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Abstract. Semantic Table Interpretation (STI) is crucial in various fields, including data analysis, knowledge representation,
and information retrieval. Developing an efficient User Interface (UI) for managing and interacting with STI approaches would
significantly contribute to the field of semantic annotation by providing a practical and accessible tool, filling the current void
in state-of-the-art solutions. To address these challenges, we introduce MantisTable UI, a comprehensive web-based interface
designed to simplify the management of STI processes. This tool streamlines the user experience with its intuitive design and
offers a powerful plugin system, allowing easy extension and customisation of its capabilities. The paper details the architecture
and features of MantisTable UI, emphasising its modular design and user-friendly interface, and demonstrating how it can sig-
nificantly enhance productivity and flexibility for researchers and developers working with tables. To assess the efficiency and
usability of the platform, task-based testing and a questionnaire were administered to a group of participants. Results demon-
strated that MantisTable UI was positively received for its functionalities and effectiveness in facilitating sophisticated table
interpretation tasks, ultimately advancing semantic data management.

Keywords: Semantic Table Interpretation, User Interface, Knowledge Graph, KG construction, KG completion

1. Introduction

In the digital era, a significant volume of structured data about a wide range of domains is embedded in tables
on the Web. These tables hold enormous potential for data analysis and machine learning algorithms applications,
including classification, clustering, filtering, and retrieval [24]. However, tabular data is neither easily query-able
nor machine-readable due to their implicit or visual structures, which make them designed for a straightforward
human understanding [9]. For computers to effectively interpret, combine, and leverage this data, it is essential to
make the semantics explicit by identifying and annotating entities in the cells, their types, and the relation between
them [9].

Given this premise, the tasks of the Semantic Table Interpretation (STI) constitute a powerful method to anno-
tate elements in a table. By STI, it is intended the process of producing semantically annotated tables by matching
information in Knowledge Graph (KG) to tabular data. STI enables KG construction and KG completion, that is,
respectively, the organisation of triples of information in the form of (head entity, relation, tail entity) or <sub-
ject, predicate, object>, and the process of completing incomplete triples [38]. STI has gained increasing interest
among researchers, as can be demonstrated by the organisation of the International Semantic Web Challenge on
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Tabular Data to Knowledge Graph Matching (SemTab) challenge. This initiative has been proposed since 2018 and
repeated annually, with new datasets, approaches, and related Gold Standards (GSs) released yearly to benchmark
STI systems.

The research on STI tasks has led to creating and refining a set of components to implement and continuously
improve all the processes involved in constructing KGs. However, despite many STI approaches have been devel-
oped over the last years, none of them is equipped with a Graphical User Interface (GUI) that currently allows users
to dynamically execute the STI process. Therefore, we stress the need for a tool supported by an intuitive GUI to
handle the entire set of functionalities required for STI, including the export step, namely the operation of producing
the Resource Description Framework (RDF) triples from annotated tables.

This paper discusses the implementation of a new tool with a graphical interface designed for managing the input
and output of a STI approach through APIs. We will be referring to this new tool with “MantisTable UI”1, with its
name derived from the set of developed STI approaches, namely MantisTable V [1], which is, in turn, an extension
and improvement of MantisTable SE [10], and MantisTable [9].

The main functionalities of MantisTable UI are (i) the ability to manage and visualise the input and output of
STI approaches through APIs, (ii) the possibility of exporting RDF triples from the annotated tables, and (iii) the
availability of a plugin system to extend the default MantisTable UI capabilities, providing additional functionalities
such as lexicalization, visualisation, and export in user-defined formats.

This paper is organised as follows: Section 2 introduces the STI tasks, identifies the developed tools supporting
the STI processes, and provides an overview of their functionalities, defining a set of requirements a novel tool
would ideally meet. Section 3 describes how these requirements are integrated into MantisTable UI, illustrates its
architecture and provides an overview of how the platform works in practice. Section 4 presents the efficiency and
usability tests executed to evaluate MantisTable UI quality. Finally, Section 5 summarises the contributions brought
by this work, anticipating some planned future developments.

During the discussion we will clearly indicate the capabilities of this tool, stressing their importance and impact.

2. State Of The Art

This Section provides a description and formal definition of the STI tasks and a brief review of the existing
state-of-the-art (SOTA) STI tools.

In the SOTA, it is possible to identify different conceptualisations of the table annotation problem. Considering the
formalisation proposed in the SemTab challenge as one of the formulations that has obtained the greatest consensus,
we can define the STI as follows.

Given:

– a relational table T (Fig. 1);
– a Knowledge Graph (entities + statements) and an ontology (types + properties) (Fig. 2).

T is annotated when:

– each column is associated with one or more KG-types [Column-Type Annotation (CTA)] (e.g., the column
Name in the Fig. 1 is annotated with the type Mountain; the column Height is annotated with datatype
xsd:integer);

– each cell in “entity columns” is annotated with a KG-entity or with NIL (if not in the KG) [Cell-Entity Annota-
tion (CEA)] (e.g., the cell Le Mout Blanc is annotated with Mont_Blanc; the cell Hohtälli is annotated with
NIL since it has not yet been included in the KG);

– some pair of columns is annotated with a binary KG-property [Columns-Property Annotation (CPA)] (e.g., the
pair composed by the columns Name and Height is annotated with dbo:elevation).

The result of the annotation process can be seen in Fig. 3. In the example, the annotations can also generate new
elements within the KG (i.e., the entity Hohtälli).

1unimib-datai.github.io/mantistable-ui-docs

https://unimib-datai.github.io/mantistable-ui-docs/
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Name

Le Mout Blanc

Hohtälli

Monte Cervino

Coordinates

45° 49′ 57″ N, 06° 51′ 52″ E

45° 59′ 20″ N, 7° 48′ 10″ E

45° 58′ 35″ N, 07° 39′ 31″ E

Height

4808

3275

4478

Range

M. Blanc massif

Pennine Alps

Pennine Alps

Input Data

Fig. 1. Example of a well-formed relational table.

Mountain

NaturalPlace

Mount_Blanc

Mount_Cervino

4808 Mount_Blanc_ 
Massif

xsd:string

...

...

xsd:integer Mountain Range

Schema Level

Entity Level

Reference Knowledge Graph

georss:point

dbo:elevation

dbo:elevation

dbo:mountainRange

dbo:mountainRange

...

...

Fig. 2. A sample of Knowledge Graph.

xsd:integerxsd:stringName

Le Mout Blanc

Hohtälli

Monte Cervino

Coordinates

45° 49′ 57″ N, 06° 51′ 52″ E

45° 59′ 20″ N, 7° 48′ 10″ E

45° 58′ 35″ N, 07° 39′ 31″ E

Height

4808

3275

4478

Range

M. Blanc massif

Pennine Alps

Pennine Alps

Mountain Mountain_Range

Mount_Blanc Mount_Blanc_Massife

[NIL: Hohtälli] Pennine_Alps

Mount_Cervino Pennine_Alps

Annotated table

georss:point

dbo:elevation

dbo:mountainRange
Mountain

Mount_Blanc

Hohtälli

Mount_Cervino

4808

3275

45° 49′ 57″ N 
06° 51′ 52″ E

45° 59′ 20″ N    
7° 48′ 10″ E

Mount_Blanc_ 
Massif

Pennine_Alps

xsd:string xsd:integer Mountain Range

Statements derived from annotations

dbo:elevation
georss:point

georss:point
dbo:elevation

dbo:mountainRange

dbo:mountainRange

Schema Level

Entity Level

...

Fig. 3. Example of an annotated table.

This conceptualisation covers most of the proposed definitions by generalising some aspects (e.g., consideration
of NILs and selection of column pairs to annotate). The returned output of STI is a semantically annotated table.
Therefore, STI tasks are exploited to capture knowledge from tabular data, eventually enriching it with existing
Knowledge Graphs (KGs), and constructing new KG or extending existing ones.

Having clarified the concept of STI, we proceeded to identify the tools with GUI developed over the last few
years that perform the annotation process. In the SOTA, there are twelve STI tools with a user interface: 1) Open-
Refine2, 2) Karma3 [17], 3) Trifacta4, 4) TableMiner+ [23], 5) Odalic5, 6) ESKAPE [27], 7) MantisTable6 [7], 8)
DataGraft+ASIA7 [13, 29], 9) MTab tool [25], 10) MAGIC8 [33], 11) SemTUI9 [28], and 12) DAGOBAH UI10 [30].

An inspection of the current accessibility and usability of the listed tools assessed that the great majority of
them are currently no longer available. OpenRefine is the only one that can be successfully accessed and utilised.
It has a graphical user interface and is available in more than 15 languages, and its main features include Wikidata
reconciliation, Wikidata editing, and data augmentation. Odalic was installed via Docker image, which permitted
the selection of two inputs: (i) a table of data in CSV format and (ii) one or more Knowledge Bases. The latter
can be chosen among ADEQUATe, DBpedia, German DBpedia, Local KB, and OpenData, which can be combined
to improve the annotation results. It is also possible to import/add a new KG. Nonetheless, STI process-related
features are not working, which marks this second tool as accessible but not usable. On the other hand, Trifacta is
now Alteryx11, an AI Platform for Enterprise Analytics. Indeed, Trifacta was acquired by the computer software

2openrefine.org
3usc-isi-i2.github.io/karma
4alteryx.com/about-us/trifacta-is-now-alteryx-designer-cloud
5github.com/odalic
6bitbucket.org/disco_unimib/mantistable-tool/src/master
7datagraft.io
8github.com/IBCNServices/MAGIC
9github.com/I2Tunimib
10developer.orange.com/apis/table-annotation
11alteryx.com

https://openrefine.org
https://usc-isi-i2.github.io/karma/
https://www.alteryx.com/about-us/trifacta-is-now-alteryx-designer-cloud
https://github.com/odalic
https://bitbucket.org/disco_unimib/mantistable-tool/src/master/
https://datagraft.io/
https://github.com/IBCNServices/MAGIC
https://github.com/I2Tunimib
https://developer.orange.com/apis/table-annotation
https://www.alteryx.com/
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company Alteryx in January 2022. Two months later, Alteryx announced its Analytics Cloud Platform, which it
updated to integrate Designer Cloud powered by Trifacta.

Concerning the other nine listed STI tools, all of them are currently unreachable, i.e., their installation cannot
be completed or, if they are successfully installed, their GUI cannot be reached. Our previous MantisTable tool is
currently deprecated as it was tightly coupled with the homonym approach, which was successively modified in an
extensive way without leading to any interface updates.

A more detailed description of the tools is provided below to identify each tool’s features, strengths and weak-
nesses, and consequently define the characteristics a comprehensive STI tool, like the one proposed in this paper,
would ideally possess. However, as it is not possible to directly check the availability of the original functionalities
of the entirety of the developed STI tools, due to the impossibility of accessing or using some of them, the analysis
derives from the information provided in each tool’s respective paper. The order of description follows the release
order of the tools.

1. OpenRefine12 is an Open Resource tool licensed under the BSD 3-Clause License. Tables of different formats
can be imported into the platform, including TSV, CSV, Excel, XML, RDF/XML, JSON, N3 and LOG. It offers
a workspace with several features, including the ability to export RDF triplets in different formats, explore data
through filters and faceted exploration, apply clustering for grouping cells, modify cells individually or in groups
using transformation rules, modify columns by renaming, delete, or adding new ones, modify rows by filtering and
flagging, display numerical value distributions, and autosave. Moreover, it uses extensions for additional functional-
ity. Therefore, it allows handling table manipulation and automatic table extension. OpenRefine offers functionality
to reconcile against user-edited data on Wikidata or other Wikibase instances or reconcile against a local dataset13.
The reconciliation functionality was introduced in version 2.5, which was released on March 5, 2015.

2. Karma14 [17] is an Open Source (Apache license 2.0) information integration tool that allows users to integrate
data coming from different sources quickly and easily. Such sources include databases, spreadsheets, delimited text
files, XML, JSON, CSV and Web API. Users can import different ontologies and leverage them to annotate their
data with standard vocabularies, ensuring accurate integration. Unlike the above OpenRefine, it supports semi-
automatic annotation and annotation suggestions. Karma provides a responsive interface, fast processing, and batch
mode for large datasets. Additionally, it offers data transformation scripts to convert data into a common format. A
demonstration video15 is available. As explained above, the tool is no longer available.

3. Trifacta16, as developed before the more recent acquisition by Alteryx, is a collection of software used for
data exploration and self-service data preparation for analysis. Trifacta works with cloud and on-premises data plat-
forms. It is designed for analysts to explore, transform, and enrich raw data into clean and structured formats using
techniques in Machine Learning (ML), data visualisation, human-computer interaction, and parallel processing. For
non-technical users, it is conceived to prepare data for various business processes such as analytics. It is composed of
three main products: i) Trifacta Wrangler - a connected desktop application used to transform data for downstream
analytics and visualisation; ii) Wrangler Pro - it offers support for large data volumes, deployment options for both
cloud and on-premises environments, and the capability to schedule and operationalise data preparation workflows,
iii) Wrangler Enterprises - it provides self-service functionalities to explore and transform data with centralised
management of security, governance and operationalisation. It can handle the import of tables, table manipulation
and automatic table extension, but it does not support functionalities related to table annotation.

4. TableMiner+ [23] is an Open Source tool (Apache license 2.0) and it consists mainly of two components: a
Java library that implements the homonym approach [19] and an extension that constitutes a user-friendly GUI for
the semantic annotation of Web tables. Although the source code is available17, the use is limited as the queries
refer to Freebase18, a KG closed in 2015. Even after applying modifications to exclude calls to the deprecated

12openrefine.org
13openrefine.org/docs/manual/reconciling
14usc-isi-i2.github.io/karma
15youtube.com/watch?v=h3_yiBhAJIc
16trifacta.com
17github.com/ziqizhang/sti
18freebase.com

https://openrefine.org
https://openrefine.org/docs/manual/reconciling
https://usc-isi-i2.github.io/karma
https://www.youtube.com/watch?v=h3_yiBhAJIc
https://www.trifacta.com/
https://github.com/ziqizhang/sti
http://www.freebase.com/
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Freebase API and refer to DBpedia instead, an HTTPException error with code 500 prevents the STI phase19. Such
an error probably indicates an incorrect formulation of the SPARQL queries within the TableMiner+ algorithm.
Consequently, this overview is based on the information provided in the paper [23].

5. Odalic addresses the limitations of TableMiner+ and, just like the previous, is an Open Source tool (Apache
license 2.0). The code is available in Github20, and it can be easily installed via a Docker image21. It provides
a GUI for table interpretation, data export as linked data, and results review through user feedback. It supports
CSV input and manual specification of relationships between columns. Odalic can work with any KG accessible
via SPARQL and perform STI using query results from different KG interrogations. It does not allow the import
of tables via API or ontologies. Moreover, its functionalities do not include table manipulation, automatic table
extension, visualisation of annotations and annotation suggestions. The tool can currently be accessed and handles
some operations. However, the server cannot process STI tasks.

6. ESKAPE [27] is a platform designed to simplify the processing, querying, and subscription to heterogeneous
data sources without requiring users to engage with the underlying data models. Instead of a pre-defined ontology,
ESKAPE uses a knowledge graph that users can expand on with semantic models tailored to their specific datasets.
Leveraging semantic annotations allows for data source substitution and eliminates the need for users to analyse data
models to comprehend the content. Among its functionalities, it includes (i) data enrichment, to extract and persist
new information by using data attributes already available in the data, (ii) data transformation, which consists of
transforming data attributes based on knowledge offered by the semantic model, and (iii) data analysis, that involves
all tasks capable of extracting new information. As the ESKAPE GUI was not made available, this description is
based on the information provided in the paper [26].

7. MantisTable tool22 [7] is a user-friendly Open Source (Apache license 2.0) User Interface (UI) that facilitates
the exploration of the annotation steps within the STI process. Specifically, the tool enables users to visually explore
and execute annotations through all the sub-tasks of the STI process. It features a convenient right sidebar that offers
additional information about each annotation in an info mode and allows manual editing of annotations using an
edit mode widget. To support the annotation editing process, MantisTable leverages KG summary profiles provided
by ABSTAT [31]. Note that MantisTable is an STI approach provided with a GUI and, therefore, it differentiates
from MantisTable UI. The latter is indeed a new proposal stemming from the experience gained over the past years,
and that also derives from previous MantisTable developments [7], [10], and [1].

8. DataGraft+ASIA23 refers to the integration of ASIA [13] and Datagraft [29]: ASIA is a tool to assist users
in annotating tables and enriching their content using discovered links. At the same time, Datagraft is a cloud-
based data transformation and publishing platform that supports the design and execution of transformations of
tabular data. Transformations encompass not only data cleaning functionalities but also the generation of RDF
data through table-to-RDF mappings (implemented with Grafterize framework24). ASIA supports table annotation:
it exploits vocabulary suggestions from the knowledge graph profiling tool ABSTAT [31] to annotate properties
and column types, and entity linking algorithms (executed as services) to annotate cells. In addition, it uses data
extension services to fetch data from third-party sources, adding new columns to the original table. The users
control these operations from the GUI and they can check the results. Consequently, DataGraft+ASIA supports
two main applications: KG generation and tabular data enrichment. ASIA-supported annotations are traduced to
data transformation specifications; these specifications can be executed, making the transformations repeatable,
shareable, and extensible. Data can be exported in tabular and RDF formats and published in the DataGraft platform.
As previously mentioned, the tool cannot be reached any longer.

The 9. MTab tool25 [25] is designed to automatically annotate data using KGs. It enriches the original table data
by adding schema and instance-level annotations. The tool supports multilingual tables and various formats such as

19github.com/ziqizhang/sti/issues/5
20github.com/odalic
21github.com/odalic/odalic-docker
22bitbucket.org/disco_unimib/mantistable-tool
23datagraft.io
24eubusinessgraph.eu/grafterizer-2-0
25mtab.app/mtab

https://github.com/ziqizhang/sti/issues/5
https://github.com/odalic
https://github.com/odalic/odalic-docker
https://bitbucket.org/disco_unimib/mantistable-tool
https://datagraft.io/
https://www.eubusinessgraph.eu/grafterizer-2-0/
https://mtab.app/mtab
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Excel, CSV, and markdown tables. The system operates through a series of steps, such as pre-processing the tabular
data and then enriching the table with semantic annotations using prediction and search functionality. Notably, the
system achieved first place in the usability track of the SemTab challenge. It includes a GUI that offers features
like table upload (also via API) and an annotate button to initiate the process comprising the mentioned tasks.
Additionally, the GUI allows users to search for entities in popular KGs like Wikidata and DBpedia. However, it is
important to note that the search functionality operates independently and does not assist users in other aspects of
the annotation process. The MTab tool is accessible solely through an online web interface, with no available source
code about the final version26. However, the online web interface currently cannot be accessed.

The 10. MAGIC tool27 [33] supports users in annotating data by following a structured pipeline to augment the
semantics of a given table and provides a user-friendly graphical interface for column augmentation. However, it
is essential to note that the GUI lacks feedback on the produced annotations during table processing. The Instance
Neighboring using Knowledge (INK) embedding technique can also enrich the table with information from the same
dataset, semantically enriching the overall dataset with externally linked data. A demonstration video of the MAGIC
tool, which is Open Source (custom license created by Ghent University and IMEC), is available28. Nonetheless, as
mentioned above, the tool cannot be reached any longer.

11. SemTUI29 is an Open Source (Apache license 2.0) web-based application, composed of a front-end mod-
ule built with React and Redux, and a back-end built with Node.js and Express. SemTUI focuses on tabular data
annotation and extension tasks and is decoupled from DataGraft. It implements a “link & extend” paradigm, in-
spired by linked open data, but more general and supported by several data linking and data extension services
(e.g., geocoding services, data services, and so on). Compared to its first version, ASIA, it provides a better GUI,
and more functionalities to support human-in-the-loop tabular data annotation and extension. It is integrated with
end-to-end STI algorithms [2] (improved from [8]) that provide a first annotation of an input table, which users are
expected to revise and manipulate. Particular attention is given to the revision of entity linking, which exploits a
recent confidence-aware algorithm [4]. SemTUI is only partially functioning due to bugs in the code that hinder full
usability for end-users. Additionally, the developers have not maintained the code.

12. DAGOBAH UI is a web interface designed to visualise, validate, enrich, and manipulate the results of the STI
process through DAGOBAH API30. The tool allows table data extracted from various pre-loaded benchmarks and
additional files. It utilises DAGOBAH-SL, a RESTful API that implements pre-processing and STI functionalities.
DAGOBAH UI addresses the issue of missing data by allowing users to add additional columns using background
knowledge from KGs. The tool was only accessible through an online web interface, while the source code is
unavailable. Unlike few other discussed tools, there are no options to support annotation suggestions, auto-complete,
table manipulation and automatic table extension. DAGOBAH UI is not available any longer.

Table 1 provides a comparison of the described tools based on some key functionalities: (i) table import, (ii)
table import via API, (iii) import of ontologies, (iv) definition of personalised ontologies, (v) semi-automatic an-
notation/HITL, (vi) semantic annotation suggestions, (vii) auto-complete support for the STI process, (viii) STI
subtasks (CEA, CTA, and CPA), (ix) table manipulation, (x) automatic table extension, (xi) graphical visualisation
of the annotations, (xii) auto-save of current user workspace, (xii) export mapping, (xiii) RDF triplets export, and
(xiv) open source. Moreover, it reports the release year for each tool. None of the tools includes all the key aspects
required for the semantic enrichment of tabular data, with SemTUI equipped with most of the selected functional-
ities. It was impossible to determine the functionalities handled by ESKAPE, due to the unavailability of the tool
and insufficient information in the relative papers.

Considering the scarcity of working tools capable of handling key STI features, we further emphasise the ne-
cessity of building a novel tool that can simplify the management of STI processes throughout an intuitive GUI.
Decisions on the functionalities to be included derive from the SOTA requirements analysis, and their application
in MantisTable UI is explained in Section 3.1.

26github.com/phucty/mtab_dev - dev version
27github.com/IBCNServices/MAGIC
28youtube.com/watch?v=ZhTKxcTBZNE
29github.com/I2Tunimib
30developer.orange.com/apis/table-annotation

https://github.com/phucty/mtab_dev
https://github.com/IBCNServices/MAGIC
https://www.youtube.com/watch?v=ZhTKxcTBZNE
https://github.com/I2Tunimib
https://developer.orange.com/apis/table-annotation
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Table 1
Comparison of semantic table interpretation tools based on some key functionalities. The symbol “-” indicates it was not possible to define
whether a tool possesses a functionality.

Functionalities

O
pe

nR
efi

ne

K
ar

m
a

Tr
ifa

ct
a

Ta
bl

eM
in

er
+

O
da

lic

E
SK

A
PE

M
an

tis
Ta

bl
e

D
at

aG
ra

ft

M
Ta

b

M
A

G
IC

Se
m

T
U

I

D
ag

ob
ah

Import of tables Y Y Y N N Y Y Y Y Y Y Y
Import of tables via API N Y Y N N Y Y Y Y Y Y Y
Import of ontologies N Y N N N - N Y N N N N
Definition of personalised ontologies N N N N N - N Y N N N N
Semi-automatic annotation/HITL N Y N Y Y - Y N Y Y N Y
Annotation suggestions N Y N N N - Y Y N Y Y N
Auto-complete support Y Y N N N - Y Y N N Y N
Subject column detection N Y N Y Y - Y N Y N Y Y
CEA Y N N Y Y - Y Y Y Y Y Y
CTA N N N Y Y - Y Y Y Y Y Y
CPA (NE columns) N N N Y Y - Y Y Y Y Y Y
CPA (LIT columns) N N N Y Y - Y Y Y Y Y Y
Table manipulation Y Y Y N N - Y Y N N Y N
Automatic table extension Y N Y N N - N Y N Y Y N
Visualisation of annotations N N N N N - Y Y Y Y Y Y
Auto save Y Y Y N N - N Y N N N N
Export mapping N Y N Y Y - Y Y Y Y Y Y
Export RDF triplets Y Y N Y Y - Y Y Y Y Y Y
Open Source Y Y N Y Y - Y Y N Y Y N
Release Year 2010 2012 2012 2016 2016 2017 2019 2019 2021 2021 2022 2022

3. Approach and Implementation

From the analysis conducted in Section 2, it is clear that developing a comprehensive tool managing the input and
output of a STI approach can be significantly relevant to any user, necessitating an accessible framework to make
the annotation process effective. In this Section, the following elements are presented: (i) Subsection 3.1 illustrates
the key STI requirements depicted in Table 1 as they are integrated into MantisTable UI, (ii) Subsection 3.2 offers
an explanation of the architecture of the implemented framework, and (iii) Subsection 3.3 describes MantisTable UI
in practice, providing an overview of the interaction with the platform and of the functioning of its plugin system.

3.1. Requirements fulfilment

The examination of the SOTA aimed at identifying a set of requirements that a tool managing STI processes
should ideally be endowed with, to fully encapsulate the entire semantic enrichment experience. The fulfilment of
these requirements guided the structuring of MantisTable UI. Table 2 maps each requirement to the corresponding
MantisTable UI implementation, when applicable.

Import of tables, visualisation of annotations, and auto-save are already fully supported by MantisTable UI v1.0.
Additionally, export functionalities and automatic table extensions are implemented in the platform via the export
and transformation plugins. The plugin system is explained in Section 3.3.1. Integrating additional features using
plugins allows users to customize outputs independently from the MantisTable UI core system, ensuring stability.

Other requirements, such as the import and definition of personalised ontologies, as well as subject column
detection, are not considered for direct integration within MantisTable UI since they must be directly managed
by the STI approach rather than within the platform itself. The STI approach must also implement the core STI
tasks represented by CEA, CTA, and CPA for Named Entity (NE) and Literal (LIT) columns and visualise within
MantisTable UI. Semi-automatic annotation with human-in-the-loop (HITL) is supported through manual editing
of annotations.

Future development is planned for the import of tables via API, the integration of annotation suggestions, and
auto-complete support31.

Table manipulation is not supported, marking it as the only requirement not met by MantisTable UI.

31github.com/unimib-datAI/mantistable-ui/issues

https://github.com/unimib-datAI/mantistable-ui/issues
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Table 2
List of requirements for MantisTable UI.

Requirements MantisTable UI
Import of tables Supported
Import of tables via API Future development (v2.x)
Import of ontologies Not considered as it should be directly integrated into the STI approach
Definition of personalised ontologies Not considered as it should be directly integrated into the STI approach
Semi-automatic annotation/HITL Manual editing of the annotations (future development v1.2)
Annotation suggestions Future development (v1.3)
Auto-complete support Future development (v1.3)
Subject column detection Not considered as it should be handled by the STI approach
CEA, CTA, and CPA (NE columns and LIT columns) Implemented by the STI approach and visualised in MantisTable UI

Table manipulation Not supported
Automatic table extension Implemented via transformation plugins
Visualisation of annotations Supported
Auto-save Supported
Export mapping Implemented via export plugins
Export RDF triplets Implemented via export plugins

3.2. Architecture

This Section illustrates the architecture of MantisTable UI along with all the technologies used to build the entire
system.

MantisTable UI

LamAPIKG MongoDB

s-elBat MongoDB

BACKEND

FRONTEND

Next.js

PLUGINS
FastAPI

Export Add-on Transformation

MongoDB

PostreSQL

Fig. 4. MantisTable UI Architecture.

The architecture includes multiple independent software modules that cooperate by exchanging data, resulting
in a cohesive system that provides comprehensive functionality and allows for scalability, flexibility, and easier
maintenance. Fig. 4 shows the different software components implemented and deployed using Docker containers.
The core module has been integrated into a web application developed with T3 Stack32, a TypeScript full-stack
framework. T3 Stack is based on Next.js33 which is a popular React framework that provides server-side rendering,
static site generation, and other advanced features like API routes, image optimisation, and file-based routing.

32create.t3.gg
33nextjs.org

https://create.t3.gg/
https://nextjs.org/
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A description of each component/module of the architecture will be provided below.
1. Frontend Module: the module is responsible for the user interaction during table annotation. The technologies

of the T3 Stack that have been integrated into this module are: (i) TypeScript34, a strongly typed programming
language that builds on JavaScript, providing static typing to catch errors early in the development process; (ii)
Tailwind CSS35, an utility-first CSS framework that provides low-level utility classes to build responsive and modern
UIs quickly. Tailwind CSS promotes rapid development and allows for highly customisable and consistent styling
across the application.

2. Backend Module: the backend module is fundamental as it interacts with requests from the frontend (which
are made by the user), and then performs all the operations behind the scenes. The main role of this component is to
collect requests from the frontend, save the data in the database, and interact with the execution of plugins. In this
module, the technologies used from T3 Stack are: (i) tRPC36, a TypeScript-based remote procedure call framework
which allows the building of type-safe APIs. It provides end-to-end type safety, enabling the developer to define
the APIs in a single place and get full type inference across the stack; (ii) Drizzle37, an ORM tool for Node.js
and TypeScript that provides a type-safe database client. It simplifies database interactions by offering an intuitive
schema definition language and powerful query capabilities, and it supports popular databases such as PostgreSQL
and MySQL.

3. Plugins Module: the last component of the architecture is represented by the Plugins Module, which allows the
application to load plugins. The implementation of the plugins is separate from the T3 Stack and has been developed
using the FastAPI38 backend framework. Plugins are written in Python as it provides a vast ecosystem of libraries,
especially for data manipulation, transformation, and export tasks. Libraries like pandas, numpy, and scipy make
data handling and manipulation straightforward and efficient. Python was also chosen for its simplicity, readability,
and versatility. Its clear syntax makes it easy to learn and write, reducing the complexity of coding tasks. When
selected, each plugin is loaded in an isolated environment and executed independently.

3. Databases: Uploaded tables and their respective annotations are permanently stored in a Postgres39 database,
which is perfectly integrable in the Next JS system, and enables to retrieve tables efficiently. On the other hand, the
Plugins service relies on Mongo40 database to store plugin information.

The above explained architecture and technologies allow for application-level parallelism and simplify server
deployment. The GUI introduced in this paper aims to complete the deployment of all the discussed tools, enabling
the semantic table interpretation process, providing the possibility to graphically explore annotations for every phase
and easily execute the export step, as well as the plugin of the Python modules as zip files.

The source code for MantisTable UI is freely available41 and AGPL licensed, enabling users to access, modify, and
contribute to the platform. By providing open access to the codebase and detailed documentation42, we encourage
collaboration and innovation within the community, allowing developers to tailor the tool to their specific needs,
integrate new features, and enhance its overall functionality through the plugin system.

3.3. MantisTable UI in Practice

MantisTable UI integrates a default STI approach: s-elBat [2, 8], whose name comes from taBle-s and Semantic
Entity Linking to BAtch Table. s-elBat is a supervised and unsupervised STI approach that incorporates various
strategies to address all STI challenges. Based on the experience acquired from those solutions and their involvement
in the SemTab Challenge, it integrates a feature vector-based entity disambiguation (ED) approach. This approach

34typescriptlang.org
35tailwindcss.com
36trpc.io
37orm.drizzle.team
38fastapi.tiangolo.com
39postgresql.org
40mongodb.com
41github.com/unimib-datAI/mantistable-ui
42unimib-datai.github.io/mantistable-ui-docs

https://www.typescriptlang.org/
https://tailwindcss.com/
https://trpc.io/
https://orm.drizzle.team/
https://fastapi.tiangolo.com/
https://www.postgresql.org/
https://www.mongodb.com/
https://github.com/unimib-datAI/mantistable-ui
https://unimib-datai.github.io/mantistable-ui-docs/
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Fig. 5. MantisTable UI Landing Page. Fig. 6. MantisTable UI Imported tables - Homepage. Highlight on the
“View & Process” button.

Fig. 7. MantisTable UI Table import - Homepage. Fig. 8. MantisTable UI View & Process Page. Highlight on some of the
CTA, CEA and CPA result icons.

Fig. 9. MantisTable UI- “Manage Plugin” option. Fig. 10. MantisTable UI- Plugins list.

combines both heuristic and machine learning techniques to achieve precise disambiguation results. MantisTable UI
also allows users to integrate their approaches via API interaction. The API must consist of two primary endpoints:

1. Semantic Table Interpretation, which processes a given table and performs semantic interpretation;
2. Get Table Annotations, which returns the table and its annotations.

Information about endpoints can be set in the configuration file43.
Having illustrated the default STI approach and the possibility of integrating external approaches with an API, an

explanation of how to use MantisTable UI44 in practice is provided in this subsection, mainly focusing on the novel
plugin system.

In particular, a description of each page constituting the GUI and an overview of its functionalities is provided
below:

43unimib-datai.github.io/mantistable-ui-docs/docs/getting-started/configuration#external-sti-services
44mantistable.datai.disco.unimib.it

https://unimib-datai.github.io/mantistable-ui-docs/docs/getting-started/configuration#external-sti-services
https://mantistable.datai.disco.unimib.it/
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– Landing page: displays the MantisTable UI logo and a short description of the tool. Via the “get started”
button, users can access the homepage from which they can either move to a window to visualise the imported
tables or go to another window where new table import can be executed (Fig. 5);

– Imported tables - Homepage: in this window, a table reports information about each of the already imported
tables, including ID, name, description, insert date, last edit date, and status (one between “DONE”, indicating
the table is already annotated, and “TODO”, indicating the opposite). Tables can be filtered by name and status.
A “View & Process” button associated with each of the imported tables guides users to a the “View & Process”
page (Fig. 6);

– Table import - Homepage: allows the import into the platform of new, not yet annotated tables. For each
new insertion, a name and a description of table content are required before selecting and uploading the file
(Fig. 7). MantisTable UI currently supports the import of tables in CSV format only, meaning tables in every
other format must be converted to CSV before insertion into the platform. New tables can be visualised in the
imported tables homepage described above;

– View & Process page: if a table has already been processed and is therefore associated with the status “DONE”
in the homepage, users can find it in the “View & Process” page (Fig. 8). Visualising the results of the CTA,
CEA and CPA tasks is possible. The resulting entity IDs associated with each mention are displayed in the
original table, and by clicking on them, users are redirected to the corresponding Wikidata entity pages. If the
selected table has not yet been processed, it is possible to proceed with the annotation task via the corresponding
button and to check the status of the process, eventually refreshing the page. Successively, users can visualise
the annotation result as described above, as well as the number of rows and columns constituting the table.

Following the annotation step, it is possible from the same page to finalise the process by exporting the annotated
table. MantisTable UI already allows the export in some formats (JSON, N3, trig, ttl, XML). Yet, as part of its
plugin system (see Section 3.3.1), it offers the possibility to import specific customer-built export modules as .zip
files, enabling the export of tables in a customised format to expand MantisTable UI default functionalities. This
option is handled and performed via the “Manage Plugin” button (Fig. 9), which allows importing the modules.
Once the plugin is imported, it can be visualised and eventually selected among the available plugins (Fig 10), as
will be described in Section 3.3.1.

3.3.1. Plugin System
To enhance its capabilities, MantisTable UI is designed to be an extensible tool through the use of plugins. Three

main types of plugins can be integrated: (i) export plugins, (ii) add-on plugins, and (iii) transformation plugins. A
brief overview of their functionalities and use case examples are provided in what follows:

1. Export Plugins: they enable MantisTable UI to export data and annotations in user-defined formats45. Hence,
they are responsible for the possibility of exporting tables to custom file formats (i.e., TTL, JSON, XML, N3,
TRIG, N-TRIPLES)46, generating reports of table content or other document formats, or providing custom
serialisation of table data for integration with other systems;

2. Add-on Plugins: they use semantic annotations to process table data, providing additional functionalities
that can enhance the interpretability and presentation of the data47. For instance, the lexicalisation plugin48,
named MantisTableX [12], is a powerful tool in improving the interpretability of tables, as it generates natural
language descriptions of table content. Other use cases for add-on plugins include visualising table data in
charts or graphs and integrating with external semantic services for enriched data processing;

3. Transformation Plugins: they allow complex data transformations to modify table structures and reshape
data to meet specific analysis needs. Data transformation also includes the performance of computations for
operations such as normalisation of data entries, as well as data cleaning, which is essential to improve data

45github.com/unimib-datAI/mtu-plugin-export-sample
46github.com/unimib-datAI/mtu-plugin-export
47github.com/unimib-datAI/mtu-plugin-addon-sample
48github.com/unimib-datAI/mtu-plugin-mantistablex

https://github.com/unimib-datAI/mtu-plugin-export-sample
https://github.com/unimib-datAI/mtu-plugin-export
https://github.com/unimib-datAI/mtu-plugin-addon-sample
https://github.com/unimib-datAI/mtu-plugin-mantistablex
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quality49. MantisTable UI uses regular expressions50 to capture the type of the columns. In this way, the other
plugin developer can set the constraint on the plugins applicability. Some transformation plugins are already
integrated into MantisTable UI: Uppercase51, a simple plugin that allows the user to convert the contents of an
entire column into uppercase, and Reverse Geocoding52, for translating latitude and longitude coordinates into
human-readable address for geolocalisation purposes. This plugin uses the Open Street Map reverse geocoding
service53.

To ensure security and stability, the plugins are executed in isolation within a Docker container. This approach
guarantees that each plugin operates in an independent environment, preventing interference between plugins and the
core MantisTable UI system. Each implemented plugin should allow configuration through environment variables
or configuration files, and should be completed by clear documentation. A detailed guideline on the usage and
implementation of the plugin system can be found in the MantisTable UI plugin documentation54.

4. Efficiency and Usability Testing

The efficiency and usability of the tool have been tested following a standard evaluation process consisting of
administering to a group of participants, (i) a set of specific tasks, and (ii) a user experience questionnaire. Moreover,
the Think-aloud method [37] was involved to gain real-time insights into users’ interaction with the platform.

The execution of the specific activities was evaluated based on the “Task Success Rate”. This metric identifies
effectiveness, which is defined as the accuracy and completeness with which users can achieve specified goals in
particular environments55.

The formula for “Task Success Rate” is shown below:

Task Success Rate =
Number of successfully completed tasks

Total number of subtasks undertaken
× 100 (1)

where a task was considered to be successfully completed if participants achieved its corresponding goal, suggesting
successful navigation and interaction with the platform. The tasks were scored as follows: 0 for not completed tasks,
1 for tasks completed with difficulty, and 2 for tasks completed successfully. The obtained scores for the tasks were
summed and divided by the maximum possible score (in this case, 58). Successively, the result was converted into
a percentage value.

The tasks which were assigned to the users are the following:

– Task 1: Importing a new table (provided in advance to the participants);
– Task 2: Annotating the imported table;
– Task 3: Identifying the column type annotation;
– Task 4: Exporting the table in .xml format;
– Task 5: Lexicalising the annotated table via the MantisTableX plugin;
– Task 6: Importing a custom plugin (provided in advance to the participants);

After completing the specific tasks, the System Usability Scale (SUS) questionnaire was employed as a validated
tool to measure user satisfaction. The SUS is a user experience questionnaire comprising ten items, each scoring
on a Likert scale ranging from 1 to 5. It is valued for its simplicity, reliability, and versatility in assessing various

49github.com/unimib-datAI/mtu-plugin-tranformation-sample
50docs.python.org/3/library/re.html
51github.com/unimib-datAI/mtu-plugin-uppercase
52github.com/unimib-datAI/mtu-plugin-reverse-geocoding
53nominatim.openstreetmap.org/ui/
54unimib-datai.github.io/mantistable-ui-docs/docs/plug-in
55International Organization for Standardization. ISO 9241-11:2018 Ergonomics of Human-System Interaction – Part 11: Usability: Defini-

tions and Concepts 2018

https://github.com/unimib-datAI/mtu-plugin-tranformation-sample
https://docs.python.org/3/library/re.html
https://github.com/unimib-datAI/mtu-plugin-uppercase
https://github.com/unimib-datAI/mtu-plugin-reverse-geocoding
https://nominatim.openstreetmap.org/ui/
https://unimib-datai.github.io/mantistable-ui-docs/docs/plug-in/
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systems and interfaces [6]. The measured metric, “Satisfaction“, is defined as the mean value of the responses to the
post-test administered SUS questionnaire questions, and the following formula can represent it:

Satisfaction =
Question Value 1 + Question Value 2

2
(2)

Its total score ranges from 0 to 100, with higher values indicating higher satisfaction. Generally, a score exceeding
70 is regarded as good, whereas a score over 85 is deemed excellent [16].

The choice of this type of procedure to assess the efficiency and usability of MantisTable UI relies on the intention
of providing both a quantitative evaluation, given by the Task Success Rate, as well as a qualitative evaluation,
resulting from the Think-aloud method and the SUS questionnaire. Together, they offer a more comprehensive
overview of the usability of the tool. Indeed, the latter evaluation method constitutes an essential resource for
recommendations and general feedback, while the Task Success Rate metric returns a more objective assessment of
the platform’s usability.

Participants’ recruitment consisted of the selection of a pool of 24 subjects in the age range 22-58. Out of the 24
subjects, 12 of them were “non-expert users”, meaning that they had no experience in the domains of semantics,
KG or data integration. The others were considered expert users, as they were aware of semantics and related topics
and working with data from this field. Classification into one of the two categories was based on a preliminary
questionnaire completed by each participant regarding his familiarity with the semantics field. Each participant
used his laptop to complete the usability testing.

4.1. Results

The efficiency and usability testing evaluated user perceptions of MantisTable UI usability via a mixed-methods
approach, which included effectiveness, measured by the task success rate, and satisfaction, assessed through the
SUS questionnaire and user feedback.

4.1.1. Task Success Rate
As previously explained, the metric used for evaluating the effectiveness of MantisTable UI was the Task Success

Rate score, which indicates whether a particular aspect of a product needs improvement in its usability.
Table 3 reports the task success scores, revealing varied levels of success across different tasks. While Task 1

(importing a new table) was easily completed by all the participants, Task 3 (identifying the column type annotation)
registered the lowest success rate, amounting to 77.58%. The other four scores ranged between 81.03% and 94.82%.
Overall, users quickly comprehended and completed most of the tasks. The main difficulty observed in completing
Task 3 was the failure of participants to identify in the “P” icon the button revealing the column type annotation.
A similar issue was encountered in Task 2 (annotating the imported table), denoted by the second lowest score
(81.03%). Indeed, some users did not recognise the button responsible for the annotation task, while others struggled
to identify it, eventually completing the task after random attempts of clicking the available icons. Despite these
errors involved only non-expert users, they unveiled the need to modify the design, making the buttons’ purpose
explicit throughout the appearance of text while hovering over their icons.

For each participant, the evaluator kept track of the time employed to complete each task. A substantial difference
in the completion time was measured between expert and non-expert users, with shorter completing intervals for
expert users and reduced ranges of variation. Results are displayed in Fig. 11. An exception is constituted by Task
1 (importing a new table) and Task 2 (annotating the imported table), whose relatively large ranges of variation for
expert users, in line with the ranges of variation registered for non-expert users, could be attributed to the fact that
participants were interacting for the first time with the platform and needed some time to become familiar with it, as
demonstrated by the shorter completion times achieved in the successive tasks (as well as by the success rate scores).
Moreover, it must be noted that Task 3 (identifying the column type annotation) has the shortest range of variation
and completion times for expert users, indicating they quickly identified the button responsible for the CPA task.
Task 4 (exporting the table in .xml format), i.e., the one registering the second highest Success Rate, has overall the
shortest completion times among non-expert users. Although all the users completed Task 1 (with a Success Rate of
100%), it took them longer compared to completing Task 4 (which registered a lower Success Rate), as they needed
to gain familiarity with the platform.
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4.1.2. User Experience Questionnaire and General Feedback
Following the testing sessions, participants provided valuable feedback on various aspects of the application.

Overall, positive feedback was collected regarding the user-friendly interface and ease of navigation. Expert users
particularly praised the platform’s utility in executing STI processes. Constituting the only type of negative feedback,
many of the participants highlighted the necessity of adding explanatory text when hovering some of the icons in
the View & Process page, such as the icon to perform the annotation process, as it would reduce the time to execute
for the first time this task and therefore improve usability. This suggestion already emerged as a consequence of the
implementation of Task 2 and Task 3 and was also stressed by expert users despite their ease in completing Task 3.

Regarding the post-test administered SUS questionnaire, the average score of 71.82 (SD 5.66) suggests the plat-
form is perceived to be highly usable. The calculated scores ranged from 63,5 (satisfying usability) and 81 (good
usability), indicating a consistent perceived usability among the 24 subjects. However, the lowest score denoted
the necessity of refining certain design elements, as suggested by the feedback obtained through the Think-aloud
method and the task completion. As a consequence, these problematic elements were successively fixed.

# Task Success Rate
Task 1 100%
Task 2 81.03%
Task 3 77.58%
Task 4 94.82%
Task 5 86.2%
Task 6 91.37%

Table 3: Task Success Rates
scored by the participants.
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Fig. 11.: Difference in task completion time between expert and non-expert
users.

5. Conclusions and Future work

This paper presents MantisTable UI, a novel web-based interface supporting the STI process and providing an
intuitive GUI to assist users in executing all the steps provided by a STI approach. To address the significant gap
in SOTA solutions, this tool was developed in response to the current lack of user-friendly interfaces for manag-
ing STI tasks. A detailed description of the independent modules constituting the MantisTable UI architecture is
presented, highlighting the substantial advantages of scalability, flexibility, and easier maintenance of the architec-
ture guaranteed by such a modular framework. The plugin system constitutes a powerful instrument to extend the
default MantisTable UI features from data transformation to the export phase. The efficiency and usability tests
demonstrated the expected ease of use of the tool, with overall positive scores on the administered usability tasks
and appreciative feedback on the clarity and usefulness of the platform.

The release of MantisTable UI significantly impacts the field of STI as it constitutes the only tool that supports
STI provided with a currently operating GUI. MantisTable UI is free, open, and accessible on the Web, making
the entire STI process attainable to a broad range of users. The tool’s plugin system further enhances its utility,
expanding the functionalities in many data life cycle phases. The extensive usability demonstrates the uptake of our
work beyond our research group, providing a valuable resource for diverse applications and encouraging widespread
adoption within the research community.

Future developments of the platform involve implementing those requirements identified with the SOTA analy-
sis, which have not been integrated into MantisTable UI version 1.0. These include the import of tables via API,
the integration of annotation suggestions, and auto-complete support. Updates on the latest functionalities will be
uploaded on the official MantisTable UI documentation website.
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