35. Course descriptions


35.1. Level I courses


31. Principles of Management


32. Organization Science


43. Personal Productivity with IS Technology


44. Fundamentals of Information Systems


55. Calculus I


66. Calculus II


67. Probability and Statistics


78. Sociology


79. Organizational Behavior


85.2. Level II courses


81. Discrete Mathematics


82. Digital Computers and Operating Systems


93. Principles of Programming


104. Data Structures and Algorithms


105. Networks and Telecommunications


116. Production and Operations Management


117. Calculus III


128.Numerical Analysis


129. Marketing


1310. Business Economics


145.3.Level III courses


141. Operations Research I


142. Operations Research II


153. Linear Statistical Models


154. Econometrics


155. Systems Theory


166. Database Systems


167. Modern Software Architectures


178. E-Business Strategy, Architecture, and Design


189. Analysis and Logical Design of IS


1810. Physical Design in Database Environments


1911. Finance and Accounting


1912. Final project


215.4.Level IV courses - Common Courses


211. Physical Design in Emerging Environments


212. IS Project Management and Practice


223. Social and Professional Issues of Computing


224. Decision Making


235. Human Resource Management


236. Graduation project (Diploma work)


255.5.  Level 4 and 5: Special topics in Information Systems


251. Systems Analysis and Business Process Modeling


252. Integrated Software Solutions


263. Advanced Database Systems


264. Decision Support Systems


275. Information Retrieval


276. IT Policy and Change Management


287. System Integration


295.6. Level 4 and 5: Software Engineering


291. Programming Languages and Compiler Design


292. Software Construction and Verification


303. Web Programming


304. Computer Systems Security


315. Software Validation and Verification


326 Requirements Analysis


327. Specific Software Systems and Applications


338. Software Process and Evolution


349. Concurrent Programming


3410. Software Quality


3511. Software Patterns


365.7. Level 4 and 5: E-Business


361. E-Business Management


362. Digital Economy


373. E-Marketing


384. E-Education


385. Cyber Law


396. Digital Media


407. Intelligent Agents


408. Computer Networks Security


425.8. Level 4 and 5: Digital Media


421. Internet


422. Human-Computer Interaction


433. Multimedia


434. Multimedia Production


445. Advanced Computer Networks


456. Multimedia Advertising


457. Multimedia Databases


4610. Advanced Internet Technologies and e-commerce Applications


4611. Mobile Computing


485.9. Level 4 only: Inteligent Systems


481. Artificial Intelligence


482. Expert Systems


493. Intelligent Information Systems


494. Soft Computing


515.10. Level 4 and 5: Operation Research


511. Methods of Optimization


514. Supply Chain Management


515. Mathematical Programming


526. Combinatorial Optimization


527. Operations Research Solutions and IT


528. Operations Research in Electronic Business


539. Numerical Methods in Finance


5310. Mathematics Software Packages


5411. Metaheuristics


5412. Computational Geometry


5413. Global Optimization


5514. Reliability of Computer Systems


5515. Petri Nets


565.11.Level 4 and 5: Computational Statistics


561. Data Analysis


562. Statistical Prognosis


563. Stohastic Processes


574. Statistical Models in Finance


575. Statistical Methods in Marketing


576. Statistical Information System


587. Computational Statistics and Statistical Applications


588. Multivariational Statistical Models


589. Statistical Data Bases


5910. Classification Theory


605.12. Level 5 - Common courses


601. Advanced Information Systems Development


602. Advanced Software Development Environment


613. Master of Science Thesis




5. Course descriptions

The courses are described according the following format:

· Title 

· Prerequisite knowledge,

· Description

· ECTS

· Objectives,

· Content through Learning units (modules), 

· Comments

5.1. Level I courses

1. Principles of Management 

PREREQUISITE KNOWLEDGE: 

ECTS: 9

DESCRIPTION: The course deals with issues of fundamental functions of management and management disciplines. 

OBJECTIVES: The course introduces students to the main terms and concepts of management, as well as to the functional fields of management and specialized management disciplines.

CONTENT THROUGH LEARNING UNITS: Introduction to management, fundamental functions of management and managers’ roles. Management skills and techniques. Traits and abilities of a manager; The evolution of management theory, the organizational and global environment. Processes of management. Functional fields of management. Specialized management disciplines. Managing organizational structure, organizational control and culture, ethics and social responsibility, business strategy, customer relationship management (CRM). Time management. Entrepreneurship management. Small business studies. Crisis-proof management, quality management. Strategic management and strategic planning.

2. Organization Science

PREREQUISITE KNOWLEDGE: 

ECTS: 6

DESCRIPTION: This course discusses main characteristics of the most important organizational theory, principles, structures and models. 
OBJECTIVES: The purpose of the course is to provide students with solid knowledge about organization theory, approach, models and procedures. 
CONTENT THROUGH LEARNING UNITS: Organization theory. Basic principles of organization, Theoretical approaches in organization. Organization models and procedures, Experiences and models of organization in the World. Organizational changes – reform, reorganization, restructuation. Organization management. Organization structures: specialization, decentralization, departmentization, coordination and communication. Basic functions, structure and contents of work of individual functions. Work and organizations. Business process reengineering and International business operations. 
Dimensions and factors in designing of an organizational structure. Indicators of business success. Case study analysis. 

3. Personal Productivity with IS Technology

PREREQUISITE KNOWLEDGE: elementary knowledge of word processing, spreadsheets, e-mail, and Web browsing

ECTS: 9

DESCRIPTION: Students with minimal skills will learn to enhance their personal productivity and problem solving skills by applying information technologies to problem situations and by designing and using small information systems for individuals and groups. 

OBJECTIVES: This prerequisite course enables students to improve their skills as knowledge workers. The emphasis is on personal productivity concepts using functions and features in computer software such as spreadsheets, databases, presentation graphics, and Web authoring. Although identified as a course, this material can be delivered as self-study modules, as modules associated with other courses using the software, or as a full course.

CONTENT THROUGH LEARNING UNITS: Knowledge work productivity concepts; advanced software functionality to support personal and group productivity such as templates and macros; reuse rather than build from scratch; organization and management of data (sorting, filtering) via spreadsheets and database tools; accessing organizational and external data; information search strategies; tool use optimization and personalization; professional document design; Web page design and publishing; effective presentation design and delivery.

COMMENTS: Students who have prerequisite end-user knowledge work skills will have an opportunity to extend their basic problem solving skills by undertaking, completing, and using a sequence of more extensive “personal systems”. The course has both a theoretical problem solving component and an equivalent component of structured supervised laboratory experience. The knowledge work tool set as well as local and wide area network telecommunications are the context for the problem domain.

4. Fundamentals of Information Systems

PREREQUISITE KNOWLEDGE: Personal Productivity with IS Technology

ECTS: 9

DESCRIPTION: Systems theory, quality, decision-making, and the organizational role of information systems are introduced. Information technology including computing and telecommunications systems are stressed. Concepts of organizations, information systems growth, and process improvement are introduced. 

OBJECTIVES: This course provides an introduction to systems and development concepts, information technology, and application software. It explains how information is used in organizations and how IT enables improvement in quality, timeliness, and competitive advantage.

CONTENT THROUGH LEARNING UNITS: Systems concepts; system components and relationships; cost/value and quality of information; competitive advantage of information; specification, design, and re-engineering of information systems; application versus system software; package software solutions; procedural versus non-procedural programming languages; object oriented design; database features, functions, and architecture; networks and telecommunication systems and applications; characteristics of IS professionals and IS career paths; information security, crime, and ethics. Practical exercises may include developing macros, designing and implementing user interfaces and reports; developing a solution using database software.

COMMENTS: Students with practical end-user knowledge will study systems theory and quality concepts as an introduction to information technology concepts and information systems development. Structure and functions of computers and telecommunications systems will be examined. Standard systems purpose and organization will be introduced.

The concept that information is of significance in stating and attaining organizational goals will be used as the basis for exploring the development of databases to store information. Information systems will be introduced to process and communicate the information. The dynamic nature of organizations and the necessity for growth and re-design of the organization as well as its information systems will be presented and used as the motivation for understanding information systems development methodologies.

The development path for entry level to senior information systems professionals will be explained. Professional ethical expectations and obligations will be reviewed. The necessity for personal and interpersonal communications skills will be discussed.

5. Calculus I 

PREREQUISITE KNOWLEDGE: Elementary Mathematics.

ECTS: 9

DESCRIPTION: The course introduces students to basic concepts of linear algebra and analysis.

OBJECTIVES: Students need to understand  basic definitions and most important theorems in linear algebra and analysis of functions of one variable. They should be able to reproduce simple proofs and solve related exercises. 

CONTENT THROUGH LEARNING UNITS: Introduction. Sets and operations with sets. Elements of mathematical logic. Relations. Numbers. Algebraic structures. Mappings. Elements of linear algebra.  Vectors and vector spaces. Matrices and determinants. Systems of linear equations. Functions of one variable. Algebraic, trigonometric, logarithmic and exponential functions. Sequences and infinite series. Definitions and tests for convergence. Applications. Limits and continuity. Definitions. Properties of continuous functions. Derivatives. Definition and geometric interpretation. Derivatives of elementary functions. Differential. Derivatives and differentials of higher order. Main theorems. Taylor formula. Taylor and Maclorin formulas. Error estimates. Applications. Taylor series. Analysis of functions. Extrema. Necessary and sufficient conditions. Convexity and concavity. Saddle points. Graphing. Integrals of functions of one variable. Definite and indefinite integrals. Basic properties. The fundamental theorem of calculus. Improper integrals. Methods of integration. Substitution and partial integration. Applications. The area under the curve, arc length.

6. Calculus II

PREREQUISITE KNOWLEDGE: Calculus I

ECTS: 6

DESCRIPTION: The course introduces students to basic concepts of multivariable analysis.

OBJECTIVES: Students need to understand  basic definitions and most important theorems in multivariable analysis. They should be able to reproduce simple proofs and solve related exercises. 

CONTENT THROUGH LEARNING UNITS: Functions of several variables. Limits and continuity. Derivatives. Partial derivatives. Differential. Definition of differentiability. Partial derivatives and differentials of higher order. Implicit function theorem. Gradient and directional derivative. Taylor formula. Extrema. Necessary and sufficient conditions for unconstrained extrema. Necessary and sufficient conditions for equality constrained extrema. Integrals of functions of several variables. Multiple and iterated integrals. Basic properties. Substitution in multiple integrals. Applications. Ordinary differential equations. Initial-value problem. Some types of the first order equations. Linear differential equations of order n. Homogenous equation. Variation of constants for nonhomogenous equation. Equations with constant coefficients. Systems of n differential equations. Connection with equations of order n. First integrals. Linear systems of differential equations. Homogenous systems. Variation of constants for nonhomogenous systems. Systems with constant coefficients.
7. Probability and Statistics

PREREQUISITE KNOWLEDGE: Calculus I

ECTS: 9

DESCRIPTION: The course introduces students to basic concepts of probability and statistics.

OBJECTIVES: Students need to understand  basic definitions and most important theorems in probability theory and their application in statistics. They should be able to solve related exercises.

CONTENT THROUGH LEARNING UNITS: Random events and probability. Definitions, operations and relations with random events. Classical, empirical and axiomatic definition of probability. Conditional probability. Definition and basic properties. Bayes formula. Limit theorems. Theorems of Bernoulli and Poisson. Random variables. Definition of one-dimensional random variable, distribution functions and basic properties. Continuous and discrete distributions. Multidimensional random variables and distributions. Numerical characteristics of random variables. Mathematical expectation and properties, geometric and harmonic means, variance, standard deviation, moments. Models of distribution functions. Binomial, Poisson, uniform, normal, chi-square, Student, Fischer distributions. Two-dimensional normal distribution. Central limit theorem. Models of distributions in statistical software packages. Package SPSS. Introduction to statistics. Methods for sampling and data collection. Presenting and describing small and large data sets. Empirical distributions, numerical characteristics, time series. Statistical estimation. Sample and population. Criteria for goodness of estimates, best and most efficient estimates. Hypothesis testing. Parametric and nonparametric tests. Regression and correlation analysis. Linear regression. Linear correlation. Estimation of dependency parameters.

8. Sociology

PREREQUISITE KNOWLEDGE: 

ECTS: 6

DESCRIPTION: Sociology investigates the structure of groups, organizations, and societies, and how people interact within these contexts. This course is an introduction to some of the principal concepts, theories and methods used in sociology. 

OBJECTIVES: This course aims at providing an understanding of the structure of society and of the underlying causes and conditions which maintain social problems. Special attention will be given to how we think about social problems; the social definitions of problems, the role of ideologies, the role of mass media, and the impact of these social processes on social policy formation. Students will explore their personal values in response to social issues.

CONTENT THROUGH LEARNING UNITS: Introduction to Sociology. A study of the nature of human society. Nature of culture, social organization, personality development, institutions and social stratification. Introduction to the principal fields, the concepts, and the essential methods of sociological analysis. Sociology and the other social sciences. Critical thinking and techniques of intellectual work. Social Theory. A critical overview of major social theories. Sociology and contemporary developments in management. Sociological perspectives on changes in the employment relationship. Work organization. Self-managing teams. Lean production and management gurus. Globalization and labor. Sociological Aspects of Globalization. Study of the world socio-economic system and some of its consequences, such as the implementation of new social structures and the development of transnational cultural models and new relations between citizens and state. Ethics, Technology and Society. Ethical problems resulting from technological developments; privacy and security, information access, centralization of power.

9. Organizational Behavior

PREREQUISITE KNOWLEDGE: 

ECTS: 6

DESCRIPTION: The course deals with issues of contemporary concern to members of work organizations in a practical and meaningful way using a blend of theory and practice. The course introduces a wide breadth of theories and applications dealing with such topics as perception, motivation, decision-making, team dynamics, negotiation, conflict management, leadership and, in particular, organizational culture.

OBJECTIVES: The course introduces students to the concepts of organizational behavior and its impact on members of work organizations. It uses a practical approach to highlight the relevancy and impact of organizational behavior on everyday work activities and concepts such as communication, corporate ethics, leadership, supervisor-subordinate relations, and motivation.

CONTENT THROUGH LEARNING UNITS: Introduction. The substance of organizational behavior. Individual behavior and learning. Emotions and attitudes. Motivation and performance. Team dynamics and performance. Decision-making. Communication and power. Negotiation and leadership. Organizational Culture. Cultural forms. Organizational passages and cultural continuity. Subcultures within organizations. The socialization process. The influence of culture on motivation and decision making . Power, stratification and mobility. Motivation and Productivity. Attitudes, management systems and leadership. The design of jobs . Leadership and decision making . Goal setting and performance measurement. Reward systems. Leadership in Organizations. Organizations, Managers, and Leaders. Authority and Leadership . The Human Factor and Leadership. Leadership Attitudes and Attributes Leadership Styles The Contingency Approach to Leadership Current Issues in Leadership. 
5.2. Level II courses

1. Discrete Mathematics

PREREQUISITE KNOWLEDGE: Calculus I

ECTS: 6

DESCRIPTION: The course covers some important mathematical aspects of programming and computing.

OBJECTIVES: Students need to understand basic definitions and results in several disciplines of discrete mathematics which are related to programming and computing. They should be able to solve related exercises. 

CONTENT THROUGH LEARNING UNITS: Introduction. Relations, functions, mappings, operations, elements of intuitive logic. Mathematical logic. Prepositional calculus. Boole functions. Conjunctive and disjunctive normal forms. Predicate calculus of the first order. Relational structures. Binary relations. Ordering. Totally and partially ordered sets. Lattices. Elements of graph theory. Definition and geometric interpretation of graphs. Directed and undirected graphs. Matrix representations. Paths in graphs. Trees and circuits. Binary trees. Automata, formal languages and grammars.  Finite-state machines and automata. Graphical and tabular descriptions. Acceptance and recognition. Formal languages and grammars. BNF form. Connection between regular grammars and finite automata. Reduction of nondeterministic finite automata to deterministic. Elements of theory of algorithms. Intuitive definition of an algorithm. Recursive functions. Turing machines, Church’s hypothesis. Complexity of problems and algorithms.

2. Digital Computers and Operating Systems

PREREQUISITE KNOWLEDGE: Personal Productivity with IT and Fundamentals of Information Systems

ECTS: 6

DESCRIPTION: Representing a computer as a multilayered machine, instruction set architecture and operating system levels are covered in this course. In the first part regarding instruction set architecture level basic functions and ways of basic computer components connection are defined, as well as addressing types, instruction types and mechanisms, which provide multitasking and multithreading. In the second part regarding operating system level process management, memory management, file management and protection are introduced. In both parts of the course basic concepts are illustrated by using examples.

OBJECTIVES: This course emphasizes the interaction between hardware and software (operating systems, compilers, and application programs), as well as the cost/performance tradeoffs of computer architecture. Topics covered include computer organization, instruction set architecture level, microarchitecture level, operating system organization, process management, CPU scheduling, deadlock, memory management, virtual memory, file management and protection and security. 

CONTENT THROUGH LEARNING UNITS: Computer systems organization; Computer structure: computer structure and PMS notation, processor and memory, instruction and program execution, overlapping and parallel instruction execution, associative and cash memory, secondary memory, U/I processors and devices, interrupts; Instruction Set Architecture Level: examples of computer architecture, instruction format, instruction types, addressing, data representation, flow control of program execution, Intel 32-bit and 64-bit architecture; Microarchitecture level: processor components and basic operations, hypothetical stack machine, microarchitecture level for hypothetical stack machine, instruction interpretation for hypothetical stack machine; Operating systems: introduction, operating system types, history of operating systems; Process management: process concept, concurrent processes; thread creation and termination, thread state, problem of concurrent process management, semaphores, applications of semaphores; Memory management: memory management problem, contiguous memory allocation, swapping, paging, segmentation, virtual memory, dynamic segments, demand paging, page replacement, allocation of frames; CPU scheduling, planner and dispatcher, scheduling criteria, scheduling algorithms, algorithm evaluation; Deadlocks: deadlock characterization, methods for handling deadlocks, deadlock prevention, deadlock avoidance, deadlock detection, recovery from deadlock; File System Implementation: file system structure, file system implementation, directory implementation, access methods, protection.

COMMENTS: Students who are knowledgeable of and have developed personal information systems will gain an in-depth exposure to information technology hardware and software components and their interaction.

A systems view of computer systems will be utilized in identification of computer system components. Peripheral devices will be identified and principles of operation will be studied and learned. The operating system software, including I/O drivers and extensions to the operating system will be learned. 

Organization of the operating system will be studied to understand how concurrent processes; scheduling, memory management, and I/O are accomplished. The flow of information in the operating system in relation to the computer and to application software will be considered. 

Standards, standard organizations and resulting hardware and software consequences will be identified and studied. General principles will be expressed. 

3. Principles of Programming

PREREQUISITE KNOWLEDGE: Personal Productivity with IT and Fundamentals of Information Systems

ECTS: 9

DESCRIPTION: Object oriented programming, Java technology and basic programming techniques are introduced.

OBJECTIVES: This course emphasizes the learning of basic programming techniques and Java programming language. 

CONTENT THROUGH LEARNING UNITS: Object-oriented programming, Java technology, survey of basic terms in Java programming language, Java VM, Java API, classes, objects, attributes, messages, methods, object behavior and interaction, basic syntax elements, libraries and API, vectors, containers, collections, input/output operations, serialization, inheritance, reflection, user interface and exception handling, event-driven programming, applets, programming style, GUI, recursion.

COMMENTS: 

4. Data Structures and Algorithms

PREREQUISITE KNOWLEDGE: Digital Computers and Operating Systems, Principles of Programming

ECTS: 9

DESCRIPTION: This course discusses fundamental data structures such as stacks, queues, trees and graphs, introduces basic techniques for analysis of the algorithms on data structures, and presents some fundamental algorithms on data structures, like searching and sorting. Students are also introduced to some basic principles of software engineering. Building abstract data types is the primary concept running through the course.

OBJECTIVES: The purpose of the course is to provide students with solid foundations in the basic concepts of data structures and algorithms. Understanding of common data abstractions, how they are used in designing software, providing knowledge of main algorithms on data structures such as searching and sorting, and determining the efficiency of these algorithms are main objectives of the course.

CONTENT THROUGH LEARNING UNITS: Abstractions: Abstractions in programming; Abstract Data Types; Data structures; Algorithms: Algorithm analysis; Best, worst-case and expected time complexity; Linear data structures: Array, Stack, Queue, List; Basic algorithms: Basic searching algorithms; Sorting algorithms; Nonlinear data structures: Trees; Traversal; Implementations; Binary trees; Binary search trees; AVL trees; Indexing methods; B-trees. Hashing; Graphs; Implementations; Depth-first search and breadth-first search; shortest path problems; Directed acyclic graphs;

COMMENTS:
5. Networks and Telecommunications

PREREQUISITE KNOWLEDGE: Digital Computers and Operating Systems

ECTS: 6

DESCRIPTION: Students will gain in-depth experience of networking and telecommunications fundamentals including LANs, MANs, WANs. Data communication and telecommunication concepts, models, standards, and protocols will be studied. Installation, configuration, systems integration and management of infrastructure technologies will be practiced in the laboratory. 

OBJECTIVES: This course provides an in-depth knowledge of data communications and networking requirements including networking and telecommunications technologies, hardware, and software. Emphasis is upon the analysis and design of networking applications in organizations. Management of telecommunications networks, cost-benefit analysis, and evaluation of connectivity options are covered. Students learn to evaluate, select, and implement different communication options within an organization.

CONTENT THROUGH LEARNING UNITS:  CONTENT THROUGH LEARNING UNITS: Introduction to Computer Networks. Distributed systems evolution. Motivation and goals. Centralized versus distributed systems. Characteristics od distributed information systems. WAN, MAN, LAN, and PAN. Future trends. Data Communication Concepts. Terminology. Signal encoding techniques. Error detection. Error correction. Data link control. Transmission media. Local Asynchronous Communication. RS-232 standard.  Bit Rate. Baud rate. Bandwidth. Effect of noise. Long-Distance Communication. Carriers. Modulation. Modems. TDM. FDM. Packet Transmission. Packets. Frames. Stuffing. Error detection mechanisms. Local Area Networks (LAN). Network topology. Media access control. LAN wiring. Physical topology. Interface hardware. Extending LANs. Backbone networks. Long-Distance Digital connection Technologies. Digital telephony. Synchronous communication. Digital Circuits and DSU/CSU. Telephone standards. SONET. Frame relay. ATM. The Local subscriber loop. ISDN. ADSL. XDSL. WAN Technologies and Routing. Packet switches. Store and forward. Physical addressing in a WAN. Forwarding. Routing tables. Distributed Systems Architecture and Protocols. Layers and tiers. Protocols, interfaces and services. Open Systems Interconnection Reference model. Repeater. Bridge. Router. Gateway. Internet model. IEEE 802 LAN standards and protocols. 

COMMENTS: Students will learn about some of the significant networking standards and the organizations that have developed the standards. The ISO seven-layer model will be used as organizing frameworks. The ITU and IEEE standards will be reviewed and global telecommunication policies and competing standards will be examined. The technology supporting communications providers, satellite communications, as well as local and metropolitan systems will be explored. Devices including media, modems, multiplexers, computer interfaces, switches, and routers will be studied. Acquisition, installation, configuration and other details of management of the various technologies will be studied.
6. Production and Operations Management 

PREREQUISITE KNOWLEDGE: Principles of Management

ECTS: 6

DESCRIPTION: This course assumes no prior knowledge of operations management and introduces concepts including supply chain management and operations strategy. It also demonstrates the application of tools in solving operations problems as diverse project management, forecasting and inventory control.

OBJECTIVES: This course emphasizes the learning of basics of production and operations management, as well as the design of production and service systems, logistics and inventory management concepts. 
CONTENT THROUGH LEARNING UNITS: The role of operations management, analyzing operations. Inventory management, total quality management, capacity management, operations strategy, modeling business processes, new product development. Chronological development and trends of operations management. Designing of production and service systems. Prediction and management models. Planning and preparation in JIT surroundings. Management and allocation of resources. Management of technology and innovations. Evaluation of performances and benchmarking. Integrated operations management. Logistics and supply chain management. Planning of MRP service, operations management, technology management; Determing the necessary number and lauyout of work places. Improvement of performances of processes and standardization of operations. Operations management and e-business.
7. Calculus III

PREREQUISITE KNOWLEDGE: Calculus I, II

ECTS: 6

DESCRIPTION: The course is designed for students who wish to master basic techniques for solving differential equations and systems of differential equations.  Course topics include elements of  complex analysis and Laplace transformation.

OBJECTIVES: Students need to understand basic definitions, theorems and solution techniques in the field of differential equations and systems of differential equations. Special attention is paid  to systems of linear differential equations and Laplace transformation.  

CONTENT THROUGH LEARNING UNITS: Ordinary differential equations. Initial-value problem. Existence and uniqueness theorem. Some types of the first order equations. Linear differential equations of order n. Homogenous equation. Fundamental set of solutions. Variation of constants for nonhomogenous equation. Equations with constant coefficients. Systems of n differential equations. Connection with equations of order n. First integrals. Linear systems of differential equations. Homogenous systems. Fundamental matrix. Variation of constants for nonhomogenous systems. Systems with constant coefficients. Stability and asymptotic stability. Partial differential equations. Linear and quasilinear equation of the first order. Equations of higher order. Elements of complex analysis. Functions of complex variable. Derivatives and integrals. Analytic functions. Residues and their applications. Laplace transformation. Basic properties. Inverse transformation and Mellin formula. Application to linear differential equations and systems of linear equations with constant coefficients. Elements of variational calculus. First and second variation of functionals. Necessary and sufficient conditions for optimality. Euler equation.

8.Numerical Analysis

PREREQUISITE KNOWLEDGE: Calculus I, II

ECTS: 6

DESCRIPTION: The course covers some important numerical aspects of computing.

OBJECTIVES: Students need to understand algorithms for numerical computing. Problems include systems of linear and nonlinear equations, interpolation and approximation. Students should be able to solve related exercises on the computer. 

CONTENT THROUGH LEARNING UNITS: Numbers and errors. Absolute and relative errors. Inherent errors, truncation errors, round off errors. Error propagation. Roots of equations. Decomposition method. Newton-Raphson method. Method of successive approximation. Simultaneous linear equations. Gauss method. Factorization methods. Iterative methods. Simultaneous nonlinear equations. Method of successive approximation. Newton-Kantorovich method. Gradient methods. Interpolation and approximation of functions. Lagrange interpolation. Iterated interpolation. Newton interpolation polynomials. Error estimates. Inverse interpolation. Approximation problem. Linear approximation. Polynomial approximation. Predetermined systems of linear equations. Least squares method. Numerical differentiation and integration. Numerical differentiation. Numerical integration. Formulas for equally spaced points. Error estimates. Integration over large intervals.  Numerical solution of ordinary differential equations. Method of successive approximations. Euler method. Taylor method. Runge-Kutta methods.

9. Marketing

PREREQUISITE KNOWLEDGE: Principles of Management, Organization Science

ECTS: 6

DESCRIPTION: This course discusses main concepts and characteristics of marketing: marketing segmentation, market positioning, marketing mix management, and presents some fundamental concepts of marketing organization and budgeting, marketing communications, virtual marketing, services marketing, strategic marketing, international marketing.

OBJECTIVES: The purpose of the course is to provide students with solid foundations in the basic concepts of market and marketing strategy and planning.
CONTENT THROUGH LEARNING UNITS: Marketing policies and strategies. Distribution communications, consumer behavior, international marketing strategies, industrial design, marketing services and relationship marketing 
concepts. Business subjects on the market. Steps in application of marketing. Market research. Choice of marketing strategy, trademark management and development of new products. Marketing planning. Marketing plan, building a corporate image and identity, plan of public relations, relations with media, organization of special events. Public relations. Activities of public relations. Public relations in critical situations
10. Business Economics

PREREQUISITE KNOWLEDGE: 

ECTS: 6

DESCRIPTION: This course is an introduction to fundamental economic theories, managerial economics, microeconomics – consumers, business markets and industry, business economics, business planning, econometrics, macroeconomic policy, economic prospects within economies and international economics.

OBJECTIVES: The purpose of the course is to provide students with solid foundation of economic aspects of the company. Understanding of common economics categories, how they are used in strategic planning and control.
CONTENT THROUGH LEARNING UNITS: Corporate strategy, strategic processes: organizational systems and organizational design, IT-based business strategy, electronic commerce on the Internet. Economic aspects of business in a company, Macroeconomic balance. Expenses, prices, revenues and profits. Business success. Expense calculation, price calculation. Managing strategic alliances and virtual organizations, corporate knowledge management. EU economic system. Strategic planning and control: issues, models and processes, managing innovation, change, in-company entrepreneurship. Managing strategic interactions, institutions in transition, strategic management of non-profit organizations
5.3.Level III courses

1. Operations Research I

PREREQUISITE KNOWLEDGE: Calculus I, II

ECTS: 6

DESCRIPTION: The course introduces students to linear, nonlinear and integer programming problems and the most important solution techniques. Applications are emphasized with various models arising from practice.

OBJECTIVES: Students need to understand basic optimization problems and solution techniques. They should be able to formulate mathematical models of real-world problems and solve them on the computer.

CONTENT THROUGH LEARNING UNITS: Linear programming (LP). Examples of LP problems. Standard formulation of LP problems. Geometric interpretation. Simplex method. Bases and basic solutions. Changing the basis. Optimality test. Unboundedness test. Determination of an initial basic feasible solution. Duality. Weak and strong duality theorems. Dual simplex method. Economic interpretation of duality. Shadow prices. Parametric and postoptimal analysis. Transportation problem. Properties of transportation problem. Examples of transportation problem. Two-phase transportation problem. Methods for transportation problem. Applications of LP. Production and agriculture. Investment. Diet and blend problems. Transportation problems in roadway, railway and airline traffic. Business decision making. Nonlinear programming (NP). Classification of NP problems. Stationary points and optimality. Method of elimination. Lagrange multiplier method. Penalty functions methods. Convex sets and functions. Kuhn-Tucker conditions. Iterative NP methods. Interior point methods for LP. Quadratic programming. Separable programming, Fractional programming. Integer programming. Examples: traveling salesman problem, knapsack problem, assignment problem. LP relaxations and branch-and-bound idea. Dynamic programming. Optimal control of discrete multistage processes. Principle of optimality. Recurrence relations. Applications of DP.

2. Operations Research II

PREREQUISITE KNOWLEDGE: Calculus I, II, Probability and Statistics, Operations Research I

ECTS: 6

DESCRIPTION: The course introduces students to advanced topics of operations research such as game theory, network planning,  inventory control, reliability and queuing. Applications are emphasized with various models arising from practice.

OBJECTIVES: Students need to understand various mathematical models and solution techniques. They should be able to formulate models of real-world problems and solve them on the computer.

CONTENT THROUGH LEARNING UNITS: Matrix games. Basic definitions. Optimal strategy. Pure and mixed strategies. Graphical representation. Linear programming solution method. Differential games. Modeling conflict situations. Network planning. Basic notions in project planning. Project analysis and diagrams. Project length and critical path. Optimization of project costs and project length. Allocation of resources to project activities. Heuristic methods. Notion of heuristic methods and basic principles of heuristic methods design. Classification of heuristic methods. Examples of special purpose heuristics. Examples of metaheuristics: simulated annealing, tabu search, genetic algorithms, and variable neighborhood search. Inventory control. Types of inventory control systems. Inventory costs. Classical model with constant demand. Extensions to the case with permitted delay. Stochastic models. Reliability. Reliability and redundancy optimization. Reliability of complex systems. Related optimization problems and methods. Queuing theory. Basic structure of systems with queuing. Stochastic processes and Markov chains. Use of exponential distribution. Models with nonexponential distribution. Optimization of systems with queuing. Simulation of systems with queuing
3. Linear Statistical Models

PREREQUISITE KNOWLEDGE: Calculus I, II, Probability and Statistics

ECTS: 6

DESCRIPTION: The course introduces students to regression models and analysis.

OBJECTIVES: Students need to understand basic regression models as well as applications of main components and factor analysis in regression analysis. 

CONTENT THROUGH LEARNING UNITS: Introduction. Generalized inverses and systems of linear equations. Multidimensional normal distribution and quadratic forms. Regression models. Models of full rank- estimation and statistical reasoning. Models of incomplete rank- solving systems of normal equations, estimating model parameters and hypotheses testing. Main components analysis. Definition and properties of main components. Applications in regression models. Factor analysis. Factor models and parameters estimation, rotation, and scores. Applications in regression analysis. Cluster analysis. Discrimination analysis.

4. Econometrics 

PREREQUISITE KNOWLEDGE: Calculus I,  II, Probability and Statistics

ECTS: 6

DESCRIPTION: The course introduces students to basic econometric models and solution techniques. Applications are emphasized with various models arising from practice.

OBJECTIVES: Students need to understand basic econometric models and solution techniques. They should be able to formulate models of real-world problems and solve them on the computer. 

CONTENT THROUGH LEARNING UNITS: Introduction. Econometric models. Problems in regression analysis. Multicolinearity, autocorrelation. Methods for simultaneous equations. Systems of simultaneous equations, identification, indirect least squares method, two-stage least squares method. Time series methods. Analytic methods for determination of trend, moving averages method, exponential smoothing. Econometric models in SPSS package..

5. Systems Theory

PREREQUISITE KNOWLEDGE: Calculus I, Calculus II, Calculus III

ECTS: 6

DESCRIPTION: The course covers fundamental systems modeling issues. Both static and dynamic features of two major types of systems, namely time-discrete and time-continuous systems, are discussed in details. Further more, the course makes an introduction to the theory of stability. Present software tools applicable in this domain are introduced as well.

OBJECTIVES: To master fundamental static and dynamic features of time-discrete and time-continuous systems. To gain an insight into the theory of stability. To acquire practical experience in using relevant software tools such as MatLab and SciLab.

CONTENT THROUGH LEARNING UNITS: System models, concept of state, model’s properties and types of system. Dynamics of time-discrete and time-continuous systems. Systems and the choice of state. Linearity, linearization and linear models of a system. Reachability, controllability, and observability of time-discrete systems. Description of time-variant systems behavior in continuous time, distributions, equivalent systems and realizations. Stationary linear models, diagonalization, transformation methods, block-diagrams and graphs of signal flows. Controllability and observability in continual time. An introduction to the theory of stability, state stability, input-output stability, Ljapunov stability. Systems management and feedback, canonical forms, observers and controllers, management of systems with multiple inputs and outputs. MatLab and SciLab. Systems with discrete events describe occurrences of synchronization, saturation or concurrency that appear in information networks, databases, multiprocessing systems, production systems as well as transport networks. 

6. Database Systems

PREREQUISITE KNOWLEDGE: Data Structures and Algorithms, Networks and Telecommunications.

ECTS: 6

DESCRIPTION: This course discusses main characteristics of the most important and most popular data models: the entity-relationship, relational, object, object-relational and XML data models. Appropriate query languages, a typical DBMS architecture and general functions of a DBMS are also discussed.

OBJECTIVES: The purpose of the course is to provide students with solid knowledge about databases and database management systems.

CONTENT THROUGH LEARNING UNITS: The worlds of database systems: The evolution of database systems. Data models and Database management systems (DBMS), database system architecture. Overview of data models: Model components: Structure, Constraints and Operations. Entity-relationship model, Relational model, Object model, Object/relational model. Theory of the relational model: basics structure and constraints, relational algebra, relational calculus; SQL: Definition of tables, different type of queries, views, constraints and triggers, active database systems. SQL in programming environment. Functions of a DBMS: transaction management, recovery, concurrency control, data protection and integrity.

COMMENTS: This course is an introduction to the understanding, and use of database systems. Entity-relationship model, Relational model will be studied in datail. 

PREREQUISITE KNOWLEDGE: Data Structures and Algorithms, Networks and Telecommunications

7. Modern Software Architectures

PREREQUISITE KNOWLEDGE: Networks and Telecommunications, Database Systems

ECTS: 6

DESCRIPTION: The course provides students with a theoretical background and practical knowledge on modern software architectures. Firstly, generic software architectures, fundamental concepts relevant to software architectures, middleware and its services are discussed independently from concrete implementation platforms. Then, classical implemented software architectures are presented and their major drawbacks regarding interoperability are explained. Advanced next generation architectures based on UML and Web standards are introduced and their significance for the new E-business era is shown. The standards relevant for modern software architectures are also presented. Finally, the survey of concrete emerging next generation software architectures is given. 

OBJECTIVES: The purpose of the course is to introduce students with basic concepts and principals of software architectures. Students should understand the role of software architectures in building software systems, acquire the knowledge of generic software architectures, middleware and its services, recognize roles of UML and Web standards and become familiar with current and emerging trends in software architectures, so they can better understand concrete software architectures and how to use them in building complex distributed information systems in the E-business era. 

CONTENT THROUGH LEARNING UNITS: Introduction. Models, development process and software architectures. Generic software architectures. Two-tier and tree-tier architectures. Logical and physical software architectures. Software components. Interfaces and classes. Binary components, design patterns, frameworks. Generic multi-tier distributed architecture of software components. Middleware and its generic services. Managing object life cycle. Asynchrony and synchrony communication of objects. Managing object state and object persistency. Security issues. Using middleware services (API, Framework, Descriptors and Attributes). Middleware components (Object request brokers, Transaction servers, Application servers). Survey of classical software architectures. OMG CORBA. Sun J2EE and EJB. Microsoft COM/COM+. Problems with classical architectures. OMG MDA architecture. UML and UML profiles, Platform Independent and Platforms Dependent Architectures. Web based architectures. XML and Web services, WSDL and UDDI. Web Portals, E-Business, E-Government. Standards for E-business (BizTalk, RosetteNet, ebXML). Ontologies and Semantic Web. Survey of modern software architectures. Microsoft .NET architecture. Sun J2EE Connector architecture.

COMMENTS:

8. E-Business Strategy, Architecture, and Design

PREREQUISITE KNOWLEDGE: Modern Software Architectures, Analysis and Logical Design of IS

ECTS: 6

DESCRIPTION: This course explores the practical use of e-business concepts in support of strategy. The fundamentals of e-Business Concepts, Practices, Strategies, Architecture, Design and Solutions are introduced.

OBJECTIVES: The goal of this course is to teach students how to navigate the complicated legal and regulatory framework, which applies to businesses operating in cyberspace.
CONTENT THROUGH LEARNING UNITS: E-Business Process Models. Open-edi Reference Model, UN/CEFACT Modeling Methodology, Business Collaboration Framework, ebXML Business Process Specification scheme, WFMC Business Process Model. Basics of UMM/CEFACT and ebXML. Business Process, Business collaboration, Business Transactions, Choreography, Authorized Roles, Communication Protocol Agreements, Modeling Methodology Patterns. Business strategy, architecture, e-business design: Use of the Internet to effectively to conduct online commerce; Jurisdictional issues: the application of copyright law to protect Internet businesses; the growing use of patents to create barriers to competition online; U.S. and international domain name policies; the use of trademarks in metatages; the development, acquisition and protection of trademarks in cyberspace; privacy and data protection issues; liability concerns for online businesses; and the new types of business relationships that are emerging in e-commerce.
COMMENTS:

9. Analysis and Logical Design of IS

PREREQUISITE KNOWLEDGE: Fundamentals of Information Systems
ECTS: 6

DESCRIPTION: This course discusses relationship between models, methods and system architectures. Both, conventional and object-oriented models, development processes and modeling tools are considered and compared.

Working in small groups students will practice team oriented analysis and logical design of a departmental level system.
OBJECTIVES: During this course students will learn to analyze and logically design information systems, using appropriate conventional and object-oriented models and methods. 
CONTENT THROUGH LEARNING UNITS: Introduction: Relationship between Models, Development processes (Methodologies) and System architectures; Conventional models: Structure System Analysis, Entity relationship model, Overview of other conventional models; SADT, IDEFnX models; Conventional development processes: Structured methodologies, “Waterfall” lifecycle model (Planning, Requirements analysis, Logical design, Physical design, implementation -coding and testing; Prototyping; Object-oriented models (UML): Use case model, Class Diagram, Sequence Diagram, Collaboration diagram, Statechart Diagram, Activity diagram; Object-oriented development process: Basic characteristics. Lifecycle model: Phases (Inception, Elaboration, Construction, Transition) Iteration and Increments, Workflows (Requirements, Analysis, Design, Implementation, Testing); Business Process Modeling: Different standards and different approaches to business process modeling. Analysis Patterns. 

COMMENTS: Students will learn to determine system requirements and gather information in order to identify problems to be solved. A project of limited scope will be designed during this course using different models and approaches. Students will investigate alternative solutions, and will discuses feasibility of solutions.

10. Physical Design in Database Environments

PREREQUISITE KNOWLEDGE: Database Systems; Analysis and Logical Design of IS

ECTS: 6
DESCRIPTION: This course covers information systems design and implementation within a conventional database management system environment. Logical and physical database design is considered. Application development in two-tier client/server architecture, with different ways of communication between clients and servers is discussed. Information integration is also included in the course.
OBJECTIVES: In this course students will learn to develop the logical and detailed physical database design and to implement an information system using database software with integrated modern features in a DBMS environment.

CONTENT THROUGH LEARNING UNITS: Logical database design: Normal forms and normalization process. Transformation of Entity-relationship to Relational models, Case tools for logical database design. Physical database design: Overview of physical data structures. Distributed Databases. Distribution (data fragmentation, replication and allocation), Clustering, Indexing. Application development: SQL in a Programming Environment, Procedures stores in Schema. The SQL Environment, Schemas, Catalog, Client and Servers, Connections, Sessions. Using a Call-Level interface, ODBC, JDBC. Middleware, EJB, ADO.NET. 
COMMENTS: Students who have completed the Analysis and Logical Design of IS course will engage in the physical design and implementation process for an information system of a limited scope.

A data model will be developed to guide the detailed design process for database construction.

A corresponding functional analysis of the problem will be completed. Program specifications will be developed and utilized in construction of the physical system. Unit testing, integration, and integration testing of the final system will be accomplished.

Code generators or libraries will be used to facilitate rapid development of the desired system.

11. Finance and Accounting 

PREREQUISITE KNOWLEDGE: Business Economics

ECTS: 6

DESCRIPTION: This course discusses main characteristics of financial modeling, corporate financial reporting – content, role, and usefulness of company reports, financial institutions and markets, electronic banking, international finance, corporate governance financial risk, taxation, finances and credits.

OBJECTIVES: This course provides an in-depth knowledge of finance and accounting preparation and analysis. Students learn to evaluate, select, and implement basic accounting reports and analysis.

CONTENT THROUGH LEARNING UNITS: Introduction to accounting, account preparation, analysis and auditing. Basic accounting concepts. Financial Accounting, Role and importance of accounts. Basic accounting reports. Management Accounting, Liquid and solid assets management. Producing a balance sheet. Small business – financial indicators, structure of capital, structure of assets. Strategic Management Accounting, Accounting for the new operations environment. Financial Statement Analysis. International finance, corporate governance financial risk, taxation, finances and credits.

12. Final project

PREREQUISITE KNOWLEDGE: Before defending the Final project, the student has to complete all required courses and selected elective curses with the total of 168 ECTS. 

ECTS: 12

DESCRIPTION: During their final semester of three-year studies students are required to do a substantive final project. This project should be a challenging piece of work that integrates the skills and concepts the students have acquired through other required and elective courses. As a rule, the final project should be related to software development or to information system development. Teachers offer topics for a final project. Each student selects a project and an advisor at the beginning of the third year. It is the advisor's responsibility to decide when the final project is complete. The final examination takes place during a session in the presence of an examination committee, including the supervisor of the final project (the advisor) and one or two other members (reviewers).

OBJECTIVES: The final project, integrating the skills and concepts acquired through other courses, should prepare the student to compete in the job market, as well as to continue higher level studies. The final project should mainly give the student practical experience in the field of computing. Students will reinforce problem-solving processes already learned. Students will also learn how to appropriately use technology as a research tool. They will also acquire the ability to further study advanced topics in computing. 

5.4.Level IV courses - Common Courses

1. Physical Design in Emerging Environments

PREREQUISITE KNOWLEDGE: Modern Software Architectures; Analysis and Logical Design of IS; Physical Design in Database Environments.

ECTS: 12
DESCRIPTION: This course covers information systems design in emerging environments, using an appropriate object-oriented models and development process. Implementation in emerging distributed computing environments is discussed.
OBJECTIVES: Students will extend their knowledge by implementing an information system in an emerging systems environment, using components and patterns.
CONTENT THROUGH LEARNING UNITS: Object-oriented models and development process. Overview of models and development process. U ML Design Models, Design Class Diagram, Components and Component Diagram, Deployment Diagram. Design: From logical to physical design. Design Patterns. Determine Visibility, Creating Design Class Diagram. Organizing Design and Implementation Model Packages. Designing the Persistence Framework with patterns. Implementation: Mapping Designs to Code. Creating Class Definitions from Design Class Diagram. Creating Methods from Interaction and Statechart Diagrams. Test/First Programming. Implementation in J2EE and Microsoft .NET Environment. 

COMMENTS: Students will utilize a contemporary development environment to implement a project that spans the scope of the previous courses. 

2. IS Project Management and Practice

PREREQUISITE KNOWLEDGE: Analysis and Logical Design of IS; Physical Design in Database Environments; Physical Design in Emerging Environments
ECTS: 6

DESCRIPTION: This course covers the factors necessary for successful management of information systems development or enhancement projects. Both technical and behavioral aspects of project management are applied within the context of an information systems development project.
OBJECTIVES: The purpose of the course is to provide students with solid knowledge about project management, management of the IS function, and systems integration.
CONTENT THROUGH LEARNING UNITS: Managing the system life cycle: requirements determination, design, implementation, system and database integration issues, network management. Software Metrics: Different software metrics models, Software economics. Project tracking and system performance evaluation: managing expectations of managers, clients, team members, and others; Determining skill requirements and staffing; Cost-effectiveness analysis; reporting and presentation techniques; Management of behavioral and technical aspects of the project; Change management; Software tools for project tracking and monitoring; Team collaboration techniques and tools.
COMMENTS: the team to ensure tracking of the project and communication of project goals and accomplishments to the client will use Project management tools.

Standards will be developed for all project deliverables. Software quality assurance methodologies will be employed to ensure a successful outcome for the project.

3. Social and Professional Issues of Computing

PREREQUISITE KNOWLEDGE: 

ECTS: 3

DESCRIPTION: Although technical issues are obviously central to any computing curriculum, they do not by themselves constitute a complete educational program in the field. The course develops an understanding of the social and professional context of information system development and implementation 

OBJECTIVES: Students need to understand the basic cultural, social, legal, and ethical issues inherent in the discipline of computing. They should also understand their individual roles in this process, as well as appreciate the philosophical questions, technical problems, and aesthetic values that play an important part in the development of the discipline. Students must be able to anticipate the impact of introducing a given product into a given environment Finally, students need to be aware of the basic legal rights of software and hardware vendors and users, and they also need to appreciate the ethical values that are the basis for those rights. 

CONTENT THROUGH LEARNING UNITS: Social context of computing. Introduction to the social implications of computing. Social implications of networked communication. Growth of, control of, and access to the Internet. Gender-related issues. International issues. Professional and ethical responsibilities. Community values and the laws by which we live. The nature of professionalism. Various forms of professional credentialing and the advantages and disadvantages. The role of the professional in public policy. Maintaining awareness of consequences. Ethical dissent and whistle-blowing. Codes of ethics, conduct, and practice (IEEE, ACM, SE, AITP, and so forth). Dealing with harassment and discrimination. Risks and liabilities of computer-based systems. Historical examples of software risks. Implications of software complexity. Risk assessment and management. Intellectual property. Foundations of intellectual property. Copyrights, patents, and trade secrets. Software piracy. Software patents. Transnational issues concerning intellectual property. Privacy and civil liberties. Ethical and legal basis for privacy protection. Privacy implications of massive database systems. Technological strategies for privacy protection. Freedom of expression in cyberspace. International and intercultural implications. Economic issues in computing. Monopolies and their economic implications. Effect of skilled labor supply and demand on the quality of computing products. Pricing strategies in the computing domain. Differences in access to computing resources and the possible effects thereof.

4. Decision Making

PREREQUISITE KNOWLEDGE: 

ECTS: 6

DESCRIPTION: This course discusses fundamental decision analysis, decision-making processes and techniques, creative and practical problem solving, handling tough situations, models for business decision making.
OBJECTIVES: Decision-making processes, models and techniques are covered in this course. 

CONTENT THROUGH LEARNING UNITS: The Basic Concepts Of Decision Theory: The analysis of decision problems. The decision making process. The phases of decision-making process. Models and modeling. The choice of the methods and techniques. The implementation of the models. The scope of decision-making. Decision Analysis: the basics of decision analysis. Models of decision analysis. Decision making under certainty. Decision three and sequential decision-making. Risk Analysis: Definition of the risk. Scenario of the risk analysis. Project evaluation: traditional methods vs. the application of the risk analysis method. Advantages and limitations of risk analysis. Utility Theory: Single and multiple attribute utility theory. Fuzzy systems. Rough sets. Multiple Criteria Decision Making: The basics of multiple criteria decision-making. Outranking methods. Group Decision Making. Collaborative group work systems, knowledge-based technologies, strategic Decision-Making.
5. Human Resource Management

PREREQUISITE KNOWLEDGE: Principles of Management

ECTS: 6

DESCRIPTION: The course provides students with a theoretical background and practical knowledge on employee development, employee benefits, training and retention, career management and planning.

OBJECTIVES: The purpose of the course is to introduce students with basic concepts and principles of human resource management. It uses a practical approach to highlight the relevancy and impact of human resource development.
CONTENT THROUGH LEARNING UNITS: Theoretical background and practical knowledge on employee development, employee benefits, training and retention, career management & planning. Task systematization. Elements for establishing systematization. Acquiring human resources. Criteria and selection procedure. Professional selection, methods and techniques. Systematization of jobs and tasks. Development of human resources. Education, mobility. Preparation and realization of training. Career planning. Evaluation. Legislative, cultural and institutional framework of human resource management, employee hiring, HR outsourcing policy requirements of organizations. Leadership & team management. Individual and organizational learning, change management communication, motivation and control in virtual organizations. The human side of information technology, knowledge management, makes or buys in HRM, the virtual and temporary organization of projects, Internet in HRM. 

6. Graduation project (Diploma work) 
PREREQUISITE KNOWLEDGE: Before defending the Graduation project, the student has to complete all required courses and selected elective courses with the total of 231 ECTS. 

ECTS: 9

DESCRIPTION: The four-year studies are completed after the defense of the graduation project (diploma work). The character of the project can vary, from a concrete practical project to the extensive theoretical study of a specific computing topic. The students are strongly advised to carry out their graduation project in cooperation with industry or government organizations. Topics for the final project are offered by teachers. A student can either select a topic offered by teachers or suggest a specific topic to a selected advisor. It is the advisor's responsibility to decide when the final project is complete. The final examination takes place during a session in the presence of an examination committee, including the supervisor of the final project (the advisor) and two other members (reviewers).

OBJECTIVES: The graduation project, integrating the skills and concepts learned through other courses, should prepare students to compete in the job market, as well as to continue the graduate studies. It will help the students apply, analyze, synthesize and evaluate information, and communicate significant knowledge and understanding. 

5.5.  Level 4 and 5: Special topics in Information Systems

1. Systems Analysis and Business Process Modeling

PREREQUISITE KNOWLEDGE: All required IT and Information System Design Courses

ECTS: 9

OBJECTIVES: During this course students will learn to analyze and model business processes. Working in small groups students will practice team oriented analysis and modeling.
CONTENT THROUGH LEARNING UNITS: Introduction: Different approaches to business modeling. Functional analysis and functional models. Business process models. Functional requirements. Conventional and Object-oriented models and methods. Business Process Modeling: Different standards and different approaches to business process modeling. Fundamentals: State transition and Petri Nets. Workflow models. Approaches, tools and methodologies for workflow modeling. Workflow Management Coalition (WfMC) standard. Electronic Business Collaboration. UN/CEFACT methodology. UMM (Unified Modeling Method) Business Process and Information System Modeling. ebXML Business Process Specification. Business System modeling for Web Services. Business Process Execution Language for Web Services (BPEL4S). Patterns and standardization of business process models. 
2. Integrated Software Solutions 

PREREQUISITE KNOWLEDGE: Analysis and Logical Design of IS; Physical Design in Database Environments; Physical Design in Emerging Environments

ECTS: 9 
DESCRIPTION: This course discusses main characteristics of well known and regional integrated software solutions. EAS, ERP, CRM etc terms are introduced and explained in the course. Special attention is given to implementation issues.

OBJECTIVES: The purpose of the course is to provide students with solid knowledge about integrated software solutions, how to choose appropriate software solution and what are specific implementation issues.
CONTENT THROUGH LEARNING UNITS: Introduction: History. To develop or to bay software solution. EAS, ERP and CRM systems. Software systems for enterprise resource planning: From passive control and stock management throw integrated systems for production management to integrated systems for management of all resources of an enterprise. A typical logical architecture. Functional areas and program systems (modules). Development environment. An overview of main characteristics of the most important international solutions: SAP, Navision, Oracle Finantial etc. How to choose ERP system: Definition of criteria for selection. Local or international solution. Evaluation process. ERP system implementation: Critical factors of the ERP system implementation. Localization (language and national low problems). Adaptation according to the internal enterprise standards and business rules.

3. Advanced Database Systems

PREREQUISITE KNOWLEDGE: All required IT and ISD courses

ECTS. 6

OBJECTIVES: Students will get acquainted with new development in database systems: Object and Object-relational databases, Semistructure and Web databases.. 

CONTENT THROUGH LEARNING UNITS: Introduction. Modern Data models and Database management systems Object model. Basic principles and architecture. Object definition language (ODL). Object Query Language (OQL). Object-oriented DBMS. Transaction management. Object-relational Systems. Basic concepts. SQL99 object-relational extensions. Semistructured model: XML and its data model, XQUERY. XML databases. Web databases. RDF. Information integration: Federated databases, Warehousing, Mediation. Topics in logical and physical database design. Formal logical database design. Physical database design. 

4. Decision Support Systems

PREREQUISITE KNOWLEDGE: Fundamentals of Information Systems, Fundamentals of Business Systems.
ECTS: 6

DESCRIPTION: The goal of this course is to present the up-to-date business intelligence solutions for reaching higher performance in business. The integration of managerial decision-making, information and business systems is a problem crucial for understanding today’s business environment and needs. 

Students have the opportunity, doing their essays, to solve actual business problem through design and implementation of decision support systems.

OBJECTIVES: During this course students should be enabled to recognize situation in which decision support can play a significant role, and design and implement solutions for improvement of the business process.

CONTENT THROUGH LEARNING UNITS: Introduction: Concepts and definitions, Efficiency and effectiveness in computer applications; Application perspectives: Computer Science, Economy, Information Theory, Management Theory, Behavioral Sciences, Data Transaction; Decision Analysis and Models; Management Information Systems (MIS) and Decision Support Systems (DSS): MIS versus DSS, Differences Between MIS and DSS; Fundamentals of Classical DSS: Major Characteristics of DSS, Three Levels of DSS Technology, Specific DSS applications, DSS Generators, DSS Tools; Technological Components of Classical DSS: The Dialog Subsystem, The Data Base and the Data Base Management System, The Model Base and the Model Base Management System, The Knowledge Base; Design and Implementation of DSS: System Analysis, DSS Design, DSS implementation; DSS Development Strategy; Fundamentals of Group Decision Support Systems (GDSS): Team's roles and tasks in forming a GDSS, GDSS Technology, GDSS Types, Further steps in GDSS Development; Data Warehouse and Decision Support Systems: OLAP characteristics, Steps in designing Data Warehouse, Selection of interesting data from databases, Data cleaning and reduction, Data extraction into staging database, Selection of fact table and dimensional tables, Selection of appropriate scheme, Selection of measures, Selection of optimal percent of aggregation, Selection of appropriate storage mode, Cube creation, Cube usage; Data Mining and Knowledge Data Discovery: Phases of knowledge discovery, DM algorithms, Comparation of data discovery techniques, Data Mining steps: Data selection, Data cleaning, Data reduction, Selection of DM model, Selection of data mining algorithm, Selection of interesting patterns, pattern evaluation, Knowledge presentation; Artificial Neural Networks; Knowledge-based Decision Support Systems; Expert Systems and Decision Support Systems; Intelligent Decision Support Systems: Knowledge, Knowledge Management, Generic Framework of DSS, Text-oriented DSS, Database-oriented DSS, Spreadsheet-oriented DSS, Solver-oriented DSS, Rule-oriented DSS, Compound DSS; Internet and Decision Support. 
5. Information Retrieval

PREREQUISITE KNOWLEDGE: Data Structures and Algorithms, Database Systems.
ECTS: 6

DESCRIPTION: Main topics of the course include document representation, document indexing, digital information storage, retrieval, and distribution. Emphasis is given to application of IR theories and practices to web indexing and web search engines. 

OBJECTIVES: The objective of the course is to introduce students to the theoretical underpinnings of information retrieval (IR), an active and rapid growing branch of applied computational science. Specifically, this course will help students to develop understanding of problems and potentials of current IR systems, to learn and appreciate different retrieval algorithms and systems, to apply various indexing, matching, organizing, and evaluating methods to IR problems.

CONTENT THROUGH LEARNING UNITS. Introduction. Data, information and documents. Information retrieval systems. History. Basic IR Models. Boolean and vector-space retrieval models. Ranked retrieval. Text-similarity metrics. Models for browsing. Indexing and Searching. Inverted indexing . Subject indexing and metadata. Citation indexing . Term associations and co-occurrences. Efficient string searching and pattern matching. User profiles Evaluation of IR. Relevance. Recall. Precision. Similarity measure . Query Languages and Query Operations. Basic queries. Structural queries. Query expansion. Text Representation. Word frequency counts. Zipf's law. Index term selection. Using thesauri. Metadata and markup languages (SGML, HTML, XML). Web Search. Search engines. Spidering. Agents. Semantic web. Collecting and integrating specialized information on the Web. Digital libraries. Digitization, storage, and interchange. Metadata, cataloging. Architectures. Interoperability. Services. Document Management Systems. Basic functions, architecture and standards. 

6. IT Policy and Change Management

PREREQUISITE KNOWLEDGE: Analysis and Logical Design of IS, Physical Design in Database Environment, Physical Design in Emerging Environment Project Management and Practice

ECTS: 6

DESCRIPTION: Approaches to managing the information systems function in

organizations. Relationship between IS and the business. Information System planning. Change management. 

OBJECTIVES: Students develop an understanding of the strategic use of information technology from a business perspective at the enterprise level. They are expected to understand how to manage changes within an organizational context, resulting from introducing or revising information systems.

CONTENT THROUGH LEARNING UNITS: Relationship between IS and the business. Impact of IS on competitive position. Aligning IT goals and strategy. Implications of globalization. IS planning. Translate strategic and IT objectives into operating principles for IS planning. Developing plans and projects. Budgeting. Outsourcing vs. insourcing. Project management. Project lifecycle. Project stakeholders. Project management skills: leading, communicating, negotiating, influencing, and presenting. Team management. Team processes. Team organization and decision-making. Roles and responsibilities in a software team. Role identification and assignment. Team problem resolution. Change Management. The role of IT in organizational change. The role of IS specialists as change agents. Envision change and the change process. Diagnose and conceptualize change. Motivation, interpersonal relations, group/team dynamics, and leadership in the change process

7. System Integration

PREREQUISITE KNOWLEDGE: Analysis and Logical Design of IS, Physical Design in Database Environment, Physical Design in Emerging Environment Project Management and Practice

ECTS: 6

DESCRIPTION: System integration is a pervasive aspect of IS practice. Integration can be viewed from three perspectives: (1) Integrating the enterprise, (2) Integrating the IS function, (3) Integrating IS technologies. The course emphasize the integrative role of IS. This course is offered near the end of the student’s MS program when students have developed a broad perspective on IS.

OBJECTIVES: Students will learn how to design an application architecture to provide the information needed for decision making, how IS can enable new organizational forms, how to demonstrate the value of IS and how to identify the characteristics of successful IS organizations. The role of collaborative systems in developing more flexible, fast response organizations will be emphasized. Student will also learn how to make intelligent choices about computer architectures and platforms with appropriate emphasis on both organizational integration and flexibility.

CONTENT THROUGH LEARNING UNITS: Integrating the Enterprise. Organizational needs for integration and flexibility. Overview of a typical “business architecture”. The role and content of an enterprise conceptual data model. Generic business processes. Business process reengineering. The integration of business, ERP functions/applications. Interorganizational systems (supply chain and EDI). Collaborative systems and knowledge management. Integrating the IS function. IS governance. Organizational structure for IS. Value of IS. Outsourcing of IS functions. Human resources for IS. Managing emerging technologies. Integrating is technologies. Concepts of interoperability and standardization. Computer platforms and information architectures (network, middleware, legacy system, client-server, and web-based technologies). Software component architecture. Enterprise-wide data models. Packaged solutions for integrating systems (ERP, workflow management systems, collaborative technologies, extranets). Industry technology directions

5.6. Level 4 and 5: Software Engineering

1. Programming Languages and Compiler Design

PREREQUISITE KNOWLEDGE: Principles of Programming, Data Structures and Algorithms

ECTS: 6
DESCRIPTION: In the first part, the course covers the pragmatics of programming language design and discusses different types of programming languages. In the second part, the course introduces compiler design theory and then focuses on practical compiler construction skills.

OBJECTIVES: To understand programming language theory, the spectrum of programming languages, their types, and their utility. To develop practical skills in compiler design and implementation.
CONTENT THROUGH LEARNING UNITS: Introduction. Why study programming languages? The art of language design. The spectrum of programming languages. Programming languages. Syntax. Regular expressions. Context-free grammars. Names, scopes, and binding. Programming language semantics. Data types. Control flow. Types of programming languages. Assembly languages. Data abstraction and object-orientation. Functional programming. Logic programming. Concurrency. Compiler design. Modules and interfaces. Tools and software. Data structures for tree languages. Lexical analysis. Lexical tokens. Regular expressions. Finite automata. Nondeterministic Finite automata. Lexical analyzer generators. Parsing. Predictive parsing. LR parsing. Using parser generators. Abstract Syntax. Semantic actions. Abstract parse trees. Type checking. Symbol tables. Activation records. Stack frames. Translation to intermediate code. Basic blocks and traces. Conditional branches. Instruction selection. Register allocation.
COMMENTS: Students are supposed to pass all steps of compiler design by working on a practical example of compiler design (labs and assignments).
2. Software Construction and Verification
PREREQUISITE KNOWLEDGE: Principles of Programming, Data Structures and Algorithms

ECTS: 6 

DESCRIPTION: Software construction focuses on the development of components identified and described in software design. Construction transforms design into implementation. Software verification and validation focus on static and dynamic techniques for checking if the implemented system conforms to specifications. 

OBJECTIVES: To gain theoretical foundations of software construction techniques and hands-on experience in using software construction tools. To introduce the importance and techniques of software verification and validation.
CONTENT THROUGH LEARNING UNITS: Introduction. Software development lifecycle. Basic concepts of software construction, verification, and validation. Language-oriented issues. Programming style and naming conventions. Programming idioms. Parameterization and generics. Assertions, design by contract, defensive programming. Application oriented languages (e.g. scripting, visual, domain-specific, markup, macros, etc.). Construction technologies. Selection of data structures and algorithms. API design and use. Code reuse and libraries. Object-oriented issues (e.g. polymorphism, dynamic binding, etc.). Error handling, exception handling, fault tolerance, and security. State-based and table driven construction techniques. Run-time configuration and internationalization. Grammar-based input processing (parsing). Concurrency primitives (e.g. semaphores, monitors, etc.). Middleware (components and containers). Distributed software construction methods. Constructing heterogeneous (hardware and software) systems; hardware-software codesign. Software Construction Tools. Development environments. GUI builders. Unit testing tools. Formal construction methods. Application of abstract machines (e.g. SDL, Paisley, etc.). Application of specification languages and methods (e.g. ASM, B, CSP, VDM, Z). Automatic generation of code. Program derivation. Algorithm and program analysis. Mapping of a specification to different implementations. Refinement. Proofs of correctness. Introduction to software verification and validation (V&V). V&V terminology and foundations. Objectives and constraints of V&V. Planning the V&V effort. Documenting V&V strategy, including tests and other artifacts. Metrics & Measurement (e.g. reliability, useability, performance, etc.). V&V involvement at different points in the lifecycle. Software reviews. Software testing. Deployment process. Problem analysis and reporting.

COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces.

3. Web Programming

PREREQUISITE KNOWLEDGE: Networks and Telecommunications, Database Systems

ECTS: 6

DESCRIPTION: The course is focused on Java and Web technologies used to develop enterprise Web applications that conform to current standards (J2EE, EJB, JDBC, and the like). Students gain hands-on experience through labs that build an end-to-end, distributed business application.
OBJECTIVES: To develop skills of creating, coding, and testing EJB components that provide enterprise application logic. To learn how to provide HTML client access to EJB components through servlets, and how to access a database using JDBC. To gain experience in assembling, deploying, and testing a distributed Java and Web technology application.
CONTENT THROUGH LEARNING UNITS: Introduction. Designing Web pages with HTML. Designing Web pages with XML. Designing Web pages with Java API. Distributed Object Communication. Enterprise Java Beans (EJBs). JavaBeans component architecture. Entity beans and session beans. Java Database Connectivity (JDBC). Using JDBC API to execute dynamic SQL statements. Resource factories. Using a resource factory to acquire a database connection. Coding a session EJB that accesses a database using JDBC. Servlets and JavaServer Pages. Servlet API and its associated classes and interfaces. Creating a servlet based on the HttpServlet class. Assembling and running a servlet. The function of JavaServer Pages (JSP) technology. The relationship between servlets, JSPs, and the J2EE application programming model (APM). Elements of a JSP page. JSP architectural models. Implementing the Model/View/Controller (MVC) design pattern using servlets and JSPs. Applets as frontends to server-side programs. Designing, building, and deploying a Model 2 multi-tier application using Web clients, servlets, JSPs, and EJBs. XML Processing with Java. Parsing XML documents with DOM Level 2 parser. Parsing XML documents with SAX 2.0 parser. Transforming XML with XSLT. JavaScript. Generating HTML dynamically. Monitoring user events. JavaScript syntax. Using JavaScript to customize Web pages. Accessing JavaScript from Java. Accessing Java from JavaScript.
COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces.
4. Computer Systems Security

PREREQUISITE KNOWLEDGE: Fundamentals of Information Systems; Computer Architecture and Operating Systems

ECTS: 6

DESCRIPTION: This course introduces the basic concepts of computer systems security, with an emphasis on the threats and countermeasures relevant to Internet and Web services. Students will be prepared to evaluate the security needs of organizations, and to develop strategies to address these needs. The aims of this course are to present the goals of authentication, authorization, data confidentiality, integrity and availability and introduce the principle methods and techniques involved in designing and implementing secure computer systems. Case studies will be presented.

OBJECTIVES: This course emphasizes the basic security concepts. Topics covered include principles of computer security, basic cryptography, attacks on and protection of computer systems, authentication, secure network protocols (Kerberos, SSL), e-mail security, Public Key Infrastructure, Intrusion Detection Systems, network security, Web security, and electronic payment systems security.
CONTENT THROUGH LEARNING UNITS: Basic Security Concepts. Threats, risks, vulnerabilities, and impact; Attacks and defenses. Viruses, worms, spyware and Trojan horses, Vulnerabilities of wireless networking, Denial-of-service attacks; Methods of defense. Hardware security. smart cards, crypto modules, biometrics; Basic security mechanisms. authentication, confidentiality, integrity, availability, nonrepudation. Fundamentals of cryptography. Symmetric key encryption, asymmetric key encryption, secure hash functions, key management, key distribution; Digital signatures; Digital certificates. PKI (Public Key Infrastructure): X.509 standard, certification authority, issuing of digital certificates, revocation of digital certificates. Intrusion Detection Systems. E-mail security. PGP, SMTP, S/MIME; Network security. firewalls, routers, NAT, PAT, IPsec, VPN security. Operating system security. UNIX, Windows 2000, Linux. Database security. Application security. Kerberos, S/MIME, SET. Web security. SSL v2, SSL v3. Electronic payment systems security. SSL, SET, VISA 3-D Secure.

COMMENTS: Students will gain practical experience in attacks on and protection of computer systems.

5. Software Validation and Verification

PREREQUISITE KNOWLEDGE: Project Management and Practice, Software Design

ECTS: 6
DESCRIPTION: The course focuses on static and dynamic techniques of software system checking to ensure that the resulting program satisfies its specification and that the program as implemented meets the expectations of the stakeholders. Static techniques are concerned with the analysis and checking of system representations throughout all stages of the software life cycle while dynamic techniques only involve the implemented system.

OBJECTIVES: To understand how software validation and verification involves at different points in the lifecycle. To learn software testing and evaluation approaches and techniques. To closely relate software validation and verification to software quality.
CONTENT THROUGH LEARNING UNITS: Introduction to software verification and validation (V&V). V&V terminology and foundations. Objectives and constraints of V&V. Planning the V&V effort. Documenting V&V strategy, including tests and other artifacts. Metrics & Measurement (e.g. reliability, useability, performance, etc.). V&V involvement at different points in the lifecycle. Software reviews. Desk checking. Walkthroughs. Inspections. Software testing. Unit testing. Exception handling (writing test cases to trigger exception handling; designing good handling). Coverage analysis (e.g. statement, branch, basis path, multi--condition, dataflow, etc.). Black-box functional testing techniques. Integration testing. Developing test cases based on use cases and/or customer stories. Operational profile-based testing. System and acceptance testing. Testing across quality attributes (e.g. usability, security, compatibility, accessibility, etc.). Regression testing. Testing tools. Deployment process. User interface testing and evaluation. The variety of aspects of usefulness and usability. Heuristic evaluation. Cognitive walkthroughs. User testing approaches (observation sessions etc.). Web usability; testing techniques for web sites. Formal experiments to test hypotheses about specific HCI controls. Problem analysis and reporting. Analyzing failure reports. Debugging/fault isolation techniques. Defect analysis. Problem tracking.

COMMENTS: Experience with practical software development in an industrial setting is highly desirable.

6 Requirements Analysis

PREREQUISITE KNOWLEDGE: Project Management and Practice, Software Design

ECTS points: 6

DESCRIPTION: The course covers the requirements construction process, including the analysis of the feasibility of the desired system, elicitation and analysis of stakeholders' needs, the creation of a precise description of what the system should and should not do along with any constraints on its operation and implementation, and the validation of this description or specification by the stakeholders. These requirements must then be managed to consistently evolve with the resulting system during its lifetime. 

OBJECTIVES: To understand the role of requirements as the bridge between the real world needs of users, customers and other stakeholders affected by the system, and the capabilities and opportunities afforded by software and computing technologies. To understand the process of requirements construction through elicitation, gathering, analysis, specification, and validation.

CONTENT THROUGH LEARNING UNITS: Requirements fundamentals. Definition of requirements (e.g. product, project, constraints, system boundary, external, internal, etc.). Requirements process. Layers/levels of requirements (e.g. needs, goals, user requirements, system requirements, software requirements, etc.). Requirements characteristics (e.g. testable, non-ambiguous, consistent, correct, traceable, priority, etc.). Special issues and considerations (e.g. prioritization and trade-off analysis, risk, etc.). Interaction of requirements and architecture. Special perspectives (e.g. systems engineering, human-centered, etc.). Wicked problems (e.g. ill-structured problems; problems with many solutions; etc.). COTS as a constraint. Requirements elicitation. Elicitation Sources. Elicitation Techniques. Requirements modelling and analysis. Modelling principles. Information modelling. Behavioral modelling. Structure modelling. Enterprise modelling. Domain modelling. Modelling embedded systems. Requirements interaction analysis. Analysis Patterns. Requirements specification and documentation. Basic principles. Specification languages (e.g. structured English, UML, formal languages such as Z, VDM, SCR, RSML, etc.). Requirements validation. Reviews and inspection. Summative prototyping. Formal analysis / model checking. Acceptance test design. Validating product quality attributes. Requirements management. Change management. Tracing. Special management concerns (e.g. consistency management, release planning, reuse, etc.).

COMMENTS: Understanding of the basics of software development lifecycle is essential. Basic knowledge of software project management is also helpful.

7. Specific Software Systems and Applications

PREREQUISITE KNOWLEDGE: Software Design, Software Construction and Verification

ECTS points: 6

DESCRIPTION: This highly fluctuating course assumes high degree of tailoring to the instructors' fields of interest in software systems and applications. The contents shown below reflect just one of many possible implementations of this course.

OBJECTIVES: In-depth study of selected topics in software systems and applications design.
CONTENT THROUGH LEARNING UNITS: Data formats and compression techniques. Specifics of selected text-based formats. Specific of selected graphics formats. Huffman codes. LZW algorithm. JPEG and MPEG standards. Industrial process control systems. Control systems. Industrial engineering and other relevant areas of engineering. Related embedded and real-time systems knowledge. Scientific systems. Depth in related science. Depth in statistics. Visualization and graphics. Systems for small and mobile platforms. Depth in human computer interfaces for small and mobile platforms. Related embedded and real-time systems knowledge. Related telecommunications systems knowledge. Fault tolerant and survivable systems. Knowledge and skills with heterogeneous, distributed systems. Failure analysis and recovery. Highly secure systems. Business issues related to security. Security weaknesses and risks. Cryptography, cryptanalysis, steganography, etc. Depth in networks. Safety critical systems. Depth in formal methods, proofs of correctness, etc. Knowledge of control systems. 

COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces. Experience with practical software development in an industrial setting is highly desirable. It is highly likely that any implementation of this course will assume several instructors to give lectures in their fields of specialty.
8. Software Process and Evolution

PREREQUISITE KNOWLEDGE: Project Management and Practice, Software Design

ECTS: 6
DESCRIPTION: The first part of the course focuses on the definition, implementation, measurement, management, change and improvement of software processes. The second part is concerned with how to provide support to changing assumptions, problems, requirements, architectures and technologies. Software evolution is a broad concept that expands upon the traditional notion of software maintenance.

OBJECTIVES: To gain an in-depth understanding of software processes and use of a defined process to perform the technical and managerial activities needed for software development and maintenance. To adopt the knowledge of numerous activities both before and after each of a succession of versions or upgrades (releases) that constitute the evolving software system.
CONTENT THROUGH LEARNING UNITS: Process concepts. Themes and terminology. Software engineering process infrastructure (e.g. personnel, tools, training, etc.). Modeling and specification of software processes. Measurement and analysis. Software engineering process improvement (individual, team). Quality analysis and control (e.g. defect prevention, review processes, quality metrics, root cause analysis, etc.). Analysis and modeling of software process models. Process implementation. Levels of process definition (e.g. organization, project, team, individual, etc.). Life cycle models (agile, heavyweight: waterfall, spiral, etc.). Life cycle process models and standards (e.g., IEEE, ISO, etc.). Individual software process (model, definition, measurement, analysis, improvement) Team software process (model, definition, organization, measurement, analysis, improvement). Process tailoring. ISO/IEEE Standard 12207: requirements of processes. Evolution processes. Basic concepts of evolution and maintenance. Relationship between evolving entities (e.g. assumptions, requirements, architecture, design, code, etc.). Models of software evolution (e.g. theories, laws, etc.). Cost models of evolution. Planning for evolution (e.g. outsourcing, in-house, etc.). Evolution Activities. Working with legacy systems (e.g. use of wrappers, etc.). Program comprehension and reverse engineering. System and process re-engineering (technical and business). Impact analysis. Migration (technical and business). Refactoring. Program transformation. Data reverse engineering. Refactoring. What is refactoring? Why refactoring? Typical source program deficiencies. Selected refactorings. Refactoring tools. 

COMMENTS: Experience with practical software development in an industrial setting is highly desirable.
9. Concurrent Programming

PREREQUISITE KNOWLEDGE: Digital Computers and Operating Systems, Data Structures and Algorithms

ECTS: 6

DESCRIPTION: The course covers principles of concurrent programming and illustrates them through a number of practical examples. Process communication and synchronization are illustrated in C, in Unix, in MS Windows, and in Oracle DBMS. Concurrent programming examples are taught in Java. 

OBJECTIVES: To understand the concepts of concurrent programming, synchronization problems, process communication, and parallel processing. 
CONTENT THROUGH LEARNING UNITS: Multiprogramming systems. MPS rationale. Enabling hardware innovations. MPS kernel. Concurrent programs. Examples of concurrent programs. History of concurrent programming. Hardware environments. Flinn's classification. MIMD machines. Typical multiprocessor organization. Typical multiprocessor organization. Process communication and synchronization. Accessing common variables. Accessing common resources. Critical region. Signalization. Data send and receive. Access control. Architectural means of access control to critical regions. Disabling interrupts. Waiting loops. System-level process communication and synchronization. Regions. Semaphores. Events. Conditions. Monitors. Nesting regions and conditions. General monitor definition. Monitor declaration. Applying monitors (examples). Finite buffer monitor. Finite resource. Memory allocation. Concurrent programming languages. Evolution of programming languages. Concurrent Pascal. Concurrent programming in Java.

COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces.

10. Software Quality

PREREQUISITE KNOWLEDGE: Project Management and Practice, Software Design

ECTS: 6
DESCRIPTION: The course presents software quality as a pervasive concept that affects, and is affected by all aspects of software development, support, revision, and maintenance. Software quality encompasses the quality of work products developed and/or modified (both intermediate and deliverable work products) and the quality of the work processes used to develop and/or modify the work products. 

OBJECTIVES: To understand approaches and techniques of improving software product quality attributes, such as usability, reliability, safety, security, maintainability, flexibility, efficiency, performance and availability.
CONTENT THROUGH LEARNING UNITS: Software quality concepts and culture. Definitions of quality. Society's concern for quality. The costs and impacts of bad quality. A cost of quality model. Quality attributes for software. The dimensions of quality engineering. Roles of people, processes, methods, tools, and technology. Software quality standards. The ISO 9000 series. ISO/IEEE Standard 12207: the "umbrella" standard. Organizational implementation of standards. IEEE software quality-related standards. Software quality processes. Software quality models and metrics. Quality-related aspects of software process models. Introduction/overview of ISO 15504 and the SEI CMMs. Quality-related process areas of ISO 15504. Quality-related process areas of the SW-CMM and the CMMIs. The Baldridge Award criteria for software engineering. Quality aspects of other process models. Process assurance. The nature of process assurance. Quality planning. Organizing and reporting for process assurance. Techniques of process assurance. Product assurance. The nature of product assurance. Distinctions between assurance and V&V. Quality product models. Root cause analysis and defect prevention. Quality product metrics and measurement. Assessment of product quality attributes (e.g. useability, reliability, availability, etc.).

COMMENTS: COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces. Experience with practical software development in an industrial setting is highly desirable.
11. Software Patterns

PREREQUISITE KNOWLEDGE: Software Design, Software Construction and Verification
ECTS: 6

DESCRIPTION: Software patterns describe the cores of solutions to analysis, design, architectural and other problems in software engineering that have been used more than once in different systems. Software engineers usually represent these problem-solution pairs graphically, giving appropriate generic names to all participants in the solution, as well as to the patterns themselves. An essential feature of a software pattern is that it is solution to a problem in a context. The context specifies the constraints like when the pattern is applicable, what pitfalls, hints and techniques should one be aware when using the pattern, and what positive consequences and trade-offs should be expected when applying the pattern in practice. Using patterns early in the lifecycle, one can avoid many painful modifications at later stages of design. Software patterns are specific to generic problems in software development, but can span a number of application domains.

OBJECTIVES: To master the use of most frequently applied patterns from certain pattern categories (design patterns and analysis patterns). To get an insight into the broad spectrum of software patterns and learn the principles of applying them in practical software development problems.

CONTENT THROUGH LEARNING UNITS: Introduction. What are software patterns? Pattern definitions. How are patterns used in practice? Pattern templates. Alexandrinian patterns. Gang of Four patterns. Coplien's template. Fowler's template. Pattern classification. Three-layer patterns. Alexander's scaling. Other scaling approaches. Antipatterns. Metapatterns. Design patterns. Structural design patterns. Behavioral design patterns. Object creational patterns. Analysis patterns. Accountability patterns. Observations and measurements patterns. Observations for corporate finance. Referring to objects. Inventory and accounting patterns. Using the accounting models. Planning patterns. Trading patterns. Derivative contracts. Application facades. Patterns for type model design templates. Association patterns. Other pattern categories. Organizational patterns. Process patterns. Domain-specific patterns.

COMMENTS: The course assumes fluency in basic Java syntax and full understanding of Java classes, methods and interfaces. Experience with practical software development in an industrial setting is highly desirable.
5.7. Level 4 and 5: E-Business

1. E-Business Management

PREREQUISITE KNOWLEDGE: Conventional Management Concepts, E-Business fundamentals.

ECTS: 6

DESCRIPTION: Like in other business fields, Internet has had a significant influence on managment. This course will analyze the effects of Internet, as a form of media- gathering information system, multimedia technology and computer communication and management - activities related to the management of enterprises. This course will cover all aspects of deploying e-business and e-commerce within organization. 

OBJECTIVES: This course is intended to equip current and future managers with some of the knowledge and practical skills to help them navigate their organizations towards e-business. A primary aim of this course is to identify and review key management concepts and decisions required by organizations moving to e-business and to consider the process by which these decisions can be taken. Key questions to be considered are: What approach to e-business strategy do we follow? How much do we need to invest in e-business? Which processes should be our e-business priorities? Should we adopt new business and revenue models? What are the main changes that need to be made to the organization to facilitate e-business?

CONTENT THROUGH LEARNING UNITS: The course gives a brief historical development of management. The main notions, concepts and definitions of management are given. Process phases in management and management levels (strategy, tactics, and operative) are described. Changes in managment, resulting from the application of Internet, are systematically explained. Internet influences on control phase processes and management levels are also analyzed. Changes of Porter’s model, resulting from the application of Internet in business, are also presented. Organisational changes, resulting from the application of Internet are analyzed. Electronic payment resources and Internet banking are described. Virtual organizations resulting form the application of Internet are analyzed through examples. The influence of management on organization and Internet services, especially on Intranet and its use in business functions is also analysed. Characteristics of Extranet and electronic business are also explained. Intelligent agents for shopping and their application in the description and choice of products will be also analysed. Part 1 – Introduction. Introduction to e-business and e-commerce. E-commerce fundamentals. E-business infrastructure. E-environment. Part 2 – Strategy and applications. E-business strategy. Supply chain management. E-procurement. E-marketing. Customer relationship management. Part 3 – Implementation. Change management. Analysis and design. Implementation and maintenance. 

COMMENTS: This course follows an integrative approach drawing on new and existing approaches and models from many disciplines including information systems, strategy, marketing, supply and value chain management, operations and human resources management.

2. Digital Economy

PREREQUISITE KNOWLEDGE: Economy, E-business

ECTS: 6

DESCRIPTION: This course explores the specific features of the digital economy. New categories are introduced and new business models and performance metrics are considered.

OBJECTIVES: During this course students will learn to analyze models in digital economy and cases of business practice, with the focus on practical use of new concepts in digital economy.

CONTENT THROUGH LEARNING UNITS : The following topics will be analysed in this course: Characteristics of the digital economy; Business networks and Internet infrastructure; Business virtualization; Electronic market; Transactional costs in digital economy; Network effects; «Increasing returns» economics; ICT and creation of competitive advantage; The Influence od Internet on business transformation; Exchange of information on the Internet, extranet and intranet as sources of value creation; Challenges of eletronic business – main global trends; Business models on the Internet: Business-to-business (B2B), Business-to-customer (B2C), Customer-to-business(C2B), Customer-to-customer (C2C); Virtual business organizations; Virtual value chain; Core competences and advantages of outsourcing; Competitive strategies in digital economy; Adaptive efficiency of digital economy; New entrepreneurs and venture capital; The relevance of external benchmarking; Balanced scorecard ; From re-engineering to e-engineering; Scenarios for future Internet development and its implications on the digital economy; Case studies.

COMMENTS: Students will apply new concepts and methods of the digital economy. The interdisciplinary approach will be accepted.

3. E-Marketing

PREREQUISITE KNOWLEDGE: Marketing, e-business

ECTS:6

DESCRIPTION: This course covers fundamentals of E-marketing and its practical use. Basic concepts of Online Marketing, Internet Marketing Strategy, Business Models and Statistics of .yu cyber locations are introduced and explored. 

OBJECTIVES: The goal of this course is to teach students the basic concepts of Offline and Online Marketing in order to effectively exploit potentials of Internet and successfully define company Internet Marketing Strategy.

CONTENT THROUGH LEARNING UNITS: Basic concepts of Offline Marketing and Marketing Management: Marketing, basic notions, concepts and definitions, Elements of marketing management, Mathematics - statistic methods in marketing, Data mining – applications; Online Marketing: Basic definition, Cyber marketing mix, Propaganda on the Internet, Cyber marketing plan, Case studies; Internet Marketing Strategy: Process of Strategy planning, Transitions from physical to virtual, Strategies in the development of Web presentations, Directing transport on Web locations, Provocative Marketing on the Internet, Case study; Marketing Research: Searching for intellectual resources, Primary research on the Internet, Gathering secondary data, Search Tools, Demography characteristics of Internet users; Models for defining business image on the Internet: Ellswоrt’s models of business image on the Internet: Billboard model, Yellow pages’ model, Brochure model, Virtual storefront model, Internet Bullsey marketing model, Redy’s marketing model of appearances on the Internet, Zimmerman’s model, Sm@rt model; Е-mail marketing: Message organization in an electronic mail, Operating with the electronic post .sig file, Viral marketing, Guerilla marketing for discussion groups; Analysis of Domestics cyber locations: Statistics of Serbian cyber locations, Analysis of Serbian internet providers, Case study.
COMMENTS: Including Case Studies in program will support teaching, and engage students in working in groups on given problems, finding and discussing alternative solutions. 

4. E-Education

PREREQUISITE KNOWLEDGE: Human resources, e-business, internet technologies

ECTS: 6
DESCRIPTION: The course explores application of information-communication technologies in placement and transfer of knowledge. Also cover corporate education, with all its possibilities for knowledge interconnecting and moving toward e-education.

OBJECTIVES: The aim of the course is to explain psychological aspects and possibilities of ICT as well as to emphasise a specific character of e-education programming.

CONTENT THROUGH LEARNING UNITS: Education and the environment. World of changes – world of teaching; The influence of changes in the surroundings on organization; Basic learning tendencies in the world of fast changes. Basic concept – system category. Education, permanent education; Professional education, training; Notions, classifications.Distance Learning. Definition of distance learning; Structure of distance learning; Technology of distance learning. Psychological aspects of using information – communication technologies in education. The world that we see: а) space and objects; b) dynamic characteristics: movement and change; c) expressive and affective features; Psychological stimulations and senses (only for the sense of sight and sense of hearing); Studying learning and skills – definition, forms; Psychological factors of successful studies. Education programming for information-communication technologies. Modern technologies in defining needs for education and training. Information technologies in planning and programming education processes; Realization of education and training using distance learning; Information-communication technologies in evaluating knowledge.

COMMENTS: Students will learn to build units of education program while considering the psycho-educational requirements as well as features of ICT technology. This is intended to be realized through a range of individual student projects.

5. Cyber Law

PREREQUISITE KNOWLEDGE: Digital revolution, Cyberspace, Information society, Computer law, e-Business, e-Government, e-Healthcare.

ECTS:6

OBJECTIVES: The goal of this course is primarily to introduce a representative subset of the legal problems that are addressing and will continue to address in cyberspace as a new environment.

DESCRIPTION: The emergence of global digital networks, such as the Internet, and digital technologies that enhance human abilities to access, store, manipulate, and transmit vast amounts of information has brought with it a host of new legal issues that computer scientists preparing to practice in the 21st century will need to understand and address. Although they are trying to "map" existing legal concepts onto problems arising in cyberspace. In some cases, it is necessary to understand how to accomplish the purposes of existing law in digital networked environments. Cyber law is a new component of Computer law and it comprises legal problems in cyber space.

Working in small groups students will practice team oriented methods, debates, discussions, case studies and encourage everyone to participate actively in class discussions.

CONTENT THROUGH LEARNING UNITS: Introduction to Cyberspace: Definition of architecture and geography of cyberspace, Who operates cyberspace? Who owns it, or any of its constituent pieces; Cyber Law: Scope of cyber law, Cyber jurisprudence; Property in Cyberspace: Possession and use of on-line property, Definition of property borders in cyber space and new shapes, Confidential information, advertising materials, banners; Intellectual property law in cyberspace: Shape, treatment, principles, problems, forms (trademarks, copyright in the digital media, patents in the cyber world, sui generic protection of data bases), Law regime (law content, ways of protection, law and subject obligations); Domain Name System: Definition of domain name, management of Internet names and addresses, Conflict between trademarks and domain names; Data and protection: Types of data and data bases created and produced for different purposes; Data categories; Ways of memorizing and distributing; Subject rights and obligations; Attacks and ways of protection; rules and regulations; Privacy, information privacy and interruption of privacy: Type of protection, liabilities and responsibilities; Speech in Cyberspace: Libel and defamation, Regulating harmful speech: Constitutional issues, Filtering the Net; Contents: Illegal and harmful ones; Electronic contracts and licensing: Formalities that need to be satisfied in concluding and realizing such contracts, Evidence, Validity, Authenticity, Assurance; Provider rights and obligations: Access, service, content to network operators, System operator and user; Cyber crime: Definition, Categorizing (forms and types), Fighting (shapes, ways of executing), Prevention, Detecting, Using the Forensic Utilities, Collecting and preserving digital evidence; Electronic business in international, national, and self-regulative activities in the creation of new scopes and principles, regulation of competitive behavior, monopoles, and business frauds; Governing Cyberspace; Other problems and dilemmas.
COMMENTS: The course will explore specific problems in applying law to cyberspace. Students will learn to determine legal problems and disuse about different solutions that exist in national and international practice.

6. Digital Media

PREREQUISITE KNOWLEDGE: Basic knowledge in computer organization and architecture, numerical methods and algorithms, networks and telecommunications.

ECTS: 6

DESCRIPTION: This module provides an introduction to multimedia. The main focus will be to: understand the computer technologies, which support color formation and management; demonstrate knowledge of digital conversion and manipulation; identify and discuss design concepts and principles of input/output devices; explore case-studies of the basic compression techniques and algorithms for interpolation, and prepairing digital voice, images and video for web and e-learning. 

OBJECTIVES: : To understand characteristics of multimedia objects and systems. Get skills and knowledge to use multimedia tool and technologies, and to integrate multimedia and Web artifacts.

CONTENT THROUGH LEARNING UNITS: Introduction to the multimedia. Definitions. Motivation and goals. Evolution of multimedia. Multimedia information systems. Areas of application. Multimedia hardware technologies. Platforms. Peripherals. Interfaces. Memory and storage device. Input devices. Output devices. Communications. Distributed multimedia systems. Multimedia building blocks, compression standards and techniques. Text and typography. Graphics. Sound. Image. Animation. Video. Multimedia information system design. Generic architecture of multimedia information systems. Data model of time-oriented media. Structured media objects. Multimedia information systems retrieval and search. Implementation issues. Multimedia software technologies. Basic tools. Instant multimedia tools. Authoring tools. Multimedia databases. Multimedia and Internet. MIME. WWW. Hypertext. Hypermedia. Web page makers and editors. Plug-ins. Programming for the WEB. Markup languages. Planning the multimedia Web site. Design strategy. Web site categories. Organizational structures. Planning documents. Navigational structure. User Interface design. Case studies of multimedia applications. e-commerce. Advertising. Digital publications. Education. Health care. 

COMMENTS:

7. Intelligent Agents

PREREQUISITE KNOWLEDGE: Artificial Intelligence, Expert Systems

ECTS: 6

DESCRIPTION: The course offers practical experience in development of information systems that include AI-based automated data analysis. It introduces intelligent agents as means for information systems analysis and design. It also covers the basics of the Semantic Web as the infrastructure and the enabling technology for intelligent Web-based information systems.

OBJECTIVES: To illustrate how AI techniques help improve business information systems. To extend the notion of using business information systems to include automated data acquisition and analysis.

CONTENT THROUGH LEARNING UNITS: Introduction. The scope of intelligent systems. Intelligence in information systems. Typical application domains of intelligent application systems (IIS). IIS performance. Important classes of IIS. Knowledge discovery in databases. Data analysis with large amounts of data. Automating data analysis. Knowledge discovery as a process. Pattern discovery. The role of domain knowledge. Selecting target data set. Data preprocessing. Data set reduction. Data mining. Pattern interpretation and evaluation. Data mining tasks. Classification. Clusterization. Mining association rules. Data mining algorithms. Data mining tools. Intelligent agents. The concept of software agents. Intelligent agents as a kind of software agents. Intelligent agents on the Internet. Design of intelligent agents. Tools for developing intelligent agents. Agent communication languages. KQML and FIPA ACL. Multiagent systems. Mobile agents. Semantic Web. Deficiencies of today's Web. Transforming the Web. Enabling technologies for the Semantic Web. Ontologies. Ontological engineering. Tools for developing ontologies. Annotation tools.

COMMENTS: The examination takes the form of a practical project. Students are expected to master selected development tools and to develop a practical intelligent system, based on agents, data mining and ontologies.

8. Computer Networks Security

PREREQUISITE KNOWLEDGE: Networks and telecommunications

ECTS:6

DESCRIPTION: Security of information on communication networks is one of the basic prerequisites of their use. Protection of information is necessary network component which reduces danger to a desirable level. Danger is inherently connected with easy access and fast exchange of a huge quantity of data. Protection is achieved through the joint use of measures where cryptography methods have a key role. Students will be prepared to evaluate the security needs of organizations, and to develop strategies to address these needs.

OBJECTIVES: This course emphasizes the basic security concepts. Topics covered include principles of computer security, basic cryptography, attacks and defenses on computer systems, authentication, secure network protocols (Kerberos, SSL), e-mail security, Public Key Infrastructure, Intrusion Detection Systems, network security, Web security, and electronic payment systems security. Case studies will be presented. 

CONTENT THROUGH LEARNING UNITS: Basic Security Concepts; Threats, risks, vulnerabilities, and impact; Attacs and defenses: Viruses, worms, spyware and Trojan horses, Vulnerabilities of wireless networking, Denial-of-service attacks; Methods of defense; Hardware security: smart cards, crypto modules, biometrics; Basic security mechanisms: authentication, confidentiality, integrity, availability, nonrepudation; Fundamentals of cryptography: symmetric key encryption, asymmetric key encryption, secure hash functions, key management, key distribution; Digital signatures; Digital certificates; PKI (Public Key Infrastructure): X.509 standard, certification authority, issuing of digital certificates, revocation of digital certificates; Intrusion Detection Systems; e-mail security: PGP, SMTP, S/MIME; Network security: firewalls, routers, NAT, PAT, IPsec, VPN security; Operating system security: UNIX, Windows 2000, Linux; Database security; Application security (Kerberos, S/MIME, SET); Web security: SSL v2, SSL v3; Electronic payment systems security: SSL, SET, VISA 3-D Secure .

5.8. Level 4 and 5: Digital Media

1. Internet

PREREQUISITE KNOWLEDGE: Networks and Telecommunications

ECTS: 6

DESCRIPTION: Students will gain in-depth experience of Internet networking and usage. 

OBJECTIVES: To provide an in-depth knowledge of internetworking by Internet technologies, explain networking applications, and get practical Internet skill.

CONTENT THROUGH LEARNING UNITS: Internetworking. Concepts. Architecture. Protocols. Internet. Internet evolution. IP: Internet Protocol Addresses. Binding Protocol Addresses (ARP). IP Datagrams And Datagram Forwarding. IP Encapsulation, Fragmentation, and Reassembly. IPv6. An Error Reporting Mechanism (ICMP). UDP: Datagram Transport Service. TCP: Reliable Transport Service. Network Address Translation. Internet Routing. Internet applications. Client-Server Interaction. The Socket Interface. Naming with the Domain Name System (DNS). Electronic Mail Representation And Transfer. IP Telephony (VoIP). File Transfer And Remote File Access. World Wide Web Pages and Browsing. Dynamic Web Document Technologies (CGI, ASP, JSP, PHP, ColdFusion). Active Web Document Technologies (Java, JavaScript). Integration of Internet and Mobile Telephony. SMS. WAP. Distributed processing. Processes and threads. Synchronization of co-operating proces. Inter-proces communication. Distributed system paradigms. Remote IPC. RPC and Middleware. Network Management (SNMP). Internet Security. Cryptography. PKI. IPSec protocol. Virtual Private Networks.  Firewalls. Security Socket Layer (SSL).  Configuration.

COMMENTS: Students will be given an opportunity in this course to gain considerable depth in networking, both theoretically and through practical laboratory experience.

2. Human-Computer Interaction 

PREREQUISITE KNOWLEDGE: Computer Architecture and Operating Systems, Principles of Programming

ECTS:6

DESCRIPTION: Human-Computer Interaction is study of people, computer technology and the ways these influence each other. The basic foundations of HCI in term of human psychology, computer systems, and the implication of the interaction as well as design process and integration of HCI in design practice are given. 

OBJECTIVES: Understanding requirements and constraints in HCI. To meet design, development and application of user oriented interactive computer systems.

CONTENT THROUGH LEARNING UNITS: Foundations of HCI. The human. The computer. The interaction. HCI design. Paradigms and principles. The design process. Models of the user in design. User requirements modelling. Socio-technical models. Soft systems methodology. Participatory design. Cognitive models. Linguistic models. Physical and device models. Task analysys. Digital notations and design. Models of the system. Implementation support. Evaluation techniques. Application areas. Groupware. CSCW. Multimodal communication. Speach. Handwriting recognition. Computer vision. Ubiquitious computing. Virtual reality. Hypertext. Multimedia. WWW. Animation. Digital video. Computer Aided Learning.

ASSESSMENT: Assignments and assessment project during semester. Final exam. 

COMMENTS: 

3. Multimedia 

PREREQUISITE KNOWLEDGE: Computer Networks and Telecommunication, Internet, Database Systems 

ECTS:6

DESCRIPTION: This module provides an introduction to multimedia. The learning units are: multimedia hardware and software technologies, multimedia building blocks, compression standards and techniques, multimedia information system design and implementation, multimedia and Internet, case studies

OBJECTIVES: To understand characteristics of multimedia objects and systems. Get skills and knowledge to use multimedia tool and technologies, and to integrate multimedia and Web artifacts.

CONTENT THROUGH LEARNING UNITS: Introduction to the multimedia. Definitions. Motivation and goals. Evolution of multimedia. Multimedia information systems. Areas of application. Multimedia hardware technologies. Platforms. Peripherals. Interfaces. Memory and storage device. Input devices. Output devices. Communications. Distributed multimedia systems. Multimedia building blocks, compression standards and techniques. Text and typography. Graphics. Sound. Image. Animation. Video. Multimedia information system design. Generic architecture of multimedia information systems. Data model of time-oriented media. Structured media objects. Multimedia information systems retrieval and search. Implementation issues. Multimedia software technologies. Basic tools. Instant multimedia tools. Authoring tools. Multimedia databases. Multimedia and Internet. MIME. WWW. Hypertext. Hypermedia. Web page makers and editors. Plug-ins. Programming for the WEB. Markup languages. SGML. HTML. DHTML. VRML. SMIL. XML. WML. Scripting languages. JavaScript. VBScript. PHP. Programming languages. Perl. Java. Visual Basic. Web databases. N-tier architecture. Database management systems. Access. MySQL. MSSQL. Oracle. Web services. UDDI. WSDL. J2EE. .NET. Planning the multimedia Web site. Design strategy. Web site categories. Organizational structures. Planning documents. Navigational structure. User Interface design. Case studies of multimedia applications. e-commerce. Advertising. Digital publications. Education. Health care. 
ASSESSMENT: Number of lab’s assignments during semester. Individual assessment project involving development of an multimedia application. Final exam.

COMMENTS:

4. Multimedia Production

PREREQUISITE KNOWLEDGE: Multimedia

ECTS:6

DESCRIPTION: The Multimedia Production covers the proces of designing and development multimedia applications from the perspective of people who manage, supervise, and document the production task. The producer, or project manager, is responsible for managing the development proces. The director, or interactive designer, is responsible for the creative vision and supervision of the work. The writer creates and maintains the design documents that guide the work of development team.

OBJECTIVES: Get skills and knowledge to make positive contributions to team multimedia production efforts. Understanding roles of the producer, director, and writer of multimedia as the leaders of development team. Relate the concepts of multimedia production design to the communication needs being addressed by a production project.

CONTENT THROUGH LEARNING UNITS: Multimedia Industry. Market. Technologies. Multimedia studio. Design. Producer. Director. Writer. Components of the multimedia system. Design for Instructional and Educational multimedia. Game design. Guidlines. Features. Genres.The interactive design process. Design team. Write a concept document. Competetive analysis. Top-level design. Cost/Benefit analysis. Functional specification. Development. Development phases. Discovery phase. Client’s and developer’s qualification. Deal points. Determine the scope of work. Metrics. Preliminary development plan and budget. Proposal and bid. The development agreement. Design phase. Design phase deliverables. Graphic. Screen. Icon. Font. Character. Cast. Storyboard. Palettes. Sound. Casting. Music. Sound effects. Technical issues. Tools and Enginees. Software and Database. Producer’s role. Director’s role. Writer’s role. Prototype. Purpose of the prototype. Plan and produce the prototype. Test the prototype. Using test results. Production. Production phase deliverables. Payments and approvals. Production phase tasks. Role of the producer and director. Alpha i beta discs. Gold master. Readme files. Package design. Archiving.

ASSESSMENT: Assignments and assessment project during semester. Asessment will check:

· student ability to adapt to, and be proficient with pertinent multimedia production techniques, software, hardware, and production facilities.
· student interpersonal communication skills with other team members and production staff.

· student ability to apply appropriate professional multimedia production standards to his work.

· student organizational skills, including the design and development of timelines, flowcharts, storyboards, navigational layouts, graphic design schemes, and project journals.

COMMENTS: 

5. Advanced Computer Networks

PREREQUISITE KNOWLEDGE: Networks and Telecommunications, Internet

ECTS: 6

DESCRIPTION: On completion of the course, students will be able to: 

· Understand the fundamentals of next generation computer networks 

· Design solutions for ad-hoc, mobile and pervasive computing 

· Understand the issues involved in deployment of Wireless LAN and 3G systems. 

OBJECTIVES: To give the students an understanding of the principles behind the latest advances in computer network technology, from IP routing and IPv6 through to directory services and pervasive computing and then extending to UMTS and 3G. 
CONTENT THROUGH LEARNING UNITS: IPv6. Mobile IPv6. IPv6 transition methods. IP routing (interior and exterior) and multihoming. Internet architecture issues. Quality of service methods. Network performance and monitoring. IP Multicast. Directory services (LDAP, DNS, NIS+). IPsec and PKI. Autoconfiguration (DHCP, BOOTP). Service discovery (SLP, mDNS). Bluetooth, 802.11, HiperLAN2. GPRS and Edge Services. UMTS, 3G. Beyond 3G: integrated 4G services. Access technologies: last mile, xDSL. Optical networking. 

COMMENTS:

6. Multimedia Advertising

PREREQUISITE KNOWLEDGE: Marketing 

ECTS:6

DESCRIPTION: This course teaches the concepts of advertising through a series of readings, assignments, examples, and actual multi-media advertising campaigns. The course is an introduction to both the theory and practice of advertising and provides important insights into how advertising is done, who does it, and the actual questions that must be resolved. It provides a focus on what principles and practices make advertising effective - and via a rich and extensive support package, the learning process becomes exciting, meaningful, and effective.


OBJECTIVES: Upon completion of the course the student should be able to:
1. Define the various types of advertising. 

2. Understand how advertising relates to society 

3. Develop creative advertising messages. 

4. Plan media strategy and understand how advertising is measured. 

5. Buy all media. 

6. Plan, create, and direct a multimedia national advertising campaign.

CONTENT THROUGH LEARNING UNITS: The course is designed to introduce the student to advertising foundations and environment. It will be discussed how advertising began, and where it fits in today's marketing mix. Social issues, ethics, regulation, and responsibility are covered.


The student will become familiar with the consumer audience, account planning, research, and strategy. Print, broadcast, and interactive online media are all analyzed. The creative process for print, broadcast and direct response media are discussed, and integrated marketing communication elements - promotions, public relations, retail business to business advertising, international advertising, and the integrated campaign are covered in the second half of the course.

ASSESMENT. The following method would be used:

1. Assigned reading. 

2. Discussion of current national advertising. 

3. Examinations of successful and unsuccessful advertising campaigns. 

4. Development of a multimedia advertising campaign including: creative, strategy, media planning, and media buying. 

5. Email correspondence with the instructor. 

6. Proficiency examinations - midterm and final exams.

COMMENTS:

7. Multimedia Databases

PREREQUISITE KNOWLEDGE: Database Systems

ECTS: 6

DESCRIPTION: This course is a comprehensive introduction to multimedia databases. It provides a solid understanding of multimedia data and database technologiy.

OBJECTIVES: To provide an in-depth knowledge of dealing with multimedia databases.

CONTENT THROUGH LEARNING UNITS: Introduction.  Multimedia Data. The Human Sensory System and Multimedia. SQL and Multimedia. Querying Multimedia Data. Modeling Multimedia Databases. Using Multimedia Metadata. Multimedia Database Architecture and Performance. Multimedia and Internet. Dealeng with Text Databases. Dealing witg Image Databases. Dealing with Video Databases. 

COMMENTS: 

10. Advanced Internet Technologies and e-commerce Applications

PREREQUISITE KNOWLEDGE: Internet

ECTS:6

DESCRIPTION: Integration of mobile agents, SMS, WAP,  and Web technologies for specific e-commerce applications are presented.

OBJECTIVES: To develope specific e-commerce applications for Internet payment systems, e-retailing, web-enabled services, and web advertising and publishing.

CONTENT THROUGH LEARNING UNITS: Mobile agents. Overview. Aglets. SMS, WAP, and Mobile Commerce. SMS and WAP Model. Benefits of SMS and WAP to e-commerce. Data Mining. Associaton rules. Decsion trees. Web mining. Internet Payment Systems. Characteristics of payment systems and payment method. Credit cards and SET protocol. e-cash. e-check. Micropayment systems. Smart cards. Consumers-oriented e-commerce. Models of e-retailing. Developing.  Business-oriented e-commerce.  Business models. Integration. e-services. Categories. Web-enabled services. Matchmaking services. Information-selling. e-entertainment. Auctions. Web Advertising and Web Publishing. Internet advertising techniques and strategies. Business advertising models. Web publishing. Web development methodologies. Logical design of UI. Usability testing and quality assurance. Web presence and visibility. 

COMMENTS: The examination takes the form of a practical project. 

11. Mobile Computing

PREREQUISITE KNOWLEDGE: Internet

ECTS:6

DESCRIPTION: This course provides a foundational understanding of the theoretical concepts of mobile and wireless technologies by exploring the interrelationship of their hardware, software and development kits. Through class lectures, student research, and application development students will develop an understanding of current mobile technologies (such as: J2ME, Palm, CE.Net, Brew), along with their associated Operating Systems and standards. 
OBJECTIVES:  To become familiar with the challenges of dealing with limited memory and storage of mobile devices. 
CONTENT THROUGH LEARNING UNITS: Introduction to Wireless and Mobile Computing. Current hardware, software, security, networks, development environments, and industry trends. Palm OS and Software Development Environments. Application on Palm (OS) Operating System: Fields, Forms, Database, and Sync to PC. Windows Compact Editions (CE). Application on Windows CE Operating System: Displaying images, Database information, and perform custom operation. Wireless Area Networks (WLAN). Wireless Wide Area Network (WWAN). Bluetooth. Wireless Application Protocol (WAP). Wireless Markup Language (WML) & Scripting (WMLS). XHTML. Application of WAP/WML enabled phone. Java on Palm Devices, Wireless PCS phones, and Memory Limited Devices. Java programming solution on Memory limiting Device. (PDA or Java enabled phone). Binary Runtime Environment for Wireless devices (BREW) Application for BREW enabled phones. Nokia’s Series 60 Operating System for Cell and PCS Phones. Application developed on Series 60 OS. Microsoft’s Mobile Internet Kit and Stinger (OS)  Application developed with MS Mobile Internet Kit. Web Services Web services and link between .Net, J2EE and mobile devices.  Survey of combination PDA’s and Cell phones and development environments. 

COMMENT: Semester Project will consist of creation of information retrieval system that runs on memory limited device (PDA, PCS Phone).  Student will be given project specifications and allowed to develop computing solution in any technology of their choosing.

5.9. Level 4 only: Inteligent Systems
1. Artificial Intelligence

PREREQUISITE KNOWLEDGE: Data Structures and Algorithms

 ECTS:6

DESCRIPTION: The course covers the basics of artificial intelligence. It is more theoretic than the other courses in the module, but offers practical skills as well, especially related to the topics of search and knowledge representation.

ECTS:?

OBJECTIVES: To establish the prerequisite knowledge for other courses in the Intelligent Systems module (profile). To prepare the students' mindset for learning practical skills related to development and deployment of intelligent systems.
CONTENT THROUGH LEARNING UNITS: Introduction. What is artificial intelligence (AI)? Human knowledge and human intelligence. Human problem-solving skills. Aspects of human intelligence. How AI relates to human intelligence. AI in today's practical systems. Search. Problem space and state space. State space search. AND/OR graph search. Heuristic search. Tree search. Examples. Problem Solving. The notion of problem. Problem representation. Methods. State space and solution space revisited. Search in problem solving. Generate and test. Problem reduction. Means-ends analysis. Knowledge Representation. Symbolic structures. Procedural representation. Logic. Production systems. Semantic nets. Frames and scripts. Uncertainty. Planning. Classic planning scheme. Initial state. Defining actions. Goal. Hierarchical planning. Abstract actions. Reactive planning. Incomplete information. Sample systems: STRIPS, ALD, HTN. Knowledge Acquisition and Learning. Knowledge acquisition. Survey of learning methods. Cognitive aspects of learning. Exploring general aspects of learning. AI languages and tools. Languages. Development tools. AI modules in other development tools.

COMMENTS: The course offers a limited "classical coverage" of AI. Some topics are left out from the classical coverage bearing in mind the purpose of the entire curriculum (information systems). The students must not loose the IS track.

2. Expert Systems

PREREQUISITE KNOWLEDGE: Database Systems, Artificial Intelligence

DESCRIPTION: The course offers an application-oriented approach to expert system development. It discusses both the differences and the synergy between expert systems and traditional information systems. 

ECTS:6

OBJECTIVES: To acquire practical skills related to design, development and deployment of expert systems. To develop a critical view of the scope and limits of practical AI.
CONTENT THROUGH LEARNING UNITS: Introduction. Basic principles and applications of expert systems (ES). Typical ES characteristics. Typical problems. ES performance. ES architecture and its elements. ES vs. conventional software systems. Knowledge representation in ES. Types of human knowledge. Knowledge base. Working memory. Knowledge representation techniques. Production rules, semantic nets, and frames in ES. Techniques for representing uncertainty. Ontologiies. Commonsense knowledge. Metaknowledge. Inference mechanisms. Types of inference. The role of search. The role of logic. Reasoning efficiency. Rule-based inference. Foreward chaining. Backward chaining. Frame-based reasoning. Inheritance. Demons. Reasoning with uncertainty. Case-based reasoning. Explanation. Types of explanations. User-centric explanation. Explanation generators. Knowledge engineering. ES development process . ES building tools. Knowledge acquisition techniques. The roles of experts, knowledge engineers, and end users. Mastering a selected ES development tool.

COMMENTS: The examination takes the form of a practical project. Students are expected to master an ES building tool during the course and to develop a practical ES, individually or in small teams.

3. Intelligent Information Systems

PREREQUISITE KNOWLEDGE: Artificial Intelligence, Expert Systems

ECTS:6

DESCRIPTION: The course offers practical experience in development of information systems that include AI-based automated data analysis. It introduces intelligent agents as means for information systems analysis and design. It also covers the basics of the Semantic Web as the infrastructure and the enabling technology for intelligent Web-based information systems.

OBJECTIVES: To illustrate how AI techniques help improve business information systems. To extend the notion of using business information systems to include automated data acquisition and analysis.
CONTENT THROUGH LEARNING UNITS: Introduction. The scope of intelligent systems. Intelligence in information systems. Typical application domains of intelligent application systems (IIS). IIS performance. Important classes of IIS. Knowledge discovery in databases. Data analysis with large amounts of data. Automating data analysis. Knowledge discovery as a process. Pattern discovery. The role of domain knowledge. Selecting target data set. Data preprocessing. Data set reduction. Data mining. Pattern interpretation and evaluation. Data mining tasks. Classification. Clusterization. Mining association rules. Data mining algorithms. Data mining tools. Intelligent agents. The concept of software agents. Intelligent agents as a kind of software agents. Intelligent agents on the Internet. Design of intelligent agents. Tools for developing intelligent agents. Agent communication languages. KQML and FIPA ACL. Multiagent systems. Mobile agents. Semantic Web. Deficiencies of today's Web. Transforming the Web. Enabling technologies for the Semantic Web. Ontologies. Ontological engineering. Tools for developing ontologies. Annotation tools.

COMMENTS: The examination takes the form of a practical project. Students are expected to master selected development tools and to develop a practical intelligent system, based on agents, data mining and ontologies.

4. Soft Computing

PREREQUISITE KNOWLEDGE: Artificial Intelligence

ECTS:6

DESCRIPTION: The purpose of this course is to introduce three major areas of soft computing – neural networks, fuzzy logic and systems, and genetic algorithms. It also covers hybrid systems, designed using at least one of the above three technologies and/or another intelligent technology (such as expert systems or case-based systems). Throughout the course, practical tools for developing fuzzy systems, neural networks and genetic algorithms are used.

OBJECTIVES: To master basic techniques and tools of soft computing. To illustrate how soft computing helps improve business information systems. 
CONTENT THROUGH LEARNING UNITS: Introduction. Definitions of soft computing. Main aspects of soft computing. Typical problems and application areas. Typical soft computing tools. Neural networks. Basic ideas. Architecture. Classification and types of neural networks. Training. Backpropagation algorithm. Reliability and stability. Model validation. Software tools for neural networks. Fuzzy logic and fuzzy systems. Fuzzy sets, fuzzy propositions (relations) and fuzzy rules. Approximate reasoning. Linguistic aspects of fuzzy logic. Fuzzyfication and de-fuzzyfication. Generating fuzzy rules from numeric data. Software tools for fuzzy systems. Genetic algorithms. Genes, chromosomes, and pools. GA operators. Crossover. Mutation. Fitness function. Optimization using genetic algorithms. Modifying knowledge bases using genetic algorithms. Machine learning using genetic algorithms. Software tools for genetic algorithms. Hybrid systems. Combining neural networks, fuzzy systems and genetic algorithms to boost model performance. Combining soft computing technologies with other AI technologies.
COMMENTS: The examination takes the form of a practical project. Students are expected to master selected development tools and to develop a practical intelligent system, based on fuzzy logic, neural networks and genetic algorithms.
5.10. Level 4 and 5: Operation Research
1. Methods of Optimization

PREREQUISITE KNOWLEDGE: Calculus I, II, Operations Research I, II

ECTS: 9

DESCRIPTION: The course introduces students to the fields of network optimization and multiobjective optimization. Topics include location analysis and constraint programming.

OBJECTIVES: Students need to understand basic network models and solution techniques as well as main concepts of multiobjective optimization.

CONTENT THROUGH LEARNING UNITS: Introduction. Basic definitions in the field of optimization.  Location analysis. Continuous and discrete location problems. Location problems on weighted graphs. Network optimization. Shortest path problems. Minimum spanning tree. Minimum Steiner tree. Travelling salesman problem. Vehicle routing problem. Maximum flow through network. Multiobjective optimization. Concept of Pareto optimality. A posterior, priory and interactive approaches. Lexicographic and relaxed lexicographic methods. Methods of e-constraints. Compromise programming. Goal programming. Constraint programming. Introduction to constraint programming and its applications. 

4. Supply Chain Management

PREREQUISITE KNOWLEDGE: Operations Research I, II, Methods of Optimization,

Introduction to Management

ECTS: 6

DESCRIPTION: Supply chain management focuses on the flow of products, information and money through the supply chain, i.e. through the scope of activities that convert raw materials to finished products.

OBJECTIVES: The course gives an overview of issues, opportunities, tools and approaches. Emphasis is on business processes, system dynamics, control, and design.

CONTENT THROUGH LEARNING UNITS: Introduction: understanding supply chains, performances, drivers and obstacles Planning demand: demand forecasting, aggregate planning. Managing economies of scale in supply chain: cycle inventory. Managing uncertainty in supply chain: safety inventory. Transportation, network design, and information technology in supply chain. Coordination of supply chain and the role of e-business. Financial factors influencing supply chain decisions.

5. Mathematical Programming

PREREQUISITE KNOWLEDGE: Calculus I, II, Operations Research I, II

ECTS: 9

DESCRIPTION: The course gives an overview of theoretical results and solution methodologies for nonlinear programming problems (NLP).

OBJECTIVES: Students need to understand necessary and sufficient optimality conditions for most important instances of  NLP. Various algorithms based on optimality conditions are introduced, as well as some software products for NLP.   

CONTENT THROUGH LEARNING UNITS: Classical optimization. Stationary points. Method of elimination. Method of Lagrange multipliers. One-dimensional optimization. Golden section method. Polynomial approximation methods. Unconstrained optimization. Hooke Jeeves method. Nelder Mead method. Method of steepest descent. Newton method. Variable metric method. Convex programming. Necessary and sufficient optimality conditions. Nonconvex programming. First and second order optimality conditions. Nonlinear  programming methods. Feasible directions method. Penalty functions methods. Barrier functions methods. Augmented Lagrangean methods. Interior point methods for linear programming. Quadratic programming methods. Monte Carlo methods. Software for nonlinear programming.

6. Combinatorial Optimization

PREREQUISITE KNOWLEDGE: Discrete Mathematics, Operations Research I, II, Methods of Optimization 

ECTS: 6

DESCRIPTION: The course introduces students to most important problems and techniques in combinatorial optimization.

OBJECTIVES: Students need to understand basic concepts and techniques in integer programming, network optimization and matching. Computational complexity concepts are also introduced.

CONTENT THROUGH LEARNING UNITS: Integer programming. Models and methods. Optimal trees and paths. Minimum spanning tree problem, shortest path problems. Optimization problems on networks. Maximum-flow problem, minimum-cost flow problem. Optimal matchings. Maximum matching, minimum-weight perfect matchings. Traveling salesman problem. Hamiltonian circuits and the travelling salesman problem. NP-completeness. Introduction to the theory of NP-completeness.

7. Operations Research Solutions and IT

PREREQUISITE KNOWLEDGE: Operations Research I, II,  Introduction to Information Technologies

ECTS: 6

DESCRIPTION: Study of ways in which information technology is used to deliver operations research solutions in real applications.

OBJECTIVES: Students need to understand various applications of information technology in operations research methodology. Several real applications are planned. 

CONTENT THROUGH LEARNING UNITS: Spreadsheet optimization. Modeling languages and mathematical programming. Decision support with Web-enabled software. Optimization as an Internet resource.

8. Operations Research in Electronic Business

PREREQUISITE KNOWLEDGE: Operations Research I, II,  E-Business
ECTS: 6

DESCRIPTION: The course points out to a key role that operations research has to play in the emerging digital economy.

OBJECTIVES: Students are introduced to main applications of OR in e-business.

CONTENT THROUGH LEARNING UNITS: Use of OR in information goods and services (especially online financial and travel-related services), e-business network infrastructure (especially quality-of-service topics), and packaged OR software that is Web-enabled or oriented toward e-business. e-Commerce and operations research in airline planning, marketing and distribution. Applications and opportunities for operations research in Internet-enabled electronic marketplaces.  Applying quantitative marketing techniques to the Internet.

9. Numerical Methods in Finance

PREREQUISITE KNOWLEDGE: Calculus I, II, III, Numerical Analysis, Finance and Accounting

ECTS: 6

DESCRIPTION: The course gives an overview of mathematical models of financial flow. Necessary numerical analysis techniques are also introduced. 

OBJECTIVES: Students need to understand financial flow models and techniques needed for their analysis. Illustrations in MATLAB are planned.

CONTENT THROUGH LEARNING UNITS: Introduction. Numerical computations in financial transactions.. Softer packages. Basic of numerical analysis. Errors of numbers and functions approximation. Numerical solution of systems of linear equations. Direct and iterative methods. Solution of nonlinear equations and systems of nonlinear equations. Approximation and interpolation of functions. Finite difference method for partial differential equations. Mathematical models of financial flow. Portfolio optimisation. Modelling the dynamics of asset prices. Black-Scholes model. Black-Scholes model in MATLAB. Monte-Carlo simulation.

10. Mathematics Software Packages

PREREQUISITE KNOWLEDGE: Calculus I, II, Numerical Analysis, Data Structures and Algorithms

ECTS: 6

DESCRIPTION: The course gives an overview of  software packages MATHEMATICA and MATLAB. 

OBJECTIVES: Students need to learn main features of MATHEMATICA and MATLAB and be able to use them to solve various problems.

CONTENT THROUGH LEARNING UNITS: MATHEMATICA. Interpreter. User functions. Procedures. Programming styles. Reserved words. Constants. Variables. Commentaries. Program documentation. Functions for using numerical values. Conversion of different number forms. Pseudorandom numbers. Combinatory functions. String operating functions. String and list functions. Extracting of parts of lists. Construction of new lists. Combinatory operations. Mathematic operations with lists. Structural data types. Indexed objects. Vectors and matrices. Files. Expressions. Subprograms. Symbolic calculations. Functional operations. Two dimensional graphics. Three dimensional graphics. Applications of MATHEMATICA. Sorting. Repetitive application of the function as an argument. Using the return search technique. Applications in linear programming. Feeding problems. Multi criteria optimisation. MATLAB. MATLAB structure. Data input. Variables. Expressions. Types of MATLAB files. General use functions. Operators and special characters. Programming, finding and removal of errors. Matrix generation and manipulation functions. Special matrices. Elementary mathematic functions. Special mathematic functions. Data analysis and Fourier’s transformations. 2D graphics. Graphical display of 3D data. General use graphical functions. Additional MATLAB functions. User functions. Applications of MATLAB. 

11. Metaheuristics

PREREQUISITE KNOWLEDGE: Operations Research I, II, Methods of Optimization

ECTS: 6

DESCRIPTION: The course introduces students to basic principles of modern heuristic methods for continuous and combinatorial optimization.

OBJECTIVES: Students should learn main metaheuristic methodologies. Computer experimentation with one or more global optimization packages is planned.

CONTENT THROUGH LEARNING UNITS: Introduction. Local search principle. The main metaheuristic metodologies.  Simulated annealing, Tabu search, Variable neighborhood search. Genetic algorithms. Applications to NP-hard problems.  Knapsack problem. Graph colouring problem. Traveling salesman problem. Global optimization.

12. Computational Geometry

PREREQUISITE KNOWLEDGE: Calculus I, II

ECTS: 6

DESCRIPTION: The course gives an introduction to computational geometry with applications

OBJECTIVES: Students need to understand fundamental geometric algorithms and their application in graphics.

CONTENT THROUGH LEARNING UNITS: Introduction to combinatorial geometry. Arrangements of hyperplanes. Counting faces and incedences. Configurations of points. Voronoi diagram. Dissections of point sets. Zones in arrangements. Fundamental geometric algorithms. Constructing arrangements. Constructing convex hulls. Application of geometric algorithms. Problems for configurations and arrangements. The largest convex subset. The visuality graph for line segments (the problem of finding shortest paths). Application of Voronoi diagrams in the plane. The Post Office problem. Triangulating points sets. Finding closest neighbors. Shapes of point sets. Application of higher order Voronoi diagrams.

13. Global Optimization

PREREQUISITE KNOWLEDGE: Operations Research I, II, Mathematical Programming

ECTS: 6

DESCRIPTION: The course introduces students to contemporary techniques for solving continuous global optimization problems.

OBJECTIVES: Students need to understand principles of exact and heuristic methods for solving continuous global optimization problems. Experiments with different software packages are planned.

CONTENT THROUGH LEARNING UNITS: Introduction. Local and global minima and maxima. Exact methods. Methods based on covering the feasible set. Penalty functions  methods. Random search methods. Basic idea. Convergence to global optimum. Intelligent search methods. Simulated annealing. Genetic algorithms. Tabu search. Variable neighborhood search. Global optimization software. Testing of the existing software. New software development.

14. Reliability of Computer Systems

PREREQUISITE KNOWLEDGE: Probability and Statistics, Operations Research I, II, Methods of Optimization

ECTS: 6

DESCRIPTION: The course introduces students to methods of estimation, prediction and analysis of reliability and efficiency of complex computer systems. 

OBJECTIVES: Students need to understand basic tools for reliability analysis and their application to computer systems.

CONTENT THROUGH LEARNING UNITS: Study of component and system reliability. Reliability of coherent systems. Life distributions. Life testing procedures. Reliability, availability and mantainability measures. Maintenance and replacement models. Applications to computer systems. Software for analysis and prediction of reliability.

15. Petri Nets

PREREQUISITE KNOWLEDGE: Calculus I, II, Discrete Mathematics, Probability and Statistics

ECTS: 6

DESCRIPTION: The course introduces students to Petri nets and applications.

OBJECTIVES: Students should master modeling methodology based on Petri nets.

CONTENT THROUGH LEARNING UNITS: Processes and models. Definition of Petri nets. Classification of Petri nets. Stochastic and generalized Petri nets. Models of selected examples of business and production processes. Software testing and development. 
5.11.Level 4 and 5: Computational Statistics
1. Data Analysis

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The subject Data Analysis is formed to involve the parts of numerical aspects related to data, which are not included in Probability and Statistic, Econometrics and Linear Statistical Models. The techniques examining data, not models, are given in the subject, i.e. from the data can be comprehended what is happening with the model. 

OBJECTIVES: Students need to learn how to make observations of the qualitative data and not just quantitative. The structure of data is also analyzed and then the model is made on that basis instead of fitting data in the model. The graphical analysis, visualization of the data is treated and than the conclusions are made.

CONTENT THROUGH LEARNING UNITS: Crosstabulations analysis. Data binarisaton. The discreet methods in multidimensional data analysis. Visualisation of complex data and contents of complex data bases. Analysis of corespodention.Tukey i Yull aproach to data analysis. Graphical analysis of the relationships between the data. Graphical description of the statistical profile. Algorithams for the data visuelisation.

2. Statistical Prognosis

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to basic methods of statistical prognosis.

OBJECTIVES: Students need to master basic techniques for statistical prognosis and related software packages.

CONTENT THROUGH LEARNING UNITS: The prognosis types. Stohastic processes.Time series analysis. Prognosis in econometrics. ARMA i ARIMA processes. Preparation of the data for the process of statistical prognosis. Interpretation  of the model transformation results. Prognosis evaluation. Statistic and optimisation. Algorithams. Software packages that practise prognosises from the statistical point of view.

3. Stohastic Processes

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course gives an introduction to stochastic processes. 

OBJECTIVES: The subject is planned to develop basic knowledge for using simple models.
CONTENT THROUGH LEARNING UNITS: Biased movement. Standard theorems of convergence. Conditional probabilities. Investment and super investment. Investment from the discrete parabolic functions. Brownian movement and his quadratic variation. Stochastic integral. Itos formula. Branch processing. Discrete and continues Markov process. The function of stimulus. Galton-Watson process. Markov chains. The processes of equilibrium. Resumption of the processes including Black-Schols formula and time structured models. The theory of waiting queues in the net. Applicability and validation of the model. Spectral analysis. Data based parameter evaluation . Statistical inference and testing. Distribution of linear forms.

4. Statistical Models in Finance
PREREQUISITE KNOWLEDGE: Probability and Statistics, Finance and Accounting, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The subject includes regression analysis, prediction, classification and credit risk analysis, statistical analysis and econometric modeling of time series in finance. 

OBJECTIVES: The course work includes use of the experience with real data, basic econometric models and solution techniques.

CONTENT THROUGH LEARNING UNITS: Basic probabilities: probability and conditional  probability, random variables and distributions, some standard distributions. Basic statistical methods: samples and distribution of the samples, evaluation, hypotheses testing. Statistical models and similarities: standard regression models, the similarity function, evaluation and testing, dependency observation. Prediction: priority and post priority, evaluation and testing, prognosis, calculations. Prediction and smoothing techniques, curve evaluation. Time series: basic concepts, AR and MA processes, areas of frequency, stochastic volatility models. 

5. Statistical Methods in Marketing

PREREQUISITE KNOWLEDGE: Probability and Statistics, Marketing, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to basic statistical techniques used in marketing.

OBJECTIVES: Students need to master statistical techniques used in marketing and the use of  standard statistical programs. 

CONTENT THROUGH LEARNING UNITS:  Data collection. Model classification. Survey and census. Sample and sample planning. Evaluation system, errors and their balance. Automatic control and error correction. Logical questionnaire design. Input programs, correction and sample data processing. Use of the standard statistical programs. Multivariate statistical analysis models. Data transformation methods. Computer supported statistical research.

6. Statistical Information System

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to the concept of statistical information system.

OBJECTIVES: Students should learn main components of statistical information systems, with the emphasis on Yugoslav statistical information system.

CONTENT THROUGH LEARNING UNITS:  Definition of statistical information system (SIS). General principles of SIS. Yugoslav SIS (YUSIS). Legal grounds of YUSIS. SIS data bases and data bases of social and economic statistics. Risk of revealing individual data and their secrecy. Target of basis of statistical data basis.

7. Computational Statistics and Statistical Applications

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to statistical algorithms, their implementation and applications.

OBJECTIVES: Students need to understand basic statistical algorithms and master their use in various applications.

CONTENT THROUGH LEARNING UNITS:  Statistical algorithms and their computational implementation. Statistics and optimization. Statistical applications. Connection between statistical and other applications. Programs for managing data bases. Statistical surveys with the help of computers- CASI, CATI, CAPI, CAD. Parallel analysis of statistical applications.

8. Multivariational Statistical Models 

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to basic techniques of  multivariational statistical analysis.

OBJECTIVES: Students need to understand basic models and methods of multivariational statistical analysis. 

CONTENT THROUGH LEARNING UNITS:  Models of multivariational statistical data analysis. Data preparing and interpretation of model transformation results. Evaluation model methods. Algorithms and applications of multivariational statistical analysis.

9. Statistical Data Bases

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course introduces students to main components of statistical data bases.

OBJECTIVES: Students need to master the use of statistical data bases in different applications.

CONTENT THROUGH LEARNING UNITS:  Statistical data bases. GIS in statistics. Access possibilities and risk of revealing individual data. Connection of different data bases. Various applications.

10. Classification Theory

PREREQUISITE KNOWLEDGE: Probability and Statistics, Econometrics, Linear Statistical Models

ECTS: 6

DESCRIPTION: The course gives an introduction to the theory of classification.

OBJECTIVES: Students need to understand basic concepts and techniques of classification. 

CONTENT THROUGH LEARNING UNITS:  Formalization of classification procedure. Classification process. Measurement of similarities and dissimilarities. Classification algorithms. Classification algorithms evaluation. Presentation and interpretation of results, algorithms and programs.

5.12. Level 5 - Common courses

1. Advanced Information Systems Development

PREREQUISITE KNOWLEDGE: Database Systems, Analysis and Logical Design of IS, Physical Design in Database Environment, 
ECTS : 12

DESCRIPTION: The course presents advanced models and methods for IS development. It provides a general framework for comparative analysis of different approaches. 

OBJECTIVES: To specify a general framework for IS development and to provide detailed description of advanced IS development approaches within the specified framework. 

CONTENT THROUGH LEARNING UNITS: Introduction. Information System models, architectures and development process (IS lifecycle models). The System-theoretic lifecycle model: Identification, Realization, and Implementation. Identification Models. Functional specification (black box) models. Conventional models: Data Flow Diagrams. Object-oriented models: Use case model, System Sequential Diagram. Electronic business collaboration models: ebXML, Specification of Web Services (WSDL), Business Process Execution Language. Realization models. Data models for database design. Logical database design as minimal realization of a functional data model. Realization of functional specification models: Sequence and Collaboration Diagrams, State Transition Diagrams, Activity Diagrams. Stepwise refinement through realization. Implementation. Overview of IS development environment. Comparative analysis of different approaches. Unified Software Development Process, eXtreme Programming (XP), Personal Software Process (PSP), Team Software Process (TSP), and Capability Maturity Model (CMM). 

COMMENTS: Students are supposed to apply two different approaches while working on a practical example of simple IS development and to compare them within system-theoretic framework. 

2. Advanced Software Development Environment

PREREQUISITE KNOWLEDGE: Database Systems, Analysis and Logical Design of IS, Physical Design in Database Environment, 

ECTS points: 12

DESCRIPTION: This course will address the critical task of choosing appropriate software architectures for complex software systems. It will focus on object-oriented component architectures for enterprise applications. The system architecture plays a critical role in helping a development organization meet its business goals. Concepts of Model Driven Architecture (MDA) that addresses integration and interoperability spanning the life cycle of a system from modeling and design, to component construction, assembly, integration, deployment, management and evolution.

OBJECTIVES: To specify a unique framework for IS design and implementation within a specific software development environment. 

CONTENT THROUGH LEARNING UNITS: Generic software architectures. Two-tier and tree-tier architectures. Logical and physical software architectures. Middleware and its services. Generic multi-tier distributed architecture of software components. Different approaches and standards. Integration problems and interoperability specifications. Model Driven Architecture (MDA). Basic principles. Model Driven Multilevel Architecture. Meta Object Facility (MOF) - the standard modeling and interchange constructs that are used in MDA. Platform and Implementation Language Environment. Platform Independent models (PIM) and Platform Specific Models (PSM). UML profiles. Relationship Between Platform-Independent and Platform-Specific UML Models. Transforming a Platform-Independent Model to a Platform-Specific Model. Tractability. UML Profile for Sun J2EE architecture. Detailed presentation of J2EE development environment through corresponding UML MDA profile. UML Profile for Microsoft .NET architecture. Detailed presentation of Microsoft .NET development environment through corresponding UML MDA profile.

COMMENTS: Students will develop a simple IS using the MDA approach, from a PIM to either J2EE or .NET PSM. 

3. Master of Science Thesis

PREREQUISITE KNOWLEDGE: Four-year studies in computing and 18 ECTS from common graduate courses and 30 ECTS from corresponding elective area. 

DESCRIPTION: Each student seeking a M. S. degree in Information Systems is required to complete an original research project, under the supervision of a faculty member as advisor. The selection of a topic and an advisor for a thesis is one of the most critical part graduate studies. It is very important to select the topic and advisor as early as possible. A student, in consultation with his or her advisor, prepare a M.S. thesis proposal consisting of the statement of the problem, the review of past research, and the proposed plans. A committee consisting of a minimum of three faculty members reviews the proposal. After the approval a student, under the supervision of the advisor, proceeds with the research. Based on research conducted a student produces a theses that includes: (1) A clear description of the scientific question being considered, including any relevant background material, (2) Complete descriptions of the hypotheses being tested by your research, (3) A complete discussion a methodology applied, (4) A specification of the relevance of the research results and (5) A complete list of references cited. Advisor is the sole judge of when a graduation project is complete. A committee consisting of a minimum of three faculty members including the advisor evaluate the completed thesis. The final step to completion of the graduate studies requires the student to give a oral presentation and to defend MS thesis before the evaluation committee. 

OBJECTIVES: Students are required to complete an original research project and to communicate the results of the project through a paper and an oral presentation. Students learn a methodology of the research and are prepared for research and development tasks in industry and government organizations, as well as for the fundamental scientific research. 

























































































































