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Report updates:

Since the original submission, the only change has been to the knowledge base
construction script, to which we have added the topic triple generation code, further detailed in
the "Knowledge Base Population" section.

Vocabulary:

In constructing the schema for the knowledge base, a mix of commonly used
vocabularies and custom-defined vocabularies were used for a comprehensive representation of
academic entities and their relationships. RDF (Resource Description Framework), RDFS (RDF
Schema), and FOAF (Friend of a Friend) namespaces allowed us to describe resources,
relationships, and their corresponding data. The RDF and RDFS namespaces facilitate the
definition of classes, properties, and relationships in an interconnected data model. The choice to
use RDFS for class definitions and subclassing provides a semantic layer that provides a deeper
understanding of the relationships and meanings behind the data. The FOAF vocabulary, known
for modeling personal data and social networking connections, was chosen for its widespread
acceptance and suitability for representing social entities like students and organizations.

Recognizing the limitations of existing vocabularies to capture the details of Concordia
University’s course catalog database, vocabulary adaptations were made. The FOCU namespace
was created to define domain specific classes and properties, such as University, Course,
Lecture, and various content types (Slides, Worksheets, Readings). This allows for a proper
representation of Concordia's course academic structure. Additionally, the introduction of a
custom namespace, FOCUDATA, allows for the distinction between schema definitions and data
instances. The use of WIKIDATA as a namespace for linking to Wikidata entities shows our
ability to enrich the knowledge base with external data, connecting information silos.

Classes created include University, Course, Lecture, Content, Topic, Student,
CourseEnrollment. These classes are the foundation to the knowledge graph, representing
entities like educational institutions, academic courses, individual lectures, educational content,
topics covered, students, and course enrollments.

Subclasses under the Content class include Slide, Worksheet, Reading, Other. These
provide a categorization of the types of content that can be linked with lectures.

Custom properties were defined to express specific relationships relevant to the academic
domain, such as courseSubject, courseNumber, courseCredits, courseDescription, offeredAt,
lectureNumber, taughtIn, studentID, enrolledIn, gradeReceived, and hasCompetencyIn. These



properties allowed for description of courses, their structure, enrollment details, and the
competencies students gain.

The schema further incorporates specific properties to describe academic entities, such as
course credits, lecture content, student enrollment details, grades and competencies acquired. By
defining properties with explicit domains and ranges, the schema serves as a structured guide. It
promotes data consistency by establishing clear standards that must be followed.

Knowledge Base Construction:

The dataset used was taken from Concordia's database. We found two dataset useful for
our intelligent agent. The first file contains open data of each course/subject that Concordia
offers alongside with its prerequisites, course ID and credits. The second open data file contains
the course ID and description of each course that it provides in the first file. We merged the two
files to create one big merged file containing all the relevant information about each course
provided by Concordia. We also artificially created two extra files containing information about
students attending Concordia. The first new created files contain student ID, their email and full
names. The second newly created file contains the student ID, the course that they have taken
and their grade for that course.

To start populating the knowledge graph we must first import libraries such as rdflib,
pandas and anything else that would be useful such as graph, RDF, namespace, URIRef, RDFS
and FOAF. The second step is to create an empty graph using the Graph() method. We then
import our vocabulary.ttl file written in turtle format by calling the parse() method. We then
create the namespaces that are consistent with the ones defined in our vocabulary.ttl file. The
namespaces are created and binded to the graph we created by using the bind() method. The
namespaces we created are WIKIDATA, FOCU, FOCUDATA. We then reuse FOAF, RDFS and
RDF provided by the library. We then create a URI for Concordia and give it some properties,
such as FOAF:name and its FOCU:wikidataSource which happens to be Q326342. This
instantiation of the Concordia University class is added to the graph by using the add() method.

Through this script we will import the two opendata files from the Concordia database
and merge them together to make it easier for us to work with. We will now work with this new
file, now named merged.csv. We then create a loop that will go through each row and create a
URI by using the URIRef() method. This allows us to uniquely identify the course within the
RDF graph. We then use the URI to add to the graph the FOCU.courseSubject,
FOCU.courseNumber, FOAF.name, FOCU.courseCredits, FOCU.courseDescription and other
information found in the merged file by associating the literals found in each row. The add()
method was used to achieve this. We do this for all rows found in the merged.csv file. We then
do the exact same thing for the student files created. The student_data file is the same as



merged.csv file however, for the grades_data file, there are extra steps that need to be taken, but
overall it is very similar to what we mentioned above. Finally, we create a file with all the URIs
of the two selected courses (COMP474 & COEN366) we want to add to the knowledge graph.
Each row is a URI with its corresponding course number, lecture name, content type and topic
names. The script then reads the data from the csv file and processes each row to create a link
data entity in the knowledge base.

To create the knowledge base, we can simply run the script, where it will create the
merged.csv file from the two raw datasets found on Concordia's open database. It will then start
populating the graph from that new merged file as well as add students' information onto the
graph. It will then output the graph onto a file called knowledge_base.ttl in turtle format.

Knowledge Base Population:

Document Processing
The first step includes extracting text data from all the documents uploaded in part 1 of the
project. One of the problems encountered is that course contents are in different formats (PDF,
ppt, docx, HTML). The python code walks through all directories and files from the input
directory and creates a corresponding txt file, extracts the text and saves it in the newly created
file. All the different files are converted to txt files using Apache Tika which allows SpaCy to
extract entities from the uploaded files.

Entity Recognition and Linking
The next step was to recognize entities within the text, extract them and link them with their
corresponding Wikidata URI. For this, we used SpaCy to identify entities within the course
content, and the library also returned the corresponding wikidata URI. We used entityfishing and
saved all entities into a CSV for further processing.

Filtering and Validation
After entity recognition and linking, we needed to filter the results as there were some
unnecessary results like currency symbols that were extracted as entities. Therefore, we created a
script that would remove any entries with less than 3 characters for their topic name. This
ensured that we had relevant topics for each entry. We also removed all entries that could not link
to WikiData URL. From here, there was some cleaning up of the CSV files so we can use the
knowledge base creation script created in part 1 of the project.

Finally, using RDF and RDFLib we merged data from multiple CSV files, creating a graph of
RDF triples that model the relationships of the educational entities and linked to external links
from Wikidata. Finally, the entire graph is converted to Turtle allowing for data that can be



queried for the next part of the project.

Statistics

Description Value

Triples uploaded 57,217

Number of distinct topics 1,431

Number of topic instances in COMP474 733

Number of topic instances in COEN366 698

Graph Queries:
The queries for the SPARQL will be put in the appendix. The description on how we did it will
be written here. Consult the appendix for the proper SPARQL queries.

1. For the first query, we would like to list all the courses available at Concordia University.
So we want the course and courseName which are defined in SELECT. We then specify
in the WHERE block that we would like all the courses and courseName that is offeredAt
Concordia. This will give us a complete list of courses available at Concordia with their
corresponding full courseNames.

2. In this query, we would like to specify a certain topic and find all courses that mention
this topic. To do this we put ?course and ?courseName into SELECT. In the WHERE
block we specify that ?course is a FOCU:Course and that is if offeredAt Concordia. It has
a courseName and courseDescription. We then use the FILTER, to filter for the topic in



the ?description. This will output and query all courses that have the topic mentioned
inside the description. If not, it will simply not query it.

3. We want to compile a list of topics covered in a specific course during a particular lecture
number. To achieve this, we utilize the variable ?topic in the SELECT statement to
retrieve all topics. Within the WHERE block, we specify our search criteria: the lecture
content taught in COMP474 (in our example) and the desired lecture number.
Subsequently, we retrieve the content and identify the associated topic using
FOCU:source.

4. For this query, we want to list all courses that are offered by Concordia that are within a
certain subject. To do this, we SELECT ?course and ?courseName as we want to list all
possible courses. In the WHERE block, we specify what we want ?course that is a
FOCU:Course with the following properties, FOCU:offeredAt Concordia, it has the
FOCU:courseSubject “SOEN” or anything we desire/specify. We then use FOAF:name
?courseName to output all course names that are SOEN or anything we specify for it.



5. For this query, we seek all available materials/slides/readings for a specific course
number and a desired topic. We accomplish this by identifying the lectureContent for all
the materials in a specific course (COMP474 in our example). Then, we determine the
topics of all the content obtained. Finally, we filter these topics for a specific topic we
aim to find, such as "Bots" in our example.

6. We want to know the number of credits for a specific course. So in SELECT we specify
we want to see ?credits as the output. In the WHERE block, we specify we want a
?course which is a FOCU:Course, with the properties FOCU:courseNumber “321”,
FOCU:courseSubject “SOEN” and we want all FOCU:courseCredits ?credits. This will
display the credits for the course that we specify.

7. To achieve this, we aim to identify all additional resources for a specific course. Within
the SELECT statement, we utilize ?lectureContent and ?Content to retrieve all resources
and lectures pertaining to a particular course (COMP474) as shown in the example.
Subsequently, we ascertain the content of all selected lectures, ultimately showcasing all
resources associated with the specific course across all its lectures.



8. We would like the slides, readings, or worksheets that are available for a specific lecture
number and course. We begin by including ?content in the SELECT statement to find the
content for a chosen lecture number in the query. The lecture is associated with a specific
course (COMP474) in our example; therefore, we locate and display the chosen lecture's
content.

9. For this query, we seek all available materials for a specific course number and a desired
topic. We accomplish this by identifying the lectureContent for all the materials in a
specific course. Then, we determine the topics of all the content obtained. Finally, we
filter these topics for a specific topic we aim to find, such as "Bots" in our example. In
the SELECT, we put down lectureContent and content as the outputs. In the WHERE
block we specify that we want to know the lecture content that is taughtIn
FOCUDATA:COMP474. Then we want to know the FOCU:source and filter out a topic
from the source.



10. We want to know the competencies of the student after completing a certain course. In
SELECT we put down competencies as the output. We specify the course as COEN for
the subject and 366 for the courseNumber. Then we want to know which lectures are
taught in the course by using the property taughtIn. Then we find the source of the lecture
topics.

11.We want to know the grade of a student for a particular course. In SELECT we
specify the grade as the output. In the WHERE block we put our desired course
that we are interested in, the student we would like to know about, then in the
FOCU:courseEnrollment, we specify the student, course and output all the
grades.

12.We want to know all the students that have completed a specific course. We put
the student in the SELECT block. In the WHERE block we say, we specify the
course number. This will output all the students that took this particular course.



13. For this last query, we want to know everything about this particular student. We
want to print its transcript, which is all the courses and grades they have taken.
Grades and courses will be put into the SELECT block. In the WHERE block we
will want the FOCU:course offeredAt Concordia and the gradeReceived within
the CourseEnrollment class.

Triplestore and SPARQL Endpoint Setup:
For the setting up of the apache server, we downloaded their official software

from their website. We installed it and connected to the localserver port 3030. We then
uploaded the knowledge graph file as a turtle file onto the server until it had specified
that 53996 triples had been uploaded. There was no issue when installing the software
of uploading the knowledge graph.

Roboprof Chatbot
From the previous part, all 13 queries largely stay the same. No major changes

were made. The 4 SPARQL queries were written and stored in the Query folder in .txt
file as well as their outputs stored in a .csv file.

The roboprof chatbot can answer all 13 questions from part 1 of the project as
well as answer the 3 questions, what is the <course> about?, which topics are covered



in <course event>?, and which course events cover <topic>?. It is all written within the
RASA framework, inside the actions.py file. The Rasa chatbot framework is a powerful
tool used to build conversational AI assistants which are capable of handling NLU,
natural language understanding. It has many .yml files which are used to customize the
functionality of the chatbot. The first and important file is the NLU.yml file which is used
to store the intent for each sample question. The stories.yml link the intent to the action.
This will allow us to know which query code to execute based on the type of question
the user inputs. The domain.yml file helps us understand entities and what they mean
and represent. This allows us to give these entities properties and help the chatbot
understand the important keywords of a question. Lastly, we have the actions.py file,
which lists down all 13 + 3 actions/queries that we will be executing based on the
question at hand.

Query 1:

This is an example of the first query. The question asks for information about courses
available at Concordia. Here the chatbot knows, we are asking about Concordia, as we
listed the University as an entity and put the default value as Concordia. Therefore, if we
ask a question without saying the university type, it should know by default it is
Concordia. This triggers the first action and it points to the first query. The query is
slightly modified by the entities by using python's f-string functionality. This ensures we
can query the correct set of outputs. The query is then sent to the SPARQL Fuseki
server. The python code will then recover the output and naturalize the response, by
using static templates we have created. Lookup tables were used in almost every query.



Query 2:

This is an example of the second query. Here we specify the topic, and we get a list of
courses that mention this topic.We use lookup tables to say which topics are valid. The
topics that are valid are, Bots, Python, machine learning and deep learning. We could
add more to make the chatbot more flexible, but so far these are the topics of interest.
This information is sent to the actions.py file which will then activate the appropriate
query code in the fuseki server. It will then retrieve the code from the database and
process it using a static template to naturalize the sentence and output onto the screen.

Query 3:

This is an example of query 3. The process is essentially the same as the above 2
queries. The lookup table focused on the course name, course number and lecture
number, we created a variety of possibilities to ensure we have the important parts



covered. It can identify the lecture number, course name and course number to ensure
good query results.
Query 4:

Query 4 looks at the courses offered at Concordia based on the subject. We ensured
there was a sufficient amount of sample questions and lookup words to ensure the
correct results. It can identify SOEN as the entity subject.

Query 5:

For query 5, it can identify the topic of interest, in this case Bots. It is a entity of Topic. It
can also identify COMP as the course name and 474 as the course number. These
entities will help better identify which query to select, in this case it is query 5.

Query 6:

For query 6, we identify the COMP as the course name and 474 as the course subject.
The chatbot uses lookup tables to know that COEN 366 is also valid as its input.

Query 7:



This query is simple and follows the same steps as above queries. The course name
COMP and course number 474 are entities and have lookup tables.

Query 8:

For query 8, we have the lecture number 4 as an entity the chatbot can recognize as
well as the course name and course number. This is passed into the actions class which
then executes the 8th query. Recognizing the lecture number and course names is
crucial for ensuring the SPAQRL server can output the correct values for our chatbot.

Query 9:

Query 9 focuses on the recommend reading materials on Bots in COMP 474. Bots is an
entity Topic which the user chooses. The chatbot can understand that Bots is a topic
and choose the query code accordingly.

Query 10:



In this query we list the competencies based on the desired course name and number
selected by the user. The process is essentially the same as above queries that we
explained.

Query 11:

Query 11 essentially retrieves information about a student when given an ID of the
student. The ID is an entity that identifies a student. This will be passed as one of the
inputs to the SPARQL server.

Query 12:



Query 12 outputs to the screen the number of students enrolled into 474. The inputs
here are comp 474, and both are entities that are identifiable by the chatbot.

Query 13:

Query 12 is similar to 12 except we are retrieving from the Fuseki server the courses
and grades the student took. The chatbot can identify the long list of numbers as the
entity student.

Query 14:

In this query, the chatbot can identify the course name and course number. This query
was a bit tricky and we had to make sure we had the right amount of sample questions
for this to work effectively. Lookup tables were used to ensure the user can get the
correct output for COEN 366 and COMP 474 specifically as they are the main focus of
our chatbot.

Query 15:

Query 15 essentially lists the topics covered in either lab/lecture for a specific course.
The entities here are the lecture type, course name and course number. These are



important entities, the chatbot needs to distinguish in order to ask the server for the right
query.

Query 16:

Lastly for query 16, the user can ask for course events that cover an entity Topic, which
in this case is python. We used a lookup table to ensure the user can ask for other
topics as well such as deep learning, bots, machine learning and python. The correct
action is chosen in which the correct query code is chosen and sent to the Fuseki
server. In which the query code is slightly modified by the entities to query the correct
information. It is then sent to the chatbot, where we naturalize it by using a static
template and then it is outputted to the screen.


