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1. EXECUTIVE SUMMARY

In this Deliverable we present the architecture and implementation of the Offer Categorizer
(OC) developed in the scope of the RIDE2RAIL (R2R) project. RIDE2RAIL' (H2020-
Shift2Rail-881825) has the overall objective of developing an innovative framework for
intelligent multimodal mobility, by facilitating the efficient combination of flexible and
crowdsourced transport services, such as ridesharing, with scheduled transport. This
framework will be integrated natively into existing collective and on-demand transport
services, connecting and reinforcing the mobility offer with ride-sharing services especially
in rural and low-demand areas, facilitating access to high-capacity services (rail, bus, and
other public transport services) thanks to easy-to-use multi-modal and integrated travel
planning, booking, ticketing, and payment features. The R2R framework will integrate and
harmonize real-time and diverse information about rail, public transport, and shared mobility
in a social ecosystem, allowing users to compare and choose between multiple travel offers
classified by a set of criteria including environmental impact, travel time, travel cost, and
comfort.

This deliverable describes the results of Task 3.1 (T3.1), part of Workpackage 3 (WP3), where
we introduce a novel system to enrich and classify multimodal travel solutions proposed
through the Travel Companion (TC). We built upon the conceptualization provided in D2.4
- “Final Conceptualization of Choice Criteria and Incentives” and we developed a state-of-
the-art Offer Categorizer to enable the description of offers along 11 different categories,
evaluating each trip offer along several dimensions such as comfort, environmental
friendliness, and health impact. This classification enables the implementation of a matching
and ranking algorithm, that also learns the user's preferences over time based on their travel
choices. Users will thus benefit from the enrichment of travel offers provided by the IP4
ecosystem and more personalized travel solutions over time.

In practical terms, the Offer Categorizer receives a set of travel offers - i.e,, the proposed
travel solution for a mobility request made by an IP4 user - in TRIAS format. TRIAS, which
stands for Travellor Realtime Information and Advisory Standard, is a transport standard
that has been developed in the scope of the research and standardisation project for public
transport "IP-KOM-OV" and was then introduced in 2014 as a standardized specification by
the Verband Deutscher Verkehrsunternehmen. TRIAS offers a wide-range list of
functionalities, including station and location search, real time departures, navigation, ticket
price calculation, and malfunction reporting.

The first step of the processing performed by the OC is to extract from the TRIAS format
the characteristics of each travel offer that are relevant for its classification. Then, a set of
Feature Collectors (FCs) compares the offer along a given peculiar characteristic - or

ttps://ride2rail.eu/
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Determinant Factor (DF) - that forms the foundation for the computation of a score for a
given category.

Each software component belonging to the OC has been developed as a microservice, to
facilitate its deployment in a production environment. We have used industry-standard
practices for the development and all the code that we have developed in the scope of this
task is already publicly available on GitHub under the Ride2Rail organization.?

This Deliverable is intended to be a companion to the software documentation available on
GitHub under the RIDE2RAIL organization at https://github.com/Ride2Rail, where it is
possible to find the full source code for every component of the OC. In this Deliverable, it is
provided the full source code and it is described the context and challenges that we have
faced during the development of the OC.

This deliverable is structured as follows: Section 3 provides the background and context for
the Offer Categorizer, which objectives and requirements we had to reach and which
constraints we faced. We also provide a description of the backstory related to the
development of the OC. Section 4 describes the design of the OC, first by providing a
general description of the main intuition at the basis of the OC and then describing in detail
the design decision taken, accompanied by their rationale. Section 5 recounts the
development process of the OC, by introducing in detail the software technologies utilized,
the Algorithms. Section 6 provides the conclusions.

ttps://github.com/Ride2Rail/
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2. OBJECTIVE

The present document constitutes the Deliverable D3.1 “Quantitative Estimate of Service
Quality Factors” in the framework of the WP3, Task 3.1 - “Development of algorithms to
propose quantitative estimates”. We report here the description of the task for clarity.

Task 3.1 Development of algorithms to propose quantitative estimates

This task will exploit the knowledge acquired in WP2 to automatically classify travel offers,
i.e., to assign to each offer one or more categories. The classification will be based on
different characteristics that describe an offer (considering for instance environmental or
comfort aspects). A benchmarking of multiple methodologies (e.g., unsupervised and
supervised algorithms) will be undertaken to find out the one that provides the best
classification. The classified offers will be then enriched through a quantitative estimate of
different service quality factors (e.g., travel time, comfort, reliability, environmental
friendliness). Multiple sources of data will be considered in the data enrichment in order to
allow an accurate characterization of the proposed travel offers. According to external
source of data to be queried, different approaches such as APl-based or data crawling-
based approaches may be adopted. The classified and enriched offers will feed task 3.2.

The output of this deliverable contributes as well to WP3 tasks T3.2-T3.4 of the RIDE2RAIL
project (S2R-OC-1P4-01-2019).

Shift7Rail BN -
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3. CONCEPTUALIZATION OF THE OFFER CATEGORIZER

3.1.Summary of requirements

This section summarizes the offer categorizer (OC) description as presented in the grant
agreement (RIDE2RAIL, Grant agreement number 881825, 2020). The module aims at
automatically classifying the travel offers computed by the travel service provider (TSP).
Precisely, the OC should be able to assign to each travel offer one or more categories
according to the results of the work done Work Package (WP) 2, especially (RIDE2RAIL,
Deliverable D2.4 - Final Conceptualization of Choice Criteria and Incentives, 2020). To do
so, multiple benchmark approaches such as supervised and unsupervised algorithms have
been explored to find the most promising approach. The assigned categories should be
enriched through quantitative estimation of various service quality factors such as comfort,
environmental friendliness, etc. The enrichment step incorporates multiple data sources
through API-based or data crawling-based approaches for accurate categorization of the
travel offers. Finally, the outputs of the OC, i.e., the travel offers enriched by the appropriate
categories, will be used by Task 3.2 - Algorithms for optimal synchronisation of shared-
mobility and mass transit”.

3.2. Limitations and constraints

This section describes the general approach we have considered for designing the OC, with
its requirements and limitations. Given the constraint posed by the project, we decided to
opt for a top-down approach, where we used the knowledge gathered in D2.4 to define a
set of valuable features to be extracted for each trip to be categorized.

When designing a categorization system and, more generally for any data-driven project,
two approaches are possible, labelled “bottom-up” and “top-down,” respectively. The
nomenclature refers to a visual representation of the process of information extraction from
data as a pyramid - also known as Data Science’s “Wisdom Pyramid” (Figure 1) - which puts
raw data at the bottom, and more and more sophisticated algorithm of knowledge
extraction as each level of the pyramid is climbed.?

Towards Data Science. 2021. The Data Science Wisdom Pyramid. [online] Available at:
ttps://towardsdatascience.com/the-data-science-wisdom-pyramid-8e5d1d85ae82>
ccessed 6 September 2021].
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Wisdom
Applying knowledge for business decisions
Machine Learning and Data
Science
Extract organized information from self °
learning systems Data Exploration
Extract new insights from new data
Data Warehousing and explorations technics
Aggregation
Build a solid data platform for data

processing and guarantee high quality data e
Data Sources
Get data from internal and external
sources with stable data pipelines

standards
Figure 1 Data Science’s “Wisdom Pyramid”.

In the bottom-up approach, one starts from having data, and then algorithms are applied to
learn from the patterns present in the data to uncover a meaningful classification of data, in
our case of travel offers. In this approach, there is a need for an evaluation metric to measure
the algorithm’s performance used for the classification, in other words, a way to tell how the
algorithm is performing on each test case and a dataset. When the expected answer - also
known as "ground truth” - is available, we speak of supervised learning. For a classification
problem, target categories are the ground truth. In this setting, an explicit loss function can
be built. The loss function assigns a penalty for each misclassification (error) made by the
system. The total loss over a given dataset is the cost of misclassification. A feedback loop
tweaks the system’s parameters automatically at each interaction to minimize the cost, thus
increasing the algorithm'’s performance. When ground truth information is not available, a
different set of approaches, known as unsupervised learning, can be applied. In this context,
the quality of the results is evaluated using intrinsic metrics that rely on some expected
properties of the data. One example of unsupervised learning is clustering: the task of
grouping a set of objects so that objects in the same group are more similar to each other
than those in other groups. The assumption is that it is possible to define a similarity or
distance between the representation of the objects so that similar objects are closed to each
other. Bottom-up approaches, both supervised and unsupervised, require a vast amount of
data to be effective. These algorithms use an iterative training process that establishes a
feedback loop over the parameter of the models.

A way to apply this approach without any data is to use synthetic data. Using expert
knowledge in the domain of interest, a data scientist can write a program that simulates the
process of interest from which samples are picked at random. In this way, a dataset - with
or without labels - is available and can be utilized as if they were data coming from a data
collection process in the real world.

This approach poses the question of its transferability to the actual final use cases. The
system will be able to keep its performance, in terms of accuracy of predictions, or any other
metric, only if the synthetic data reflected the same properties of the real-world data. In this
sense, the downside of using synthetic data is that it can reduce the design and
plementation of a machine learning system to a theoretical exercise, since the parameters
t at the end of the training process will depend on the parameters used by the algorithm

Shift7Rail BN -
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generating the data. In summary, the effectiveness of this approach in the real world might
vary wildly depending on the ability of the generative algorithm to capture patterns
occurring in the real world.

A top-down approach does not start from data; instead, the characteristics of each category
are defined a priori. For example, a trip could be defined as short - i.e., belonging to the
short category - when shorter than 10 km. In this approach, the quality of the results of the
final algorithm is not expressed in terms of performance against a given metric, but in terms
of correctness, i. e, "Does the system do what is expected?".

Analogously to synthetic data, if the definitions provided when designing the classifications
rules, the quality of the results may vary wildly depending on the overlap between the
definition and reality.

The limitations of any data-driven approach can be mitigated by comparing the results with
the data and the data themselves with reality. When implementing a machine learning
system (bottom-up) or a rule-based system (top-down), any bias held by the designer or
reflected by the data will be present in the final system, hindering its performance in the real
world. These biases have consequences on the users, and it is important to acknowledge
them and take them into account.

In other words, when designing a solution, the problem should always be kept in sight, and
problems occur only in reality. Users should always be put at the centre of any system
design: only by observing, interacting, and getting feedback from them, it is possible to
design useful and relevant systems.

These approaches are not necessarily mutually exclusive, and we have adopted a hybrid
approach for designing the OC. In any case, we require a clear definition of the input and
the output of the system, both in terms of semantics and formats. This is especially relevant
when the system needs to be integrated withing an existing ecosystem as in the case of
R2R.

We faced several challenges during the development of the OC. On one hand, we did not
have any ground truth because we did not have any labelled data generated by users. For
this reason, we based our approach on the expert knowledge and the results produced by
WP2 and we adopted a rule-based top-down approach. On the other hand, we have re-
adapted data from other projects to have a realistic set of trips to use as tests when
developing the system or we could generate synthetic data. These data sources are
described in the following subsections.

Shift7Rail BN -
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Furthermore, since the OC needs to be integrated in the S2R ecosystem we had constraints
on the data format that we could use: the input will be in TRIAS format,* described more in
detail in Section 4.4.1 of this deliverable. For what concerns the output format, after
consulting with the CFM partners we decided to use the JSON format.

Finally, the OC categorizer will provide the data for other software modules to be developed
within WP3, such as the Offer Matcher and Ranker (Task T3.2), thus requiring a continuous
coordination work within the WP and with the CFM partners.

3.3. Summary of inputs from WP2

This section summarises the main relevant contributions from Ride2Rail WP2. In particular,
the final conceptualization of offer categories defined in task 2.1, and the requirements and
specification for the Offer Categorizer elicited in task 2.3 are presented.

3.3.1. Conceptualization of Offer Categories

The Ride2Rail task 2.1 “Definition of choice criteria for journey planning” focused on the
conceptualization of choice criteria, in terms of offer categories, user preferences, and
incentives for the multimodal door-to-door journey planning. In the first iteration of the task,
a first conceptualization was produced considering an analysis of the state-of-the-art and
performing an alignment with past and ongoing Shift2Rail IP4 projects. The second iteration
of the task, validated and checked the completeness of the proposed first conceptualization
by designing, administering and analysing a survey for European travellers.

The final conceptualization of offer categories defined in WP2 supported the design and
development of the Offer Categorizer described in this deliverable. This section summarises
the main outcomes of Ride2Rail task 2.1 regarding offer categories and introduces their
proposed conceptualization. Additional details can be found in Ride2Rail deliverables D2.1
(RIDE2RAIL, Deliverable D2.1 - First Conceptualization of Choice Criteria and Incentives,
2020) and D2.4 (RIDE2RAIL, Deliverable D2.4 - Final Conceptualization of Choice Criteria
and Incentives, 2020).

The proposed conceptualization of offer categories has been defined identifying pattern in
the related state-of-the-art analysed. It emerged that an offer category is characterised by
a specific set of variables (describing the offer) that are the determinant factors to
determine if an offer belongs to the given offer category.

SD specification of the TRIAS format https://github.com/VDVde/TRIAS
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To refine this intuition, it has been introduced the concept of Offer Features, each one
representing a characteristic of the offer, i.e,, the value associated to a variable describing
the offer. An Offer Category can be seen as a label attached to Offers having particular
characteristics, i.e., specific Offer Features.

Finally, an Offer Categorizer is defined as the component that is able to compute the
membership of an Offer to a given Offer Category. The structured set of definitions defined
in the final conceptualization can be found in Table 1.

Among the additional details discussed in the task 2.1 deliverables it is important to stress
the following remarks on the proposed conceptualization. First, the categorization
computed by the Offer Categorizer should be independent from the user that is requesting
the set of offers. Second, the computation of some offer categories is relative to the set of
offers provided as input to the Offer Categorizer. Indeed, an offer may belong to a given
offer category (e.g., quick or short) only if considered relative to a set of offers. For this
reason, the Offer Categorizer expects as input a list of offers.

Table 1 Final Conceptualization of Offer Categories from Ride2Rail deliverable 2.4.

Term Description
OFFER An Offer can be described by a set of objective variables (such as
FEATURE transportation mode, level of CO,-emission, cost, etc.). The values assigned

to the objective variables for a specific Offeridentify its OFFER FEATURES.
For example, <transportation mode=train> can be a feature of an Offer. An
Offer Feature can be computed considering data provided by the TSP (e.g.,
the price), and/or additional data, e.g., related to the Trip(s) associated to
the Offer in a Travel Solution (e.g., length in km), or to the vehicle used in
the Offer (e.g., COz-emission).

OFFER An OFFER CATEGORY identifies a set of Offers having particular shared
CATEGORY | characteristics. The membership of an Offer to a given Offer Category is
computed considering a set of Offer Features, i.e., the determinant factors
for the Offer Category. The membership of an Offer to a given Offer
Category is defined by a Category Score (CS) in the range of [0,11™, where
0 means “no membership”, and 1 indicates “full membership”.

OFFER An OFFER CATEGORIZER is a component offering a service to compute
CATEGORIZ | the Category Scores of an Offer with respect to a set of Offer Categories. It
ER implements a set of functions that compute the Category Scores based on

the Offer Features. The service receives as input the Offers and produces
the ranked list of Category Scores for each Offer.

The final conceptualization of offer categories has been complemented by the definition of
a catalogue of offer categories reporting the list of determinant factors that can be
considered to compute the membership of an offer to each offer category.

he first version of the catalogue was defined in D2.1 considering the available literature and
e outcomes of previous European projects on this topic. First of all, the types of variables
at can be used to describe a multi-modal travel offer were identified. Then, the actual
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variables that could be used to define offer categories were elicited to define a set of so-
called low-level offer categories considering a single determinant factors. Finally,
contributions dealing with the identification of multiple variables that can be used to define
offer categories considering different characteristics of a travel offer were analysed.

As a result, a set of ten offer categories (Quick, Short, Reliable, Cheap, Door-to-door,
Comfortable, Social, Multitasking, Environmentally Friendly, and Philanthropic) each of them
combining different determinant factors were identified.

The second and final catalogue of offer categories has been defined in D2.4 considering the
results of the survey administered to European traveller passenger. In particular, the
collected answers were used to validate and complete the list of offer categories and the
associated determinant factors.

As a result, some offer categories were merged (Social and Philanthropic), new offer
categories were defined (Healthy and Panoramic) and the list of determinant factors for
some categories were updated. The final catalogue of offer categories is reported in Table
2. The order of the offer categories in the table reflects the importance associated by the
survey participants to the different categories. The most important for users and
recommended in the implementation of an Offer Categorizer are Quick, Reliable and Cheap;
right after it is recommended to consider Comfortable, Door-to-Door, Environmentally
Friendly, and Short. A complete set of offer categories should consider Multitasking and
Social. Panoramic and Healthy were added after the survey and therefore it is not possible
to compare them with the others.

Table 2 Final Catalogue of Offer Categories from Ride2Rail deliverable D2.4.
Offer Category Description of Determinant Factors

QUICK The Quick category measures how convenient and efficient the
solution is in terms of time-related issues, considering the total travel
time, the waiting time between legs and the number of stops required.
If the solution includes a segment on-road (e.g., bus/car) and real-
time data on traffic congestion are available, also these data can be
taken into account.

RELIABLE The Reliable category concerns the likelihood of delays, traffic
congestion, breakdowns or last-minute changes that could affect the
travel time and comfort of the trip. Some solutions are inherently
variable (e.g., traffic delays when crossing a city at rush hour), while
other solutions might offer a small window to change the mode of
transport that could cause massive idle times. For this reason, also the
frequency of the service for involved solutions should be taken into
account. Lastly, the influence of the weather on the trip is taken into
account.

The Cheap category concerns the total price of a trip, the possibility
of sharing part of it with others and the ease of payment, giving
additional value to solutions that offer an integrated fare system and
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do not require the user to purchase different tickets from different
platforms.

COMFORTABLE | The Comfortable category concerns objective factors such as the
number of interchanges required or the possibility of having a
comfortable seat but also covers a set of other elements about the
quality of the trip that has to be evaluated through users’ feedback.
Relevant factors are the cleanliness of the stations and vehicles used
and the feeling of personal safety.

DOOR-TO- The Door-to-door category covers the distance of the user’s start and
DOOR endpoint from the beginning and destination locations of the solution
provided. It is measured by the amount of walking or driving distance
the user has to cover.

ENVIRONMENT The Environmentally Friendly category covers the green aspects of

ALLY the trip, taking into account at least the amount of CO; emissions
measured per kilometre/traveller for each mean of transport included
FRIENDLY in the Offer and considering the distance covered and the number of

passengers. If available, additional determinant factors can be
considered as the energy consumption, the NOx emissions (nitrogen
oxides) and the carbon footprint.

SHORT The Short category focuses on minimizing the distance covered.

MULTITASKING The Multitasking category concerns the extent to which the user can
perform other tasks while travelling. These activities can regard
productivity (personal or work), fitness, or enjoyment. This category
considers the amount of space available, the presence of silence or
business area, as well as whether the internet connection and/or plugs
are provided. Lastly, the level of privacy might also influence the
extent to which a person can work and could be considered as a
determinant factor for this category.

SOCIAL The Social category concerns the maximization of the number of
people the user will share the trip with and his/her ability to network
or socialize based on the context and means used. Moreover, it takes
into account solutions that contribute to social causes or involves
volunteering or charity activities (e.g., donations).

PANORAMIC The Panoramic category promotes solutions passing through
beautiful landscapes (like a particular village or a forest) or historical
sites. This category also takes into account the usual sightseeing
itineraries for tourists to promote solutions passing near monuments
or other interesting spots.

HEALTHY The Healthy category concerns the involvement of walking and/or
cycling in an offer.
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A challenging offer category is the Comfortable category, given the fact that different works
in the literature provide different definitions of “a comfortable offer”. For this reason, the
administered survey also aimed with a specific question at identifying a shared definition
among travellers of determinant factors for the Comfortable category. As a result, the
cleanliness of the spaces, the comfort of the seats, the feeling of personal safety and the
minimization of the number of interchanges were identified as key aspects.

The final set of offer categories implemented in task 3.1, and the selected determinant
factors for each category, are discussed in Section 4.2.
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3.3.2. Requirements and Specification for the Offer Categorizer

This section summarizes the requirement analysis related to the OC as presented in D.2.6
(RIDE2RAIL, Deliverable D2.6 - Final Set of Requirements and Specification for
Complementary Travel Expert Services, 2020).

According to the requirement number 23a (Req23a), “Ride2Rail application (R2Rapp) will
be able to assign appropriate category label(s) - i.e., offer categories (such as Quick, Short,
Reliable, etc.) - to each of the received offers through its OfferCategorizer module.”
Moreover, the module has been identified as a High-priority module whose function have
been covered by two use cases (UC), i.e.,, UC7 and UCS8.

T UC7 is related to generating itinerary offers that possibly include shared rides. This
UC details the Passenger’s actions while searching for an offer as well as actions
related to the R2R systems to build travel offers through the Shift2Rail (S2R)
ecosystem.

T UC8 is related to incentivizing Passenger to choose eco-friendlier through
Gamification mechanism.

After receiving a mobility request, as show in Figure 2, Shopping Orchestrator builds a set
of travel offers and send them to the OfferEnricherAndRanker module. Then, the
OfferEnricherAndRanker invokes the OfferCategorizer to enrich the travel offers (i.e.,
assigning appropriate categories to each travel offer). In the end, the enrichedOffers will be
used by the OfferEnricherAndRanker to rank the offers according to the contextual user
preferences.

ion Of i juence )

r2rTC: Shopping rank: offerC: incp: synch: refManager:
Orchestrator [o} icherA OfferCategori: iveProvider DriverP gersy i Preference Manager
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3 : enrichedOffers
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Figure 2 Sequence Diagram capturing the detail of the interaction concerning the enrichment and
ranking of itinerary offers (image from RIDE2RAIL Deliverable 2.6).
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4. OFFER CATEGORIZER DESIGN

After a brief description of the main intuition in Section 4.1, Section 4.2 goes through the
presentation of the list of determinant factor affecting each category. From this more
conceptual description Section 4.3 describes the input data available in IP4 and their
structure, together with the structures for storing additional features that are needed for the
characterization. Section 4.4 described the data source we used for the development, both
synthetic and real, coming from MoTiV, another European project. Section 4.5 describes the
assumptions and prerequisites, and methodology for the quantification of offer categories.
Finally, Section 4.6 describes in detail the architecture of the Offer Categorizer.

4.1.Intuition
The Offer Categorizier is built to be a flexible, modular system. We base the classification
of trip offers on the computation of several determinant factors, which represent relevant
feature for the computation of category. After the system receives the input data, l.e. the
travel offers in TRIAS format, are received parsed successfully, we need to process the
input to compute the features for our classification. This computation is done inside
independent features collectors, that is services that take a subset of the input data and
compute the values for some feature for each travel offers. These values are then
aggregated and combined to form the final score for each category, represente by a real
number in the range [O, 1].

4.2. Offer categories and Determinant Factors

By reviewing the scientific literature and by evaluating the survey with potential travellers
across the Europe, ten offer categories, presented in Table 2, were proposed. By expert
design, to quantify each category a list of determinant factors was established. Obtained
association between offer categories and determinant factors is presented in Table 3. The
following subsections define the meaning of considered determinant factors.

Table 3 The final set of Offer Categories and their Determinant Factors.

Offer Category List of Determinant Factors

QUICK Trip duration; Waiting time; Number of stops; Road-network
distance/Air-distance; Traffic

RELIABLE Likelihood of delays; Traffic; Last-minute changes; Time of trip
(rush vs non-rush hour); Frequency of service; Weather forecast
(day of the trip)

CHEAP Total price; Can share cost; ticket coverage

COMFORTABLE Number of interchanges; User feedback; Cleanliness
(station/stop/vehicle); Seating quality; Amount of space
available, crowdedness; Presence of silence area; Privacy level;
Ticket coverage; Ride smoothness; Weather forecast (day of trip)
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DOOR-TO-DOOR Starting point; Ending point; Walking distance

ENVIRONMENTALLY | CO2 emission/km per traveller

FRIENDLY

SHORT Distance covered; Number of stops

MULTITASKING Amount of space available; Presence of silence area; Presence of
business area; Internet connection availability; Plugs/charging
points; Privacy level

PANORAMIC Number of landscapes; Number of historical sites; Number of
monuments

HEALTHY Fraction of the trip by bike/walk; Length of fraction of trip by
bike/walk

4.2.1. QUICK

Definitions of Determinant Factors:

1

Trip duration: overall trip duration including all connections. It is computed by
subtracting the scheduled departure from the scheduled arrival [real value;
applicable to all modes],

Waiting time: Overall waiting time between trip legs [real value],

Time to departure: waiting time between the moment the user looks for trips and
the corresponding departure time of each offer. [real value; applicable to all modes]
Number of stops: number of stops made by a vehicle during the journey [numeric
value; applicable to all modes of transport],

Road-network distance/Air-distance: Distance between the starting and ending
point done by road/air. In case of multiple legs, the distance is summed over each
leg [real value; applicable to all modes],

Traffic: Measurement of real-time traffic (e.g. average speed, density of vehicles)
[real value; applicable to trips by roads].

4.2.2. RELIABLE
Definitions of Determinant Factors:

1

Likelihood of delays: Number of times that previous users reported delays over the
total number of times that users used the offer [numeric value between O and 1,
applicable to all modes of transport],

Traffic: Measurement of real-time traffic (e.g. average speed, density of vehicles)
[real value; applicable to trips by roads]

Last-minute changes: Measurement of likelihood of last-minute changes from the
TSP. This can be expressed as a probability from O to 1. These probability does not
measure the delays deriving from the changes, which is measured by "Likelihood of
delays” above [numeric value; bus, tram, rail, metro, air, urbanRail, others-drive-car],
Time of trip (rush vs non-rush hour): Time of trip overlap to rush hours [real value],
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1 Frequency of service: Number of scheduled trips per hour (depending on time and
day of the trip). [numeric value; applicable to public transport modes]

T  Weather forecast (day of the trip): Probability of rain at the day of the trip. To get
the value the OpenWeather service is used [real value between O and 1; applicable
to all modes].

4.2.3. CHEAP
Definitions of Determinant Factors:

1 Total price: overall price of tickets in EUR (obtained from TRIAS file) covering
connections included in the offer [real value, applicable to all modes],

 Can share cost: value 1if for the ride-sharing offer is possible to share costs among
several passengers and O otherwise [binary value; others-drive-car],

1 Ticket coverage: a number between O and 1 representing a fraction of trip duration
for which it is possible to book tickets [real value, all modes of transport].

4.2.4. COMFORTABLE
Definitions of Determinant Factors:

T Number of interchanges: Number of connections that constitute a given offer - 1
[integer value, applicable to offer],

1 User feedback: average value of experienced comfort, collected as user feedback
e.g. on five stars scale [numeric value; applicable to all modes of transport],

1 Cleanliness (station/stop/vehicle): previously reported average value about
experienced cleanliness (of stops, stations and vehicles) used by a given TSP, e.g. on
five stars scale [numeric value; applicable to all public transport modes],

1 Seating quality: previously reported average value about experienced seats comfort
of vehicles used by a given TSP, e.g. on five stars scale [numeric value; applicable to
all modes of transport],

1 Amount of space available, crowdedness: previously reported average value about
experienced available space in vehicles used by a given TSP, e.g. on five stars scale
[numeric value; applicable to all modes of transport],

1 Presence of silence area: value of 1if there is a silence area in a given train, value of
O otherwise [binary value, rail],

1 Privacy level: previously reported average value about experienced privacy level in
vehicles used by a given TSP, e.g. on five stars scale. [numeric value; all modes of
transport],

1 Ticket coverage: a number between O and 1 representing a fraction of trip duration

for which it is possible to book tickets [real value, all modes of transport],

Ride smoothness: smoothness (e.g. presence and intensity of sudden changes in the
speed and direction of the vehicle) of the trip as perceived by the passenger. It is
evaluated by the passenger on the five-star scale. [numeric value; all modes of
transport],

Weather forecast (day of trip): Probability of rain at the day of the trip. To get the
value the OpenWeather service is used [real value between O and 1; applicable to all
modes].
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4.2.5. DOOR-TO-DOOR
Definitions of Determinant Factors:

1 Starting point: latitude and-longitude coordinates of the starting point of the trip
[double value (double array); applicable to all modes]

1 Ending point: latitude and-longitude coordinates of the starting point of the trip
[double value (double array); applicable to all modes]

1 Walking distance: Manhattan distance between the starting/ending point of the trip
and the public transport stop / ride-sharing meeting point [real value; applicable to
all modes].

4.2.6. ENVIRONMENTALLY FRIENDLY
Definitions of Determinant Factors:

1 CO2 emission/km per traveller: CO2 emissions per km and per traveller of this offer
[numeric value; applicable to all modes],

1 Energy consumption: of this offer (converted to Joules [numeric value; applicable
to all modes],

1 NOx emission/km per traveler: NOx emissions per km and per transport mode. It
can be calculated from the energy consumption since it is almost linear with the fuel
consumption [numeric value; applicable to all modes of transport],

1 Carbon footprint: CO2 emissions of this offer divided by the number of travellers
[real value; applicable to all modes],

1 Bike-on-board: value of 1if a bike can be loaded to the public transport vehicle,
values of O - otherwise [binary value; bus, tram, rail, metro, air, urbanRail, others-
drive-car].

4.2.7. SHORT
Definitions of Determinant Factors:
1 Distance covered: length of all connections [real value; all modes of transport],
T Number of stops: number of stops made by all connections [integer value; all
modes].

4.2.8. MULTITASKING

Definitions of Determinant Factors:

T Amount of space available, crowdedness: average value about experienced
available space in vehicles used by a given TSP, collected as feedback from travellers
e.g. on five stars scale [numeric value; applicable to all modes of transport],

1 Presence of silence area: value of 1if there is a silence area in a given train, value of
O otherwise [binary value, rail],

1 Presence of business area: value of 1if there is a business area in a given train, value
of O otherwise [binary value; rail, air],

1 Internet connection availability: value of 1 if there is internet connection available
and value of O otherwise [binary value; applicable to all modes of transport],
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1 Plugs/charging points: value of 1if plugs/charging points are available and value of
O otherwise. [binary value; applicable to all public transport modes],

1 Privacy level: previously reported average value about experienced privacy level in
vehicles used by a given TSP, e.g. on five stars scale. [numeric value; all modes of
transport].

4.2.9. PANORAMIC
Definitions of Determinant Factors:

T  Number of landscapes: Number of landscapes that can be observed during the trip
estimated by querying OpenStreetMap for the number of sightseeing points in a
given radius around the path of the trip. [integer value; applicable only to road
transport modes],

T Number of historical sites: Number of historical sites that can be observed during
the trip, estimated by querying OpenStreetMap for the number of sightseeing points
in a given radius around the path of the trip [integer value; applicable only to road
transport],

1 Number of monuments: Number of monuments that can be observed during the
trip, estimated by querying OpenStreetMap for the number of sightseeing points in
a given radius around the path of the trip [integer value; applicable only to road
transport].

4.2.10. HEALTHY
Definitions of Determinant Factors:
1 Fraction of the trip by bike/walk: Number of legs done by bike/walk over the total
number of legs [real value between O and 1; applicable to all modes],
1 Length of fraction of trip by bike/walk: Total sum of the norm distances between
the starting and ending points done by bike/walk [real value; applicable to all
modes].

4.3. Offersin IP4

This section provides an overview of the data format adopted in Shift2Rail IP4 to model the
multi-modal travel offers computed for a user looking for multi-modal travel solutions. The
analysis of this data format supported the definition of the Offer Categorizer architecture
and the implementation of its components. In particular, the following objectives were
pursued: (i) analyse the data format that the Offer Categorizer needs to process for its
integration in the IP4 ecosystem, (ii) identify the information available in each multi-modal
offer to compute the determinant factors presented in Section 4.2, and (iii) define an internal
data model for the Offer Categorizer that could support the implementation of generic offer
categorization procedures abstracting from the specific input data format.

The analysis of the data format was carried out in collaboration with the CFM partners during
e 3" and 4t Collaboration Meeting and through a set of dedicated meeting. First of all, an
alysis of the currently used data format was performed. Then, two extensions to the data
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format were discussed and agreed to accommodate the specific use cases of Ride2Rail: on
one hand, how to model Ridesharing offers was defined, on the other hand, the specific
format of the input message sent by the Shopping Orchestrator to the
OfferEnricherAndRanker was defined (cf. Section 3.3.2). In the following paragraph, the
most relevant aspects of the data format are presented. More details on the IP4 terms and
the underneath conceptualisation can be found in (RIDE2RAIL, Deliverable D2.4 - Final
Conceptualization of Choice Criteria and Incentives, 2020).

4.3.1. Ride2RailScoringRequest

The IP4 data format to model multi-modal offers is an XML representation based on an
extension of the TRIAS format. The considered set of extensions have been developed by
CFM projects, mainly within COACTIVE®, and are made available by Ride2Rail within the
Offer Categorizer source code for reference®.

In the IP4 ecosystem, a mobility request sent through the Travel Companion (personal
application) by a user to the Shopping Orchestrator receives as a response a set of multi-
modal offers. The Offer Categorizer aims at providing of the categorizations of the offers
computed by the Shopping Orchestrator before returning them to the user. For this purpose,
a Ride2RailScoringRequest’” payload is sent to the Offer Categorizer. The
Ride2RailScoringRequest contains a TripRequest structure describing the mobility request
performed by the user and a TripResponse structure reporting a TRIAS TripResponse
payload and modelling the computed multi-modal offers. In this section, we will describe the
main concepts represented in the following snippet, a complete example is available on
Githubs.

A TripRequest describes the mobility request specifying the requested departure and arrival
locations, and, if provided by the user, the requested time of departure or arrival.

A TRIAS TripResponse is composed of a single TripResponseContext node providing
general information about the locations (e.g., stop points), and multiple TripResult nodes
describing the computed solutions. Each TripResult describes a possible multi-modal travel
solution computed for the mobility request and can contain information about different
offers provided by the TSPs to cover the same solution. A TripResult contains one Trip (i.e.,

the multi-modal | G (
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