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Abstract: Hybrid controller is a major element in the projected system management of integrated university. University is seen as a complex system in partnership synergy with educational, research and business environment. There are shown characteristics that define a model of hybrid controller presented with appropriate block diagrams. Defined quality procedures are an essential part of an integrated quality assurance system for integrated university. For selected quality procedures, relating to the activities of teaching, research and management, the functions of the hybrid controller are shown. Especially is shown the quality procedure for Alumni Association feedback on the quality of teaching to degree programs, accredited one-semester courses and modules according to the Principles of Bologna Declaration. This means that the role of Alumni Association is adapted to the new way of studying and communicating with the university environment.
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1. INTRODUCTION

Quality assurance in the CIM enterprise of integrated production, information and communication technologies is an essential function that requires the integration of information from all levels of the production company to make quality products and services to be competitive in the market of goods, capital and knowledge [1]. Internal and external exchange of information is enabled by description of digital products and services, compatible with all computerized systems and standards.

Projected solutions for system management of university in synergy with educational and business environment resulting from the analysis of the results of research in the fields of complex systems and education [2, 3, 4]. Based on the analyzed objects of control and management models it is possible to define the characteristics of a complex system of university for which is needed to design components that will contribute to the integrated operations of digital university with information and communication infrastructure and with a unique information resource. The university is an educational-research-business institution of higher education with many features that are related to systems management: 
· A complex system with many components (subsystems and modules);

· A hierarchical system integrated with goals and objectives of individual sub-modules and subsystems;

· A system of multi-criterion decision-making;

· A system with dynamic changes (changes over time);

· A system of integrated disciplines of different expertise areas;

· A system with information feedback loop of educational and business environment;

· A system of integrated information of organizational units;

· A system of integrated internal and external activities and communications between university and environment;

· A system connected with users of education and research;

· A system with optimal adaptation to changes and demands (the Bologna process, the reform of higher education, competence in the knowledge market in Europe and in the world);

· A system of integrated information resources (an unique database/knowledgebase);

· A system with coordinate management, optimization and harmonization of conflicting demands;

· A system with advanced information and communication infrastructure of high technology;

· A system with built-in mechanism of gradual but steady improvement of the quality of all academic activities;

· A system which apply European and world standards for academic institutions;

· A system which is part of an integrated European area of education and research (EHEA
 + ERA
).

2. INTEGRATED MODEL OF UNIVERSITY
Many university functions during the operations are dynamically changing over time, indicating that the university is system with dynamic changes. Data and information appearing in higher education are not signals with rules known in advance. There are various dynamic discrete data generated during the regular academic and management activities of the university. Unlike static systems whose condition does not change over time, the university is a dynamic system over time with tends to growth and development and there is a need for constant change. An important feature of the university is: that is a system with time delay. In modern systems management information delay occurs when information measure of variable and its further processing does not occur in the same place [5]. The existence of systems with time delay is a consequence of the presence of delays inherent in the object and/or in individual components of the control system, or of deliberate introduction of delays in the system, structure or process (e.g. using feedback in order to achieve better management or other improvements). The functioning of the university is based on multiple feedback loops that introduce delay into the system management. The university is a deterministic system because during the work exactly specifies what is required from the output of the education system (e.g. qualifications, certifications, profiles of expertise). It is also a stochastic system because different responses in the system include random variables, as components defined with some probability (for example, unpredictable results of research that do not always provide new products or new technologies).  

The university is a nonlinear system with multi-dimensional state space in which a large number of inputs during the regular activities of the university, transformed into a large number of outputs using algorithms for managing, monitoring and prediction of system behavior [2, 4]. The most of the output signal through feedback loops are used for analyzing and improving management based on programmed controller algorithms. Adaptive systems with the functions of filtering, prediction and management are also responsive to the needs of managed digital university, because they have the ability to compensate unforeseen changes in the dynamics of processes or disorders affecting the system. Business of universities is followed by definition of business performances and quality indicators that represent discrete functions rather than continuous functions of time. The university is a complex system because the operations within the university produce a large number of processes (social, technical, economic, chemical and biological), that is characterized by the time-continuous, time-discrete, deterministic, stochastic, autonomous and no-autonomous. Annual reports on operations of the university and the evaluation reports in the accreditation procedures usually contain tabular and diagram displays which should be designed in a unique way for comparability at the university level. 

The data and knowledge of university are mostly deterministic nature, but in many activities with the valuation is embedded fuzzy logic. Database/knowledgebase as a unique information source of the university, a repository of information as an archive resource information, and control algorithms of controller should be designed for deterministic variables and fuzzy systems. Meaning of existence of multi-level and hierarchical relationship between them is explained by the principle of priority management actions. Management actions of subsystems at a higher level have priority over the execution of management actions at a lower level. At the higher level (faculty) there are decisions of strategic character (whose implementation took some time), while at the lower level (department) there are decisions largely with operational character.
3. SPECIFICATIONS FOR DESIGN OF HYBRID CONTROLLER OF INTEGRATED UNIVERSITY
The university is a complex educational-research-business system with many components that need to be integrated into a manageable system that operates effectively in a narrowly defined mission in society. The central place in the management of digital university belongs to the integrated system of quality assurance (Fig. 1) as part of an integrated information and communication system of university with also integrated information resources [4, 6].
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Fig.1. Integrated and partial systems of university and faculty

In order to define the characteristics of the hybrid controller for the integrated management of activities of universities starts with the role of each element in the block diagram that models the management of the university. Hybrid controller processes the input and feedback information containing data and knowledge of different types (signal, numerical data, diagrams, tables, fuzzy variables, etc.), as well as criteria for decision-making built-in algorithms that determine the size of the output controller to the next block of the adopted management model (Fig. 2).
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Fig.2. Hybrid controller and management of integrated university

The control unit of control system contains an error detector or a comparator and a unit that determines the way of management. Error detector calculates the difference of the current value of controlled variable and set reference value, determining the current deviation to make decisions that lead the management system in that way that these discrepancies are minimal and that seek to improvre the quality of managed system, subsystem or module [2, 4, 7, 8]. Component for determining the control mode convert found deviation in control or corrective action or in controlled output to reduce the deviation. Adaptive control systems and processes ensure their optimal and adaptive behavior and movement through the state space based on adaptive management in space and time.

Actuator is an element of system management that converts the output of the hybrid controller and implements executive action of the controlled element. Manipulating element is using output control units and components for immediate regulation of necessary actions. Actuators translate controlled outputs in final execution of controlled elements which directly alter the value of controlled variables. In context of activities of integrated university these are professional and governing bodies which make appropriate business decisions (Serbian Conference of Universities, Educational Council, Council, Senate, Board of Directors, Supervisory Board, Council Chair, Consortium Projects, Student Parliament, Union of Universities, Council for development of Higher education and other bodies) [2, 4].

Block diagram of the hybrid controller shown in Fig. 2 in more detail is shown in Fig. 3. Input block in hybrid controller is block for analyzing of input signals and information. The mechanism of decision making in the next block processes the input signals and information using an appropriate algorithm for a given class of problems for which it was designed. In the same time is used a database/knowledgebase and programs upon which is possible to generate reports for decision making. If a collision occurs when processing data, feedback is used for corrections. At the exit of the hybrid controller are formulated proposals taking into account the limitations of the system. The particular feedback line performs the measurement and evaluation of relevant parameters and control variables, based on which appropriate action is taken.
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Fig.3. Block diagram of hybrid controller
4. QUALITY PROCEDURES FOR UNIVERSITY
Quality procedures are the basis for the implementation of an integrated system of quality in an institution of higher education. A procedure in a standardized manner that complies with the specifications of ISO 9000 describes the activities of education, research and management of universities, colleges or institutes. Each institution of higher education (university, college or institute) should define a coherent system of internal and external quality procedures that are part of the adopted policy of improving quality and determining the codex of business behavior all individuals and all organizational units with clearly defined activities and responsibilities in their implementation [2, 4]. In that way the development and improvement of culture quality of institutions and strategy of continuous quality improvement of education and research at the university is achieved. Quality procedures should be documented in a manner that involves employees in institution of education to understand them and their simple and uniform application in business. This means that the digital description of the procedures should be in accordance with the specifications of applicable standards, where quality procedures are part of an integrated quality assurance system with a unique database/knowledgebase.

It is believed that the university has introduced and implemented an integrated quality assurance system if its own documentation is translated into a uniform database/knowledgebase and in repository of information.

4.1. Quality Procedures of Hybrid Controller
For purpose of development of the hybrid controller functions for integrated management of the university is given an overview of several quality procedures. Each of the quality procedures should include:

· Description of quality procedure of an integrated university;

· Block diagram of the functions of the controller for quality procedure;

· The algorithm operation of quality procedure;

· Program code for defined controller’s function.

Description of quality procedures in short explains the role of standardized procedures in an integrated quality assurance system that which is part of the overall information and communication system of digital university. Block diagram is showing the direct role of particular block in some standardized procedure. The algorithm operation of quality procedure provides graphically order of execution of the immediate tasks and perpetrators in the process. Program code is a software solution of a hybrid controller for a given quality procedure.

Below is given an overview of block diagram some of projected quality procedures [4]. These are: the procedure of monitoring the progress of students through the semester (QP-111014), the procedure for applying for research programs (QP-231024), and important procedure for feedback from Alumni Association (QP-331079). Identification numbers displayed quality procedures are determined on the basis of the adopted classifier for university activities of teaching, research and management.
4.2. The Procedure of monitoring the progress of Students through the Semester (QP-111014)
Description of the procedure for monitoring the progress of students through the semester (QP-111014)

The procedure for monitoring student progress through the study involves continuous recording of completed pre-examination and test obligations for each subject and calculate the current number of points, passed exams and current average of marks. Based on unfulfilled obligations it is possible to calculate the current study success because of ranking which is necessary to set priorities in the selection (e.g. selection of subjects, modules and directions, accommodation in student dormitories, etc.). 

Monitoring the progress of students through the process of university education is possible only by applying an integrated information system of the university with unique and integrated database/knowledgebase. Fig. 4. shows the initial database with information content of some entities and relations. Only on the basis of consistent and reliable database it is possible to define the correlation between the input quality and output quality in the process of university education.
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Fig.4. Initial database to track students progress
Efficacy studies can not be measured directly and depends on the number of subjects, length of study programs, quality teaching materials, use of equipment and software in teaching, studying and other. Taking into account the two available quality indicators that should accompany in the faculty’s student services, it is possible to determine the relationship of these indicators as a simplified value of effectiveness studies. The first indicator determined student success to acquire a programmed quantum of knowledge, while the second indicator defines the time during which the performance is achieved. In other words, the coefficient of effectiveness study would be a ratio of two indicators, average mark during study and length of study.  

Block diagram of the procedure for monitoring the progress of students through the semester  (QP-111014)

Block diagram of the quality procedure to monitor the progress of students through courses and semesters is shown in Fig. 5. The decision mechanism involves blocks related to the pre-examination activities and the final exam of each course. Points from pre-examination activities and results of the final exam are added to the previous success of students by providing current success of student and defining variables for feedback which are used for analysis and ranking of classes, students and professors.
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Fig.5. Block diagram of the controller’s function for QP111014
4.3. The Procedure for application for Research programs (QP-231024)
Description of the procedure for application for research programs

Quality procedure for applications for research programs define the way of making proposals and the procedure for application of the competition of the Ministry for Technological Development, European Commission and other institutions responsible for funding. Universities and faculties based on development strategies and programs of scientific-research areas apply with projects in consultation with users of research. The research results are implemented with business of users of research. With feedbacks are defined the control variables that determines the effects of implementing the results in business-research environment of universities.

Block diagram of the procedure for application for research programs (QP-231024)

Block diagram of the quality procedure for proposal for research programs is shown in Fig. 6. The decision mechanism involves blocks that define elements of the proposal whose are immediately entered into a database of appropriate software for project management. Each project has several phases in the life cycle, where the control points of execution and the quality of the results the most important parameters of successful research. Expected results of which are listed in the proposed project are compared with the results obtained, which must be acceptable to all users of research.
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Fig.6. Block diagram of the controller’s function for QP231024
4.4. The Quality procedure for feedback from Alumni Association (QP-331079)
Description of quality procedure for feedback from Alumni Association (QP-331079)

The main role of the Alumni Association is to provide feedback to improve teaching at faculties and universities. In that way Alumni Association represent one of the important subsystems of an integrated quality assurance system in the business of higher education. Reform of European’s universities according to the principles of Bologna declaration is stopped the role of older generation of Alumni to affect the quality of teaching of new one-semester subjects.

Newer generation must take over the role of the older generation, but for that part of the procedure should be enough time elapsed to obtain relevant feedback. Quality procedure QP-331079 establishes that possibility, so universities and faculties have enough time for younger generation to develop a sense of belonging to academic institutions which degree have acquired.

Block diagram of the procedure for feedback from Alumni Association (QP-331079)

Block diagram of the quality procedure for feedback form Alumni Association is shown in Fig. 7. The decision mechanism involves blocks that define the fields of teaching and teaching disciplines.
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Fig.7. Block diagram of the controller’s function for QP331079
5. CONCLUSION
Application of information-communication technologies in university management or in production-business enterprise is an essential precondition for the competitiveness of products and knowledge that requires constant change and adaptation. The elements of designed integrated information resource must to meet the requirements of modern and intelligent business and make decisions in real time, because the university and industry are very important to each other as business environment. Together they make up the world markets of products, technologies, and knowledge and expert services. Facility management is a university with its educational and business environment as a complex system that can be organized and managed in different ways. The integrated digital information system of university should to integrate all the partial information systems of faculty and other organizational units. Prerequisites for this long and complex task, which requires also a systematic approach, are: the integrated quality system, the classification of the elements of business, design of a unique database/knowledgebase, and define communication infrastructure and good organization of work.
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