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Executive Summary

This deliverableaims to specify the detailed data structures and formats including all relevant
biomaterial properties and entitigsertaining tothe technical solutions developeudthin the ambitof

the BIOMATDB projectthe Biomaterial Database and the Biatarial Marketplacelt also covers the
definition of related analytical methods and suitablasualisation technique Concerning the
Biomaterial Database, thiacludesdata structures, data formats and entitiggrocessing methods,
frameworks and visuedations For the Biomaterial Marketpla¢eghe deliverableencompasses a
comprehensiveoverview of the technical system and its entitiess well asan outline of the
corresponding web applicatiorplacing significant emphasis on the supportitezhnologies and
components involved

In terms ofthe Biomaterial Databas@vill be accessible via www.biomaterialdatabase.coamayanced
Natural Language Processin®lLB techniques wereused to enhance information retrieval,
categorgation and semantidndexing of biomaterialselated content. The report highlights key
considerations such as data sources, data flow, content selection angdrpcessing. Techniques
including topic modelling, text similarity, text classification, clustering, named eetitygnition (NER)

and metadata/entity normasiation were employed, supported by iterative improvements through
guidelines, annotations and machine learning models. The report also presents annotation tools,
software and the initial design of the database magement system. Additionally, it explores
frameworks and supporting libraries for development, along with technologies and techniques for
interactive visua$iation in the webinterface.

Regarding the Biomaterial Marketplageill be accessible via wwiiomaterialmarketplacecom), the
technical approach isentredaround three overarching meta use cases, @deninistrationpanel, the
marketplace and the digital advisoin addition to a detailed description and demonstration of the
applicationmodules, he report highlights the significance of data sources, comprising core modules
manually inputted and extension modules sourced extern&lybsequently, the progression of the
data flow, leading up to the presentation to the end userxplainal. Furthermore various aspects
including the web application's user experience, user interface design, development padieadns
special featureare covered in this deliverahl#t also conducts a thorough analysis of staf¢he-art
frameworksand techmlogies across systegrfrontend and analytics components.

The results of this deliverable and the introduced concepts, tools and processes will be used in the
consecutiveactivities of WP3 (Phase, 2lichasdesign and specification of the backeodmporents

for the Biomaterial Database and the Biomaterial Marketplace. Moreover, the outputs of this
deliverable will support activities in WP#rainly D4.3, the description of the implementation of the
frontend interfaces using modern web application framelsrand D4.4 the integration of relevant
biomaterial data and entities.
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1 Introduction

1.1 Overview

This deliverable primarily focuses on specifying the detailed data structures and formats, including all
relevant biomaterial properties and entities) addition defining related analytical methods and
suitable (interactive) visuahtion techniques. It @avers the Biomaterial Database's data structures,
formats, entities, processing methodBameworks and visualisationslong with the Biomaterial
Marketplace's systemmain entitiesand web application Furthermore it presents the feature
descriptions, niput/output data formats, interfaces, process diagrams, and framework selection
process for development across thleé components.

Biomaterial Database Biomaterial Marketplace
| s— | =
s <
] =
® D ;
] e =
3 (] :
- 5]

- S

www.biomaterialdatabase.com www.biomaterialmarketplace.com

Figurel. Biomaterial Database and Biomaterial Marketplace

The concepts presented in this deliverable are mostly based on current reshiiésned in(1) WP2,
includingthe definition of requirements, use cases, the labelling approach and the data soancks;
(2) WP3which focuses othe core technical concept olie Biomaterial Databasedata analysis tools,
as well as the specification and design of tharketplace and digital advisors.

The deliverable will be used as the basis for the next activities in WP3 and WP4. These include the
detailed specification of thedata structures and formats, as well as the systems and system
components. It will also be used in the continuous design of the systems and finally the development
of the systems in multiple iterations. Thus, this deliverable will support the subseqegatapment

work in the BIOMATDB projecha@ extends the foundationbuilt so far. This will ensure that the
technical infrastructure of the system is well designed and fit to the purpose of the project, while
keeping in mind potential issues, such as daeurity, scalability, and ease of use.

© 2023 BIOMATDB HorizonEurope| CL42021-RESILIEN@E-25| 101058779
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1.2 Relation to other tasks and deliverables
This deliverable is related to the following otH@IOMATDBasks and deliverables:

Receives inputs from:

Tablel. D3.2Input from other tasks and deliverables

Deliverable ‘ Due Date Input for D3.2

D2.1 31.01.2023 | Knowledge about sources of biomaterials data

D2.2 31.01.2023 | Requirements of stakeholders and use cases

D2.3 31.01.2023 | Meta use casesequirements and label specification report

D3.1 28.02.2023 | Core technical concept of thBiomaterial Databasedata analysis
tools, marketplace and digital advisors based on requirements

Provides outputs to:

Table2. D3.20utput for other tasks and deliverables

Deliverable | Due Date Output from D3.2

D33 30.03.203 Elaboration othe development tool and framework selection
D3.4 31.03.2024 | Design of the technicélackendframework(Phase 2)
D3.5 30.04.2024 | Design of the welapplication frontends

1.3 Structure of the deliverable

This deliverable is structudeas follows:Chapter loutlines the overallpurpose and aim of this
deliverable The deliverable idividedinto five main chapters that describe tlsetup andprogress of
the technical developmerfor the Biomaterial Databasehe webinterface to the databaseand the
biomaterial marketplace (including backend and frontend components).

Chapter Zocuseson the setup and structure of the development of tBe@material Databasasing
advanced\LPtechniques. It covers data sources and flow in the development process as well as the
selection of relevant content, based on an internal survey, data harvesting methods for sources like
PubMed and Clinicaltrials.gov, and the importance obdate-processing and harmastion.

Chapter 3outlines the use of topic modelling, text similarity, text classification, clusteNiagned
Entity Recognition NER, and metadata/entity normaléation to enhance information retrieval,
categorsgation, and semantic indexing of biomaterisédated content Also, the iterative improvement
process involving guidelines, annotations, and machine learning models to refine tleeatgh
resourcesis presented Moreover, annotation tools, software, and models used in Biematerial
Databaseimplementation, as well as the initial design of the database management system are
outlined. Finally frameworks and techniques famteractive visualgation for the webinterface to the
databaseare presentedand discussed

© 2023 BIOMATDB Horizon Europe | C:2021-RESILIEN@E&-25 | 101058779
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Chapter 4aims to provide an overviewf the Biomaterial Marketplaceéechnical approachThis
includes various use cases and personas to specify the requirements as well as a holistic outline of the
multiple data sources and thaissequentdata flow To finalise the overviewf the technical system

of the Biomaterial Marketplace, all key entities of the application are described and demonstrated with
existing examples.

Chapter 5deals with all relevant aspects in terms of user experience @#Xhe Biomaterial
Marketplace and the web application itself. The chapter covers basic parts of such an application like
the user interface (e.g., used templadebut also explains the more sophisticated features of the
application, like digital advisors or an intelligent search. Another key part of this chafiteraisalysis

of technologies and components that can be used to protideend users the best magkplace
application possible. This analysidivided inthree parts: system components, frontend components

and analytics components.
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2 Biomaterial Database Use cases, a@a structures, data
formats and entities

Biomaterialrelevant data can béound in different document types and formats, including: txt, JSON,

XML, and HTML or PDF. Searching, processing, and analysing each document becomes cumbersome
because there are thousands of documents to extract valuable information in terms of bionsateria
characteristics. In consequence, robust, fast, and powerful programming language designed for
managing and manipulating relational databases such as Structured Query Languagn{Sqin)

relational (NoSQL) databases will serve to hwwsttructured and structured data and content with the

aim of building the Biomaterial Database backend.

In order to ensure the saving, updating and retrieving of the data for future use, database systems
become crucial. NLP techniques applied on the bi@mals data will provide helpful insight into the

type of data we are working with. To achieve this goal, it is essential the use of advanced machine
learning text analysis approaches, such as biomaterials concept, entity recognition, text classification
and text similarity. To ensure consistency between system design and database design, developing a
properly planned database structure that covers a wellined metadata schema is important.

The development and core technical concepts of the BiomatPatdbase content processing aspects
can be summarised in the following tasks:

Task 1 (T.1)Biomaterials relevant content characterization and selection criteria definition
Task 2 (T.2)Data Harvesting.

Task 3 (T.3)Data preprocessing and harmonisation

Task 4 (T.4)Design, implementation and testing of content classification, document triage,
text similarity, clustering and ranking components.

Task 5 (T.5)Design, implementation and testing of automatic semantic content annotation
components of biomierials relevant concept types and entities.

Task 6 (T.6)lterative improvement, quality control and adaptation of content classification,
document triage and automatic semantic annotation components for biomaterials data.
Task 7 (T.7)Database backendedign, data import, indexing and biomaterials database
framework development.

Task 8 (T.8)Database backend design, web application system development and iterative
development of functionalities with user testing and biomaterials expert feedback.

Task 9(T.9) Database frontend design, web application system development and iterative
development of functionalities with user testing and biomaterials expert feedback.

The underlying database development process is summarigedumne2. The different tasks and steps
needed to be carried out along the connections between the tasks and their relevance in practice for
the metause cases supported by the datse. Data extraction, harmonisation and NLP techniques to
meta use case and fromnd functionalities are included among the tasks.
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INTERFACE 3

The proposed Biomaterial Database development will as®matic content retrieval and data
harvesting technigues. Crucially, advanced NPL components, biomedical language models, ontology,
and controlled vocabulary will be applied in order to generate a more comprehensive, systematic, and
sustainable resourcthat can cope with the automatic processing of large data collection relevant for
biomaterials and their biocompatibility characteristics. Those components will be used to extract and
semantically annotate biomateriatgelevant content automatically, to see as a technical base to
enable sophisticated semantic searches, manual curation of biomaterials and biocompatibility
information, and enable predictive, data analytics, and knowledge discovery from database
functionalities.

2.1 Summary of neta use cases

Theae are three meta use cases defined for the Biomaterial Database, which describe general
capabilities that the system will provide. More technical description of the meta use cases is further
detailed in the private delivery D2.3.

1. Advanced Unified Biomateals Semantic Search and Information Retrieval System

Research and development of biomaterials and their applications have been increasing dramatically in
recent years, resulting in a tremendous volume of published information on the subject. Researchers,
on the other hand, may struggle to find relevant and trustworthy information regarding biomaterials
and their applications like medical devices. Traditional keyvasked search engines may miss the
significance and context of that content, yielding irredat or incomplete results. We propose the
development of a comprehensive unified biomaterials semantic search and information retrieval
system to address this issu&he proposed advanced unified biomaterials semantic search and
information retrieval sygm have the potential to revolutionise the way that researchers access and
utilise the information on biomaterials.
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The use of natural language processing and machine learning techniques to understand the meaning
and context of biomaterialselated content combined with an intuitive and usériendly interface,
will make it a valuable tool for the biomaterials research community.

2. Manual Annotation, Validation, and Curation of Biomaterial Information

It is crucial, in the field of biomaterials, to have aeda and trustworthy information on the materials
being utilised or investigated. However, because biomaterials are complex and diverse, it can be
difficult to collect and organise this information in a systematic and consistent manner. This meta use
caseaddresses the requirement for biomaterials information that has been carefully annotated,
validated, and curated.

The objective of this meta use case is to develop a system for the curation of biomaterials information
that is manually annotated, validatednd curated by experts in the field. The system will provide a
userfriendly interface for this aim, as well as a database for storing and retrieving the information.

3. Knowledge discovery, summarization, hypothesis generation

Biomaterials research is a fasxpanding subject concerned with the investigation of materials that

interact with biological systems. Tissue engineering, drug medication delivery, and biomedical imaging

I NB 2dzad | FSg SEFYLX Sa 2F (KSa$S \indioSdthdreatddQ dza S &
in this subject, researchers may find challenging to adequately evaluate, interpret and make sense of

all the information.

This meta use case is focused on creating a system that leverages advanced machine learning
techniques to assistesearchers in the biomaterials field with predictive modelling, knowledge
discovery, summarization, and hypothesis generation. This system will providefaieisdly interface

that allows easy access to a vast database of biomaterials information, ilradlew researchers to
quickly and efficiently identify patterns and trends within the data, leading to new insights and
discoveries.

2.2 Data sources and data flow

Figure 3 schematically illustrates the data flow and sources on a high level. For a more detailed
overview or focus on the individual steps and components, please see the respective figures and
subsections.

2.2.1 Relevant Content Selection

With the aim of prioritising the most relevant content and document sources for building a
biomaterials database and content storage, the BIOMATDB consortium has conducted an internal
survey to examine which content types are: (1) currently being used and consulted tiprhegerials
research community and (2) contain information of importance to characterise relevant biomaterials
features, characteristics, and aspects related to biocompatibility evidence and clinical application
scenarios. Additionally, results from D212.2, and D2.3 were also examined to understand and
characterise the main content sources for the biomaterials research community, including concrete
data collections and access strategies underlying these datasets. This step refers to Task 1 (T.1)
mentioned in the previous introduction.
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Figure3. Dataflow from sources to frontend for the biomaterial database
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Based on the survey results, the content sources that were of uttermost importance for the initial
stages of thaBiomaterial database included PubMed (relevant for 70% of respondents), Google (54%),
Google Scholar (37%), Web of Science (29%), Literature (29%), Scopus (25%), University portals (13%),
Science Direct (13%), Google Patents (8%), EuropePMC (4%), OVIMe@ddé)ey Datasets (4%),

MHRA (4%), and FDA recently approved medical devices (4%).

In the case of the Biomaterial Database, its practical usage scenario has a clear research and
development enduser focus. As a result, ensuring that the technical dataldessign covers the
interaction and processing of biomaterials, scientific literature content, together with the application

of relevant content types (i.e., clinical trials, approved medical devices in the US market and their
biomaterial compositions angatents), has an extreme relevance.

Moreover, several criteria were taken into account (or considered) for the content selection, such as
legal aspects (licensing issues and access/redistribution restrictions), technical characteristics of
automatic contet retrieval, content formats, document types, and available metadata characteristics.

For the initial stages of the Biomaterial Database content, the main aim was to cover the content and
process the biomaterialeelevant information from the PubMed datake of biomedical scientific
research abstracts and citation information. In addition, to cover-téxt articles a critical
information source for more detailed biocompatibility study results of biomaterighe PubMed
Central database of fulext publications was considered.

2.2.2 Data Harvesting

Regarding task 2, the data harvesting and retrieval process is highly dependent on the underlying
access options associated with each of the data sources that were processed and included into the
Biomaterial Databaselo provide a complete, understandable, and realistic scenario related to the
harvesting strategies, concrete examples will be provided on the content retrieval and the data
downloading techniques that were planned to be used for high priority contentcegy using state
of-the-art web harvesting and web content pprocessing tools.

Data extraction strategies

In order to get the list of biomateriad®levant domains, a crawler system was designed, capable of
accessing and extracting the information cantd in different websites. Applying a ppeocessing

step by removing the text marks and finally storing it. For the storage of the downloaded data, the
guidelines of the International Internet Preservation Consortium (IIPC) were followed using the WARC
(Web ARChive) file format, otherwise, if properly structured metadata is available (e.g Pubmed or
PubmedCentral XML file structure), the alternative file types were also considered for data harvesting
purposes. In addition, along with the extracted inforioat from websites, a record of the crawler
process/data harvesting was made, collecting for each domain processed, information such as the
name of the domain, date of download, location, and hame of the output files to facilitate subsequent
processing, anthformation on possible access errors (rexistent domains, fallen pages). The record

of this information will be stored in a database for easy and quick access. The architecture of this
software system is modular, centralised on a database that stdredist of web addresses to be
downloaded in order to subsequently provide them to a web cravideure4 shows the block diagram

of the data harvestingystem.
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Repository of downloaded files

Crawler, harvester or Biomaterials Database/Backend

FTP data dump
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PubMed Central
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Clinical trials
Implant catalogues
Biomaterials web
Social media
Others

Figure4. Data harvesting strategy for the Biomaterial database content

In order to access scientific literature content, including biomaterials research papers, a primary focus
on free-access resources was planned. Thessources were the content from PubMed, including
citations and abstracts of research papers (currently in the order of 35 million records), and PubMed
Central full text research articles, including biomaterials research papers or clinical case report
publications where biomaterials are being used in clinical usage scenarios.

Content Access

Two alternative content access strategies for the PubMed content were planned as follow: (1) a
selective access of particular records using systematic access thraipbemices offered by NCBI
and (2) a database dump of the entire collection of PubMed through FTP access.

For the selective content access, the Entrez Programming Utilitiglil{fies) resources were used,
consisting of a public Application Programmintgrface (API) that allows connectivity with all Entrez
databases, including both PubMed and PubMed Central. This API will allow us to make complex,
customised NCRlupported queries to programmatically retrieve the resulting list of PubMed record
hits.

In summary, the ftilities that were planned to exploit, can be viewed as a set of sesigkr programs

that allow to query PubMed and download search results programmatically, being the most common
way to construct a Uniform Resource Locator (URL),ralatd way to identify and access web pages,
with the search query and use the commalimte tool curl to download the results.

This selective content access strategy will also allow us to harvest citation outlinks to full text content,
currently not include by the PubMed database bulk File Transfer Protocol (FTP) data access.

On the other hand, the second content access strategy is based on the design and implementation of
other PubMedbased text mining solutions, such as DEBBIE (the first automaticedlgdwatabase

of biomateriatrelated entities from PubMed abstracts), consisting of PubMed bulk download through

its dedicated FTP servers. This allows users to download all of the PubMed data using yearly base
releases together with periodic update arebs for new publications included during the current
publication year (i.e., from 2023 onwards). The FTP server offers data packages structured into
different content folders, one of them covering the baseline release of PubMed (citation records in
XML fomat until 2023). The second FTP folder covers new citations being periodically updated during
the current release year of 2023.
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Standard Python libraries were used for the extraction and handling of PubMed specific metadata and
XML content. Mainly Beautifisoup, a library that includes functionalities both for HTML and XML
processing.

To specifically handle the processing, search, and exploitation of unstructured free text data elements
contained in written scientific article titles and abstracts (as wslifull text content in the case of
PubMed central records), the text data elements were stored in a ElasticseatcNoSQL Database
environment for further data analysis.

Initial pilot development

In order to design, implement and test the initialgiBiomaterial Database, the first development
stages were followed on a carefully selected set of biomateredts/ant journals, based on the results

and feedback from the initial survey of consortium biomaterials experts. This seed set of high priority
journals was furthermore enhanced and extended directly through PubMed searches, journal and
content metadata characteristics, including similar article features, Medical Subject Headings (MeSH)
terms and keywords.

As a result, the first pilot implementation was focused on a 157 biomatezi@vant publication
journals set, hosted by PubMed, and partially also covered by PubMed Central. Moreover, to assure
that this initial pilot implementationcoversa substantialdata space for building the Biomaterial
Database, the resulting number of biomaterials relevant publication citations were quantified from
this seed journal collection, resulting of 340.287 total records, ensuring that the initial database
development sceario covers the main biomaterial classes. All of this initial exploratory content of
relevance for the database design was extracted using Python in a dataframe structure, and saved in
the biomaterials data repository.

To ensure that the Biomaterial Datad®malso covers content related to the application of biomaterials
being used in clinical scenarios (mainly as part of implants and devices), relevant information derived
from clinical trial report was planned to be processed and included, focussinglynitiathe
Clinicaltrials.gov (as well as the Spanish national clinical trials repository called Ré&gisEro Espafiol

de Estudios Clinicos). For harvesting Clinicaltrials.gov content, consisting of a registry of clinical trials
run by the United Statesdtional Library of Medicine (329,000 trials from 209 countries), a-bulk
download option was used to retrieved the entire collection of XML formatted clinical trial documents
offered by Clinicaltrials.gov. Then, data extraction and processing of XML cwaeiandled by the
Python package Beautiful Saup

Finally, the third type of content that was planned to cover in the initial implementation of the
Biomaterial Database corresponds to information of biomaterials in clinical use, that is being part of
devices and implants. In this regard, currently the most relevant and comprehensive data source that
can be accessed systematically is the U.S Food and Drug Administration Rapprithyed Devices
website. This web resource provides information on medicaladsvthat have been approved by the
FDA, including their names, indications for use, and approval dates.
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Figureb. Data Sources and Harvesting

2.2.3 Data preprocessing and harmonisation

The next step concerning th@e-processing of the extracted data refers to Task 3 and considers that
the process and integration of the heterogeneous data collections into the Biomaterial Database must
be systematically integrated. As a result, this task does pose some technidahghalthat need to

be addressed.

The data preprocessing functionalities will involve cleaning the raw data, checking data consistency,
as well as metalata quality and completeness analysis, removing duplicates and standardising the
data.

Data cleaningvill involve the identification and correction of potential errors in the data, especially in
terms of certain metadata elements (missing elements, element inconsistencies). We plan to deal with
the duplicates by identifying them either through metadatarakent comparisons, or contefiitased
record duplicate detection.

Moreover, standardising the data will also involve the transformation of raw data from heterogeneous
formats into a standard document structure, suitable for automatic semantic processing by
subsequent NLP components. The aim is to provide a higher level of abstraction of the data coming
from the different sources, that is, a common schema for all sources (although there might be some
specific properties from each one). During this data-precessing step, which is referred to as data
harmonisation, we will ensure the usage of a consistent metadata schema and format for data
elements such as dates, names, source, etc.

2.3 Data entities, formats and types

As mentioned above, PubMed is a databaseiomedical literature maintained by the U.S. National
Library of Medicine (NLM) that contains over 32 million citations for biomedical literature, including
articles, conference reports, books, and more. When downloading the data from PubMed, there are
mainly two different formats available:
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information, including the title, authors, abstract, publication details and MeSH terms. It is
commonly usedo retrieve a largenumber of article records from PubMed. In the present
case, the data was downloaded as an XML format based on the National Library of Medicine's
(NLM) Document Type Definition (DTD) for MEDLINE, which defines the structure of the XML
file and includes theeveral fields of relevance:

A Article title A Abstract
A Authors A PMID (PubMed ID)
A Journal Name A DOI (Digital Object Identifier)
A Publication date A Publication type
A MeSH terms (Medical Subject A Affiliations
Headings) A Funding sources

2. PubMed Central (PMC) Full Text Format: This format includes the complete content of the
article, including the abstract, full text, figures and tables, that was extracted in XML format.
The PubMed Central is a free digital repository oftiest biomedicdand life science journal
articles. Not all articles in PubMed have this-taitt available, but for those that satisfy this,
the explained format provides access to the complete article content.

With respect to the MeSH terms provided by PubMed, thiesms are a controlled vocabulary from
PubMed used to index and categorise medical information into databases, covering a broad range of
topics in the biomedical field, including anatomy, diseases, drugs, and medical procedures. It was
developed and mainiaed by the National Library of Medicine, and is regularly updated to reflect
changes and new developments in the field of medicine. From the initial implementation focused on
a 157 biomateriatelevant journals set hosted by PubMed and also partially m/dy PubMed
Central the most following MeSH term were extracted along with its respective occurrence:

Table3. Most frequently extracted MeSH terms from PubMed

MeSH ID MeSH term

D006801 Humans 155666
D000818 Animals 84788
D008297 Male 53307
D005260 Female 48678
D000328 Adult 27583
D008875 Middle Aged 26991
D008422 Materials Testing 26703
D051379 Mice 25138
D013499 Surface Properties 22286
D001672 Biocompatible Materials 22282
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2.4 Data examples andhowcases

<!DOCTYPE ArticleSet PUBLIC "-//NLM//DTD PubMed 2.8//EN"
"https://dtd.nlm.nih.gov/ncbi/pubmed/in/PubMed.dtd">
<ArticleSet>

<Article=

<Journal=

<PublisherName=Public Library of Science=/PublisherName>
<JournalTitle=PLoS One</JournalTitle=
<I5sn=1932-6203=/Iss5n>

<Volume=9</Volume=>

<Issue>10=</Issue=

<PubDate PubStatus="epublish"=>

<Year=2014</Year>

<Month=>10</Month=>

<Day=23</Day=>

</PubDate>

</Journal>

<ArticleTitle=Correction: Statin Treatment in Hypercholesterolemic Men Does Not Attenuate
Angiotensin II-Induced Venoconstriction</ArticleTitle=
<FirstPage LZero="save">ell2205</FirstPage>

<AuthorList=

<Author=

<CollectiveName=The PLOS ONE Staff</CollectiveName>
<fAuthor=

<fAuthorList>

<PublicationType=Published Erratum</PublicationType=
<ArticleIdList>

<Articleld IdType="doi"=>18.1371/journal.pone.0112205</Articleld=
<Articleld IdType="pii"=>PONE-D-14-46356</ArticleId>
</ArticleldlList>

<Abstract>This corrects the article DOI: 18.1371/journal.pone.@8103909.</Abstract=>
<0ObjectList>

<0bject Type="Erratum"=>

<Param Name="type">pmid</Param>

<Param Name="1id"=25264877</Param=

</0bject=

</0bjectlList>

</Article=

<fArticleSet=

Figure6. PubMed XML example file
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3 Biomaterial Database: Processing methods, frameworks and
visualisations

The Biomaterial Database will rely on advanced text data analytics and NLP solutions, tailored towards
the necessities of the biomaterials research and development communities. At the document level
topic modelling, text similarity, text classificationdaciustering techniques will be applied. In the case

of the previous resources such as DEHB]HZ2], [3], to triage literature for selecting publication
records relevant for biomaterials, only basic supervised machine learning dessification
approaches were used.

3.1 Processing methods

3.1.1 Topic modelling techniques

We plan to apply a topic modelling as NLP technique for extracting latent topics from the collection of
biomaterials content hosted by the Biomaterial Database. It i®ren fof unsupervised learning,
meaning that the algorithm is not given any prior information about the topics or categories that exist
within the text. Instead, the algorithm identifies patterns of words and phrases that tend to occur
together, and groupsitem into clusters or topics. In other words, this method can be used to explore
a set of documents (corpus) by identifying different topics contained in the corpus.

There are several approaches to topic modelling, but two of the most widely used are Daiehlet
Allocation (LDA) and Nemegative Matrix Factorization (NMF). LDA is a probabilistic approach that
assumes that each document is a mixture of different topius eachopic is a probability distribution

over a fixed vocabulary of words. Thisthnad is by far the most popular approach for topic modelling.

On the other hand, NMF is also a supervised learning technique which performs clustering as well as
dimensionality reduction. It can be used in combination with a Term Freqtieneyse Document
Frequency (THDF) scheme, a statistical measure that evaluates how relevant a word is to a document
in a collection of documents that can be applied to perform this topic modelling.

In Python, there are several libraries available for topic modellitfgowt requiring programming skills
or knowledge of NLP techniques. These include Gensim -8eikit and NLTK. These libraries provide
easyto-use functions for prgrocessing text, building topic models, and visualising the results.

3.1.2 Text similarity techmiques

The NLP text similarity task involves measuring the similarity between two or more fragments of text,
(words, sentences, or even entire documents). Meaning that its aim is to determine how close the
content of each text is in terms of lexical or ¢éextual meaning. Text similarity applications have a
variety of purposes that includes document retrieval, plagiarism detection, and recommendation
systems among others.

This technique is planned to be applied on the database content, based on differateigits that
involve a morphological level (lexical similarity) and the contextual information of the text (semantic
similarity). In terms of the lexical similarity, there are several algorithms that can be implemented in
the development of the projectntluding Jaccard Similarity, Cosine Similarity and Euclidean Distance
to mention the most common ones.
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Each of these methods uses a different approach to quantify the similarity between documents, the
method selection will depend on the specific case ahd tequirements of the application. For
instance, the Jaccard Similarity calculates the similarity between two documents by comparing the
number of common words they contain, while Cosine Similarity takes into account the frequency of
words in each documeénand the orientation of their mathematical representation in space (text
vectors). Euclidean Distance, on the other hand, measures the stiaightlistance between two
points in a multidimensional space, where each dimension corresponds to a wore iddbument.

The application of this technique can provide efficient and effective comparison of information
contained within a large number of biomaterials research papers, identifying duplicate papers, finding
similarities between papers in terms of theontent, and clustering papers based on the field. These
algorithms can also be used to compare the abstracts or full texts to match papers that are relevant
for a particular research question, recommend papers to researchers based on their interests, or
suggest new research directions based on the latest developments in the field.

The following pairs of sentences provide real examples of jaccard lexical similarity measures, computed
from biomaterials article titles from the database:

Pair of sentences hidy similar:

A SentenceY G¢KS SFFSOG 2F GKS O2YLRaAiAilA2y 2F KERN
2F LINBRyA&az2f2ySéod

A Sentence ¥ Thé effect of hydrophilic base on pharmaceutical availability of prednisolone
complexed with betacyclodextring

A Similarity (jaccard distance): 0.69

i

Pair of sentences with low similarity:
A Sentence ¥ awSYINJlFofe SyKFEyOSR aidloAfAiide FyR 1
composed of a lecithin core and a pluronic shell layer by plbotaslinking the shell layer: in
GAGNR YR AYy @OAQ@2 &aidzRe o¢
A Sentence¥ daLYy @GAGNR &addzRe 2F KSY2ReYylFIYAO GNBIF(YS
FSYSAGNF GSR o0 &AT NI FNISNE |ySdz2NBayY FFFGEGSN 027
A Similarity (jaccard distance): 0.15

3.1.3 Text classification and clustering

Text classificatin with clustering involves using methods to categorise text data into predefined
classes or clusters. The goal of text classification is to automatically assign each document in a
collection to the correct class or cluster based on its content and cantewther words, it allows for

the discovery of natural groups or clusters in the data without any prior knowledge about the number
or structure of the classes.

In the context of this project, text classification and clustering algorithms were proposetldpplied

for the categorization of research papers based on content, meaning, and context. This can allow the
discovery of natural groups or clusters of papers, which can provide valuable insights into the structure
of the biomaterials research commupjtand the relationships between researchers, institutions, and
biomaterials.
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In relation to the text classification, the first step will consist of creating a set of labelled data according
to predefined labels. The annotation will be done in free tébdteacts and the MeSH terms extracted
from PubMed using the Prodigy software.

In the case of BiomatDB, Prodigy will display to the experts some biomaterials samples to be classified
based on specific labels or criteria, along with a set of instructiorguitelines to annotate them
properly. Once the annotation results be collected and organised, the resulting labelled data can be
implemented in the text classifier development. By using prodigy for annotation, time and effort will
be saved compared to maabannotation methods, in addition to the active learning component that
may be helpful to identify the most important samples to annot&gtéeyure7 shows an illustrative
example of the different predefined labels to the annotator in Prodigy.

PMID: 27047681

Biomaterials and medical devices are broadly used in the diagnosis, treatment, repair, replacement or enhancing

functions of human tissues or organs. Although the living conditions of human beings have been steadily improved in
most parts of the world, the incidence of major human's diseases is still rapidly growing mainly because of the growth
and aging of population. The compound annual growth rate of biomaterials and medical devices is projected to
maintain around 10% in the next 10 years; and the global market sale of biomaterials and medical devices is
estimated to reach $400 billion in 2020. In particular, the annual consumption of polymeric biomaterials is
tremendous, more than 8000 kilotons. The compound annual growth rate of polymeric biomaterials and medical
devices will be up to 15-30%. As aresult, it is critical to address some widespread concerns that are associated with
the biosafety of the polymer-based biomaterials and medical devices. Our group has been actively worked in this
direction for the past two decades. In this review, some key research results will be highlighted.

[] MNone 1
[] Unclear 2
[] clinical study 3
[] invivo 4
[l exvivo 5
[] invitro P
[] preclinical 7
[] omics 8
[] other 9

PMID: 27047681

v X

Figure7. Example of the annotation display in prodigy concerningltfoenaterial study

Four different annotation cases have been proposed, three of them are directly related to the
information provided in the abstract itself under the following classification: Biomaterial type, study
type and biocompatibility & feature3he fourth case is related to the classification of the MeSH terms.
The labels for each case are presented as follow:

© 2023 BIOMATDB Horizon Europe | Cl:2021-RESILIEN@&-25 | 101058779



D3.2 Databasdé)ata ProcessingViethods, Tools andWeb ApplicationMarketplace andecificatiors

Table4. Predefined prodigy annotation labels

Biomaterial Study type Biocompatibility & features MeSHterms
type

A Not A None A No biocompatibility A Biomaterial

A Other A Unclear evidence A Medical Application

A Metallic | A Clinical study A Not biocompatible A Study Type

A Polymeric | A Invivo A Biocompatible A Manufactured Object

A Ceramics | A Ex vivo A Biological compatibility | A Associated Biological Proces

A Natural A In vitro A Functional check A Tissu€eType

A Bioink A Pre clinical | A Mechanical behaviour | A Structure

A Glass A Omics A Physical shape A Effect on Biological System

A Composite| A Other A Physical features A Cell Type / Line

A Blend A Manufacturing techniqued A Material Processing

A Alloy A Biodegradation A Adverse Effects

A Synthetic A Animal Model

A Unclear A Manufactured Object Featurg
A Biologically Active Substance
A Research Technique
A Biocompatibility
A Other material/substance
A Other

3.1.4 Named EntityRecognition (NER)

Named entity recognition (NER) systems based on Transformers and biomedical language models will
be used to automatically detect mentions of biomatefia@levant concepts or classes from the
heterogeneous document types, stored in the Baterial Database. Moreover, detected concept
mentions will be automatically mapped to DEBBIE biomaterials ontology concepts, in addition to
relevant structured vocabularies, such as UMLS, MeSH, and SNOMED CT (this normalisation is
discussed further in theext subsection).

The NER process, along with the posterior linking of terms to an ontology (usually referred to as
NER+L), and the relation extraction (hyponyms) are the main components of Task 5 (T.5). The resulting
automatic semantic annotations of éhBiomaterial Database content will serve to enable more robust
search queries and strategies for biomaterials information.

We will use several NER systems to recognise all the proposed entities. Some of them will be simple
dictionary lookups, for instand® the Debbie and ShomedCT terminologies, while others will be new

or existing neural networbased models (mostly available in scispaCy and Hugging Face). Note that
we can have some redundancy to provide more robustness to predictions, that is, muaitylels

looking for the same kind of entity.

For the new models that will be implemented, prained transformerlike models will serve as base
models for our specific NER systems. These models will béufied with the annotations of the
corresponding gtities to automatically detect biomaterial®levant concept types, including entity
classes for material, chemical composition, anatomical entities, cell types, cell lines, study type, and
certain biomaterial attributes.
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Concretely, the biomaterials coapt NER predictions will be initially modelled as a token classification
problem. As a result, a text span for each of the detected biomateziated concept mentions, along
with its entity type (e.qg., cell, protein, material, etc.), is obtained.

Like inmost of the stateof-the-art approaches, we will attach a model head (normally a dense layer
with some regularization layer after) on top of a public-maned biomedical language model, such
as PubmedBERH#], CIinBERT5], BioBERT6] or some of the prerained models built by, or in
conjunction with, the BSC.

The parameters or weights of this model head are randomly initialised and then adjusted on a
downstream task, which in this case will be to recognise the different nametiesnitMany iterative
experimentations will take place in this step, regarding the various base models, configurations and
hyperparameters of the neural network, to ensure the best performance of the model.

An advantage of this paradigm (ptrined + finetuning), which is extensively used in the literature,

is that it allows us to leverage the knowledge in the base model. Additionally, it enables us to need far
less manually annotated data and computation resources for training, when compared to training a
model from scratch, thus achieving much better results.

In order to run largescale Named Entity Recognition systems, certain textpppeessing and post
processing steps will be applied before and after the NER models, respectively. The input will be
processed considering the context of the mentions, i.e., close words andsgosmnce information
available in consecutive sentences of the input documents. For the scibpa€g models, the pre

and postprocessing of the largecale data will be basl on components offered by the spaCy library,
including sentence splitting and word tokenization.

At the technical level, we will employ primarily spaCy and Python Deep Learning libraries (PyTorch and
HuggingFace) to develop the automatic entity extractinodels for biomaterials. Once the models
present high enough performance (which is described in the next se&ignwe plan to scale these

two components toprocess the entire biomateriatelated PubMed, PubMed Central, and other
content sources included within the Biomaterial Database.

Finally, to address current limitations in terms of biomaterials attributes not covered well either by
existing named entityresources or controlled vocabularies/ontologies, we will exploit automatic
keyphrase extraction technologies with BEfEed[18] Transformers and Noun Phrases, by means of
multilingual KeyBER[B] or PatternRank[9]. The application of these technologies will enable
automatic ontology concept candidate detection and semantic indexing of biomaterials content.

Initial NER extraction

As initial validation of the proposed NER solution, we have run allnNilels on a subset of 1000
abstracts from PubMed. This provides us the first indication on the distribution of data we are dealing
with, that is, the frequency of recognized entities.

From this initial NER extraction, we will have to select and keephjaselevant entities. The entities
found by the models will be used as suggestions orgoneotations for annotating the data. More
information of each model/component can be fouimdsection 3.3.
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SCI_TISSUE
DEB_Tissue S0_G0D
E DEB_ManufacturedObject SCI_CELLULAR_COMPONENT
engineering scaffolds are used extensively as three-dimensional analogs of the  extracellular matrix
SCI_CELLULAR_COMPONENT
(ECM).
DEBE_ManufacturedObject
2 However, less attention has been paid to characterizing the scaffold microstructure and mechanical properties than to the processing and
DEB_EffectOnBiologicalSystemn DEB_ManufacturedObject
bioactivity of scaffolds.
EE3  (DEEEiomatenal DEE_ManufacturedObject SCI_CELLULAR_COMPOMENT DEE_MedicalApplication
3 Collagen-glycosaminoglycan (CG) scaffolds have long been utilized as ECM analogs for the regeneration of
[5CI_OREAN] DEB_MedicalApplication Il SCI TISSUE |
skin and are currently being considered for the regeneration of nerve and conjunctiva.
[SCLonz SCI_CHEBI
DEBE_ManufacturedObject
4| Recently a series of CG scaffolds with a uniform pore microstructure has been developed with a range of sizes of
SCI_CELLULAR_COMPONENT
equiaxed pores.

5 Experimental characterization and theoretical modeling techniques have previously been used to describe the in_br_e

DEB_AssociatedBiologicalProcess
SCI_CELLULAR_COMPONENT SCL L j
DEB_ManufacturedObjectComponent SCI_CELL

microstructure, specific surface area, cell attachment and permeability of these variants.

Figure8. Brat annotation tool with the initial pr@nnotations from the models
Tableb. Frequency of named entities in the initial subset of 1B0®Med abstracts

Number of

documents

containing
entities

Number of

entities
found

SnomedCT lockip
SnomedCT dictionary | Biomedica Device 110 124
look-up Body Tissue 256 336
Cell Structure 276 392
Implant 35 39
Material 381 472
DrugProt
DrugProt Chemical Chemical 641 4937
DrugProt Gene Gene 419 3137
DEBBIE lockip
DEBBIE dictionary Adverse Effects 180 380
look-up Architectural Organization 45 102
Associated Biological Process 262 674
Biologically Activ&ubstance 119 292
Biomaterial 435 1635
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Biomaterial Type 210 562
Cell 254 526
Degradation Features 97 155
Effect On Biological System 232 515
Manufactured Obiject 360 1272
Manufactured Object Component | 234 481
Manufactured ObjecFeatures 390 978
Material Processing 473 1412
Medical Application 280 604
Research Technique 450 1328
Shape 52 74
Species 26 30
Structure 338 908
Study Type 265 461
Tissue 541 1591
scispaCy

en_ner_craft_md ChEBi 681 3183
CI2 518 2753
GGP 409 1536
GO 258 474
SO 391 867
Taxon 463 1130

en_ner_jnlpba_md Cell Line 235 461
Cell Type 505 1964
DNA 377 793
Protein 670 3230
RNA 17 32

en_ner_bc5cdr_md Disease 659 2879
Chemical 677 3596
Amino Acid 61 75

en_ner_bionlpl3cg_m| Anatomical System 6 9

d Cancer 324 762
Cell 682 3929
Cellular Component 413 1026
Developing Anatomical Structure | 2 4
Gene Or Gene Product 626 2882
Immaterial Anatomical Entity 93 120

! Chemical Entities of Biological Interest

2 Cell Ontology

3 Gene or Gene Product
4Gene Ontology
®>Sequence Ontology
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Multi TissueStructure 431 1244
Organ 316 862
Organism 571 1447
Organism Subdivision 155 219
Organism Substance 206 471
Pathological Formation 248 453
Simple Chemical 585 2628
Tissue 623 2255

3.1.5 Automatic Acquisition of Hyponyms frorbiomaterials abstracts

The idea behind this subtask is to automatically identify a set of lesyiotactic patterns thaare easily
FyR OFy 200dz2NJ FNBIljdzSy (f &

NEO23yAllof$

the project, this will consist of hyponyms pairs detection based on predefined patterns known as
Gl SEFNBRG tFGGSNyas o wéestion ovardths texd gaia will help o edrigh thé K A &
ontology, generating biomaterial candidates during the annotation process, mapping the extracted
relation within the brat annotation or even generating knowledge graphs according to the relations

extraded.

The following relations (<connector>, <hyperonym>, <hyponym>), examples were extracted from the

pilot implementation based on more than 300k PubMed works study.
A 'like', biomaterials, collagen

v > D> Dy D> D D

'such_as', metals, titanium
'such_as'piomaterials, hydrogels
'for_example’, tissue engineering applications, biomaterials
‘especially’, calcium phosphates, tricalcium phosphate
'such_as', agents, antracyclines
'such_as', agents, cyclofosfamide
'such_as', therapies, imatinib
'include’, kerabplasty, modification
'particularly’, nanomaterials, metal oxides nanoparticles
'such_as', applications, tissue enginegrin

3.1.6 Metadata and entity normalisation

Once the source data has been cleaned and standardised, and the relevant metadata has been
automatically extracted by means of NLP techniques, a nhormalisation of terms will take place. In the
case of the Biomaterial Database, this process will require mapping relevant data elements (both in

I ONR & a

terms of actual metadata content as well as Mix®acted automatic semantic annotations) to
corresponding biomaterialsontrolled vocabulary concepts. For example, if the data element refers

to information about diseases, the diseases should be mapped to a structured vocabulary, such as

UMLS, the InternatioraClassification of Diseases (ICD), SNOMEDr DEB Ontology.

The metadata and entity normalisation makes it easier to compare and analyse data from different
sources, empower query expansion during database searches, and ensures semantic intergperabilit

across multiple content sources sorted in the Biomaterial Database.

© 2023 BIOMATDB
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This will enable the system to recognize that multiple mentions (expressed differently) are actually
referring to the same concept, and exploit the knowledge or hierarchies derivedifiesa ontologies.

The first strategy that will be implemented will explore vectorizing the biomaterials concept mentions,

Fa ¢Sttt Fa GKS GFNBSGAYy3 2yiGa2f238 GSN¥Ya 02N ae
candidate match by computing the vectsimilarity between the biomateriaklated mentions and

the ontology terms. Moreover, we plan to use an ensemble of term frequgnegrse document

frequency (THDF), characten-grambased approaches, and multilingual embeddings using SapBERT

to offer more advanced biomaterials concept linking to target ontologies.

3.2 Iterative improvement of guidelines, annotations and machine learning models

This section refers to Task 6 (T.6), which describes the methodology to be implemented to iteratively
refine the esources generated in Tasks T.4 and T.5, hamely the corpus (guidelines and annotations)
and the trained models on that corpus.

3.2.1 Creating the corpus

Developing quality NLP systems adapted to the biomaterials domain requires annotating useful data
for both training and evaluation. In the case of textual data, annotating means associating the text
with meta-data that describes some aspects of it which can be transformed into mauotdwakable

input and used to create artificial intelligence (Al) systems. Fdr ebthe NLP tasks described above,

the annotation is different.

For instance, for a text classification task, one or more labels are assigned to full documents. In
contrast, for Named Entity Recognition, the annotation consists of matching specifispang

rather than entire documents with semantic classes (such as chemical object, disease, person or
organisation).

Every annotation process has different steps that should be carefully considered and planned before
starting the project, in order to minifse costs and efforts. Roughly, these include: task definition, data
selection, text annotation, and dataset postprocessing.

The first part of an annotation project involves defining the annotation task. This includes deciding

what is going to be annotatk in which type of texts, and how many documents, by whom, besides

other basic aspects, like the most adequate annotation tool and a general literature review. Most of
0KSAS RSOAaAz2ya gAff 0S R20dzYSyidSR A yguitlelings2 Odzy Sy
are a keystone document that gathers general information about the project, together with the criteria

to be used for the annotation.

Next, the documents to be annotated need to be selected. It is important to choose texts that
accurately refletthe linguistic and semantic variety of the type of documents that the final systems
will be used on. Document selection can be done both manually andagainatically, by using
intelligent selection methods such as text similarity.

The text annotatiorstep has two welllefined parts: guideline refinement and annotation escalation.
The former consists of iteratively improving the guidelines document so that the criteria are well
defined, unambiguous, and adjusted to the project aim.
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One way to do thisithrough parallel annotation, a process in which several small groups of documents
are annotated between two or more people.

Parallel annotated documents are compared using consistency metrics (such aanimbéator
agreement or 1AA) to compare similgrbetween annotators. Based on the differences between the
annotators, the guidelines are refined with both reworked and new rules and examples. When a high
score is reached, it is considered that the guidelines clearly describe the annotation caitefithe

rest of the document collection can be annotated. The expected IAA score depends entirely on the
difficulty of the task. Robust annotation guidelines are important to ensure consistency and coherence
in the resulting dataset.

Once a sufficient IABas been reached, the annotators can start working on the rest of the selected
documentg annotation escalation. During this part, the role of the annotation managers is to solve
possible questions, manage annotator workload, and continue refining the lmedewith new

examples and decisions, in addition to help integrate intermediate models trained on the already
annotated data. These intermediate systems can be used to enrich new texts with suggestions such
GKFEG Fyy20F3d2NR R2y Qiacdeleratifg the 2liffee® BidnotafoNBratesst MNI i OK
other words, analysing the outputs of these models on already labelled documents can also inform the
annotation process in a feedback loop, by locating errors in the annotated data and/or
underrepresentediata types.

Each partner will provide, at least, one annotator with expertise of biomaterials who will help develop
new guidelines adapted to the domain and manually label newammeotated texts with some of our
SEA&GAY3TI adaeaidsSyaQ niindpeckicash a ype of arh@adtids ywe wily einpléy a
different annotation tool. For instance, for text classification we will utilise the Prodigy annotation tool
while Brat will be our preferred option for NER.

3.2.2 Validating the model

The final step ithe evaluation of the models. In this part, the predictions of the models are assessed

and checked through automatic and manual revisions. By using a subset of the manually annotated
samples (not seen by the model during training), we can validate theéSnio@a LISNF 2 NX I y OS¢
other hand, an exploratory analysis in the predictions (both-gaere and general statistics), will be

conducted to better understand the cases where the model performs worse (alongside its strengths).

In case of nofoptimal resuls, the annotations and its guidelines will be revised and/or more
Fyy2GFGA2ya gAf ¢ 0S AyOfdzRSR Ay (KS RFEGFasSiasz
hyperparameters and architecture. Note that it is always possible to go back and make another
iteration to improve the models.

Overall, although the annotation process might be seen as-tiorssuming and expensive, manually
annotated data offers several benefits in terms of accuracy, performance, and even traceability that
make the investment worthwhile.
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3.3 Annotation tools, software, and models

As already stated, several models will be used to automatically extract biomaieefll information.

The nature and complexity of these models will range from simpler regex or dictionarapsoio
complex tranformer-based neural networks. For the new machine learrfbaged models that will be
implemented, we will use annotation platforms to produce the labels needed, namely Prodigy and
Brat.

On the other hand, to train and integrate these models within theesyspipeline (pre and post
processing, inference once trained, etc.), different libraries and frameworks will be used, which will be
detailed below. Note that we will use the Python implementation for all libraries, and that the solution
will follow a modilar design, so that they can all be easily integrated.

3.3.1 spaCy

spaCy10] isis an opersource library for natural language processing, developed by Explosion Al. It
provides efficient and scalable tools for different NLP tasks, such as tokenizatiomf-ppgech
tagging, named entity recognition, and dependency parsing. spaCy focuses on performance, offering
fast and accurate processing capabilities. It is widely used for building produetdy NLP
applications and is known for its ease of use, extensibditg, integration capabilities. It will be used

to create an NLP pipeline and integrate the lagkdictionaries (SnomedCT, DEBBIE, etc.) and scispaCy
models within this pipeline.

3.3.2 scispaCy

scispaCyl1] is an extension of the spaCy libragpecifically designed for scientific and biomedical
text processing. It offers prgained models and tools tailored to the specific needs of the biomedical
domain. scispaCy pvales capabilities for entity recognition, relationship extraction, abbreviation
expansion, and other tasks commonly encountered in biomedical literature analysis. It is developed by
the Allen Institute for Al and is widely used in biomedical researcihaatihcarerelated applications.

The scispaCy models are trained on data from a variety of sources. In particular, the following were
used:

A The GENIA 1.0 Treebank, converted to basic Universal Dependencies using the Stanford
Dependency Converter.

A word2vecword vectors trained on the Pubmed Central Open Access Subset.

A The MedMentions Entity Linking dataset, used for training a mention detector.

A Ontonotes 5.0 to make the parser and tagger more robust to-liomedical text. This
dataset is not publicly avalite.

We will use some of the already trained models in scispaCy to detect entities of special interest and
link them to the corresponding ontologies.
3.3.3 PyTorch

PyTorch12] is an opersource deep learning framework developed by Facebook. It allows researchers
and developers to build and train neural networks easily. PyTorch is known for its simplicity and
flexibility, making it one of the preferred choices for manyhia research community.
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It is the default underlying deep learning framework for Hugging Face, which already provides a higher
level abstraction for training and evaluating neural networks. Therefore, specific use of this library will
not be necessary, eept if lowlevel experimentation and customization of the neural networks are
needed.

3.3.4 Hugging Face

Hugging Fac§l3] is an organisation focused on deep learninghaspecial emphasis on NLP. They
provide a range of opesource libraries, tools, and pteained models that facilitate various NLP tasks.
Hugging Face's most popular librafyansformersoffers stateof-the-art pre-trained models and tools

for tasksike text classification, named entity recognition, and machine translation. They also maintain
a large repository of prérained models that can be easily fitened and integrated into NLP pipelines.

Hugging Face will be the primary source of-peéned models for finetuning in case we need to train
any new model. On the other hand, the prained models (not finguned) can be integrated to the
spaCy pipeline thanks to the spacgnsformers library, where they can be fitigned.

3.3.5 Tensorflow (Keras)

TensorFlow14] is a popular machine learning framework developed by Google. It provides a set of
tools and resources for building and deploying mactéaening models. With TensorFlow, developers

can create and train neural networks for tasks like image recognition, language processing, and more.
One of the notable features of TensorFlow is its compatibility with Keras, devighneural networks

API.

The DrugProt models, trained on the homonymous corpus defined in the Biocreative VIl ®Taeek 1
capable of detecting mentions of chemicals and genes. They were built using Tensorflow.

3.3.6 Brat

Brat[15] is anan opensource wekbased annotation tool used for manual annotation of text data.
Brat provides a useiriendly interface for annotating entities and their relations in text documents. It
allows researchers andnnotators to collaboratively label data and create annotated corpora for
training machine learning models. Brat is highly customizable and supports various annotation
schemas and workflows.

Brat will serve as a visualisation and annotation tool for dgy@ie and expert annotators, to show
and modify the named entities and the relations between them, if any. Here, we can display the
different sources of annotations (i.e., the ground truth and the predicted entities of the models), thus,
providing the usersvith useful data to check, validate, or modify the annotations. An example of its
interface is showin Figures.

Prodigy

Prodigy{18] is an annotation tool developed by the creators of the spaCy natural language processing
(NLP) library that allows the user to annotate and label various types of data. It is designed to be used
in the context of machine learning, specifically for creatamgl improving training data sets for
machine learning models. Prodigy provides an intuitive interface for data annotation, and it also

6 hitps://zenodo.org/record/5119892
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includes an active learning component that helps users to identify the most important data to
annotate. Although Prodigyan be easily integrated with spaCy to train a model in an active learning
manner, it is not a fulfledged machine learning framework per se, but rather a specialised tool for
data annotation and labelling.

3.4 Database management system initial design

When developing the Biomaterial Database several keyrprplirements have to be characterised
involving the following steps:

A Data model definition This step begins by defining the entities along with their attributes to
be stored in the database. For the biaterials database, these will include information like
the name, description, composition, properties, and source of the biomaterials. In our case,
GKS LINRPLRAaSR Y2RStf Aa | daR20dzySyili Y2RSté¢ 6KA
the different attributes and fields.

A ldentify the relationships It is important to determine the relationships between the entities,
one-to-many, manyto-many, or onglo-one relationships. For example, a biomaterial may
have multiple properties and each property can be agged with multiple other
biomaterials. Relation types can be based on docuntevel associations derived from the
metadata information or caccurrences within the document itself (e.g., biomaterial concept
co-mentions, as is the case of the DEBBIE nesoar qualified relation types like biomateral
hasproperty, biomaterialhaschemicalcomposition, etc.).

A Choose a database management system (DBM®}his case, DBMS is selected as the best
suitable option regarding the project requirements. Commortiays include SQbased
systems, such as MySQL or PostgreSQL, or NoSQL systems such as MongoDB, Cassandra, or
Elasticsearch. In this case, Elasticsearch will be used because of its ability to handle large
volumes of data and complex queryingable 6 specifies the main reasons of using
Elasticsearch

A Import the data Once the data model is defined and the DBMS is chosen, the next step is to
import the daa into the database. Depending on the size and complexity of the data, this can
be done manually or with the help of an automated tool.

A Index the data Indexing the data is crucial to ensure fast search and retrieval of information,
and involves creatingndexes on the most commonly queried fields in the database.

A Develop the framework Finally, develop the framework for the biomaterials database,
including the user interface and query system. This framework should be intuitive and easy to
use, with a usefriendly interface for data entry and search.
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Table6. Main advantages of using Elasticsearch as DBMS

Reason Explanation

Elasticsearch is designed for fidkt search, making it easy search and filtel
Fulltext search | through large volumes of data. In a biomaterials database, this would

capabilities users to quickly and easily find specific biomaterials based on their prope
composition, or other characteristics.

Elasticsearch isdistributed system that can scale horizontally across mult
Scalability nodes, making it easy to add more resources as needed. This would a
biomaterials database to handle large volumes of data and support mu
users concurrently.

Elasticsearch isptimised for performance and can return search result
Speed reaktime, making it ideal for regime analytics and data visualisation. T
would allow users of a biomaterials database to interact with the data
generate insights quickly and efficiently

Elasticsearch supports a variety of query types, including Boolean, fuzz
Rich query proximity queries, as well as filtering and aggregations. This allow
capabilities complex queries and data filtering, making it easier to find the infornng
needed in a biomaterials database.

Flexible data Elasticsearch provides flexible data modelling options, including suppo
modelling nested and multvalued fields. This would allow for a wide range of data ty
and structures to be stored in a biaterials database.

3.5 Interactive visualisation frontendsnd techniques

To interact with theBiomaterial Databasean interactive user interface compromising (semantic)
search functionalities, visual analytic components and statistics about the data will be provided. The
implementation step will make use of staté-the-art frameworks and techniques to enable the
gereration of meaningful insight. To make an informed decision on which frameworks and techniques
will be used an analysis of existing libraries and approaches has been carried out
(seeFigure9).

During the analysis, various solutions have been gathered and compared inséepvprocess. First,

0KS aYdzad KIF @S NBIj dzai NBt Srifeiiad (K.O. CHMiB) todistedniine wkich | y 2 O
solutions shall be analysedrther. For this stepa decision matrix was used. The solutions were
yrfe@aSR oFaSR 2y GKS adz2tdzZiaAzyaQ R20dzySyidladAz2ys
Ly I 8802yR &(GBB NBKBAWBKSyAIRé 6SNB dzaSR Fa ONR
accordid (12 AYLERNIIYyOS® ¢KdzaX | LINA2NAGE NIylAy3a 41
aeaitsSy akKz2dzZ R 06S I of G2 NBIR RFEGF Ay W{hb F21

S
NBIj dANBYSYd aiKS 284GS =
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Figure9. Decision Matrix with decision criteria

Based on this analysis, the libraries which are considered are D3.js, Chart.js for the visualisations and
Bootstrap as CSbrary.

3.5.1 Data-Driven Documents (D3)

D3.js[16] is a widely used opesource JavaScript library for creating wedised data visuations. It
provides a flexible API to transform data into HTML, SVG, and CSS, malobgst aata visuadation
framework. With D3.js, developers can create customizable véstialis and graphics from scratch,
including complex muhvariate visualiations that are fully connected and bruslble. It is the most
popular library for datadriven documents and can implement everything from simple-dyearts to
advanced visuadations.

3.5.2 Chart.js

Chart.js is a simple yet very flexible JavaScript library for data visualisation that is popular with web
designers and developers.ista good basic dation for those who daot need many chart types and
customization features, but want their charts to look neat, clear and informative at a glance.

3.5.3 Bootstrap

Bootstrap is a powerful, extensible, and featyracked frontend toolkit that improves the designd
layout of the web applications. It extends the user experience and enabledriesedly interfaces
usingprebuilt grid systems and components that reduce development time and the need to create
custom stylesheets (cascading style sheets) for eadh segment.

3.5.4 jQuery

JQuery is a JavaScript library that simplifies the process of adding dynamic content to websites. It
facilitates the creation of interactive and engaging user experiences irapplications. JQuery has,
similar to thepreviously presented tools, an extensive documentation which ensures its ease of use,
making it a reliable and efficient framework.
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3.6 Visualisationmethods andtypes

Definitive methods and types will be determined by the final data structure and schermaibRo
methods will be described below and are presenteéimurel0.

3.6.1 Line Graphs

A line graph(Figurel0, 1) is used to display quantitative values over a continuous interval or time
period, making it a useful tool for showing trends in data over time. When grouped with other lines,
individual trenc can be compared to one another. While line graphs are useful for displaying patterns
in data over time, they are not recommended for displaying discrete.data

3.6.2 Nodelink Graph

To visualize the connection between different biomaterials a (falicected) rode-link graph(Figure

10, 2) can be employedA nodelink graph (also network diagram, network graph, network map) is a
visualrepresentation of interconnected entities using nodes and links. It helps to interpret the network
structure and relationships between entities. Nodes are usually circles or dots, and links are
represented throughines connecting them. There are two typEfaetwork diagrams: undirected and
directed. However, they have a limited data capacity and can become unreadable when there are too
many nodes.

3.6.3 Bar Graphs

A bar char{Figurel0, 3) uses horizontal or vertical bars to compare numerical data across categories.
It shows discrete, categorical data and is different from histograms, which display continuous data. Bar
charts are useful for comparing datadhidentifying patterns.

3.6.4 Pie and Donut Charts

Pie and donut chartg-igurel0, 4) show proportional data by dividing a circle into segments. They
are useful for comparisons, showing pésta-whole, and proportions. However, they have
limitations and are not ideal fdarge datasets or making accurate comparisons between groups.

3.6.5 Arc Graphs

Arc diagramgFigurel0, 5) are a different way of representing a networkfigcing nodes along a one
dimensional axis and using arcs to display the connections between them. The thickness of the arcs
can represent the frequency of connections between nodes, making it useful in identifying co
occurrence patterns. However, arc diams do not provide a clear representation of the structure.
Additionally, a cluttered diagram with too many links daschallenging to read. Nonetheless, it
provides a useful alternative method for investigating and identifying relationships in data.
Relationships between authors could be investigated using arc graphs.
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4 Biomaterial Marketplace:Use cases, data structures, data
formats and entities

4.1 Meta use cases, requirements and personas

As identified in the deliverablB2.1 Knowledge compilation and structural material collectighere

is currenty no marketplace focused solety biomaterials and products made of biomaterials. The
few marketplaces available on the web that also include biomaterials have their focus either on generic
materials, medical devices, or specific medical applicationss,Tihis one of the main objectives of

the project to develop and validate a biomaterial marketplace. To be able to achieve this objbetive
meta use cases for the Biomaterial Marketplace have been defined to clearly state the value of the
marketplace ad which needs it is able to fulfil.

A marketplaceby definition is able to centralise the exchange of information and goods, facilitating
access for the different stakeholders that are interested in them. The same can be said for the
Biomaterial Marketface which aims to connect suppliers of biomaterials and products made of
biomaterials with potential buyers, researchers, policy makers, and other relevant stakehdtders
should also assist the user to identify their need and the solution thatfoifiit.

Based on the information on marketplaces and biomaterials collected for deliverable D2.1 Knowledge
compilation and structural material collection, as well as the results from the surveys and interviews
performed in WP2 for D2.2 Stakeholder syrvand the knowledge and expertise of the consortium,
three meta use cases have been identified that can be seEmimell.

ADMINISTRATION PANEL MARKETPLACE DIGITALADVISORS

A -
40

WEB STORAGE e %

C__ D
o) ==
o I ADMINISTRATION
o “;' ) ‘ PANEL ADVISOR INTERFACE
== 2
WEB INTERFACE ADMINISTRATION
PANEL USER INTERFACE
. Q@

%’a ) DIGITALADVISOR

DATABASE —=ch=
I

Figurell Biomaterial Marketplaceneta usecases
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Use case description

The marketplace system is expected to structure the biomaterial information that is presented to the
user, from the products made available by the suppliers to events and news listed in the marketplace.
This data will be managed by a central administration panel. The administration panel will be a modern
and lightweight application anserve as theore part of the biomaterial marketplace solution.
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It will be designed as a single point of entry for all administration user registrations and is used to
organise all core database entities (organisations, products, etc.) as well as to manage ttudesser
and rights.The administration panel will be accessible agminbase.biomaterialmarketplace.com
after the Biomaterial Marketplace was launched.

Marketplace entity structure

In order to add such data, the administrators need to be ablsttocture the marketplace. They will

be able to register and access the administration panel and add the necessary information for the
marketplace to be easy to use. These user groups will be responsible for adding a biomaterial specific
categorisation tre that will allow products and services to be categorised in the marketplace, add
information of necessary supporting entities such as biomaterial related scenarios, events and news
and manage the content of the home page, about page and registration paganistrators will also

be responsible for managing the user roles, permissions and other usermijgtsd data.

{ dzLIJLJ A SND& LINBTFAES YR 0A2YFGSNRL € &

The suppliers will use the administration panel to add information about their organisation,
biomaterils, products and services. Thus, suppliers will be able to register themselves in the
administration panel and will be given rights to add and manage the data that they would like to display
for enablers, demanders, researchers, policy makers and otkigong of the marketplace.

The suppliers will be able to add information about their company, add products, assign each product

G2 F oA2YFOSNALFE OFGS3A2NEX FRR LINRBRAZOUG AYyF2NXI G
biocompatibility, producdescription, and images. Suppliers are also able to add documents to their
profiles, which may be biomaterial catalogues, brochures or other relevant documents, and add
services and other entities relevant to the biomaterial community.

Figurel2 presents sketches of the layout and structure of the administration panel. It will have a left

side navigation bar that lists all the main entities. The adnriaiisin panel for the suppliers presents

2yfte az2vyS SydAidAaSasx adzOK I+ a (KSandsergicégwhiethd £ a3 &
administrator have more entities in order to manage the marketplace data and the entire system.

Figurel2 Marketplace sketches of M@1 Administration panel for the management
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Use case specification

Table7. Specification of M®1 Administration panel for the management

Name of Use Case: ' RYAYAAUNXGA2Y LI ySE F2N G4KS
biomaterial data

Use Case ID: MP-01

Created by: SYNYO Created by: SYNYO

Creation date: 23.12.2022 Creation date: 23.12.2022

Actors: Administrator, marketplace content manager, supplier

Preconditions: User has to be logged in the administration panel as administr
content manager, or supplier

Postconditions: Specific content is successfully created, updated or deleted and disp
in the marketplace

Results The expectedesult of this use case is that the user has success
managed the entity the user wants to manage. The system validate
data entered and ensures that all required data for the marketplace |
been added. It makes it available in the agreed strietior the
marketplace. Thus, removing the chance to break the markety
system.

The validation and notification system assists the user to identi
anything is missing or if something went wrong while performing
action.

Evaluation The use case iW be, in a first iteration, validate@nd evaluated by
members of the BIOMATDB project that will be expected to add corf
in the marketplace system and access the administration pang
manage the marketplace and add data of a fictional supplier deroro
validate the use case. The roles will be either administrator of the sys
marketplace content managers or supplier.

In a second iteration, suppliers that are stakeholders of the project
have been invited by the BIOMATDB partners to test itmiaistration
panel will add their data and biomaterials and validate and evaluatd
system and use case.
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The table of requirements below presents the main requirements identified at this stage of the project
for the creation of an administration panel to manage the biomaterial marketplace.

Table8. Requirements of M1 Administratiorpanel

# Requirement Actors
MP-01-01 Register to the administration panel Administrator,
content manager,
suppliers
MP-01-02 Log in the administration panel Administrator,
content manager,
suppliers
MP-01-03 Add biomaterial category tree f@roducts and services Administrator,
content manager
MP-01-04 Add biomaterial scenarios Administrator,
content manager
MP-01-05 Link scenarios to categories Administrator,
content manager
MP-01-06 Add events, news, and other entity data relevant the | Administrator,
marketplace content manager
MP-01-07 Overview and manage data in the marketplace Administrator,
content manager
MP-01-08 Manage profile (of supplier) Suppliers
MP-01-09 Add products and services, and information about th| Suppliers
(including images)
MP-01-10 Link product and services to categories Suppliers
MP-01-11 Add documents, brochures, product catalogues to th Suppliers
supplier profiles and their listed products

© 2023 BIOMATDB
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4.1.2 MP-02 Biomaterial Marketplace withntelligent search engine

Use case description

Marketplaces are used in different industries to provide information on products and services in niche
markets including supplier data, product information, usage scenarios, documents, etc. To facilitate
the navigation of the user in the marketplace and assist the user to identify and find the best solution

for their need, the Biomaterial Marketplace must include processes and system components that assist
the user whilenavigatingthe marketplace.

The user grops (researchers, enablers, demanders, policy makers, suppliers and any other visitor of
the biomaterial marketplace) will be able to use the system to find relevant biomaterials and medical
devicesas well asnformation about their supplierenthe marketplace. Assisted by a complex search
engine and a useiriendly interface the biomaterial marketplace will centrally present the data and
interactively support the user in finding the best solution for their neddi® Biomaterial Marketplace

will be acessible viavww.biomaterialmarketplace.comup from a later stage.

Suppliers

Suppliers are organisations that provide products or services. The biomaterial marketplace will present

the suppliers in a suppliefst page which gives the user the possibildysearch for suppliers using

the search engine and various filters. For example, the filter function can include filtering by country,
FOGAGAGeE (ellSazx ydzyoSNI 2F SyL)X 2eSSasx NB@SydzsSa |
can be presentedia list form or in a grid form depending on the preference of the user. Once a certain
supplier is found, a detailed page about the supplier is available. In a structured anih e#agg way,

0KS &adzlJLd ASNRA& RSGIFAT LI 3EIRASNRER ¥ ¥$ T2 NIk DA i
logo, description, number of employees, revenue, founding year, contact information (location, phone,
6S0AAGSY0 YR AYTF2NXIGA2Y | 02dzi AGa aSNBAOSA 2NJ
where the suppér is active can be found and a contact form will be available for visitors and users to

get in contact with the supplier.

Biomaterials (products)

Biomaterials are items that are being displayed for sale. In the case of the biomaterial marketplace

these ae biomaterials and products made of biomaterials that have been listed by suppliers. Instead

of searching for suppliers, the user will be able to use the search engine and the filter to directly look

for biomaterials and certain products made of them. Hiematerials are displayed in a grid or list
a0NHzZOGdzNB Ay GKS 0A2YFGSNAIFfaQ tAad LI ISP ¢KS A
search engine or the filter function. The filter function allows biomaterials to be searched by afibut

ddzOK a O0A2YFGSNAIFE OFGSI2NARSESE 0A2YFGSNRFE LINE
After a biomaterial is found, further information about the biomaterial is available in the detail page.

The detail page shares information about the rhiterial such as brand names, biomaterial name,
RSAONALIIA2Y S AYF3ASAa 2F GKS o0A2YFOSNRLFE X &adzldL) A S|
O2y il OG 6AGK (GKS &dzLJLX ASNE GKS o0A2YFGOSNARIEQa I
webdtes where the biomaterial is available. Also, using a smart algorithm, similar biomaterials are
displayed below the information of the current biomaterial.
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Categories

In case the user has little information about the biomaterial, service or its supplier, the user can search
the solution by using categories. Categories are classifications of various biomaterials or services. The
purpose of categories is to provide an oview of the entire range of biomaterials and services in the
catalogue. Categories can be structured in a hierarchical form that resembles a tree. Thismesats
category possibly having one or more child categories. The end of thestingstured caegorisation

are biomaterials and services. Therefore, when searching for biomaterials or services, the user can
choose to do so by looking at the different categories. With the support of the search ethgineser

can look for a certain category by namekeywords. Once the category is found, detailed information
about it is presented to the user, such as category name, an advisor that can support the user to find
0KS LISNFSOG o0A2YFOSNRFET 2NJ aSNIBAOS I|tgrRnclidieg OF (S 3
characteristics, types, usage, target groups and further information related to the category is
displayed. Finally, the biomaterials and services structured under this category are displayed and
related biomaterial categories are also shown.

Documents (brochures, catalogues)

Brochures and catalogues are documents that can be downloaded as PDF files and serve as a source
of information about biomaterials, services or other supplier related information. These documents
are created and managed/suppliers and can be downloaded by biomaterial marketplace users from
0KS adzlJ) A SNRa RSGFAf LI 3AS

Search bar

The marketplace will include a search bar that is at all times displayed to the user. The search bar will
dynamically suggest results accordingtie input of the user. The user will be able to either select a
solution presented in the result list, which will take the user to a detailed page of the solution, or enter
a desired input and view the result related to the input in the form of a list.

Scenarios

The scenarios are areas of application of biomaterials that bring information of a specific usage. It
supports the classification of biomaterial categories and subsequently biomaterials.

The marketplace will present the user a list of scenaritesvemnt to biomaterials to assist the user in
identifying solutions. The scenarios will present information such as a description, target group, types
of solutions and a list of relevant biomaterial categories and relevant biomaterials. The list of relevant
biomaterial categories will also have a link to the digital advisors of each category.

The user will be able to either select a biomaterial, which will lead the user to the biomaterial detailed
view, or a biomaterial category and/or its digital advisors.

While the first use case of the marketplace is to support and facilitate the search for biomaterials for
the user, this use case focuses on informing the user on a set of biomaterial solutions or a specific
solution in a usefriendly manner.

The biomaterls information meta use case will present the user with relevant information such as
ONI YR yIYSa:x RSAONARLIGAZ2Y | o2dzi GKS 0A2YFGSNAL €
category, biocompatibility of the solution, information about the slippand information about

related scenarios and solutions.
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The objective is to support the user to gather all the necessary information with as few clicks as
possible and efficiently. The use case is split into the following two situations.

Similarity andysis

The marketplace will also present the user with the result of an automatic similarity analysis in which
similar products, suppliers and/or categories have been identified by the syateristed This will
assist the user to find further relevantlstions and information to its needs. This analysis will be
present in the detail pages of biomaterials, and suppliers.

Filtering

The filtering will help the user finalise the search for a certain biomaterial solution after the user has
already started s€edOKA Yy 3 F2NJ a2f dziraz2yad ¢KS YIFIN]ySGLI I OSQa
funnel the result and eliminate solutions that are not relevant according to different attributes about

the solution or its supplier.

The filtering will be a section insidiee list view of an entity, such as biomaterial, supplier or service.
If the user arrived in the list view by either selecting the entity or using the different workflows of this
meta use case, or through thdigital advisors the user will be presented i a filter section that
allows the user to filter the results even more.

The dynamic filtering section allows the user the ability to filter results according to attributes of the
biomaterials, brand names, biocompatibility, geographical restrictionsplarp, price range and
biomaterial category. The filter updates itself also dynamically according to the new results after the
user selected a filter option.

Figurel3presents first sketches dfie Biomaterial Marketplace including a list pagel adetail page

of a biomaterial. The Biomaterial Marketplace will have a top navigation bar with a few buttons on
every page, such as a suppliegistration button and a top menu bar underneath that allows the user
to access the main entities of the marketplace.

________.________

Figurel3. Marketplace sketch of MB2 Biomaterial Marketplace
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Use case specification

Table9. Specification of M2 Biomaterial Marketplace

Name of Use Case: Biomaterial marketplace with intelligent search engine

Use Case ID: MP-02

Created by: SYNYO Last update by: SYNYO

Creation date: 23.12.2022 Last revisiordate: 12.01.2023

Actors: Researchers, demanders, enablers, policy makers, suppliers, visi

Preconditions: The user has to access the biomaterial marketplace

Postconditions: The user has either successfully:

1. found a biomaterial

2. found a biomaterial supplier

3. informed themselves about biomaterials and related
biomaterial resources

Results The expected result of this use case is that the user is able to fin
desired biomaterial, product dsiomaterial supplier, that the user wa
searching for, and that the user is able to get sufficient informa
about one or many biomaterials from the marketplace.

Evaluation The use case will be validated and evaluated in a first iteratio
members othe BIOMATDB project that will access the marketplace
search biomaterials using the system search functionalities, and vie
information of biomaterials, services, suppliers and other enti
available in the marketplace. In a second iterafiother stakeholders
outside of the project team will access the marketplace and perform
same action and evaluate the marketplace and use case.

The use casdiomaterial marketplace with intelligent search enginemprises all requirements
related to the marketplace application that is available to any visitor on the web.
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The requirements are focused on the search of biomaterials or medical devices, the provision of central
biomaterial information in a singular gfication, & well as the connection between different
stakeholders relevanto the biomaterial field (e.g., biomaterial or medical devices suppliers,
demanders, enablersand researchers). These very broad requirements have been broken down into

several more concretely defined requirements that can be seérafriel0.

Tablel0. Requirements of M2 Biomaterial marketplace

Requirement Actors
MP-02-01 Searchor biomaterials or medical devices using a search i Enablers,
Demanders,
Researchers,
Visitors, Suppliers
MP-02-02 Searchor suppliers using aearch bar Enablers,
Demanders,
Researchers,
Visitors, Suppliers
MP-02-03 SearcHor categories or scenarios using a search bar Enablers,
Demanders,
Researchers,
Visitors
MP-02-04 Dynamically update results according to input in search bg Enablers,
Demanders,
Researchers,
Visitors, Suppliers
MP-02-05 | Searchor biomaterials or medical devices YO I (i S 3 2 I} Enablers,
YR aOSyIFINAR2aQ fAad Demanders,
Researchers,
Visitors, Suppliers
MP-02-06 View detailed information omiomaterials or medical devicg Enablers,
(biomaterial image, description, attributes, biomater| Demanders,
properties, biocompatibility, supplier, contact informatio Researchers,
market availability) Visitors
MP-02-07 View detailedA Y T2 NX I GA 2y 2y & dzLJ Enablers,
description, company information, contact informatiof Demanders,
products, services, market) Researchers,
Visitors
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MP-02-08 Contact suppliers through email, contact form, or social m¢ Endlers,
platforms Demanders,
Researchers,
Visitors

MP-02-09 View similar solutions Enablers,
Demanders,
Researchers,
Visitors

MP-02-10 View similar suppliers or solutions of the same supplier Enablers,
Demanders,
Researchers,
Visitors

4.1.3 MP-03 Digital advisos

Use case description

Intelligent online advisors help different target groups to gather the desired information about
products, services, technologies or any other entity they are looking for. The advisor systsm
several intelligent query and rankingethodologies in combination with a strotuser ExperienceJ})

to keep the search and selection process very comfortable, especiallyugénes fully new to a field.

The digital advisors will support the marketplace users to find a specific biomdtdioating a step
by-step process, in which the user answers simple questions about the biomalteyalre searching

for. The digital advisors will find biomaterials that fit the answers given by the user. The digital advisors
are available by category¥his means that each category may have its own digital advisor that assists
users to find the best biomaterial for their needs from the category.

The digital advisor uses category specific questions to guide the user to the solutions relevant to the

dza Sné&Eda. Simple questions such as price range, compatibility of biomaterials and other binary
6aeSa¢ 2NJ ay2¢0 ljdSatAazya Fo2dzi oA2YFGSNRFE | GGN
is answered, the digital advisor redirects the user tistgpage of solutions that fit the answers of the

user.

Figurel4is afirst sketch of the design and layout of the digital advi€pecifically, it displayse step

in the advisor process. As can be seen, it asks the user a question and gives thamsgleaoptions.

¢CKS 0fdzS LINRPINBaa ol N 2y (K $& théebyiriopms thRuserd ibw & & (K
many of the questions they already answered.

© 2023 BIOMATDB Horizon Europe | CL:2021-RESILIEN@HE-25 | 101058779



D3.2 Databasdé)ata ProcessingViethods, Tools andWeb ApplicationMarketplace andecificatiors

Category Advisor

Should it be EMA approved? aoo
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oon
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Figureld. Marketplace sketch of MB3 Digital advisor

This usecase is part of both the administration panel and the marketplace systems. It expects
administrators and marketplace content managers to create advisor steps, questions, and answer
options for each category. Thus, a digital advisor component will be blailathe administration

panel for the management of the advisors. On the other hand, the functionality of the digital advisor
to support the user will be available in the marketplace in connection to the available cateddrées.
feature will be accessib viaadvisors.biomaterialmarketplace.cortater on.

Use case specification
Tablell. Specification of M3 Digital advisor

Name of Use Case: Digital advisors

Use Case ID: MP-03

Created by: SYNYO Created by: SYNYO

Creation date: 23.12.2022 Creation date: 23.12.2022

Actors: Researchers, Demanders, Enablers, Visitors

Preconditions: User has accessed the marketplace and is in the scenarios pad
categories page.

Postconditions: The user found oneormamyA 2 Y G SNA I £ & | 002 NF

Results Thg result expected from this use case is a list of biomaterials th
SEFOGte GdKS ySSRa 2F (GKS dzaSNE

Evaluation The use case will be validated and evaluated in st fieration by
members of the BIOMATDB project that will access the marketplacg
use the digital advisors to find biomaterials. The validation and evalu
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will focus on the correctness of the resulting biomaterial according tg
answers, and on #hrelevance of the questions and the answer optio

In a second iteratiojother stakeholders outside of the project team w
access the marketplace and be able to validate and evaluate the sy
and the use case.

The requirements focus on making the advisor easy to use for the user and be of substantial benefit to
the procurement of biomaterials or medical devices when using the biomaterial marketplace. The user
groups involved in this use case are biomaterial or medical device enablers, demanders, researchers,
and visitors as can be seen imablel?2.

Tablel2. Requirements of MD5 Digital advisors

Requirement

MP-03-01 | Be able to access digital advisors for each category in order t¢ Enablers,
products that fit the needs Demanders,
Researchers,
Visitors

MP-03-02 | Perform a stegby-step process to find the best solutions to t| Enablers,
dza SNna ySSRa Demanders,
Researchers,
Visitors

MP-03-03 | Answer simple questions to filter trsolutions that are supporte( Enablers,

by user friendly icons and user interface resources Demanders,
Researchers,
Visitors

MP-03-04 | Get a list with solution(s) according to the answers given Enablers,
Demanders,
Researchers,
Visitors
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4.1.4 Personas

BiOChemist | | ! ‘i B \ Years of experience
Markus il 5 AN A - | o
35 £ Male N A

German

General technology proficiency

O

Research experience
Markus is looking for
Markis is a biochemist and researcher in the field of * & platform which would aliow him to search for biomaterials and O
biomaterials. easlily get information about their features.
= & platform which would help him find publications and articles on 2 5
Markus conducts research on the effects of different new developments in the biomaterial field. Biomaterial knowdedge
biomaterials in contact with the human body and the = @ platform which would allow him to search for biomaterials
development of new biomaterials. He has a PhD in biochemistry suppliees by region, receive their contact information and brachures O
and in biophysics and has baen working as a biochemist and of the biomaterials they offer.
ressarcher for over 2 years.

Lately, Markus has been developing processes and tests to

assess the biocompatibility and safety of newly developed  Markiss is using the soluion Markus has the following limitations

biomaterials ey eacns ) 5

+  the |ack of a platform which aliows him to search for
biomaterials without the need to investigate additionally
their features, properties ste.

* easy access to biomaterial suppliers information and product
catalogues

Years of professional experience

General technology proficiency
O
Research experience

Biomaterial knowledge

O

Chloé is using the solution for

. /'s biomateriall The current existing marketplaces focus on materials or
structured under biomaterial-relevant product categories. medical products and do not include specific biomaterial

et information. Itis also difficult to find information about

researchers working with biomaterials or other suppliers that

may be offeringsimilar products.

Chloé has the following limitations

reaching outto suchash
physicians and getting in contact with researchers,
research institutions and policy makers in the biomaterial
environment.

Figurel6. Marketplace persona: Biomaterial vendor representative
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Hospital purchasing agent
Emilio

53 /' Male

[talian

Emilio works as a purchasing agent for a large hospital in
northern Italy. His main responsibility i to identtfyi og new
biomaterials that the hospital needs, and get in contact with
suppliers to acquire the materials. Emilio has a masters in
experimental medicine and has worked in the past as a medical

Emilio is looking for

a tool which could allow him to find biomaterials depending
on the current use case and needs of the hospital

2 tool which would allow him to search biomaterials by their
properties and get information on the biomaterials in order 1o
asses if they fit the need of the hospital

Years of experience
General technology proficiency

Research experience

Biomaterial knowdedge

researcher. 2 tool which eould allow him to contact suppliers of O

The procurement of existing and new biomaterials is very biomaterials.

impoetant for Emilio and the hospital he woeks for. Thus, he
often reaches out to biomaterial suppliers, researchers and
biomaterial associations.

Emilio s using the solution for

= finding biomateeisls
= comparing suppliers and biomateriale

Emilio has the following limitations

The lack of a tool which provides s single point of aceess 1o data
related to biomaterials, suppliers and biomaterial everts .

such as biocompatibility The lack of s marketplace that has features and functionalites,

which are focised on biomaterials.

Figurel?7. Marketplace persona: Hospital purchasing agent

Years of experience

Local government councillor
Iva

O
31/ Female
Bulgarian

General technology proficiency

Research experience
Iva Is looking for

tva isa coundllor at the department of medicine and = 8 solution that manitoes the evolution of innovation In the O
biomaterials of the ity eouncil in Sofia, Bulgaria. tva studied biomaterials landscape

biology and has worked in the past as a resaarcher in biology
and hiomaterials. Her aurrent role and responsibility consist
monitoring the releass of new biomaterials and approaches and
assessing the need for changes In policy.

Iva Is using the solution for

8 tool that identifies, compares and monitors biomaterials,
Including their biocompatibility, (pee -jdinical status and their
technology readiness level

 tool that collects and analyses articles and publicatians in
the blomaterial field

looking up for trends inthe landicape

and assassing If the current policies and legal framework are

up-to-date and eah ensure the safety of the patients.

getting in contact with other relevant organisations and
which work with

Biomaterial knowdedge

8,

Ivs has the following limitation

The and exchange of on new
biomaterials between researchers, suppliers and policy makers
1516 some extent limited in Europe and occur & often only after
biomaterials are being tested. In order to keep policies modern
and support the Innovation and protect the patients and users,
policy makers, like Nadja, wish to be more informed on asrent
Innowation trends

Figurel8. Marketplace persona: Local government councillor
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4.2 Data sources and data flow

4.2.1 Data source: Biomaterial and medical device suppliers

The data for the Biomaterial Markdgre comes mainly from suppliers that register on the
marketplace and add information on their company, products, services and other entities to the
marketplace.

To reach as many suppliers as possible while still being accurate on the type of supplietbtiag
reached, the BIOMATDB project team will follow certain methods:

1. Contact to suppliers directly through the BIOMATDB partners, especially, partners active in the
industry and with numerous contacts biomaterial and medical device suppliers.

2. Collection of suppliers information from open data sources via the Biomaterial Database. This
may include datasets directly on biomaterials, but also datasets on publications and articles
that include names of suppliers and that the database is able to casegasi suppliers.

3. Through marketing and project dissemination on social meldeproject website, events and
fairs.

The suppliers will all be invited, and will add their information themselves to the marketplace.

4.2.2 Data source: EU portals

While the data for the core modules (suppliers, products, services etc.) is all entered manually, the
Biomaterial Marketplace also fesees multiple extension modules. The extension modules are EU
projects, EU project partners, EU funding andé&idlers Because of the EU context, these extension
modules use the following external data sources provided by official EU institutions:

A European Data Portal

A CORDIS

A EC Funding Tendes Portal
A TED

4.2.3 Data flow

The data flow within the marketplace system is a crucial aspect that drives its functionality. Irrespective
of the data source, all information undergoes a unified data flow within the teersystem. Once
received, the data is processed, stored, and prepared for accessibility through an APl endpoint.

Upon completion of the data processing, the prepared information is made available for consumption
on the application frontend. The applicati directly retrieves the required data from the API
endpoints, enabling seamless presentation of the information to users. This direct integration ensures
that the frontend displays the most djp-date and accurate data retrieved from the underlying
techrical system. An overview of the syst@ndata flow can be seen kigurel9.
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4.3 Dataentities, format and types
4.3.1 Data Entities Core Module$
Table13. Datakntities (Core Modules)
NET L Description Data Formats

Suppliers Suppliers are manufacturers, developers and/or vendors of products or ser\ String, Numeric,
in the context of biomaterials. This group includes companies that deve Images
manufacture and/or sell raw biomaterials or biomatesiglsed products

Products In the context of the Biomaterial Marketplace, all products are related to the f String, Numeric,
of biomaterials. Products can be medical devices (made of, or conta Images
biomaterials), therapies based on biomaterials such as ATMP, compone
medical devices, raw or shaped biomaterials and others.

Services Services are similar to products and are also offered by suppliers. Like pro( String, Numeric,
services present short information about their supplier and more in de¢ Images
information about the service being offered and their characteristics.

S®narios Scenarios arase casesf biomaterials that bring information of a specific usa¢ String, Numeric,
It supports the classification of biomaterial categories and subsequ¢ Images
biomaterials.

Documents Documents are filethat can be downloaded as PDF and serve as a sour( String, Numeric,
information about products, services or other supplier related information. | PDF

News News aim to provide upo-date information related to biomaterials. Thi| String, Numeric,
includes news articles, press releases or announcements from suppliers. Images

Events Eventsare biomateriatrelated meetings and activitiesuch as conferenceg String, Numeric,
webinars, workshops and seminars. Date/Time, Images

4.3.2 Data Entities (Extension Modules)
Tablel4. Data Entities (Extension Modules)

Description Data Formats

EU Projects EU projects are projects that are financed or-frmnced by the| CSV, XML
European Union through its various funding programs. They ain
promote research, innovation and development in various fields.

EU Project Partners | EU Project Partners are organisations that participated or are curr¢ CSV/XML
participating in E"unded projects. Each partner has a role within
project (coordinator or participant) and an organisation type.

EUFunding EUFundingrefersto the announcements made by the European Uni REST/JSON
inviting organisations to submit proposals for funding oppaities in
various areas.

EU Tenders EU tenders are procurement opportunities for goods, services or w| XML
that are issued by the European Union.
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4.3.3 DataExampleqgCore Modules)

All rights of the following examples, includingademarks for specific products, belong to the
referenced manufacturers.

Suppliers

The aim of a supplier module is to allow suppliers to register and showcase their organisation and
products (and other solutions) to potential custome8sippliers are marfacturers, developers and/or
vendors of products or services, in the context of biomaterialgs group includes companies that
develop, manufacture and/or sell raw biomaterials or biomatebased productéike medical devices

Showcases for existingdmaterial suppliers are Medtronic, Orchid Orthopedic Solutions, ARTIQO,
INNOTERE and Sagemax.

Tablel5. References Suppliers

Supplier ‘ URL

Medtronic https://www.medtronic.com/usen/index.html
Orchid Orthopedic Solutions https://www.orchid-ortho.com/

ARTIQO https://artigo.de/en/

INNOTERE https://www.innotere.de/

Sagemax https://sagemax.com/

Désigned
for real life A

Orthopedic Medical Devices

we jevices and

‘

Figure21. Supplier Example (2) Orchid Orthopedic Solutions
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%@ ARTIQO a %@ ARTIGO s

Figure22. Supplier Example (3) ARTIQO

INVOTERE INNOTERE

sagemax” Foden  Compay Ol Commty  Oowkadr  Comet sagemax” = e Compary  Owiw  Commsny  Domsiade o

Zirconia for £
all your needs =g

Figure24. Supplier Example (5) Sagemax
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Products

The Biomaterial Marketplace provides a comprehensive listing of all available biomaterial products
offered by the registered suppliers. This module helps potential buyers to easily $earstd filter

the products by various attributesProducts can be pdical devices (made of, or containing
biomaterials), therapies based on biomaterials such as ATétponents of medical devices, raw or
shaped biomaterialsand others.

Exampledor Biomaterial Products anhie A2 Short Stenby ARTIQOthe Impella RP &art pump the
ActivaPirby Bioretec andhe InionBioRestore

Tablel6. Reference®roducts

Product ‘ URL

A2 Short Stem https://artiqo.de/en/products/hip-stem/a2-short-stem/
Impella RP heart pump https://www.heartrecovery.eu/productsand
services/impella/impellap
ActivaPin https://bioretec.com/products/1/activapirbioabsorbablepin
Inion BioRestore https://www.inion.com/product/inion-biorestorebone-graft-
substitute/
%@ ARTIQO a Ovarview

The A2® Short Stem - Very good clinical

Results

Indication and Safety Information EU

Inion BioRestore™ Synthetic Bone Graft
Substitute

=
o

\\

Figure25. ProductExamples
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Services

Among products, the Biomaterial Marketplace also lists services related to biomaterials that are
offered by suppliers. The service module allows suppliers to showcase their expertipeosit a
wider range of offerings to customers beyond just sellihggical products.

Some existinguppliers offering biomateriaklated services ar&urofing Biofarma, Biochem and
Abich.

Tablel?. Referenceservices

Service URL

EurofinsServices https://www.eurofins.com/ourservices/
Biofarma Group Services https://www.biofarmagroup.it/en/services/
Biochem Services https://www.biochem-bcm.com/en/servizi/
Abich Services https://www.abich.it/en/

&% eurofins -MH bBiofqrmg o s o -

Services

g Y
™ -
Development, Regulatory advice, Production, Packaging, Logistics,
e s Certification: the supply chain from start fo finish

A s
s"l l $4 Product development
&
ﬁ 4 Regulatory Advice
o

e

Al

7\

Production

Packaging

e S

e,

SERVICES

e T T TR

Safety and efficacy test on biomedical masks according to UNI EN ISO
14683 and UNI EN SO 10993

Our services

Figure26. Service Examples
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Scenarios

The marketplace will present the user a list of scenarios relevant to biomaterials to assist the user in
identifying solutions. The scenarios will present information such as a description, target group, types
of solutions and a list of relevant biomatdrategories and relevant biomaterials.

The supplier MEIEL provides a good examplewliat thesescenarios can lookke. MEDEL offers

hearing implants for people suffering from hearing lo&s.there are mainly four different types of

hearing loss, edcto be treated differently, MEIEL is implementing hearing solutions for these four

Ol dzZaSa oWaOSylI N A2aQuaed 'a AG OFy 0S aSSy Ay GKS -
followed bysolutions {n this casgroducts) for therespectivesituation.

Tablel8. References Scenarios

Scenarios

MEDEL Types of Hearing Loss | https://www.medel.com/abouthearing/typesof-hearingloss

Conductive Hearing Loss .
% |
Shkitions T Canductia Hadring Uoss

) ) ~e ~e )

Figure27. Scenarios Example MEL
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Documens

The Biomaterial Marketplace includes a location for all reledasuments related to the biomaterial
products and their suppliers. With the document module, suppliers are able to upload documents such
as product brochures, manuals, technical data sheets or safety information about biomaterials and
related products.

Same biomaterial supplies, likeExatechand Neobiotech offeran own moduleon their web pages
central point of contact for relevant documentr example brochures or documentations as it can
be seen in the figures below the reference table.

Table19. Reference®ocuments

Documents ‘ URL

Exatech Resource Library https://www.exac.com/resourcdibrary/

NeobiotechProduct Catalogues https://www.neobiotech.com/productdetail/is-ii-active

@exactech  sroouas ssolions  edicel professon @exactech  sosusssouions e

Accelerate PRP
Preparation Guide
Wall Chart—713-06-
50 Rev B

Filter by Media Type
Allbieda Types

Search the resource
library

a

Figure28. Document Examplél) ExacteciResource Library

Catalogues SiidbLant svstem

Figure29. Document Example2) NeobiotechProduct Catalogues
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News

The news module on the Biomaterial Marketplace aims to providéotgate information anchews

related to biomaterials. This includes news articles, press releases or announcements from suppliers.
The purpose is to keep the users informed about the latest developments and innovations in the
biomaterialsfield.

There are various biomaterial spigers that keep their audience tfp-date on their website in form
of an own news page or something simitefor example Alcon, Anika, Bonalive and CeramTec.

Table20. ReferencedNews

News URL

Alcon Newsroom

https://www.alcon.com/newsroom

Anika News

https://anika.com/aboutanika/news/

Bonalive News

https://www.bonalive.com/en/news/

CeramTec News https://www.ceramtecgroup.com/en/rews-events/newsoverview

9 ANIKA

News Overview

News & Media

Read what people are saying about Anika as an emerging global leader in joint preservation

1o Host 2023 Capital

A Catepories

Orthopedic Design & Technology.

bonalive At Pt [T ——

News

Overview & Archive

CeramTec Group News

e e 3 gicbanend, mtercanracted world that = way: mine Sty

CeramTec at the UIA
2023 Symposium in Utrecht

Figure30. News Examples
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Events

The main objective of the event module is the promotion of biomaterelhted events such as
conferences, webinarsyorkshops and seminars. The module allows organisers to create their events
with relevant information, including a title, the date(s), a description and the type of the event. In the
end, the event module on the Biomaterial Marketplace should serve agteatised location for the
biomaterial community to discover and participate in events related to their industry.

Suppliers with an event module on their web appearance are Bondivteck, 3D Matrix and
Coloplast.

Table21. Referencefvents

Events URL

Bonalive Events https://www.bonalive.com/en/events/
Bioteck Events and Fairs https://bioteck.com/en/eventsandfairs/
3-D Matrix Events https://3dmatrix.com/about/events/

Coloplast Financial Calendar & Eventg https://investor.coloplast.com/investar
relations/financialcalendarand-events/

bonalive Mvitine  Pobin N sdmate

BJOTECK'

Events

4-18 MARCH 2023 | ran 6-8 OCTOBER 2022

Current events

ey - . - .
-
= ——
T T >
3T St - 5-7 OCTOBER 2022 | M 15-18 JUNE 2022 | conGRess
N B~
E : .
= e R - eroxn e T—— :

& Coloplast About ColoplastInvestor Relations  Sustainabilly  News&Press  Coreer  Products  Contact

stenepercd
Portsmouth Advanced
Endoscopy Sympasium
2023

Figure31. Event Examples
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4.3.4 DataExampleqgExtension Modules)

EU Projects

EU projects are projects thatre financed or cdinanced by the European Union through its various
funding programrmes. They aim to promote research, innovation and development in various fields
such as science, technology, energy, environment and social sciences. The EU provides fundi
opportunities to support innovative ideas and solutions that address the societal challenges facing
Europe. These projects typically involve collaborations between organisations from different countries
and sectors.

CORDIS (Community Research and Dpusat Information Service) is the European Union's primary
information service for research and development projects funded by the EU. It provides a
comprehensive database of Huhded projects and their results, as well as news and information on
EU reseech and innovation policy.

Table22. References EU Projects

Description ‘ URL

ProjectList https://cordis.europa.eu/search?g=%27biomatdb%27&p=

ProjectDetail View https://cordis.europa.eu/project/id/101058779

m o —a | SO .
-

B WA o B S T

Advanced Database for Blomaterials with Data Analysis and
M Visualisation Tools extended by a Marketplace with Digital Advisors

= o —

Q0 4

Coordimator

Figure32. EU Projects Examp{€ORDIS)
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EU Project Partner

EU Project Partners are organisations that participated or are currently participatingfimééd
projects.Each partner has a role withinpaoject(coordinator or participantandan organisation

type, such agesearch organisation or SME (Small or loedsize enterprise). Furthermore, they

provide descriptions and keywords about their application fields and expertise, as well as information
about their project participations.

Table23. References EU Project Partners

Description ‘ URL

PartnerList ec.europa.etf
Partner Detail View ec.europa.euf

* abbreviated URL

Main collaboration partners

00 ¢
0® °0o
P
===

Figure33. EU Project PartneiExamplg EC Funding & TendBortal)
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EUFunding

EUFundingrefersto the announcements made by the European Union (EU) inviting organisations to
submit proposals for funding opportunities in various areas. These calls provide details on the specific
topics, eligibility criteria, funding amounts, deadlines and evalugtimtess. Organisations can apply

for funding by submitting proposals that align with the objectives of the call and meet the necessary
requirements.

The EC Funding & Tender Portal is an online platform provided by the European Commission that
serves as a@entral access point for different types tfnding The portal provides a usétendly
interface for searching and applying for funding opportunities, as well as managing the application
process and monitoring project progress.

Table24. References EBunding

Description URL

ProjectFundingList ec.europa.eu
ProjectFundingDetail View ec.europa.eu

* abbreviated URL

Figure34. EUFundingexamplg EC Funding & TendBortal)
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EU Tenders

EU tenders arprocurement opportunities for goods, services or works that are issued by the European
Union. Tenders aim to promote fair competition, transparency and equal access to public procurement
contracts. EU tenders cover a wide range of sectors, like constndfipresearch and development

and consulting. Organisations interested in bidding for EU tenders must comply with specific eligibility
and technical requirements.

TED (Tenders Electronic Daily) is an online portal that provides access to public praturetices

from all EU member states, as well as Iceland, Liechtenstein, Norway and Switzerland. TED is the
primary source of information for businesses, organisations and individuals interested in participating
in public procurement opportunities. It enls users to search and filter procurement notices based

on various criteria, such as type of contract, location and deadline.

Table25. References EU Tenders

Description ‘ URL

Tender List https://ted.europa.eu/TED/search/search.do

Tender Detail View https://ted.europa.eu/udl?uri=TED:NOTICE:254311
2023:TEXT:EN:HTML&src=0

* Search results not shareable via URL; to be submitted manuall

@ Ted- tenders electronic daily B @ Ted- tenders electronic daily [*]

Figure35. EU Tenders Examp(€ED)
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5 Biomaterial Marketplace: Web applications, interfaces and
digital advisors

The Biomaterial Marketplace aims to visually represent supplier organisations and their solutions, like
products, services odocuments It operates in theareas ofB2B (Business to Business) and B2G
(Business to Governmerg)he main objective is to prade information about the suppliers and their
biomaterial solutionsand ease the contact with those suppliers. The Biomaterial Marketplace is
realised as a dynamic web application. In the course of the holistic implementation, only current state
of-the-art technologies are used to guarantee a higlality and modern platform as the end product.

An analysis of technologies for various categories can be foutldsinhapter. Among the solutien
oriented modules (like suppliers, products and services) the &enal Marketplace will also come

with digital advisors to assist users to identify their need and the best fitting solutions ad@tisor
results arebased on several questions the user has to answer.

User Interface

For the visual representation of biorsaial suppliers and their various solutions, the theme Limitless
(https://demo.interface.club/limitles¥is used as basis template. Limitless is a desgmplate built

with HTML, CSS, and JavaScript, designed to support developers for creating clean and responsive web
applications. The template comes with a range of-gesigned pages and fully customisable
components, including dashboards, forms, tabled aharts. Limitless also includes features such as
dark and light modes, multiple colour schemes and a modular architecture that makes it easy to add
or remove features as needed. It also offers integration with popular Ul frameworks like Bootstrap.

Nawgation

N £

©000i]

Figure 36. Limitless Theme

The Biomaterial Marketplace provides the same design approach for all entities (suppliers, products,
services, etc.). Accordingly, for all entities, there are initially overview pages on which all existing
entries are presented to the user. For all ovewipages there are at least two display opticrsslist

view and a grid view. There is also the possibility to fdteat searcthe results according to different
criteria. Each entity also has a detail page where additional information is presented tesdr as well

as related entities. For example, on the detail page of a supplier the user can also see the listed
productsand servicesf that supplier.
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Figure37. Demo User Interface

An essential feature for the user experience of an online platform are dynamic forms and filters. In this

O2y GSElZ

W RtBaythe\€leniefts of tBel ugedinterface are responding to the action of the

user beyond the normal behaviour of webraponents (e.qg., clicking a checkbox checks/unchecks the
box). For example, if a user selects a checkbox of a filter option, the interface is immediately
responding by updating the further filter options and corresponding counters for the results.

The exanple below Figure38Figure38. Dynamic Fons and Filtersshows thescenario in which the
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Figure38. Dynamic Foms and Filters

Digital advisors support users to find the best fitting solutions for their situation and needs. The advisor
system combines a clean and intuitive user interface with intelligent queries and ranking methods that
are used tdind the best solutions for the user. The advisors are guiding the useibgtsfep through

the process by asking simple questions one after another attitt situation and needs. During the
process, the user has to answer multiple questions for exarmggarding price range or combability

of biomaterials as well as simple yes or no questions. As soon as a defined set of questions has been
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answered, the digital advisor redirects the user to a result page of solutions that suit best for the given
needs.
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Figure39. Advisor Workflow

Model View Controller

To ease the modularly implementation of the Biomaterial Marketplace, the system is developed using
the ModetView-Controller (MVC) pattern. This architectural pattern divides an application into three
interconnected components: the model, the view and tantroller. The model is responsible for the
data structure within an application and is typically representing a table in the database, while the
view presents information to the end user. Lastly, the controller is handling user inputs and updating
both model and view accordingly.

==
-

Database
User

me

Figure40. MVC Pattern

The separation of those components supports developers to read, maintain, scale and test code more
efficiently. The MVC Pattern is commonly used via supportive framework. Ircdbe of the
Biomaterial Marketplacethe Laravel web framework is use@n opensource PHP web application
framework.

Intelligent Search

Intelligent search is a feature that enables highly accurate and fast search experience for users of the
Biomaterial Marketplace. By implementing an intelligent search, it is possible to quickly search for
biomaterials, suppliers and other information using natural language search queries.

The search engineses advanced algorithms to analyse the search qaedyprovide highly relevant
search results based on factors such as search term frequency, proximity and context. The feature also
includes autocomplete and suggesticsischas the user types, enhancing the search experience and
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helping users find what #y need more quickly. Overall, the intelligent search feature aims to improve
the usability and effectiveness of the Biomaterial Marketplace.

Analysis of technologies

As already noted, this chapter also includes an analysis ofstdtes art technologiesised for online
marketplace and platform solutions. The analysis of the technologies is dividethietoparts: The

first part deals with relevant system components (5\jile the secondpart includes frontend
specific technologies (5.28dditionally an analysis for analytic componehiss beercarriedout (5.3).
Regarding system components, the marketplaces were analysed in terms of Analytics, Content Delivery
Network, Search Engine, Payment and Security. Relevant aspects for the frontdvskaigerface

and VisualisationdMaps, PDF Generators and Flip Book Brochures.

5.1 System Components

System components are tools and technologies that are essential to the operational capabilities of the
marketplace system. The majority of thesemponents remain invisible to the end user, residing in
the underlying infrastructure and architecture of the system.

5.1.1 Analytics

Web analytics is the process of measuring, collecting, analysing and reporting website data to
understand website performancend user behaviourAnalytic tools are able to tr&cvarious metrics
like the number of visitors, page views, bounce rate, session duration and conversion rate.

Google Analytics

Google Analytics is a web analytics senpoavided by Google With its tracked metricsit helps
website owners to improve website content, design and user experi&xg&oogle Analyticsasveb
based service hosted by Googtedoesnot require advanced technical knowledge for an installation.

Matomo Analytics

Matomo Andytics is an opeisource web analytics tool. One of the unique features of Matongans
addition to a cloud solutior; the option of a sekhosted version. This requires additional IT
infrastructure to instalthe selfhosted version onbut also provide users with complete ownership
and control over their datg unlike other analytic tools that may share data with thpdrty providers.

5.1.2 Content Delivery Network

A content delivery network (CDN) ima@twork ofgeographically distributed serveldsensues to keep
response times (latency) as low as possible by ukimgerver closest to the end user's locatiomfe
distributedarchitecture alsaleliversa higher availabilitpf the content.

Cloudflare

Cloudflare is a content delivery network tool thaovides various performance and secuiglated
features to websites. It offers security features like DDoS protection, web application firewall, SSL/TLS
encryption and bot mitigation to safeguard websites agaimetierncyber threats.
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AmazonCloud~ont

Amazon CloudFront is a content delivery network tool offered by Amazon Web Services (AWS). It helps
businesses to distribute their website content, videos, applications and APIs securely and quickly to
users around the world. It also provides vari@esurity features like SSL/TLS encryption, fieNel
encryption and access controls to protect websites from various security threats.

GoogleCloud CDN

Google Cloud CDN is a content delivery network (CDN) tool offered by Google. Cloud CDN is fully
integrated with services like Compute Engine, Load Balancing and Cloud Storage to create a scalable
and secure infrastructure for websites.

5.1.3 SearchSystem

Search engines are software tools that allow users to search products, services or other entities on a
marketplace platform. These search engines are designed to find relevant information quickly and
efficiently. They use various algorithms and techniques to rank search results based on relevance,
popularity, and other factors. Search engines are essentthtaiser experience of a marketplace and

are critical to driving engagement and conversion rates.

Algolia

Algolia is ssearchasa-service platform that provides a fast search experience on their websites and
mobile applications. It helps businesses to iy user engagement and conversion rates by
delivering realtime search results that are tailored to each user's query and behavidgolia uses a
combination of machine learning and natural language processing to understand user queries and
return themost relevant search results. It supports various search features likextibearch, faceted
search, autocomplete and typo tolerance, making it suitable for various use casesctkengerce,

job boards and SaaS applicatioAdgolia offers different pcing plansincluding a free version with
limited search requests per month.

ElasticSearch

Elasticsearch is a distributed, opsaurce search and analytics engine that helps to store, search and
analyse large volumes of data in r¢iahe. It uses a documerbased approach to store data in JSON
format and provides various search and analysisuiest to quickly retrieve and analyse the data.
Elasticsearch is highly scalable and can handle large volumes of data and complex search queries.
ElasticSearch is a stlfsted search engineThis leads to a more complex setup as additional
infrastructure and technical knowledge are required but also gives the opportunity to adapt it to
specific needg whichismore difficultwith cloud services.

Google Search

Google Search is a web search engine developed by Google that allows users to find information on
the internet by searching web pages based on keywords and phrases. Google Search uses an algorithm
called PageRank, which analyses the links between web pagdstermine the relevance and
authority of the web page. The algorithm takes various factors into account, including the relevance,
popularity and authority of the web page, to determine the ranking of the search results. Google
Search provides variougarch features like fullext search, image search, video search and news
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search, making it suitable for various use cases. Additionally, Google Search provides various search
tools like advanced search, filters and search operators to help users redimesétarch results.

5.1.4 PaymentSystem

Payment services on marketplaces are software tools that allow buyers and sellers to exchange money
for goods or services listed on a marketplace platform. These payment services typically provide a
secure and efficient ay to process payments, ensuring that buyers receive their purchases and sellers
receive their payments in a timely manner. Payment services on marketplaces are typically integrated
into the platform's user interface, making it easy for buyers and seltersomplete transactions
without leaving the platform. They are critical to the success of a marketplace, as they enable the
platform to monetge transactions.

Stripe

Stripe is a technology company that provides businesses with a set of APls and towbl®anline
payment processing and management. Stripe helps to accept payments from customers around the
world, including credit cards, debit cards and various digital payment methods like Apple Pay and
Google Pay. Stripe provides various features liksstiption management, fraud detection and billing
automation to manage payments and reduce operational costs.

Adyen

Adyen is a global payment platform that enables to accept payments from customers across different
channels and geographies with a singdution.With Adyen, businegsare able tohandlepayments

from various payment methodsnddigital wallets Adyen als@omes withadditionalfeatures like risk
management, fraud detection and reporting tools.

Invoice Ninja

Invoice Ninja is an opesource invoicing and billing software that allows businesses to create and send
professional invoices, track expenses and accept payments online. Invoice Ninja helps businesses to
streamline their invoicing and billing process, reduce administrative taskgetnghid faster. Invoice

Ninja comes with functionalities like time tracking, project management, recurring invoicing and
customizable invoice templates. It also provides various analytics and reporting tools to help
businesses monitor their financial permance and optimize their revenue.

5.1.5 Security

Security tools are designed to protect web platforms and its users from various security threats and
vulnerabilities. These tools typically provide features like user authentication, access control, data
encryption and threat detection to ensure that thdagform and its users are protected against
malicious actors, data breaches and other security risks.

reCAPTCHA

reCAPTCHA is a security measure developed by Google that helps websites to prevent spam and
automated bots from accessing their content or suttimg forms bydetermining whether a user is a

human or a bot. The most common type of reCAPTCHA is the "I'm not a robot" checkbox, which asks
users to verify that they are not a bot by selecting the checkbox. In some cases, reCAPTCHA may ask
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users to sote a challenge like identifying objects in an image or listening to an audio clip and typing
out what they hear.

HSTS

HST$17] stands for HTTP Strict Transport Security. It is a security feature that instructs web browsers
to only communicate with a welie using HTTPS (HTTP Secure) connections. HSTS psecenity

threats like downgradingattacks where an attacker tries to force a website to use an unencrypted
HTTP connection instead of HTTPS. It also helps to preveninAfagmiddle attacks, wherean
attacker intercepts and modifies data exchanged between a user and a website. By enforcing the use
of a secure connectignHST®nsuresthe confidentiality and integrity of data transmitted over the
web.

5.2 Frontend Components

Frontend components encompa a group of tools and libraries that serve to improve the visual
representation andiser experiencef the marketplace frontend.

5.2.1 User Interface and Visualisation

User Interface and visualisation elements are instrumental in presemfagmation, facilitating easy
navigation, and providing visual representations for better comprehension. By focusing on these
aspects, the application can effectively serve the needs of users and promote the successful exchange
and utilsation of biomaterals.

Bootstrap

Bootstrap is an opesource frontend framework that allows developers to create responsive and
mobile-first websites easily. Bootstrap provides HTML, CSS and JavaScript components and templates
that can be used to create modern amduitive user interfaces. Bootstrap provides components like

grid system, typography, forms, buttons, navigation and responsive utilities to help developers create
consistent and scalable designs. Additionally, Bootstrap provides various plugins ansiangen
enhance the functionality of the framework, making it suitable for various use cases. Bootstrap is
widely used by developers and designers to create responsive and Hiiodtilevebsites and web
applications and it is supported by a large and atemmunity of developers who contribute to its
development and improvement.

Data-Driven Documents (D3)

D3.js[16] is a widely used opesource JavaScript library for creating wedised data visuations. It
provides a flexible API to transform data i@ ML, SVG, and CSS, making it a robust data sagioali
framework. With D3.js, developers can create customizable véstialis and graphics from scratch,
including complex mukvariate visuabations that are fully connected and brusble. It is themost
popular library for datadriven documents and can implement everything from simpledyaarts to
advanced visuaations.

© 2023 BIOMATDB Horizon Europe | CL:2021-RESILIEN@HE-25 | 101058779



D3.2 Databasdé)ata ProcessingViethods, Tools andWeb ApplicationMarketplace andecificatiors

Chart.js

Chart.jsis a simple yet very flexible JavaScript library for data visualisation that is popular with web
designers andevelopers. It is a good basic solution for those who do not need many chart types and
customisation features, but want their charts to look neat, clear and informative at a glance.

5.2.2 Maps

The integration of interactive maps into an online marketplace ewckarthe user experience and
provides valuable geospatial information. It allows users to visually explore product or service
locations, and navigate to desired destinations. By integrating web mapping services, online
marketplaces can offer users a spapakspective, enabling them to make informed decisions based
on geographic context.

Google Maps

Google Maps is a web mapping service developed by Google that provides users with detailed maps
and satellite imagery of locations around the worlidallowsusers to search for specific addresses,
businesses and points of interest. The service also providegimealraffic updates, directions and
transit information to help users navigate their way to their destination. Additionally, Google Maps
provides vaious APIs that allow developers to integrate mapping and locdiased services into their
websites and applications.

Leaflet

Leaflet is an opesource JavaScript library that allows developers to create interactive maps and
geospatial applications on theeb. Leaflebffers features like zooming, panning, tile layers, markers
and popups to help developers create dynamic and custalbhe maps. Leaflet is highly modular and
can be easily extended with various plugins and extensions to add more functidoalitg maps.
Leaflet is lightweight, fast and mobifgendly, making it suitable for various use cases.

OpenStreetMap

OpensStreetMap (OSM) is a collaborative project that provides free and editable maps of the world,
similar to commercial maproviders like Google Maps. OSM is built and maintained by a community
of volunteers who contribute data and maintain the maps. The data is collected using tools like GPS
devices, aerial imagery and government datasets. OSM provides features like dstegletdmaps,
satellite imagery, routing and navigatiolh alsosupportsmultiple map styles that can be custosail

for applications Additionally, OSM provides various APIs that allow developers to access and use the
data in their own applications, enaij them to create custom mapping solutions. OSM is widely used
by individuals, businesses, and orgations for a wide range of applications, including navigation,
logistics, emergency response, and urban planning. OSM is free to use and distributemirogem
license, making it a valuable resource for the global community.

5.2.3 PDF Generators

PDF generators allow users to generate and download PDF documents based on markelalade
content. This feature enables users to create printable versions ofugtditings, invoices, receipts,
or other relevant information in a standardised and easily shareable format.
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PrinceXML

PrinceXML is a commercial software tool that allows developers and designers to convert HTML and
CSS documents into higjuality PDFsincluding complex documents with multiple columns, tables

and graphics. PrinceXML supports various CSS3 features, including flexible box layout, grid layout and
multicolumn layout. The tool also provides advanced typography features like hyphenatiom;digat

and kerning. Additionally, PrinceXML comes with features like headers, footers, page numbering and
table of contents to facilitate the creation of professioh@bking documents.

DOMPDF

DOMPDEF is an opesource library for generating PDF documemtsyf HTML and CSS. It is written in

PHP and can be used to create PDF files from various data sources, including web pages, databases
and other document formats. DOMPDF uses the -Bafed HTML/CSS rendering engine to convert

the HTML and CSS documents iRIDF format, which can then be saved or displayed in the web
browser. DOMPDF supports various features like inline PHP support, CSS 3 support, font embedding,
image support and PDF encryption. It also provides a simple API for developers to generate PDF
doauments programmatically, making it easy to integrate into existing PHP projects.

wkhtmltopdf

wkhtmltopdf is a commandine tool that converts HTML and CSS documents into PDF files. It is based
on the WebKit rendering and can be used to genehatgrquality PDF documents from various data
sources, including web pages, local HTML files and other document formats. wkhtmltopdf supports
various features like page size and orientation, header and footer cusdtion, table of contents
generation andlavaScript executiofurthermore, wkhtmltopdf is an opesource solution.

5.2.4 Flip Book Brochures

Flip book brochures refer to interactive and visually appealing digital documents that emulate the
experience of flipping through a physical brochure. Thesehinas are designed to engage users with
immersive and interactive content. In the context of online marketplaces, digital flipbook brochures
serve as dynamic marketing tools to showcase products or services in a visually compelling way.

Real3D FlipbookQuery Plugin

Real3D Flipbook is a commercial jQuery plbgioreativeinteractivemedia thadllows users to create
realistic and interactive flipbooks in HTML5 format. It provides a smooth and realistiefljpgoiieg

effect that mimics the look and feel of a physical book, and supports various customisation options like
book size, page thicknessover styles and zooming options. Real3D Flipbook can be used to display
images, PDFs and other documents in a flipbook foriifa plugin is fully responsive and works on all
modern devices and browsers, including mobile devices. It also providessadntrols and tools for
navigating and interacting with the flipbook, such as bookmarks, thumbnails, search and sharing
options.

3D FlipbookJavaScripPlugin

3D Flipbook is a commercial JavaScript plugin for creating 3D flipbooks with realistiligzigg
animations. It can display PDFs, images and other documents in an interactive flipbook format that can
be viewed on desktop and mobile devices. The plugin uses WebGL technology to create a 3D

© 2023 BIOMATDB Horizon Europe | CL:2021-RESILIEN@HE-25 | 101058779



D3.2 Databasdé)ata ProcessingViethods, Tools andWeb ApplicationMarketplace andecificatiors

environment that simulates the look and feel of a physigabk, with custonsable features. 3D
Flipbook also supports various custaation options for page flip animations, shadows, reflections
and lighting effects. The plugin provides a us@ndly interface for navigating and interacting with
the flipbook,including controls for zooming, panning, and rotating the book.

5.3 AnalyticsComponents

The Biomaterial Marketplace utiéis various recommendation systefapproaches for engaging with
the users of the marketplace and to tailor information based on theitexdnand the needs of the
user. This information is largely based on a remix of existing open data provided by the EU; namely

A Europearfunding calls and topicg In order to identify funding opportunities under relevant
funding schemes and topics/domains

A Europearorganisationsc In order to foster collaboration and/or to identify the competitive
landscape of the users.

A Europearresearch project; In order to facilitate engagement across research activities.

A Europeartendersc In order to identify potential buyers and identify business opportunities.

The following section provide an overview of the potential of these data sources, and how a mapping
between user needs and opportunities could be reali

5.3.1 Assumptions, Availality of Information and Limitations

The marketplace generally suffers from a cold start problem, meaningahkast initiallyjt hasonly

a limited amount ofinformation about the individual users, with which it may operate and provide
recommendationn. This level of information depends on the stage of the involvement of the user,
and the consortiumassume that there are the following levels of information that the users could
have provided

A The nitial stage consists of providing at least thedtion (primarily country is of relevance),
their organisation, and in which domain this organisation is operating in. This at least allows
for the system to limit the scope geographically (if this limitation applies) and to classify the
users withina specific domain, and may be used to match them, if an appropriate mapping
already exists or can be accurately creat@dy., mapping locality to Nomenclature of
Territorial Units for Statistics (NUJ.S)

A In case the user is a supplier, they should alreadyeharoducts registered with various
attributes and classifications, which may be used to further narrow down the recommendation
to e.qg., specific products (in direct matches in the recommended entities).

A hy | £2y3aSNI G§SN¥I (KS aybe SdED, and Likdt@idedtidiydutuleINS F S N.
upcoming opportunities, based on their similarity.

Further, the information provided by the user should be matched with the various datasets, their
content and their metadata.
Limitation of the Considered Datasets

The considered datasets generally provide a measurable volume of data, in terms of entities, as well
as metadata for each of the entities. However, the information that is provided is largely orthogonal
to each other as well @s what is known about the user, and what is reasonable to expect the user to
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provide. For example an organisatiof roject participation count is typically quite low, the
engagement of an organisation in European research topics and calls is unknowhe general

0l O1INRdzyR 2F GKS dzaSNDa 2NHIYyAalGA2Y YIleé 2yt e
approaches need to be considered for providing recommendations to the users, and ensuring that the
content they are presented with is relevantrfthem and their activities. Further, the marketplace

does, in most cases, neither have access to user history/preference, or the available information
provides limited context, athe consortium idooking at providing relevant results based on future
events, which reduces the applicability of methods such as link predictibaisle 26 provides an
2OSNIDASs 2F GKS RIGFLaSda yR gKAOK | GGNAOdzGSas
indicators of relevance, and the topics is further elaborated in the followirxgection.

Table26. Available annotations for the considered datasets

Classification Description

Research topics Built in labels ang European funding topics are, in addition to
classification (keywords general description and metdata,
flags, tags) described/annotated with keywords, tags af

flags, providing an indicator of the domain a
expected focus of the topic. This may
exploited to filter out relevant topics, e.g., base
on various related topics.

Researh projects EuroSciVoc, keywords | Research projects are annotated directly w
the EuroSciVoc, hence may be direg
aS3aYSYyiSR oFasSR 2y
well as additional information may be derive
from the original classification of the topic
under which the project was futed under.

Organisations in research | Indirect EuroSciVoc Organisations that have participated
European research project are labelled by
their own classifications, that they themselv
may have provided, and by the tags deriv
from the projects in which they have
participated in, hence providing, at least
some extent, an indicator for their area
expertise and/or area of operation.

Public tenders Common Procurement | The CPV provides a broad classification met
Vocabulary (CPV), NUT]| that ranges all the way from high level domair]
Seaods 4l SIEGK yR a2
top-level classification, down to individu
products such as insulin or prosthesis.

Funding & Tender Opportunities

Funding and tenders, mainly represented by HORIZ@lls and topics, provide the users with
opportunities for identifying funding for further development of their ideas and product, potentially
improving their applicability and quality. Generally, funding tepace structurel vertically and
horizontally according to topical clusters, such as health, climate, and domains/missiorgssizsiter

as well as various climatariented missios. This naturally provides a broad range of filters for
narrowing down specific topics; however, the options providead/mot necessarily resonate with the
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terminology of the users, thus, may need to be further refined. Besides the natural relationships of
topics, the topics descriptions could also provide specific annotations that may be beneficial, namely,
tags, keywordand flags, though they are not used very consistently, may still provide further context.

European Research Projects and Research Results

With a budget of nearly 80 billion Euro, H2020 alone funded +35.000 projects. As projects are funded
under specific dpics, as mentioned above, they may somewhat derive their topical properties and
classifications from them directly. At least initially, only a short description of the project is available
for each project, however, as the project progresses, CORDI8itigjadiditional project results, such

as deliverables, publications and project updates, which may be further used to narrow down the
classification of the project and in which domains it operates in. When consolidated, this information
may be used to prade the users with recommendations on what is a) ongoing within their domain,
and b) to explore uptake opportunities.

European Research Organisations

As an extension of European research projects, the projectthata also contaisinformation about

the organisations that are involved in a given project. While the role of the individual organisations is
not directly specifying, making the contribution of the specific organisation somewhat blutred,
providesindicators for which dmains and areas an organisation may be involved in, at least when it
comes to their researchelated activities. Implicitly, all the information provided about a given project
may be projected onto the participating organisation, including the inaccur#tgsay introduce.

Tenders Electronic Daily

Tenders Electronic Daily (TED) provides daily opportunities, around 3.000 daily pdstingnnecting
suppliers with potential buyers, Europe wide. The postings consist of a collection of public, national
and EU level, tenders across whole of EU, provided in a standardized format. While some of the primary
fociareto provide transparency and support investigative journalisirihe same time, it serves as a
comprehensive collection of upcoming and currehdbJ2 NI dzy A GA Sa F2NJ 322Ra | yR
organisation may be providing. The offered tenders, however, are somewhat limited in what meta
data they provide, at least in terms of their domain and categorical content, but, as mentioned, are
annotated with at least the Common Procurement Vocabulary (GRMY a short description in the
original language, or highly variable quality. Additional information is typically provided by the original
procurer, such as various specification document, howethés, may not always be easily accessible
when targeting automatic processing of the data on a large scale.

5.3.2 Matching and Recommendations

The project will evaluate various approaches for how to facilitate the matching between the needs of
the users and thavailable opportunities, each at an increasing level of complexity. Inherently, the
considered datasets already provide a certain level of labelling and classifications of the provided
entities, e.g., following the EuroSciVoc taxonomy and the Common Rroeut Vocabulary (CPV) for
classification of European research activities and public procurement opportunities, respectively.

7 https://single-marketeconomy.ec.europa.eu/singlmarket/publicprocurement/digitatprocurement/commonprocurementvocabulary_en
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While these approaches have their limitations, e.g., primarily due to mislabelling and/or less than
accurate labelling, they pradé a basis that may be improved upon, which will be evaluated.

For providing advisory to the users, and to provide them with relevant/recommended results, the
capabilities of matching between the user needs and the available rescareeecessaryHencethe
consortium isinterested in matching and ranking entities. As pointed out, most of the considered
entities are not directly suited for conventional prediction, based on historical data, due to theirevent
driven nature, so the approach needs to bedhen more generalizable approaches where user needs
and feature provided by the entities may be matched.

General Matching

As the two mentioned taxonomies, EuroSciVoc and CPV, are already well defined, they may be used
directly, as in provided by the useo look up entities that are labelled with thenthus, providing

direct matches, if they exist, based on these attributes. As a further support, the marketplace may
recommend similar entities, based on the overlap of their mutual annotations. While ingtch
between labels may provide matches in cases where direct matches actually exist, the approach is
limited by its binary nature; e.g., given a combination of keywords, results can only be found if an exact
match exists.

Extended Matching, Ranking andaskification

As basic matching has some limitations due to its rigidness, alternative approaches will be explored.
Generally, this means that requirements for the alternative approaches need to be support at least
some levels of fuzziness, where matches m@entified based on a degree of similarity instead, and
ranked against each other, as well as broadening out the scope of the annotations of the individual
entities by extracting implicit relations.

FullText Search and Embeddings

Out of the box, Elastsearch provides futext search capabilities, that by itself enables keywbaded
search and ranking (e.qg.,-TBF), thus allowing for a basic search approach, beyond pure attribute
matching. Furthermore, newer revisions of Elasticsearch also provjgjgosufor indexing of dense
vectors, and support fore.g., KNN based queries. Combined with an appropriate vectorization
approach, this may further improve the quality of the presented results, by extracting the relevant
features from the collected ent#s as well as any relations that may be available as this approach is
capable of being less restrictive than fidkt search alone.

Keyword Extraction and Natural Language Processing

While fulki SEG & ST NOK -SIONR @I RS 6 yii NEfesdilR to thiNBegd] k iRStenn@ | NOK |
capable of taking the full context of the text into account, which may result in providing results that

are somewhat relevant, but also may contain noisy outliers. Rather, various natural language
processing techniquesoald be applied that attempt to encapsulate the information of entities that

provide a textual description. Here, models exist that focus on medical terminology, as also outlined

in Section3, and may be used to extract named entities (such as products, medicine, names of
diseases) and also generic terms that attempt to be representative for the text itself. These may in turn

be applied as filters or to position thentities in knowledge graphs as described below.
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Similarity Search Encompassing Textual, Categorical and Numerical Attributes

Out of the box, the datasets provide mostly categorical attributes which allow for the application of
various set similarity measure$¥oolssuch as SimSearch, developed by the SmartDatalLake project,
provide a flexible implementation of a range of simtlarmetrics and support muHattributes
combinations, including categorical, textual/keyword based, numerical, spatial and temporal
attributes. The component may run as a staaldne component, ingested with the appropriate data,

or be used as an intermeaate component on top of an existing solution, e.g., being connected directly
to an existing Elasticsearch instance. Howgadditional approaches should be considered as well as
optimisation of the provided, by the data, attributes.

Graph Based Approacke

Most of the considered datasets are relational by nature; projects have project partners, publications
(that have been published at venues), in extension, projects are funded under topics which in turn fall
under overarching topics/calls focusing on was domais. When accurately modelling these
relations as a graph, usingrg., a graph database such as Neo4J, it provides additional entry points for
finding a domain and/or topical similarities between the relevant information and the, most likely,
limited information that is available about the user, by traversing the graph accordingly. This would
also enable the marketplace to show similar entities based on where they are located in the graph,
based on the naturally given properties (relationshipsy.,Bhoth EuroSciVoc and CPV are organized
hierarchically, hence while an entity may not be directly relatable, levels of separation may be
introduced to provide entities that fall into either a parent or neighbouring node. Here, one option is
to annotate he collected entities based on the named entities that have been recognized in the
description and the metalata, and then identifying commonalities between the user and the entities
though traversal of the graph.

Table27. Potental candidates for expanding entity annotations

Domain ‘ Additional Candidates

Research topics (Text) Topic classification
Keyword extraction

Research projects Topic classification from descriptions
Keyword extraction

Publication graphs

Organisations in research Would need additional databases/source

Public tenders (Text) Topic classification

Medical named entity recognition w/o knowledge graphs

| D> D> D> D>

5.4 Components Overview

The following two tablesT@ble28 and Table29) provide an overview of the system and fresmd
components and its categories dsscribed in the previous chaptefs {and5.2).
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Table28. OverviewTable (System Components)

Analytics
Google Analytics
0 Analytics Google Analytics is a web analytics service by Google. Wittacked metrics it helps website

owners to improve website content, design and user experience.

Matomo Analytics

~ matomo Matomo Analytics is an opesource web analytics tool. One of the unique features of Matom
¢ in addition to a cloud solutioq the option of a sekhosted version.

Content Delivery Network

Cloudfare

Cloudflare is a content delivery network tool that provides various performance and sec
related features to websites.

Amazon CloudFront

Amazon CloudFront is a content delivery network tool offered by Amazon Web Services (A

CLOUDFLARE

Amazon
CloudFront

Google Cloud CDN

\
<@ Cloud CDN Google Cloud CDN is a content delivery network (CDN) tool offered by Google.

/

Search System

Algolia

@ CllgOlICI Algolia is a searehsa-service platform that provides a fast search experience on their web
and mobile applications.

ElasticSearch

Elasticsearch is a distributed, opsaurce search and analytics engine that helps to store, se

m» elasticsearch
and analyse large volumes of data in riaie.

GoogleSearch

60 g|e Sea rCh Google Search is a web search engine developed by Google that adlersso find information
on the internet by searching web pages based on keywords and phrases.

Payment System

. Stripe
Strlpe Stripe is a technology company that provides businesses with a set of APIs and tools to
online payment processing amdanagement.
Adyen
E“-I!-lnn Adyen is a global payment platform that enables to accept payments from customers ¢
different channels and geographies with a single solution.
Invoice Ninja
@ Invoicehinja Invoice Ninja is an opesource invoicing and billirgpftware that allows businesses to create a

send professional invoices, track expenses and accept payments online.

Security
n reCAPTCHA
reCAPTCHA is a security measure developed by Google that helps websites to prevent sy
I automated bots fromaccessing their content or submitting forms
HSTS
Secured
@ With HSTS HSTS stands for HTTP Strict Transport Security. It is a security feature that instructs web b

to only communicate with a website using HTTPS (HTTP Secure) connections.
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Table29. OverviewTable (Frontend Components)

User Interface and Visualisation

Bootstrap

Bootstrap is an opesource frontend framework that allows developers to create responsive
mobilefirst websites easily.

)3

DataDriven Documents (D3)

D3.js is a widely used opaource JavaScript library for creating wedsed data visuahtions.

©

Chart.js

Chart.js is a simple yet very flexible JavaScript library for data visualisation that is popular wi
designers andlevelopers.

Google Maps

Google Maps is a web mapping service developed by Google that provides users with d
maps and satellite imagery of locations around the world.

Leaflet

Leaflet is an opesource JavaScript library that allodsvelopers to create interactive maps ar|
geospatial applications on the web.

Prince

PDFGenerators

OpenStreetMap

OpenStreetMap (OSM) is a collaborative project that provides free and editable maps of the
similar to commercial map providers like Google Maps.

PrinceXML

PrinceXML is a commercial software tool that allows developers and designers to convert
and CSS documents into highality PDFs.

REAL 3D

FLIPBOOK

m

DOMPDF
dompdf | | |
T o DOMPDF is an opesource library for generating PDF documents from HTML and CSS.
wkhtmltopdf
wk<html>Topdf

Flip Book Brochures

wkhtmitopdf is a commandine tool that converts HTML and CSS documents into PDF files.

Real3D Flipbook jQuery Plugin

Real3D Flipbook is a commercial jQuery plugin by creativeinteractivemedia that allows ug
create realistic and interactive flipbooks in HTML5 format.

3D FlipBook

3D Flipbook JavaScript Plugin

3D Flipbook is a commercial JavaScript plugin for creating 3D flipbooks with realistitigiEiog
animations.
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6 Conclusion

The aim of this deliverable was tayl the foundation for the different components by outlining the
frameworlkselection processand describing the frontenecomponents the datacollection andthe
annotation process.

Hence, the deliverable described the two main technical parts: th8ifhaterial Databasand the
(2) BomaterialMarketplace.

Biomaterial Database

The report detailed the usage of advanced NLP techniques to enhance information retrieval,
categorgation, and semantic indexing of biomaterialated content. Data sources, data flow, content
selection, and prgrocessing were key considerations throughout the process. Techniques such as
topic modelling, text similarity, text classificatiodustering, named entity recognition (NER), and
metadata/entity normaksation were employed, supported by iterative improvements through
guidelines, annotations, and machine learning models. Annotation tools, software, and models were
presented, along witlhe initial design of the database management system.

In addition, the report emphased the importance of prgorocessing as a fundamental step in the NLP
pipeline. The specific steps for the Biomaterial Database included topic modelling, text siméatity,
classification and clustering, NER, automatic acquisition of hyponyms, and metadata and entity
normalisation. Furthermore, possible frameworks and supporting librarieghferdevelopment were
highlighted. Lastly, technologies and techniques for et#ive visuaation in the webinterface to

the database were presented.

Overall, the report provides a comprehensive overview of the development process and status of the
Biomaterial Database, showcasing the sdifion of advanced NLP techniques. Idaysolid foundation
for the successful development and management of the Biomaterial Database.

Biomaterial Marketplace

The elaborated technical approach for the Biomaterial Marketplace orients itself on the three
identified meta use cases: administratipanel, marketplace and digital advisor. An important part of

the technical system are the used data sources. While the core modules (suppliers, products, services,
scenarios, documents, news, events) are all entered manually via the administration ganel, t
extension modules (EU projects, EU project partners, EU funding, EU tenders) retrieve data from
external sources, provided by the European Union and/or its institutions. Regaodlgessource, all

the data flows into the technical system afterwarddere it is processed, stored and prepared to be
accessible through an API endpoint. The information presented on the application frontend is then
directly received from these endpoints.

Among the technical approach for the marketplace system, the webicgbioin and its user experience
were covered in this deliverable. In addition to some general aspects like the user interface or the used
development pattern, some special features were outlined in the scope ofséusionas well
Moreover, a broad anadysof state-of-the art components and technologies for marketplace solutions
was carried out for various categories. The categories waneled in three different subsections:
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system components, frontend components and analytics components. The fajl@ategories were
analysed for the mentioned stdections:

A System components:
0 Analytics
o0 Content Delivery Network
0 Search System
o Payment System
0 Security
A Frontend components:
0 User Interface and Visualisation
0 Maps
o PDF Generators
o Flip Book Brochures
A AnalyticsComponents:
0 Matching and Recommendations

Upcoming activities

The deliverable, encompassing the results, concepts, tools, and processes introduced, will play a
pivotal role in the subsequent activities of WP3 (Phase 2). These activities include the atebign
specification of the backendomponents for the Biomaterial Database and the Biomaterial
Marketplace. Moreover, the outputs of this deliverable will provide valuable support for activities in
WP4, primarily for D4.3, which involves describing the @m@ntation of frontend interfaces using
modern web application frameworks, and D4.4, which focuses on the integration of relevant
biomaterial data and entities.

By serving as the foundation for the upcoming work in WP3 and WP4, this deliverable will enable the
detailed specification of data structures and formatsgether withas the continuous design of the
systems. Furthermore, it will support the iterative déapment of the systems, ensuring that they
meet the objective®f the projecteffectively.
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Bootstrap getbootstrap.com
JQuery jquery.com

Google Analytics analytics.google.com
Matomo matomo.org
Cloudflare cloudflare.com

Amazon CloudFront

aws.amaon.com/cloudfront

Google Cloud CDN

cloud.google.com/cdn

Algolia

algolia.com

ElasticSearch

elastic.co/elasticsearch

Google Search

google.com/webhp

Stripe stripe.com

Adyen adyen.com

Invoice Ninja invoiceninja.com
reCAPTCHA google.com/recaptcha
Google Maps google.com/maps
Leaflet leafletjs.com
OpenStreetMap openstreetmap.org
PrinceXML princexml.com
DOMPDF github.com/dompdf
wkhtmltopdf wkhtmltopdf.org

Real3D Flipbook jQuery Plugin real3dflipbook.com

3D Flipbook JavaScript Plugin 3dflipbook.net
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Annex: Data Entity Examples

SupplierMedtronic
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extraordinary possibilities to further increase our positive
impact in the world. We are committed to accelerating
access to healthcare technology, advancing inclusion,
diversity & equity, and protecting our planet.

[ Leammore |

© 2023 BIOMATDB HorizonEurope| CL42021-RESILIEN@E-25| 101058779



D3.2 Databasdé)ata ProcessingViethods, Tools andWeb ApplicationMarketplace andecificatiors

Supplier:Orchid Orthopedic Solutions

Contact | Careers | News

]
ORCHD SERVICES > MARKETS > ABOUT > RESOURCES >

Orthopedic Medical Devices

We help you build medical devices and
bring your product to life.

Request a Project Analysis —
What can we help you do?

Certified
dical Devi

Our end-to-end solutions enable orthopedic OEMs to grow their business We enable growth -

Areas of Expertise [aws]
Consult an Expert - |

Providing solutions for orthopedic implant procedures.

o

& <8 %

Orchid provides solutions for implant procedures in
the major orthopedic markets.

Hip Reconstruction
Knee

Reconstruction

Sports Medicine

Extremities
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Supplier ARTIQO
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