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1.1 SYSTEM CONCEPTS
A system is an organized grouping of persons, methods, machines, materials and the like that collectively set to accomplish some specified objectives. Scope of the term system encompasses a variety of groupings. A human body, a computer, a business, a factory, a car even the universe can each be categorised as a system. Each system is composed of sub-systems which interact with each other, within the overall boundary of the parent system. Typically, in real life, a system turns out to be much more than the sum total of its sub-systems. This phenomenon is referred of synergy.
The business system receives inputs from the environment in the form of the resources, men, machines, material and money. The system also receives information from the environment so that management may define that goals, plans etc. needed by the system. An engineering system usually utilises the human efforts, materials, machines and finance to achieve the desired objectives. Systems are of the following two types basically:
(i) Physical System: Such systems exist in the physical form and can be seen and touched. Examples of the system are human respiration system, traffic system, business system etc.
(ii) Conceptual System: These systems exist in the mind of the persons. For example, system of time-hours, days, weeks, months and years is a conceptual system.
Parameters of a System: There are four salient parameters of a system as under:

(i) Input: All available information and data are included in it.

(ii) Output: Results or decision arrived is known as output.

(iii) Constraints: These are the various variables or conditions which affect the system   directly or indirectly.

(iv) Transfer function: It is the process by which the input is converted into output.
A system may be shown as below:

[image: image1.emf]
Fig. A simplified system.

The following is the standard system approach towards solving industrial problems:
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Fig. 2 System approach.

The system below shows a production of bushes:
[image: image3.emf]
The system of a scooter repairing shop is drawn below:
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Fig.  4. System of a Scooter repairing shop.

Following are the system parameters considering transportation as a system:

[image: image5.emf]
Fig. 5 Transportation system
1.2. OBJECTIVES OF A SYSTEM

Systems have many objectives like performance, reliability cost and timing. All factors are important for designing any system. According to the system requirement, weightage varies. Some system may stress performance, other reliabilities other cost etc. Lists of objectives are as follows:

(i) Performance: Performance is measured by efficiency of a system. Efficiency is ratio of output to input.

(ii) Reliability: Reliability is a measure of efficient system. The reliability of a system is the function of reliability of each of its components. !

(iii) Cost: In course of time due to competitive nature of the market it was realized that ascertaining of cost is not so important as controlling costs. Cost accounting helps the management in formulating operating policies i.e. determination of cost-volume-profit relationship.

(iv) Schedule: Scheduling is very important factor because 'time is money.' Any delay means loss of goodwill and increase of production cost.

1.3. CHARACTERISTICS OF A SYSTEM

Generally all systems have the following common characteristics.

(I) Specific objectives: The basic objective of a system is to achieve some goal. A business system, for example, may have profit-making as its corporate goal.

(II) Components: These are the sub-systems which collectively function to achieve goals of the system.

(III) Structure: Every system lies within certain boundaries which may or may not be precisely definable. For example, in a sales order processing system, the emphasis to be placed on its components or processes may differ from one organization to another. A system, in turn, consists of various parts or sub-systems. The latter are inter-related, inter-dependent and constitute the structure of the system. 
(iv) Behaviour: A system reacts to inputs from its environment, and these responses determine its behaviour. The responses, in turn, are governed by the rules or instructions which the components or sub-system are expected to follow in a particular set of circumstances. For example, a person (a human system); may instinctively look left and right before crossing a road.

(v) Self-regulating: A system tends to maintain itself in a steady state. In other words, a system is self-regulating and self-adjusting. These processes take place internally and are accomplished through dynamic interactions and feedbacks or outputs provided by one sub-system to another, as inputs.

(vi) Life cycle: Every system has its life cycle-birth, life and death.

1.3.1 System and Sub-System Relationships. A system, as mentioned earlier, is composed of a number of inter-related and inter-dependent sub-systems, the size of the latter depending upon such considerations as their manageability from practical point of view. In the hierarchy, the smaller units comprising a system are called subsystems or components, and the large unit enclosing a system is known a supra system or environment. It means, a sub-system is an element of a supra system. For example, the targeted subsystem of a family may be the church community or ethnic group to which it belongs.

Just as a system has its own goals or objectives, so have the sub-systems, of course, falling within the framework of the overall objective of the main system. To illustrate, the objective of a marketing system could be improvement of customer satisfaction. The sub-system, within the main system could have such sub-objectives as the following:

1. Reducing delivery time to, say, three days.

2.
Ensuring that orders are acknowledged latest by the next day, indicating also the delivery dates, with a minimum margin of deviation, and so on.

The process of sub-divisions of system into sub-system on its part, introduces the problem of communications between various sub-system, although, it may be noted that not all sub-systems connect with all other. In order not to over complicate communications as between subsystems, recourse is taken to one or the other of the following two approaches. In one approach the sub-systems, having common features, are grouped into certain clusters and a simple channel of communication is established between one cluster and the other. In the second approach, the sub systems are so organised that the coordination between them can be kept to the minimum. In other words, the sub-systems remain somewhat independent, but they are responsive enough when the output from one sub-system has to be input to another sub-system.
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Fig.  6. Hierarchical relations of sub-systems.

1.3.2 Interrelationship: 'System', 'Sub-system', 'Synergy', 'Structure', Behaviour and' Life Cycle of a System'. A system is an organised grouping of components viz, persons, methods, machines, and materials. These are collectively set to accomplish some specified objectives. A wide variety of groupings will come under the scope of the term 'system' e.g. a human body, a computer, a motor car, a factory, a company, and even the universe. The component or subdivision of a system is known as a subsystem. A DeskJet printer may be said to be a subsystem of a PC. In real life, a system turns out to be much more than mere sum-total of its subsystems. This phenomenon is known as synergy. The relationship of subsystems to one another is known as the structure of the system which gives cohesion to the system while the response of the system to various inputs is termed as its behaviour. Life cycle of a system reflects its birth, life and death. For example, an organisation may grow or decline. Likewise, an information system once developed and put to use may face redundancy in view of a changed situation/technology.

1.4. APPROACHES TO SYSTEMS DEVELOPMENT

There are two basic approaches to system development process, respectively referred to as bottom-up and top-down approaches.

Bottom-up approach: In this approach, an overall system development plan is worked out in the first instance. The initial emphasis is on transaction processing and updating of files at the operational level. To start with, separate application programs are developed for various operational activities with each having its own independent files. In course of time, the independent files are physically integrated in a database. The modules relating to the planning, controlling and decision-making function of the management are added later on when a request is received, for such sub-systems, within the ambit of the overall system development plan. This approach places greater emphasis on providing information to operating level management for tactical decision-making. Its drawback is that it somewhat, complicates the development process, with priorities going astray.

To-down approach: In this approach, top level systems, generating information on strategic aspects of the business, are developed in the first instance. These systems are then supported by sub-systems at the departmental level. This approach involves identification at the outset, of information needed from each subsystem, and the manner in which these are to be integrated at the various stages of subsystem development. This approach calls for clear vision of the whole system, besides careful planning and co-ordination.

As mentioned earlier, these approaches are often used in combination.

1.5. TOTAL SYSTEM AND ITS CONTROL

It would be relevant to add that a system which, in theory, completely, integrates various related subsystems within an organization is often termed as a total system. An example would be material controls subsystems (store and spares, purchasing and inventory) which could be interfaced with purchase ledger, engineering costing, financial accounting, work engineering and, the planning and control subsystems. While integration and interfacing has the advantage of system optimisation, the problem is that such optimisation cannot be carried too far due to practical considerations. These include laying down of clear-cut definition of subsystems and their boundaries, as well as identification of the sources of data collection, and of data retrieval system, to handle these demands.
Information needs from various subsystems may also undergo substantial changes, which may be difficult to fit into the overall system framework, already determined. Thus, it could be said that while partial integration of subsystems is desirable as well as possible, total integration is not a practicable proposition.

1.5.1. Control and feedback in systems. Control system are usually, structured separately from the system they are intended to control for example a cost control system is intended to control cost of production. These controls are basically, of administrative type. They do not directly carry out the control function but provide information to the concerned manager to do so, by means of feedbacks. The control activities basically comprise:

I. Setting norms of performance

2. Collecting facts

3. Carrying out comparison of actual performance with norms

4. Taking corrective actions.

Unlike in the case of certain types of machine operations, corrective actions cannot be automated in business systems. In the latter case deviations from norms have to be observed by a human being and/or by a computer program. The feedbacks generated by actual performances, are usually, of negative-type, and are termed as exception reports, to form the basis of corrective actions. Contrasted with concept of feedback is the concept of feed forward. When deviations signaled by the control system form the basis of adjusting current inputs to the system for establishing control parameters in respect of future operations, the error signals are referred to as feed forward of the system. The scope of feed forward may include in its objectives input-processor-output boundary, as well as inter-connections (called interfaces) between the sub-systems forming part of the main system.

1.5.2 Checklists for Analysis of a Proposed System. Checklist of questions, and answers elicited there against, are an effective means of determining the boundary as well as the input-processing-output requirements system. Checklists have to be tailor-made for each proposed system. In general terms, formulation of checklists is guided by the following types of considerations:

1. What is the type of information needed by particular users? (For example in an order processing system, information requirements would include details of incoming orders, stock position, customers’ credit rating and the like).
2. How would the information be processed?

3. What would be the level of accuracy required?

4. Can information in some documents be combined / integrated with information in other documents to keep the input processing cost to the minimum?

5. Can some details in the existing system be eliminated in the proposed system on redundancy consideration?

6. Can some departments or, at lest, their information needs combined in the proposed system?

7. What are likely to be the reactions of persons, to the changes, to be brought about by the proposed system?
The above list is only illustrative and not exhaustive.

1.5.3. Closed and Open Systems. In business situations a closed system is that which is insular and does not interact with the environment in such matters as exchange of information on business transactions, customer preference and the like. Since a business cannot exist in a vacuum. The concept of completely closed system does not have much relevance in business. This concept has a meaning only in scientific experimentations. In contrast, relatively closed systems are quite common in business type situations. This type of system may be defined as the one which controls its input and in this way is not unduly affected by external disturbances. A computer program which processes predefined inputs in accordance with predefined rules, falls in the category of relatively, closed systems.

On the other hand, an open system is one which interacts with its environment and can mould and adapt itself accordingly. In business situations, for their very existence, firms have to sensitive to such factors as changes in customer preferences, prices, and shapes of products. Packaging, etc. and adapt themselves accordingly. Adaptiveness is the main characteristic of open system. This capability is equally required in the design of computer based information system.

1.6. LAW OF REQUISITE VARIETY

Law of requisite variety is a control theory to obtain control. The law of requisite variety means for that a system to be controlled, every controller (human or machine or any other thing) must be equipped with

1. Sufficient control response (what to do in each case) to cover all possible conditions the system may face in practical situations.

2. Decision rules for creating all possible control responses or 

3. The authority to become a self-organizing system in order to generate control responses according to situations requirement.
1.7. SYSTEM COUPLING

Coupling means two sub systems are interdependent with each other or tightly linked with each other. For example, if the output of one process is put directly to another process as input, both process can be said to be tightly coupled, under these conditions, output of first process (input to the second process) must be precisely timed in order to avoid delays in second process. Tight coupled system requires a heavy co-ordination and good timing between sub systems. Because subsystems are somewhat independent, it is not possible to make them operate fully in synchronized manner. Due to practical problems and unavoidable situations, production process can experience unplanned delays. The solution is to decouple the subsystem so that they can operate in short run with some measures of independence. Decoupling can be done by following ways.

1. Use of inventory or buffer stock. If raw material subsystem and production subsystem are tightly coupled, then use of inventory of buffer stock provides the two systems to operate somewhat independently.

[image: image7.emf]
Fig.  7. Use of inventory or buffer stock

2. Use of slack and flexible resources. When the output of one subsystem is the input to another, the existence of slack and flexible resources permits subsystems to be somewhat independent.
[image: image8.emf]
Fig. 8 Use of slack and flexible resource

3. Use of standards. Standard costing system provides standard material, standard labour, standard overheated and other standard specifications which allow a subsystem to plan and organize with reduced need to co-ordinate, communicate with other sub-systems.

[image: image9.emf]
Fig. 9 Use of standard costing system
The process of decoupling has many benefits, but it is not without its costs. Decoupling mechanism has its costs like inventory, buffer, waiting time, slack resources, standards etc.

1.8. SYSTEM STRESS

There are so many types of systems, living or artificial, organisational, information, control etc. A stress is a force transmitted by a system's supra system that causes a system to change their goal or objective. Thereafter, the system imposes stress on its subsystems, and so on. According to stress system sets new goals and eliminates the old goal or without setting new goal, changes in achievement levels desired for existing goals. For example, the goal set for a manufacturing company may change if a requirement is imposed by management (the supra system) for system, specification of product to be improved according to customer's requirement.

Consequences of Stress: When a supra system imposes stress on a system, the system will change to accommodate the stress or it will decay and terminate. For example, in a computer environment, if a computer application system does not meet user updated information requirements, it will not be used. Day by day system files will become out dated.

Process of Adaption: System accommodates stress through the following manner.

1. Change in structure

2. Change in process

For example in a computer system data to be shared among multiple users rather than single user, this can be done by the installation of more user terminals-a structural change. Requirement for greater efficiency may be met by changing the method in which it sorts data-a process change.

1.9. ENTROPY

Entropy is a physical property of substances related to energy utilization and conservation. It is important to understand that entropy is a measure of energy that is not available to do work. Entropy is the thermodynamic property that measures the energy quality. System disorder, a degradation of quality of energy results in an increase in entropy. To minimise the increase in entropy requires inputs of matter and energy to repair, replenish, and maintain the system and proper design of the process. There must be matching between the energy resources and end use function, for controlling entropy. This maintenance input is called as negative entropy.

Examples of system maintenance through negative entropy are.
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1.10. FUNCTIONAL AND CROSS FUNCTIONAL SYSTEM

Most business are organised around the functional area because specific functional area provides professionalism and expertise. This system devotes too much attention to what happens within the functional are only and very less attention devotes for coordinating across the functional areas and maximising customer value. After recognising the disadvantages or functional system, Many firms have moved towards organising around cross-functional system or customer-oriented processes.
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1.11. WORK SYSTEM FRAMEWORK

Work system can be defined as, a system in which human participants and/or machines perform a business process using information, technology and other resources to produce products and/or services for internal or external customers. Information system can be defined as work system, whose business process is involved in to capture, transmit, store, retrive, manipulate and display information for supporting other work systems. The work system framework is quite general shown in Fig. 1.10.

[image: image13.emf]
Fig.  10. The concept of work system can be used to visualize almost any system that operates in an organiszation.

Work system is useful tool and it is used for different purposes like work systems for material procurements, producing and delivering final products, generating required financial reports, targeting customers and many other functions. 

Elements of the work system framework:
1. Customers. Customers use and receive benefits directly from end products and services produced by a work system. Customers are of two type external (outside the organization) and internal (inside the organisation).

2. Products and services. A work system produces final product and provides services for its customer.

3. Business process. Business process is a set of activities that are performed according to situations requirement within the work system.

4. Participants. Participants do the work, perform their duties in the business.

5. Information. Information is used by participants to perform their work. Some information may be computerized and some information may not be computerised.

6. Technology. Technology is the technique, hardware, software and equipment used by participants to perform their duties, work.

7. Context. Context is the environmental factor, organizational factor, competitive factor and other regular factor within which the work system operates.

8. Infrastructure. Infrastructure is resources like human (support and trained staff), information (shared database) and technical (network and programming technology).

Comparison of work system model with IPO (input-processing-output) model:
Input-processing-output model is simple; it doesn't consider other important factor like customer satisfaction and external factors. In work system model, there are four elements business process; participants, information and technology perform the system work. Product and customer are other two element of work system model, even though they are not part of the system but it reflects that any system but exists to produce outputs for its customers. Customer satisfaction, want are important to achieve success rather doing work, producing output as per initial product design. Context and infrastructure are other two element of work system model, even though they are not part of the system, related to external factors but any system's operation and success depends to some extent on external factors beyond the direct control of the system's participants.

