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Outline

• Part II: Semantic Data Enrichment, 
Applications and Requirements

• Semantics and KGs for data enrichment
• The Link & Extend enrichment paradigm

• Interactive exploration and scalability

• Part III: Selected State-of-the-art
• Data preparation solutions

• The broader context of data preparation 
solutions

• Scalable data pipelines
• A quick introduction to solutions for scalability

• Tabular data annotation
• From heuristic techniques to generative LLMs

• Part IV: Semantic Data Enrichment in 
Practice with Tools

• Service-based approach
• Data model for interoperability
• Service model for composability

• Interactive definition of pipelines
• Exploration with graphical UI
• Pipeline definition with programmatic UI

• Pipeline execution at scale
• Execution with workflow managers (Argo & TAO)

• Live demos
• Part V: Conclusions and Discussion

• Wrap-up and take-home messages
• Discussion
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SemTUI framework

• Recall the concepts of transformation, reconciliation and extension
• Issue to build a system

• Exploration: what data are available to support data preparation
• Repeatability: how to define sequences of actions (pipelines) 
• Scalability: how effectively apply enrichment pipelines on big datasets

• A service-based approach
• Define a set of services that can be exploited for data enrichment

• Prepare pipelines on small data samples -> Browser-based GUI
• Execute on large tables with Pyhton -> NoteBook
• Execute on big tables with Docker/workflow manager -> TAO execution

• The SemTUI architecture
• Create a service model to populate an enrichment ecosystem 
• Create multiple access to services (GUI, NoteBook, batch)
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Schema-level annotation finds 
types and properties to understand 

content (Region is a dbo:place) 
and create connections (Lat & Lon 

are dbo:geolocation of Region)

Data linking and Extension
Identifiers allow extension by the addition of data 

from sources that generated the identifiers 
(Geonames ID to retrieve Lat & Lon – Wikidata ID 
to retrieve Area) and from third-party sources (Lat 

& Lon to retrieve data from ECMWF)  

Keyword #im City Region ID 
(Geonames)

Latitude 
(Geonames)

Longitude 
(Geonames)

ID 
(Wikidata)

Area 
(Wikidata)

Temp
(ECMWF)

Date

194906 64 Altenburg Thuringia 2822542 50.98763 12.43684 Q1205 45.6 km2 18° 11/03/2017

517827 50 Inglostadt Bavaria 2951839 48.76508 11.42372 Q980 133.35 km2 17° 12/03/2017

459143 42 Berlin Berlin 2950157 52.52437 13.41053 Q648102 891.68 km2 17° 12/03/2017

891139 36 Munich Bavaria 2951839 48.13743 11.57549 Q980 310.71 km2 19° 11/03/2017

459143 30 Nuremberg Bavaria 2951839 49.45421 11.07752 Q980 186.45 km2 12° 10/03/2017

Reconciliation finds a maching between a mention (Bavaria) 
and an entity (geo:2951839) in a target Knowledge Graph 

(Geonames) to overcome mismatches between consumer’s 
(light gray table) and third-party data (weather provided by 

ECMWF) by setting shared identifiers 

Knowledge Graphs provide links to 
bridge the gap across systems of 

identifiers (geo:2951839, wd:Q980 and 
geo:[48.76,11.42] refer to the same entity)

dbo:place 
(class)

dbo:geolocation 
(property)

Example of data enrichment by composing different individual linking and extension services 4



Data enrichment

Data enrichment is composed of
• Manipulation

• The content of cells must be in the right format to ensure interoperability
• e.g., dates should be in ISO8601 format

• Reconciliation and linking
• Entities must be uniquely identified with a shared schema to ensure interoperability
• e.g., locations should be identified in GeoRSS (Geographically Encoded Objects for RSS feeds)

• Extension
• Source tables are augments by adding new data from external sources
• e.g., with locations and dates, we can add meteorological information
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Data enrichment process

A tabular data enrichment process is modeled and executed as a pipeline

A tabular data enrichment process is built in reverse order

We need to
• Identify the external source for your data
• Identify what information are needed to access that source
• Modify (transform or reconcile) your source dataset

Manipulation Linking Extension

ManipulationLinkingExtension
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Marketing data Enrichment for 
smart-bidding optimization

enrichmydata component platform

Weather 
data

Calendar 
events

enriched 
marketing 

data

Campaign 
Adjustment

Optimization 
actions

Correlations and 
prediction services

JOT campaign optimization service

Marketing 
data
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Example of the Enriched Dataset
The dataset is splitted for a better visualization
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OpenMeteo Service

• We are interested in some meteorological parameters to enrich (extend) 
our source marketing data

• max temperature, min temperature, precipitation, …

• We find a candidate data source accessible via API that need to be tested 
with our data

• From the documentation we understand that we need
• geographic coordinates (lat, lng) of the location of interest
• dates (yyyy-mm-dd) in ISO 8601 format

to get historical information on meteorological parameters
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OpenMeteo Service

• In the source table 
• Locations are represented by City names and State names

• There are unique ids from Google, but they cannot serve the purpose
• Dates are represented by a sequence of figures (yyyymmdd) 

• We need
• Reconcile entities, the locations (city,state) -> (georss:lat,lng)
• Modify literals, the dates (yyyymmdd) -> (yyyy-mm-dd) 
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The JOT use case
Live demo
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A service-based approach
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A service-based approach

• Web services can be exploited to support enrichment tasks
• The approach aims at providing a model to 

• integrate existing services/datasets
• support the development of new services/datasets

• Mastering semantic-based principles and practices requires advanced skills
• The approach aims at providing a model to 

• facilitate the use of semantic-based services/datasets

• Engineering data integration requires advanced skills
• The approach aims at providing a model to 

• facilitate the composition of services / integration of datasets
• support the definition of pipelines
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A service-based approach

• The approach aims at providing a model to 
• integrate existing services/datasets
• support the development of new services/datasets

• SemTUI provides a unified interface for enrichment services
• Clients are service agnostic (they can call any service with the same protocol)
• Clients can be of different nature and scope (exploration, pipeline definition or execution)

• facilitate the use of semantic-based services/datasets
• facilitate the composition of services / integration of datasets
• support the definition of pipelines
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A service-based approach

• The approach aims at providing a model to 
• integrate existing services/datasets
• support the development of new services/datasets
• facilitate the use of semantic-based services/datasets

• SemTUI provides a unified access to services
• Semantic details are (often) embedded in the services or in the backend
• Clients can be of different nature and scope (exploration, pipeline definition or execution)

• facilitate the composition of services / integration of datasets
• support the definition of pipelines
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A service-based approach

• The approach aims at providing a model to 
• integrate existing services/datasets
• support the development of new services/datasets
• facilitate the use of semantic-based services/datasets
• facilitate the composition of services / integration of datasets

• SemTUI provides a GUI that facilitates exploration and testing
• The SemTUI backend provides direct and unified access to services 
• Clients can identify the needed services and define the tasks to enrich their data

(typically conducted on sample data)

• support the definition of pipelines
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A service-based approach

• The approach aims at providing a model to 
• integrate existing services/datasets
• support the development of new services/datasets
• facilitate the use of semantic-based services/datasets
• facilitate the composition of services / integration of datasets
• support the definition of pipelines

• SemTUI provides a programmatic interface to define and test pipelines
• The SemTUI backend provides direct and unified access to services 
• Clients can organize a pipelines for their data in a NoteBook through a Python library 

(typically conducted on large data)
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SemTUI framework
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SemTUI – Interactive Semantic 
Enrichment of Tabular Data
• UI accessing external services

• Complete semantic table annotations 
• Reconciliation/linking services 

• Linking: Wikidata (Alligator)
• Linking: Wikidata (OpenRefine)
• Geocoding: coordinates (GeoNames)
• Geocoding: coordinates (HERE)
• Linking: Atoka (SpazioDati)
… based on W3C Specs

• Extension services
• Wikidata
• Weather extension (OpenMeteo)
• Distances and routes (HERE)
• Atoka-extension (SpazioDati)
• …

Support to Linking – Revision – Extension of tabular data

• Graphical view & revision of annotations
• Global and specific annotation rendering
• Single cell editing / annotation revision
• Column annotation revision 

Ripamonti, M., De Paoli, F., & Palmonari, M. (2022). SemTUI: a Framework for the Interactive 
Semantic Enrichment of Tabular Data. arXiv preprint arXiv:2203.09521.26/05/2024 Tutorial @ ESWC 2024 19
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SemTUI architecture

TAO engine
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SemTUI architecture

• Classification of Services
• Self-contained Services

• They implement functions that do not rely 
on external APIs.

• The execution is under the control of the users.
• Composite Services

• They implement functions that rely 
on external APIs.

• The execution is partially under the control of the users.
• Proxy Services

• They act as proxies for external APIs.
• The execution depends on the service providers.

TAO engine
(enrichment 
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SemTUI Services
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SemTUI architecture

• Classification of Services
• Self-contained Services

• They implement functions that do not rely 
on external APIs.

• The execution is under the control of the users.
• Composite Services

• They implement functions that rely 
on external APIs.

• The execution is partially under the control of the users.
• Proxy Services

• They act as proxies for external APIs.
• The execution depends on the service providers.

Examples

• Content cell modification
• Transform dates in ISO8601 format

• Extension with annotation properties
• Create new columns with IDs and names

• Reconciliation with Alligator
• Rely on a service that provides candidates

• Reconciliation with OpenRefine
• Requests are sent to external API
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Service model

• The backend is the core of the system
• Provide the proper level of abstraction
• Decouples client applications from actual services

• Requirements
• Facilitating the inclusion of existing services
• Compliancy with standard or shared data models

• Characteristics
• API based on HTTP
• Data model based on W3C proposal

26/05/2024 Tutorial @ ESWC 2024 23



Data model: reconciliation

• The reconciliation responses provided by the services
are W3C compliant

• Reconciliation Query Responses

https://reconciliation-api.github.io/specs/draft/
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Data model: annotations

• W3C proposal defines the reconciliation 
data format

• Annotations requires a format to 
represent an enriched table

• A table is an array of rows, one of which is 
the header row (the schema row)

A table

[ 
  { 
    th0: {
      tc0
    },
    ...
    {
      tcM
    }
  },
  {
    row1
  },
    ...
  {
    rowN
  }
 ]
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Data model: annotations

• W3C proposal defines the reconciliation 
data format

• Annotations requires a format to 
represent an enriched table

• A table is an array of rows, one of which is 
the header row (the schema row)

• A header cell includes types and properties 
of the column

A header cell
    "label": "Point of interest",
      "kind": "entity",
      "role": "subject",
      "metadata": [
        {
          "id": "wd:Q960648",
          "name": "point of interest",
          "type": [
            {
              "id": "wd:Q33506",
              "match": true,
              "name": "museum",
              "score": 100
            }
          ],
          "property": [
            {
              "id": "wd:P276",
              "obj": "Place",
              "match": true,
              "name": "location",
              "score": 100
            }, ...
          ]
        }
      ],
      "context": [ {
          "prefix": "wd:",
          "uri": "https://www.wikidata.org/entity/"
        }
      ]26/05/2024 Tutorial @ ESWC 2024 26



Data model: annotations

• W3C proposal defines the reconciliation 
data format

• Annotations requires a format to 
represent an enriched table

• A table is an array of rows, one of which is 
the header row (the schema row)

• A header cell includes types and properties 
of the column

• A row is an object composed of table cell 
that includes reconciliation data

A row of table cells
{
  "Point of interest": {
    "label": "John F. Kennedy Presidential Library and Museum",
    "metadata": [
      {
        "name": "John F. Kennedy Presidential Library and Museum",
        "id": "wd:Q2007919",
        "match": true,
        "score": 100
      }
    ]
  },
  "Place": {
    "label": "Columbia Point",
    "metadata": [
      {
        "name": "Columbia Point",
        "id": "wd:Q1112511",
        "match": true,
        "score": 100
      }
    ]
  },
  ...
}
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Service model

Request
Transformer

Response
Transformer

Services

3

Adaptation to data 
service format

Conversion to data 
model of SemTUI

1 2

4

backend

26/05/2024 Tutorial @ ESWC 2024 28



Service model and LMM

• Service design with LLM
• A precise definition of APIs and data models opens to the use of LLM-based solution 

to create backend transformers

• Advantage
• Less skills required
• Lower the entry barrier

Experiment
• Ask ChatGPT 4.0 to write a Request Transformer to 

• adapt a multiple query to a service that support single requests
• collects the responses in a single object compliant with the SemTUI data model
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LMM query (prompt 1/3)

Given:
const prefix = "geo";
const items = {
                "City": {
    "geo:3117735": [
      "r0"
    ],
    "geo:3128760": [
      "r1"
    ]
  }
       }

const access_token = // my username
const endpoint = 'http://api.geonames.org/getJSON?style=full&'

I need to create multiple queries for geoID, which are the parts after the prefix and the 
':' (e.g., 3117735 and 3128760) in items with a prototype call:

url = `${endpoint}geonameId=${geoID}&username=${access_token} 
(E.g, http://api.geonames.org/getJSON?geonameId=3117735&style=full&username=demo)26/05/2024 Tutorial @ ESWC 2024 30



LMM query (prompt 2/3)

That return a response like this:
[
  {
    "geonameId": 3117735,
    "name": "Madrid",
    "lat": "40.4165",
    "lng": "-3.70256",
    "countryCode": "ES",
    "countryName": "Spain",
    // Additional details
  },
  {
    "geonameId": 5128581,
    "name": "New York",
    "lat": "40.71427",
    "lng": "-74.00597",
    "countryCode": "US",
    "countryName": "United States",
    // Additional details
  }
]

And collects the responses and creates a 
structure named response like this

{
  "entities": {
    "3117735": {
      "name": "Madrid",
      "lat": "40.4165",
      "lng": "-3.70256",
      "countryCode": "ES",
      "countryName": "Spain",
      // Additional details

    },
    "5128581": {
      "name": "New York",
      "lat": "40.71427",
      "lng": "-74.00597",
      "countryCode": "US",
      "countryName": "United States",
      // Additional details
    }
}26/05/2024 Tutorial @ ESWC 2024 31



LMM query (prompt 3/3)

the code must be included in:

export default async (req) => {
...
  return {
    res: response
  };
}
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LMM response
export default async (req) => {

  const { items } = req.processed;

  // Function to fetch data for a given GeoNames ID
  const fetchDataForGeoID = async (geoID) => {
    try {
      const url = `${endpoint}geonameId=${geoID}&username=${access_token}`;
      const response = await axios.get(url);
      console.log(`*** response from geonames: 
${JSON.stringify(resposnse)}`);
      return response.data;
    } catch (error) {
      console.error(`Error fetching data for GeoNames ID ${geoID}:`, error);
      return null;
    }
  };

  

// Extract GeoNames IDs from the items object and make API 
requests
  const fetchAllGeoData = async (items) => {
    const entities = {};
    const promises = [];

    for (const category in items) {
      for (const geoId in items[category]) {
        const geoID = geoId.split(':')[1];
        promises.push(
            fetchDataForGeoID(geoID).then(data => {
              if (data) {
                entities[geoID] = data;
              }
            })
        ); } }
  await Promise.all(promises);
    return {
      entities
    };
  };

  try {
    const result = await fetchAllGeoData(items);
    return {
      res: result    };
  } catch (error) {
    console.error('Error fetching data:', error);
    return {
      res: {}};
  } };

We copied and pasted the blue code into 
the Request Transformer, and it worked!
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The Graphical User Interface
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The Graphical User Interface

Contextual action on one or more 
elements (cells, columns o rows)

Visualization 
of Metadata

Visualization of 
Properties

Global actions on the 
whole table
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0 - Automatic Table Annotation

Use Alligator to perform automatic table 
reconciliation against Wikidata
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0 - Automatic Table Annotation – Results

Visualization of 
Properties

Resulting annotated 
table
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1 - Column annotation

Selection of reconciler

Reconcile

Selection of Column to be 
reconciliated

Open Reconciliation 
Dialog

1

2
3
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1 - Column annotation – Results

ReconciliationMeta
data (Wikidata IDs)

5
Expand Cell4

• Not Matching

• Ambiguous

• Matched by the reconciler
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1 - Column annotation – Results

Entity visualization in 
target Knowledge Graph

6
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2 - Refine Matching 

Manually add the target 
entity that is not in the 

candidate results

Find the target entity in 
the candidate results

2a

For ambiguous cells, 
candidate results can 

be refined

1

2b
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2 - Refine Matching – Results 

Matched by reconciler

 Matching manually by the user

 Matching by a refinement feature
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3 - Extension

2

Selection of the 
extension service

Extend

Open extension Dialog

1

Selection of the properties 
to extend
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3 - Extension – Results

New data from the 
extension
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Pipeline definition
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Pipeline definition

• Graphical User Interface (GUI):
• Facilitates exploration and testing of 

different enrichment services.

• Programmatic User Interface (UI):
• Enables the definition of pipeline components.

• Notebook Integration:
• Creates the logic for executing enrichment tasks.
• Supports execution on large datasets.
• Allows for defining Docker images for 

integration with workflow tools.
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Pipeline definition
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Demo live

26/05/2024 Tutorial @ ESWC 2024 48



Pipeline execution at scale
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Containers

Containers
• A standard way to package an application and all its dependencies 

(libs and tools) so that it can be moved between environments and 
run without changes. 

• Containers work by isolating the differences between applications 
inside the container so that everything outside the container 
can be standardized. 
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What’s a container?

• Standardized packaging for software and 
dependencies

• Isolate application (security and resource 
sharing)

• Lightweight: Containers share the same OS 
kernel

• Works with Linux and… Windows Server

Source: https://www.docker.com/what-containerSource: https://www.docker.com/what-container
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Basics: Containers vs Images

• Images
• Read-only templates used to create containers. They contain the virtual disk with filesystem and 

configurations
• Stored in the Docker Hub or in a local Registry. To be used they must be downloaded
• Images can be built upon other images

• Containers
• Applications/processes in isolated execution
• Self-contained (no need of libraries outside the container)
• Based on and linked to one image

Container Image
Created from
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Tools for Scaling Data 
Transformations
1. Argo Workflows: An open-source container-native workflow engine for orchestrating parallel jobs on Kubernetes.

Ø Features:
Ø Enables orchestration of diverse computational tasks
Ø Facilitates the design and execution of sophisticated data processing workflows
Ø Integrates smoothly with Docker and Kubernetes for scalable deployments
Ø Offers a comprehensive web interface and a REST API for workflow management

Ø Benefits:
Ø Automates the execution of complex workflows
Ø Scales smoothly with Kubernetes, handling large-scale data processing
Ø Supports DAG (Directed Acyclic Graph) and step-based workflows

2. TAO Tool: Tool Augmentation by User Enhancements and Orchestration (TAO) is a framework initially developed by 
the European Space Agency and further extended in enRichMyData project

Ø Features:
Ø Allows orchestration of heterogeneous processing components
Ø Supports the creation and execution of complex data processing workflows
Ø Integrates with Docker and Kubernetes for scalable and flexible deployment
Ø Provides both a web interface and a REST API for managing workflows and components

Ø Benefits:
Ø Simplifies the integration and reuse of diverse tools and applications
Ø Facilitates scalable and efficient data processing workflows
Ø Enhances user control and flexibility in workflow management
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TAO details

Main Features
• Modular Architecture: Designed with a modular architecture, TAO allows easy 

addition and replacement of processing components to meet specific workflow 
requirements

• Dynamic Configuration: Supports dynamic configuration of workflows, enabling on-
the-fly adjustments to processing components and parameters without needing to halt 
or disrupt ongoing processes

• Extensive Plugin Support: Features a plugin system that enables the integration of 
new tools and services into the workflow without extensive customization

• Security and Compliance Features: Incorporates security measures and compliance 
mechanisms to ensure data protection and meet regulatory requirements, especially 
crucial in space and research data management

• Advanced Scheduling: Provides advanced scheduling options that optimize resource 
utilization and execution timing based on the workload and system capacity
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TAO Snapshot

Functionalities: Monitoring, Debugging, Scheduling and Designing 
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Argo workflows details

Main Features
• Multi-Step Workflows: Argo supports the creation of multi-step workflows, 

allowing users to orchestrate complex sequences of tasks and dependencies 
within a single workflow

• Event-Driven Execution: Enables workflows to be triggered by external events, 
integrating seamlessly with other Kubernetes resources through webhooks and 
other event sources

• Artifact Management: Provides built-in support for artifacts, allowing the passing 
of data and files between steps in a workflow

• Parameterization: Workflows can be parameterized, enabling the reuse of 
workflows with different inputs, thereby increasing modularity and flexibility

• Rich UI Dashboard: Offers a comprehensive web-based UI that provides real-
time monitoring and visualization of workflow execution, facilitating easier 
debugging and management
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Argo Workflows Snapshot

Functionalities: Monitoring and Debugging
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Demo live
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Thank you! Questions?

26/05/2024 Tutorial @ ESWC 2024 59


