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1. COURSE
CS312. Advanced Data Structures (Mandatory)

2. GENERAL INFORMATION
2.1 Course : CS312. Advanced Data Structures
2.2 Semester : 6th Semester.
2.3 Credits : 4
2.4 Hours : 2 HT; 4 HP;
2.5 Duration of the period : 16 weeks
2.6 Type of course : Mandatory
2.7 Learning modality : Face to face
2.8 Prerrequisites : CS212. Analysis and Design of Algorithms. (5th Sem)

3. PROFESSORS
Lecturer

• Ernesto Cuadros-Vargas <ecuadrosv@uni.edu.pe>

– PhD in Computer Science, ICMC-USP, Brazil, 2004.
– MSc in Computer Science, ICMC-USP, Brazil, 1998.

Meetings after coordination with the professor

4. INTRODUCTION TO THE COURSE
Algorithms and data structures are a fundamental part of Computer Science that allow us to organize information ef-
ficiently. For any professional in the field, a solid foundation in this area is crucial. This course focuses on advanced
structures such as Multidimensional Access Methods, Spatio-Temporal Access Methods, and Metric Access Methods,
which are essential for high-performance applications in search engines, geographic information systems (GIS), and big
data processing.

5. GOALS

• Understand, design, and implement innovative data structures for multidimensional data.

• Apply similarity search techniques and metric indexing to complex data types.

• Analyze the ”Curse of Dimensionality” and its impact on search efficiency.

• Research and present contemporary indexing methods for Big Data in English.

6. COMPETENCES

AG-C08) Problem Analysis: Identifies, formulates, and analyzes complex computing problems. (Usage)

AG-C12) Uses systemic approaches to select, develop, apply, integrate, and manage secure computing technologies to
achieve user objectives. (Usage)

7. TOPICS
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Unit 1: Object-Oriented Programming: Encapsulation, Subtyping, and Reflection (12 hours)
Competences Expected: AG-C08,AG-C12
Topics Learning Outcomes

• Static and dynamic implementation techniques.

• Data abstraction and encapsulation.

• Abstract Data Types (ADT).

• Compile-time vs. Runtime polymorphism.

• Generic data structures and C++ Templates.

• Reusable components and design patterns for data
structures.

• Evaluate the impact of static and dynamic tech-
niques on data structure design [Evaluar].

• Implement generic and reusable data structures us-
ing advanced programming paradigms [Usar].

• Analyze performance trade-offs between different im-
plementation strategies [Evaluar].

Readings : [Cuadros2004Implementing], [Knuth2007TAOCP-V-I], [Gamma94], [VanJosGreg:Templates:2018]

Unit 2: Multidimensional Access Methods (Part I) (8 hours)
Competences Expected: AG-C08,AG-C12
Topics Learning Outcomes

• Introduction to multidimensional data.

• Vector space representation.

• The Curse of Dimensionality: theoretical founda-
tions.

• Impact of high dimensionality on traditional index-
ing.

• Real-world applications in search engines and pat-
tern recognition.

• Explain the significance of multidimensional data
representation [Familiarizarse].

• Analyze the complexity and performance degrada-
tion in high-dimensional spaces [Usar].

• Discuss real-world scenarios where dimensionality
impact is critical [Usar].

Readings : [Gaede98multidimensional], [Samet2006SAM-MAM]

Unit 3: Multidimensional Access Methods (Part II) (20 hours)
Competences Expected: AG-C08,AG-C12
Topics Learning Outcomes

• Spatial data structures: Quadtree and Octree.

• Point Access Methods: Kd-Tree.

• Region Access Methods: R-Tree (Guttman), R+
tree, R* tree.

• Variations of R-trees and their relation to paging and
block size.

• Advanced structures: X-tree and SS-tree.

• Implement spatial data structures for high-volume
data indexing [Usar].

• Evaluate the limitations of tree-based spatial struc-
tures in specific domains [Evaluar].

• Implement range search and Nearest Neighbor (k-
NN) strategies [Usar].

Readings : [Samet2006SAM-MAM]
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Unit 4: Metric Access Methods (12 hours)
Competences Expected: AG-C08,AG-C12
Topics Learning Outcomes

• Metric Spaces: definitions and properties.

• Similarity search vs. Exact search.

• Vantage Point Tree (VP-Tree).

• Slim-Tree and M-Tree.

• Pivot-based indexing.

• Model similarity search problems using metric space
properties [Usar].

• Compare metric access methods against multidimen-
sional methods for non-vector data [Evaluar].

Readings : [Samet2006SAM-MAM], [Zezula07]

Unit 5: Technical and Professional Communication (12 hours)
Competences Expected: AG-C08,AG-C12
Topics Learning Outcomes

• Seminar on recent research papers (SIGMOD,
VLDB, ICDE).

• Indexing for Big Data and streaming data.

• Compact data structures and succinct representa-
tions.

• Future trends in similarity search.

• Research new methods for indexing large volumes of
complex data [Usar].

• Present and lead technical discussions in English on
state-of-the-art methods [Evaluar].

• Identify potential thesis topics within the advanced
data structures domain [Familiarizarse].

Readings : [Navarro:CompactDS:2016], [Traina00SlimTree]

8. WORKPLAN
8.1 Methodology
Individual and team participation is encouraged to present their ideas, motivating them with additional points in the

different stages of the course evaluation.
8.2 Theory Sessions
The theory sessions are held in master classes with activities including active learning and roleplay to allow students

to internalize the concepts.

8.3 Practical Sessions
The practical sessions are held in class where a series of exercises and/or practical concepts are developed through

problem solving, problem solving, specific exercises and/or in application contexts.

9. EVALUATION SYSTEM
Theory Sessions:
The theory sessions are held in master classes with activities including active learning and roleplay to allow students to
internalize the concepts.

Lab Sessions:
In order to verify their competences, several activities including active learning and roleplay will be developed during lab
sessions.

Oral Presentations:
Individual and team participation is encouraged to present their ideas, motivating them with additional points in the
different stages of the course evaluation.

Reading:
Throughout the course different readings are provided, which are evaluated. The average of the notes in the readings is
considered as the mark of a qualified practice. The use of our virtual campus allows each student to access the course
information, and interact outside the classroom with the teacher and with the other students.

The final grade NF depends on the following grades:

• PE: Partial Exam.
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• FE: Final Exam.

• P : Permanent Evaluation (Average of practical work and graded assignments).

The final grade NF is calculated as follows:

NF =
PE + FE + P
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