DOCTORAL STUDIES COURSE DESCRIPTION

Course title Research field, code | Faculty Institute, department
Model-Based Systems Engineering Informatics MIF Institute  of  Data
Engineering (T 007) Science and Digital

Technologies

Mode of study Number of credits | Mode of Number of credits
ECTS study

lectures 1 consultations 1

individual study 4 seminars 1

Semester: spring

Course annotation

Prerequisites. The module requires knowledge of master’s-level informatics and mathematics courses
offered to students of informatics study programs.

Course objective — to deepen knowledge of model-based systems engineering.

Main topics. System development life cycles from RUP to Agile/DevOps. The Zachman taxonomy,
(Zachman Framework) and TOGAF 10 (2022). The OMG MDA approach. MDE, MDD and MBSE
methodologies.

MDA/MDE layers: CIM, PIM, PSM. Development of the CIM level, formalization of fuzzy (vague,
uncertainty) requirements, and LLM-based transformation of natural-language requirements.
Transformations: CIM-to-PIM and PIM-to-PSM transformation rules (fuzzy-logic-based rules);
application of BPMN/UML 2.5/SysML v2+KerML, and QVT, ATL, and LLM-based model generation and
transformation.

Mathematical foundations of MBSE: application of fuzzy set theory and machine learning (ML) to
uncertainty modeling. Implementation of MBSE within the UAF architecture framework (successor to
MODAF/DoDAF). Software tools: Eclipse Capella, Cameo Systems Modeler, IBM ELM (Rhapsody,
DOORS Next), and use of Al agents for requirements quality analysis and model element generation.
Domain knowledge layer: modified MDA scheme, development of a domain causal model, Fuzzy
Cognitive Maps (FCM), relationship to the CIM level.

Practical assignments (Assignment 1 is _mandatory; two assignments are to be selected from
Assignments 2-6):

1. Analytical part. A report on model-based systems engineering methods, software tools and the
latest scientific literature (2024-2026), aligned with the dissertation topic.

2. Practical part. Development of a CIM-PIM-PSM model for a selected fragment of the dissertation
domain using one of the tools (Eclipse Capella, Cameo Systems Modeler, or an experimental SysML
v2 environment), applying documented transformation rules.

3. Formalization of transformations. Development of a set of QVT or ATL transformation rules for
a specific CIM-to-PIM or PIM-to-PSM transformation, based on the dissertation topic. Comparison
with an alternative fuzzy-logic-based approach to the same transformation.

4. Domain knowledge modeling. Development of a domain causal model based on the dissertation
using Fuzzy Cognitive Maps, justifying the relationship between the model and the CIM level.

5. AI/LLM assignment. Transformation of natural-language requirements (CIM-level text) into initial
PIM model elements using LLMs (e.g., via the Claude/GPT API or IBM Engineering Al Hub).

6. Architecture framework application. Description of the architecture of a selected complex system
(based on the dissertation) within the UAF framework, justifying the mapping of the UAF "view"
types used to the CIM/PIM levels.
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