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Abstract. The HERitage sMart social mEdia aSsistant project offers
innovative services enabling contextualized and multi-perspective, cross-
cultural explorations of the rich and various cultural heritage of a terri-
tory. The project proposes the integration of Artificial Intelligence tech-
nologies to contextualize and personalize cultural paths according to
users’ interests and implicit/explicit relationships among tangible and
intangible cultural entities. This work describes the designed AI-based
architecture, the integration of Ontology-based Knowledge Representa-
tion and Reasoning, and Automated Planning to achieve the needed
levels of contextualization and customization.

Keywords: Cultural Heritage · Knowledge Representation and Reason-
ing · Automated Planning · Customization

1 Introduction

The tourism industry is undergoing a profound transformation driven by the dif-
fusion of smart technologies. Smart applications have emerged as powerful tools
capable of enhancing the travel experience by offering personalized and dynamic
touristic itineraries. This evolution is particularly significant in cultural heritage,
where the richness and diversity of historical, artistic, and cultural assets offer
many opportunities for tailored visitor experiences [13, 16, 8]. The diffusion of
apps on smartphones offers enriched narrative experiences, allowing visitors to
engage with cultural heritage in innovative ways. Through interactive content,
users can gain deeper insights into historical contexts and cultural stories, fos-
tering a more meaningful connection with the explored locations.

This paper presents the main features of a smart application developed as
part of a research initiative promoted by Regione Lazio. The HERitage sMart
social mEdia aSsistant (HerMeS) project, a joint effort of the National Research
Council of Italy and La Sapienza University, aims to offer tools and innovative
services to promote Lazio’s Cultural Heritage through advanced AI and ICT
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methodologies and technologies. HerMeS’ mission is, therefore, to enhance the
fruition of cultural heritage through AI-generated touristic itineraries, tailored
to users’ needs and interests. The main outcome is an AI-enhanced smartphone
application allowing different actors (i.e., tourists, citizens, economic operators,
and public administration) to share experiences, feedback, and services.

The HerMeS app combines the socialization of the cultural experience with
the development of AI technologies. This AI system takes into account users’ in-
terests (for instance, Nature, Archaeology, Eno-gastronomy, etc.) and needs (for
example, visiting time, area of interest, special needs, etc.) to create a personal-
ized tourist itinerary that maximizes the visitor’s experience. Such a technology
also offers useful information for defining targeted intervention strategies to the
Public Administration and economic operators, which can lead to the develop-
ment of solutions for territorial growth.

The touristic itinerary generation problem was examined from different per-
spectives and investigated through diverse AI techniques [3]. The most common
solutions pursue a search and route generation approach (e.g., [14]) or recommen-
dation techniques (e.g., [17, 9]) or machine learning (e.g., [4]) to maximize users’
satisfaction of visiting a given destination. User preferences are usually consid-
ered limited to preferred points of interest and whole journey duration ([10]) or
selecting a list of locations based on several criteria such as mandatory visits,
tour duration, and endpoints of the tour. Similar to our approach, several works
leverage AI-based solutions like, e.g., [1] to adapt touristic itineraries to users’
preferences. Works generally formulate users’ preferences and features of points
of interest as mathematical problems solved through optimization algorithms
capable of considering multiple (possibly conflicting) constraints and objectives
(e.g., [11]). However, our work seems to pursue an original approach by lever-
aging an ontology-based knowledge base and contextual temporal planning to
support thematic reasoning and personalized generation of cultural paths (i.e.,
users’ itineraries). Furthermore, HerMeS adopted an interdisciplinary approach
leveraging the partners’ experience in pushing the innovation of knowledge, con-
servation, and fruition of Cultural Heritage.

The long-term objective of our work is to pave the way toward innovative
applications that can transform cultural tourism, promote sustainable practices,
and enrich individual experiences. In this regard, our research aims to contribute
to the ongoing integration of technology and cultural heritage, highlighting the
benefits and challenges of adopting smart solutions.

2 A Recommendation System for Cultural Itineraries

HerMeS provides a range of AI-based functionalities to enhance the enjoyment
and exploration of Cultural Heritage, assisting stakeholders, especially tourists,
in connecting their heterogeneous needs and interests. This is done through
a bottom-up participatory model and advanced IT technologies, including AI
algorithms, that analyze several variables (e.g., user preferences, historical data,
and current trends) to generate personalized itineraries enriched with valuable
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Fig. 1. Sample of HerMeS app flow

touristic information. The app recommends touristic itineraries, tailored to users’
interests, that combine cultural sites (tangible cultural objects) with ephemeral
experiences (intangible cultural objects) to promote off-road, unconventional,
and hidden aspects of Lazio’s cultural heritage.

To this end, an ICT infrastructure has been defined [5] to develop an app
and a central database that serves the client apps installed on smartphones and
provides access to its intelligent functionalities. The central database collects
knowledge from different and highly heterogeneous sources, while a recommen-
dation system selects a set of cultural items and proposes personalized itineraries
based on user preferences. To support the recommendation system, a Knowledge
Base (KB), based on ArCO [6], was designed to characterize a wide set of in-
formation concerning cultural heritage, such as geographical location, mobility
information, type of cultural object (tangible vs. intangible), cultural object
thematic descriptions, cultural object data properties (visiting time, inclusive
accessibility, visiting hours, visiting price, etc.), relationships between cultural
objects (a semantic relationship describing a close correlation between cultural
objects), and correlations with cultural topics.

2.1 Extending the ArCO Ontology

HerMeS relies on the ArCO ontology framework, a network of 13 ontologies de-
scribing the domain of cultural heritage 4 [6, 7]. The key advantage of the ArCO
ontology is its modularity, which supports flexible integration and usage within
HerMeS. ArCO defines general concepts and properties that are suitable for in-
terpreting pieces of knowledge and integrating existing thesauri e.g., PICO 4.1
4 http://wit.istc.cnr.it/arco
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5. However, while ArCO focuses on the representation of Cultural Objects, with
a traditionally descriptive approach, what we wanted to achieve with HerMeS
was the representation of Cultural Places - territorial structures with cultural
significance, characterized by a stratification of tangible and intangible cultural
objects. For this reason, HerMeS extends ArCO concepts to support a structured
(and layered) description of a territory identifying parts (areas) that are relevant
from a heritage perspective.

Among the main extensions to ArCO are: the introduction of new classes
(Territorial Unit, Topographic Context, Monumental Unit, Monumental Com-
plex, Cultural Property Description, etc.); the refinement of existing classes (Cul-
tural Property Residual, Intangible Cultural Property, Topic); the introduction
of new data properties (Visiting Time, Inclusive Accessibility, etc.), and; the
integration of the PROV-O ontology 6 [15] to track the POI’s provenance. The
resulting formalism supports compositional descriptions of tangible and intan-
gible cultural objects and contextual correlations with topics. The introduced
taxonomy of topics supports a thematic indexing of cultural objects. We can
thus easily retrieve cultural entities from general topics to more specific ones
during the reasoning phase. Such a structure is crucial to flexibly personalize
touristic itineraries according to users’ interests, specified in terms of preferred
topics (e.g., Figure 2).

Fig. 2. Excerpt of the HerMeS taxonomy of topics.

HerMeS combines the semantic representation of cultural entities with auto-
mated planning to tailor user-specific itineraries. It requires synergetic reasoning
on thematic cultural objects and related technical data of the visit like visit du-
ration, previous visits, expected number of visitors, and potential congestion.

5 https://www.vocabularyserver.com/pico/it/index.php
6 https://www.w3.org/TR/prov-o
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The implemented decision-making process addresses a numeric planning prob-
lem aiming to optimize user experience by balancing the number of cultural
entities visited with the temporal constraints of the visit.

2.2 Dataset collection for HerMeS

A key element of the HerMeS project is to generate touristic itineraries that
contain tangible cultural heritage (physical cultural places) and intangibles (fes-
tivities, traditions, proverbs, legends, etc.). With the collaboration of DigiLab
Sapienza and ISPC teams, we managed to create a dataset of the tangible and
intangible cultural heritage of two districts in the historical center of Rome (the
Rioni Monti and Esquilino), which we used to populate our ontological frame-
work. We obtained a knowledge graph of 100 cultural places: 76 tangibles (in-
cluding 35 from Rione Esquilino and 41 from Rione Monti) and 24 intangibles.
Figure 3 aggregates the modeled POIs by considering their geographic distri-
bution over the territory. The intensity level characterizes the expected visit
duration of the POIs (aggregated by geographic areas).

Fig. 3. Distribution of POIs considered for the Rione Monti and Esquilino in Rome.

3 AI-based Cultural Heritage Exploration

The implemented HerMeS services are the result of a pipeline of AI-based mod-
ules that retrieve and contextualize cultural heritage knowledge according to
the requests and related preferences specified by the users. Figure 4 shows the
functional flow implementing the personalization of users’ itineraries. First, the
user sends a trip request using the HerMeS app. A request encapsulates the
user’s interests (i.e., a list of preferred topics), and visit preferences (i.e., ge-
ographic area, duration of the visit, accessibility, and mobility requirements).
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Each request is intercepted by HerMeS REST API and forwarded to the back
end AI-based reasoning components. The semantic-based recommendation com-
ponent retrieves information about the cultural objects that match the specified
interests and preferences. It relies on HerMeS ontology to extract a contextual-
ized view of cultural entities given by the thematic correlations with intangibles
and compositional relationships with other tangibles.

The extracted set of tangibles is used to build and refine a travel dataset
containing information about the expected travel distance between any pair of
tangibles according to different mobility preferences (e.g., bus, metro, foot). Such
a dataset is incrementally populated and refined by integrating third-party APIs
(e.g., Distance Matrix API from Google) that provide reliable and updated mo-
bility data. The travel-time dataset and the outcome of the semantic-based rec-
ommender system are input to the component that automatically generates the
planning problem specification. The temporal planning component then synthe-
sizes a cultural path by explicitly reasoning about temporal requirements (i.e.,
the total time available for the visit and the visiting time of each tangible) and
the travel time of alternative sequences of visited tangibles. The resulting op-
timized (and personalized) cultural path is sent back to the user issuing the
(synchronous) trip request as the response. The HerMeS app then interacts with
the user by showing the planned tangibles and contextual associated information
(i.e., correlated tangibles and intangibles).

Fig. 4. The structure of the AI-based pipeline implemented by HerMeS back-end.

4 Personalizing Explorations through Planning

Integrated decision-making skills allow HerMeS to reason about temporal re-
quirements and users’ interests and synthesize consistent cultural paths. The
developed temporal planner evaluates alternative sequences of cultural entities
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by considering the expected duration of the entire visit, the expected visit time
of each cultural entity, and the expected travel time between pairs of entities.
The optimal sequence is selected, encapsulated into a list of aggregated POIs,
and returned to the user. This section introduces the temporal planning formal-
ism used and then delves into the details of the algorithm developed to handle
the Visit Planning Problem.

4.1 Reasoning on Time and Causality

The planning module of HerMeS relies on the timeline-based planning formalism
introduced in [12]. Briefly, a timeline-based specification describes valid behav-
iors of domain features to be controlled over time. Given a description (i.e., a
model), a timeline-based planning process synthesizes a set of flexible behaviors,
i.e., timelines. The timelines describe how the modeled domain features should
evolve to correctly realize the desired behaviors (i.e., the flexible sequences of
states and actions each domain feature should respectively assume or perform).

More formally, a state variable is a tuple SV = ⟨V, T,D⟩ describing the set
of valid behaviors of a domain feature:

– V is a set of values vi ∈ V representing states or actions the feature can
assume or perform over time;

– T : V → 2V is a state transition function describing possible successors on
a timeline and thus valid transitions for each value v∈ V ;

– D : V → T× T is a duration function specifying expected duration bounds,
expressed in some temporal domain T (typically N+), for each value vi ∈ V .

Temporal flexibility is crucial to deal with temporal uncertainty and robust
execution of plans. A flexible timeline for a state variable svi is a sequence of
(flexible) temporal intervals called tokens. Together these tokens describe an
envelope of valid temporal behaviors of a domain feature. If SVi = ⟨V, T,D⟩ is a
state variable, a token xj for the variable has the form xj = ⟨vk, [ej , e

′

j ], [dj , d
′

j ]⟩
where vk ∈ V is the value assumed by the token xj , [ej , e

′

j ] is the end-time
interval of xj (with e < e′) and [dj , d

′

j ] is the minimum and maximum duration
of xj . The planned duration of a token should be consistent with the duration
bounds of the associated value vk. A timeline is a continuous sequence of tokens
describing the behavior of a domain feature from a temporal origin to (at least)
a desired planning horizon H. The start-time interval of a token is not explicitly
represented since it coincides with the end-time interval of the previous token
in the timeline i.e., the first token of a timeline starts the temporal origin [0, 0].
A timeline FTLi for a state variable SVi = ⟨V, T,D⟩ is a continuous and finite
sequence of tokens of the form

x1 =
(
v1, [e1, e

i
1], [d1, d

′

1]
)
, ..., xm =

(
vm, [em, eim], [dm, d

′

m]
)

where v1, .., vm ∈ V and for all J=1, ..., m-1, vj+1 ∈ T (vj). Denoting with
start (xj) the computed start time interval of a token xj then, for all j = 1, ...,
m-1, [ej , e

′

j ] = start (xj+1).
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State variables specify valid behaviors of domain features (i.e., local consis-
tency). Complex behaviors however require the coordination of the behaviors
of different state variables. Additional constraints are therefore necessary to co-
ordinate simultaneous behaviors of state variables (i.e., enforce global consis-
tency). Synchronization rules specify such constraints, necessary to synthesize
valid plans (i.e., complex behaviors of state variable achieving desired goals). A
synchronization rule has the form

a0[SV0 = v0] → a1[SV1 = v1], ..., an[SVn = vn].C

where every ai[SVi = vi] is a token variable denoting a temporal interval in
which a state variable SVi assumes the value vi. The left-hand part of the syn-
chronization rule (a0[SV0 = v0]) is called the trigger. The set C specifies temporal
relations between token variables. Synchronization rules with the same trigger
are treated as disjunctions and represent alternative constraints that should hold
between different sets of token variables.

The HerMeS planner has been developed as extension of the open-source
framework PLATINUm [19, 18]. It integrates a novel search heuristics and solving
procedure to generate cultural paths recursively. The next sections delve into the
details of the modeled planning problem and the developed solving procedure.

4.2 Preference-Aware Visit Planning

The Visit Planning Problem consists of deciding the sequence of cultural enti-
ties that best fit users’ interests and constraints among known tangible cultural
properties. Planning choices are made among tangible cultural properties only.
Correlated intangibles and tangibles are aggregated dynamically into the final
POI structures sent back to the app.

Following the pipeline depicted in Figure 4, the temporal planning component
receives dynamically generated problem specification as input and synthesizes an
optimal temporal plan representing a personalized visit. The problem consists of
building a timeline describing the personalized visit for a user. Planning decisions
concern the incremental definition of the cultural path of a user (i.e., the user’s
timeline). Each incremental step selects the next tangible to insert into the visit
according to the visit time of the next tangible and the travel time from the
previous tangible in the timeline. The total duration of the planned visit should
not exceed the input duration specified by the user. To achieve this, the developed
heuristic search minimizes the visit’s coverage. Figure 5 shows a conceptual view
of the planning choices made during the iterative synthesis of a user timeline.

Planning choices concern the decision of the next tangible to add to the
user timeline (where to go next?). Such choices are modeled through synchro-
nization rules modeling alternative ways of instantiating a Visit token on the
user timeline. It is worth underscoring that the number of such synchronization
rules dynamically varies depending on the number of tangibles inferred by the
knowledge-reasoning components. Therefore each visit choice has a branching
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Fig. 5. Planning choices for deciding the cultural visit (i.e., user timeline).

factor equal to the number of tangibles that are considered relevant to user in-
terests (i.e., user-selected topics). This modeling choice leads to a high branching
factor of the search space. However, it is necessary to give the planner full flex-
ibility in the synthesis of user cultural paths. A specifically designed heuristic
supports these choices by evaluating alternative tangibles for visits (i.e., alter-
native tangibles that can be added to the timelines in the next iterations), and
minimizing the differences between the requested time of the visit (i.e., the time
horizon, tH , of the planning problem) and the expected total time of the planned
visit π. Interestingly, heuristic evaluation would consider alternative travel times
between consecutive tangibles based on user preferences about mobility.

Algorithm 1 Domain independent iterative refinement of timelines.
1: function solve(P, S, H)
2: π ← InitialP lan (P), Fpc ← ∅
3: while ¬IsSolution (π) do
4: Φ∗ = {ϕ∗

1, ..., ϕ
∗
m} ← DetectF laws (π,H)

5: for ϕ∗
i ∈ Φ∗ do ▷ Compute flaw solutions

6: Nϕ∗
i
= {n1, ..., nt} ← HandleF law (ϕ∗

i , π)
7: if Nϕ∗

i
= ∅ then ▷ Unsolvable flaws

8: Backtrack(π,Dequeue(Fpc))

9: for nj ∈ Nϕ∗
i

do ▷ Branching for each solution
10: Fpc ← Enqueue (nj ,S)
11: if ¬IsEmpty (Fpc) then ▷ Iterative refinement
12: π ← Refine (π,Dequeue (Fpc))
13: else
14: return Failure ▷ No plan to explore and no solution found
15: return π

More specifically, the solving procedure of a timeline-based planner itera-
tively refines a set of partially instantiated timelines. A dedicated data structure
(the fringe) collects all the alternative partial plans that constitute the search
space. At each iteration, the planner extracts the most promising partial plan
from the fringe and analyzes the consistency of the timelines and the goal condi-
tions. If the planner finds some flaws (i.e., conditions affecting the completeness
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and consistency of the timelines) the current plan is not a solution, and some
operations should be made to solve the flaws and refine the plan. Each possi-
ble refinement (i.e., solution to a flaw) determines an alternative partial plan
that is collected into the fringe. Algorithm 1 summarizes this general procedure
implemented by PLATINUm [19, 18].

Depending on the characteristics of the domains, the solving procedure could
be extended through dedicated heuristics. Heuristics are generally necessary to
make better choices while expanding the search space and refining timelines.
Such choices affect the quality of plans and the solving efficiency by analyzing
qualities of partial plans to explore (i.e., possible solutions collected in the fringe)
and discriminating among detected flaws of a refined plan.

In the Visit Planning Problem, a challenge concerns a missing goal condition
suitable to identify a solution plan. The intrinsic recursive nature of the planning
choices sketched in Figure 5 requires to “keep open” the possibility of adding
a new step (i.e., tangible) to the visit. The planner cannot know how many
tangibles a user can visit within the specified visit window. The total number
depends on the duration of each visit and its schedule (i.e., the planned sequences
of the tangibles) which determines different travel times. Therefore, the planning
process should add tangibles to the visit incrementally until the partial plan
meets a minimum quality condition (i.e., the goal condition). In this case, we
set the quality threshold on coverage to 80% (i.e., at least 80% of the temporal
window should be filled by the visit). Consequently, plans with no flaws but
with the coverage below a certain threshold are discarded allowing the search
to continue towards better solutions. Furthermore, we developed a new heuristic
comparing partial plans based on their coverage. To synthesize reliable visits we
encapsulated an evaluation criterion to polarize choices toward plans with less
tangibles. Namely, we polarized planning choices towards plans that covered the
visiting window with fewer steps.

Figure 6 depicts statistical data obtained within a solving instance. The
Fringe Size clearly shows the recursive nature of the planning problem. The
number of partial plans populating the fringe increases constantly which con-
trasts the typical behavior of seeing the fringe decreasing when planning choices
move close to a solution. Despite this challenge, the planner addressed trip re-
quests from users effectively and efficiently. A total number of 258 requests were
issued during testing. The average response time of the planner was in the order
of minutes (20 seconds at the lowest, 196 seconds at the highest) which was
considered feasible for the application.

5 Conclusions

The HerMeS project allowed us to demonstrate the potential of a system that
combines knowledge reasoning and planning in the context of cultural heritage.
The knowledge graph enables us to represent complex data in a structured man-
ner. Each point of interest (POI) is tagged with a series of properties and con-
nected to other POIs in a network of semantic relations, allowing for inferential
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Fig. 6. Planning choices within the synthesis of a visit timeline.

reasoning. However, the digitization and tagging of cultural heritage datasets
with tourism-related metadata remain open issues. In this initial phase of Her-
MeS, which represents a proof of concept, we opted for manual data collection
to showcase the potential of this tool with high-quality data. However, this ap-
proach is not scalable if we decide to expand the geographical area of reference.
Automating data collection and tagging is, therefore, a future research direction.

This proof of concept shows that the HerMeS system is highly flexible and can
be integrated with other frameworks. HerMeS’s planning algorithm has shown
effective decisions concerning cultural paths. A central aspect was the effective
reasoning on the time necessary for visiting tangibles and the expected traveling
times between consecutive visits. The designed heuristic concretely evaluates
alternative paths selecting the ones that achieve high quality. In this regard,
planning technology supports flexible reasoning that can easily be tailored to dif-
ferent scenarios by integrating and evaluating different quality metrics of plans.
Namely, the decision-making component could be extended to adapt planning
choices to environmental contexts, and online knowledge about simultaneous
visits planned on the territory. This latter aspect, combined with the capability
of gathering real-time data from the environment (e.g., traffic, visiting queues,
etc.) would strongly improve the awareness of planning choices.

Closing the loop between the planning process and the world state as in
classical deliberative architectures [2] would strongly enhance the adaptability
of planned paths and the experience of single users by better distributing the
“cultural traffic”. Future works would also focus on incorporating real-time data
from other users’ planned visits in the same area to better shape visits. The
app is currently in its early stage of development. Usability tests to evaluate the
effectiveness of the user interface will be conducted next.
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