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Abstract

The basic objective of this paper is to present an overview of important theoretic methods, models, techniques and tools which have been used, both in science and practice, in modern management of port systems, and to provide adequate proposals to enhance port resources management. Optimisation and simulation are basic techniques in addressing the issues related to managing transhipment processes. The former, i.e. optimisation, includes approaches and methods belonging to mathematical programming. The latter, i.e. simulation, is less rigorous from the mathematical point of view and closely refers to all the methods which explore the possibilities and seek the best solutions to the set tasks, with no criteria that have been set in advance and precisely defined for completing the search procedure. As both of these techniques, individually and mutually, have their advantages and shortcomings, one of the ways of improving the computer-supported decision-making in maritime management is to focus on connecting these techniques, i.e. designing the sort of approaches in the mathematical modelling of complex issues that would benefit from the advantages of the techniques and reduce their individual shortcomings. Apart from statistical and operations research methods, the artificial intelligence, based on the theory of learning, has improved the potentials of using the already acquired knowledge (through expert systems) and information (through neuron networks), with the aim of making efficient management decisions. The task of a system optimisation is to choose the best alternative from a number of likely and favourable variants, by acquiring the criteria leading to the optimum solution to the optimisation task. 
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1. Introduction
The proposed system of managing port transhipments, which is discussed in this paper, will enable the improvement of environmental protection as well as increase energy efficiency in maritime transport.

The field of optimisation relies on numerous advanced software applications which integrate sophisticated mathematical algorithms and modelling techniques with intelligent software programming and data processing abilities. These techniques include intelligent agents, soft computing, soft computing techniques (fuzzy logic, neural networks, genetic algorithms) and gradient methods. Numerical methods of programming include various iterative techniques used for maximizing (minimizing) the goal function of a set of variables, taking into account that the variables of the goal function must meet a number of constraints. The existence of more alternatives and criteria (some of which to be maximized and other minimized) means that the decisions are made in conflict conditions and that instruments which are more flexible than strict mathematical techniques of pure optimisation have to be applied in solving multicriterial tasks. In order to meet this requirement, various methods of analysis have been developed; the most important ones include AHP, PROMETHEE, ELECTRE, TOPSIS and CP. These methods are often called "soft" optimisation techniques, to distinguish them from mathematical strict-profile standard optimisation methods such as linear programming, dynamic programming or the game theory. All of them use heuristic parameters and offset measures. Some of them have variants (e.g. standard or multiple AHP, ELECTRE I, II, III and IV, or PROMETHEE 1 and 2). In practice, several methods are often used simultaneously to ensure the control of decision-making consistency. Fuzzy versions of some methods have been used recently in order to encompass the complexity of problems related to group decision-making, human subjectivity, expert knowledge, tendency to use verbal instead of numeric assessments and so on. The overall development of computer science has allowed for the application of mathematical theories and computer simulations of the complex systems' intelligent behaviour. A number of mathematical intelligence theories have been developed and covered by the term Computer or Artificial Intelligence (AI). In addition to the managers' expertise and observation abilities, the development of the strategy for managing port-transhipment systems requires the use of certain strategy tools such as the SWOT matrix and VRIO framework. The SWOT matrix presents a conceptual framework for system analysis. The matrix facilitates comparing external opportunities and threats to internal strengths and weaknesses. The above methods have an important role in business decision-making: their greatest advantage is an increased transparency when choosing among individual plausibilities.

Solving a management problem is a process that begins with an initial state and a problem field search aimed at finding sequences, iterations, and selections of operations or actions leading to a desired goal. Modern, scientifically shaped models for managing complex business, organisational and technical-technological systems and processes, favour the so-called R-M-M management model (R – results, M – methods, M – means). Each analysis defines the task, state assessment and implementation of the management system monitoring. First of all, one should clearly determine, measure and/or assess the obtained results or the degree of achievement of the set goals. It is only after a good analysis or an assessment of the obtained results that a good assessment of the means and methods can be carried out.

When managing a port transhipment system, as a logistic function, it is necessary to permanently deal with a number of complex issues, the essential ones being an optimal selection of transport technology and optimisation of the employment of means of transport. In theory as well as in practice, there are numerous models for solving these and similar problems. 

Examining the features of a real system can be carried out analytically, through studying an abstract system that is a mathematical model corresponding to a real system, thereby using mathematical tools which have been developed over centuries. The veracity of the features of a real system, which has been established upon the analysis of an abstract system, depends on the validity of assumptions while determining its mathematical model. An investigation of complex systems such as the optimisation of transhipment processes, considering their structure, behaviour and dynamics, requires a suitable methodology for solving the issues related to their functioning. Such a methodology requires a system analyzer who has a broad foreknowledge, a serious and in-depth analysis of the system, and its categorisation. In addition to the above aspects, it is necessary to take into consideration the changing nature of the processes which are easily affected by changes from the neighbourhood. The purpose of the scientific management is to make decisions based on quantitative, i.e. mathematical methods. There are two key methods: management techniques and mathematical methods. 
The essential problem of a successful operation of a port transhipment system, i.e. process is an efficient management of the cargo discharging process. Namely, managers of this complex process deal with a multi-dimensional goal function and with additional constraints, requirements, and potential stochastic occurrences. In order to run such a complex system effectively, it is necessary to use computer-supported scientific optimisation methods, special optimisation-simulation (and vice-versa) techniques, and simulation system-dynamic models. 

From a system point of view, managing ports in general implies a spatial and time integration of all relevant resources, needs and measures that ports use for achieving the best (optimum) performance and improvement. The implementation of global, regional and local objectives and priorities in the streams of management means directing the decision-making processes towards the usage of modern scientific achievements and new technologies. When talking about new technologies, we primarily refer to the so-called system (management) scientific methods and tools that are based upon, or are strongly associated with, computer and information technologies. Here the very term technology has the broadest possible meaning as it refers to problem modelling, solution analysis techniques, heuristic decision-making, and much more – which has not been encompassed under the term technology in classic definitions.
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The management of port-transhipment processes consists of determining management activities from the set of permitted management activities and their realisation. In addition to human factor, the management of the transhipment processes at container terminals requires efficient planning, organisation and control of management activities. New concepts of transhipment of large container ships are aimed at achievement of a fully automated transhipment process that is computer-supported and classically controlled. The development trends have to be directed and harmonized at macro and micro level. From the macro point of view, logistic and port measures need to define the impact and importance of the port system within the country's economy and traffic system, the role and importance of individual ports within the port system, and the size and financing of the port infrastructure. Scientific research has developed two basic techniques for addressing the issues related to managing transhipment processes – optimisation and simulation. 

The former, i.e. optimisation, includes approaches and methods belonging to mathematical programming. The latter, i.e. simulation, is less rigorous from the mathematical point of view and closely refers to all the methods which explore the possibilities and seek the best solutions to the set tasks, with no criteria that have been set in advance and precisely defined for completing the search procedure.

In the first case, the optimum solution is sought explicitly, whereas in the second one it is sought implicitly. As for optimisation, the optimum either exists or does not exist, and the goal of the optimisation technique is to resolve the dilemma. The optimisation can be then applied in order to perform an in-depth analysis of the data and to identify the implications of various decisions before they have been made. A simulation can not ascertain whether there is or there is not an optimum; if an optimum exists, the simulation does not have a rigorous mechanism to directly determine the optimum; instead, it uses clever search of permissible possibilities to approach approximate or acceptable solutions. 
As both of these techniques, individually and mutually, have their advantages and shortcomings, one of the ways of improving the computer-supported decision-making in maritime management is to focus on connecting these techniques, i.e. designing the sort of approaches in the mathematical modelling of complex issues that would benefit from the advantages of the techniques and reduce their individual drawbacks. Over the past two decades, special optimisation-simulation (and vice-versa) techniques have been developed. The development of new software packages of simulation techniques provides new possibilities in interactive work and communication via models, which leads to further integration of simulation into the planning process. The techniques include intelligent agents, soft computing, soft computing techniques (fuzzy logic, neural networks, genetic algorithms) and gradient methods. Optimisation techniques rely on the gradient and are able to determine the search directions according to the goal function derivation: method of fastest descent; Newton's method, optimisation techniques, which do not require information on goal function inference to search for the set of parameters which minimize / maximize the goal function.
In order to address the port-transhipment management issue, up-to-date scientific methods have been suggested. The paper describes an approach to solving the optimisation problem, which is based on using artificial neuron networks. In mathematical and technical literature they are referred to as neuron networks, although some other terms have been also used, e.g. parallel processing, parallel processing networks, networks of distributed parallel processing, connectionist networks, and the like. Due to analogies with real biological systems, a part of terminology has been borrowed from biology, thereby simplifying the explanation of characteristic terms and occurrences in neuron networks. Nowadays the genetic (generic) algorithms represent a very powerful and practical tool for solving a number of optimisation problems, owing to the simplicity of the idea that forms their groundwork and the simplicity of application. In spite of the growing application and an increased range of genetic algorithm research field, the results obtained at the theoretical level remain questionable, and genetic algorithms have basically remained a heuristic method to date. The game theory is a theory that analyzes making management decisions in situations where there is a conflict of interest. Classic linear methods have been used so far in scientific investigation of the system behaviour dynamics. This papers presents application potentials of one of the most efficient modelling methods, the system dynamics (SD) as well as a number of other modern successful scientific methods.

Today's research in the field of computer-supported modelling and simulation, constantly seeking new and better approaches for specification and implementation of simulation models, have revealed the compatibility between simulation and expert systems on the one hand, and simulation and object-oriented paradigm on the other. Integration of the Web and the Java language is a technological step forward which allows for a fundamentally new approach to simulation modelling. As a method for analysing the behaviour of more complex dynamic systems, simulation has been used in practice for years. The growing demands regarding the increasingly complex systems that are being modelled have resulted in development of better, more effective and powerful tools and software for the specification and implementation of simulation models. So the practice of making simulation models has been changing, from coding in general purpose languages, via usage of specialised simulation languages, to designing models using higher-level languages and formalisms. The evolution of languages and higher-level formalisms for the specification of simulation models has been motivated by the desire to make simulation more accessible, notably by eliminating difficulties in programming. Recently a considerable advancement has been made in modelling and simulating, owing to technological enhancements in hardware (the "boom" of computer networks, parallel computers, quality graphics) on the one hand, and the emerging new methodologies in simulation, following the development, on the other.

In designing and functioning of the systems, it is hard to deny the necessity for, at least, soft optimisation, given the fact that this allows for considerable cost saving. During the stage of designing, the goal is to determine the range of working conditions of a steady state of the individual sub-systems. This can be achieved by determining the extreme of a specific goal function, restricting the equivalence and non-equivalence.

If the number of variables is large, which is often the case in large systems, difficulties in computing may arise. However, the problem can be effectively solved by methods of a higher-level static optimisation, particularly owing to the fact that the existence of specific interrelated subsystems results in sparse matrices in the description of the entire system. This efficiently compensates for the problem of redundant time.

The dynamic or functional (operative) stage is a field where it is much harder to apply the method of optimisation in the observed large, interrelated systems. The need for a dynamic optimisation appears as the system state may differ from the desired or previously calculated steady state conditions (static optimisation). Fluctuations in the system state may stem from changes at the system's inlets, undesired disturbances, variations in parameters of the managed object, etc. In order to return the system state vector to the desired, previously calculated values, an online (direct) change of control signals is needed. However, if the system returns to the desired values of the steady state in an "optimum" way, it is obvious that considerable economic savings may be expected. Likewise, it would be very useful if the system state could be moved from one set of values to another in an "optimum" way. 

The analytic hierarchic process belongs to soft optimisation methods. Basically this is a specific tool for forming and analysing hierarchic decision-making. The AHP first of all allows for an interactive creation of problem hierarchy as a preparation for a decision-making scenario, and then ensures the evaluation of the hierarchy elements in pairs (goals, criteria and alternatives) in top-down direction. In the end, a synthesis of all evaluations is made, and weighting coefficients of all elements of the hierarchy are determined, following a strict mathematical model. The sum of weighting coefficients at each hierarchy level is equal to 1, which enables a decision-maker to rank all elements horizontally and vertically. The AHP allows an interactive analysis of the evaluation procedure sensitivity to final ranks of the hierarchy elements. The analytic hierarchic process is flexible as it ensures, in complex problems featuring numerous criteria and alternatives, a relatively easy detection of relations among influential factors, recognition of their explicit or relative influence and importance in real conditions, and determination of dominance of one factor with regard to another. Namely, the method assumes the fact that even the most complex problem can be fragmented into a hierarchy, involving both qualitative and quantitative aspects of the problem in further analysis. The AHP maintains all elements of the hierarchy in connection so that it is easy to see how a change of one factor affects other factors.

The problem of managing port-transhipment processes is complex, and its complexity arises from: 1. Complexity, incompleteness, uncertainty and the conflict nature of the know-how with regard to defining and achieving goals. Number and/or vagueness (poor structuring) of options; 2. Large number of parameters affecting the management decision; 3. Existence of more managers who have different perceptions of problems and may also have conflict objectives; 4. Time limits in the management process. 

Solving a management problem is a process that begins with an initial state and a problem field search aimed at finding sequences, iterations, and selections of operations or actions leading to a desired goal. The strategy of the problem solving lies in turning external stimuli into symbols in order to handle the problem more easily, and creating a problem's mental model – a problem area. The problem area consists of causes of elements or symbols that represent the state or the way a situation may occur, and inter-element relations which correspond with operations that can change one state into another. 

Artificial intelligence – technology comprising methods and procedures that use knowledge for managing information (data), allowing for new conclusions which are not explicitly programmed. The artificial intelligence emerges from the recognised abilities of computers to handle non-numerical symbols and from the cognitive psychologists' need for software programs which would simulate human behaviour in the process of problem solving. The artificial intelligence methods include systems for decision-making support, expert systems, soft computing, neuron networks, genetic algorithms, fuzzy logic, natural language processing (interpreting), robotics, and hybrid systems.

Soft computing – robust methods which, in a variety of ways, allow lack of accuracy, uncertainty, and partial authenticity. There is no insisting on the optimal solution; the one that is satisfactory is accepted. The basic model of soft computing is the human brain. It is becoming increasingly clear that the amazing ability of the human brain functions efficiently in non-accurate and uncertain environment, exceeding the capacities of traditional computing methods and logical concluding. There are three types of soft computing: fuzzy logic – belonging to a set is not simply expressed by 0 and 1, but by probability arising from an interval (0,1); neuron network (designing a model by gradual learning the data acquired beforehand); and genetic algorithms (seeking the most suitable solution as is the case in the evolution processes). 
Evolutionary algorithm – is an overall notion that describes systems for computer-supported problem solving, which use computing methods of the evolution processes as the key-elements of their implementation. When seeking potential solutions, the evolutionary algorithms use the principles of natural selection and survival of the fittest.

Nowadays the genetic (generic) algorithms represent a very powerful and practical tool for solving a number of management-optimisation problems, owing to the simplicity of the idea that forms their groundwork and the simplicity of application. A genetic algorithm (GA) is a robust and adaptive method which has been successfully applied to major optimisation problems, both artificial and real world problems. In spite of the growing application and an increased range of genetic algorithm research field, the results obtained at the theoretical level remain questionable, and genetic algorithms have basically remained a heuristic method to date. Genetic algorithms are a stochastic method of finding an optimal solution (starting with randomly selected starting points in order to avoid the problem of the local minimum) and present a fundamental evolutionary approach. The essential optimisation principles in genetic algorithms include: variable values are encoded as binary numbers (such as binary vector is called a chromosome); a population is achieved by random generation of starting points or units, and the fitness function is determined for each of the units. The fitness function forms the basis for the selection of units, for performing the operations of cross breeding and mutation (combining and changing of values in chromosomes), for re-assessing the fitness function of a new population, and for other iterative procedures until a satisfactory solution is reached. 

Autonomous agents present software which, in interaction with the environment, is able to react in a flexible and independent way, in line with the set objectives. In this context, the interaction with the environment implies an ability of the agent's reaction to the input provided by the sensors from the environment and an ability of performing actions that alter the environment in which the agents operate. The environment in which the agents operate may be physical (real world) or software (computer featuring the agent or the Internet). Independency means that the system is able to react without users' (or other agents') intervention and to have control of its own actions and the internal conditions. Such a system should be able to learn from experience. Characteristic experiments using evolutionary autonomous agents (EAA) consist of a population of agents which undergo the evolution process through the use of genetic algorithm over a number of generations; the fittest ones survive in the given environment. Neuron networks are particularly suitable for the procedure as they have teaching abilities. A neuron network receives and processes input data from the environment and controls the behaviour of agents, selecting their actions. During evolutionary learning, the agents independently carry out their task and their performance is evaluated after a period of time. After that, a new generation of agents is created, taking into account the agents from the previous generation that performed best. The procedure is repeated over a number of generations, the ultimate result being the population of agents whose behaviour and neurodynamics are most adapted to the environment conditions.

Fuzzy logic, as one of the leading methodologies of intelligent technologies, has experienced an increasing practical application in maritime and commercial systems of decision-making, optimisation, etc. The development of certain areas in mathematics, such as the theory of fuzzy sets, has enabled a realistic description of uncertainty and vagueness in managerial issues. The fuzzy set theory is a system discipline based on the knowledge system and can be considered a soft computing discipline. It makes sense to apply the fuzzy set theory in the situations where the data values and their mutual relations are uncertain and not accurate. Their assessment is based on a subjective forecasting of an expert, when it is hard to determine the measure of the data, where the register does not provide enough data that are necessary for a quantitative analysis, when some volumes within the problems have not been defined clearly and accurately, when the experts' insights into an observed problem are complex, limited and incomplete, where conditions are always changing, so that the observed value is impossible to describe in a stochastic way.

The development of the fuzzy set theory has enabled the elimination of uncertainty and inaccuracy due to lack of a good register. Fuzzy approach is used in cases where there is a source of uncertainty and inaccuracy of any kind. Fuzzy approach describes uncertainties with the aid of fuzzy sets and fuzzy numbers.

Deriving rules from a database draws if-then rules which rely on the statistical value of the obtained search results. 

Simulation modelling. One of the leading modern methods of a scientific research of complex non-linear systems, with the aid of digital computer, is the discrete and continuous simulation modelling. The method enables description, comprehension and quantitative analysis of complex dynamic systems in manufacturing, economy, transport, mass serving, etc. Simulation models are models of dynamic systems, i.e. systems that change with time, in discrete moments, or systems that are continuous, such as production processes, cargo port-transhipment processes, storage and transport, traffic, etc. Simulation modelling offers increasing possibilities in formulating and solving complex problems, mostly owing to the revolutionary development of information technologies, informatics, computer science, telecommunications and computers.

3. Conclusions
In this paper, the use of the game theory applied to the problem of running port transhipment processes is based on the example of a zero sum game with two players. The term game refers to any conflict between two opposed sides which needs to be analysed. It does not refer to a social game. Although called players, the participants do not have to be persons. In our specific case, the players participating in the situation are ship – port (transhipment system) or port (transhipment system) – transport system. Ships from all corners of the world arrive to a seaport. All these ships have to be served (cargo discharging or loading, fuel bunkering, provision supplying, overhauling, etc.). The services must be carried out in such a way that maximum economic effects are obtained. The ship arrival times are often not known in advance as large ship navigation is affected by a number of random factors that cause deviations. Given the amount of goods to be discharged or loaded in a port annually, average ship carrying capacity and the port transhipment capacity, it is important to find out how many berths should be constructed in order to obtain maximum economic effects. The problem may be solved by the game theory although it is rather solved by the queuing theory. In a zero sum game with two players, the loss experienced by the first player (ship) is equal to the gain of the other player (port – transhipment system) and vice-versa. The loss/gain has to be expressed in a numerical way, which is not always easy in real situations. Another constraint lies in the fact that players have a finite number of strategies, i.e. possibilities for making moves in a conflict. The problems can be solved by means of the program Mathematica which features efficient commands to Maximize and Minimize the optimisation. Since the terms strategy and strategic goals have been introduced into business terminology, we have been using a number of contents that depend on directions and actions taken for reaching the set strategic goals in a planned or adaptive way. In their essence, all these strategies may be classified into the following four basic categories, with regard to reaching goals dynamics: fast or attack strategy, restricted or defensive strategy, innovative strategy, and combined strategy. The innovative strategy shall be applied by a system which is able to proportionally raise the level of reaching goals over a set period of time. The attack strategy shall be applied when the conditions allow its application, which means that, in the beginning, reaching goals will be faster than the time increase in, say, the innovative strategy. It is not possible to maintain this strategy's initial tempo and dynamics all the time, so that in the end the dynamics slows down. The restricted strategy shall be applied under conditions featuring pronounced initial difficulties; the reaching goals dynamics will have to accelerate in the following time stages. When using this strategy it is important not to allow a drop below the permitted level or a failure in realisation. The application of a selected strategy, i.e. maintenance of the dynamics of its trajectory, shall take place in real variable conditions, so that the real realisation will probably oscillate around the assumed trajectory. It is important to estimate the upper and lower permissibility limits of the project's proceeding. As a rule, a strategic plan shall provide a more detailed groundwork for the realisation of the project which, depending on its complexity, may consist of a number of interrelated sub-projects. 
The most significant future changes will be induced by emergence of new intelligent systems featuring an in-built learning ability. The project of artificial intelligence has ceased to be a privilege of exclusive laboratories and is slowly spreading to fully concrete applications in various fields.

Development of artificial neuron networks has led to a huge progress in the field of artificial intelligence. Although this is a discipline that is relatively unfamiliar to a larger population, it has made a considerable progress in the age of increasingly widespread computers. Scientists engaged in various disciplines have been designing more and more artificial neuron networks in order to solve problems such as recognition, forecasting, optimisation processes, associative memory and control. Artificial intelligence and soft computing share the same goal: to build systems capable of developing human cognitive abilities and intelligence (machine intelligence). Complex real problems require intelligent systems that combine knowledge, techniques and methodologies from various sources. Soft computing and neurofuzzy are new disciplines. Soft computing is an innovative approach for constructing computer intelligent systems. Fuzzy systems are soft computing techniques. Fuzzy approach ensures an efficient approach for describing the behaviour of systems which are very complex, incompletely defined, and which cannot be mathematically described in an accurate way. Many human activities imply intelligence, for instance stowage of cargo into containers, onboard distribution of containers, strategic games, solving mathematical problems, navigation, and so on. If computers are able to carry out such tasks, it is then assumed that these computers (together with their software) have a degree of artificial intelligence.
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