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1. Aim of the Term Project
In this term project you will apply the semantic web technologies learned in class on an end-to-end working web project. The project must demonstrate four technical abilities together:
1. Creating an OWL ontology — modelling domain knowledge with classes, properties, individuals and axioms; building and managing the ontology programmatically on the Java side with the OWL API.
2. Writing SWRL rules — expressing the domain logic with at least 20 rules; using arithmetic, threshold, chaining and classification rules together.
3. Inferring from the rules — running the inference with the SWRL API and the Drools rule engine, reporting it with SQWRL queries, and showing the result to the end user in the portal interface.
4. Presentation and writing an academic article.
2. Choosing the Project Domain
You may choose one of the three domains below. All three are of equivalent difficulty and are assessed with the same criteria. 
2.1 Option A — e-Health: Chronic Disease Follow-up and Drug Interaction Portal
Patient demographics, diagnoses, laboratory results, the drugs they take and their allergies are modelled. The portal offers different interfaces for the physician and patient roles. The system must be able to answer questions such as:
• Is there an interaction between the drugs this patient takes? Which pair, and at which severity?
• Given the patient’s renal function (eGFR), the dose of which drug must be adjusted?
• Considering the laboratory values and the age, which risk group does the patient fall into?
• Which drugs must not be recommended to this patient, and why?
• Which patients have uncontrolled diabetes together with hypertension?
Example classes: Patient, Physician, Drug, ActiveIngredient, Diagnosis, LabTest, LabResult, Allergy, Interaction, RiskGroup, Recommendation.
Example properties: hasDiagnosis, takesDrug, containsIngredient, interactsWith, contraindicatedFor, hasAllergy, hasLabResult, measuredValue, hasAge, hasWeight, hasHeight, hasBMI, hasEGFR, hasHbA1c, hasSystolicBP.
2.2 Option B — Education: Learning Path and Course Recommendation Portal
Students, courses, learning outcomes, prerequisites, grades and programme requirements are modelled. The portal offers interfaces for the student and advisor roles. The system must be able to answer questions such as:
• Which courses can this student take next semester? Which prerequisite is missing?
• In which outcome areas does the student still have a gap for graduation?
• Given the course load and the past performance, what is the recommended number of credits?
• Which students are academically at risk, and according to which indicator?
• How does the prerequisite chain of a course unfold transitively?
Example classes: Student, Advisor, Course, LearningOutcome, Program, Enrollment, Grade, Semester, Prerequisite, RiskStudent, Recommendation.
Example properties: enrolledIn, hasPrerequisite, completedCourse, hasGrade, coversOutcome, requiresOutcome, hasGPA, hasCredit, hasTotalCredit, advisedBy, belongsToProgram.
2.3 Option C — Accessible Job Matching Portal for People with Disabilities
A recommender system is built that matches the résumés of people with disabilities against job postings. What makes this system different is that the matching does not rest on skill similarity alone, but on the fit between the functional capacity of the individual, the physical and cognitive requirements of the job, and the accessibility facilities of the workplace. Classic keyword matching cannot solve this problem, because the question "is it suitable?" requires several properties to be evaluated together and reasonable accommodations to be taken into account.
The portal offers three roles: candidate (profile and résumé entry, recommendation list), employer (posting entry, accessibility declaration, list of suitable candidates) and job and vocational counsellor (reviewing the justification of a match, proposing an accommodation).
The system must be able to answer questions such as:
• Which postings are recommended to this candidate, and with which justification did each recommendation enter the list?
• Why is a posting not suitable for the candidate — which requirement conflicts with which functional limitation?
• Which reasonable accommodation would make the posting suitable for this candidate if the employer provided it?
• Which limitation does the candidate’s assistive technology (screen reader, hearing aid, powered wheelchair) compensate for?
• Who are the top 10 candidates with the highest match score for a posting?
• To which candidates should the postings of employers under a quota obligation be recommended first?
2.3.1 Ontology: classes
Candidate side: Candidate, Disability, VisualDisability, HearingDisability, MobilityDisability, CognitiveDisability, ChronicCondition, FunctionalLimitation, AssistiveDevice, Skill, TechnicalSkill, LanguageSkill, SoftSkill, Education, Certificate, WorkExperience.
Job side: JobPosting, Employer, Workplace, TaskRequirement, PhysicalRequirement, CognitiveRequirement, EnvironmentalCondition, WorkSchedule, AccessibilityFeature, Accommodation, Sector.
Target classes of the inference (never populated by hand): EligibleCandidate, RecommendedJob, HighlyRecommendedJob, ConditionallyEligibleJob, BlockedJob, AccommodationRequiredMatch, PriorityMatch, AtRiskOfExclusion.
2.3.2 Ontology: object properties (OTP)
	Property
	Domain → Range
	Description

	hasDisability
	Candidate → Disability
	Type of disability of the candidate

	hasFunctionalLimitation
	Candidate → FunctionalLimitation
	Functional limitation, independent of type

	hasAssistiveDevice
	Candidate → AssistiveDevice
	Assistive technology in use

	compensatesFor
	AssistiveDevice → FunctionalLimitation
	Which limitation the device compensates for

	hasSkill
	Candidate → Skill
	Skill

	hasCertificate
	Candidate → Certificate
	Certificate or document

	hasEducation
	Candidate → Education
	Education record

	appliedTo
	Candidate → JobPosting
	Application

	postedBy
	JobPosting → Employer
	Owner of the posting

	locatedAt
	JobPosting → Workplace
	Place of work

	requiresSkill
	JobPosting → Skill
	Required skill

	requiresCertificate
	JobPosting → Certificate
	Mandatory certificate

	hasTaskRequirement
	JobPosting → TaskRequirement
	Task requirement

	hasEnvironmentalCondition
	Workplace → EnvironmentalCondition
	Noise, light, temperature

	providesAccessibility
	Workplace → AccessibilityFeature
	Ramp, lift, accessible WC

	providesAccommodation
	Employer → Accommodation
	Reasonable accommodation provided

	accommodationFor
	Accommodation → FunctionalLimitation
	Which limitation the accommodation is for

	conflictsWith
	TaskRequirement → FunctionalLimitation
	Conflict between requirement and limitation

	hasWorkSchedule
	JobPosting → WorkSchedule
	Shift / working-time pattern

	recommendedJob
	Candidate → JobPosting
	Result of inference

	blockedBy
	Candidate → TaskRequirement
	Result of inference: the blocking requirement

	needsAccommodation
	Candidate → Accommodation
	Result of inference



The properties recommendedJob, blockedBy and needsAccommodation are defined under the super-property matchRelation, so that all match relations can be listed with a single query.
2.3.3 Ontology: data properties (DTP)
	Property
	Type
	Domain
	Meaning

	hasAge
	int
	Candidate
	Age

	hasDisabilityPercentage
	int
	Candidate
	Degree of disability (%)

	hasVisualAcuity
	double
	Candidate
	Visual acuity (0–1)

	hasHearingLossDb
	int
	Candidate
	Hearing loss (dB)

	hasLiftingCapacityKg
	double
	Candidate
	Weight the candidate can lift

	hasStandingToleranceMin
	int
	Candidate
	Standing tolerance (min)

	hasSittingToleranceMin
	int
	Candidate
	Sitting tolerance (min)

	hasTypingSpeedWpm
	int
	Candidate
	Typing speed

	hasCommuteToleranceMin
	int
	Candidate
	Commute tolerance (min)

	hasYearsExperience
	double
	Candidate
	Years of experience

	hasEducationLevel
	int
	Candidate
	1 = high school … 5 = doctorate

	hasSalaryExpectation
	double
	Candidate
	Salary expectation

	requiresLiftingKg
	double
	JobPosting
	Lifting required

	requiresStandingMin
	int
	JobPosting
	Standing time required

	requiresScreenReading
	boolean
	JobPosting
	Is screen reading required?

	requiresVerbalCommunication
	boolean
	JobPosting
	Is verbal communication required?

	requiresEducationLevel
	int
	JobPosting
	Minimum education

	workHoursPerWeek
	int
	JobPosting
	Hours per week

	offeredSalary
	double
	JobPosting
	Salary offered

	distanceKm
	double
	JobPosting
	Distance to the candidate

	noiseLevelDb
	int
	Workplace
	Ambient noise

	hasWheelchairAccess
	boolean
	Workplace
	Wheelchair access

	hasElevator
	boolean
	Workplace
	Lift

	floorNumber
	int
	Workplace
	Working floor

	remoteOptionAvailable
	boolean
	JobPosting
	Remote work possible

	employeeCount
	int
	Employer
	Number of employees (for the quota)

	hasMatchScore
	double
	Candidate
	Result of inference: match score

	hasMatchMessage
	string
	Candidate
	Result of inference: justification text



For the rule engine to work, numeric values must be written as typed literals (getOWLLiteral(38), getOWLLiteral(12.5)); without a type, the arithmetic and comparison built-ins silently fail to match.
Ethics and privacy: health and disability data are special-category personal data. Your sample dataset must be entirely synthetic; real person data may not be used. You are expected to discuss this issue, and the risk of algorithmic discrimination, in the Limitations section of your paper.


3. Functional Requirements
3.1 Web Project- Mobile app or Web Portal (web layer)
	Code
	Requirement
	Description

	F1
	Authentication and roles
	At least two roles (e.g. physician/patient or advisor/student); the role changes the interface

	F2
	Entity management
	Adding, updating and deleting ontology individuals through a web form

	F3
	Triggering the inference
	The user runs the rule engine with a single button

	F4
	Displaying results
	Listing the inferred knowledge as a table or as cards

	F5
	Showing the justification
	Showing which rule produced each result (mandatory)

	F6
	Query screen
	Running at least 5 ready-made SQWRL queries from the interface

	F7
	Consistency check
	Checking ontology consistency with a reasoner and displaying the error

	F8
	Export
	Downloading the inferred ontology as .owl and the report as CSV/JSON



3.2 Ontology layer
	Code
	Requirement
	Minimum measure

	O1
	Number of classes
	At least 10 classes, a hierarchy at least 3 levels deep

	O2
	Object properties
	At least 10; must include a sub-property hierarchy

	O3
	Data properties
	At least 8; at least 3 of them numeric (int/double)

	O4
	Individuals
	At least 60 individuals (realistic sample data)

	O5
	Restrictions
	someValuesFrom, allValuesFrom, hasValue, cardinality — each at least once

	O6
	Disjointness
	AllDisjointClasses between the top-level classes

	O7
	Labels
	Bilingual rdfs:label (tr/en) on every class and property

	O8
	Defined class
	At least 2 EquivalentTo (defined) classes; membership must be decided by the reasoner



3.3 Rule and inference layer
	Code
	Requirement
	Minimum measure

	R1
	Number of rules
	At least 20–30 SWRL rules

	R2
	Arithmetic rules
	At least 3 (swrlb:multiply, divide, add …)

	R3
	Threshold rules
	At least 4 (greaterThan, lessThanOrEqual …)

	R4
	Chaining rules
	At least 3 (three or more property atoms sharing variables)

	R5
	Classification rules
	At least 3 (a class atom in the head)

	R6
	String / date rules
	At least 2 (matches, stringConcat, date …)

	R7
	Negative tests
	For at least 3 rules, an individual that must not fire the rule has to be documented

	R8
	SQWRL queries
	At least 6; one must use aggregation, one must use a set operation



4. Example Rule Catalogue (Option A — e-Health)
The 20 rules below are given to show the expected coverage and variety. Do not copy them one-to-one into your own project; adapt them to your domain, justify them and extend them.
4.1 Computation rules
R01_BMI
Patient(?p) ^ hasWeight(?p,?w) ^ hasHeight(?p,?h)
  ^ swrlb:multiply(?h2,?h,?h) ^ swrlb:divide(?b,?w,?h2)
  -> hasBMI(?p,?b)
 
R02_BSA (body surface area, Mosteller)
Patient(?p) ^ hasWeight(?p,?w) ^ hasHeight(?p,?hcm)
  ^ swrlb:multiply(?x,?hcm,?w) ^ swrlb:divide(?y,?x,3600)
  ^ swrlb:pow(?bsa,?y,0.5) -> hasBSA(?p,?bsa)
 
R03_DailyDoseTotal
Patient(?p) ^ takesDrug(?p,?d) ^ hasDosePerIntake(?d,?dose)
  ^ hasIntakePerDay(?d,?n) ^ swrlb:multiply(?total,?dose,?n)
  -> hasDailyDose(?d,?total)

4.2 Threshold and classification rules
R04_Adult   Patient(?p) ^ hasAge(?p,?a) ^ swrlb:greaterThanOrEqual(?a,18) -> Adult(?p)
R05_Elderly Patient(?p) ^ hasAge(?p,?a) ^ swrlb:greaterThanOrEqual(?a,65) -> ElderlyPatient(?p)
R06_Obese   Patient(?p) ^ hasBMI(?p,?b) ^ swrlb:greaterThanOrEqual(?b,30.0) -> ObesePatient(?p)
R07_Overweight Patient(?p) ^ hasBMI(?p,?b) ^ swrlb:greaterThanOrEqual(?b,25.0)
  ^ swrlb:lessThan(?b,30.0) -> OverweightPatient(?p)
R08_CKD3  Patient(?p) ^ hasEGFR(?p,?e) ^ swrlb:lessThan(?e,60.0)
  ^ swrlb:greaterThanOrEqual(?e,30.0) -> CKDStage3Patient(?p)
R09_PoorGlycemic Patient(?p) ^ hasHbA1c(?p,?v) ^ swrlb:greaterThan(?v,7.0)
  ^ hasDiagnosis(?p,Diabetes) -> UncontrolledDiabetes(?p)
R10_Hypertensive Patient(?p) ^ hasSystolicBP(?p,?s) ^ swrlb:greaterThanOrEqual(?s,140)
  -> HypertensivePatient(?p)

4.3 Chaining rules (producing relations)
R11_IngredientInteraction
Patient(?p) ^ takesDrug(?p,?d1) ^ takesDrug(?p,?d2) ^ differentFrom(?d1,?d2)
  ^ containsIngredient(?d1,?i1) ^ containsIngredient(?d2,?i2)
  ^ interactsWith(?i1,?i2)
  -> hasDrugInteraction(?p,?i1)
 
R12_AllergyConflict
Patient(?p) ^ hasAllergy(?p,?al) ^ takesDrug(?p,?d)
  ^ containsIngredient(?d,?i) ^ triggersAllergy(?i,?al)
  -> allergyConflict(?p,?d)
 
R13_ContraindicatedByDiagnosis
Patient(?p) ^ hasDiagnosis(?p,?dx) ^ takesDrug(?p,?d)
  ^ contraindicatedFor(?d,?dx)
  -> hasContraindication(?p,?d)
 
R14_TransitivePrerequisiteOfTherapy
Therapy(?t1) ^ requiresTherapy(?t1,?t2) ^ requiresTherapy(?t2,?t3)
  -> requiresTherapy(?t1,?t3)

4.4 Risk classification and recommendation rules
R15_AtRisk Patient(?p) ^ hasDrugInteraction(?p,?i) -> PatientAtRisk(?p)
R16_CriticalRisk Patient(?p) ^ hasDrugInteraction(?p,?i) ^ hasSeverity(?i,?s)
  ^ swrlb:greaterThanOrEqual(?s,4) -> CriticalRiskPatient(?p)
R17_DoseAdjust CKDStage3Patient(?p) ^ takesDrug(?p,?d) ^ renallyExcreted(?d,true)
  -> needsDoseAdjustment(?p,?d)
R18_ElderlyPolypharmacy
ElderlyPatient(?p) ^ hasDrugCount(?p,?n)
  ^ swrlb:greaterThanOrEqual(?n,5) -> PolypharmacyPatient(?p)

4.5 String and date rules
R19_ATCClassMatch
Drug(?d) ^ hasATCCode(?d,?c) ^ swrlb:matches(?c,"C09[A-Z]{2}[0-9]{2}")
  -> ACEInhibitor(?d)
 
R20_WarningMessage
Patient(?p) ^ hasName(?p,?n) ^ allergyConflict(?p,?d) ^ hasDrugName(?d,?dn)
  ^ swrlb:stringConcat(?msg,"WARNING: ",?dn," contains an allergen for ",?n)
  -> hasWarningMessage(?p,?msg)

4.6 Example SQWRL queries
Q1 Patient(?p) ^ hasName(?p,?n) ^ hasBMI(?p,?b)
   -> sqwrl:select(?n,?b) ^ sqwrl:orderByDescending(?b)
 
Q2 Patient(?p) ^ hasName(?p,?n) ^ hasDrugInteraction(?p,?i)
   -> sqwrl:select(?n,?i)
 
Q3 PatientAtRisk(?p) -> sqwrl:count(?p)
 
Q4 Patient(?p) ^ hasAge(?p,?a) -> sqwrl:avg(?a)
 
Q5 Patient(?p) ^ sqwrl:makeSet(?all,?p) ^ PatientAtRisk(?r)
   ^ sqwrl:makeSet(?risky,?r) ^ sqwrl:difference(?safe,?all,?risky)
   -> sqwrl:select(?safe)
 
Q6 Patient(?p) ^ hasName(?p,?n) ^ hasWarningMessage(?p,?m)
   -> sqwrl:selectDistinct(?n,?m) ^ sqwrl:limit(20)

4.7 Example Rule Catalogue (Option C — Job Matching for People with Disabilities)
The following 20 rules show the expected coverage for Option C. The rules fall into four groups: computation, limitation/conflict, accommodation and recommendation.
4.7.1 Computation rules
C01_ExperienceScore
Candidate(?c) ^ hasYearsExperience(?c,?y) ^ swrlb:multiply(?s,?y,5.0)
  -> hasExperienceScore(?c,?s)
 
C02_SkillMatchCount (number of skills shared by candidate and posting)
Candidate(?c) ^ JobPosting(?j) ^ hasSkill(?c,?sk) ^ requiresSkill(?j,?sk)
  -> matchedSkill(?c,?sk)
 
C03_TotalMatchScore
Candidate(?c) ^ hasExperienceScore(?c,?e) ^ hasSkillMatchCount(?c,?n)
  ^ swrlb:multiply(?w,?n,10.0) ^ swrlb:add(?score,?e,?w)
  -> hasMatchScore(?c,?score)
 
C04_CommuteFeasibility
Candidate(?c) ^ hasCommuteToleranceMin(?c,?t) ^ appliedTo(?c,?j)
  ^ distanceKm(?j,?d) ^ swrlb:multiply(?min,?d,2.0)
  ^ swrlb:lessThanOrEqual(?min,?t) -> commuteFeasible(?c,?j)

4.7.2 Limitation and conflict rules
C05_LiftingConflict
Candidate(?c) ^ hasLiftingCapacityKg(?c,?cap) ^ appliedTo(?c,?j)
  ^ requiresLiftingKg(?j,?req) ^ swrlb:greaterThan(?req,?cap)
  -> blockedByRequirement(?c,?j)
 
C06_StandingConflict
Candidate(?c) ^ hasStandingToleranceMin(?c,?tol) ^ appliedTo(?c,?j)
  ^ requiresStandingMin(?j,?req) ^ swrlb:greaterThan(?req,?tol)
  -> blockedByRequirement(?c,?j)
 
C07_NoiseConflict (hearing loss + high noise)
Candidate(?c) ^ hasHearingLossDb(?c,?loss) ^ swrlb:greaterThan(?loss,40)
  ^ appliedTo(?c,?j) ^ locatedAt(?j,?w) ^ noiseLevelDb(?w,?n)
  ^ swrlb:greaterThan(?n,80) -> unsuitableEnvironment(?c,?j)
 
C08_WheelchairAccessConflict
Candidate(?c) ^ hasAssistiveDevice(?c,Wheelchair) ^ appliedTo(?c,?j)
  ^ locatedAt(?j,?w) ^ hasWheelchairAccess(?w,false)
  -> accessBlocked(?c,?j)
 
C09_UpperFloorNoElevator
Candidate(?c) ^ MobilityDisability(?d) ^ hasDisability(?c,?d) ^ appliedTo(?c,?j)
  ^ locatedAt(?j,?w) ^ floorNumber(?w,?f) ^ swrlb:greaterThan(?f,0)
  ^ hasElevator(?w,false) -> accessBlocked(?c,?j)
 
C10_EducationShortfall
Candidate(?c) ^ hasEducationLevel(?c,?lv) ^ appliedTo(?c,?j)
  ^ requiresEducationLevel(?j,?req) ^ swrlb:lessThan(?lv,?req)
  -> missingQualification(?c,?j)
 
C11_TaskLimitationConflict (generic chaining rule)
Candidate(?c) ^ hasFunctionalLimitation(?c,?lim) ^ appliedTo(?c,?j)
  ^ hasTaskRequirement(?j,?task) ^ conflictsWith(?task,?lim)
  -> blockedBy(?c,?task)

4.7.3 Accommodation rules
C12_ScreenReaderNeeded
Candidate(?c) ^ VisualDisability(?d) ^ hasDisability(?c,?d) ^ appliedTo(?c,?j)
  ^ requiresScreenReading(?j,true)
  -> needsAccommodation(?c,ScreenReaderSupport)
 
C13_SignLanguageNeeded
Candidate(?c) ^ HearingDisability(?d) ^ hasDisability(?c,?d) ^ appliedTo(?c,?j)
  ^ requiresVerbalCommunication(?j,true)
  -> needsAccommodation(?c,SignLanguageInterpreter)
 
C14_DeviceCompensates (the assistive technology compensates for the limitation)
Candidate(?c) ^ hasAssistiveDevice(?c,?dev) ^ compensatesFor(?dev,?lim)
  ^ hasFunctionalLimitation(?c,?lim) ^ blockedBy(?c,?task)
  ^ conflictsWith(?task,?lim) -> limitationCompensated(?c,?lim)
 
C15_AccommodationSatisfied
Candidate(?c) ^ needsAccommodation(?c,?acc) ^ appliedTo(?c,?j)
  ^ postedBy(?j,?emp) ^ providesAccommodation(?emp,?acc)
  -> accommodationSatisfied(?c,?j)
 
C16_RemoteResolvesAccess
Candidate(?c) ^ accessBlocked(?c,?j) ^ remoteOptionAvailable(?j,true)
  -> accessResolvedByRemote(?c,?j)

4.7.4 Recommendation and prioritisation rules
C17_EligibleCandidate
Candidate(?c) ^ appliedTo(?c,?j) ^ commuteFeasible(?c,?j)
  ^ matchedSkill(?c,?sk) -> EligibleCandidate(?c)
 
C18_RecommendedJob
Candidate(?c) ^ EligibleCandidate(?c) ^ appliedTo(?c,?j)
  ^ accommodationSatisfied(?c,?j) -> recommendedJob(?c,?j)
 
C19_HighlyRecommended (threshold rule)
Candidate(?c) ^ recommendedJob(?c,?j) ^ hasMatchScore(?c,?s)
  ^ swrlb:greaterThanOrEqual(?s,70.0) -> HighlyRecommendedJob(?j)
 
C20_PriorityByQuota (employer under a quota obligation + text warning)
Candidate(?c) ^ recommendedJob(?c,?j) ^ postedBy(?j,?emp)
  ^ employeeCount(?emp,?n) ^ swrlb:greaterThanOrEqual(?n,50)
  ^ hasName(?c,?nm) ^ swrlb:stringConcat(?msg,"PRIORITY MATCH: ",?nm)
  -> PriorityMatch(?c) ^ hasMatchMessage(?c,?msg)

4.7.5 Example SQWRL queries
CQ1 Candidate(?c) ^ hasName(?c,?n) ^ recommendedJob(?c,?j) ^ hasMatchScore(?c,?s)
    -> sqwrl:select(?n,?j,?s) ^ sqwrl:orderByDescending(?s) ^ sqwrl:limit(10)
 
CQ2 Candidate(?c) ^ hasName(?c,?n) ^ blockedBy(?c,?t)
    -> sqwrl:select(?n,?t)
 
CQ3 Candidate(?c) ^ needsAccommodation(?c,?a) -> sqwrl:count(?a)
 
CQ4 Candidate(?c) ^ hasMatchScore(?c,?s) -> sqwrl:avg(?s)
 
CQ5 Candidate(?c) ^ sqwrl:makeSet(?all,?c) ^ EligibleCandidate(?e)
    ^ sqwrl:makeSet(?elig,?e) ^ sqwrl:difference(?excluded,?all,?elig)
    -> sqwrl:select(?excluded)
 
CQ6 PriorityMatch(?c) ^ hasMatchMessage(?c,?m) -> sqwrl:selectDistinct(?m)

Warning: do not build rules C16 and C14 so that the conclusion "the obstacle is removed" writes recommendedJob directly. Because of the Open World Assumption and monotonicity, a rule cannot retract an earlier inference. The correct design is to model the obstacle with positive evidence and to put the fact that "the obstacle has been resolved" into the body of the recommendation rule as an additional condition. You are expected to discuss this design decision in your paper.


5. Recommended Tools and Libraries
5.1 Suggested development environment
	Component
	Version
	Role and notes

	Apache NetBeans
	20 or newer
	Main IDE; Maven projects are supported out of the box

	JDK
	8 (recommended) or 11
	SWRLAPI 2.x is most stable on Java 8

	Apache Maven
	3.8+
	Ships with NetBeans; dependency management

	Protégé Desktop
	5.6.x
	Design and validation of the ontology and the rules

	Apache Tomcat
	9.x
	Portal deployment (added from inside NetBeans)



5.2 NetBeans plugins and settings
1. Java EE / web application support: install the "Java Web and EE" pack from Tools → Plugins → Available Plugins. Without this pack you cannot create a Servlet/JSP project.
2. Adding the Tomcat server: Tools → Servers → Add Server → Apache Tomcat or TomEE. Select the Tomcat 9 directory and define a username and password. This server is then selected when you run the project.
3. Maven setting: Tools → Options → Java → Maven. Point to your external Maven directory (optional). Keep "Skip Tests" switched off while developing.
4. Registering JDK 8: Tools → Java Platforms → Add Platform. If JDK 8 is not installed, add it and select this platform in the project properties.
5. Memory setting: the rule engine is memory intensive. Set -J-Xmx in netbeans.conf to at least 2g, and add the VM argument -Xmx2g to the run configuration as well.
6. Code formatting: Tools → Options → Editor → Formatting. Use 4-space indentation for Java; consistent formatting is expected at submission.
Note: Protégé is not a NetBeans plugin; it is a separate desktop application. Inside Protégé you must install the SWRLTab, SQWRLTab and HermiT plugins from File → Check for plugins.
5.3 pom.xml — dependencies and their explanations
The pom.xml core below is the basis of your project. The comment lines explain why each dependency is needed.
<project xmlns="http://maven.apache.org/POM/4.0.0">
  <modelVersion>4.0.0</modelVersion>
 
  <groupId>edu.emu.semanticweb</groupId>
  <artifactId>ehealth-portal</artifactId>
  <version>1.0</version>
  <packaging>war</packaging>   <!-- WAR for the web portal -->
 
  <properties>
    <maven.compiler.source>1.8</maven.compiler.source>
    <maven.compiler.target>1.8</maven.compiler.target>
    <project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
    <owlapi.version>4.5.29</owlapi.version>
  </properties>
 
  <dependencies>
 
    <!-- 1) OWL API: creating, reading, managing axioms, saving the ontology -->
    <dependency>
      <groupId>net.sourceforge.owlapi</groupId>
      <artifactId>owlapi-distribution</artifactId>
      <version>${owlapi.version}</version>
    </dependency>
 
    <!-- 2) HermiT: OWL 2 DL reasoner. Consistency, classification, realisation -->
    <dependency>
      <groupId>net.sourceforge.owlapi</groupId>
      <artifactId>org.semanticweb.hermit</artifactId>
      <version>1.4.5.519</version>
    </dependency>
 
    <!-- 3) SWRL API + Drools: running the rules (infer) and SQWRL queries -->
    <dependency>
      <groupId>edu.stanford.swrl</groupId>
      <artifactId>swrlapi-drools-engine</artifactId>
      <version>2.1.2</version>
    </dependency>
 
    <!-- 4) Openllet (Pellet fork): for comparison with a second reasoner -->
    <dependency>
      <groupId>com.github.galigator.openllet</groupId>
      <artifactId>openllet-owlapi</artifactId>
      <version>2.6.5</version>
    </dependency>
 
    <!-- 5) Servlet API: web layer (provided, because Tomcat supplies it) -->
    <dependency>
      <groupId>javax.servlet</groupId>
      <artifactId>javax.servlet-api</artifactId>
      <version>4.0.1</version>
      <scope>provided</scope>
    </dependency>
 
    <!-- 6) JSTL: loop and condition tags in JSP pages -->
    <dependency>
      <groupId>javax.servlet</groupId>
      <artifactId>jstl</artifactId>
      <version>1.2</version>
    </dependency>
 
    <!-- 7) Jackson: returning the inference results as JSON -->
    <dependency>
      <groupId>com.fasterxml.jackson.core</groupId>
      <artifactId>jackson-databind</artifactId>
      <version>2.15.2</version>
    </dependency>
 
    <!-- 8) SLF4J + Logback: engine logs and performance measurements -->
    <dependency>
      <groupId>ch.qos.logback</groupId>
      <artifactId>logback-classic</artifactId>
      <version>1.2.12</version>
    </dependency>
 
    <!-- 9) JUnit: rule-based unit tests (mandatory) -->
    <dependency>
      <groupId>org.junit.jupiter</groupId>
      <artifactId>junit-jupiter</artifactId>
      <version>5.10.0</version>
      <scope>test</scope>
    </dependency>
 
  </dependencies>
 
  <build>
    <finalName>ehealth-portal</finalName>
    <plugins>
      <!-- WAR packaging: web.xml not required (Servlet 3.0+ annotations) -->
      <plugin>
        <groupId>org.apache.maven.plugins</groupId>
        <artifactId>maven-war-plugin</artifactId>
        <version>3.4.0</version>
        <configuration>
          <failOnMissingWebXml>false</failOnMissingWebXml>
        </configuration>
      </plugin>
 
      <!-- Compiler plugin: target JDK 8 -->
      <plugin>
        <artifactId>maven-compiler-plugin</artifactId>
        <version>3.11.0</version>
      </plugin>
 
      <!-- For running the tests -->
      <plugin>
        <artifactId>maven-surefire-plugin</artifactId>
        <version>3.1.2</version>
      </plugin>
    </plugins>
  </build>
</project>
5.4 Version compatibility — a critical warning
The most frequent error is NoSuchMethodError or ClassNotFoundException, and it almost always comes from mixing the OWL API 4.x and 5.x branches.
Rule of thumb: whichever branch SWRLAPI expects, the whole project is pinned to that branch. To check, run mvn dependency:tree and verify that the owlapi lines show a single version.
6. Suggested System Architecture
Your project must keep the following four layers separate. Mixing the layers (for example building an IRI inside a JSP page) costs points.
	Layer
	Suggested package
	Responsibility

	Presentation
	web / *.jsp
	Forms, tables, justification display; knows nothing about the ontology

	Controller
	controller
	Servlets; receive the request, call the service, return JSON/JSP

	Domain service
	service
	Workflow: load → validate → infer → query → report

	Ontology access
	ontology
	Wrapper around the OWL API / SWRL API; all IRI knowledge lives here



Suggested classes: OntologyGateway (loading, entity shortcuts, adding axioms), RuleEngineService (SWRL engine, infer(), timing), QueryService (running SQWRL, converting results), ReasonerService (HermiT/Openllet, consistency and classification), ExplanationService (which rule produced which axiom), RiskReport / RecommendationReport (carrier objects).
6.1 A possible processing flow
1. Load the ontology (loadOntologyFromOntologyDocument) and report the inventory.
2. Reasoner check before the rules: consistency + show that the target classes are empty.
3. Add the user input to the ontology as axioms (with typed literals).
4. SWRLRuleEngine.infer() — measure the duration and record it.
5. Run the SQWRL queries and convert the results into interface objects.
6. Reasoner check after the rules: is consistency preserved, and what are the new classifications?
7. Save the inferred ontology as *_INFERRED.owl.
8. Show the user the result and its justification.


7. Deliverables
Your project consists of three separate outputs. All three must be submitted in full; if one is missing the project is not assessed. Submission is made by the team leader to duygu.celik@emu.edu.tr and through MS Teams.
7.1 Software, demo and pptx file
• A working Maven web project (source code + pom.xml + ontology files).
• README.md: installation steps, Tomcat deployment, sample user accounts.
• The sample dataset (at least 60 individuals) and the *_INFERRED.owl output.
• A JUnit test class: verification of the expected output for at least 10 rules.
• Live demo: 12–15 minutes, in real time. A screen recording must be kept as a backup, but the presentation will be given live.
7.2 Academic paper (about 8–10 pages)
The paper may be written in double-column IEEE or single-column ACM format, in English or in Turkish. Mandatory sections and expected content:
	Section
	Expected content
	Approx. length

	Abstract
	Problem, approach, main finding, contribution — 150–250 words
	1 paragraph

	1. Introduction
	Motivation, problem statement, research questions, list of contributions, outline of the paper
	0.75–1 page

	2. Literature Review / Related Work
	At least 10–12 academic sources; similar ontology-based systems; a comparison table and identification of the gap
	1–1.5 pages

	3. Methodology
	Ontology development method, rule design strategy, validation approach
	0.75–1 page

	4. Tools and Technologies
	Protégé, OWL API, SWRL API, Drools, HermiT/Openllet, Tomcat — versions and the reasons for choosing them
	0.5 page

	5. System Architecture
	Layered architecture diagram, component responsibilities, data-flow diagram
	0.75–1 page

	6. Rules and Algorithms
	Rule catalogue table, formal presentation of the key rules, the inference flow algorithm (pseudo-code)
	1–1.5 pages

	7. Case Study
	An end-to-end scenario shown through interface screenshots; input → inference → justification → result
	1 page

	8. Experimental Study
	Dataset scales (e.g. 60/300/1500 individuals), measurement protocol, number of repetitions
	0.5–0.75 page

	9. Evaluation and Performance Metrics
	Performance metrics; tables, charts and the final interpretation
	1 page

	10. Limitations
	Limits arising from the Open World Assumption, negation, scalability, data quality, ethics and privacy
	0.5 page

	11. Conclusion and Future Work
	Summary of the findings, restatement of the contribution, concrete next steps
	0.5 page

	References
	IEEE or ACM format, at least 20–30 sources
	—



7.3 Possible performance metrics
• Inference time: the duration of the infer() call in milliseconds; the mean and standard deviation of at least 5 repetitions per scale.
• Number of axioms produced: the difference in getAxiomCount() before and after the rules.
• Per-rule contribution: how many axioms each rule produced (rule effectiveness table).
• Reasoner comparison: the classification times of HermiT and Openllet on the same ontology.
• Memory use: heap consumption before and after the inference.
• Scalability: how the duration grows as the number of individuals increases (chart).
• Accuracy: precision, recall and F1 against a manually prepared gold-standard set.
• Consistency: whether the ontology remains consistent after the rules.
8. Schedule and İntermediate Deliverables
THREE presentations will be held during the term; at each one, everything completed up to that stage will be shown in working order. Talking through slides is not sufficient.
	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%



8.1 How the intermediate presentations are assessed
The intermediate presentations are part of the passing grade and are meant to give feedback. Not attending an intermediate presentation means scoring zero for that component.
9. Assessment Criteria
	Ontology design
	Maturity of the ontology design, whether the rules run, the start of the literature review

	Rule design
	Completion of the 20 rules, a working portal, the start of the measurements

	Ontology quality
	Hierarchy, restrictions, disjointness, labels, consistency

	Rule base
	20+ rules; variety, safety, negative tests, justification

	Software and demo
	Working portal, layer separation, justification display, tests

	Academic paper
	Completeness of the sections, depth of the literature, experiment design, interpretation of the metrics



9.1 Bonus points-some suggestions
• Aligning the ontology with an external vocabulary (e.g. SNOMED CT, ICD-10, ATC, or an education ontology)
• A second query interface through a SPARQL endpoint (Fuseki)
• Bringing your academic paper to a state where it could be submitted to a conference/journal (format + language check)
10. Academic Honesty and Submission Rules
• The code and the paper must be original. If plagiarism is detected, the project is void.
• AI tools may be used; however, in which section and how they were used must be declared in a paragraph at the end of the paper. Undeclared use counts as plagiarism.
• The allergy ontology example given in class is a reference; it may not be copied one-to-one.
• Citing sources is compulsory: every claim in the paper must be supported either by a source or by your own experiment.
• Submission format: a single ZIP file — SURNAME_Name_CMPE583_Project.zip (code, ontology, paper PDF, presentation PPTX, README).
• Late submission: 10% deduction per day; a delay of more than 3 days is not accepted.
11. Recommended Sources to Start From
• Berners-Lee, T., Hendler, J., Lassila, O. (2001). The Semantic Web. Scientific American, 284(5), 34–43.
• Horridge, M., Bechhofer, S. (2011). The OWL API: A Java API for OWL Ontologies. Semantic Web, 2(1), 11–21.
• O’Connor, M., Knublauch, H., Tu, S. 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., Grau, B.C. et al. (2007). Pellet: A Practical OWL-DL Reasoner. Journal of Web Semantics, 5(2), 51–53.
• Allemang, D., Hendler, J. (2011). Semantic Web for the Working Ontologist (2nd ed.). Morgan Kaufmann.
• Hitzler, P., Krötzsch, M., Rudolph, S. (2010). Foundations of Semantic Web Technologies. CRC Press.
• Horridge, M. A Practical Guide To Building OWL Ontologies Using Protégé 5. University of Manchester.
• W3C — OWL 2 Primer; OWL 2 Structural Specification; SWRL Submission; SPARQL 1.1 Query Language.
For the domain literature, also scan the Semantic Web Journal, the Journal of Biomedical Semantics, the Journal of Web Semantics and IEEE Access.
For your questions: you may see me during class hours or office hours. You are expected to solve technical installation problems before topic selection deadline — an installation delay is not an acceptable excuse.
