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1 Introduction

1.1 Purpose of the Deliverable

This deliverable presents the first version of the Pricing and Resource Discovery plugins
(D2.1), which is linked to tasks T2.3 and T2.4 of Work Package 2 in the UPCAST project.
It serves as a public record of the progress achieved in these tasks, showcasing the
plugin development through practical demonstrations.

Deliverable D1.2 in Work Package 1 defined the UPCAST MVP and its core
functionalities. Figure 1 shows the relevant plugins highlighted in this deliverable.
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Figure 1: Core functionality included in the UPCAST MVP. Pricing & Discovery Plugins highlighted for this
deliverable.

This document is accompanied by video demonstrations showcasing the use of the first
version of the plugins that are presented here.

e Pricing: https://youtu.be/DY6I2sH1LTO
e Profiling: https://youtu.be/I8aLyg6QY34
o Discovery: https://youtu.be/_iI9NNcqyJ6A

1.2 Scope of the Document

This document serves as the technical specification for D2.1 of the UPCAST project, a
public document describing the progress of the development and the practical
demonstrations of both the pricing and resource discovery plugins. This document is
structured into the following key chapters:


https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FDY6l2sH1LT0&data=05%7C02%7Cnraczko%40idc.com%7C3cc39c326ea24699341b08dc4f297793%7C6b18947b63e74323b637418f02655a69%7C0%7C0%7C638472286720863816%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=lQPgZ85AdJiII8n4ozeC3Pcrp1ZZ4WH2O5PQhqS1%2BJA%3D&reserved=0
https://youtu.be/l8aLyg6QY34
https://youtu.be/_i9NNcqyJ6A
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Chapter 2 describes the pricing plugin, linked to Task T2.3. It details the
functionality and practical demonstration of the first version of the plugin
focusing on static pricing models and explainable Al.

Chapter 3 describes the first version of the resource discovery plugin,
showcasing the progress carried out in Task T2.4. It includes the explanation and
steps on how to run the demonstrator. Furthermore, it introduces the data
profiling service linked to this plugin and describes how it can enhance the
functionalities associated with data discovery.

Chapter 4 concludes the document by summarizing the key activities performed
in this deliverable and outlines the next steps for tasks T2.3 and T2.4.

Pricing Plugin

Pricing data assets is a key challenge for data providers in their go-to-market processes.
The objective of the UPCAST pricing plugin is to help them in setting a price for their
data, as well as helping potential data buyers know in advance what the reasonable price
of the data product they are willing to acquire is. It does so by exposing the following
endpoints of a REST API, that correspond to the use cases shown in Figure 2:

A list of datasets existing in commercial data marketplaces whose description is
similar to that submitted by the user as an input. This can be useful for data
consumers to detect other potentially useful datasets or whose data can be a
reference for setting the price of the product and knowing how much to pay for
it.

An estimation of the price of a dataset, which can be a one-off estimation based
on the description and characteristics of the data product provided by the static
pricing plugin, or a recurring estimation that also has into account the demand
and recent other transactions closed for similar products in the market.

An explanation of this price prediction including which were the most important
features affecting (positively or negatively) the result of a prediction.

This section showcases the first version of the pricing plugin, which suggests prices
using static pricing models and provides an explanation of such estimations.
Furthermore, it also suggests similar resources.
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Figure 2: Use cases for the Pricing plugin.

2.1 Static Pricing Models

The static pricing plugin aims to provide consumers and providers with an estimated
price of a dataset. Using as inputs textual descriptions and their metadata features, it
produces a range of prices for that data asset based on market prices observed in
already existing commercial marketplaces, as well as similar datasets existing in the
market and a normalized classification of the dataset. For this purpose, the pricing plug-
in will rely upon the data about data products and data vendors from different
commercial marketplaces. Figure 3 summarizes the architecture of the static pricing.
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Figure 3: Architecture of UPCAST static pricing tool

Usage Control

Admin processes

There are already a few relevant online data marketplaces. Based on information
collected from those public data marketplaces, a cross-DM database has been created
containing metadata of those products, their vendors and their prices. A preliminary
capture of this information has produced information about 200 thousand data products



from more than 2.100 vendors and contains more than 10 thousand price references’.
They are used to train Machine Learning data product classifiers and price regressors.
Since data markets use different categories and criteria to label data products, classifiers
help homogenize data product classification by learning the criteria used to label a
dataset as belonging in a certain data category, and then labelling data products that do
not carry such information. Price regressors learn the features that data providers and
marketplaces are using to price data products, and they can predict what the price of a
new data product would be based on its features?. An Al explainability module, described
in the next section, is also included to provide information of the key features that led to
that prediction.

Classifiers and similar data products functionality are based on data product
descriptions. Deep Neural Network (DNN) Classifiers have been optimized and trained to
fit the categories used by AWS?, the marketplace containing more products in the training

sample: "Financial", "Healthcare", "M&E" (Media & Entertainment), "Telecom", "Gaming",
"Automotive", "Manufacturing", "Resources”, "Retail", "Public Sector", "Others". The results
obtained are summarized in Figure 4, being the F1 accuracy above 0.88 in the case of

“Resource” data products.
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Figure 4: DNN Classifiers Accuracy.

Price regressors rely on a series of features of datasets that were found to be relevant

1'S. Andres Azcoitia, C. lordanou, N. Laoutaris, “Understanding the Price of Data in Commercial Data
Marketplaces,” International Conference on Data Engineering ICDE’23.

2's. Andres Azcoitia, C. lordanou, N. Laoutaris, “Measuring the Price of Data in Commercial Data
Marketplaces,” ACM Data Economy Workshop, 2022.

3 https://aws.amazon.com/marketplace/b/d5a43d97-558f-4be7-8543-
cce265fe6d9d?ref_=mp_nav_category_d5a43d97-558f-4be7-8543-cce265fe6d9d&category=d5a43d97-
558f-4be7-8543-cce265fe6d9d



when analysing commercial prices, namely:

e Data product description thoroughly describing what kind of data it brings

e Data product category in AWS (either ground truth or inferred)

e Time scope of the data product

e N° relevant units of data (how many people, companies, records, events,
locations, etc.) the data product carries information from

e The potential delivery methods (S3 buckets, bulk download, REST API, data
exported from a Ul/App, ...)

e The data update rate (e.g., real time, weekly, yearly, etc.)

e Formats in which the information is served (maps, images, csv files, etc.)

e Whether data is produced on demand (e.g., calling an API customizing data)

e Whether the product has any usage limitations (e.g., APl / Ul with limited users)

e Whether the product includes any kind of professional services (e.g., hours of an
analyst)

e Whether the data is granular enough to track session of anonymised users

e Whether the product includes identification data of companies/organizations

The tool uses Random Forests and newly designed DNN models to fit the log of prices
observed in the market. DNN models were developed using the TensorFlow and Keras
libraries in Python, following all common good practices recommended for such activity
by first standardizing the input data. RELU/Leaky RELU activation functions were tested
for all hidden layers, and a linear activation function was chosen for the output layer. As
loss function mean absolute error (MAE) was used (please note that the model predicts
the log of prices). To avoid overfitting, Drop-out between training epochs was randomly
applied and to avoid dying/exploding neurons Batch normalization was added between
all layers. An Adam optimiser was chosen to optimise the model, using a tuned learning
rate decay to train the model faster at the beginning and then decrease the learning rate
with further epochs to make training more precise. Callbacks were used to stop the
training at the optimal epoch.

Finally, different versions of the model with different number of blocks of layers were
tested to see how the accuracy behaved as we reduced the complexity of the model.
The version with two layers turned out to be the one with the best accuracy vs. time
trade-off. The following figure summarises the configuration of the DNN after this
process:
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Figure 5: Architecture of DNN Regressors.



The range returned corresponds to the maximum, average and minimum price returned
by these 10 regressors trained over 5 different train-test splits of the input data. In terms
of performance, the models behave quite well in the sample and can predict the level of
prices of data products. Table 1 summarises the performance of the 5 models of each
type on the sample

DNN Random Forest
R? Score 0.90-0.92 0.72-0.75
Mean Absolute Error 0.16 0.35
Root mean square error 0.29 0.52
%samples < 5% abs error 60-63% 33-35%

Table 1: Static Model Performance

Mean absolute error and root mean square errors measure the difference between the
model prediction and the actual prices of data products in test sets in logarithmic units.
The results show that the models are able to perfectly estimate the order of magnitude
of the prices of data products in the test set, and that the correlation (given by the R?
score) is high, especially for the DNN models, which show the highest Pearson
correlation (R? score) and return predictions close to 5% of the real prices in the majority
of cases (60-63$%).

2.2 Explainable Al Module

Explainable Al (XAl) refers to the task of making the complex decision-making processes
of machine learning models understandable to humans. XAl is becoming very important
in most data and Al-based applications due to the following key reasons:

e Trust: Users are more likely to trust and use models if there is an understanding
why an Al or machine learning model made certain predictions.

e Debugging & Improvement: Understanding how a model works helps in finding
any weaknesses or biases, and improvements can be made accordingly.

e Al Regulation: Use of Al across most domains or verticals now requires
transparency and explanations for Al-powered decisions, based on regulatory
and legal requirements to be enforced across the EU (e.g., the Al Act that
imposes obligations on deployers of high-risk Al systems. such as maintaining
operational logs to increase transparency, carrying out self-assessment, or
passing model evaluations to ensure trustworthiness in their use, among others).

Figure 5 shows an overview of the XAl process within the static pricing plugin. The input
metadata is fed into the machine learning models and explainability methods are applied
to these models, which, along with the predictions obtained from the models, include
also the explanations, which are then sent as a response to the requestor via the API
being developed for this plugin.
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Explainable Al (XAl)

API

Input Data

Figure 6. XAl Process Overview

There are several techniques that can be used to explain the decision-making of Al
models. One of the main techniques is SHAP*. SHapley Additive exPlanations (SHAP)
is an XAl method based on game theory. In the context of machine learning, a SHAP
value represents the average marginal contribution of a feature to a model's prediction.
Following is a quick explanation:

e Average: considers the contribution across all possible combinations of
features, not just in isolation.

o Marginal: focuses on the change in the prediction when that specific feature is
included compared to when it's absent.

e Contribution: This change can be positive (increased prediction of price) or
negative (that can explain the decreased prediction in price), with the magnitude
indicating the strength of the effect.

Essentially, SHAP values indicate how much each feature individually and collectively
influences the model's final prediction. In the context of pricing, this allows users to
understand how each metadata feature contributes to the price that has been predicted
by a particular machine learning pricing model.

2.3 Pricing Plugin Demonstration

This section demonstrates the use of the static pricing plugin showcasing the API and
the endpoints that have been developed. The video included with this deliverable
explains how to interact with the Swagger API interface with an example and visual
interpretation of the results. The OpenAPI specification is available on the project GitHub
and can be accessed at: https://github.com/EU-UPCAST/OpenAPISpecification.

The static pricing APl is a RESTful API. It uses HTTP response code and verbs. It accepts
JSON-encoded bodies, and it returns JSON-encoded responses. The use of the OpenAPI
specification makes it compatible with IDS standards.

Different options are available to use the API. We can utilize:

e Any API testing program: Postman, Insomnia, curl...
e Any programming language: Python, JS ..

4 https://shap.readthedocs.io/en/latest/
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e The Swagger Interface (refer to Annex II).

Here, we will use cURL command line tool. We will demonstrate how to query the static
pricing endpoints using cURL.

Predict the price range: To invoke the Pricing endpoint, send a POST request to the
following API URL endpoint:

curl -X 'POST' \
'https://a617-62-83-33-72.ngrok-free.app/getStaticPrice’ \
-H 'accept: application/json' \
-H 'Content-Type: application/json' \
-d '{
"$schema": "string",
"type": "string",
"properties": {
"category": ["Financial", "Resources"],
"History": 730,
"units": [ 1],
"Limitations": @,
"ProfServices": 0,
"IdIndividuals": @,
"IdCompanies": 1,
"GeoScope": [ "Japan" ],
"delivery": ["S3Bucket"”, "RESTAPI" ],
"updatefrequency”: ["weekly"],
"format": [ "csv", "x1s" ],
"ondemand": 0,
"realtime": O,
"locationdata": 9,
"description”: "Japan Imports of Naphtha. This listing contains a
dataset covering waterborne imports of naphtha into Japan over a period of 2 years.
This data is updated on a weekly basis."

}

}l

Result: The result is the price range obtained by the different price regressors, as
follows:

{
"minimum": 310,
"average": 415.2,
"maximum": 569

}

The real price of this dataset in the market is 420 USD/month, which is within the
predicted range.

Understand the price range: To invoke the Explanation endpoint, send a POST request
to the following API URL endpoint:

curl -X 'POST' 'http://localhost:9000/estimates/getExplanation’ -H 'accept:
application/json' -H 'Content-Type: application/json' -d '{

"description”: "Japan Imports of Naphtha. This listing contains a dataset covering
waterborne imports of naphtha into Japan over a period of 2 years. This data is
updated on a weekly basis.",

"category": [

12



"Financial", "Resources"
1,

"history": 730,
"limitations": 0,
"profServices": 0,
"idIndividuals": o,

"idCompanies": 1,

"geoScope": [
"Japan"

1,
"delivery": [

"S3Bucket", "RESTAPI"

1,

"updatefrequency": ["weekly"],

"format": [
"esv", "x1s"
1

"ondemand": 0,
"realtime": 0o,
"locationdata": @ ,
"units":[]

}l

Result: The result is the following in JSON format:

{
"estimatedPriceRange": {
"minimum": 310,
"average": 415.2,

"maximum": 569

¥
"currency": "USD/Month",
"models": {
"model_predicted_minimum_price": "DNN_Ex_1",
"model_predicted_maximum_price": "RF_Log_ 5"
¥

13




"explanations": {
"min_price": {
"Categories": [
{
"Resources": -0.0875913080867529
s

{
"Others": -0.10512363305451557

1,

"Frequency": [

{
"quarterly": 0.09301252052512639

1,

"Format": [

{
"images": -0.09785777449414144

1
"Units": [

"people": -0.15526863526915713
s

{
"locations": ©.2662310369404526

1,
"Description”: {
"red_txt": [
"listing",
"japan period 2",
"japan"
1,
"red_txt_sv": -0.17269864739976343,

"blue_txt": [],

14



"blue_txt_sv": ©

¥
"max_price": {
"Units": [
{
"entities": -0.012701212063786129
s
{
"people": -0.033946736827222976
s

{
"units": -0.08197821385636042

1,

"DeliveryMethod": [

{
"S3Bucket": -0.021727289905975437
}s

{
"Download": ©.024439018289268172

1,

"Format": [

{

csv': 0.029223015238989323

1
"Description”: {
"red_txt": [

"imports",
"data updated weekly",
"contains",
"covering",
"japan imports",

"japan period 2"

15



1
"red_txt_sv": -0.07028826201334869,

"blue_txt": [],

"blue_txt_sv": ©

¥
"avg_price": {
"Categories": [
{

"Others": -0.04335710774548157

1,

"Frequency": [

{
"quarterly": 0.05184159010503686

1B

"Format": [
{
"csv": 0.05303007539521644
¥

{
"images": -0.05601048008143864

1

"Units": [

"entities": -0.05413771263322738

¥
{

"people": -0.10514111633873932
¥

{
"locations": 0.15063545692919797

1,

16



"DeliveryMethod": [

{

"StreamingAPI": ©.10327726748345087

1,

"Description”: {
"red_txt": [],
"red_txt_sv": 0,
"blue_txt": [],

"blue_txt_sv": ©

The JSON response object contains the price range, the model that predicted the
maximum price and the model that predicted the minimum price. It contains also 3
explanation sections (min, max and average prices explanations).

The explanation sections follow the same structure. For every price, the most important
features are followed by their SHAP values. For the dataset description, the only text
field, the most important text is extracted and separated into red and blue text based on
its SHAP value. The blue text refers to those with a positive SHAP value and the red text
corresponds to negative values. In the demonstration video, we explain the results in a
graphical manner explaining the SHAP values obtained for an example.

Get similar datasets: To invoke the Similar dataset endpoint, send a POST request to the
following API URL endpoint:

curl -X 'POST' 'https://a617-62-83-33-72.ngrok-free.app/getSimilarProducts’' -H
'accept: application/json' -H 'Content-Type: application/json' -d '{

"type": "string",

"$string": ""

"properties”: {

"description”: "Stock market quotations for companies in the S&P 500 index",
"nproducts”: 3 } }'

Result: The JSON result includes a list of the closest nproducts data products in the
database to the description provided by the user, which in this case is as follows:

[{
"DM": "DataRade",

"Title": "Yacodata: S&P 500 Companies Data (up-to-date intelligence on US
largest 500 companies)”,
"Description”: "The dataset consists of companies listed in the S&P500, stock
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market index that measures the stock performance of 500 large companies listed on
stock exchanges in the United State._x000D_\n_x000D_\nThe S&P 500 stock market
index, maintained by S&P Dow Jones Indices, comprises 505 common stocks issued by
500 large-cap companies and traded on American stock exchanges (including the 30
companies that compose the Dow Jones Industrial Average)_x000D_\n_x000D_\nThe
S&P500 or SPX is the most commonly followed equity index, it covers about 80
percent of the American equity market by capitalization._x@00D_\n_x000D_\nThe index
constituents and the constituent weights are updated regularly using rules
published by S&P Dow Jones Indices. Although called the S&P 500, the index contains
505 stocks",
"Provider": "Yacodata"
oA
"DM": "Snowflake",
"Title": "SEC Reporting Analytics - US Equities Stock Quotes”,
"Description”: "Stock price history for analysis & correlation to SEC Reporting
Analytics fundamental financial data set.",
"Provider": "SEC Reporting Analytics"
}s
{ "DM": "DataRade",
"Title": "Sentifi Companies Intelligence Analytics on 50k Global Stocks",
"Description”: "Companies intelligence analytics provide a granular view on the
significance of market-moving events as they occur (e.g. does the event make the
stock an outlier in the industry or sector? is the sentiment from the broader
moving shifting unusually ahead of an earnings announcement, are specific
influencer groups shifting their sentiment towards a stock with the potential to
impact the asset valuation?)._x@00D_\n_x000D_\nWith Companies Intelligence
Analytics the investor/ analyst/ risk manager can:_x000D_\n_x000D_\n- surface
market-moving events reported by qualified influencers with the potential to impact
asset prices_x000D_\n- evaluate the historical significance of the event (5 years
of history available) and whether an event makes the stock an outlier in the sector
or industry_x000D_\n- evaluate whether unusual sentiment shifts are signals of
upcoming price movements (e.g. unusual pre-earning sentiment shifts).",
"Provider": "Sentifi" } ]

Classify a dataset: To invoke the Classification endpoint, send a POST request to the
following API URL endpoint:

curl -X 'POST'
'https://a617-62-83-33-72.ngrok-free.app/getClassification’
-H 'accept: application/json'
-H 'Content-Type: application/json'
-d '{
"$schema": "string",
"type": "string",
"properties": {
"description”: "Consumer sentiment data to predict sales and willingness to
pay"
}
)

Result: This data product has been classified as belonging in the Financial and Retail
categories of AWS, as follows:

{"result": [
"Financial: 1",
"Heathcare: 9",
"M&E: 0",
"Telecom: 0",
"Gaming: @",
"Automotive: 0",
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"Manufacturing: 0",
"Resources: 9",
"Retail: 1",
"Public Sector: @",
"Others: 0"

11}
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3 Resource Discovery Plugin

3.1 Data Discovery Plugin Demonstration

This demonstration provides information on how to use and integrate with the Discovery
plugin. As described in Figure 6, the Discovery plugin primarily covers search, browse,
and discover related/recommended resources functionalities. The demonstration of the
plugin summarizes the background technologies and presents a demonstration starting
from how to run the plugin services. Later in this section, examples about how to call the
plugin API are provided, and the example reference Ul implementations are explained.

Search for resources |

] - \ 5
‘ \ Resource o] ‘
A Browse for resources }— — | Discovery Plugin

«Role» s N g P ——

Resource Consumer ~

Discover
(related/recommended |
resources

Figure 7: UPCAST Discovery Plugin use-case.

The Discovery plugin is a virtualized set of services including a web service API for
integration. The services are configured in a docker compose file which contains the
following services: API Service, SOLR Engine, PostgreSQL, and a CKAN Backend Service.
Discovery plugin services can be run via docker commands, which are listed in the plugin
repository®. The Discovery plugin APl consists of multiple endpoints to fulfill the
complete lifecycle of adding/updating/deleting datasets to the index, search within the
index, and discover similar resources (See ANNEX I1). In order to run these, we describe
below the technical steps to run those API endpoints with a sample Ul.

There are two types of discovery that are supported by the plugin: (1) dataset search,
and (2) resource search. Dataset search can contain multiple parameters to make a Solr
équery, filtering, sorting, and faceted results. In order to make a dataset searchable, it
needs to be added to the index. Below is a sample cURL’ request to create a dataset
within the index:

curl ~location 'http://localhost:8000/catalog/create_dataset/"\

—-form ‘package_name="sample" \

"

—-form 'package_title="Sample™ \

5 https://github.com/EU-UPCAST/discovery-plugin
6 https://solr.apache.org/guide/6_6/searching.html
7 https://curl.se/docs/tutorial.html
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http://localhost:8111/catalog/create_dataset/

—-form ‘organization_name="upcast" \

—-form ‘package_notes="Lorem ipsum dolor sit amet, consectetur adipiscing elit. Sed consequat
odio eget sem congue, eget condimentum risus volutpat. Vestibulum ante ipsum primis in
faucibus orci luctus et ultrices posuere cubilia Curae; Pellentesque sed ante id nunc ultrices
viverra."

Additionally, updates and deletions of a dataset, as well as data uploads can be
accomplished by using similar requests to the endpoints defined in ANNEX I.

The search functionality requires more detailed form parameters to be supplied, such as
Solr query, facet options, and filters.

Below is a sample cURL request to run the dataset search API endpoint:

curl ~location —request GET
'http://localhost:8000/discover/dataset_search?q=name%3Aweather*' \

—-header 'Content-Type: application/json’ \
—-data {
"fq": "+,
"sort": "metadata_modified desc’,
‘rows": 10,
"start": 0,
"facet”: true,
"facet_mincount”: 1,
"facet_limit": 50,
"facet_field": ['organization", "format"],
"include_drafts": false,
"include_private": false,

"use_default_schema": true

¥

Below is a sample cURL request to run the research search API endpoint:

curl -location
'http://localhost:8000/discover/resource_search?query=name %3Atest&order_by=created'

The search API is presented in a simple user interface, which is a part of the discovery
plugin repository as shown in Figure 7.

In addition to the search functionalities, there is a function for discovering and searching
for similar datasets. The endpoint accepts a single input parameter as the dataset_id
and searches for similar datasets.
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http://localhost:8111/discover/dataset_search?q=name%3Aweather
http://localhost:8000/discover/resource_search?query=name%3Atest&order_by=created

curl ~location -request POST
'http://localhost:8000/discover/discover_similar_datasets?dataset_id=city-1"

The discover similar datasets APl is presented in a simple user interface, which is a part
of the discovery plugin repository in Figure 8.

health

Health 2

The Wellness Insights
Repository is a comprehensive
health dataset designed to
provide a detailed overview of
factors influencing well-being
and healthcare trends. This
dataset encompasses a diverse
array of health indicators,
including medical histories,
lifestyle choices, demographic
data, and key health metrics.
With a temporal scope that....
Organization: UPCAST
Created: 2024-01-
31T16:55:38.316920

Last Modified: 2024-01-
31T17:08:56.068759

Dataset Search

Health 1

The Health Trends Database is
a comprehensive repository of
health-related data designed to
offer insights into various
aspects of well-being and
medical trends. This dataset
encompasses a diverse range of
health parameters, including
vital signs, medical conditions,
lifestyle factors, and
demographic information. With a
focus on temporal depth, the ....
Organization: UPCAST
Created: 2023-11-
02T17:09:32.336888

Last Modified: 2024-01-
31T16:51:58.573339

City 1

A dataset containing city data
comprises a wide range of
information related to various
aspects of urban areas. It
covers different attributes that
define and describe cities, their
demographics, infrastructure,
economy, geography, and
various other characteristics.
Here are some components
typically found in a dataset with
city data: Geographical ....
Organization: UPCAST
Created: 2023-11-
02T17:08:26.019851

Last Modified: 2023-11-
07T14:57:14.962303

Figure 8: Sample Search Ul using the Discovery Plugin API

Discover Similar Datasets

Enter Dataset ID: [city-1

| Find

Original Dataset:

city-1

A dataset containing city data comprises a wide range of information related to various aspects of urban
areas. It covers different attributes that define and describe cities, their demographics, infrastructure,
economy, geography, and various other characteristics. Here are some components typically found in a

dataset with city data: Geographical Information: This includes latitude, longitude, and other location-based
data, often in a standardized geographic coordinate system. Demographic Data: Information on population
size, age distribution, gender ratio, ethnicity, languages spoken, education level, income distribution, and

household sizes. Economic Indicators: Data regarding employment rates, industries prevalent in the city, ...

Similar Datasets:

city-2

City data encompasses a diverse array of information reflecting the multifaceted nature of urban
environments. It comprises a mosaic of demographic, economic, geographic, infrastructural, social, and
environmental aspects that define and characterize a city. This data sheds light on the population size,
compaosition, economic vitality, infrastructure development, cultural amenities, governance structures,
environmental quality, and public services within a city. Analyzing city data facilitates a comprehensive
understanding of urban life, enabling policymakers, urban planners, researchers, and businesses to identify
trends, address challenges, and devise innovative solutions to enhance the quality of life, improve
sustainability, and foster development within these dynamic and evolving urban landscapes.

Figure 9: Sample discovery Ul using the Discovery Plugin API
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http://localhost:8000/discover/discover_similar_datasets?dataset_id=city-1

3.2 Data Profiling Demonstration

Data profiling is used to extract metadata and insights from the data. It can be used to
find data representation for data discovery, machine learning tasks or other purposes.
The data representation can be an explicit representation (with useful and
understandable insights such as statistics about data) or an implicit representation (like
embeddings or vectors). In UPCAST, our focus is to find the right mix of data
representation methods to improve data discovery.

Both Resource Providers and Resource Consumers can make use of profiles generated
by profilers (see Figure 9). Resource Provider can use the Resource Specification Plugin
to generate resource profile as part of the "Define metadata of resource" task. When
Resource Consumer uses the Resource Discovery Plugin to find relevant resources, the
Resource Discovery Plugin can discover or recommend resources based on profiles. The
UPCAST profiling service is an add-on to the Resource Discovery plugin.

j. Configure profiler .:

- Resource E <“>
Specification Plugin
) . — «Role»

/ | Generate profile Resource Provider

Profiling Service E 7_,_,_7——*-""7{_7 | -
— I
— —— Y

\\ ( Get profile 1_7 / o

\ / T Resource E s
Ny . B / | Discovery Plugin -
~ e «Role»
- Resource Consumer

Manage profile ]

Figure 10: Use case diagram for the profiling service.

As there are different profilers with various functionality, a Profiling Service can be
connected to a number of profilers and provide "plug-and-play" profiling service that can
generate profiles using selected profilers based on the needs and requirements of the
user.

The Profiling Service can be implemented as a standalone service or be integrated as an
add-on to the Resource Discovery Plugin. Since the data profiling service needs access
to the datasets to be profiled, consent to access the data should be obtained from the
data provider. Two deployment scenarios can be considered (Figure 10): 1) For big
dataset or dataset with privacy concern: the profiler is installed locally with the data
provider, 2) For small dataset: the dataset can be sent to the (independent) profiler
service to generate a profile.
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2) For small dataset:
the dataset can be sent
to the (independent)

Resource profiler service to Resource
Description generate a profile Discovery
plugin plugin

Dataset | atel A

I iling API|
1) For big dataset -
or dataset with
privacy concern: | |
\l::tglrlzglfurci:zuy with Dataset vdata Abstat Other
the data provider profiler profiler profilers
Profiling service
Resource provider's infrastructure

Figure 11: Deployment scenarios.

The current OpenAPI specification is shown in Figure 16 in ANNEX II. The detailed OpenAPI
specification is available on the GitHub: https://github.com/EU-
UPCAST/OpenAPISpecification/tree/main/profiling

An App has been created to demonstrate the creation of a profile for a local dataset
(Figure 11). The user (resource provider) can select a profiler to be used from a list of
available profilers (Figure 12, which uses the API endpoint: "GET /profile/get_profilers"),
upload a local file for profiling through browsing files or by "drag and drop" files (Figure
13), then click the "Generate profile" button (using the APl endpoint: "POST
/profile/generate_profile"). The profile generated will be returned (Figure 13).

UPCAST Data Profiling Demo

Select Profiler

Ydata v
Upload File

Drag and drop file here Browse files

Generate profile

Figure 12: Demo for creation of a profile — start page

UPCAST Data Profiling Demo

Select Profiler

| Ydatal v |

Ydata
Abstat

Profiler3

Generate profile

Figure 13: Select a profiler from a list of available profilers
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https://github.com/EU-UPCAST/OpenAPISpecification/tree/main/profiling
https://github.com/EU-UPCAST/OpenAPISpecification/tree/main/profiling

UPCAST Data Profiling Demo

Select Profiler

‘Ydata
Upload File

Drag and drop file here Browse files

Limit 200ME per file

D sample_csv.csy

Output Filename

output_files/sample_csv_profile.json

Output File Content

"analysis": {
"title": "Ydata Profiling Report",
"date_start": "2824-82-22 13:22:14.582837",
"date_end": "2824-02-37 13:22:15.850152"
}I
"time_index_analysis": "Mone",
"table": {
e 39,
"n_var®: 21,
"memory_size": 6680,
"record_size": 171.282@5128285127,
"n_cells_missing": 181,
"n_vars_with_missing”: 3,
"n_vars_all_missing": 2,
"o_cells_missing": ©.12332112332112333,
"types": |
"Categorical™: 16,
"Numeric": 3,
"Unsupported": 2
}.-
"n_duplicates": @,
"o_duplicates": 8.0
}I
"yvariables": {
"Fecha_id": {
"n_distinct": 1,
"p_distinct": ©.82564182564182564,
"is_unigue": false,
"n_unique": @,
"p_unique": 8.8,
"type": "Categorical®,
"hashable": true,
"yalue_counts_without_nan": {
"2@231081": 39
]’
"yalue_counts_index_sorted": {
"2@2318@1": 39

Figure 14: Demo showing the generated profile.



In addition, the API endpoint "GET /profile/get_profile" will return a list of profiles
associated with the dataset specified by the URL, optionally for the specified profiler.
Below is a sample request for this endpoint:

curl -X 'GET"\

‘http://localhost:8000/profile/get_profile?url=http%3A%2F %2Flocalhost%2Fprofiler-
demo%2Fsample_csv.csv&profiler_name=Ydata' \

-H 'accept: application/json’

The API endpoint "PUT /profile/update_profile" will update the profile for a resource
specified by the URL with a local file. Below is a sample request for this endpoint:

curl -X 'PUT"\

‘http.//localhost:8000/profile/update_profile?url=C%3A%5CUPCAST%5Cprofiler-
demo%5Coutput_files%5Csample_csv_profile_target.json' \

-H ‘accept: application/json’ \
-H 'Content-Type: multipart/form-data’ \

-F 'file_content=@sample_csv_profile.json;type=application/json’

The API endpoint "PUT /profile/delete_profile" will delete the resource profile specified
by the URL. Below is a sample request for this endpoint:

curl -X 'DELETE" \

‘http://localhost:8000/profile/delete_profile?url=C%3A%5CUPCAST%5Cprofiler-
demo%5Coutput_files%5Csample_csv_profile_target.json" \

-H ‘accept: application/json’
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4

Conclusions and Next Steps

This deliverable is the first out of two expected in the project. It describes the technical
specification and practical demonstration of the first version of the Pricing and Data
Discovery plugins.

These are the next steps that will be carried out towards the development of the final
pricing plugin:

Refinement and improvement of the static pricing models by training and testing
on more data products.

Development of a user interface as a layer on top of the API to simplify interaction
of the end user with the plugin.

The final plugin will incorporate dynamic pricing models taking into account
market conditions and data from marketplace(s).

Integration with the UPCAST platform and showcasing the final plugin in pilot
experiments.

As for the resource discovery plugin, here are the next steps:

Discovery of datasets based on data processing workflow. In order to achieve
this, the UPCAST data vocabulary and data processing workflow input will be
aligned with the discovery functionalities.

Integrate data profiling into resource discovery plugin to provide data discovery
based on profiles. Alternative profiles provided by different profilers will be
considered.
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ANNEX | ACRONYMS

Acronyms List

API Application Programming Interface
DNN Deep Neural Network

XAl Explainable Artificial Intelligence
JSON JavaScript Object Notation

AWS Amazon Web Services

DM Data Marketplace

ul User Interface

WP Work Package

IDS International Data Spaces

GDPR General Data Protection Regulation

Table 2: Acronyms List
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ANNEX Il Swagger API Interfaces

UPCAST Discovery Plugin AP] 2 &

openapi.json
default ~

GET / Root Y l

/discover/dataset_search Dataset Search Y I
GET /discover/resource_search Resource Search v I

/discover/dataset_show_resources Dataset Show v I

/catalog/create_dataset/ Create Dataset v l

/catalog/create_dataset_from_resource_spec/ Create Dataset From Resource Spec v ‘

/catalog/update_dataset/ Update Dataset v l

m /catalog/delete_dataset/ Delete Dataset v I

/catalog/upload_data/ Upload File Y l
POST /discover/discover_similar_datasets Discover Similar Datasets e l

Figure 15: Discovery Plugin APl Swagger Interface.

JPCAST Data Profiling API “®

tps /iraw gthubusercontent com/asyncapyspech2 8 (Ve xamples/streetights-kafka ymi

)penAP! specification for the UPCAST Data Profiling API

default ~

/profile/get_profilers GetAvaiable Profiers v 1

/profile/generate_profile Generate Profie For Local File With Selected Profier M ‘

m /profile/get_profile GetProfie From U v I

m /profile/update_profile Update Profile Specified By Url With Local File v ‘

/profile/delete_profile Delete Profile Specfied By Ud v ]

Figure 16: Data Profiling APl Swagger Interface.
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Upcast dataset static pricing AP| 2 &

fopenapi.json
This endpoint is to demonstrate the state of progress of the data pricing plugin 4.

Terms of service

Dataset estimates

/estimates/getExplanation Explain Dataset Price

/estimates/getSimilarProducts Similarity Search

m /estimates/getPriceRange Caiculate Price

/estimates/getClassification Classify

Figure 17: Static Pricing Plugin API Swagger Interface.
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