	WSB University


	Field of study: Management

	Module / course: Biologically inspired methods and algorithms

	Educational profile: General

	Education cycle: II cycle studies

	Number of hours per semester
	1
	2

	
	I
	II
	III.
	IV.

	Full -time studies
(L/C/lab/pr/e)
	
	
	
	16L/20C

	Part-time studies
(L/C/lab/pr/e)
	
	
	
	

	LECTURER

	Paweł Kostka PhD Dsc Eng.

	FORM

	Lectures, classes

	COURSE OBJECTIVES

	The aim of the course is to transfer and consolidate students' knowledge and develop their practical skills in the methods and processes used in broadly understood data analysis (data science), including large data sets (big data), which are modeled on living biological organisms shaped on the road evolution ,. The utilitarian goal is to introduce students to practical issues regarding the algorithmization of the above mentioned methods and their implementation in the selected programming language, e.g. Python.

	Course outcome
	References to outcomes
	Description of learning outcomes  
	Verification of learning outcomes

	
	Field-related learning outcomes 
	Area-related  learning outcomes 
	Knowledge

	BioMeAlg_K01
	Z2_W11
	Z2A_W06
	Knows and understands the theoretical foundations, assumptions, structure and scope of application of bio-inspired data analysis methods.
	· Exam Discussions.

	BioMeAlg_K02
	Z2_W11
	Z2A_W06
	Knows and understands the idea of optimizing a research problem using biology-inspired systems and modern application fields related to data science in this Big Data.
	· Exam Discussions.

	
	
	
	Abilities

	BioMeAlg_A03
	Z2_U04
	Z2A_U01

Z2A_U02

Z2A_U03

Z2A_U04
	Is able to apply selected biologically inspired data analysis methods to develop the author's teaching classifier structure, learning algorithm and test methodology with implementation in selected environments, e.g. Python, on the basis of data samples or to modify or improve existing algorithms.
	· Report, lab report
· Discussion, Presentation. 


	BioMeAlg_A04
	Z2_U04
	Z2A_U01

Z2A_U02

Z2A_U03

Z2A_U04
	Properly interprets the results obtained in the process of classification and modeling processes using developed data analysis systems and is able to assess the quality of classification based on the quantitative indicators used.
	· Report, lab report
· Discussion, Presentation.

	
	
	
	Social competences

	BioMeAlg_S05
	Z2_K04
	Z2A_K01

Z2A_K06

	Is able to independently supplement knowledge in the dynamically developing field of data mining, using various sources of information, being aware of the devaluation of knowledge and the need to supplement it.
	· Observation, Discussion, Presentation. 

	BioMeAlg_S06
	Z2_K05
	Z2A_K05

	Carrying out multidisciplinary projects with the idea of biological systems, he is able to work in a group, properly dividing and coordinating the stages of the project.
	· Observation, Discussion, Presentation.

	Students’ own workload  (in didactic hours 1h did.=45 minutes)** 

	Full- time
Participation in lectures = 16h

Participation in classes = 20h

Preparation to classes = 18h

Preparation to lectures = 14h

Preparation to an examination = 20h

Project tasks =

e-learning =

Credit/examination = 4h

others  (indicate which) = 
TOTAL: 92h

ECTS points: 3,5

Including practical classes:3,5
	Part-time
Participation in lectures = 
Participation in classes = 
Preparation to classes = 
Preparation to lectures = 
Preparation to an examination = 
Project tasks =
e-learning =
Credit/examination =
others  (indicate which) = 
TOTAL:
ECTS points:
Including practical classes:


	PREREQUISITES

	mathematics, mathematical logic, statistical methods of data analysis, algorithms and data structures, computer programming at the level of completed first-cycle studies

	COURSE CONTENT
(Division into contact hours and e-learning)

	Contact hours:
· Introduction to the subject, including biocybernetics, computational intelligence (CI) and artificial intelligence (AI), presenting the role of observing the operation of living beings and modeling processes that occur in nature, including cybernetic process modeling biological, information processes occurring in living organisms, in particular in the brain - the main biocybernetic organism of living organisms. Showing the role of biocybernetics as a bridge between human and artificial intelligence, i.e. a model of biocybernetic processes occurring in living beings.
· The problem of solution optimization, defining the function of costs or losses, the idea of finding the optimal solution, minimizing the function of losses or maximizing the function of costs, 
· Introduction to learning systems, supervised, unsupervised and critical learning, initialization of teaching structure parameters,
· Biologically inspired neural networks as distributed information processing structures:
· historical view; modeling goals; general properties of neural models; 
· logical neurons, binary models, including BCM - the simplest Binary Association Memory, CMM - correlation matrices, applications for dictionaries, BAM - bidirectional threshold association memory; binary association memory models: SDM - distributed cellular memory, 
· perceptron, single and multilayer perceptron (MLP).
· MLP network learning algorithms, backward error propagation: generalized delta rule,
· Radial Base Functions and approximation algorithms.
· Probabilistic networks: Bayesian estimators
· Hopfield model, Feedback networks, applications in autoassociative memory modeling and optimization,
· Dynamic networks, Boltzman and Helmholtz machines, Neurodynamics
· Self-organization - unsupervised learning, Kohonen self-organizing topological mapping, Growing Cell Structures
· Competitive learning, Equivalent maps, Rule: the winner takes everything, competitive processes in networks
· Neural gas.
· Convolutional (convolution) networks with deep learning algorithms,
· Biology-inspired genetic algorithms, structure, basic genetic operations, solution optimization algorithm, in search of a global minimum 
· Fuzzy sets in modeling and classifiers,
· Hybrid systems, including fuzzy-neuron, wavelet-neural,
· Learning and validating data as a sample from the population, purification and preliminary data processing,
· Data visualization,
· Introduction to Python programming language and libraries supporting data analysis,
· The use of machine learning algorithms libraries 
E-learning: Not applicable


	LITERATURE
(compulsory reading)

	· K. Böhle, C. Coenen, M. Decker, M. Rader. Biocybernetic adaptation and privacy. Innovation: The European Journal of Social Sciences 2013, Vol. 26 (1-2). (online – EBSCO)

· J. Ma, C.G. Drury, The Human Factors Issues in Data Mining. Proceedings of the Human Factors and Ergonomics Society Annual Meeting 2003, vol. 47 (4). (online – Sage Journal)

· I. Jusufi, A. Kerren, F. Schreiber, Exploring biological data: Mappings between ontology- and cluster-based representations. Information Visualization 2013, vol. 12 (3-4). (online – Sage Journals)

	OPTIONAL LITERATURE
	· N.M. Adams, Perspectives on Data Mining. International Journal of Market Research 2010, vol. 52 (1). (online – Sage Journals)
· Links to resources:
· Program libraries and benchmark databases: https://keras.io/ , https://www.tensorflow.org/ , https://en.wikipedia.org/wiki/List_of_datasets_for_machine-learning_research 

	TEACHING METHODS
(Division into contact hours and e-learning)

	Contact hours:
Lectures using audiovisual means. Using the e-learning / moodle platform as a magazine to provide students with pdf scripts from lectures and additional materials, including examples of data analysis systems, libraries, links to interesting thematic resources on the web.
Demonstrations of architecture, algorithms and functionality of the discussed methods with examples in the form of e.g. films, use cases, presentation of example systems during the lecture.
Laboratories, part of the introduction explaining the problem to practical implementation, using audiovisual means and discussions. Implementation of lab tasks on computers in a development environment using dedicated data analysis libraries
E-learning: Not applicable

	TEACHING AIDS
	Lecture
Multimedia projector, portable computer, 
Laboratory
Multimedia projector, multimedia board, computer with programming environment for implementing methods,

	PROJECT
(if implemented in the framework of a classes module)
	Not applicable

	METHOD OF ASSESSMENT
(Division into contact hours and e-learning 

	Lecture: final exam in written or oral form.
Laboratory
Assessment of laboratory classes, report / report, final presentation of the implemented system. 


	FORM AND CONDITIONS OF ASSESSMENT
	the condition for obtaining credit is obtaining a positive grade in all forms of credit provided for in the curriculum, taking into account the quantitative criteria of grading set out in the Framework Student Evaluation System at the WSB University  in Dąbrowa Górnicza


* L-lecture, C-classes lab-laboratory, pro- project, e-e-learning
