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	[bookmark: Check1][bookmark: Check2]|_|  Required Course         |X|  Elective Course       

	Preequisite(s): 
None (knowledge of OOP programming and basic first-order logic is sufficient)

	Catalog Description: 
The course covers the foundations and applications of the Semantic Web. The Semantic Web layer architecture; identification with URI/IRI; structuring data with XML and XML Schema; the RDF graph data model and RDFS vocabularies; the Protégé ontology editor, ontology development and ontology engineering with Protégé (classes, properties, individuals, restrictions, cardinality constraints, defined classes — OWL 2.0); semantic description of services with OWL-S; rule-based inference with SWRL and its built-ins; programmatic management of ontologies in Java with the OWL API; consistency checking, classification and realization with DL reasoners (HermiT, Openllet/Pellet); running rules with the SWRL API and the Drools rule engine; querying the knowledge inferred over the ontology with SQWRL and SPARQL. The theory parts are supported by hands-on work on a case study that runs through the whole term — developing an allergy ontology for packaged food and performing rule-based inference. During the practical work students build an ontology, a SWRL rule set placed on that ontology, a Java/OWL API application that reads from, writes to and reasons over the ontology, a working Web portal built on Web 3.0 technologies, a live demo and presentations; finally, the term project is completed together with the writing of an academic paper.

	Course Web Page:  
https://staff.emu.edu.tr/duygucelik/en/teaching/cmpe583

	Textbook(s):  

 -Allemang, D. & Hendler, J. (2020). Semantic Web for the Working Ontologist: Effective Modeling for Linked Data, RDFS, and OWL (3rd ed.). ACM Books / Morgan & Claypool. ISBN 978-1-4503-7614-3.
-Hitzler, P., Krötzsch, M. & Rudolph, S. (2010). Foundations of Semantic Web Technologies. Chapman & Hall/CRC. ISBN 978-1-4200-9050-5

	Supplemental materials:

Books:
-Horridge, M. A Practical Guide To Building OWL Ontologies Using Protégé 5 (free, University of Manchester) — https://protegewiki.stanford.edu/wiki/Protege4Pizzas10Minutes
-Baader, F., Horrocks, I., Lutz, C. & Sattler, U. (2017). An Introduction to Description Logic. Cambridge University Press.
-Heath, T. & Bizer, C. (2011). Linked Data: Evolving the Web into a Global Data Space. Morgan & Claypool (free online) — http://linkeddatabook.com/
-DuCharme, B. (2013). Learning SPARQL (2nd ed.). O’Reilly.
-Staab, S. & Studer, R. (eds.) (2009). Handbook on Ontologies (2nd ed.). Springer.
-Domingue, J., Fensel, D. & Hendler, J. (eds.) (2011). Handbook of Semantic Web Technologies. Springer.
-Gruber, T. (1993). “A Translation Approach to Portable Ontology Specifications.” Knowledge Acquisition, 5(2), 199–220.

W3C standards and specifications (primary sources):
XML 1.0 — https://www.w3.org/TR/xml/
XML Schema 1.1 (XSD) — https://www.w3.org/TR/xmlschema11-1/
RDF 1.1 Primer — https://www.w3.org/TR/rdf11-primer/
RDF 1.1 Concepts and Abstract Syntax — https://www.w3.org/TR/rdf11-concepts/
RDF 1.1 Turtle — https://www.w3.org/TR/turtle/
RDF Schema 1.1 (RDFS) — https://www.w3.org/TR/rdf-schema/
OWL 2 Primer — https://www.w3.org/TR/owl2-primer/
OWL 2 Structural Specification — https://www.w3.org/TR/owl2-syntax/
OWL 2 Profiles (EL, QL, RL) — https://www.w3.org/TR/owl2-profiles/
OWL-S 1.1 Service Ontology — https://www.w3.org/Submission/OWL-S/
SWRL Submission — https://www.w3.org/Submission/SWRL/
SPARQL 1.1 Query Language — https://www.w3.org/TR/sparql11-query/
JSON-LD 1.1 — https://www.w3.org/TR/json-ld11/
SHACL — https://www.w3.org/TR/shacl/

Tools, APIs and their documentation:
Protégé Desktop 5.6 — https://protege.stanford.edu/
OWL API 4.x — https://github.com/owlcs/owlapi | Horridge, M. & Bechhofer, S. (2011). “The OWL API: A Java API for OWL Ontologies.” Semantic Web, 2(1), 11–21.
SWRLAPI / SQWRL — https://github.com/protegeproject/swrlapi
HermiT reasoner — http://www.hermit-reasoner.com/
Openllet (Pellet fork) — https://github.com/Galigator/openllet
Apache Jena & Fuseki — https://jena.apache.org/
Apache NetBeans 20+ — https://netbeans.apache.org/

Key papers:
Berners-Lee, T., Hendler, J. & Lassila, O. (2001). “The Semantic Web.” Scientific American, 284(5), 34–43.
O’Connor, M. et al. (2005). “Supporting Rule System Interoperability on the Semantic Web with SWRL.” ISWC 2005.
O’Connor, M. & Das, A. (2009). “SQWRL: A Query Language for OWL.” OWLED 2009.
Glimm, B., Horrocks, I., Motik, B. et al. (2014). “HermiT: An OWL 2 Reasoner.” Journal of Automated Reasoning, 53(3), 245–269.
Sirin, E., Parsia, B. et al. (2007). “Pellet: A Practical OWL-DL Reasoner.” Journal of Web Semantics, 5(2), 51–53.
Motik, B., Sattler, U. & Studer, R. (2005). “Query Answering for OWL-DL with Rules.” Journal of Web Semantics, 3(1), 41–60.

Journals you may use for the term-project literature review:
Semantic Web Journal (IOS Press) · Journal of Web Semantics (Elsevier) · Journal of Biomedical Semantics (BMC) · IEEE Access

Topics Covered, Class Schedule and Lab Schedule: (Tentative):

	Week
	Date
	Topic
	Case study / practical studies
	Reading

	1
	21 Sep
	Introduction to the Semantic Web. Document Web vs Data Web; syntax, structure and meaning; the distinction between machine-readable and machine-understandable; the layer cake (URI/Unicode, XML, RDF, RDFS, OWL, rules and query, logic, proof, trust); ontology, class, property, individual, axiom; Open World Assumption; absence of the Unique Name Assumption; monotonicity
	Toolchain setup: Protégé + SWRLTab, JDK, NetBeans; opening and reading the allergy ontology
	Allemang & Hendler ch. 1–2; Berners-Lee et al. (2001); OWL 2 Primer §1

	2
	28 Sep
	XML and XML Schema. Well-formedness vs validity; elements, attributes, namespaces; XSD simple and complex types; facets (pattern, enumeration, minInclusive); occurrence constraints; the tree model and its limits; XPath basics; RDF/XML as a serialization
	Modelling product and additive data as XML; writing an XSD for barcodes and ingredient lists; validating the document
	W3C XML 1.0; XML Schema 1.1 Part 1; Hitzler et al. ch. 1

	3
	5 Oct
	RDF and RDFS. The triple; IRIs, literals, blank nodes; graph merging; Turtle syntax (a, ;, ,, prefixes); N-Triples, JSON-LD; RDFS vocabulary: subClassOf, subPropertyOf, domain, range; entailment rules; the limits of RDFS
	Rewriting the allergy data as triples; Turtle exercises; first RDFS inferences (Adult → Person)
	Allemang & Hendler ch. 3–6; RDF 1.1 Primer; RDF Schema 1.1

	4
	12 Oct
	OWL fundamentals. OWL 1 vs OWL 2; sublanguages and profiles (Lite/DL/Full, EL, QL, RL); classes and class expressions; object vs data properties; individuals; property characteristics (functional, inverse, transitive, symmetric); disjointness; sameAs / differentFrom; creating an ontology in Protégé
	Building the four core classes of the allergy ontology, its OTP and DTP properties and its OWL individuals in Protégé
	Allemang & Hendler ch. 9–10; OWL 2 Primer; OWL 2 Structural Specification

	5
	19 Oct
	Advanced OWL and Protégé. Existential and universal restrictions (someValuesFrom, allValuesFrom, hasValue); cardinality constraints (min, max, exactly); defined (equivalent) classes and automatic classification; closure axioms and the local closed world; vacuous truth; common modelling errors; OntoGraf and the Explanation tool
	Defining restrictions; adding closure axioms; classification with HermiT
	Allemang & Hendler ch. 11–13; Horridge (Protégé guide); OWL 2 Primer §8–9

	6
	26 Oct till 16.00
	Sending your chosen project topic, its aim and details, team details and your main related reference papers from the literature to duygu.celik@emu.edu.tr
	-
	-

	6
	26 Oct
	SWRL. Motivation: what OWL cannot express; rule anatomy (body → head), atoms, variables; safe rules and the DL-safe restriction; built-ins (swrlb: comparison, arithmetic, string, date); argument order in built-ins; chaining through shared variables; why negation is absent; writing and running rules in SWRLTab
	Adding SWRL rules to the ontology on the sample case; fish/lactose risk, BMI arithmetic, the adult threshold, the generic allergen chain, risk classification; negative test cases, etc.
	SWRL Submission; Hitzler et al. ch. 6; O’Connor et al. (2005)

	7
	2 Nov
	Ontology programming with the OWL API — I. Why an API is needed; OWLOntologyManager, OWLDataFactory, OWLOntology; IRIs and namespace constants; declaration, class assertion, property assertion and subclass axioms; typed literals; loading, adding, removing and saving axioms; serialisation formats; EntitySearcher; AutoIRIMapper and offline work; Maven configuration
	Building the allergy ontology programmatically; declaring the OWL API and SWRL API libraries in Java, representing OWL elements in the Java environment (OWL manager, OWL factory, OWL Class, OWL Individuals, etc.), adding new axioms to the ontology from Java; saving as OWL/XML.
	Horridge & Bechhofer (2011); OWL API documentation and examples

	8
	9 Nov
	OWL API — II and reasoners. Asserted vs inferred axioms; the OWLReasoner interface; HermiT and Openllet/Pellet; consistency, satisfiability, classification and realisation; getSubClasses, getTypes, getInstances; explanation of inconsistency; materialising inferences with InferredAxiomGenerator, performance considerations
	Consistency check before and after the rules; running and comparing the HermiT and Openllet reasoners on the ontology; producing the ALLERGY_INFERRED.owl file.
	Glimm et al. (2014); Sirin et al. (2007); Baader et al. ch. 4–5

	9
	16 Nov
	Presentation 1 — ontology draft in Protégé, OWL elements created in the ontology, OWL restrictions, constraints and various axioms, the start of the Java project that processes and runs the ontology, the first version of the literature review, a comparison table of the related papers with their strengths and weaknesses, etc.
	-
	-

	10
	23 Nov
	SWRL API, SQWRL and system integration. SWRLRuleEngine and infer(); the code equivalent of the three SWRLTab buttons; creating rules from text; catching parse and type errors; persistence of the rule output; SQWRL operators (select, count, avg, orderBy, limit, makeSet, difference); set difference as bounded negation; comparison with SPARQL; the eight-step end-to-end pipeline
	Running the whole pipeline from Java; SQWRL report query; displaying the reasoner output in the Web portal interface.
	O’Connor & Das (2009); SWRLAPI documentation; SPARQL 1.1

	11
	30 Nov
	OWL-S and semantic services. Service description layers: Profile (what it does), Process Model (how it works), Grounding (how it is invoked); inputs, outputs, preconditions and effects (IOPE); atomic and composite processes; semantic matching degrees (exact, plug-in, subsumption, fail); WSDL grounding; service discovery and composition
	Describing OWL-S services through examples;
	OWL-S 1.1 Submission; Domingue et al., Handbook (services part)

	12
	7 Dec
	Presentation 2 — the whole rule set works, the inference results of the SWRL rules are triggered from Java through the SWRL API, SQWRL queries can be run, the first prototype skeleton of the portal UI outputs, first tests and measurements, etc.
	Supervised project work; individual consultation
	-

	13
	21 Dec
	Presentation 3: project week. Final presentations, live demonstrations and paper submission.
	Final delivery: 21 December
	—




	Course Learning Outcomes: 

On successful completion of the course, students are expected to:
1. explain the Semantic Web layer architecture and the function of each layer, and place a given technology (XML, RDF, RDFS, OWL, SWRL, SPARQL) in the correct layer;
2. structure domain data as XML documents and validate them with XML Schema;
3. model a domain as an RDF graph, write it in Turtle and RDF/XML, and define vocabularies with RDFS;
4. design an OWL 2 ontology containing classes, object and data properties, individuals, disjointness axioms, restrictions, cardinality constraints and defined (equivalent) classes using the Protégé ontology editor;
5. explain the consequences of the Open World Assumption and of the absence of the Unique Name Assumption, and apply closure axioms where a closed-world conclusion is needed;
6. describe a service with OWL-S (Profile, Process Model, Grounding) and explain semantic service matching;
7. express domain logic as safe SWRL rules — including arithmetic, threshold, chaining and classification rules — and explain the DL-safe restriction;
8. create, read, modify and save an ontology in Java with the OWL API, and distinguish asserted axioms from inferred ones;
9. run a DL reasoner (HermiT, Openllet) for consistency checking, classification and realisation, and interpret its output;
10. run a rule base with the SWRL API and the Drools engine, query the result with SQWRL and SPARQL, and report the inferences together with their justification;
11. design, implement, evaluate and document an end-to-end ontology-based Web application, and present the work as a presentation, a live demo and an academic paper.


	Assessment
	Method
	Amount
	Percentage

	
	Midterm Exam
	1
	NA

	
	Assignment
	5
	60%

	
	Final Exam
	1
	40%

	
	Attendance
	As many as possible
	-

	
	Component
	Weight
	Note

	Project selection and notification
	-
	Week 6 — sending your chosen project topic, its aim and details, team details and your main related reference papers from the literature to duygu.celik@emu.edu.tr

	Presentation 1
	10%
	Week 9 — ontology draft in Protégé, OWL elements created in the ontology, OWL restrictions, constraints and various axioms, the start of the Java project that processes and runs the ontology, the first version of the literature review, a comparison table of the related papers with their strengths and weaknesses, etc.

	Presentation 2
	15%
	Week 12 — the whole SWRL rule set is created in the ontology and works, the SWRL inferencing mechanism is fully triggered from Java, various SQWRL queries, viewing the reasoner outputs in Protégé, the skeleton of the Web portal software, first tests and metric measurements; the paper is expected to be 60–65% complete.

	Final presentation (software development and demo) +
Writing Academic paper (6–10 pages)
	35%
	Week 14 — ontology quality, rule base, working portal, layer separation, justification display, unit tests, live demo--15%

	
	
	Week 14 —Article Sections Required: abstract, introduction, literature review, methodology, tools, system architecture, rules and algorithms, case study, experimental study, evaluation and performance metrics, limitations, conclusion--20%



Grading Policy

85-100  A           80-84  A-         75-79    B+         70-74  B           66-69  B-       63-65    C+
60-62  C              57-59  C-        54-56    D+         50-53  D          45-49  D-        0-44      F


	Attendance:

Lectures: 
· Attendance will be taken as many times as possible.
Exams: 
· If you miss the final exam, you must submit a written report to your instructor stating your excuse within 3 days of that examination in order to be able to enter the makeup exam.
Assignments: 
· No excuse or postponement is allowed for term project presentations.
· Students must attend the term project presentations on time and ready.
· The project must be developed with tools that involve Semantic Web technologies and must include an OWL ontology, a SWRL rule set, inference run from Java through the OWL API and the SWRL API, and a working web portal that shows the justification of every inference.
· The use of AI tools is permitted within limited ethical rules; however, a short paragraph at the end of the paper must state where and how they were used. Undeclared use is treated as plagiarism.
· Late submission is not accepted.

	NOTE
🏛️ Attendance Policy in EMU
As stated in the Senate decision of Eastern Mediterranean University dated 04.06.2025 and numbered 25/542, amendments have been made to Articles 12 and 16 of the "Eastern Mediterranean University Rules and Regulations for Undergraduate Studies and Examinations" regarding the Course Attendance Requirements (NG). According to these amendments:
· "NG" Nil Grade / Failure Due to Non-Attendance: The "NG" grade is awarded to a student who fails to meet the course attendance requirements and the conditions essential for course assessment. This grade is assigned by the Academic Staff of the relevant course based on the criteria set by the Faculty/School Boards. Students who receive an "NG" grade are not eligible to take the make-up examination for that course. If it is determined in advance that a student will receive an "NG" grade, they may also be barred from sitting for the final exam.
· Students' Course Attendance Obligation: A student who exceeds the absenteeism limits set by the Faculty/School Boards and fails to fulfill the essential assessment requirements for the course is deemed to have failed that course. However, in courses that are being repeated due to other academic reasons (excluding the NG grade), attendance is not mandatory. Courses repeated due to receiving an "NG" grade are not included in this exemption and are subject to attendance requirements.

	Plagiarism
· Plagiarism (which also includes any kind of cheating in exams, assignments, and project works) is a disciplinary offence and will be dealt with accordingly. Furthermore, the penalty of plagiarism is to get zero grade for corresponding exam, assignment, or project work.

	Important Remarks
· You should have regular attendance to the lectures for being successful in the course.
· Course related materials/announcements/etc. will be sent to your official university e-mail and responsibility is yours. 

	Contribution of Course to Criterion 5
Credit Hours for; Mathematics & Basic Science: 0, Engineering Sciences and Design : 3, General Education : 0

	Instructor Information
Name:  Prof. Dr. Duygu Çelik Ertuğrul, E-mail: duygu.celik@emu.edu.tr, Office: CMPE 206, Office Tel.: 1178

	Assistant Information
To be announced in class.

	Meeting times and places
To be announced in class.

	Prepared by Prof. Dr. Duygu Çelik Ertuğrul
	Date Prepared: September 15, 2026



