored an underwhelming 4,7 out of 10, based on citizens’ opinions.

In this thesis, we handle the ridesharing problem of the Technical University
of Crete, by utilizing a peer-to-peer solution within the community but without
implementing a cost-sharing mechanism. In addition to taking into account the
spatial, time, and capacity constraints, we created popular graph-based routes
so that we can simplify the ridesharing procedure. This is the first time for
a Greek thesis, where a complete cross-platform ridesharing application is not
only prototyped, but beta tested in real-world conditions, shipped, and listed
on both major Stores.

1.1 Thesis Contributions

The main objective of ridesharing is to increase the time and travel efficiency
of people who need a vehicle and those who drive within the same area. In this
thesis, we focus on creating a cross-platform ridesharing solution specifically for
the Technical University of Crete community.

o This is the first time a cross-platform ridesharing system is developed at a
Greek institution of higher education, and to the best of our knowledge it is
the first implementation ever in the context of a thesis, with the technology
stack we used. Presumably, it is among the very few cross-platform social
ridesharing apps, developed specifically for university communities
worldwide.

o We identified requirements for this problem domain, specific use case
scenarios and given these and the particulars of the problem application
domain, i.e. that we are talking about the TUC Campus and Chania city,
we specified a ridesharing protocol that efficiently connects passengers and
drivers in a simplistic and convenient way.

o We created graphs with specific stops that connect the Campus to the five
most popular destinations in the city, on which users can travel
bidirectionally.

o The application utilizes the CAS authentication protocol to ensure that only
verified members of the Technical University of Crete can access and use it,
something that enhances safety, trust, and accountability.

2 Spyridon Charitakis



Chapter 1. Introduction

« Both passenger and driver modes are implemented, something that gives
users the flexibility to use the same application regardless of their role
(passenger or driver) without having to switch to a different application.
Both types of users can specify their time, spatial, and capacity criteria,
with the former submitting a request and the latter creating a ride. Then a
two-stage greedy algorithm matches them using graph-theory-based routes
and generates suggested rides for the passengers, who in their turn can join.

o Passengers can see all available rides and drivers can see all passenger
requests; all in real time through dedicated screens, something that
improves visibility on both sides.

o A Community screen is implemented, which displays all TUC users of the
application (respecting any sensitive data), which increases engagement and
the feeling of being part of a community.

« It is easy for users to use this application, not only because of the application
itself, but also because of its operation, which resembles that of a fixed-route
bus service.

o We used various technologies to create this application, with the base being
a Kotlin Multiplatform Project (KMP) that houses the Android frontend
that was built using Kotlin and the Jetpack Compose framework, and the
common code that is responsible for the communication with the backend.
Xcode was used for the development of the i0S/iPadOS/MacOS/VisionOS
frontend using the Swift language and the SwiftUI framework. That makes
the application able to run on a large number of devices from iPhones, iPads,
Android phones, foldables and tablets, to Mac computers and even the latest
virtual reality headset from Apple, the Apple Vision Pro with custom layouts
where needed.

o The backend utilizes the FastAPI framework with Python and various other
solutions so that the application can operate 24/7/365.

The testing phase is taking place in the City of Chania from the 21st of
July 2025 and is expected to continue, until at least the end of September 2025.
Throughout this period, users can provide feedback through the application.

Our thesis has already resulted in a conference publication: Spyridon
Charitakis, Nikolaos Spanoudakis, Georgios Chalkiadakis : “TUC
Ridesharing: A University-Oriented Social Ridesharing App”, 2nd
International Conference “Circular Economy: The pathway towards a
Sustainable Development”, Chania, Greece, September 17-19, 2025.
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Chapter 1. Introduction

1.2 Thesis Outline

The rest of this thesis is organized into five chapters as outlined below.
Chapter 2 contains all the theoretical background that helped us shape the
foundation of this work. We present some basic concepts from graph theory,
cooperative game theory, and coalition formation in various domains. Then we
review related work, where we feature practical implementations of previous
work in the field of ridesharing, as well as more or less game-theoretic
approaches and work done at the Technical University of Crete in the
ridesharing domain. In Chapter 3 we highlight our approach to solving the
transportation problem of the TUC community. There, we list the functional
and non-functional requirements of the application, the basic use cases, the
ridesharing protocol, as well as a detailed view of our match-making algorithm
and a presentation of the in-app usage experience through two real-world
usage scenarios. In Chapter 4, we present the frontend and backend design
and implementation of our application, demonstrating the architecture, IDEs,
languages, frameworks, and we do a presentation of the user interface together
with the different layers that combined, shape our full-stack application.
Chapter 5 contains the evaluation of our work that took place in the city of
Chania during the beta testing period. Lastly, in Chapter 6 we conclude our
thesis and propose future extensions to enhance the application’s usability,
features, and user experience.

4 Spyridon Charitakis






Chapter 2

Background and Related Work

In this chapter we cover the theoretical background of our work. We present
basic notions of Graph Theory that we utilized when we created the routes,
and helped us model the network, with each stop representing a node, and the
segments that connect them the edges.

We also present concepts from cooperative game theory and coalition
formation, as part of our work was to put forward a protocol by which teams
(or “coalitions”) of people are formed to be put together into a vehicle-given
specific criteria used to this end. Finally, we present work related to the
ridesharing domain.

2.1 Graph Theory

Graph theory [10] is the research and study of the mathematical structures
(known as graphs) used to model the dyadic relations between discrete objects.
Graphs have various applications in everyday life and cover many fields due to
their ability to model connections and relationships. They are used in neural
networks, algorithms and data structures, as well as supply chain networks and
neuroscience. Graphs consist of vertices and edges, with the latter connecting
pairs of vertices.

Definition 2.1. (Graph [11]) A Graph G = (V(G),E(G)) or G = (V,E) consists
of two finite sets. V (G) or V, the vertex set of the graph, which is a non-empty
set of elements called vertices and E(G) or E, the edge set of the graph, which
s a possibly empty set of elements called edges, such that each edge e in FE is
assigned as an unordered pair of vertices (u, v), called the end vertices of e.

We define |[V] = n to be the order of G and |E] = m to be the size of G

Periodically, we might encounter a vertex where both of its ends connect to the
same edge. In this case, we call the vertex a loop or a self-loop. By defining
loops, we can also define simple graphs. Simple graphs are graphs that do not
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have parallel edges or loops. Multigraphs on the other hand, can have multiple
edges between two vertices. Examples of a simple graph and a multigraph can
be seen in Figure 2.1 from [11] below.

(A)

FIGURE 2.1: A simple graph in (A) and a multigraph in (B).

Sometimes in real life, when we have to model a problem, a graph is not
enough. For example, when we model electrical networks, one-way traffic in the
streets of a city or the states of a finite-state machine in software engineering.
In these occasions we use directed graphs, and in this way we can leverage the
natural way directed graphs show the relation of sequence between two or more
objects. Directed graph logic is implemented inside our matching algorithm to
check the correct direction of the rides.

Definition 2.2. (Directed graph [12]) A directed graph D is an ordered triple
(V(D), A(D), d) consisting of a nonempty set V(D) of vertices, a set A(D),
disjoint from V(D), of arcs, and an incidence function YD that associates with
each arc of D an ordered pair of (not necessarily distinct) vertices of D. If a is
an arc and u & v are vertices such that YD(a) = (u, v), then a is said to join
u to v; u is the tail and v is its head.

Ignoring the directions between the nodes of a digraph can help us to extract
the underlying graph that is the base of the digraph. This can be especially
valuable if we want to apply undirected algorithms or just simplify our analysis.
A digraph and its underlying graph can be seen in Figure 2.2 from [12].
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(A (8)

FIGURE 2.2: A digraph D in (A) and the underlying graph of
D in (B).

There are various types of digraphs. A digraph without loops or parallel edges
is called a simple digraph. A symmetric or bidirectional digraph is a digraph
that for every edge (a, b) there is also an edge (b, a), or in simple terms every
arc comes paired with its reverse. On the other hand, asymmetric digraphs
can have loops but can have no more than one directed edge between a pair of
vertices.

Another important type of graph is the connected graph. For example,
in GPS applications, every stop or intersection is considered a node and the
roads or tracks that connect them are the edges. Combining them, we have
a connected graph in which users find their desired route and travel to their
destination. In logistics connected graphs apply as well, with nodes being the
warehouses and factories, while the shipping routes are considered the edges.
By modeling the transportation process as a connected graph, we ensure that
the supply chain does not have gaps and the product flow remains frictionless.
In our case, connected graph logic is utilized when we check if the passenger’s
route is part of the sub-route created by the driver’s starting and ending point
(connectivity check within the induced subgraph).

Definition 2.3. (Connected graph [12]) Two vertices u and v of G are said to
be connected if there is a (u, v)-path in G. Connection is an equivalence relation
on the vertex set V. Thus, these is a partition of V into nonempty subsets V1,
V2, ..., Vw such that two vertices u and v are connected if and only if both u
and v belong to the same set Vi. The subgraphs G[V1], G[V2], ... , G[Vw] are
called the components of G. If G has exactly one component, G is connected;
otherwise, G is disconnected. We denote the number of components of G by

w(G).

Connected and disconnected graphs are shown in Figure 2.3 from [12].
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s V.6

FIGURE 2.3: A connected graph in (A) and a disconnected
graph with three components in (B).

One special type of graph is called a tree. A tree is a connected undirected
graph that has no cycles, and thus any two of its vertices are connected by a
unique path. Sometimes it is convenient to choose a vertex of a tree and call it
the root node, then all the other nodes are called child nodes. Trees are used in
many aspects of everyday life. For example, they can be used for efficient data
insertion, deletion, and shorting. Examples of trees can be found in Figure 2.4
from [13].

vV Y

FIGURE 2.4: Trees with 1, 2, 3 and 4 vertices.

2.2 Coalition Formation and Cooperative
Game Theory

Cooperative game theory gives us the theoretical background and theoretical
tools to form coalitions [14]. It assumes agents are rational utility maximizers
and the emphasis on the game-theoretic approaches is on sharing the payofts
among the agents that participate in the coalition. Having said that, there are
many real-world scenarios that do not fully adhere to cooperative game theoretic
assumptions. For instance, there are algorithms that try to heuristically form
in the best possible way and assign members into coalitions to maximize the
utility of the central design. This links to the problem of optimal coalition
structure generation, which is to form the optimal partition of agents from the
point of view of a central designer.
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From a theoretical point of view, what distinguishes coalition formation
from team formation is that the agents have to divide the value of the generated
solution among themselves. They deliberate about who to join, what to do, and
how to share the payoff. This is interesting from a theoretical point of view,
but not a number-one consideration in many real-world scenarios. For instance,
in our case it is not important at first to divide the value of the coalition.
Of course, it would be of interest to compensate the driver for the cost that
occurred during the ride. We will refer to that in future work. The terms team
formation and coalition formation will be used in this thesis interchangeably.

In our work, we used coalition formation mechanics in the match-making
algorithm to form groups of people that can be accommodated in the same
vehicle and travel together on a compatible timeframe and route. There are
many algorithms and protocols for coalition formation in various domains.

Shehory and Kraus in [15] present a Distributed Negotiation Protocol,
Polynomial-Kernel-based Coalition Formation Mechanism (DNPK-CFM);
these protocols can be used for coalition formation towards coalitional task
execution.  This specific protocol uses a convergence algorithm to get
self-interested agents to join other coalitions so that they can increase their
payoffs. Before negotiation, the agents calculate the values of coalitions of size
K1 to K2. Then, all agents start the coalition procedure as single units. The
proposal process begins with any of the coalition Cp choosing an associate Cr,
only if |Cp|+ |Cr| < K2. The combined value V(Cp4,) of the coalition is
calculated and if the merging is beneficial, then a proposal is created that
includes the new merged coalition, the new task redistribution, and the new
payoff for the agents. Cr recalculates the proposal and if both are equal, then
the two coalitions merge into Cj,1, and the other coalitions are informed
about the action. The process described above is repeated until no other
proposal can be issued by the coalitions, meaning that a steady state is
reached or until the agreed upon time ends. The protocol involves a second
optional stage, where destruction proposals are allowed.

In the task execution domain, Sandholm et al. [16] showcase an algorithm
for coalition structure generation that finds a coalition formation that is close
to optimal and within a specific bound from it, only by searching a small
subset and not all possible coalitions. This can be extremely beneficial when
there are too many coalition structures to count and evaluate due to time and
cost constraints. The algorithm searches the two bottom levels of the coalition
structure graph; then if there is time left or if the entire graph has not been
searched, it continues a breadth-first search from the top of the graph. Then
the coalition structure with the highest value is returned. It is important to
note how the bound k is computed. After the two bottom levels are searched,
the total number of coalition structures searched is n =21 and k=a . If
there is more time or means to spare, then k is further reduced as more levels
are searched from the top, using breath-first search.
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Kraus et al. in [17] address coalition formation in the
Request-For-Proposal (RFP) domain, where a requester issues a complex task
divided into subtasks, and service providers join together to tackle it. The
proposed coalition formation protocol helps agents negotiate and form
coalitions by giving them two simple heuristics to select coalition partners.
The “marginal” heuristic that guides the agent to choose a coalition with the
maximum value, and the “expert” heuristic that guides the agent to search for
tasks with a small number of competitors. The protocol consists of a central
manager that supports two roles - the auctioneer and the coalition formation
manager role - and agents that can participate. It is divided into rounds and
ends when there are no other tasks to auction, no other agents participate, or
the value of the remaining tasks is set to zero. At the start of the auction, the
auctioneer announces the price P(T;) for each task T; € & that will be paid to
the coalition that will perform 7; and the factor ¢ by which the prices of every
unallocated task will be reduced in each round. For every task, the auctioneer
verifies that the members of the proposing coalitions can execute it and
assigns each task to the first qualified coalition. After a coalition is awarded a
task, its members cannot break their contract and can only be paid P(T;)d" if
they complete the entire task. The experimental evaluation showed that the
'marginal’ heuristic is better when there is complete information and the
‘expert’ heuristic when the information is not complete. In both cases
heuristics were valuable and stable.

Chalkiadakis in [18] presents both novel theoretical concepts and their
practical applicability for coalitional task execution, e.g. in variants of the
'request for proposals’ domain originally proposed by Kraus et al. in [17]. The
CfP section describes how agents negotiate and propose to join or form
coalitions. Any of the agents can become a proposer and propose changes to
the existing coalition structure. The proposals include a new demand or a new
action while staying in the same coalition, join another coalition with a new
demand and a suggested action, or break away and form a new singleton. In
order for the proposal to be accepted, all the members of the coalition
compare the new payoff to the existing one and must agree to it; otherwise it
is rejected. There are two versions of the protocol, the best reply (BR) where
the proposer makes actions based on maximizing their payoff, and the best
reply with experimentation (BRE) where their overall payoff is not increased;
the latter happening so that coalitions move away from a stable state that is
not always of the best structure.

At each round, the agents engage in the coalition formation process based
on their current beliefs and execute agreed upon actions and observe the
consequent result. The agents’ beliefs are then updated. The process then
repeats. The types of agents are four: The Non-myopic & Full Negotiation,
the Myopic & Full Negotiation, the Non-myopic & One-Step Proposers and
lastly the Myopic & One-Step Proposers. Myopic agents act only thinking
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about the current payoff, while the Non-Myopic agents consider the long-term
value of their actions. Full Negotiation agents negotiate continuously until the
coalition structure becomes stable while the One-Shot Proposal describes the
procedure where a random proposer makes a proposal which is accepted or
rejected, and no other negotiation takes place after that.

Of course, there are many attempts at team formation and coalition
formation in the ridesharing domain.

2.3 Related Work: Forming Coalitions in the
Ridesharing Domain

Coalition formation in ridesharing refers to the process of dynamically creating
groups of people that travel together with a common vehicle, and most of the
time combine it with detour minimizing and fair cost distribution. This is the
core problem that all researchers try to solve when it comes to addressing the
ridesharing problem. There are many solution attempts in this field, some more
or less practical and others more or less game theoretical.

Oregon Health & Science University (OHSU) in early 2024 released its official
“OHSU Carpool” application. It is used by its employees, students, and other
OHSU members in order to share rides to and from the university locations.
Users can book their rides up to 14 days in advance, and the application will
notify them if there is a match. Rides are free for the passengers; however
drivers can earn incentives, which are limited to one ride per weekday, and are
credited through their MyCommute account. The application is available in
both Android and iOS through a third-party service provider, in contrast to
TUC Ridesharing, which is fully built in-house.

University of Guelph in late 2024 announced their official commute app,
the “U of Guelph Commute/UoGuelph Commute” application. Its a
campus-exclusive transportation application to plan routes and share rides.
The passengers enter their home and work/school addresses, are matched with
commuters who have compatible schedules, and then they choose their
preferred carpool partner. The application is free to use; the university
mentions that users can split commuting costs, but to the best of our
knowledge, there is no way to do that inside the application. As with OHSU
Carpool and unlike TUC Ridesharing, a third-party service provider
(Rideshark) is used to power this application.

Rubayath Alam et al. present a practical implementation in [19]. The
authors created a web-based ridesharing platform for North South University
(NSU) students, to help them travel to and from the campus in the city of
Dhaka in Bangladesh. Users register using a valid NSU email address so that
only valid members can have access. After logging in, users can either create a
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ride or search for one. If a user finds a compatible ride, they send a join request
and wait for approval. The system also supports notifications, so that users are
notified about important events; as well as a payment mechanism. The ride can
take place in a private vehicle where users decide the fare between them or in
a public vehicle where they share it.

Another effort in building a working ridesharing solution is from Devansh
Sanghvi [20]. Its aim is the creation of a web-based ridesharing application using
various technologies like HTML5, CSS3, JavaScript, PHP, MySQL, AJAX and
JSON. The user interface is straightforward and enables users to register and
log in. After the user has logged in, they can use the website to search for a ride
by entering the departure and destination locations. If there are available rides
that match the criteria, they are displayed together with the driver’s details.
The passenger then contacts the driver to arrange the details of the ride. The
driver on the other hand, can create a new ride by specifying the date, time,
available seats, starting and ending points, and the contribution per seat that
each passenger must pay to join the ride. There are no details about a testing
phase, but the author stated that the site is operational with all its features
being fully functional.

Bistaffa et al. in [6] acknowledge the significant benefits for communities and
individuals who will adopt a ridesharing model for their daily transportation.
At the same time, they understand that there is a lack of effective incentives
policies by regulatory authorities who cannot assess the benefits and cost of such
an action. The proposed solution is to create a real-time, scalable, peer-to-peer
ridesharing algorithm that can be tuned to favor the environment or the quality
of service, together with a comprehensive quantification of the environmental
benefits. The system was proven to be capable of handling hundreds of trip
requests issued by a large number of individuals in real-time, and group them in
a very short amount of time in shared vehicles. The testing phase of this solution
using real-world datasets showed extremely promising results by reducing CO4
emissions by 70,78% and traffic congestion by 80.08% when the algorithm was
tuned to maximize the environmental benefits.

Santi et al. in [21] propose a shareability network framework in order to
balance the trade-offs between the benefits (travel costs, emissions, etc.) and
the passenger discomfort (increased travel time). Essentially it interprets the
ridesharing problem in a graph-theoretic context where every taxi is considered
a node and each trip can be shared if there is a route that both: stops at all
pickup and drop-off points in a way that respects the flow of the passengers’ trips
and also makes sure that all of them reach their destination by a specific time
threshold compared to their solo trip duration. The framework was tested by
applying it to 150 million rides, which roughly equates to one year of New York
taxi trips. They discovered that in real-life scenarios, where all ride requests
are grouped withing one-minute time windows and passengers are fine with an
up to five-minute extra delay, around half of solo rides are converted to shared.
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Which equates to a 25% drop in the total number of cars needed on the road.
From a more game-theoretic point of view, Bistaffa et al. in [22], propose
an alternative solution to the social ridesharing problem, with users being
members of a social network. The suggested way for forming efficient traveler
coalitions that minimize the overall cost of the system is by modeling the
formation problem as a Graph-Constrained Coalition Formation (GCCF)
problem. That is, for a coalition to become viable, its members must induce a
connected subgraph of the social network. This implementation also allows
users to specify spatial and temporal preferences for their rides. In addition to
this, a kernel-stable payment solution is introduced to achieve a fair
distribution of the ride costs between the members. This approach achieved
great cost reductions, up to -36,22% compared to the implementation of zero
ridesharing and showed promising scalability with large numbers of agents.

To conclude this section, we refer to relevant diploma theses submitted at
the Technical University of Crete under the supervision of Professor Georgios
Chalkiadakis, which combine elements from graph theory, cooperative game
theory, coalition formation theory, preference aggregation, and social choice.

Pagkalos in [4] acknowledges the low widespread adoption of ridesharing
and suggests that the solution is making it more enjoyable than the
competitive transportation solutions. Aside from only considering the route
criteria between the coalition members, he proposes that ridesharing should
take into account the preferences of the users, so that their travel time
becomes more enjoyable. These preferences in the form of soft constraints are
gender, age, and type of employment. The goal is to form feasible coalitions
between agents, reduce driver detours, and satisfy their preferences in the best
possible way. In the beginning, the process involves the use of hypergraphs to
partition the city graph based on the initial route of the driver and the much
needed initial clustering between the agents. Its vertices represent the
passengers, and the hyperedges the cars provided by the drivers. Thus, the
number of hyperedges is the same as the number of drivers. For each driver
hyperedge, a branch-and-bound algorithm finds the subset of passengers that
maximize the coalition value, and the highest-value coalition is selected with
the use of a greedy algorithm. Then, for each vehicle, the system computes
the optimal pickup and drop-off points with a branch-and-bound algorithm
and calculates the overall cost of the trip. Driver compensation is derived
from the total cost of the trip with the detours, minus the driving costs if they
were driving on their own. Passengers split the remaining amount according
to the distance they covered. The proposed solution was systematically
evaluated using the graphs of the four cities of Crete, Chania, Rethymno,
Heraklion, and Agios Nikolaos. It showed that it produces high-quality
preference satisfaction coalitions and is exceptionally effective for small and
middle-sized cities, while for larger cities the program needs more processing
power to run. Pagkalos developed a framework for preferences-aware
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ridesharing wusing Artificial Intelligence concepts and ran simulation
experiments to evaluate it. However, compared to our work, his approach
lacks a practical implementation that would make it easily accessible to users.

Asproudi [5] in her work, based on [4], developed a preference-aware game
theoretic framework for social ridesharing with the purpose of maximizing the
satisfaction of participants. When forming a coalition, aside from the hard
constraints that must be met, there are some soft constraints in the form of
attributes of each individual that the passengers they travel with ideally
satisfy. These attributes are the gender, employment, and age range of the
passengers. The driver has a service area which is a region around the planned
route they would initially follow. All passengers who will be considered to
enter the driver coalition must have their pickup and drop-off points in that
area. Then the agent matching is carried out in two stages. First, for each
passenger, a compatibility score is calculated, based on detour costs and the
compatibility of passenger preferences with the driver; with the help of the
Gale-Shapley algorithm. In the second stage, passengers are matched with
each other through preference aggregation. This two-stage approach ensures
that stable coalitions are formed. Then a combination of a branch-and-bound
algorithm and the Dijkstra algorithm is used to find the optimal sequence of
stops with the shortest path. Lastly, the kernel solution is implemented for
the payment allocation. The experimental evaluation of this work in the city
of Chania showed that there is high overall coalition satisfaction and efficient
passenger distribution. One shortcoming was that the kernel transfer scheme
was slow and resource intensive. Asproudi extends the work of Pangalos [4] by
adding preference aggregation between the passengers, and conducted
simulations to test the effectiveness of her system. Compared to our work, it
lacks the deployment on an application that could host her system, and as a
result of this, the real-world impact it could have on end users.
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Chapter 3

Our Approach

In this chapter we detail our approach to solving the ridesharing problem
within the Technical University of Crete (TUC) community. We start by
presenting both the functional and non-functional requirements of the TUC
Ridesharing application and the process by which we defined them. Then we
present the basic use cases and our ridesharing protocol; finally, we present
two usage examples that showcase the complete end-to-end ridesharing
process.

3.1 Requirements Analysis of the Application

The first stage of designing our application was the identification of
requirements. These became clear in a relatively short period of time after
studying the literature [6, 18, 22] as well as through meetings with Professor
Georgios Chalkiadakis and Assistant Professor Nikolaos Spanoudakis. The
application should only be accessible to members of the Technical University
of Crete, so we had to implement some form of authentication.  After
discussing with the institution’s IT department, we concluded that the best
way would be to implement the SSO Central Authentication Service (CAS)
protocol. Secondly, the application should be on both ends modular and as
simple as possible. Modularity was crucial to the design because this work is
going to be the foundation of future work that will adjust and expand its
features. That is why we implemented the Model-View-ViewModel (MVVM)
architecture; in order to achieve clean separation of concerns. For the
match-making algorithm, we chose to implement a simple two-stage greedy
algorithm that would generate suggested rides for the passengers, who can
then decide which to join. Users should coordinate in some way, so we
implemented Firebase Cloud Messaging notifications that inform them about
various events that take place during the ridesharing process. The crucial
real-time data that must be delivered to the users are handled by WebSockets,
with the help of the Publish/Subscribe messaging pattern.  Specifically,
Table 3.1 lists the functional and Table 3.2 the non-functional requirements of
the system.
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Authentication | All users must be authenticated to enter the
& modes application. Upon successful login they must be able
to choose their mode of operation.

Passenger A passenger can submit a new ride request by
request specifying: The pickup and drop-off points, the date
submission and time of the pickup (at least 15 minutes in the

future), and the number of seats needed.

Driver ride
creation

A driver can create a ride by specifying: The starting
and ending point of the ride, the date and time the ride
starts (at least 15 minutes in the future), the vehicle’s
available seats and details (color, brand, model and
license plate number).

Match-making
algorithm

When a new ride is created, a new passenger request
is submitted, a passenger joins a ride, or a passenger
cancels a reservation, the system must generate a list
of suggested rides which will be sent in real-time via
WebSockets to the passengers. The passengers can
then choose to join the suggested ride or ignore it.

Active rides

Passengers must be able to see in real-time all available
rides.

Active Drivers must be able to see in real-time all available

requests passenger requests.

User list Users should be able to view the list of users, with only
minimal personal data displayed.

Real-time The backend must send in real-time ride suggestions to

updates the passengers. In the same way drivers must receive
the details of the passengers that joined their ride.

User The notifications that are sent to the users must

notifications include the following types: Ride request submission,

ride request cancelation, reservation cancelation, ride
completion, new ride suggestion, ride unavailability,
ride start, request expiration, ride creation, ride
cancelation, new passenger join, passenger reservation
cancelation, ride approaching, ride start reminder, ride
auto-cancelation, ride completion reminder and ride
autocompletion.

TABLE 3.1: Functional requirements.
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Architecture
of the frontend

The application must be modular to facilitate
maintenance and future expansion.

Application &
data security

Only members of the TUC shall be able to access the
application using their institutional credentials so that
there is an enhanced feeling of safety when using the
application. All traffic must be secured via HTTPS so
that the data that is transferred to and from the server
is secure.

Supported The application must be multi-platform and support
operating as many devices as possible, so that all members of the
systems community can use it.

Supported OS | The supported OS versions must be recent so that
versions we can implement the latest documentation solutions

without at the same time, maintain obsolete ones.

User interface
layout

The user interface must be modern and simple because
it mainly targets young people who are keener to
use an application that is visually appealing and
efficient. The UI on both platforms must be locked
to portrait orientation, as in most modern ridesharing
applications.

User feedback

The application should utilize a WebView to display a
feedback form and collect user feedback in the testing
phase of the application. After testing is completed,
it should be repurposed to navigate the users to the
store listings, where they can submit reviews to further
improve the system.

Backend The backend must be hosted on the Technical

hosting University of Crete’s servers to enable institutional
authentication.

Service The service must be available 24/7/365 to the users,

availability because application usage cannot be restricted to the

academic calendar and hours.

TABLE 3.2: Non-functional requirements.
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3.2 Basic Use Cases

In this section, we present the basic use cases of our application. We show how
the application behaves in specific scenarios and what the user should expect
when using it. The basic use cases are: user login, join a driver’s ride, and offer
a ride to a passenger.

3.2.1 User login

Actor: A TUC member - a person who owns valid TUC credentials.
Use case: TUC member login.

e The TUC member enters their credentials in the login form.

e The application backend communicates with the IdP provider to validate the
data submitted.

e The TUC member is redirected inside the application.

Actor steps System steps

1. The TUC member presses

the 'Next' button to open the

login form.
2. The system requests a valid
combination of username and

password.
3. The TUC member fills in both

the username and password.
4. The system validates the data

given and redirects the user
inside the application.

FIGURE 3.1: Use case 1 flow of events.

Use case one: Exceptions.

e The TUC member fills in both the username and password.
[Invalid Credentials]

[Invalid Credentials] In case of invalid credentials, the system clears both
fields and informs the user about the reason the login process did not proceed.
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3.2.2 Join a driver’s ride

Actor: A TUC member - a person who owns valid TUC credentials.
Use case: A TUC member joins a ride.

e The TUC member presses the Passenger Mode button within the
application, enters passenger mode, and fills in the details of the request.

o The system processes the request and returns suggested rides to the
passenger.

e The TUC member selects and joins the ride of their liking.

Actor steps System steps

1. The TUC member presses the
'Passenger Mode' button inside
the  application to enter

passenger mode.
2. The system navigates them to

the Passenger Main screen.
3. The TUC member fills in the

pickup point, drop-off point,
seats needed, adjusts the date
and time and presses the

'‘Submit the request' button.
4. The system validates, stores

the data and generates
suggested rides that are sent

back to the passenger.
5. The TUC member selects the

ride of their liking, and joins it by
pressing the ‘Join' button of that

particular ride.
6. The system confirms the join

request and returns the ride
data to the passenger.

FIGURE 3.2: Use case 2 flow of events.
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Use case two: Exceptions.

e The TUC member fills in the pickup point, drop-off point, seats needed,
adjusts the date and time, and presses the Submit the request button.
[Empty Fields| [Date & Time Combination]

[Empty Fields] In case of empty fields, the system informs the user with
an error dialog and highlights the empty fields in red.

[Date & Time Combination] When the date and time combination is not
at least 15 minutes in the future, the date and time fields are highlighted in
red and the system shows an error dialog explaining the issue.

o The system validates, stores the data and generates suggested rides that are
sent back to the passenger. [No compatible rides]

[No compatible rides] When there are no compatible rides for a request,
the passenger does not receive any suggested rides back.

e The TUC member selects the ride of their liking and joins it by pressing the
Join button of that ride. [Seats filled before joining)]

[Seats filled before joining] A suggested ride is visible to many compatible
passengers at the same time. If some users allocate a certain number of
seats, the Join button becomes disabled for those whose requests exceed the
remaining available seats. This prevents overbooking.

e The system confirms the join request and returns the ride data to the
passenger. [Seats filled after pressing the Join button]

[Seats filled after pressing the Join button] Sometimes passengers
might press the Join button of a suggested ride almost simultaneously. For
that specific scenario where the seats from both requests cannot be served
from the available seats of the specific ride, the user that pressed the
button first enters the ride, and the other sees an error message that
informs them about the seat unavailability.
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3.2.3 Offer a ride to a passenger

Actor: A TUC member - a person who owns valid TUC credentials.
Use case: A TUC member offers a ride.

e The TUC member presses the Driver Mode button to enter driver mode
and fills in the details to create the ride.

o The system processes the new ride and returns it as a suggested ride to
passengers who made compatible requests.

e The TUC member receives the information of the passengers who joined the
ride.

Actor steps System steps

1. The TUC member presses
the 'Driver Mode' button inside

the application to enter driver
mode. 2. The system navigates them to

the Driver Main screen.
3. The TUC member fills in the

starting point, ending point,
color, brand, model, licence
plate, available seats, adjusts

the date and time and presses
the 'Create the ride' button. 4. The system validates, stores

the data and generates
suggested rides that are sent
back to the passengers that

5 The TUC member receives on submitted compatible requests.

their device, the data of the
passengers that joined their
ride.

FIGURE 3.3: Use case 3 flow of events.
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Use case three: Exceptions.

e The TUC member fills in the starting point, ending point, color, brand,
model, available seats, adjusts the date and time, and presses the Create
the ride button. [Empty Fields| [Date & Time Combination]

[Empty Fields] In case of empty fields, the system informs the user with
an error dialog and highlights the empty fields in red.

[Date & Time Combination] When the date and time combination is not
at least 15 minutes in the future, the date and time fields are highlighted in
red and the system shows an error dialog explaining the issue.

o The system validates, stores the data, and generates suggested rides that are
sent back to passengers that submitted compatible requests.
[No compatible requests]

[No compatible requests] When there are no compatible requests, the
ride cannot be paired and shown as a suggested ride.

e The TUC member receives on their device the data of the passengers that
joined their ride. [Passengers did not join the ride]

[Passengers did not join the ride] When passengers do not join a ride,
the driver does not receive passenger data on their device.
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3.3 Ridesharing Protocol

Our application includes a ridesharing protocol that can be seen in Figure 3.4.
It comprises the set of rules that govern how passengers and drivers
communicate, match, and eventually travel together. For the sake of
simplicity, we will separate our protocol into three distinct parts. The
pre-matching phase, the matching phase, and the coalition formation and
travel phase.

Application
Passenger Driver
m ! |

Pre-matching ———— Submits a ride request ————
phase <4——————Creates aride

The match-making

algorithm matches
Matching the request to the ride

phase

«— Suggests the ride to the passenger

Joins the suggested ride ————»

Presents the new passenger to the driver —|

< Notifies the passenger that the ride approaches — | —— Notifies the driver that the ride approaches —»,
and sends the final list of passengers that joined

Coalition formation <4—— Startstheride

and travel phase <«— Informs the passenger that the ride started ——
Arrives at the pickup point,
enters the vehicle and exits Arrives at the ending point
at the drop off point and exits the vehicle

Completes the ide ———
<4— Completes theride

FiGUrE 3.4: Ridesharing protocol sequence diagram.

3.3.1 Pre-matching phase

The user, after entering passenger mode, selects their pickup and drop-off points
from the predefined lists of locations. Then they adjust the date and time with
the help of the integrated date and time pickers and specify how many seats
they need because the application supports multiple seat allocation per request.
In the end, they press the Submit the request button so that the request can
be sent to the backend. Similarly, the driver enters driver mode and selects
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their starting and ending points from the predefined lists of locations. Then
they adjust the date and time with the help of the integrated date and time
pickers, specify the color, brand, model, license plate number, and available
seats of the vehicle. In the end, they press the Create the ride button so that
the new ride can be sent to the backend.

3.3.2 Matching phase

Following the previous phase, the data is now stored in the requested_ rides
and offered_ rides tables and the match-making algorithm that handles all the
matching logic of the application is triggered. The algorithm 3.1 that we put
forward is responsible for generating suggested rides for passengers to join,
and is invoked every time a ride is created, a ride request is submitted, when a
passenger cancels their reservation and when a passenger joins a ride. The
algorithm runs in all these cases to ensure that the data displayed on the
users’ screens is always accurate. These suggestions are the output of the
algorithm 3.1.

Each time the algorithm is triggered, it scans the two tables that hold the
passenger requests and the driver rides, to find matches. For every passenger
request, it checks if the time criteria are met, which means that the driver’s
start time must be in the time window created by the passenger’s pickup time
plus one hour. If this constraint is met, then it proceeds to check if there is a
spatial match with that driver. First, it looks for a direct match inside the 20
predefined routes that we describe in Subsection 3.3.2.1, which means that the
passenger’s travel route must be included in the driver’s route and the vehicle’s
available seats must be sufficient. If so, a match is created, is saved in the
suggested_ rides table, and is sent to the passenger together with a notification
to inform them about the event.

Aside from the above direct matching of the algorithm, another matching
stage is implemented that tries to make indirect matches between the drivers
and the passengers, meaning that rides and requests that head to the same
destination can match, even though they belong to different lines. We
implemented this because occasionally, rides that match the exact passenger’s
criteria may not exist, but there may be others that are 'good enough’ and
can transport them to their destination; with the trade-off that their pickup or
drop-off point will be altered to match the driver’s. For example, if there is a
passenger that wants to travel from the Campus A2 Amphitheater to the
National Stadium at 15:00, and there is an available ride from the Campus
Library to 1866 square at 15.30, the indirect suggestion would be generated,
and the passenger would be able to join that ride just by walking a short
distance to the Campus Library point, which is a small trade-off. A similar
process occurs when the request and the ride are directed to Campus, with the

26 Spyridon Charitakis



Chapter 3. Our Approach

difference that the drop-off point of the passenger would be altered to match
the driver’s ending point.

This procedure continues for every passenger and driver combination that
is available at that time, and up to three (3) suggestions can be sent to each
passenger together with a notification.

3.3.2.1 A match-making algorithm for our Setting

The match-making algorithm summarized in 3.1 is the core of the ridesharing
process and of the application as a whole. The type we chose to use is a
two-stage greedy one. We started designing it by creating the city graphs on
which the whole algorithm is based. The first step was to find a way to
separate the points of interest inside Campus, so that drivers do not have to
take detours. The approach we chose was to split the points into two lines.
Line one consists of the Campus Electrical & Computer Engineering Building
point, Campus Student Residence point, Campus Athletic Fields point,
Campus A2 Amphitheater point, and the Campus Main Gate point. Line two
consists of the Campus Computer Lab point, the Campus Mineral Resources
Engineering Department Building point, Campus Restaurant point, Campus
Library point, and the Campus Main Gate point, the last of which is shared
with line one.

Line 1 Points Inside Campus

Campus ECE Building Campus Athletic Fields Campus Main Gate

Campus Student Residence Campus A2 Amphitheater

Line 2 Points Inside Campus

Campus Computer Lab Campus Restaurant Campus Main Gate
Campus MRED Building Campus Library
Starting from Campus Direction Ending to Campus Direction

r

I
L4

FIGURE 3.5: Line 1 and line 2 points of interest inside Campus.
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Algorithm 3.1 Match-making algorithm

1: Input

2: routes < predefined paths (List[Route], case-insensitive trimmed matching)
3: requestedRides <« all ride requests with status = AVAILABLE (List[RequestedRide])
4: offeredRides <« all ride offers with status = AVAILABLE (List[OfferedRide])
9:

6: Output

7: suggestions < list of final suggestions (List[RequestID, OfferID)])

8:

9: Variables

10: cutoff «+— maximum allowed start time for a request (Time)

11: matchType < direct or indirect suggestion type (String)

12: indirectType «+ fromCampus / toCampus / null (String or Null)

13: seats < vehicle’s available seats (Integer)

14: seatsNeeded <+ requested seats (Integer)

15:

16: function GENERATE SUGGESTIONS
17: requestedRides < fetchAvailableRequestedRides()
18: offeredRides <+ fetchAvailableOfferedRides()

19: suggestions « []

20: mergedRoutes <— pairs(routes, i <> i+10: "starting" for ¢ € [0..4], "ending" for i € [5..9])
21: for all request in requestedRides do

22: cutoff +— (request.pickupDate for + request.pickupTime) + 1 hour
23: for all offer in offeredRides do

24: if offer.startDateTime ¢ [request.pickupDateTime, cutoff]

25: continue

26: end if

27: if directMatch(request, offer, routes) and seats > seatsNeeded
28: matchType < "direct"

29: indirect Type < null

30: else if indirectMatch(request, offer, mergedRoutes) and seats > seatsNeeded
31: matchType < "indirect"

32: indirect Type «— fromCampus / toCampus / null

33: else

34: continue

35: end if

36: if !duplicate(request, offer)

37: createSuggestion(request, offer, matchType, indirectType)
38: end if

39: end for

40: end for

41:

42: return suggestions

43: end function
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The second step in designing the algorithm was to determine the routes that
we will incorporate into our algorithm. We wanted to include as many popular
student points and destinations as possible, but not include too many to the
point that it would complicate our design too much. The five routes we chose
have the following destinations: City Center, Kounoupidiana, Eleftherias
Square, Koum Kapi, and Souda. Combining these routes with the two lines
inside the Campus, we ended up with the 20 final routes. Five line one
starting from Campus, five line one ending to Campus, five line two starting
from Campus, and five line two ending to Campus. The complete route list can

be seen below.

Campus to
City Center

Campus ECE Building — Campus Student Residence —
Campus Athletic Fields — Campus A2 Amphitheater —
Campus Main Gate — Chalkiadakis S/M Akrotiriou —
Attikon Summer Cinema — National Stadium —

Old Chania Market — 1866 Square

Campus to
Kounoup.

Campus ECE Building — Campus Student Residence
— Campus Athletic Fields — Campus A2 Amphitheater
— Campus Main Gate — Chalkiadakis MAX S/M —
Gourounakia Restaurant — Pancreta Bank — Aristotelous
— Iridos

Campus to
Eleftherias
Square

Campus ECE Building — Campus Student Residence
— Campus Athletic Fields — Campus A2 Amphitheater
— Campus Main Gate — Chalkiadakis S/M Akrotiriou
— Attikon Summer Cinema — Iroon Polytechneiou —
Eleftherias Square

Campus to
Koum Kapi

Campus ECE Building — Campus Student Residence
Campus Athletic Fields — Campus A2 Amphitheater
Campus Main Gate — Chalkiadakis S/M Akrotiriou
Attikon Summer Cinema — National Stadium —
Splatzia Square — Koum Kapi

VAN

Campus to
Souda

Campus ECE Building — Campus Student Residence
Campus Athletic Fields — Campus A2 Amphitheater
Campus Main Gate — Nykterida Restaurant —

Mega Place — Kato Souda — Souda Square

VG

TABLE 3.3: Line 1 routes starting from Campus.
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City Center
to Campus

City Hall — National Bank — National Stadium —
Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou
— Campus Main Gate — Campus A2 Amphitheater —
Campus Athletic Fields — Campus Student Residence —
Campus ECE Building

Kounoup.
to Campus

Iridos — Aristotelous — Pancreta Bank —

Gourounakia Restaurant — Chalkiadakis MAX S/M —
Campus Main Gate — Campus A2 Amphitheater —
Campus Athletic Fields — Campus Student Residence —
Campus ECE Building

to Campus

Eleftherias Eleftherias Square — Iroon Polytechneiou —

Square to Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou

Campus — Campus Main Gate — Campus A2 Amphitheater —
Campus Athletic Fields — Campus Student Residence —
Campus ECE Building

Koum Kapi | Koum Kapi — National Stadium —

Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou
— Campus Main Gate — Campus A2 Amphitheater —
Campus Athletic Fields — Campus Student Residence —
Campus ECE Building

Souda to
Campus

Souda Square — Kato Souda — Mega Place —

Nykterida Restaurant — Campus Main Gate —

Campus A2 Amphitheater — Campus Athletic Fields —
Campus Student Residence — Campus ECE Building

TABLE 3.4: Line 1 routes ending to Campus.
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Campus to
City Center

Campus Computer Lab — Campus MRED Building —
Campus Restaurant — Campus Library —

Campus Main Gate — Chalkiadakis S/M Akrotiriou —
Attikon Summer Cinema — National Stadium —

Old Chania Market — 1866 Square

Campus to
Kounoup.

Campus Computer Lab — Campus MRED Building —
Campus Restaurant — Campus Library —

Campus Main Gate — Chalkiadakis MAX S/M —
Gourounakia Restaurant — Pancreta Bank —
Aristotelous — Iridos

Campus to
Eleftherias
Square

Campus Computer Lab — Campus MRED Building —
Campus Restaurant — Campus Library —

Campus Main Gate — Chalkiadakis S/M Akrotiriou
— Attikon Summer Cinema — Iroon Polytechneiou —
Eleftherias Square

Campus to
Koum Kapi

Campus Computer Lab — Campus MRED Building —
Campus Restaurant — Campus Library —

Campus Main Gate — Chalkiadakis S/M Akrotiriou —
Attikon Summer Cinema — National Stadium —

Splatzia Square — Koum Kapi

Campus to
Souda

Campus Computer Lab — Campus MRED Building —
Campus Restaurant — Campus Library —

Campus Main Gate — Nykterida Restaurant —

Mega Place — Kato Souda — Souda Square

TABLE 3.5: Line 2 routes starting from Campus.
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City Center
to Campus

City Hall — National Bank — National Stadium —
Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou
— Campus Main Gate — Campus Library —

Campus Restaurant — Campus MRED Building —
Campus Computer Lab

Kounoup.
to Campus

Iridos — Aristotelous — Pancreta Bank —

Gourounakia Restaurant — Chalkiadakis MAX S/M —
Campus Main Gate — Campus Library —

Campus Restaurant — Campus MRED Building —
Campus Computer Lab

to Campus

Eleftherias Eleftherias Square — Iroon Polytechneiou —
Square to Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou
Campus — Campus Main Gate — Campus Library —
Campus Restaurant — Campus MRED Building —
Campus Computer Lab
Koum Kapi | Koum Kapi — National Stadium —

Attikon Summer Cinema — Chalkiadakis S/M Akrotiriou

— Campus Main Gate — Campus Library —
Campus Restaurant — Campus MRED Building —
Campus Computer Lab

Souda to
Campus

Souda Square — Kato Souda — Mega Place —
Nykterida Restaurant — Campus Main Gate —
Campus Library — Campus Restaurant —

Campus MRED Building — Campus Computer Lab

TABLE 3.6: Line 2 routes ending to Campus.

At this point, we were able to match passengers and drivers traveling in the
same direction to all the points inside and outside the Campus. The issue with
this implementation was that for example, if a passenger wanted a ride from the
Campus Computer Lab, which is in Line two, to the 1866 square and there was
a ride that was starting from the Campus Student Residence and was ending
to the 1866 square, our logic would not create a suggestion; even though the
pickup point and the starting point are inside the Campus and the direction of
the vehicle is compatible with the route of the passenger. The same issue arises
when the pickup point and the starting point are outside the Campus and the
drop-off point and the ending point are inside the Campus.

To solve this, we implemented cross-line suggestions, meaning that
passengers can receive suggestions for their request even though the lines do
not match. This scenario obviously requires that the time and seat criteria are
met. In this situation, what we do is this: If the passenger’s ending point is
inside the Campus, we alter it to match the driver’s ending point, and if the
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passenger’s pickup point is inside the Campus, we alter it to match the
driver’s starting point. The passenger is informed about the change in the
pickup or drop-off point, in the dialog that appears when they press the Join
button in the cross-line suggestion card. In both cases, we do it because the
application currently does not have incentives for the drivers and the least we
could do was to not allow detours. Basically, we want to encourage drivers to
create new rides, knowing that they will not change their initial solo route if
they share their ride, they will just help fellow members of the community
arrive to their destination. The end-to-end description of the algorithm
workflow is as follows:

o In the beginning, it scans both requested_ rides and offered_ rides tables and
finds all rows where the status is AVAILABLE. We do this so that we can filter
out all irrelevant data.

« Right after we merge the line one and line two starting from Campus routes,
and we do the same with the line one and line two routes ending to Campus.
By doing this, we create 10 merged pair routes that we use to handle
cross-line matching.

e Then we loop over the passenger requests, we normalize to lowercase the
pickup and drop-off points of each passenger, we trim the whitespace and
compute the one-hour time window in which the ride must start. The
maximum allowed ride start time is the pickup time plus one hour.

e« Then we move to the ride offers, and for each we normalize to lowercase
their starting and ending point and trim the whitespace. Immediately after,
we loop through the driver offers for each request, and we check if the time
windows are compatible. The acceptable start time must be no more than
the pickup time plus one hour. If it is not within the acceptable limits, then
we move to the next offer. If the time constraint is met, then we proceed
below to the matching logic.

The suggestions can be generated in two ways:

The first is the direct way, where the algorithm looks for a linear
substring from the driver’s starting point to the driver’s ending point from the
list of the 20 predefined routes, which also includes the passenger’s pickup
point and ending point in the correct order in which they exist on the route.
In short, the passenger’s route must be included in the driver’s route. We also
check if there are enough seats to accommodate the passenger request, if the
seats are not enough, then we skip that specific ride and we continue with the
next one.
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The second way is the indirect way. If the direct matching above fails,
then we try to create a cross-line matching. The algorithm evaluates the 10
merged routes and starts checking if on any of these routes the driver’s starting
point, driver’s ending point, passenger’s pickup point, and passenger’s drop-off
point are all present. The Campus points here are grouped together, so their
order does not matter, but the stops outside the Campus must be in a specific
order as in the direct routes. In short:

o If the route‘s direction is from inside Campus to destinations outside, then
the match can occur even if the passenger’s starting point is from the other
line. For example, if the driver’s starting point is the Campus A2
Amphitheater and the passenger’s pickup point is the Campus Library
which is a line two point. In this scenario, the suggestion is generated, but
the passenger is informed that to join the ride, their pickup point must be
altered to match the driver’s starting point.

o If the route’s direction is from locations outside the Campus to locations
inside, then the match can also happen despite the passenger’s drop-off point
being from the other line. For example, if the driver’s ending point is the
Campus Student Residence and the passenger’s drop-off point is the Campus
Computer Lab which is a line two point. The suggestion in this case is also
generated, but the passenger is informed that to join the ride, their drop-off
point must be altered to match the driver’s ending point.

In both cases, we check if there are enough seats to accommodate the
passenger request. If the seats are not enough, then we skip that specific ride,
and we continue with the next. The main idea of cross-line matching is that
passengers can trade off a bit of convenience, i.e. walk a really small
percentage of the whole ride, to travel by car the rest of it. This is by far a
better option than having no ride at all. Passengers receive both types of
suggestions (direct & indirect) and can decide which fits them best.

After a suggestion is generated, we check if there is a duplicate in our
suggested_rides table and if the suggestion for that particular request is at
most the third. If so, we insert the new row to the suggested rides table. If
the suggestion is indirect, we mark it as one. We also save the direction or the
ride, whether it is from_Campus or to_Campus. We do this for the Join
function to know which passenger point (pickup or drop-off) to alter and
match the driver’s. At the same time, the suggestion is published through
Publish/Subscribe and sent over by the suggestions WebSocket, together with
an FCM! notification, to inform the passenger.

At this point, the algorithm’s work is complete. But there is one more step
for the passenger to join the ride. After the suggested ride card is displayed

!Firebase Cloud Messaging (FCM) is Google’s push notification service that is used to
deliver push messages to different platforms (Android, iOS, Web).
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on their screen, they have the option to join or ignore the ride. If they opt to
join, then a new row is inserted in the matched ride table, and the passenger
data is sent to the driver together with an FCM notification. The passenger’s
screen is cleared of all suggested ride cards and the requested ride card. A
new ride summary card appears that contains the summary of the trip with all
relevant locations, together with all the driver and vehicle information. In this
way, they can comfortably recognize the vehicle when it approaches the pickup
point and have a clear view of their trip. Similarly, the driver ride summary
card appears on the driver’s screen 12 minutes before the departure, showing
the points where they have to pick up and drop off passengers, together with
their personal information.

3.3.3 Coalition formation and travel phase

This phase starts when the passenger presses the Join button on a suggested
ride card that was generated at the end of the previous phase. By doing so,
the driver receives the data of the passenger that joined the ride so that they
know who the new passenger is, and their pickup and drop-off points. Up to
about 12 minutes before the departure, new passengers can enter the ride if
the vehicle capacity allows. At this point, the ride locks. The backend sends a
notification to inform all members of the coalition that the ride is approaching
and to get ready. This helps coordinate the people involved even if they did not
pay attention to the ride’s start time or the application. The driver receives
an additional data-only notification with the final list of passengers that they
will travel with. Then on the Driver Main screen all cards are cleared and a
new driver summary card appears that contains a summary of the trip’s stops
and the data of all passengers. A different notification is sent to the passengers
that had the suggested ride on their screens but did not press the Join button
in time and missed the ride, telling them that the ride is unavailable and the
suggestion is cleared from their screen.

The driver should at this point head to the vehicle and when they are ready
to depart, they should press the Start button on their driver summary card.
This action triggers a notification that is sent to all passengers and informs them
about the event so they can even better schedule their pickup. After this point,
the process includes the commuting from every point of the predefined locations
to the other and the pickup and drop-off of the passengers. Each passenger after
exiting the vehicle just has to press the Complete button on their ride summary
card in order to reset the application UI to its initial state and register the ride
as completed on the backend. As soon as they do, they receive a notification
that informs them that their request was completed. Similarly, when the driver
arrives at the ending point and exits the vehicle, when they press the Complete
button, they receive the same notification, and their Ul resets and is ready for
the next ride.
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At any given point in the process, both the passenger and the driver can
cancel their request or ride. If a passenger did not join a ride and canceled their
request, the ride is registered as canceled, the Ul is reset to its initial state, and
the WebSocket closes. If they have already joined a ride, then all the above
actions occur, and at the same time a notification is sent to the driver to inform
them about the reservation cancelation. Additionally, if the cancelation occurs
before the ride locks, then the passenger’s card is cleared from the driver’s screen
and is not included in the summary.

When the driver cancels, if no one has joined their ride, the Ul is reset to
its initial state, the WebSocket closes, the ride is registered as canceled, and
they receive a notification that informs them about the successful cancelation.
On the other hand, if there were passengers who joined the ride before the
cancelation, they are notified, and are prompted to cancel their reservation and
search for another ride.

There is also a reminder mechanism for the driver where if they forget to
press the Start button, five minutes after the ride start time, they receive a
reminder notification. If they fail to press the Start button 15 minutes after the
scheduled ride start time, the ride is automatically canceled, and all members
involved are notified.

One hour after the ride start, all members are checked if they canceled or
completed their ride. If neither of these occurred, then a notification is sent to
prompt them to complete the ride. Fifteen minutes after that notification, an
additional check is made. If the status of the ride/requests is still not CANCELED
or COMPLETED, it is updated to COMPLETED, and the affected users receive a
notification which informs them about the action and resets their application
UL

This protocol combines simplicity and flexibility by including the most
popular routes and points inside and outside the Campus while at the same
time it does not complicate things by requesting GPS locations or any other
data from the users. It aims to make transportation among the members of
the Technical University of Crete straightforward and not overly complicated.
The final goal is to deliver a reliable utility application that performs
consistently as intended.

3.4 Usage Examples

In this section, we will present two usage scenarios that include common usage
patterns of the application. The first scenario is the simplest possible and is
used to demonstrate the most common use of the application. It involves a
newly created ride and the transportation of a passenger to their destination.
The driver’s phone is in dark mode, and the texts that refer to them are in blue
color.
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A student of the TUC, at
15:21 on 25.09.2025,
creates a ride that starts
from the Campus ECE
Building and ends to 1866
Square with a starting
time of 16:00 in order to
serve his fellow students
who may need a ride.

The route details are
passed to the created ride
card and he receives a
notification confirming
that his ride was created
successfully, indicating
that the process is
proceeding normally.
e

You i be ntied when
passengors enteryourride

On the same day, another
student of the TUC,
searches for a ride from the
Campus Student Residence
to the Attikon Summer
Cinema with a pickup time
of 15:57 and makes the
request.

The route details are
passed to the requested
ride card and he receives
a notification confirming
that his request was
created

y.
reassuring him that the
process is progressing
normally for him as well.

Request succossfully created
Now searching for

compatblo ridos.

e

The algorithm verifies that
the time, location, and
capacity criteria match the
passenger's request, and
generates a suggested ride.
The passenger is notified of
the new suggestion and
taps ‘Join' to enter the ride.
1 Yoot

a now rd suggeston,
Chackyour app!

All the cards on the
passenger's screen
disappear and a new
card is created that
contains the ride

y. The g
still has the option to
cancel his ride.

At the same time, the
passenger’s card appears on
the driver's screen,
accompanied by a
notification.

p—

yous ide. Check your app!

DRIVER DASHBOARD

impus Student Residence

meme Cinema

FIGURE 3.6:

Usage scenario 1, part 1 of 2.
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Twelve minutes before
the ride starts, the ride
summary card appears
on the driver's screen.
This card has buttons for
canceling, starting, and
completing the ride. The
driver is notified that the
ride is approaching to
allow for preparation.

Rido starting soon
B8 Your e stanssoon,

DRIVER DASHBOARD

Similarly, the passenger
receives the same
notification.

) o

Youridesarts 000,
ploase gt ready

© athansu

ZZIZZT:I.".‘I.,"

© 956 sqare

He enters the vehicle and
presses the 'Start'
button to notify the
passenger that the
vehicle departed, so that
he can better schedule
his pickup.

DRIVER DASHBOARD

The passenger receives
the notification and
moves towards the
pickup point.

B0 ) 70 cover st copare
o the stating pon.

The driver arrives at the pickup point and the passenger gets in the vehicle

Finally, the vehicle
arrives at the passenger's
drop-off point. The
passenger  exits  the
vehicle and presses the
‘Complete’ button to
finish the ride.

© camousece i
© camaus st Residence
© hthon Summercioems

© 1066 saumre

He receives a
notification to inform
him that his ride was
completed. The app Ul
returns to its initial
state, ready for a new
ride.

Bide complted

) =

oftho day Spyrdon

The driver continues his
ride to 1866 Square, parks
his vehicle and presses
the complete button.

DRIVER DASHEOARD

Similarly, he receives a
notification that his
ride has been
completed. The
application Ul returns
to its original state,
ready for the next ride.

Rids comploted

B -

ofhe day Aggelos!

FIGURE 3.7: Usage scenario 1, part 2 of 2.
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The second scenario is more complex, involving more people, a cancelation,
real-time screen updates, and cross-line matches. In the beginning a suggested
ride is shown on the screens of two different people who want to book a ride.
The first makes the reservation for them and three of their friends and after
they cancel it, the ride becomes available again for the second user and their
two friends. Then they book the ride and travel together to their destination.
The driver’s phone is in dark mode, and the texts that refer to them are in blue
color.

A student of the TUC at
08:30 on 26.09.2025,
searches for a ride for
himself and three of his
friends, from the National
Stadium to the Campus A2
Amphitheater with a
pickup time of 08:56 and
makes the request.

The route details are
passed to the requested
ride card and he receives
a notification confirming
that his request was
created successfully,
reassuring him that the
process is progressing
normally.

Request succestuly cested
B . i

compatble ides.

Another student of the
TUC at 08:40 on 26.09.2025
looks for a ride, for himself
and two of his friends,

from  Attikon
Cinema to the Campus
Computer Lab with a
pickup time of 09:00 and
makes the request.

The request details
populate the requested-
ride card, and he
receives a notification

o v

PASSENGER DASHBOARD

confirming ful
submission, reassuring
him that the process is
proceeding normally.

A third student of the TUC
at 08:45 on 26.09.2025,
creates a ride that starts
from the City Hall and
ends at the Campus
Student Residence with a
starting time of 09:05.

FIGURE 3.8: Usage scenario 2, part 1 of 4.
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The route details are
passed to the created
ride card and he receives
a notification that his
ride was successfully
created to ensure him
that the process is
progressing normally.

DRIVER DASHBOARD
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Both students at the
same time receive a
notification together
with the ride details
about the suggested
ride. e

Campus A2 Amphithester

) s samesen

Check your app!

Compus Student Residonce

The first student presses
the ‘Join' button and
enters the ride with his
three friends. PASSENGER DASHBOARD

Cancelthe request

The passenger ride 4 ea ) At the same time the

loin' ° var
summary card appears on Join' button on the
the screen of the first PASSENGER DASHBOARD screen of the second [rrm——
student with all the student gets disabled,
details of the ride. S because the ride no

Greziz) longer fits the criteria

Qe aton (the seats are no longer I

& compun a2 Amoitmner 3222 e

© campus studot Resicence enough to serve his

e
S request). @ o

R—

e

The data of the
passenger that made the
reservation, appear on DRIVER DASHBOARD
the driver's screen
together with a
notification.

e —
e
‘your ride. Check your app!

FIGURE 3.9: Usage scenario 2, part 2 of 4.
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At 08:50, the student who
reserved the seats receives
an email stating that the
course he planned to attend
with his friends has been
rescheduled to the next day.

SR

The Ul returns to its
initial state and the
student receives a
notification that notifies
him that his reservation

was y

) oo,

mew | osse | aaas

The card with the

data of the
passenger that
canceled the

reservation
disappears from the
driver's screen who
also receives a
notification  about
the event.

) G

Spyridon Charitakis just
‘canceled their reservation

DRIVER DASHBOARD.

At the same time the
suggested ride becomes
available again for the
second student and the
two of his friends. He
presses the ‘Join'
button and he sees that
the ride is from a
different line (line 1).He
agrees to alter his
ending point to match
the driver's and he joins
the ride.

The passenger ride
summary card
immediately appears
on his screen.

PASSENGER DASHBOARD

i strtast09:05 - Seste tocstod:3

e

The passenger’s details
appear on the driver's
screen, and a
notification informs
him that a new
passenger has joined
the ride.
ﬁ New passenger joined

Grigoris Grigorakis just oined
your ide. Check your app!

Twelve minutes before
the ride begins, the ride
summary card appears
on the driver's screen
with buttons to Cancel,
Start, and Complete the
ride. The driver also
receives a notification
that the ride is
approaching to allow for
preparation.
) (o

Vour ridestas soon
please go ready.

Similarly, the passenger
receives the same
notification.

ldo starting soon
Your rida starts saon,
please getready.

FIGURE 3.10: Usage scenario 2, part 3 of 4.
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The driver moves towards his vehicle to start the ride..

He enters the vehicle and The passenger receives the

presses the 'Start’ button to notification on his device and | [ ] T
X DRIVER DASHEOARD : . :
notify the passenger that he moves with his friends ehsevGaR BAHRAD
departed. Ride Summary towards the pickup point.
“ampus ECE Building e sy
ido starto oy
B . e
tromihe statg poin. Cra

Drvr s Aggelos Aggelais frm ECE dept

Beige v A1

Finally, the vehicle arrives ’ o " He receives a notification

at the passenger's pickup that his ride was

point, the passengers enter completed. The application

and they travel together Ul has returned to its

until their drop off point. %iﬁmummm. original state, ready for the

The passengers exit the CETOEEIED I next ride. I
vehicle and the student e o et

that made the reservation e s Ride completed

presses the 'Complete’ [ o it oy ors

button to complete the 55

ride.

Following that, the driver He similarly receives a
parks his vehicle and notification that his ride was
presses the 'Complete’ CRIZRIASEOARD completed. The Ul has

button on  his ride e —— returned to its initial state.
summary card.

fo e ) s
© Gampus Studentfesidence ofthe day Aggelos!

FiGURE 3.11: Usage scenario 2, part 4 of 4.
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Chapter 4

Frontend and Backend Design
and Implementation

Building a full-stack, cross-platform ridesharing application requires several
coding languages, IDEs, and frameworks. Furthermore, it includes careful
planning and closely following the guidelines of the official documentation for
each platform. The foundation of the application is a Kotlin Multiplatform
Project (KMP) that houses the Android frontend and the common code that
is used by both our OSes. TUC Ridesharing at a high level is an Android and
iOS application with a common FastAPI python backend, and MVVM
architecture.

The architecture of the application is Model-View-ViewModel (MVVM).
We chose this architecture in order for the application to be modular, easier
to maintain, and expand in the future. The three individual parts are: The
Model (CommonMain) which focuses on the communication with the backend,
the View (Jetpack Compose/SwiftUI) which focuses on rendering the UI, and
the ViewModel that handles the UI logic and manages the various states. This
approach ensures a clean separation of concerns. By building native Uls, we
enhance the user experience because we can follow the latest guidelines from
both documentations. We followed the Material You design guidelines for the
Android frontend and those of the Apple Human Interface for the iOS, in order
to have a clean, modern, and cohesive experience for the users on both platforms.

FIGURE 4.1: IDEs in (A), languages in (B), and frameworks in
(©).
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4.1 System Architecture

We used multiple IDEs, languages, and frameworks to complete this project.
The IDE we used for the Android and the common client code is Android
Studio. It is the recommended solution in the Android documentation and it
is extremely easy to use. It makes the procedure of integrating the project
with the Firebase solutions we needed (Firebase Cloud Messaging and Firebase
Crashlytics) effortless. The language we used is Kotlin which is the official
and fully supported language by Google, has simple syntax which dramatically
reduces boilerplate code, and is future proof because Google invests heavily on
its development. That is why many of the new libraries that come out are
Kotlin-only. The framework used is Jetpack Compose. We chose this particular
framework because it is officially backed and supported by Google. It is the
recommended solution to build Android apps and makes coding simple because
it is a declarative Ul framework.

The iOS part was created using Xcode, which is the suggested development
tool from Apple. It has a very simple interface and seamless integration with
all the Apple SDKs. Furthermore, it supports code autocompletion, UI and
unit testing. The language used is Swift, which is the preferred and suggested
language by Apple. It is open source, widely used, and has deep integration with
Xcode. The framework used is SwiftUI, Apple’s modern declarative framework.
It makes state management easy by utilizing property wrappers and is multi-
platform across Apple platforms by design, meaning that with one codebase we
can run an application in iOS, iPadOS, MacOS, VisionOS, watchOS and tvOS.

The server side of the application was built using PyCharm. Our IDE
decision was based on the fact that it has the same development team behind
it as Android Studio. That means that if someone has limited experience with
the former, they could become familiar with this tool in a very short period of
time, which was our case. Furthermore, JetBrains offered a one-year free
license for qualified students, which upgraded the IDE to the Professional
Edition, and made it more feature rich, and the development in it even faster.
The framework used is FastAPI and the language is Python. We chose this
powerful combination to accelerate our development. Integration with our
PostgreSQL database, Firebase Cloud Messaging notifications, and CAS
authentication became seamless. Communication with the frontends became
effortless through REST endpoints.
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Android MVVM implementation i0S MVVM implementation

|

|

Platfom specific Platfom specific 1
User Interface User Interface ]
(Jetpack Compose) (Swiftul) 1

1

|

|

I

ViewModels ViewModels |

|

1

1

|

Common Endpoints Common Endpoints 1
through OKhttp engine, through Darwin engine, 1
FCM token shared logic FCM token shared logic |
1

)

FIGURE 4.2: Implementation of the MVVM architecture on
both platforms.

VIEW LAYER

VIEWMODEL LAYER

MODEL LAYER

4.2 User Interface/User Experience

The user interface on each platform consists of a splash screen and 10 different
screens. The Android part was built using the Jetpack Compose framework,
the Kotlin language, and following the latest Material You guidelines. The iOS
counterpart was built using the SwiftUI framework, the Swift language, and
following the Apple Human Interface guidelines. High-resolution images of the
interface and its different layouts can be found here. The description of each
screen is as follows:

o The Splash screen that consists of a classic splash screen with a theme-
adaptive application logo and background.

e The Loginlof2 screen which contains a Next button that navigates the
user to the login WebView.

e The Login20f2 screen which is the actual WebView screen that presents
the login form where the users enter their credentials.

« The Mode screen that is the target screen after a successful login and
the one the users land on when they are already logged in and reopen the
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application. On this screen, users select their mode (passenger or driver) of
operation.

» The Profile screen that contains the personal information of the users. Here
they can select a profile photo, change the theme of the app, give feedback
though the integrated feedback form, open the FAQ page or log out.

o The Community screen, where each user of the application has its own
card, that displays minimal data about them. The purpose of this screen is
to reinforce the feeling of the community within the application and become
the base for a planned feature that involves ridesharing social score.

e The Passenger Main screen where the passenger-side ridesharing
procedure takes place. It contains a date picker, a time picker, pickup and
drop-off search bars and a seat selector. After submitting a request, it
displays suggested rides and when the passenger joins a ride, it displays the
passenger ride summary card. All fields are validated to ensure they
contain valid data. The pickup and drop-off points are checked to be
non-empty and that they contain valid locations from the predefined lists.
The date and time combination is checked to be at least 15 minutes in the
future, and the seats field is checked to be non-zero. If all the data is
correct, it is sent to the backend where it is stored, and a successful
response is sent back to the client side that contains the data of the
request. This triggers the collapse of the search card, the creation of the
requested ride card and opens the WebSocket stream after three seconds so
that the passenger is able to receive suggested rides in real-time.

o The Active requests screen, that displays all the requests with status
AVATILABLE and pickup time no more than 45 minutes in the past, to align
with the matching algorithm time-window. That way, drivers only see
requests within a time window in which they can match.

e The Driver Main screen where the driver-side ridesharing procedure takes
place. It contains a date picker, a time picker, starting and ending point
search bars, the vehicle description data fields (color, brand, model, license
plate number) and the available seats selector. All fields undergo validation
to verify data correctness. The starting and ending point are checked to be
non-empty and that they contain valid locations from the predefined lists.
The color, brand, and model fields are checked to be non-empty and that
contain a choice from the predefined lists of the application, the license plate
to consist of three letters followed by four numbers. The date and time
combination is checked to be at least 15 minutes in the future, and the seats
field is checked to be non-zero. If all the data is correct, it is sent to the
backend where it is stored, and a successful response is sent back to the client
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side that contains the data of the ride. This triggers the collapse of the search
card, the creation of the created ride card and opens the WebSocket stream
so that the driver can receive in real-time the data of the passengers that
joined the ride. The driver ride summary card is also created and displayed
here, 12 minutes before the departure.

o The Active rides screen, that displays all the rides with status AVAILABLE,
have at least one available seat, and start at least 15 minutes in the future.
They remain visible until 12 minutes before their start time, to align with
the ridesharing process constraints.

e The Routes screen that contains the 20 route cards, 10 route cards
starting from Campus and 10 ending to Campus. Each location has a small
description and contains a map link to the exact coordinates of the point.

For both passengers and drivers on their main screens, we implemented
mechanisms to make their life easier and the whole process of creating a ride
or submitting a request, more streamlined. The predefined date and time
combination when the user enters either of the two main screens is 20 minutes
in the future, so that they have enough time to fill in the data without having
to interact with the two pickers. For the same reason, the seat selector value is
saved to local storage so that in subsequent requests, if the user does not want
to change the seat value, they do not have to deal with it again. The same
local storage solution is implemented for the color, brand, model, and license
plate fields. All these mechanisms make the whole process faster and ensure
that the core data of each user is only set up once, the first time.
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Ficure 4.3: Navigation flow when logged out, and in
subsequent sessions.

For larger screens on both platforms, we designed custom implementations
to utilize the extra real estate and make elements look better overall. In
general, the Splash screen, Loginlof2 screen, Login2of2 screen, and Mode
screen remained the same across all screen sizes. On Android we customized
the two main screens with more horizontal padding for the search and the
ridesharing cards so that they do not look stretched. The Profile screen also
received more horizontal padding, a larger profile photo window, and custom
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font size for the user information. On the Routes screen, we implemented a
two-column layout where we put the 10, line one route cards on the left and
the 10, line two route cards on the right. The Community, Active rides, and
Active requests screens, all utilize a two-column layout where half the number
of cards they display are on the right and the other half on the left. This
exact layout can be seen on Android tablets and on the internal screen of
foldables. It is important to point out that foldables use the phone layout
when the user operates the application on the external screen, and the same
happens when the user makes use of the internal screen in split-screen
together with another application. This is especially useful when using TUC
Ridesharing side by side with Google Maps. Screenshots of the different
Android layouts can be seen in Figure 4.4 and Figure 4.5 below.

L Yl ‘

B Student B Staff

2 Passenger A Driver

B Staff B Student

2 Driver 2 Passenger

& Faculty B Student

2 Driver 2 Driver

& Alum & Alum

2 Driver 2 Driver

B Student B Student

2 Passenger 2 Passenger

B Student B Student

2 Driver 2 Passenger

B Student B3 Student

2 Driver 2 Driver

B Student B3 Student

& Passenger & Passenger

- i | = o

Profile Community Ride request Act. rides Routes

FIGURE 4.4: Two-column layout of the Community screen, on
foldables and Android tablets.
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FIGURE 4.5: Phone layout of the Routes screen, when in split-
screen mode.

On iPadOS/MacOS (Apple Silicon)/VisionOS we customized the two main
screens with more horizontal padding for the search and the ridesharing cards
so that they do not look stretched. The Profile screen got a complete overhaul
with Split View layout with sidebar. The photo picker, the feedback WebView,
the theme picker, and the logout option are all customized. The Community,
Active rides and Active requests screens, all utilize a two-column layout just like
in the Android version. Half the number of cards they display is on the right
and the other half on the left. On the Routes screen we implemented a Split
View layout where we put all 20 route cards on the left. When the user presses
the info button on each location, on the right side of the screen it displays
the location on the embedded map and its description on top. Screenshots of
the alternative iPadOS/MacOS/VisionOS layout can be seen in Figure 4.6 and

Figure 4.7 below.
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FI1GURE 4.6: Split View layout Profile screen on VisionOS.
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FIGURE 4.7: Split View layout Routes screen on MacOS.
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4.3 ViewModel Layer

Our application utilizes platform-specific ViewModels that collect, save, and
restore data, as well as handle the lifecycles of the ridesharing process and
manage the WebSocket connections. Each platform has six ViewModels. The
offeredRide ViewModel that supports the driver-side ridesharing process, the
requestedRide ViewModel that supports the passenger-side ridesharing
process, the useAs ViewModel that collects the user mode. The
communityScreenViewmodel that assists the Community screen, the
availableRequestsViewmodel and the availableRidesViewmodel that maintain
the functionality on the Active requests and Active rides screens, respectively.
The description of their functionality can be found below.

o OfferedRide ViewModel: It supports the Driver Main screen and the
driver ridesharing process. It calls the ride creation endpoint and stores
the successful response. It is also used to cancel or complete the ride by
calling the cancelation and completion endpoints, respectively. The complete
handling of the WebSocket also takes place here. The WebSocket opens
when there is a successful response after the ride creation for the device to
receive the passenger cards when they join the ride. On both Android and
i0O8S, a lifecycle observer monitors when the application is in background or
foreground, in order to close or open the WebSocket. It also checks if the
ride is ’locked’ so that the WebSocket does not open again after the ride
summary is visible.

« RequestedRide ViewModel: It handles the passenger ridesharing
process. It calls the passenger request endpoint and persists its data upon
successful response. It receives suggested rides over the passenger
WebSocket and exposes them. It handles the passenger join and displays
the ride summary card. As in the offeredRide ViewModel the complete
handling of the WebSocket takes place here. The WebSocket opens three
seconds after an active request is created and then closes when the
application goes to the background. When users re-enter the app, it opens
again if the request is not ’'locked’, meaning if the passenger ride summary
is visible. Cancelation and completion of the passenger request is handled
here by calling the corresponding endpoints.

o UseAs ViewModel: The useAs ViewModel tracks the mode the user is in
(passenger or driver mode), captures the input and exposes it to local storage
and the backend via the updateUseAs endpoint.

o« CommunityScreen Viewmodel: This ViewModel assists the Community
screen. Its job is to track the current list of users, check that the data
load correctly, and display error messages if there is an issue. It opens the
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WebSocket, updates the UI and closes the connection when the user leaves
the screen.

o AvailableRequests Viewmodel: It supports the Active requests screen
with the live list of available passenger requests. It opens and closes the
Websocket, and updates the UL.

o AvailableRides Viewmodel: The availableRides ViewModel keeps the
Active rides screen updated with the live list of available ride offers. It
opens the WebSocket, refreshes the list when there is an update, and closes
the WebSocket when the user leaves the screen. It also exposes states to
update the UL

4.4 Network Layer

The network layer of our application resides in the commonMain module of
the Kotlin Multiplatform Project and is used directly from the Jetpack
compose Android part and through the generated shared framework in
i0S/iPadOS/MacOS/VisionOS. It contains all the necessary components for
the correct communication with the backend layer. Those are the data
models, the FCM token handling logic, and the client endpoints. It also
contains platform-specific engines for both Operating Systems, OkHttp for
Android and Darwin for i0OS. Our commonMain uses 10 REST endpoints in
total for POST, PATCH, GET, and five WebSocket streams. These are:

« PATCH / users / {user_id} / use_ as
It is used for updating the mode of the user by utilizing their user id. It gets
triggered when the user presses either the Passenger Mode or the Driver
Mode button on the Mode screen.

« POST / requested__rides
It is used for submitting ride requests. It contains all the data of the
request like date, time, pickup point, drop-off point, and seats needed. It
gets triggered from the Submit the request button on the Passenger
Main screen.

The response includes: request id, user id, passenger pickup_ point,
passenger dropoff point, pickup time, pickup_date, seats needed.

It inserts the ride request to the database and updates its status to
AVATILABLE. Three seconds later, it triggers the match-making algorithm to
perform matches, schedules a Redis key to expire one hour after the pickup
time (if the request at that time is still AVAILABLE) and notifies the
passenger about the successful submission of the ride.

o4 Spyridon Charitakis



Chapter 4. Frontend and Backend Design and Implementation

« PATCH / requested_rides / {request__id} / cancel
It is used for canceling a ride request. It uses the request_id and its tasks
are to update the status of the request to CANCELED and notify the passenger
about the successful action. If the passenger had previously joined a ride,
then the seats they allocated are released, the driver is notified about the
event, the match-making algorithm is triggered, and the event is published
so that other passengers can allocate the newly released seats.

« PATCH / requested_rides / {request_id} / complete
It is used for the passenger ride completion. It is triggered by the Complete
button on the passenger ride summary card . It updates the status of the
request to COMPLETED and sends a notification to the passenger, to inform
them about the success of the action.

« PATCH / suggested_ rides / {suggestion__id} / ignore
It is used for ignoring a suggested ride from the list. The suggested ride
status changes to IGNORED and it gets cleared from the passenger’s screen (the
suggestion WebSocket only forwards suggestions with AVAILABLE status). It
gets triggered when the passenger presses the Ignore button on a suggested
ride card.

« POST / join_ ride / request__id, offer__id

It is used from a passenger in order to join a ride. It utilizes the passenger
request_id, the driver offer id and first checks if the ride is indirect, in
order to adjust the pickup or drop-off point of the passenger. Then calls
the join_ride function to check if the status of both the ride request and
the ride offer is AVAILABLE and if the ride has enough available seats. If so,
the new match is inserted to the matched rides table, the requested ride
status is updated to MATCHED and the allocated seats are subtracted from
the available seats of the ride. All request_ids that have a suggestion from
that offer are retrieved and the backend publishes to the
suggested_rides:<passenger_request_id>. Then, the WebSocket listens
and delivers the up-to-date details of the ride, to the affected passengers.
The match-making algorithm is triggered to recompute suggestions for
everyone, and the new ride suggestions are published and pushed to all
compatible passengers via FCM notifications, Redis and WebSockets. The
data of the new passenger that joined the ride are published to the
matched rides:<offer id> and the WebSocket handler sends them to the
driver’s device.

The response that the passenger receives contains the following: match id,
passenger request_ id, driver_ offer_id, passenger_pickup_ point,
passenger_dropoff point, driver starting point, driver ending point,
start_time, start date, seats allocated, driver name, driver surname,
driver department, color, brand, model, license plate.
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This endpoint is triggered when the user confirms the join on a suggested
ride card.

« PATCH / offered_ rides/{offer__id}/ cancel

It is used for canceling a created ride. It uses the offer_id and its tasks are to
delete the scheduled 12 minute (before the ride) key from Redis, update the
status of the offered ride to CANCELED and find all passengers affected. Then
it updates their suggestion status to CANCELED, Publish /Subscribe publishes
to the suggested channels to update their list of suggested rides through
WebSockets and simultaneously an FCM notification is sent to inform them
about the event. The driver receives an FCM notification with the list of the
affected passengers and Publish /Subscribe publishes on the matched channel
to clear the passengers that previously joined. If the driver did not have any
matches up until the cancelation, the FCM they receive just updates the ride
status and informs them about the successful cancelation.

« PATCH / offered_rides / {offer_id} / complete
It is used for the ride completion. It updates the status of the offered ride to
COMPLETED and sends a notification to the driver to inform them about the
success of the action. It gets triggered by pressing the Complete button on
the driver’s ride summary card.

« POST / offered_ rides
It is used for creating a ride. It contains all the ride data: date, time,
starting point, ending point, available seats, color, brand, model and license
plate number of the vehicle. It gets triggered from the Create the ride
button on the Driver Main screen.

The  response includes  the: offer_id, ride_starting point,
ride_ending point, start_time, start_ date, available_seats.

It inserts the ride to the database, updates its status to AVAILABLE, triggers
the match-making algorithm to perform matches and notifies the driver
about the successful ride creation. Then five TTL keys are scheduled. One
that schedules a Redis key to fire 12 minutes before the departure (to
inform all members of the ride that it approaches and deliver to the driver
the final passenger list). One that is triggered five minutes after the ride
start time and checks if the driver pressed the Start button (and notifies
them if they did not). One that auto-cancels the ride if 15 minutes after
the departure, the driver has not yet pressed the Start button. One that is
triggered one hour after the scheduled ride start time and checks if the ride
status of all the members of the coalition is CANCELED/COMPLETED or
otherwise it informs them to complete their ride. Lastly, one that one hour
and 15 minutes after the scheduled ride start time, it auto completes the
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ride of all the members of the coalition whose status is not yet
CANCELED/COMPLETED and resets their application UI.

« PATCH / offered_ rides / {offer_id} / start
It is used for starting the ride. It updates the status of the offered ride to
IN_PROGRESS and notifies via an FCM notification all the matched passengers
about the event. It gets triggered when the driver presses the Start button
on the driver ride summary card.

« WS / ws / matched_ rides / driver_ offer__id
It is a WebSocket for streaming the passenger data of people who joined a
ride, to the Driver Main screen. On connect it retrieves all matched
passengers and subscribes to the channel matched rides:<offer id> to get
new matches, i.e. passengers that joined their ride.

« WS / ws / suggested_rides / passenger__request__id
It is a WebSocket for streaming suggested rides to the Passenger Main screen.
On connect it retrieves all compatible suggestions with status AVAILABLE
and subscribes to the channel suggested rides:<passenger request id> to
receive new suggestions.

« WS / ws / users
It is a WebSocket stream for streaming the users’ data from the users table.
It is used on the Community screen.

« WS / ws / available_ requested__rides
This WebSocket is used to fetch all available passenger requests with status
AVAILABLE that are at most, 45 minutes in the past.

« WS / ws / available_ offers
This WebSocket is used to fetch all rides with status AVAILABLE, that start
at least 15 minutes in the future, have at least one available seat, and are at
most 12 minutes before their starting time.

4.5 FastAPI Backend Layer

The backend of our application consists of four main components. The CAS
authentication component, the PostgreSQL database component, the match-
making algorithm component (described extensively in Section 3.3.2) and the
notifications component. All four are utilized using the FastAPI framework
in Python. The server also utilizes Redis Publish/Subscribe as the messaging
pattern and the (NGINX) reverse proxy that accepts the HT'TPS client calls,
decrypts them, and forwards them as plain HT'TP to the server. The complete
server-side part of the application is hosted on the Technical University of Crete
servers and runs as systemd 24/7/365 on a Linux virtual machine.
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4.5.1 Central Authentication Service (CAS)
authentication

The authentication module handles the flow that enables users to log in and
log out. Only users of the Technical University of Crete can sign in using
their institutional credentials. When the application launches, it checks the
"isLoggedin’ flag to see if it is true or false. If the flag is true, then it launches the
user on the Mode screen, meaning that they are logged in. However, if the flag
is false, the application takes the user to the pre-login screen or Loginlof2 screen
where the Next button resides. When this button is pressed, the application
builds the /login URL and opens a WebView. The backend redirects the user
to the Technical University of Crete login screen where the user can enter their
institutional credentials, and if they are valid, a Service Ticket is issued and
the browser is redirected back to the /callback endpoint. There, the CAS
serviceValidate endpoint is called to confirm that the Service Ticket is valid.
If it is indeed valid, then an XML response is parsed that contains the basic
profile data of each user, the name, surname, affiliation, and department.

If the user does not exist in the database, a new row is inserted into the users
table. A new session token is created that is valid for 30 days and is stored in
Redis. Then, the user is redirected back to the Mode screen of the application
with the ticket, via a deep link. There, the ticket is extracted and the /callback
endpoint is called again with client=true in the URL, in order to receive the
JSON that contains the session token, the user profile data and a Set-Cookie
header. The name, surname, affiliation, department, session token and the
boolean flag isLoggedIn (the latter set to true) are saved in sharedPreferences
in Android and UserDefaults in iOS. The cookie is automatically detected by the
HTTP client and saved in its cookie jar. Then it is used to make authenticated
API calls to the backend. At this point, the user is inside the application and can
start using its functions. Both platforms are fully compatible with biometrics,
Android with fingerprint and face authentication, and iOS with FacelD and
TouchID.

The logout process is much simpler. When the user confirms the logout
on the Profile screen, a performLogout() function is triggered that clears the
isLoggedIn flag, the session token, and all the personal information of the user
from local storage. At the same time, it clears the WebView’s cookies and calls
the backend’s logout endpoint, which handles the server-side logout. There, the
Redis session of the token is deleted, the actual session_ token is cleared, and the
CAS logout URL is called that ends the SSO session. As a last step, the user is
redirected back to the Loginlof2 screen inside the application; the same screen
they land on whenever they launch TUC Ridesharing without being logged in.
There is also an automatic logout mechanism that logs users out after 30 days,
so they can log in again, and the server can issue a new session token.
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4.5.2 PostgreSQL relational database

The database used for storing user and ridesharing data is a PostgreSQL
relational database. It consists of six tables with the data integrity mandated
through primary and foreign keys and enum-typed columns. The users_table
that stores the four attributes returned after a successful login, as well as the
mode in which the users operate the application. The device tokens table
that stores the device’s unique token that is used to send FCM notifications.
The requested rides table that stores the data for each passenger request
made. The offered ride table that stores the data for each ride created by the
drivers. The suggested_rides table that contains all the suggested rides
generated from the match-making algorithm, and the matched rides table
that contains all the data of the users that travel together.

Indexes are used in several places within the server to ensure faster lookups
and operations in general. We put those indexes in place for operations that
occur frequently. The four most important indexes are:

o Ix requested_ rides_ status that speeds up the queries that search for
passenger requests filtered by their status. For example, it is used in the
match-making algorithm where the status of the requests must be
AVATLABLE, and in the expiration listener, where requests whose status is
still AVAILABLE one hour after their pickup time, must be canceled.

o Ix offered_ rides_ status that speeds up queries that find rides based on
their status. For example, it is used in the match-making algorithm where all
created rides must have their status set to AVAILABLE so that all irrelevant
data are not considered. Its also used when a passenger joins a ride, where
there is a check of the offered ride status and if it is still AVAILABLE at that
moment.

o Ix_suggested_ rides_ by_ passenger_ and_ status that makes fetching
all suggestions based on their status, for a passenger, faster. It is used in
various cases, for instance the WebSocket for the suggested rides returns only
rows whose status is AVAILABLE. It is also used when a passenger wants to
join a ride, and we want to ensure that all the suggestions at that time are
valid, through their correct status (AVAILABLE).

o Ix_suggested_rides_ by driver__and_ status that accelerates
operations regarding that particular suggested ride and their status. For
instance, 12 minutes before the ride starts, suggestions that are still
AVAILABLE must be expired so that the passengers are notified that the ride
is no longer available to join. It is also used when a driver cancels a ride,
and all passengers whose status is still MATCHED must be notified and
prompted to search for another.
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Row locks are implemented in the database to ensure safe concurrent
operations and prevent race conditions to specific rows. This means that one
transaction must commit or roll back so that the next transaction can take
place. This is especially useful for our application because we prevent stale
reads and updates. We use row locks in four different places on our server.

e In the join_ ride function where the passenger request and the driver ride
are locked before joining, to prevent overbooking.

e In the driver’s cancel ride endpoint where the ride is locked to prevent
an accidental passenger joining, at the same time the ride is canceled. It also
prevents the 12-minute TTL key from expiring, and the server cannot send
a “Ride starting soon” notification when the ride is in the process of being
canceled.

« In the passenger’s cancel request endpoint where the request is locked
to prevent concurrent updates to that specific request. For example, from the
one-hour expiration TTL key and prevent redundant updates from reaching
the passenger.

o In the one-hour expiration listener where the request is locked. By doing
this, we prevent duplicate updates from reaching the passenger. For example,
when the expiration is seconds away and the passenger cancels the request
at the same time. Then only one update will go through and the passenger
will not end up receiving duplicate notifications for both events.

_ requested_rides offered_rides suggested _rides
user_id 2 int request_id 2 int offer_id £ int suggestion_id £ int
name user_id & user_id & passenger_request_id &
surname passenger_starting_point ride_starting_point driver_offer_id &
role passenger_ending_point ride_ending_point status
department pickup_date start_date suggestion_timestamp
use_as pickup_time start_time suggestion_type

seats_needed color indirect_type
status brand
matched_rides
model
match_id 2 int
licence_plate
available_seats

driver_offer_id & token_id & int
status
match_timestamp user_id &

seats_allocated token

timestamp

FiGure 4.8: ER diagram of the database tables and their
relationships.

60 Spyridon Charitakis



Chapter 4. Frontend and Backend Design and Implementation

4.5.3 Notifications

Our backend implementation involves the use of three different kinds of
notifications by which users are notified about important events, and in short
coordinate. These are the Redis Key-Expiry-Driven notifications, the
WebSocket notifications via Redis Publish/Subscribe, and the FCM
notifications.

The Redis Key-Expiry-Driven notifications are used by the server to schedule
TTL keys and upon their expiration different actions are triggered. We have
six different kinds. One to inform passengers that their request has expired.
One for sending a notification 12 minutes before the ride starts, to inform its
members that it approaches. One that is sent to the driver if five minutes after
the scheduled departure they have not started the ride. One that is sent 15
minutes after the scheduled ride start time for the ride auto-cancelation. One
that is sent one hour after the scheduled departure to inform the members of the
coalitions to complete their ride and one that is sent one hour and 15 minutes
after the scheduled ride start time to inform the members of the coalition that
their ride was automatically completed and reset their application UI. All six
Redis Key-Expiry-Driven notifications use FCM notifications to deliver updates
to the users.

o Inside the request creation endpoint, we set the expiration time by getting
the pickup time and adding one hour to it. Then Redis emits the expired-key
event and the listener checks the status of the request. If it is AVAILABLE,
meaning that the passenger did not cancel, complete or match during that
time, then the status is set to EXPIRED. An FCM notification is sent to the
passenger to inform them about the event and prompts them to create a new
one.

e The second TTL key is scheduled inside the ride creation endpoint. There,
the expiration time is calculated by getting the ride’s start datetime and
subtracting 12 minutes from it. When the timer gets to zero, Redis emits the
expired-key event, the listener checks the status of the matched passengers
and keeps only those whose status is MATCHED. This way users that canceled
or completed their request do not receive any updates. The passengers that
are still in the coalition, get an FCM notification which informs them that the
ride starts soon and to get ready. The driver receives a similar notification
and a second data-only one, that holds the final passenger list and helps
create the driver ride summary card. The remaining passengers that have
the suggested ride on their screen up until that moment but did not join,
have their suggested rides expired in the database and the event is published,
the WebSocket pushes the update to their devices and the suggested ride is
cleared from their screens. At the same time an FCM notification is sent
that informs them that the ride is no longer available. If a driver cancels
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their ride before the 12 minute mark, then inside the cancel endpoint of the
ride, the TTL key is removed, and the process stops at that moment.

e The third TTL key is also created inside the ride creation endpoint and
has a time expiration of the ride’s start datetime plus five minutes. When it
expires, the listener checks the status of the ride and if it is not IN_PROGRESS,
meaning that the driver did not press the Start button, a notification is sent
to let them know that they should either start or cancel the ride. The list
of active passengers on that ride is also checked and if its empty then no
notification is sent.

o The fourth TTL key is created in the ride creation endpoint and has a time
expiration of the ride’a start datetime plus 15 minutes. When it expires, the
listener checks the status of the ride and if it is still MATCHED, meaning that
the driver did not press the Start button, a notification is sent to all the
members of the coalition and informs them, that the ride was automatically
canceled. Again if the list of active passengers on that ride is empty then no
notification is sent.

o The fifth TTL key is scheduled inside the ride creation endpoint and expires
at the ride’s start datetime plus one hour. When it expires, the listener checks
the ride status of the users that are part of the coaliton. If their status is
not COMPLETED/CANCELED they receive a notification that encourages them
to complete the ride.

e The sixth TTL key is created in the ride creation endpoint and expires at
the ride start datetime plus one hour and 15 minutes. When it expires,
the listener checks the status of the users that were part of the coaliton. If
the status of their ride is not COMPLETED/CANCELED, their status is updated
to COMPLETED and they receive a notification that informs them about the
action and resets their application UL

The Websocket notifications are responsible for streaming real-time JSON
updates on the five channels of the application. The first channel is the
ws/suggested_rides:<passenger request_id> and is used for the suggested
rides every passenger receives, after they submit a ride request. Updates are
pushed after the match-making algorithm is triggered, on suggested rides
expiration, and on ignore. The second channel is the
ws/matched_rides:<offer _id>. The data sent is the current list of passengers
that joined the ride, and is pushed to the drivers after a successful passenger
join, cancelation, and completion. The third channel is the ws/users that
streams the user data on the Community screen. The fourth channel is the
ws/available offers that delivers the available rides on the Active rides screen,
and lastly the fifth channel is the ws/available requested_rides that streams
all available requests on the Active requests screen.
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Firebase Cloud Messaging (FCM) Notifications is the chosen
push-notification solution, because it is fully compatible with Android, iOS,
the FastAPI Python backend, and the Kotlin Multiplatform Project that
houses our client calls. The notification mechanism operates as follows: In
every installation, the device asks for a unique token from the FCM server.
The FCM SDK sends the installation ID and the project credentials; then the
FCM server validates the data and issues a URL-safe opaque string that is
cached on the device with the help of the FCM SDK. The token is sent to our
backend for storage and is used to send targeted notifications. Usually, the
FCM token stays the same for the lifetime of the application installation,
except for special occasions. For security reasons Google can force token
rotation and in cases of multiple month token inactivity, a new one is issued
the next time it is needed. When a notification is needed, a helper function is
called that retrieves the user’s token and sends the notification to the target
device. Each message has title, body, target screen, and priority which is
always set to high due to the nature of the application. There are 16 different
events that trigger notifications; some send only one notification per event and
some multiple. The number of distinct FCM notifications is 22. The complete
FCM list can be found below.

o Title: “Ride successfully created”.
Body: “You will be notified when passengers join your ride”.
It gets triggered when a new ride is successfully created and the target is the
Driver Main screen.

o Title: “Ride request successfully created”.
Body: “Now searching for compatible rides..”.
It gets triggered when a new ride request is successfully submitted and the
target is the Passenger Main screen.

o Title: “New ride suggestion”.
Body: “You have a new ride suggestion. Check your app!”.
It gets triggered when a new ride suggestion is created and the target is the
Passenger Main screen.

o Title: “New passenger joined”.
Body: “<passenger name and surname> just joined your ride!”.
It gets triggered when a passenger successfully joins a ride and the target is
the Driver Main screen.
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« Title: “Ride canceled”.
Body: “Your ride was successfully canceled”.
It gets triggered when a driver successfully cancels a ride and the target is
the Driver Main screen. If passengers had joined the ride, then all of them
receive a notification with:
Title: “Ride Canceled”.
Body: “Your ride was just canceled by the driver. Please search for another”.
The driver also gets a slightly different notification with:
Title: “Ride Canceled”.
Body: “Your ride was successfully canceled, and the following passengers
were notified: <list of passengers notified>.

o Title: “Request canceled”.
Body: “Your ride request was successfully canceled”.
It gets triggered when a passenger successfully cancels a request and the
target is the Passenger Main screen. If they had previously joined a ride,
then the driver is also notified by a notification with:
Title: “Passenger Cancelation”,
Body: “<passenger name and surname> just canceled their reservation”.

o Title: “Scheduled ride starting soon”.
Body: “Your ride starts in 12 minutes, please get ready!”.
It gets triggered 12 minutes before the ride’s start time and the target is the
Passenger Main screen. The driver gets a slightly different notification with:
Title: “Scheduled ride starting soon”.
Body: “Your ride starts in 12 minutes. If passengers joined your ride do
not forget to press the Start button when you are about to depart!”.
A data-only notification is also sent to the driver 12 minutes before the
ride starts, and includes the data of the passengers that are part of the ride.
Data: passengersJson.

« Title: “Ride no longer available”.
Body: “The ride with id <offer id> is no longer available.”.
It gets triggered 12 minutes before the ride’s start and the target is the
Passenger Main screen of the users that had the suggested ride on their
screen but did not join.

o Title: “Ride started”.
Body: “The driver just departed from the starting point.”.
It gets triggered when the driver presses the Start button on their ride
summary card and the target is the Passenger Main screen of the users that
joined the ride.
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o Title: “Ride did not start on time”.
Body: “Please press the Start button to confirm that your ride has begun,
or press Cancel to abort it.”.
It gets triggered if five minutes after ride’s start time, the driver has not yet
pressed the Start button on the ride summary card and the target is the
Driver Main screen.

o Title: “Ride completed”.
Body: “Enjoy the rest of the day <Firstname>!".
It gets triggered when the driver presses the Complete button on their ride
summary card and the target is the Driver Main screen.

o Title: “Ride completed”.
Body: “Enjoy the rest of the day <Firstname>!".
It gets triggered when the passenger presses the Complete button on their
ride summary card and the target is the Passenger Main screen.

o Title: “Request expired”.
Body: “Your ride request expired-please create a new one”.
It gets triggered one hour after the pickup time if the request’s status is still
AVATLABLE, and the target is the Passenger Main screen.

o Title: “Ride automatically canceled”.
Body: “Your ride was automatically canceled because you did not press the
Start button within 15 minutes of the scheduled start time. Any passengers
who joined your ride have been notified”.
It gets triggered 15 minutes after the ride’s start time if the ride status is
not IN_PROGRESS and the target is the Driver Main screen. The passengers
that joined the ride get a similar notification with:
Title: “Ride automatically canceled”.
Body: “Your ride was automatically canceled because the driver did not
start within 15 minutes of the scheduled start time. Please cancel the current
ride and search for another”.
The target screen is the Passenger Main screen.

o Title: “Ride <offer_id> completion”.
Body: “It has been an hour since the ride’s start - please mark it as
completed”.
It gets triggered one hour after the ride’s start time if the ride status of any
of the members of the coalition is still not CANCELED/COMPLETED. The
target screen depends on the type of user who forgot to complete their ride.
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o Title: “Ride <offer id> autocompleted”.
Body: “Your ride was automatically marked as completed. Enjoy the rest
of the day <Firstname>!”
It gets triggered one hour and 15 minutes after the ride’s start time if the ride
status of any of the members of the coalition is still not CANCELED /COMPLETED.
The target screen depends on the type of user who forgot to complete their
ride and carries a small payload that is used to reset the application UL
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Chapter 5

User Evaluation

In this section, we present the testing phase of the application and the results
of its evaluation process. Testing is taking place in the City of Chania from
the 21st of July 2025, and is expected to continue until at least the end of
September 2025.

5.1 Testing Phase and Issues Reported

Testing started with the Android version and with a limited group of people
involved. The application was prepared, submitted, and approved by Google
within two days, then it was listed on the Google Play Store as an open beta. We
chose open beta because we wanted to eliminate the tester hustle of giving their
email and then wait for the invitation to join, which the closed beta procedure
requires. Soon after, a closed group of people joined, downloaded, and started
using the application. The entire group of early testers was coordinated by
Professor Georgios Chalkiadakis. Then we continued with the joint testing of
the Android and iOS versions. All Android beta builds were distributed via
the Google Play Console, and all iOS builds via App Store Connect. Table 5.1
provides a brief summary of the reported issues; detailed descriptions and the
corresponding fixes can be found in Appendix A.

Number | Description Appendix
1 UI layout breaks due to large font size. Al
2 Missing passenger ride summary card. A2
3 Department field displayed in Greek. A.3
4 Missing car brands (Suzuki and KIA). A4

TABLE 5.1: Issues reported by users.
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5.2 Non-Requested Features

In addition to the feedback we received, we continued to improve the TUC
Ridesharing application in the best possible way, by adding features that
improve the user experience and overall usability. A brief overview of all the
non-requested features we added can be found in Table 5.2, and a more
detailed description in Appendix B. Complete videos of the added features can
be found here.

Number | Description Appendix

1 Server-side automatic ride completion. B.1

2 Addition of a pulsing indicator for easier B.2
navigation.

3 Addition of an FAQ option on the Profile screen. B.3

4 Addition of an Active requests and an Active B.4
rides screen.

5 Addition of a Community screen. B.5

6 UI adaptation for iOS 26. B.6

TABLE 5.2: Non-requested features.

5.3 Usability Evaluation

Throughout the testing period, user feedback was collected. The evaluation
process of the application is based on the System Usability Scale (SUS), and
an online questionnaire that can be found in the Appendix C. It includes four
sections:

o The user demographics.

e The 10-item SUS questionnaire.

e A section to report a problem with the app.
o A section to propose new features.

As of the end of September 2025, the total number of responders was 21. The
final results will be incorporated here once the evaluation is complete, as we
intend to continue the evaluation for an extended period of time.
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5.3.1 User demographics section
Based on current responses, the sample is student-heavy and driver-oriented.

e The age group bar chart shows the following. About 38,1% are 22-25; 14,3%
are 18-21 and another 14,3% are 51-60; 9,5% are 26-30, 31-40, 41-50; and
4,8% are 61 and over.

o Students make up 66,7% of the responders, with staff at 19% and faculty,
alumni, and affiliates each at 4,8%.

o The year of study data shows that 46,2% are in their fourth year, 23,1%
in their third year, and the remaining groups (11th, 8th, 6th, and 1st,) are
7,7%.

e The primary usage breakdown shows a tilt towards drivers: most application
users use it as drivers (52,4%), while 47,6% use it as passengers, which is
healthy for the application and for everyone searching for a ride.

Age Groups

I Record Count
8

0 -

18-21 22-25 26-30 31-40 41-50 51-60 61+

User Affiliation

Record Count

Student Staff Faculty Alum Affiliate

FIGURE 5.1: Age groups at the top & user affiliation at the
bottom.
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Year of Study

B Record Count
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As a driver As a passenger

FIGURE 5.2: Year of study at the top & primary use of the
application at the bottom.

Primary Use of the Application

B Record Count

5.3.2 10-item SUS questionnaire

The System Usability Scale (SUS) is an industry-standard questionnaire that
is used to measure the usability of a product, application, website, or service.
It consists of 10 statements rated on a five-point scale which yields a usability
score of 0 to 100. The evaluation process of the application is based on the
System Usability Scale (SUS) by Brooke [23]; the scores are interpreted using
the adjective ratings of Bangor et al. [24]. Participants rate 10 statements on a
five-point Likert scale ranging from Strongly disagree to Strongly agree.

e QI: I think that i would like to use this application frequently.

Q2: T found the application unnecessarily complex.
e Q3: I thought the application was easy to use.

e Q4: I think that i would need the support of a technical person to be able
to use the app.
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o Q5: I found the various functions in this application were well integrated.
o Q6: I thought there was too much inconsistency in this app.

e Q7: I would imagine that most people would learn to use this application
very quickly.

o Q8: I found the application very cumbersome to use.
o QO: I felt very confident using the app.

e 10: I needed to learn a lot of things before i could get going with this app.

We created the Google Form with the questionnaire and made it available
to all the users, through a direct web link and via the feedback option inside
the application. The results can be seen in Figure 5.3 below.
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FIGURE 5.3: Responses boxplots for the 10 questions of our
survey. The boxplots were created using R.
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In general, users describe the application as easy to use, with an
experience that feels straightforward and not overly complex. The user
interface is considered easy to handle, with users accomplishing in-app tasks
without much effort. The user experience is at a high level, which stems from
the simplicity and predictable interactions with in-app elements. Finally,
respondents suggest that onboarding is straightforward and that they feel
confident using the TUC Ridesharing application. The SUS score of the
application is well above average as the mean value of our sample is 85.0
(median: 85, standard deviation: 8.35) and can be seen in Figure 5.4.
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FIGURE 5.4: The boxplot of the SUS score of our evaluation.

5.3.3 Issue description section

In this section, users can report any issues they encountered while using the
application. They would mention the operating system of their device, the
screen on which they faced the issue, and give a brief description of it. One
user suggested the creation of a document that explains the functionality of the
app, but this is addressed with the FAQ page on the TUC Ridesharing website,
which is mentioned in Section B.3. The same user stated that the UI needs extra
work to become more user-friendly. Apart from that, zero issues were reported
and the only result we can draw from this section is the OS distribution of the
devices running the app: 61,9% is Android and 38,1% is iOS.
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The operating system of your device Did you encounter any problems? If yes, on which screen?

@ No problem to report
Routes screen

@ Android
@ios

FIGURE 5.5: Issue description responses.

5.3.4 Suggestions section

The last section of the usability evaluation is reserved for user suggestions that
can make the application even better. What was proposed from the responders
is mostly implemented and can be found in Section 5.1 and in Appendix A.
One frequent comment was that the application could use additional drivers.
Suggestions that were not implemented and are considered future work, are
listed below.

¢ Allow custom start and end of a route.
« Addition of a route to the airport.

« Addition of a route to Stavros.
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Chapter 6

Conclusion and Future Work

In this thesis we showcased the social ridesharing problem of the Technical
University of Crete community in the city of Chania and built a
cross-platform application that attempts to address it. The main idea is to
bring both passengers and drivers together in order to allow safe social
ridesharing in an efficient manner. The application uses a modern and
minimalist interface that is combined with a lightweight backend, that runs
24/7/365 on the TUC server infrastructure. The match-making algorithm
that is used is a two-stage greedy one, which makes suggestions to the
passengers and then, they join the ride that better suits their needs. This is
the first time for a Greek thesis to create such an application, and to the best
of our knowledge this is one of the first attempts ever for a thesis of any kind
(Bachelor, Master, Doctorate) that not only prototypes, but delivers a beta
tested, consumer-ready, cross-platform ridesharing application that eventually
gets listed on both the App Store and the Google Play Store.

6.1 Future Work

Here we list several items for future work. Most were inspired by the day-to-day
development of the TUC Ridesharing application, while others emerged through
discussions with the Professors involved.

6.1.1 Implementation of cost-sharing methods

One of the key extensions proposed is the implementation of cost-sharing
methods. Such methods have been extensively described in the literature, such
as in the works of Bistaffa and Chalkiadakis [22, 25]. Integration into the
system will provide a fair and transparent way of distributing travel costs
among passengers, considering factors such as distance, fuel cost, number of
passengers, and the initial cost of the trip. Furthermore, the implementation
of these methods can improve the sustainability and acceptance of the system.
On the one hand, drivers will feel that they are compensated for any extra
costs for their rides (i.e., there will be no financial counter-incentives for them
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offering the ride); and on the other hand, passengers will not feel “indebted”
to the driver after being taken to their destination at no cost.

6.1.2 Multi-agent system backend integration

A second proposed extension is the integration of a multi-agent system like the
one described by Pavlos Moraitis et al. in [26]. Such an action would enhance
and update the backend. The server side could host different kinds of agents;
like passenger, driver, and matching agents. For example, instead of having a
centralized match-making algorithm that sends out data to the users, we could
replace it with an agent-centric solution that will enable peer-to-peer matching,
something that would reduce the load on the system. Each user can have their
own personal agent that will take into account the preferences, ride history, and
only attempt to match with users whose preferences and history align. This will
greatly reduce the number of cancelations, and improve the overall application
speed, usage, and user satisfaction. Appropriate coordination protocols between
agents can further refine the details of the shared ride [27, 28].

6.1.3 Route expansion and optimization of stops

A third extension concerns further adaptation of the already existing stops,
included in the implemented routes. Research should be conducted within the
community, with the goal being to adapt the existing stops, and serve as many
Technical University of Crete members as possible. At the same time, the
creation of additional routes is proposed, if necessary, that will cover areas
with high demand that are not adequately covered by the current system. This
extension is expected to improve the user experience, increase user participation,
and enhance its sustainability. The research can be based on usage data, as well
as surveys and feedback from the community (polls on social media, discord
servers, etc. ).

6.1.4 Integration of alternative languages into the Ul

An additional extension concerns the addition of alternative languages for the
user interface (UI), starting with the Greek language. The integration of the
Greek language is particularly important as the system serves the community
of the Technical University of Crete, where Greek is the main language of
communication. In subsequent stages, alternative languages can be added to
enhance accessibility for potential foreign-speaking users, such as international
students or visitors to the institution. This feature will not only improve the
user experience but also promote inclusion, making the application more
appealing to a wider audience.
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6.1.5 Enrich the user experience on the two main screens

Another extension proposal concerns the actual ridesharing procedure. What
would be desirable to be integrated would be to have a map showing the ride’s
complete route on both main screens. That way users can enjoy an even more
modern Ul and will be keener to use the application again in the future.
Furthermore, when the driver presses the Start button on their ride summary
card, in addition to the already implemented notification that informs all
passengers that the vehicle has left the starting point, it could also show a
pulsing indicator at the starting location. This indicator could move in
real-time depending on the driver’s location. The movement will be displayed
on the driver’s ride summary card and the ride summary card of the
passengers who are part of that ride.

6.1.6 Social-score-driven Community screen

A sixth proposed extension is the addition of a Community screen that contains
cards for all TUC members who use the application. Each card will include their
name, surname, affiliation, department, and social score. The social score will be
calculated based on each member’s contributions to the community within the
TUC Ridesharing application, and members will be sorted accordingly. Each
card could also feature achievements based on the user’s score, showcasing their
credibility, trustworthiness, and dedication to other members. This feature is
partially implemented with the creation of the Community screen, but it lacks
the crucial social score functionality, which will provide valuable feedback to
the community.

6.1.7 Option for the driver to reject passengers

Lastly, another proposed extension concerns the addition of a feature that would
allow drivers to reject a passenger. At the moment, passengers can join a ride
and the driver has no control over who they will travel with. A Reject button
can be added to the co-passenger card, which, when pressed will notify the
passenger about the action and remove them from the ride. This feature will
give drivers more control and encourage them to create more rides.
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Appendix A

Fixes and Updates Based on
User Evaluations and Feedback

A.1 Ul layout breaks due to large font size

When the user was operating the application with increased font, the ridesharing
cards appeared broken and the user experience was degraded. To resolve that,
we capped the font size and allowed the Ul to increase primarily via the ’Screen
zoom’ option in the device settings. By doing this, we achieved clean and correct
scaling for all elements and fonts.

2l 100%8

PASSENGER DASHBOARD
PASSENGER DASHBOARD

Ride Summary
Ride Summary
©® Campus ECE Building
1

Campus Student (® Campus ECE Building

Residence (® Campus Student Residence = =

(® Attikon Summer Cinema

©® Attikon Summer Cinema
|
® 1866 Square

(® 1866 Square

Driver is Spyridon Charitakis from
ECE dept
Ivory SEAT Leon « LP: XNK2844

Driver is Spyridon Charitakis

from ECE dept

Ivory SEAT Leon « LP: XNK2844
1

Unique ride reference number:+3
1

13
Unique ride reference number: #1

Ride starts at 13:05 - Seats

allocated: 2
LI

Ride starts at 13:05 - Seats
allocated: 2

&

Ride request

&

Ride request

(a) (B)

FIGURE A.1: Passenger ride summary card before in (A), and
after the fix in (B).
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Feedback

A.2 Missing passenger ride summary card

When the user was re-entering the application after the ride’s start time, a
certain line of code was causing the passenger ride summary card to disappear,
leaving the passenger without data about the upcoming ride. This issue was
found early in the testing phase when the number of testers was limited to two
and was resolved the same day.

. €D 14:34 @O

PASSENGER DASHBOARD PASSENGER DASHBOARD

Ride Summary

® Campus Library
1

© Chalkiadakis S/M Akrotiriou =
|
© Eleftherias Square

Driver is from
NOMIKH YMHPEZIA dept
0 |LRE

1
Unique ride reference number: #1

0
Ride starts at 18:00 - Seats
allocated: 1

W

Ride request

&

Ride request

(a)

FIGURE A.2: Missing ride summary card before in (A), and
after the fix in (B).
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Appendix A. Fixes and Updates Based on User Evaluations and
Feedback

A.3 Department field displayed in Greek

In various parts of the application, the user department appears. When the
application was tested by a user outside the five main schools of the Technical
University of Crete, their department appeared in Greek. To resolve that, we
contacted TUC’s IT department and received the complete department list.
Then we translated it into English and incorporated it into the application.

1434 @O -
PASSENGER DASHBOARD

Ride Summary

C]) Campus Library

(;) Chalkiadakis S/M Akrotiriou =
© Eleftherias Square

Driver is from
NOMIKH YMHPEZIA dept
o [L2%

1
Unique ride reference number: #1

0
Ride starts at 18:00 ¢ Seats
allocated: 1

W

Ride request

O

FIGURE A.3: User department in Greek before the fix.
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Feedback

A.4 Missing car brands (Suzuki and KIA)

Two of the users noticed that the Suzuki and KIA brands were missing from the
vehicle description brand list, which could possibly prevent them from creating
rides for the community. We added both brands, together with the 10 most
well-sold models of each, over the past 20 years in Greece.

N2 79%8 N2l 79% @

25 Qan 1A4-20 a .

Description Description {
Color Color —————
Beige v Beige v
~Brand —————— ~ Brand
[ Suzuki v Kia v
S —

1A-2N a

Model Model
[j

Picanto
Rio
Ceed
XCeed
ProCeed

Sportage

(a) (B)

FIGURE A.4: Addition of the Suzuki brand in (A), and the KIA
brand in (B).
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Appendix B

Non-Requested Features

B.1 Server-side automatic ride completion

Sometimes users forget to complete their rides, even though there are
mechanisms in place to remind them. For this specific scenario, one hour and
15 minutes after the ride’s start time, if the user has not yet canceled or
completed their ride, a notification is sent to their device that clears their ride
summary card and resets the application’s UI.

21:359 NI 85

— Ride #457 autocompleted
&) Your ride was automatically marked as
" completed. Enjoy the rest of the day Spyri...

EEN

23 Sep 21:53 a a

Ficure B.1: The moment the autocompletion notification
arrives, and resets the UL
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B.2 Addition of a pulsing indicator for easier
navigation

The TUC Ridesharing application is capable of operating simultaneously in both
driver and passenger mode. For the user to switch between the two modes, they
have to exit and re-enter the application. After re-entering, they land on the
Mode screen. There, next to the driver and passenger mode buttons, we added
a green pulsing indicator that is active whenever a passenger request or (driver)
ride is active. This makes the application easier to navigate.

F1GURE B.2: Pulsing indicator next to the Passenger Mode
button.
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B.3 Addition of an FAQ option on the profile
screen

Assistant Professor Nikolaos Spanoudakis proposed explaining to users how the
application service works. This resulted in the creation of the FAQ page on the

TUC Ridesharing website. This page is accessible through the Profile screen of
the application.

20:23 97 wil 4G

X sites.google.com

o

Spyridon Charitakis

ECE - student - passenger mode

© Apptheme

TUC

@ Feedback Ridesharing
> Logout Frequently

® FAQ Asked Questions

1. Ti eivau n epappoyn TUC Ridesharing;
H mrapolaoa epappoyr dnuioupyRdnke
QATTOKAEIOTIKG YIa TN SIEUKOAUVON TNG HETAPOPAG
@OITNTWV, TIPOCWTTIKOU KAl HEAWV TIOU GXETICOVTaI
pe 1o MoAutexveio KpATng (MK) atmé kai mpog 10
‘I5pupa. Eival un eptropikry, dwpedv kai
QATTOOKOTTE] GTOV CUVTOVIOUG CGUVETTIRATIOUWY
pETagU xpnoTwv. MpodkeiTal yia TTPoidV
OITTAWMATIKAG EPYACIOag PE TPIPEAN ETTITPOTTA,
arroteholpevn atré tov Kadnynt HMMY tou MK
K. lewpylo XaAkiaddkn (EmMRAETTWY), Tov
~mikoupo KaBnyntA tou Tur - "

z :& ﬁ €a 'Il Kavikwv Tou EAAnvikoU @ C)J @

Profile Community  Ride request  Act. rides Routes

(a) (B)

FIGURE B.3: FAQ option on the Profile screen in (A), and the
displayed content when pressed in (B).
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B.4 Addition of an Active requests and an
Active rides screen

The addition of an Active rides screen on the passenger side, together with the
addition of an Active requests screen on the driver side, increases visibility on
both sides, boosts application usage, and user satisfaction. The Active rides
screen shows rides that have at least one available seat and start at least 15
minutes in the future. They remain visible until 12 minutes before their start
time. The Active requests screen displays passenger requests that are at most
45 minutes in the past.

ol 4G @

No active requests right now. No active rides right now.

a 2 M= n

Profile ~ Community Ride creation Routes

a 2 % n

Profile Community  Ride request Routes

(a) (B)

FIGURE B.4: Active requests screen in (A), and Active rides
screen in (B).
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B.5 Addition of a Community screen

The integration of the Community screen, in addition to improving engagement,
acts as a stepping stone on which future theses will build a very important
feature, the TUC ridesharing social score. Based on that score, users will be
sorted and passengers will be able to pick the highest rated driver to travel
with.

al 4G

ID #5
By ECE

ID #6
B MRED

L=

Ride request  Act. rides Routes

FIGURE B.5: Community screen where users are (currently)
sorted by userID.
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B.6 UI adaptation for iOS 26

The most significant iOS update in recent years, iOS 26, introduced many
inconsistencies in the aesthetic department. Specifically, it inserted glass-like
sheets below the existing ones, which degraded the user experience. We chose to
embrace the new Liquid Glass design language and introduce glass-like sheets
across the entire interface.

Select time

Available seats

[— 1 \+

Confirm Confirm

(A) (B)

FIGURE B.6: Translucent time picker sheet in (A), and
translucent seat selector sheet in (B).
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Appendix C

User Evaluation Form

The operating system of your device. *

T.U.C Ridesharing beta testing

Choose -
It WI” take 4 mi nUtes Of your tlme' Did you encounter any problems? If yes, on which screen did you encounter the ~ *
issue?
* Indicates required question
Choose -

Please select your age *

Issue Description: If the problem relates to the ridesharing process on the two
main screens, please include as many details as possible.

Choose v

Your answer

Please select your affiliation *

Back Next S Page 3 of 4 Clear form
Choose -
Year of study
Choose v

Primary use of the application *
Suggestions for Improvement.

Choose v Your answer

Next

Page 10f 4 Clear form Back Submit C—— Page 4 of 4 Clear form

FIGURE C.1: User demographics section (left), issue description
section (top right), and suggestions section (bottom right).
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1 think that | would like to use this app frequently *

| thought there was too much inconsistency in this app. *

(O 1.strongly Agree

(O 1. Strongly Agree O
2. Agree

2. A
O 2 Agree O 3. Neutral

. Neutral
O 3.Neutra (O 4.Disagree

4.Di
O isagree (O 5. strongly Disagree
(O 5. Strongly Disagree

| would imagine that most people would learn to use this app very quickly. *

| found the app unnecessarily complex. *
(O 1.strongly Agree

(O 1.strongly Agree

O 2 Agree
2.A
aree O 3. Neutral
3. Neutral
eutral O 4. pisagree

(O 5. strongly Disagree

O
O
(O 4.Disagree
O

5. Strongly Disagree

| found the app very cumbersome to use. *

| thought the app was easy to use. *
(O 1.strongly Agree

(O 1.5trongly Agree O 2 Agree
O 2. Agree O 3.Neutral
O 3.Neutral (O 4. pisagree
O 4. pisagree

(O 5. strongly Disagree
(O 5. strongly Disagree

| felt very confident using the app. *

I think that | would need the support of a technical person to be able tousethe ~ *

app- (O 1.strongly Agree
O 1. strongly Agree O 2 Agree
O 3. Neutral
O 2.4
O s NZ:; (O 4. Disagree
(O 4.Disagree (O s.Strongly Disagree

(O 5. strongly Disagree

I needed to learn a lot of things before | could get going with this app. *

I found the various functions in this app were well integrated. * O 1.strongly Agree
2. Agree
(O 1.strongly Agree O 9
3. Neutral
O 2 Agree O
4. Disagree
O 3. Neutral O 9
5. Strongly Disagree
O 4. pisagree O v

(O 5. strongly Disagree
Back Next SN  Page 2 of 4 Clear form

(a) (B)

Ficure C.2: 10-item SUS questionnaire.
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