1. Programme-related data

COURSE DESCRIPTION
Graph Algorithms

Academic year 2026/2027

1.1. Higher Education Institution

Babes Bolyai University

1.2. Faculty

Faculty of Mathematics and Computer Science

1.3. Department

Department of Computer Science

1.4. Field

Computer Science

1.5. Level of study

Bachelor

1.6. Degree programme / Qualification

Computer Science

1.7. Form of education Full time

2. Course-related data

2.1. Course title ‘ Graph algorithms Course code | MLE5025
2.2. Course coordinator Lect. PhD. Radu Lupsa

2.3. Seminar coordinator Lect. PhD. Radu Lupsa

2.4. Year of study l 1 2.5. Semester 2 2.6. Type of assessment Viva voce

2.7. Course status Compulsory 2.8. Course type Core subject

3. Total estimated time (hours per semester of teaching activities)

3.1. Number of hours per week 4 | of which: 3.2. course 2 | 3.3.seminar/ laboratory/ project | 1/1/0
3.4. Total of hours in the curriculum 56 | of which: 3.5. course | 28 3.6. seminar/ laboratory 28
Time allocation for individual study (IS) and self-taught activities (ST) hours
Learning from textbooks, course materials, bibliography, and notes (IS) 20
Additional research in the library, on subject-specific electronic platforms, and on-site 10
Preparing seminars/ laboratories/ projects, assignments, reports, portfolios, and essays 30
Tutoring (professional guidance) 4
Examinations 5

Other activities

3.7. Total hours of individual study (IS) and self-taught activities (ST) 69
3.8. Total hours per semester 125
3.9. Number of credits 5

4. Prerequisites (where applicable)

4.1. curriculum-
related

Programming fundamentals

4.2 skills-related

language

Average skills in analysis and design of algorithms and implementing them in a programming

5. Specific conditions (where applicable)

5.1. course-related

Lecture room with videoprojector

5.2. seminar/laboratory-related

C++, Python, Java and C#

Room with videoprojector; for laboratory, computers with IDEs for

6.1. Competencies resulting from the completion of the degree programme (as referred to in the curriculum)!

1 The professional and/or transversal skills targeted by the subject for which the course description is prepared
will be copied from the curriculum of the degree programme. For each competency, the complete entry,




Professional competencies

Competency

code Competency

PC5 define technical requirements

Transversal competencies

Competency

code Competency

TC2 Solve problems

TC3 Think analytically

6.2. Learning outcomes relevant to the degree programme (as referred to in the curriculum)?

Learning outcomes targeted by the subject

Con:lze(:it:ncy Knowledge and comprehension Specific academic skills
1. The student/graduate identifies, explains and 1. The student/graduate designs, develops and
PC1 justifies fundamental concepts of data structures, demonstrates complex software solutions
PCé6 algorithms, and programming paradigms, as well as using efficient algorithms and diverse
computer architecture. programming paradigms.
2. The student/graduate selects, explains and 2. The student/graduate applies, evaluates,
PCS specifies the mathematical foundations applied in and proposes mathematical methods for
computer science, including formal logic, algebra, modeling, simulating and solving computer
probability and statistics. science problems.

7. Subject-specific learning outcomes

Knowledge and comprehension

1. The student/graduate understands the concept of a graph and knows its basic usages in modelling problems

2. The student/graduate knows the basic graph related algorithms

3. The student/graduate knows the basic issues and solutions in representing graphs

Specific academic skills

1. The student/graduate is able to model problems with graphs.

2. The student/graduate is able to use and adapt graph algorithms for solving problems

8. Contents

8.1. Course Teaching and learning methods Remarks3

1. Basic graph theory definitions
(graph, multigraph, directed
graph/multigraph, walk, trail,
path), basics on graph
representations

Exposure, description, explanation,
examples, debate.

including the competency code, will be copied with the exact wording that appears in the curriculum, without
any changes. If no competency is copied from either of the two categories, the row corresponding to that
category is deleted from the table.

2 The learning outcomes relevant for the degree programme and targeted by the subject for which the course
description is prepared will be listed. The entries, copied without any changes from the Curriculum by subject
type (Core Subject/Specialisation Subject/Complementary Subject), are listed under the corresponding
competency.

3 For example, organisational aspects, recommendations for students, specific aspects relating to the
course/seminar, such as inviting experts in the field, etc.




2. In-deep study of possible graph
representations

Exposure, description, explanation,
examples, debate.

3. Connectivity and shortest path
problems. Depth-first and
breadth-first traversal of a
graph. Connected and strongly-
connected components.

Exposure, description, explanation,
examples, debate.

4. Minimum-cost path in a graph.
Dynamic programming
approach. Bellman-Ford
algorithm.

Exposure, description, explanation,
examples, debate.

5. Dijkstra's algorithm . A-star
algorithm. Floyd-Warshall
algorithm.

Exposure, description, explanation,
examples, debate.

6. Dependency graphs, partial
order and topological sorting.
Topological sorting algorithms
and strongly connected
components algorithms.

Exposure, description, explanation,
examples, debate.

7. Activity planning problem and
algorithms.

Exposure, description, explanation,
examples, debate.

8. Trees and forests. Minimum

spanning trees. Kruskal and Prim

algorithms.

Exposure, description, explanation,
examples, debate.

9. NP-complete problems.
Hamiltonian cycle, Traveling
Salesman Problem.

Exposure, description, explanation,
examples, debate.

10. Other hard problems: clique,
vertex cover, coloring.

Exposure, description, explanation,
examples, debate.

11. Eulerian cycle. Planar graphs:
Euler's relation, K5 and K3,3
graphs, relations between
number of edges and vertices.

Exposure, description, explanation,
examples, debate.

12. Transport networks. Maximum
flow. Ford-Fulkerson algorithm.

Exposure, description, explanation,
examples, debate.

13. Maximum flow of minimum cost.

Exposure, description, explanation,
examples, debate.

14. Matching problem.

Exposure, description, explanation,
examples, debate.

Bibliography

1. CORMEN, LEISERSON, RIVEST: Introducere in algoritmi, Editura Computer Libris Agora, 2000.
T. TOADERE: Grafe. Teorie, algoritmi si aplicatii, Ed. Albastra, Cluj-N., 2002
KASA ZOLTAN: Combinatiroca cu aplicatii, Presa Universitara Clujeana, 2003.
BERGE C., Graphes et hypergraphes, Dunod, Paris 1970.
BERGE C., Teoria grafurilor si aplicatiile ei, Ed. Tehnica, 1972
http://www.cs.ubbcluj.ro/~rlupsa/edu/grafe/
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8.2. Seminar/ laboratory

Teaching and learning methods

Remarks

S1. Modelling real world problems with
graphs

Dialogue, debate, examples, guided
discovery.

S2. Graph representation

Dialogue, debate, examples, guided
discovery.

S3. Shortest path. Graph traversal.

Dialogue, debate, examples, guided
discovery.

S4. Minimum cost path, dynamic
programming, Bellman-Ford algorithm.

Dialogue, debate, examples, guided
discovery.

S5. Minimum cost path, Dijkstra, A-star,
Floyd-Warshall

Dialogue, debate, examples, guided
discovery.

S6. Directed acyclic graphs; trees

Dialogue, debate, examples, guided
discovery.




S7. Maximum flow and matching Dialogue, debate, examples, guided

problems. discovery.

L1. Graph representation. g;;‘igggf};debate' examples, guided

L2. Graph traversal, minimum length Dialogue, debate, examples, guided

path, connected components. discovery.

L3. Minimum cost paths. dDilsclg%:re},,debate, examples, guided

L4. Directed acyclic graphs. dDi‘:Clg‘g,:f}',debate' examples, guided

LS. Trees Dialogue, debate, examples, guided
' ' discovery.

L6. Hard (NP-complete) problems. dDi‘Saclg%:re}'ldebate' examples, guided

L7. Finalizing assigned problems. gilsclg‘g,gre},,debate, examples, guided

Bibliography
1. KASA Z., TARTIA C., TAMBULEA L.: Culegere de probleme de teoria grafelor, Lito. Univ. Cluj-Napoca 1979.
2. CATARANCIUCS., IACOB M.E., TOADERE T, Probleme de teoria grafelor, Lito. Univ. Cluj-Napoca, 1994.
3. TOMESCU I, Probleme de combinatorica si teoria grafurilor. Ed. Did. si Pedag. Bucuresti 1981.
4. http://www.cs.ubbcluj.ro/~rlupsa/edu/grafe/

9. Evaluation

9.3 Percentage in

Type of activity 9.1 Evaluation criteria* 9.2 Evaluation methods? the final grade

Knowing the basic principles of the domain
Applying the course principles Written exam 60%

9.4. Course Problem solving
Being able to implement course concepts Verifying the practical 40%
. 0
9.5. Seminar/ laboratory | and algorithms works.

9.6 Minimum standard for passing

e Atleast5 of 7 attendances to seminaries and 6 of 7 attendances to labs.
e Atleastgrade 5 (on ascale of 1 to 10) at both written exam and at the average of laboratory works

10. SDG labels (Sustainable Development Goals)®

4 The evaluation criteria must directly reflect the learning outcomes targeted at the level of the degree
programme respectively at the level of the subject. More specifically, the learning outcomes set out in the
expected learning outcomes are assessed.

5 Both final evaluation methods and ongoing evaluation strategies should be established.

6 Select a single label which, according to the Implementation of SDG labels in the academic process, best matches
the subject. If the subject addresses sustainable development in a generic manner (i.e. by presenting/introducing
the general framework of sustainable development, etc.), then the Sustainable Development generic label may be
applied. If none of the labels describe the subject, select the last option: “No label applies.”



https://green.ubbcluj.ro/procedura-de-aplicare-a-etichetelor-odd/
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Date of entry:
22.05.2026

Signature of course coordinator Signature of seminar coordinator

Lect. PhD Radu-Lucian Lupsa Lect. PhD Radu-Lucian Lupsa

Date of approval in the department: Signature of the head of department




