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Abstract: In facing digital transformation challenges, universities need to set up their data 

governance strategies. They include effective solutions to trace and value data about key assets 

(such as researchers, publications, courses, research projects) scattered across multiple legacy 

IT systems. As part of an overall solution to deal with the unavoidable data fragmentation and 

diversity, we provide the complete code of a simple and very efficient framework that can be 

employed by universities to develop their own knowledge graph, offering a comprehensive 

picture of the strategic data of the university, such that it can be consistently exploited by 

different digital services. 
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Introduction 
In pursuing their missions along the three pillars of education, research and societal impact, 

universities need to find their own way to address the challenges increasingly posed by digital 

transformation. The term digital transformation usually indicates a set of technological, 

cultural, organizational, social, creative and managerial changes (McDonald et al., 2012). 

Digital transformation goes beyond the simple adoption of new technologies and makes it 

possible to provide services, supply goods, exhibit live experiences, and find, process and make 

accessible large amounts of content regardless of the real availability of resources, pervasively 

creating new connections between people, places and things. 

Digital transformation in higher education institutions is about the development of new, more 

advanced and effective methods and practices in pursuit of higher education’s mission 

(Alenezi, 2021). Even though it brings new opportunities, digital transformation also poses 

new challenges for Communication and IT departments of universities (Maltese, 2018a). 

Recent studies (Safiullin & Akhmetshin, 2019; Gafurov et al., 2020; Marks & Al-Ali, 2022) 
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confirm that universities are not yet prepared, in terms of vision, competency, infrastructures, 

data strategies and digitalization of their services. 

Our work focuses on digital information challenges. Universities need to provide to their 

stakeholders detailed information about a variety of key assets, such as professors, 

researchers, employees, publications, courses, and research projects. It is, however, difficult 

for universities to present a complete, up-to-date and coherent picture about them across the 

different digital communication channels and services employed. For example, it may happen 

that a certain person is an associate professor according to the human resources system (the 

main authority for such data), a research fellow on the main institutional portal (the portal is 

outdated), and a post-doctoral researcher on the department website (the website is not only 

outdated, but it uses different terminology with respect to the institutional portal). 

The root of this difficulty lies in the inherent complexity of the IT university ecosystem 

(Maltese, 2018b) and it is common to many other large-scale organizations (Gartner, 2014). 

The diversity of IT systems is actually needed to target specific business processes and key 

assets with confined responsibility. As a consequence, data fragmentation and diversity (that 

progressively increase with the number of IT systems employed and the growth of data) bring 

about a sort of entropic effect where: data about the key assets is scattered across multiple 

information silos; data differs in format, metadata, conventions and terminology used; data 

gets duplicated; discrepancies and conflicts increase because different versions and 

descriptions of the same assets coexist.  

Solutions to this problem can be altogether referred to as data governance strategies. We 

report our experience matured during research (Giunchiglia et al., 2012b; Giunchiglia et al., 

2014; Maltese & Giunchiglia, 2016; Maltese & Giunchiglia, 2017) and innovation (Maltese, 

2018b; Giunchiglia et al., 2022) projects conducted in universities and provided further 

insights that have been presented during a series of invited talks (Maltese, 2017; 2018a; 2023a; 

2023b; 2023c). 

Maltese & Giunchiglia (2017) proposed a general solution to address this problem in 

universities. It stands in addressing data diversity via the adoption of well-established Library 

& Information Science methodologies and tools to curate data and metadata quality, and in 

addressing data fragmentation via the adoption of data integration methodologies and tools.  

Maltese (2018b) provides the description of the system architecture, the tools and the digital 

services that were developed at the University of Trento in Italy in the context of the Digital 

University initiative and that constitute the first implementation of the general solution. The 

infrastructure follows the Hub-and-Spoke paradigm. The Hub is an IT system that collects 

data extracted from various data sources and encodes it as a knowledge graph. This is achieved 
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by means of Extract, Transform and Load (ETL) facilities. In the Extract phase, data is selected 

from relevant legacy IT systems. In the Transform phase, data diversity is addressed by 

codifying data uniformly. In the Load phase, data fragmentation is addressed by collecting and 

pulling together into the Hub data about the same entity (e.g., a single person or a single 

publication). The knowledge graph provides centralized access to a number of Spokes, each of 

them being a new IT system expressly developed to support a different digital service. We 

described the challenges that typically arise (Maltese & Giunchiglia, 2016) and how we 

addressed them in Italy and in Mongolia (Giunchiglia et al., 2022). Similar issues have been 

discussed by Rodríguez & Bribiesca (2021), Tungpantong et al. (2021), Esmailzadeh et al. 

(2022), Gkrimpizi & Peristeras (2022) and Sułkowski (2023). 

The main contribution of this paper is the description and the complete source code of a new 

data integration framework that we developed in 2021, and that is now publicly available on 

GitHub (https://github.com/vinmal74/DU). It entirely substitutes the one employed in the 

first version of the Digital University system developed between 2017 and 2018. It supports 

engineers in the creation of a multilingual knowledge graph from data extracted from multiple 

sources. Entirely developed in Java (the previous one required several different technologies, 

including Java, Scala and Coffee scripts), it makes the development of the ETL facilities much 

simpler. By changing the entity matching algorithm (that is necessary to detect and merge 

duplicates) and the data structures employed, it allowed us to overcome the technical 

challenges described in Giunchiglia et al. (2022), thus reducing the time needed to create the 

knowledge graph by three orders of magnitude with respect to the previous version. In terms 

of computational complexity, the new algorithm is linear in the number of entities to be 

integrated, while the previous one was quadratic in the number of entities. It is faster also 

because of the data structures employed (hash maps), stored entirely in RAM memory (the 

previous version operated entirely on databases stored in the file system). 

In the rest of the paper, we summarize the state of the art, and recall the system architecture 

and methodology employed, as illustrated in our previous work. We continue with the main 

contribution of this paper, that is the source code of the new framework for the creation of the 

knowledge graph at the core of the Digital University solution. Our aim is to provide the 

methodology and tools such that other universities can replicate our work. Therefore, we 

provide a demonstrative example of data sources and the ETL code necessary to create the 

corresponding knowledge graph. The source code, the example and the ETL code are fully 

available on GitHub. We also illustrate how the knowledge graph can be consistently used by 

multiple digital services. Finally, we summarize the work done and the future work. 
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State of the Art and Related Work 
Several research communities traditionally address data fragmentation and diversity (Maltese 

et al., 2009). In the following, we focus on the solutions proposed by Business Intelligence 

(BI) and Library & Information Science (LIS). 

The primary purpose of BI is to support decision-making in organizations (Buchanan & 

O’Connell, 2006). Data-driven decision-making refers to the practice of basing decisions on 

the analysis of data rather than purely on intuition (Brynjolfsson et al., 2011). Therefore, data 

needs to be appropriately collected and prepared. To this end, data integration is a 

fundamental technique in BI to tackle the initial data fragmentation and diversity. In fact, data 

integration is a process that combines data from different sources and provides users with a 

uniform view of the data (Lenzerini, 2002). Two main alternative approaches exist. In 

federated systems, data is logically combined at query time. In centralized systems, data is 

physically combined in a data warehouse via ETL procedures. The Extract phase deals with 

the selection, assemblage, analysis and processing of data. The Transform phase takes care of 

converting data into a standard format. The Load phase imports data into the data warehouse. 

The centralized approach ensures there is one trusted proxy providing data in a timely manner 

and uniformly. Data warehousing is a fundamental tool of BI, and metadata plays a key role 

because of the complexity of the data migration process (Watson & Wixom, 2007). 

Library Science is traditionally concerned with archiving texts and organizing storage and 

retrieval systems to give efficient access to texts (Denning, 2003). LIS is the technical and 

technological innovation of Library Science that employs information technology for 

documentation and library services (Buckland, 1996). Libraries have a strong tradition in data 

and metadata curation, especially in terms of standard data models for the representation of 

intellectual and artistic creations (O’Neill, 2011). Metadata about them includes title, subject, 

and authors. Authority control makes sure that each entity is assigned a unique header, such 

that each entity can be uniquely identified and referred to (O’Neill, 2011). Unique headers 

include names and alphanumeric identifiers. Similarly, vocabulary control enforces the usage 

of standard terms to unambiguously refer to each subject (Zeng et al., 2011). In controlled 

vocabularies, standard terms are arranged hierarchically from broader to narrower terms (ISO 

2596-1:2011). Altogether, the adoption of these practices enables controlling diversity and 

obtaining high quality data that in turn ensures high precision and recall in search. Data 

fragmentation is addressed in libraries by employing standard data exchange protocols, such 

as the OAI-PMH framework (Sompel et al., 2004) and by adopting solutions to map equivalent 

concepts in different knowledge organization systems (ISO 2596-1:2011; Giunchiglia et al., 

2009; Maltese et al., 2010; Giunchiglia et al., 2012a).  
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A few initiatives have provided solutions to support storing, searching, browsing, visualizing 

and sharing scholarly data. VIVO (Börner et al., 2012) relies on Semantic Web technologies to 

represent and store data in the RDF standard model (https://www.w3.org/RDF/) and retrieve 

it using the SPARQL query language (https://www.w3.org/TR/rdf-sparql-query/). However, 

it has been observed that these initiatives offer limited support to tackle data diversity and 

data fragmentation (Maltese & Giunchiglia, 2017). In fact, they do not provide effective entity 

matching tools and methodologies to effectively control and enforce terminology.  

Our approach is compliant with other solutions designed for universities, such as VIVO, and 

for digital libraries, such as DSPACE (Smith et al., 2003). For instance, a converter can be 

easily developed to translate our knowledge graph into the VIVO model and ontology, so that 

it can be exploited by VIVO applications, such as the VIVO portal. Our framework makes the 

creation of the knowledge graph simple and very efficient. 

The System Architecture 
The system architecture adopted in Trento (Figure 1) was first introduced in Maltese (2018b) 

and described further in Giunchiglia et al. (2022). The knowledge graph is built by reusing 

data that becomes available through ETL facilities, and it is employed in a Hub-and-Spoke 

architecture. Each spoke supports a different digital service. The idea is that new Spokes are 

added incrementally whenever there is a need for a new service which cannot be provided by 

the existing Spokes.  

 
Figure 1. The system infrastructure of Digital Universities 

This architecture was chosen as it represents a more efficient and scalable alternative to point-

to-point communication in that the number of connectors between IT systems is reduced 

drastically, thus reducing complexity and maintenance costs (Hopkins et al., 2015).  

The Hub collects data extracted from various data sources (Extract), encodes data according 

to a uniform model and terminology (Translate), and creates a knowledge graph through an 

integration framework (Load). Through dedicated Application Programming Interfaces 

(APIs), the Spokes get access to the knowledge graph stored in the Hub. 
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Overall, the Hub fulfils the following requirements (Maltese, 2018b). 

• The Hub provides centralized access to data natively stored in the 
heterogeneous data sources (different schema, model and format) managed by legacy 
IT systems. This separation of duties is necessary to ensure that legacy systems can 
continue to function as usual, thus benefitting from advantages (contained costs, 
dedicated business processes, focused data, dedicated users and confined 
responsibilities) that come from their vertical end-user applications. Relevant data 
about the key entities that are necessary to support the centralized services is reused 
in the Hub by means of ETL facilities. They ensure that data about the same entity 
extracted from multiple sources is appropriately collected, transformed, merged and 
correlated. Especially, entity matching (e.g., Wang et al., 2011) and merge facilities are 
essential to avoid the presence of duplicates. 

• The Hub supports knowledge and language localization, in that the 
knowledge graph is built according to a local customized data model and terminology. 
Localization can take place starting from a reference data model (the knowledge) and 
vocabulary (the language) designed specifically for universities (Maltese, 2018b). Their 
main purpose is to provide a common core of entity types, properties and terminology 
in multiple languages necessary to fulfil typical services of a university and to favour 
interoperability among them, similarly to what is done by VIVO. Simultaneously, the 
different needs across the globe demand the capability of the system to support their 
customization and extension as required locally by the digital services of a certain 
university. 

• The Hub supports the development of centralized services via dedicated APIs 
that provide access to the knowledge graph. APIs support the development of 
university services on the Spokes such that they can consistently query the Hub and 
exploit the same content, i.e., the knowledge graph. They include: (a) Discovery 
services supporting browsing and search (Giunchiglia et al., 2014); (b) 
Communication services conveying information to stakeholders uniformly and 
consistently across different communication channels (Maltese, 2018b); (c) Predictive 
& data analytics services supporting decision-making processes (Waller & Fawcett, 
2013; Brdesee, 2021); (d) Interoperability services supporting the import/export of 
data from/to existing standards, such as the publication of Open Data (Tran & 
Scholtes, 2015), or according to the VIVO model and ontology, or to answer queries 
across federated universities. 

Among other things, in our previous work (Maltese, 2018b) we described how we comply with 

Intellectual Property Rights (IPR), licensing and privacy concerns and guarantee secure access 

to data. In terms of IT security, we selected technologies by making sure that they satisfy 

security levels demanded by Italian law. Our IT staff constantly ensures that adequate security 

measures are in place. Data sources and system components are secured and not accessible 

from outside of the University intranet. Access to them is granted to administrators only. Data 

is accessed exclusively via database views expressly arranged to provide access to relevant data 

only. Among other things, this makes system maintenance easier in that such views can be 

seen as contracts that cannot be violated even in the case that the data source changes, e.g., 
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because of an update of the corresponding IT system. Regular backups guarantee data 

integrity.  

To protect the privacy of users, and to be compliant with the General Data Protection 

Regulation (GDPR), in designing and developing the system and the services we followed well-

established privacy-by-design principles (Hoepman, 2014), suggested also by the European 

Data Protection Supervisor (2018). Our privacy policies are publicly available. Only relevant 

and non-sensitive data is managed. Data is stored in separate indexes in order to prevent 

unwanted correlations. Each Spoke receives only the data that is strictly relevant for the digital 

service it supports. In terms of IPR, we promote and support Open Science principles by 

allowing the download of scientific publications of our researchers with Creative Commons 

licenses through the institutional portal we developed. 

The Methodology 
The methodology, introduced in Maltese & Giunchiglia (2017) and refined in Giunchiglia et al. 

(2022), defines an iterative process composed of sequential steps, briefly outlined below, 

which are followed every time a new digital service needs to be designed and developed. In our 

previous work, we illustrated its advantages that include scalability, cost-effectiveness, and 

facilitated compliance with legal constraints. 

Step 1. Collecting service requirements. It consists of collecting the requirements of the 

new service in terms of functionalities, target users and necessary data. 

Step 2. Knowledge localization. The reference data model, providing the schema which 

is enforced to store the knowledge graph in the Hub, is adapted to local needs. It is 

constituted by entity types and properties necessary to describe typical key entities of 

universities, such as people, courses, publications, dissertations and research projects. 

Chatterjee et al. (2016) presents a methodology that can be followed to design the data 

model in a given domain. It should include identifiers, i.e., those properties necessary to 

identify unequivocally an entity of a certain type such that entity matchers can work 

properly (Bouquet et al., 2007). Knowledge adaptation means adding or specializing entity 

types and properties that are necessary to support the new service.  

Step 3. Language localization. The controlled vocabulary is adapted to local needs. We 

employ well-established LIS methodologies for vocabulary development (Maltese, 2018b). 

For instance, the vocabulary should provide the terminology necessary to describe the 

various positions occupied by people (e.g., full professor, associate professor, researcher), 

the kinds of publications (e.g., journal article, conference paper), the status of a research 

project (e.g., submitted, approved). Language adaptation means adding or specializing 
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concepts, selecting preferred terms from the vocabularies or adding new languages that are 

necessary to support the new service. This includes handling lexical gaps (Giunchiglia et 

al., 2018), i.e., concepts which do not have a precise translation in the target language. We 

address language diversity by representing knowledge as language-independent concepts 

whose meaning is approximated in each language by means of terms that are the closest in 

meaning. 

Step 4. Data hunting. The legacy IT systems are assessed in order to identify the possible 

sources for the data required by the service. The following cases can arise: (a) there is only 

one system that can provide them; (b) multiple systems, possibly maintained by different 

departments, can provide part of them, which can eventually partially overlap or even be in 

conflict; or (c) existing systems cannot provide all of them. In the latter case, it is necessary 

to develop new IT systems able to complete missing data. 

Step 5. Building the knowledge graph. ETL facilities are implemented in order to Extract 

and Translate data according to the localized knowledge and language, and to Load them 

into the Hub. Mechanisms to resolve conflicts in data may include authority (based on the 

ordering of importance of the sources) or voting (based on the majority of the sources) 

schemes (Dong & Naumann, 2009). Overlaps are handled through entity matching and 

merging techniques. This task requires an adequate infrastructure able to semi-automate 

the process and to keep the Hub aligned with the sources, by running ETL facilities 

regularly (e.g., daily). Especially, human intervention is required to fix mistakes in data 

(whenever possible, they should be fixed in the data sources), accommodate for missing 

terms in the controlled vocabulary (thus requiring an extension of the vocabulary) and 

when the schema of the data sources changes (e.g., an attribute was supposed to have n 

possible values and the (n+1)th value appears). Fixes are recorded and applied 

automatically in the next updates (Giunchiglia et al., 2021). 

Step 6. Implementing the service. The service is implemented and deployed by accessing 

the knowledge graph data from the Hub via dedicated APIs. 

The Digital University Framework 
The framework we developed to support the creation of the multilingual knowledge graph is 

fully available at https://github.com/vinmal74/DU/tree/main/src/Hub. 

The framework is simple in that it is entirely developed in Java, it is constituted by less than 

300 lines of code, and it is based on the well-known object-oriented programming paradigm. 

The Entity Relationship model (Chen, 1976) is employed to represent the various entities and 

how they are interconnected. The ETL paradigm, which is typical of data warehousing 

http://doi.org/10.18080/jtde.v12n1.808
https://github.com/vinmal74/DU/tree/main/src/Hub


Journal of Telecommunications and the Digital Economy 
 

Journal of Telecommunications and the Digital Economy, ISSN 2203-1693, Volume 12 Number 1 March 2024 
Copyright © 2024 http://doi.org/10.18080/jtde.v12n1.808 250 
 

approaches to data integration (El-Sappagh et al., 2011), is employed to extract data from the 

original data sources, to convert them into entities, and to incrementally construct the 

knowledge graph. Such simplicity allows any programmer, with no specific knowledge of 

representation languages and Semantic Web technologies, to adopt it very quickly and easily.  

The framework is very efficient for two reasons. The first is that the data integration algorithm 

is linear in computational complexity. In fact, it employs hash maps to store and retrieve the 

entities: insertion and retrieval in hash maps takes constant time. The second is that all data 

structures are stored in RAM memory to guarantee the maximum performance at runtime. 

For instance, the knowledge graph of the University of Trento is currently constituted by 

around 225,000 entities, appropriately selected. Entity types are Person, Organization, Role, 

Course, Project, Thesis, Publications, and Files. The creation of the knowledge graph takes 2-

3 minutes (depending on the network load, given that datasets are located on different servers) 

on a laptop equipped with an Intel Core i5-7200 dual core 2.50 GHz and 2.71 GHz, and 8 GB 

of RAM memory. The total memory usage is around 370 MB. 

The framework consists of 10 Java classes. Figure 2 provides an exemplification of the data 

structures used to represent the knowledge graph. It shows three entitybases and three entities 

interconnected between them. The mapping between the classes of the framework to the 

standard W3C RDF schema (https://www.w3.org/TR/rdf-schema/) is trivial. 

 
Figure 2. An exemplification of an entityStore 

The knowledge graph is represented as a set of entitybases (Entitybase.java), one for each 

entity type required. Within each entitybase, we employ a HashMap. We represent entity types 

as an integer. We suggest that types could be encoded as constant values, e.g., Person = 0, 

Person Role Organization 

type  
ID 
name 
surname 
occupiesRole 

type  
ID 
organization 

type  
ID 
name 

e1 e2 e3 
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Organization = 1, Role = 2, Course = 3. Each entity (Entity.java) is characterized by its type, 

a unique identifier (that we represent as a String) and a set of attributes.  

Attributes (Attribute.java) are <name, value> pairs. The current framework supports three 

different types of attributes. Java classes can be extended to support additional types. String 

attributes (StringAttribute.java) are language independent attributes whose value is stored 

as a String; numbers and dates are converted into strings. Relational attributes 

(RelationalAttribute.java) represent relations between entities; in fact, their values 

(EntityValue.java) are <type, id> pairs, where type is the entity type and id is the identifier of 

the target entity. Concept attributes (ConceptAttribute.java) are language-dependent 

attributes whose values (ConceptValue.java) are stored as a Concept (that are simply 

represented as integers) used to codify values whose labels need to be read according to the 

languages used, e.g., in English and Italian. 

In order to represent concepts in specific languages, it is necessary to define corresponding 

vocabularies (Vocabulary.java). Each vocabulary is characterized by a reference language 

and a list of concepts (Concept.java). Each concept is a triple <id, label, definition>. For 

example, the concept of researcher in English is given by the triple <56569, “researcher”, 

“(role) a person who conducts research activities”>, while in Italian it is given by <56569, 

“ricercatore”, “(ruolo) una persona che svolge attività di ricerca”>. Following the ISO 25964 

standard for vocabulary representation (https://www.iso.org/standard/53657.html), the 

identifier must obviously be the same in all vocabularies. The definition is needed to keep track 

of the meaning of the labels. 

The current framework has two main limitations. The first is that it may need significant 

amount of RAM in case of datasets of huge size. For the purposes we envisioned in Trento (see 

Using the Knowledge Graph in Multiple Digital Services below), the RAM memory used is 

actually approximately 370 MB only. Such cheap usage of memory is possible because we only 

select relevant data to be extracted from the datasets. The second limitation is that it may 

require an extension of the entity-matching libraries in case not all sources already provide 

unique identifiers for all entities or in case similar entities are stored in different datasets with 

different identifiers. We overcome this limitation by making sure that identifiers are always 

available for all entities, either as a single attribute, or as a result of a combination of multiple 

attributes. 

The Demonstrative Example 
Suppose we want to develop a university portal in two languages, English and Italian, whose 

functionalities have been identified by collecting requirements from various stakeholders. The 

local data model will have to define the various entity types and their attributes necessary to 
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accommodate such requirements. For instance, it may establish that a Person must have 

name, surname, gender, email, phone and set of positions occupied in administrative units. 

For sake of simplicity, we assume that data sources have been already pre-processed (for 

instance, as a result of a job that runs daily in order to get up-to-date data) and available as 

CSV files (see https://github.com/vinmal74/DU/tree/main/src/data): 

• people.csv contains the people affiliated to the University; 

• units.csv contains the administrative units of the University; 

• types_of_units.csv contains information about the types of administrative units; 

• positions.csv contains information about the affiliations of each person; 

• types_of_positions.csv contains information about the types of positions that can 

be appointed to people in the administrative units; 

• courses.csv contains information about the courses offered. 

The two vocabularies are stored in TXT files. Each row contains the identifier of the concept, 

the label and the definition in the corresponding language. They can be extended as needed. 

Figure 3 provides a fragment of the content in the English vocabulary. 

118 | person   | a human being 
52974 | rector   | (role) the head of a university 
53485 | director   | (role) the person in charge of managing a department or directorate 
118272 | deputy director  | (role) the person appointed to represent or act on behalf of the director 
56251 | president  | (role) primary leader of a firm or corporation 
54235 | director general  | (role) the manager with the highest ranking 
53282 | coordinator  | (role) the person responsible for coordinating the activities 
54173 | full professor  | (role) a professor of first rank in a university 
52409 | associate professor | (role) a professor of second rank in a university 
56569 | researcher  | (role) a person who conducts research activities 
118261 | PhD student  | (role) a student who is enrolled in a doctorate school 
118264 | staff   | (role) the people responsible of the administrative and technical tasks 
43544 | organization  | a group of people who work together 
44331 | administrative unit | an organization regarded as part of a larger social group 
45010 | statutory body  | an institutional unit defined by the statute 
45016 | governing board  | a board that manages the affairs of an institution 
118249 | supporting board | a board that supports the governing body of an institution 
44452 | division  | an administrative unit of second level in government or business 
45084 | office   | an administrative unit of basic level in government or business 
43989 | academic department | a division of a university or school 
35792 | degree program  | a course of study leading to an academic degree 
4553 | course   | education imparted in a series of lessons or meetings 
Figure 3. Example of content of the vocabularies (in English) 

Developing the ETL Facilities 
In this section, we present a demonstrative toy example of how the knowledge graph can be 

built by implementing ETL facilities and by employing the framework. It is fully available on 

GitHub at https://github.com/vinmal74/DU/tree/main/src/ETL.  
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The main functionality offered by an entitybase is data integration, supported by the load 

method (see Entitybase.java). As from the example in Figure 4, suppose we extracted enough 

data to generate the entity e1. In loading the entity e1 in the entitybase E, if E already contains 

an entity e2 with the same identifier, the set of attributes of e1 are merged with those of e2, 

thus obtaining the entity e3; otherwise e1 is loaded in E as it is.  

e1 
type  = 118 
ID = 1000099 
Surname = Sordi 
Name = Alberto 
Phone = 1000 

e2 
type  = 118 
ID = 1000099 
Email = alberto.sordi@unitn.it 
Phone = 2005 

e3 
type  = 118 
ID = 1000099 
Surname = Sordi 
Name = Alberto 
Email = alberto.sordi@unitn.it 
Phone = [1000, 2005] 

Figure 4. Example of data integration 

Two attributes are considered to be different when the name or the value do not match. In the 

current implementation, both the entity matching and the attribute functions simply rely on 

the standard equality operator, but, according to the specific scenario, it could be a more 

complex similarity function (Köpcke & Rahm, 2010), e.g., to accommodate approximation of 

values. 

Thus, a data integration pipeline can be designed as a set of ETL facilities where for each data 

source a dedicated facility extracts data (E), translates it into a set of entities (T), and loads 

each of them in the corresponding entitybase (L). Given that the load function is characterized 

by O(1) computational complexity, the complexity of the ETL algorithm is O(n), where n is the 

number of entities identified in the data sources. 

In the following, we describe the code of the data integration pipeline. Individual entitybases 

are stored in an EntityStore (EntityStore.java). We implemented them as an array. The toy 

example requires four entitybases: EB[0] for Person, EB[1] for Organization, EB[2] for Role, 

EB[3] for Course.  

The data integration pipeline (ETL.java) contains the main method. It creates the English 

and Italian vocabularies by loading the two TXT files that contain the <id, label, definition> 

triples, and initializes the EntityStore. Finally, it launches four different ETL facilities to 

process the CSV files with the data sources and to incrementally construct the knowledge 

graph. They can be executed in any order, thus always obtaining the same result. 

The first ETL facility (People.java) processes people.csv. Below we exemplify how, for the first 

row of people.csv, it creates one entity of type person to be loaded in EB[0]. Here 118 and 

90013 are the concept IDs for “person” and “male”, respectively, in the vocabularies. Class is 

the attribute that can be used to specialize the type, that in this case remains “person”. 
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type   = 118 
ID  = 1000099 
Class  = 118 
Surname = Sordi 
Name  = Alberto 
Gender  = 90013 
Email  = alberto.sordi@unitn.it 
Phone number = 1000 

The second ETL facility (Units.java) processes units.csv. Below we exemplify how, for the first 

two rows of units.csv, it creates two entities of type organization to be loaded in EB[1]. Here, 

43544, 44834 and 45016 are the concept IDs for “organization”, “university” and “academic 

senate”, respectively, in the vocabularies. The latter two are taken from types_of_units.csv. 

The Class attribute specializes the type “organization”. 

type   = 43544 
ID  = UNIT00001 
Class  = 44834 
Name   = University of Trento 

type   = 43544 
ID  = UNIT000002 
Class  = 45016 
Name   = Academic Senate 
Part of   = (1, UNIT00001) 

The third ETL facility (Positions.java) processes positions.csv. Below we exemplify how, for 

the first row of positions.csv, it creates three entities. The first entity is of type person to be 

loaded in EB[0], and corresponds to the same person with ID 1000099 created above; it is 

therefore merged with the first version of the same entity previously loaded in EB[0], thus 

adding the relation Occupies Role. The second entity is of type organization to be loaded in 

EB[1], and corresponds to the same organization with ID 43544 created above; it is therefore 

merged with the first version of the entity loaded before in EB[1], but no additional attributes 

are added. The third entity is of type role to be loaded in EB[2], where 118247 is the concept 

ID for “role” and the type of position occupied OTHEXT001 is converted into 118264, which 

is the concept ID of “other staff” (see types_of_positions.csv) that becomes the value of Class. 

We represent roles similarly to Jureta et al. (2007). 

type   = 118 
ID  = 1000099 
Occupies Role  = (2, UNIT000002_118264) 

type   = 43544 
ID  = UNIT000002 

type   = 118247 
ID  = UNIT000002_118264 
Class  = 118264 
Organization  = (1, UNIT000002) 
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The fourth ETL facility (Courses.java) processes courses.csv. Below we exemplify how, for the 

first row, it creates three entities. The first is of type person to be loaded in EB[0]. The second 

is of type organization to be loaded in EB[1]. The third is of type course to be loaded in EB[3], 

where 4553 is the Concept ID for “course”. 

type   = 118 
ID  = 1000313 

type   = 43544 
ID  = UNIT08624 

type   = 4553 
ID  = 90065 
Class  = 4553 
Name   = Administrative Law 
Degree program = Law (LM5) 
Department = (1, UNIT08624) 
Professor = (0, 1000313) 

Using the Knowledge Graph in Multiple Digital Services 
Once the knowledge graph has been created, it needs to be stored somewhere. In Trento, we 

store it in Elasticsearch indexes (https://www.elastic.co/what-is/elasticsearch), a distributed, 

free and open search and analytics engine for all types of data that offers simple, very efficient 

and scalable REST APIs to store and query data. On top of Elasticsearch, we then developed 

an additional layer of RESTful APIs that are used by the various digital services. 

To export the knowledge graph, the EntityStore offers the toJSON function that converts an 

entity into a JSON object. It takes as input the identifier of the entity, its type (to identify the 

entitybase in which it is contained), the vocabulary to be used to translate concept attributes 

(for instance, the Italian vocabulary), and the depth of the knowledge graph to be taken, i.e. 

the maximum number of relations to be followed. As an alternative, you can directly use the 

get functions offered by the Java classes. 

So far, in Trento we have designed and developed four digital services that access to the same 

knowledge graph. 

The institutional portal (https://webapps.unitn.it/du/en) is a public communication 

service that offers a comprehensive webpage (from the integration of 7 different data 

sources) in English and Italian for each of the University members, academic departments, 

governing bodies and administrative units. University members include academic staff 

(professors, researchers, PhD students), administrative and technical staff, and university 

executives. It is visited by around one million users per year. 

The institutional dashboard is a data analytics service providing insights about the quality 

of research conducted by the faculty members with a focus on publications and research 
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projects. It provides statistics and interactive graphs useful to examine trends, strengths, 

and points of improvement. Access is reserved to University members only via credentials. 

Dedicated APIs have been developed for the publication of Open Data on the regional 

(https://dati.trentino.it/organization/universita-di-trento), Italian (https://www.dati.gov

.it) and European (https://data.europa.eu) data portals. With this interoperability service, 

we comply with national guidelines about sharing public sector information. 

The University Mobile App (https://unitrento.app/) is a communication service that has 

been developed by the IT staff of the University for its students. The knowledge graph is 

one of the data sources used and is accessed through dedicated APIs. 

Conclusions 
Digital transformation poses new challenges for universities. They need to tune their strategies 

for effective data governance and identify efficient solutions to trace and value information 

about their key assets scattered across multiple IT systems. As part of an overall solution to 

deal with the unavoidable data fragmentation and diversity, we illustrated the work done in 

Trento where we designed and implemented an infrastructure based on the Hub-and-Spoke 

paradigm. In this paper, we presented the new framework and the ETL facilities that we 

developed in 2021 to construct our knowledge graph more efficiently and easily than in the 

first version. The knowledge graph is used consistently by different digital services. We hope 

that the source code provided here can be of inspiration and can be employed by other 

universities to develop their own knowledge graphs and digital services. 
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