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Library Modelling Report  
by Maria Ingold 

 

INTRODUCTION 

Local Community-funded Library (LoCL) uses Civica’s Spydus Library Management 

System (LMS) to manage adult and children’s fiction and non-fiction books (Civica, 

N.D.). Due to efficiency concerns, LoCL is developing an Artificial Intelligence (AI)-

powered search engine to better serve its patrons (Rout, 2018). This report presents 

LoCLOnt, a prototype ontology representing LoCL’s book concepts and novel 

relationships to enable AI semantic search (Uschold & Grüninger, 1996).  

 

FIGURE 1 | Spydus 
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BUSINESS CONTEXT 

An Online Public Access Catalogue (OPAC), Spydus uses MAchine-Readable 

Cataloging (MARC) (MARC Standards, N.D.). MARC 21 provides bibliographic 

metadata structure, while OPAC searches author, title, subject, identifiers, and 

keywords with Boolean logic (Husain & Ansari, 2006).  

OPACs require an exact match, resulting in low precision and recall (Rout, 2018). 

For example, searching for ‘God’ and ‘Gaiman’ misses American Gods, and returns 

religious texts if only ‘God’ is searched (Figure 1).  

‘Genrefication’, like Netflix’s navigation, improves book discovery (Hider et al., 2021). 

Coupling genre with audience-appropriate search empowers patrons to efficiently 

find books aligning with their interests and reading level (Moeller & Becnel, 2019; 

Journey to Kidlit, 2021). 

APPROACH JUSTIFICATION 

OPACs provide syntactic search—without context (Rout, 2018). Conversely, 

ontologies enable semantics—concepts and relationships—like in Grüninger and 

Fox’s (1995) competency questions used in LoCLOnt’s top-down deployment of Noy 

and McGuinness’ (2001) seven-step methodology. 
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1: Determine Domain and Range 

The domain, searching local library books, uses competency questions to informally 

define the library and patron's scope: 

Which book titles… 

• …have ‘Science Fiction’ as their genre? 

• …are classified under both ‘Historical’ and ‘Fantasy’? 

• …have ‘God’ in the title? 

• …are authored by ‘Gaiman’? 

• …are suitable for Middle Grade children? 

• …are suitable for Middle Grade children who like Fantasy? 

• …were published after a date (new releases)? 

Formally, in First Order Logic (FOL):  

1. ∃𝑥, 𝑦, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝑆𝑐𝑖𝑒𝑛𝑐𝑒𝐹𝑖𝑐𝑡𝑖𝑜𝑛(𝑦) ∧ 𝐻𝑎𝑠𝐺𝑒𝑛𝑟𝑒(𝑥, 𝑦) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

2. ∃𝑥, 𝑦1, 𝑦2, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙(𝑦1) ∧ 𝐹𝑎𝑛𝑡𝑎𝑠𝑦( 𝑦2) ∧ 𝐻𝑎𝑠𝐺𝑒𝑛𝑟𝑒(𝑥, 𝑦1) ∧

𝐻𝑎𝑠𝐺𝑒𝑛𝑟𝑒(𝑥,  𝑦2) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

3. ∃𝑥, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑠(𝑇𝑖𝑡𝑙𝑒(𝑥), ′𝐺𝑜𝑑′) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

4. ∃𝑥, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝐴𝑢𝑡ℎ𝑜𝑟(𝑥, ′𝐺𝑎𝑖𝑚𝑎𝑛′) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

5. ∃𝑥, 𝑧, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝑀𝑖𝑑𝑑𝑙𝑒𝐺𝑟𝑎𝑑𝑒(𝑧) ∧ 𝐼𝑠𝑆𝑢𝑖𝑡𝑎𝑏𝑙𝑒𝐹𝑜𝑟(𝑥, 𝑧) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

6. ∃𝑥, 𝑦, 𝑧, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝑀𝑖𝑑𝑑𝑙𝑒𝐺𝑟𝑎𝑑𝑒(𝑧) ∧ 𝐼𝑠𝑆𝑢𝑖𝑡𝑎𝑏𝑙𝑒𝐹𝑜𝑟(𝑥, 𝑧) ∧ 𝐹𝑎𝑛𝑡𝑎𝑠𝑦(𝑦) ∧

𝐻𝑎𝑠𝐺𝑒𝑛𝑟𝑒(𝑥, 𝑦) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 

7. ∃𝑥, 𝑡(𝐵𝑜𝑜𝑘(𝑥) ∧ 𝑃𝑢𝑏𝑙𝑖𝑠ℎ𝑒𝑑𝐴𝑓𝑡𝑒𝑟(𝑥, ′𝑑𝑎𝑡𝑒′) → 𝑇𝑖𝑡𝑙𝑒(𝑥, 𝑡)) 
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2: Consider Reusing Existing Ontologies 

MARC21 is not an ontology, and Semantic Publishing and Referencing (SPAR) 

Ontologies lack library concepts (Kruk et al., 2005; Peroni & Shotton, 2018). 

Furthermore, fiction genre gaps in Dewey Decimal Classification and the Library of 

Congress Genre/Form Terms (LCGFT), mean Amazon and some libraries use Book 

Industry Standards And Communications (BISAC); unfortunately, ‘juvenile’ is broadly 

classed as ages 1 to 12 (Hider & Spiller, 2020). With no suitable ontologies, 

LoCLOnt reuses OPAC search types and BISAC genres. 

ONTOLOGY DESIGN RATIONALE 

LocLOnt uses Protégé 5.5.0 Web Ontology Language (OWL) editor with SPARQL 

Protocol and Resource Description Framework Query Language (SPARQL) 

(DeBellis, 2021).  

3: Enumerate Important Terms 

Key distinct concepts include book, audience, genre, and searchability.  

4: Define Classes and Hierarchy  

‘Book’, ‘BookAudience’, ‘BookGenre’, ‘Search’ and ‘SearchType’ are disjoint top-level 

classes (Figure 2) (Uschold & Grüninger, 1996). While ‘Book-’ classes are static, 

‘Search’ represents action using enumerated class ‘SearchType’ (Figure 3). 
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FIGURE 2 | Class hierarchy 
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FIGURE 3 | Enumerated class (reasoner infers yellow) 

5: Define Class Properties  

Class properties denote relationships: Object (two instances), Data (instance and 

datatype), and Annotation (any entity) (DeBellis, 2021). 
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Book ‘has’ genre and audience Object Properties (Table 1, Figures 4, 5). No property 

characteristics apply (not Functional because a book can have more than one genre 

or audience). Enumerated type searchType is not Functional as the application layer 

combines. 

TABLE  1 | Object properties 

Object Property Inverse Domain Range 

hasGenre isGenreOf Book BookGenre 

hasAudience isAudienceOf Book BookAudience 

searchType N/A Search SearchType 

 

 

FIGURE 4 | Object properties 
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FIGURE 5 | Inverse 

 

Given the simplicity required, author is a data property (Figure 6), whereas a 

BookAuthor class could have genres and audiences. Because formats are different 

instances, most properties are Functional, but multiple authors can exist (Table 2). 

TABLE  2 | Data properties 

Data Property Functional Domain Range 

title Y Book xsd:string 

author N Book xsd:string 

publicationYear Y Book xsd.integer 

isbn Y Book xsd:string 

searchDate  Y Search xsd:dateTime 
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FIGURE 6 | Data properties 

 

6: Define Property Restrictions  

Class instance properties are restricted by quantifier (existential or universal), 

cardinality (number), or value (specific) (DeBellis, 2021). FOL ∃ requires ‘Some 

(existential)’ quantifier, with cardinality ‘min 1’ ensuring books have at least one 

audience and genre. Universal is too restrictive and value is inapplicable. 
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FIGURE 7 | Property restrictions 

 

7: Create Instances  

BookGenre and BookAudience instances were created and four PaperbackBook 

instances populated (Figures 8-11).  
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FIGURE 8 | AmericanGodsPaperback 

 

FIGURE 9 | AreYouThereGodPaperback 
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FIGURE 10 | ArtemisFowlPaperback 

 

FIGURE 11 | OutlanderPaperback 
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OUTPUT ANALYSIS 

The Pellet reasoner internally evaluated consistency, accuracy, and inferences. 

SPARQL validated LoCLOnt’s FOL-compliant competency questions, demonstrating 

effective simple and combined searches.  

Title or Author Search (Figures 14,15) 

Improving accuracy over Spydus, a regex search for ‘God’ returns ‘American Gods’ 

and ‘Are You There God…’. Similarly, ‘Gaiman’ finds author ‘Neil Gaiman’. To return 

titles, not word subsets, case insensitivity is not used. However, for production, case 

and exact matches should be addressed.  

Genre Search (Figures 12, 13, 17) 

Unavailable in Spydus, genrefication enables quickly finding books that match 

interests. Further genres can be added. 

Audience and Genre Search (Figures 16, 17) 

A reading-level audience combined with genre helps parents and children efficiently 

find interesting age-appropriate books. 

New Releases (Figure 18) 

Netflix-like new releases encourages discovery. While an integer year made search 

simple, a full date would enable more refinement.  

Limitations 

SPARQL Query does not support updates or now() so neither Search instance nor 

searchDate can be created. A fully scoped deliverable, testing, and validation trial 

must be completed prior to deployment. 
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FIGURE 12 | 1 

 

FIGURE 13 | 2 
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FIGURE 14 | 3 

 

FIGURE 15 | 4 
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FIGURE 16 | 5 

 

FIGURE 17 | 6 
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FIGURE 18 | 7 

APPLICATION 

Integration 

LoCLOnt maps to Spydus’ standard OPAC search types and can be easily extended.  

Validation 

While OPAC search format simplifies adoption, Netflix-style interfaces could improve 

efficiency. Output analysis demonstrates relevant simple or advanced searches with 

age-related interests and recency. Ultimately, validation by library management and 

patrons is required.  

Considerations 

LoCLOnt is reusable with OPAC, and prefixing ‘Book-’ establishes relationship and 

enables extension, such as a Film class using FilmRating not BookAudience. 

Similarly, FilmGenre could include DocumentaryGenre not NonfictionGenre. 
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However, going global requires changes like searchTime using xsd:dateTimeStamp. 

Furthermore, simplifications, like ISBN, require addressing ISBN-10 and ISBN-13 

and not mandating use for digital books.  

Future 

The ontology enables AI-driven expansion, like recommendations or personalisation.  

CONCLUSION 

Surpassing Spydus for precision and relevance, LoCLOnt uses semantic search to 

help patrons efficiently discover relevant books. Building on Spydus’ OPAC structure, 

competency questions evaluated age-appropriate, genre, and date searches. 

LoCLOnt demonstrates effective knowledge representation and reasoning in 

improving patron services and enabling further AI-based search, like films or 

recommendations.  
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APPENDIX 

The appendix includes additional research detail (via screenshots) that was 

compressed due to the limited wordcount. These screenshots demonstrate a portion 

of the research undertaken for this paper and exemplify pictorially what has been 

discussed. These are available at the links shown as of 10/02/2024, but are not all 

individually referenced and are purely supplementary information. However, this 

paper links to relevant references for the research area described by each appendix 

section.  
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Spydus: Camden Library Example 

 

FIGURE 19 | Camden Library. Not logged in. New releases. No genres. No age ranges for children. 

https://camden.spydus.co.uk/cgi-bin/spydus.exe/MSGTRN/WPAC/HOME
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FIGURE 20 | Search for ‘God’ and ‘Gaiman’ fails to find ‘American Gods’ 

https://camden.spydus.co.uk/
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FIGURE 21 | Search for 'Gods' and 'Gaiman' returns 'American Gods' by 'Neil Gaiman' 

 

https://camden.spydus.co.uk/
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FIGURE 22 | Types of Search 

 

https://camden.spydus.co.uk/
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FIGURE 23 | Genre and audience only appears when search on author. Can’t search on Genre or 

Audience.  

 

https://camden.spydus.co.uk/
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FIGURE 24 | Books don't mention genre or audience 

 

https://camden.spydus.co.uk/
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FIGURE 25 | Books don't list genre or audience. ‘People who borrowed…’ is not age-appropriate. 

 

 

https://camden.spydus.co.uk/
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Gen Z and Libraries 

 

FIGURE 26 | Gen Z is reading more, including at libraries 

https://www.theguardian.com/books/2024/feb/09/reading-is-so-sexy-gen-z-turns-to-physical-books-and-libraries
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FIGURE 27 | Gen Z’s Kaia Gerber's Library Science looks more like Netflix than Spydus 

 

 

 

https://libraryscience.net/channel
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Netflix 

 

FIGURE 28 | Netflix. With My List (explicitly added), New on Netflix, We think you’ll love these 

(personalised recommendations). 

 

FIGURE 29 | Netflix sign in - still not fully age-appropriate 

  

https://www.netflix.com/
https://www.netflix.com/
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MARC 21 

 

FIGURE 30 | MARC 21 Format for Bibliographic Data 

https://www.loc.gov/marc/bibliographic/
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FIGURE 31 | MARC 21 Types. This fits into Books (BK). 

https://www.loc.gov/marc/bibliographic/concise/bdintro.html


34 
 

 

FIGURE 32 | MARC 21 Leader 

https://www.loc.gov/marc/bibliographic/bdleader.html
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FIGURE 33 | MARC 21 Book example 
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SPAR Ontologies 

 

FIGURE 34 | Semantic Publishing and Referencing Ontologies (SPAR) 
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FIGURE 35 | Functional Requirements for Bibliographic Record (FRBR)  

http://www.sparontologies.net/ontologies/frbr
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FIGURE 36 | FRBR - Limitations of FRBR – no everyday language 

http://www.sparontologies.net/ontologies/frbr#frbr_1
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FIGURE 37 | FRBR-aligned Bibliographic Ontology (FaBiO) - improves on FRBR with everyday 

speech but not fully OWL 2 Description Logic (DL) complaint and does not address libraries.  

http://www.sparontologies.net/ontologies/fabio
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Dewey Decimal Classification  

 

FIGURE 38 | Dewey Decimal Classification - 8xx is literature - only broken down by language 

https://www.oclc.org/content/dam/oclc/dewey/ddc23-summaries.pdf
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The Library of Congress Genre/Form Terms (LCGFT) 

 

FIGURE 39 | The Library of Congress Genre/Form Terms (LCGFT) for Literature genre 

 

https://id.loc.gov/authorities/genreForms/gf2014026415.html
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FIGURE 40 | LCGFT Fiction Genre 

https://id.loc.gov/authorities/genreForms/gf2014026339.html
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Book Industry Standards And Communications (BISAC) 

 

FIGURE 41 | BISAC – Includes audiences: adult, young adult, and juvenile. Includes genres for each 

audience for both fiction and non-fiction.  

https://www.bisg.org/complete-bisac-subject-headings-list
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FIGURE 42 | BISAC Adult Fiction (subset) 

https://www.bisg.org/fiction
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FIGURE 43 | BISAC Juvenile Fiction (subset) 

https://www.bisg.org/juvenile-fiction
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FIGURE 44 | BISAC Young Adult Fiction (subset) 

https://www.bisg.org/young-adult-fiction
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SPARQL  

SPARQL does not work beyond Protégé 5.5.0. Two options are proposed: 

1. Downgrade to Protégé 5.5.0 

2. Use Snap SPARQL plugin 

Option two did not work, so proceeded with option one. However, then the Protégé 

5.5.0 small font bug appears. The fix for that is here. The fix on Windows 10 requires 

modifying javaw.exe properties. Other Java executables may have to be modified for 

other operating systems. The explanation for the small font fix is here.  

 

FIGURE 45 | SPARQL Query plugin installed (and working) in Protégé 5.5.0 

 

https://stackoverflow.com/questions/75854980/sparql-query-view-in-protege-is-not-working-when-an-ontology-is-opened
https://github.com/protegeproject/protege/issues/752
https://superuser.com/questions/1056631/fonts-extremely-small-in-some-applications-windows-10
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SPARQL Query and Search 

The intention was to use SPARQL to create a Search instance with the searchDate 

data property set with the current time when performing a search.  

 

FIGURE 46 | Search class: searchDate data property of dateTime type 

 



49 
 

 

FIGURE 47 | The intention was to get SPARQL to create a Search instance with searchDate set. 

 

However, because SPARQL Query for Protégé is only a query language, no updates 

like insertion of instances are allowed. Furthermore, NOW(), to get the current 

datetime, is not supported in SPARQL Query 3.0.0. As this is the only SPARQL 

seemingly able to work Protégé, creating an instance and updating the time of the 

search using SPARQL has proved impossible.  
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This SELECT query works:  

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX owl: <http://www.w3.org/2002/07/owl#> 
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX LoCLOnt: 
<http://www.semanticweb.org/mariaingold/ontologies/2024/0/LoCLOnt#> 
SELECT ?title WHERE { 
 ?book rdf:type/rdfs:subClassOf* LoCLOnt:Book; 
 LoCLOnt:title ?title. 
} 
 

However, adding now(), even though it passes the SPARQL Query Validator, does 

not work. Stack overflow confirms this.  

 

FIGURE 48 | Validated use of returning now() in a SPARL query 

https://stackoverflow.com/questions/65132094/how-to-call-the-current-time-now-in-protege-sparql
https://sparql.org/query-validator.html
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FIGURE 49 | The now() fails on a query apparently because now(), while part of SPARQL is not 

supported in this implementation.  

 

While passing the update validator, the INSERT also fails. While it could be because 

of using now(), it fails on INSERT, because this is SPARQL Query, not SPARQL 

Update and INSERT is unsupported. Others on Stack Overflow also found that they 

cannot do updates on Protégé: here, here, and here.  

  

https://sparql.org/update-validator.html
https://stackoverflow.com/questions/36908733/how-to-update-triples-in-prot%C3%A9g%C3%A9
https://stackoverflow.com/questions/26392303/sparql-insert-query-in-protege
https://stackoverflow.com/questions/11456102/sparql-query-delete-all-statements
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FIGURE 50 | Validating use of INSERT and now() in SPARQL 
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FIGURE 51 | SPARQL Query INSERT error in Protégé. Notes that it is not an expected query.  


