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Module-III

CIM Implementation: CIM and company strategy, System modeling tools-IDEF models,
Activity cycle diagram, CIM open system architecture (CIMOSA), Manufacturing
enterprise wheel, CIM architecture, Product data management, CIM implementation
software.
Data Communication: Communication fundamentals, Local area networks, Topology,
LAN implementations, Network management and installations.

5. Introduction to CIM Implementation
CIM and company strategy
Does that mean the starting point for CIM is a network to link all the existing
islands of automation and software? Or is it the integration of the existing departmental
functions and activities as suggested by the CIM wheel?
The answer to both the questions just posed is no. the starting point for CIM is
not islands of automation or software, not is it the structure presented by the CIM
wheel, rather it is a company’s business strategy.

System modeling tools
It is helpful if the modeling tool is of sufficient sophistication that it exists in three forms:


As a representation of the system



As a dynamic model



As an executable model

IDEF and IDEF0
IDEF initially provided three modeling methods


IDEF0 is used for describing the activities and functions of a system



IDEF1 is used for describing the information and its relationships



IDEF2 is used for describing the dynamics of a system
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Activity cycle diagrams
This modeling approach follows the notation of IDEF0 by having activities
represented as rectangles and by having the activity names specified inside the
rectangle. All resources which are to be represented in the model are classified as
entity classes.

CIM open system architecture (CIMOSA)
CIMOSA was produced as generic reference architecture for CIM integration as
part of an ESPRIT project. The architecture is designed to yield executable models or
parts of models leading to computerized implementations for managing an enterprise.

Manufacturing enterprise wheel
The new manufacturing enterprise wheel’s focus is now the customer at level 1,
and it identifies 15 key processes circumferentially at level 4. These are grouped under
the headings of customer support, product/process and manufacturing.

Production Strategy
The production strategy used by manufacturers is based on several factors; the two
most critical are customer lead time and manufacturing lead time.
Customer lead time identifies the maximum length of time that a typical customer is
willing to wait for the delivery of a product after an order is placed. Manufacturing lead
time identifies the maximum length of time between the receipt of an order and the
delivery of a finished product.
Manufacturing lead time and customer lead time must be matched. For example, when
a new car with specific options is ordered from a dealer, the customer is willing to wait
only a few weeks for delivery of the vehicle. As a result, automotive manufacturers must
adopt a production strategy that permits the manufacturing lead-time to match the
customer's needs. The production strategies used to match the customer and
manufacturer lead times are grouped into four categories:
1. Engineer to order (ETO)
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2. Make to order (MTO)
3. Assemble to order (ATO)
4. Make to stock (MTS)

Engineer to Order
A manufacturer producing in this category has a product that is either in the first stage
of the life-cycle curve or a complex product with a unique design produced in single-digit
quantities. Examples of ETO include construction industry products (bridges, chemical
plants, automotive production lines) and large products with special options that are
stationary during production (commercial passenger aircraft, ships, high-voltage
switchgear, steam turbines). Due to the nature of the product, the customer is willing to
accept a long manufacturing lead time because the engineering design is part of the
process.

Make to Order
The MTO technique assumes that all the engineering and design are complete and the
production process is proven. Manufacturers use this strategy when the demand is
unpredictable and when the customer lead-time permits the production process to start
on receipt of an order. New residential homes are examples of this production strategy.
Some outline computer companies make personal computer to customer specifications,
so they followed MTO specifications.

Assemble to Order
The primary reason that manufacturers adopt the ATO strategy is that customer lead
time is less than manufacturing lead time. An example from the automotive industry was
used in the preceding section to describe this situation for line manufacturing systems.
This strategy is used when the option mix for the products can be forecast statistically:
for example, the percentage of four-door versus two-door automobiles assembled per
week. In addition, the subassemblies and parts for the final product are carried in a
finished components inventory, so the final assembly schedule is determined by the
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customer order. John Deere and General Motors are examples of companies using this
production strategy.

Make to Stock
MTS is used for two reasons: (1) the customer lead time is less than the manufacturing
lead time, (2) the product has a set configuration and few options so that the demand
can be forecast accurately. If positive inventory levels (the store shelf is never empty)
for a product is an order-winning criterion, this strategy is used. When this order-winning
criterion is severe, the products are often stocked in distribution warehouses located in
major population centers. This option is often the last phase of a product's life cycle and
usually occurs at maximum production volume.

5.1 Manufacturing Enterprise (Organization)


In most manufacturing organizations the functional blocks can be found as:



A CIM implementation affects every part of an enterprise; as a result, every block
in the organizational model is affected

Fig. 73
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Sales and Promotion


The fundamental mission of sales and promotion (SP) is to create customers. To
achieve this goal, nine internal functions are found in many companies: sales,
customer service, advertising, product research and development, pricing,
packaging, public relations, product distribution, and forecasting. Sales and
promotion interfaces with several other areas in the business.



The customer services interface supports three major customer functions: order
entry, order changes, and order shipping and billing. The order change interface
usually involves changes in product specifications, change in product quantity
(ordered or available for shipment), and shipment dates and requirements.



Sales and marketing provide strategic and production planning information to the
finance and management group, product specification and customer feedback
information to product design, and information for master production scheduling
to the manufacturing planning and control group.

Product/Process Definition Engineering


The unit includes product design, production engineering, and engineering
release.



The product design provides three primary functions: (1) product design and
conceptualization, (2) material selection, and (3) design documentation.



The production engineering area establishes three sets of standards: work,
process, and quality.



The engineering release area manages engineering change on every production
part in the enterprise. Engineering release has the responsibility of securing
approvals from departments across the enterprise for changes made in the
product or production process.

Manufacturing Planning and Control (MPC)


The manufacturing planning and control unit has a formal data and information
interface with several other units and departments in the enterprise.
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The MPC unit has responsibility for:

1. Setting the direction for the enterprise by translating the management plan into
manufacturing terms. The translation is smooth if order-winning criteria were used to
develop the management plan.
2. Providing detailed planning for material flow and capacity to support the overall plan.
3. Executing these plans through detailed shop scheduling and purchasing action.
MPC Model for Information Flow

Fig. 74

Shop Floor


Shop floor activity often includes job planning and reporting, material movement,
manufacturing process, plant floor control, and quality control.



Interfaces with the shop floor unit are illustrated.
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Fig. 75

Support Organization


The support organizations, indicated vary significantly from firm to firm.



The functions most often included are security, personnel, maintenance, human
resource development, and computer services.



Basically, the support organization is responsible for all of the functions not
provided by the other model elements. Production Sequence :one possibility for
the flow required to bring a product to a customer
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Fig. 76

5.2 Computer-integrated manufacturing (CIM) is the manufacturing approach of using
computers to control the entire production process. This integration allows individual
processes to exchange info with each other and initiate actions.
Through the computers integration, manufacturing can be faster and less errorprone, although the main advantage is the ability to create automated
manufacturing processes.
Typically CIM relies on closed-loop control processes, based on real-time input from
sensors. It is also known as flexible design and manufacturing.
CIM encompasses the entire range of product development and manufacturing
activities with all the functions being carried out with the help of dedicated SW
packages. The data required for various functions are passed from one application
SW to another in a seamless manner. For example, the product data is created
during design. This data has to be transferred from the modeling SW to
manufacturing SW without any loss of data.
CIM use a common DB wherever feasible and commun-tech to integrate design,
manufacturing and associated business. CIM reduces the human component of
manufacturing and thereby relieves the process of its slow, expensive and errorprone component.
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The term "CIM" is both a method of manufacturing and the name of a computerautomated system in which individual engineering, production, marketing, and
support functions of a manufacturing enterprise are organized. In a CIM system
functional areas such as design, analysis, planning, purchasing, cost accounting,
inventory control, and distribution are linked through the computer with factory floor
functions such as materials handling and management, providing direct control and
monitoring of all the operations. CIM also encompasses the whole lot of enabling
technologies including total quality management, business process reengineering,
concurrent engineering, workflow automation, enterprise resource planning and
flexible manufacturing. A distinct feature of manufacturing today is mass
customization. This implies that though the products are manufactured in large
quantities, products must incorporate customer-specific changes to satisfy the
diverse requirements of the customers. This requires extremely high flexibility in the
manufacturing system. As a method of manufacturing, three components
distinguish CIM from other manufacturing methodologies:
Means for data storage, retrieval, manipulation and presentation
Mechanisms for sensing state and modifying processes
Algorithms for uniting the data processing component with the sensor/modification
Component.
CIM is an example of the implementation of info and common technologies in
manufacturing
CIM implies that there are at least two computers exchanging info, e.g. the controller of
an arm robot and a micro-controller of a Computer Numerical Control(CNC) machine.
Some factors involved when considering a CIM implementation are the production
volume, the experience of the company or personnel to make the integration, the level
of the integration into the product itself and the integration of the production processes
CIM is most useful where a high level of ICT is used in the company or facility, such as
CAD/CAM systems. Manufacturing engineers are required to achieve the following
objectives to be competitive in a global context
 Reduction in inventory
 Lower the cost of the product
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 Reduce waste
 Improve quality
 Increase flexibility in manufacturing to achieve immediate and rapid
response to:
 Product & Production changes
 Process & Equipment change
Change of personnel

5.3 CIM Models
Industrial enterprises throughout the world are undergoing a transformation.
Globalization of economy has thrown several challenges to the manufacturing manager.
The products are now designed to meet the specific market needs. The concept of
maketo-stock is increasingly replaced by make-to-need. Quick response to market
needs is another important requirement today. Enterprises are exploring new ways to
manufacture products with better and better quality at competitive prices. Manufacturers
are recognizing competitive advantages in service differentiation to the customers.
Environmental aspects and safety features are factors of major concern of product
designers and manufacturing engineers. These are reflected in the current trend to
reexamine the business processes and the shift to the optimization of the business
processes. Industrial concepts like agile manufacturing, lean production, teamwork, and
collaborative product engineering, maximum use of communication facilities like
Internet, etc. are being adopted by the industries for this purpose. Topics like elimination
of waste and continuous improvement of products and processes are to-day common in
the agenda of manufacturing engineers.
The role of information systems and technology is very critical for implementing these
concepts. Therefore the CIM architecture to day attempts to integrate business
processes, people, computers, and software through an infrastructure of enabling
platforms. Computer Integrated Manufacturing (CIM) is an ideal concept in which
computer based manufacturing applications communicate information to coordinate
design, planning and manufacturing processes. Traditional approaches to integration
focus on either developing translations between two systems or a single data file that
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acts as a database for all integrated tools. What is needed, however, is an integration
architecture, which supports each application’s local data requirements. To understand
each system’s data requirements, there is a need to model them using a unified
information model.
Manufacturing management today has to face several challenges, in order to be
competitive in the world market. The manufacturing system has to be highly flexible. At
the same time the delivery schedules are to be strictly adhered to. The various
problems that manufacturing companies face are listed below:
(i) Manufacturing of products often requires introduction of changes in specifications as
the job progresses.
(ii) Capacity management is often one of the tough problems. Manufacturing jobs are
complex which make scheduling to meet delivery dates a difficult exercise. Sometimes
a customer wants rescheduling which makes it necessary to reschedule many other
jobs.
(iii) For efficient manufacturing management it is necessary to track at various order
levels, component levels and assembly levels. Tracking is also necessary to monitor
material consumption, material flow and cost.
(iv) It may be necessary to strike a balance between make to order and make to stock
depending upon the market conditions. The approach to CIM model development is
quite different from traditional database approach. As in a traditional database
environment, a CIM environment involves many tools, which may be modeling the same
entity. The data in CIM could be grouped into three: life cycle related, domain related
and level of abstraction related. Within these categories, data integration or translation
may be well-defined. Life cycle related applications include requirements definition,
design process and implementation procedures. The domain related group includes
detailed design, production planning and control, manufacturing, inspection, assembly,
testing, shipping, marketing, sales and servicing and retirement of the product. The
design of the manufacturing facility and the development and implementation of the
corporate management structure from an entirely different group.
The need to integrate various shop floor and operation management related activities
into a system has led to the development of a number of software models. Some of
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them may not be in active use today but are historically important in the development of
CIM. These models have been developed by either joint international initiative like
ESPRIT or computer companies like IBM. Some of the models are briefly described
below:
(i) ESPRIT - CIM OSA Model
(ii) NIST-AMRF Hierarchical Model
(iii) Siemens Model of CIM
(iv) CIM Model of Digital Equipment Corporation
(v) IBM Model of CIM
The following sections describe these approaches in detail.

ESPRIT - CIM OSA MODEL
European Strategic Program for Research and Development in Information Technology
(ESPRIT) is an industrially oriented R&D program with the aim of improving the
competitiveness of the European Community industries. The ESPRIT strategy has been
the creation of an environment in which multi-vendor production systems can be
implemented at reasonable cost. (OSA refers to Open System Architecture). CIM- OSA
was developed by AMICE (a consortium of 30 major European vendors and users of
CIM systems (e.g. IBM, HP, DEC, Siemens, Fiat, and Daimler-Benz) for ESPRIT.
Within the framework of the CIM-OSA concept, it is possible to construct CIM
architectures for various manufacturing industries and applications from basic building
blocks according to defined guidelines. An integrating infrastructure is provided to
organize and schedule the enterprise activities. Fig. 77 shows CIM-OSA integrating
infrastructure. Since activities, information and control are treated as three different
entities, it is possible to make changes in one entity without greatly affecting another
one. The dynamic feature of the model enhances the flexibility of an enterprise to
quickly adapt to changing material and information flow.
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Fig. 77 CIM-OSA Integrating Infrastructure

CIM-OSA separates functions using two interrelated concepts.
• The CIMOSA Modeling Framework in which specific and generic functions are clearly
separated.
• The CIMOSA Integrating Infrastructure supporting execution of generic functions and
linking specific functions. It is effectively the communication system, which
interconnects all of the functions in the CIM system.
CIMOSA defines four modeling views of the enterprise functions:
• The Function View describes work flows
• The Information View describes the Inputs and Outputs of Functions
• The Resource View describes the structure of resources (Humans, machines, and
control and information systems)
• The Organization View defines authorities and responsibilities
An enterprise consists of engineering and operation functions. The CIM-OSA model
provides a mechanism for preparing and structuring the planning and control activities
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of these functions and for changing structured information between them. With the help
of a computer, a planner is able to consult the CIM-OSA reference architecture to
construct
 an operating environment for his application (Fig. 78).

Fig. 78 Operating Environment to Apply CIM-OSA Model

The manufacturing operation can be described with the help of requirements description
language to draft the enterprise model and the specification of the basic capabilities to
define the compliant components. With the available CIM-OSA reference architecture,
user describes the basic capabilities, which are needed for building the system. The
user also specifies a set of standard services to execute the task of the enterprise using
modules of the physical system. With this information, the system selects the necessary
modules from the library of compliant components, which forms the basic building
blocks for configuring the physical manufacturing system. The CIM-OSA model has a
hierarchical

structure

to

describe

an

enterprise,

and

the

intermediate

and

implementation levels to define sub-functions.
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CIMOSA -Computer Integrated Manufacturing Open System Architecture is the
enterprise modeling framework, which aims to support the enterprise integration of
machines, computers and people. Its framework is based on the system life cycle
concept, and offers a modeling language, methodology and supporting technology to
support these goals is a 1990s European proposal for open system architecture for
CIM developed by the AMICE Consortium as a series of ESPRIT projects. The goal of
CIMOSA was "to help companies to manage change and integrate their facilities and
operations to face worldwide competition”
CIMOSA provides a solution for business integration with four types of products:
The CIMOSA Enterprise Modeling Framework providing a reference
architecture for enterprise architecture
CIMOSA IIS, a standard for physical and application integration.
CIMOSA Systems Life Cycle is a life cycle model for CIM development
and deployment.
 Inputs to standardization, basics for international standard development.
The main focus of CIMOSA has been to construct:
a framework for enterprise modelling, a reference architecture
an enterprise modeling language
an integrating infrastructure for model enactment supported by
a common terminology
CIMOSA aims at integrating enterprise operations by means of efficient information
exchange within the enterprise
CIMOSA models enterprises using four perspectives:
 the function view describes the functional structure required to satisfy the
objectives of an enterprise and related control structures;
 the information view describes the information required by each function;
 the resource view describes the resources and their relations to functional
and control structures; and
 the organization view describes the responsibilities assigned to
individuals for functional and control structures
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CIM is an integration process leading to the integration of the manufacturing enterprise
Dictated by the needs of the individual enterprise this process usually starts with
the need to interchange information between the some of the so called islands of
automation
Flexible manufacturing cells, automatic storage and retrieval systems,
CAD/CAM based design etc. are the examples of islands of automation i.e. a
sort of computer based automation achieved completely in a limited sphere of
activity of an enterprise
This involves data exchange among computers, NC machines, robots, gantry
systems etc.
Therefore the integration process has started bottom up
The interconnection of physical systems was the first requirement to be
recognized and fulfilled.

Integration of technologies brings following benefits:
1. Creation of a truly interactive system that enables manufacturing functions to
communicate easily with other relevant functional units
2. Accurate data transferability among manufacturing plant or subcontracting
facilities at implant or diverse locations
3. Faster responses to data-changes for manufacturing flexibility
4. Increased flexibility towards introduction of new products
5 Improved accuracy and quality in the manufacturing process (continued)
Improved quality of the products.
7. Control of data-flow among various units and maintenance of user-library for
system-wide data.
8. Reduction of lead times which generates a competitive advantage.
9. Streamlined manufacturing flow from order to delivery.
10. Easier training and re-training facilities.
CIM is considered a natural evolution of the technology of CAD/CAM which by
itself evolved by the integration of CAD and CAM
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Massachusetts Institute of Technology (MIT, USA) is credited with
pioneering the development in both CAD and CAM
The need to meet the design and manufacturing requirements of
aerospace industries after the Second World War necessitated the
development these technologies
The manufacturing technology available during late 40’s and early 50’s
could not meet the design and manufacturing challenges arising out of
the need to develop sophisticated aircraft and satellite launch vehicles
This prompted the US Air Force to approach MIT to develop suitable
control systems, drives and programming techniques for machine tools
using electronic control
The idea of "digital manufacturing" was prominent the 1980s, when
computer-integrated manufacturing was developed and promoted by
machine tool manufacturers and the Computer and Automated Systems
Association and Society of Manufacturing Engineers (CASA/SME).
"CIM is the integration of total manufacturing enterprise by using
integrated

systems

and

data

communication

coupled

with

new

managerial philosophies that improve organizational and personnel
efficiency."
Integration of components from different suppliers: when different
machines, such as CNC, conveyors and robots, are using different
communications protocols
Data integrity: The higher the degree of automation, the more critical is
the integrity of the data used to control the machine
While the CIM system saves on labor of operating the machines, it
requires extra human labor in ensuring that there are proper safeguards
for the control data signals
Process control: Computers may be used to assist the human operators
of manufacturing facility, but there must always be a competent engineer
to handle circumstances which could not be foreseen by SW designers
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CIM makes full use of the capabilities of the digital computer to improve
manufacturing. Two of them are:
i. Variable and Programmable automation
ii. Real time optimization
A computer-integrated manufacturing system is not the same as a "lightsout" factory, which would run completely independent of human
intervention, although it is a big step in that direction
Part of the system involves flexible manufacturing, where the factory can
be quickly modified to produce different products, or where the volume of
products can be changed quickly with the aid of computers
Some or all of the following subsystems may be found in a CIM operation
 Computer-aided techniques:
CAD (computer-aided design)
CAE (computer-aided engineering)
CAM (computer-aided manufacturing)
CAPP (computer-aided process planning)
CAQ (computer-aided quality assurance)
PPC (production planning and control)
ERP (enterprise resource planning)
A business system integrated by a common database.

Computer-aided design (CAD) also known as computer-aided design and
drafting (CADD)is the use of computer technology for the process of design and
design-documentation
CAD describes the process of drafting with a computer providing the user with
input-tools for the purpose of streamlining design processes; drafting,
documentation
CAD output is often in the form of electronic files for print or machining
operations
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CAD-based SW is in direct correlation with the processes; industry-based SW
typically uses vector-based(linear) environments whereas graphic-based SW
utilizes raster-based one
Computer-aided engineering (CAE) is the broad usage of computer software to
aid in engineering tasks
It includes computer-aided design (CAD), computer-aided analysis (CAA),
computer-integrated

manufacturing

(CIM),

computer-aided

manufacturing

(CAM), material requirements planning (MRP), and computer-aided planning
(CAP)
Computer-aided process planning (CAPP) is the use of computer technology to
aid in the process planning of a part or product, in manufacturing
CAPP is the link between CAD and CAM in that it provides for the planning of
the process to be used in producing a designed part
Computer-aided manufacturing (CAM) is the use of computer SW to control
machine tools and related machinery in the manufacturing of work pieces
CAM may also refer to the use of a computer to assist in all operations of a
manufacturing plant, including planning, management, transportation and
storage
Primary purpose is to create a faster production process and components and
tooling with more precise dimensions and material consistency, which in some
cases, uses only the required amount of raw material while simultaneously
reducing energy consumption
Computer-aided quality assurance (CAQ) is the engineering application of
computers and computer controlled machines for the definition and inspection of
the quality of products
Project management software is covering many types of SW including
estimation and planning, scheduling, cost control and budget management,
resource allocation, collaboration SW, communication, quality management and
documentation which are used to deal with the complexity of large projects
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Enterprise

resource

planning

(ERP)

integrates

internal

and

external

management info across an entire organization, embracing finance/accounting,
manufacturing, sales and service, customer relationship management
It automate this activity with an integrated SW application
Its purpose is to facilitate the flow of info between all business functions inside
the boundaries of the organization and manage the connections to outside
stakeholders
CIM software comprises computer programms to carry out the following
functions:
 Management Information System
 Sales & Marketing & Finance
 Database Management
 Modeling and Design
 Analysis
 Simulation
 Communications
 Monitoring
 Production Control
 Manufacturing Area Control
Devices and equipment required:
 CNC, Computer numerical controlled machine tools
 DNC, Direct numerical control machine tools
 PLCs, Programmable logic controllers
 Robotics
 Computers
 Software
 Controllers
 Networks
 Interfacing
 Monitoring equipment
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 Technologies:
 FMS, (flexible manufacturing system)
 ASRS, automated storage and retrieval system
 AGV, automated guided vehicle
 Robotics
 Automated conveyance systems
 Others:
 Lean manufacturing

5.4 Conceptual model of manufacturing
The computer has had and continues to have a dramatic impact on the development of
production automation technologies. Nearly all modern production systems are
implemented today using computer systems. The term

computer integrated

manufacturing (CIM) has been coined to denote the pervasive use of computers to
design the products, plan the production, control the operations, and perform the
various business related functions needed in a manufacturing firm. CAD/CAM
(computer-aided design and computer- aided manufacturing) is another term that is
used almost synonymously with CIM.

Let us attempt to define the relationship between automation and CIM by developing a
conceptual model of manufacturing. In a manufacturing firm, the physical activities
related to production that take place in the factory can be distinguished from the
information- processing activities, such as product design and production planning, that
usually occur in an office environment. The physical activities include all of the
manufacturing processing, assembly, material handling, and inspections that are
performed on the product.

These operations come in direct contact with the product during manufacture. They
touch the product. The relationship between the physical activities and the information
processing activities in our model is depicted in Figure 5. Raw materials flow in one end
of the factory and finished products flow out the other end. The physical activities
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(processing, handling, etc.) take place inside the factory. The information-processing
functions form a ring that surrounds the factory, providing the data and knowledge
required to produce the product successfully. These information-processing functions
include (1) certain business activities (e.g., marketing and sales, order entry, customer
billing, etc.), (2) product design, (3) manufacturing planning, and (4) manufacturing
control. These four functions form a cycle of events that must accompany the physical
production activities but which do not directly touch the product.

Now consider the difference between automation and CIM. Automation is concerned
with the physical activities in manufacturing. Automated production systems are
designed to accomplish the processing, assembly, material handling, and inspecting
activities with little or no human participation. By comparison, computer integrated
manufacturing is (Fig 79)

Figure 79 Model of manufacturing

In the figure 5 Model of manufacturing, showing (a] the factory as a processing pipeline
where the physical manufacturing activities are performed, and (b) the informationprocessing activities that support manufacturing as a ring that surrounds the factory
concerned more with the information-processing functions that are required to support
the production operations. CIM involves the use of computer systems to perform the
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four types of information-processing functions. Just as automation deals with the
physical activities, CIM deals with automating the information-processing activities in
manufacturing.

5.5 Organization and Information Processing In Manufacturing
Manufacturing firms must organize themselves to accomplish the five functions
described above. Figure 7 illustrates the cycle of information-processing activities that
typically occur in a manufacturing firm which produces discrete parts and assembles
them into final products for sale to its customers. The factory operations described in
the preceding section are pictured in the center of the figure. The informationprocessing cycle, represented by the outer ring, can be described as consisting of four
functions:
1. Business functions
2. Product design
3. Manufacturing planning
4. Manufacturing control

Business functions
The business functions are the principal means of communicating with the customer.
They are the beginning and the end of the information-processing cycle. Included within
this category are sales and marketing, sales forecasting, order entry, cost accounting,
customer billing, and others. Figure 7 Information-processing cycle in a typical
manufacturing firm An order to produce a product will typically originate from the sales
and marketing department of the firm. The production order will be one of the following
forms: (1) an order to manufacture an item to the customer's specifications, (2) a
customer order to buy one or more of the manufacturer's, proprietary products, or (3) an
order based on a forecast of future demand for a proprietary product.

Product design
If the product is to be manufactured to customer specifications, the design will have
been provided by the customer. The manufacturer's product design department will not
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be involved. If the product is proprietary, the manufacturing firm is responsible for its
development and design. The product design is documented by means of component
drawings, specifications, and a bill of materials that defines how many of each
component goes into the product.

Manufacturing planning
The information and documentation that constitute the design of the product flow into
the manufacturing planning function. The departments in the organization that perform
manufacturing planning include manufacturing engineering, industrial engineering, and
production planning and control. As shown in Figure 7, the in formation-processing
activities in manufacturing planning include process planning, master scheduling,
requirements planning, and capacity planning. Process planning consists of determining
the sequence of the individual processing and assembly operations needed to produce
the part. The document used to specify the process sequence is called a route sheet.
The route sheet lists the production operations and associated machine tools for each
component (and subassembly) of the product. The manufacturing engineering and
industrial engineering departments are responsible for planning the processes and
related manufacturing details. The authorization to produce the product must be
translated into the master schedule or master production schedule. The master
schedule is a listing of the products to be made, when they are to be delivered, and in
what quantities. Units of months are generally used to specify the deliveries on the
master

schedule.

Based

on

this

schedule,

the

individual

components

and

subassemblies that make up each product must be planned. Raw materials must be
requisitioned, purchased parts must be ordered from suppliers, and all of these items
must be planned so that they are available when needed. This whole task is called
requirements planning or material requirements planning. In addition, the master
schedule must not list more quantities of products than the factory is capable of
producing with its given number of machines and workers each month. The production
quantity that the factory is capable of producing is referred to as the plant capacity. We
will define and discuss this term later in the chapter. Capacity planning is concerned
with planning the manpower and machine resources of the firm.
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Manufacturing control
Manufacturing control is concerned with managing and controlling the physical
operations in the factory to implement the manufacturing plans. Shop floor control is
concerned with the problem of monitoring the progress of the product as it is being
processed, assembled, moved, and inspected in the factory. The sections of a
traditional production planning and control department that are involved in shop floor
control include scheduling, dispatching, and expediting. Production scheduling is
concerned with assigning start dates and due dates to the various parts (and products)
that are to be made in the factory. This requires that the parts be scheduled one by one
through the various production machines listed on the route sheet for each part. Based
on the production schedule, dispatching involves issuing the individual work orders to
the machine operators to accomplish the processing of the parts. The dispatching
function is performed in some plants by the shop foremen, in other plants by a person
called the dispatcher. Even with the best plans and schedules, things sometimes go
wrong (e.g., machine breakdowns, improper tooling, parts delayed at the vendor). The
expediter compares the actual progress of a production order against the schedule. For
orders that fall behind, the expediter attempts to take the necessary corrective action to
complete the order on time.

Inventory control overlaps with shop floor control to some extent. Inventory control
attempts to strike a proper balance between the danger of too little inventory (with
possible stock-outs of materials) and the expense of having too much inventory. Shop
floor control is also concerned with inventory in the sense that the materials being
processed in the factory represent inventory (called work-in-process). The mission of
quality control is to assure that the quality of the product and its components meet the
standards specified by the product designer. To accomplish its mission, quality control
depends on the inspection activities performed in the factory at various times throughout
the manufacture of the product. Also, raw materials and components from outside
sources must be inspected when they are received. Final inspection and testing of the
finished product is performed to ensure functional quality and appearance.
CIM is recognized as Islands of Automation. They are
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1. CAD/CAM/CAE/GT
2. Manufacturing Planning and Control.
3. Factory Automation
4. General Business Management
CASA/SME’s CIM Wheel is as shown in Fig 80

Figure 80 CASA/SME’s CIM Wheel

Product data management (PDM): CIM implementation software
The four major modules typically contained within the PDM software are


Process models



Process project management



Data management
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Data and information kitting

The PDM environment provides links to a number of software packages used by
a company. They are


A CAD package



A manufacturing/production management package



A word processing package



Databases for various applications



Life-cycle data

Communication fundamentals


A frequency



An amplitude



A phase which continuously changes



A bandwidth



An introduction to baseband and broadband



Telephone terminology



Digital communications

Local area networks


Signal transmission, baseband and broadband



Interconnection media

Topology


Star topology



Ring topology



Bus topology



Tree topology

LAN implementations


Client server architecture



Networks and distributed systems



Multi-tier and high speed LANs

Network management and installation


Security and administration



Performance
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Flexibility



User interface



Installation

5.6 CIM Architecture
CIM Architecture Overview
To develop a comprehensive CIM strategy and solutions, an enterprise must begin with
.solid foundations such as CIM architecture. A CIM architecture is an information
systems structure that enables industrial enterprises integrate information and business
processes It accomplishes this first by establishing the direction integration will take;
and second, by defining the interfaces between the users and the providers of this
integration function. The chart illustrates how CIM architecture answers the enterprise’s
integration needs. As you can see here, CIM architecture provides a core of common
services. These services support every other area of the enterprise—from its common
support functions to its highly specialized business processes.

Three key building blocks
The information environment of an industrial enterprise is subject to frequent changes in
systems configuration and technologies. A CIM architecture can offer a flexible structure
that enables it to react to these changes. This structure relies on a number of modular
elements that allow systems to change more easily to grow along with enterprise needs.
And as you can see from the chart on the facing page, the modular elements that give a
CIM architecture its flexible structure are based on three key building blocks:
• Communications—the communication and distribution of data.
• Data management—the definition, storage and use of data
• Presentation—the presentation of this data to people and devices throughout the
enterprise
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Fig 81 CIM Architecture Elements

Utilizing these building blocks, CIM architecture can provide a consistent base for
integrating the enterprise’s product, processes and business data. It can define the
structure of the hardware, software and services required to support the enterprise’s
complex requirements. And it can translate this information into a form that can be used
by the enterprise’s people, devices and applications. In the following sections we will
examine the advantages each of these building blocks brings to the CIM environment.
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5.7 Communications in the CIM environment
Communications or the delivery of enterprise data to people, systems and devices is a
critical aspect of CIM architecture. This is because today’s industrial environment brings
together a wide range of computer systems, technologies, system architectures,
operating systems and applications. This range makes it increasingly difficult for people
and machines to communicate with each other especially when they describe and
format data differently. IBM has long recognized this need to communicate data across
multiple environments. Our first response was developing Systems Network
Architecture (SNA) in the 1970’s. SNA supports communication among different IBM
systems, and over the years ft has become the standard for host communications in
many industrial companies. However, in the CIM environment communications must be
even more integrated. It must expand beyond individual areas, throughout the entire
enterprise, and beyond—to customers...to vendors...and to sub-contractors.
Communications in the CIM environment will involve a wide range of data transfer, from
large batches of engineering or planning data to single-bit messages from a plant floor
device. Many connectivity types and proto cols must be supported to enable the
enterprise’s people, systems and devices to communicate. This is especially true in
cases where response time is critical, such as during process alerts.

6. Introduction to Data Communication and Networking
Data is defined as the raw, unorganized information that is available on each
component of a CIM system like a PC, Robot, and Workstation or CNC machine.
Normally, each component wants access to all the necessary data to make decisions.
This means each component in a CIM system, can take advantage of all the available
information to achieve higher reliability, more optimal processing or manufacturing and
higher throughput.

Networks allow channels of communications to exist among various sections of a
manufacturing system. Real-time modifications to business plans can be effected via
communications through the network. Networks are essential to move information faster
across various users or various segments of CIM. For example, while the design is
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being completed, if the manufacturing engineer has access to the design data of the
component, the engineer can plan fixture design and start creating the program for
manufacture. The process-planning engineer can select a suitable machine tool to
machine the component. These are typical cases where time can be saved. Networks
are today integral parts of CIM systems, which have made data sharing easy, peripheral
changing or interfacing easy and information sharing possible.

6.1 Principles of Networking
Advances in technology have been adding more processing power into smaller
computers. The trend has been to move away from massive, centralized computers,
which handle every task to networks of smaller desktop computers, each closely
tailored to a particular application. From the manufacturing standpoint, this eliminates
the possibility of shutting down the entire plant if a large central computer fails. It is
easier to replace a defective PC. More desktop computers can be added to the network
depending on the need. Thus, the network is scalable. Networking also allows
incremental growth of the overall system with minimal investment and disruption.
Networking is a convenient technique for tying together the various “islands of
automation” which were discussed in Chapter 1 and in the process makes integration
possible through high-speed data exchange between different automated segments.
Networking of computers was initially adopted successfully by service sectors like
banking, airline and train reservation etc. and later was introduced in manufacturing
industries. Today, many designs involve collaborative efforts of hundreds of engineers.
Networked systems facilitate quick information exchange and effectively cut down
development lead-time. Some examples are:
(i) Design and development of VLSI and UVLSI chips like microprocessors.
(ii) Design and manufacture of aircrafts and automobiles.
Communication networks can be classified into four categories depending upon the
physical separation of the communicating devices:
(i) Miniature (< 50 m): Such networks are concerned with the interconnection of multiple
computational elements.
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(ii) Small (< 500 m): These are concerned with the interconnection of multiple
computational units.
(iii) Medium (< 1 km usually): These networks are concerned with the interconnection of
multiple computational units (office workstations, CAD systems, shop floor computers
and data collection terminals, CNC systems, Robots etc.). These are connected through
a Local Area Network (LAN), or Intranet. LAN may cover distances more than one 1 km
too.
(iv) Large (> 1 km): Large networks involve connection of remote mainframes,
networking of a minicomputer system to a remote mainframe or terminals etc. It can be
citywide (Metropolitan Area Network-MAN) or countrywide or Worldwide-WAN). With
Internet becoming more and more popular, the intranet-internet- extranet technologies
have found favour with manufacturing companies.

6.2 Network Techniques
Network technology can be broadly classified into two categories. They are Local area
network (LAN) or Wide area networks (WAN). LANs are intended to serve a number of
users who are physically located close together. WANs are more akin to telephone
network, tying different people in different buildings, cities or even countries. A message
is routed through several interim points before reaching its final destination; a WAN may
also incorporate the ability to automatically change to an alternate message routing path
if the computer at one location fails. A LAN (local area network) has 2 to 10 times more
traffic on it than a wide area network (WAN). Each individual point within a network that
can communicate through the network is called a node. Each node is assigned a unique
address. This way, a destination address can be put into each message and it can be
sent to correct recipient.

Local Area Network (LAN)
A network is a linking of a group of computers to communicate with each other and
share software and hardware resources via the cables and interfaces that connect the
computers and peripherals. Application softwares used in a network allow several users
access the same program and data at the same time. As the name implies, a Local
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Area Network or LAN is a system that covers short distances. Usually LAN is limited to
a single department or a single building or a single campus. Typical data transmission
speeds are one to 100 megabits per second.

Fig. 82 A Typical Local Area Network
Fig. 82 shows a typical network, in which two LAN’s are shown, each networking a
number of computers connected to its file server. A network connects together a
number of workstations, as shown in the figure. Another way of interconnection is
through a router to which a number of asynchronous terminals are connected. Remote
access to another LAN can be affected through a Router-Modem-Public Switched
Telephone Network- Modem-Router scheme. A router is intermediate equipment, which
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transfers data between two networks that use the same protocols. Modem is an
equipment that connects a computer to a telephone line (usually voice grade). Modems
also connect a large local network to a network provider over a leased line which is a
dedicated communication line leased from the Department of Telecommunications
(DOT) by one or more user organizations. Leased lines provide faster communication
capability than dial-up lines. Common resources of the network include a bank of
printers and plotters and facilities for disc mirroring and disc duplexing.

Local area networks (LANs) fall into different sizes. Their topology, access method,
medium, and market are different throughout. It is a private data communications
system covering a limited geographical area, which is typically about a kilometre long. A
LAN lets a factory network communicate with computers vertically and horizontally. It
allows sharing of input and output devices and databases. The LAN allows access to
remote mainframes. Many LAN topologies are available today.

A LAN is capable of data transfer rates of 1-10 Mbits/sec in computer-to-computer
communications. It also handles requirements of dissimilar devices found in various
applications, involving human, machines, and databases. A LAN can integrate the
hardware and data on shop floor. An advantage of a LAN is that it allows electronic
communications to maintain, optimize, and use external database resources and
process controls with less than 10 seconds response. It does appropriate filtering of
messages so that bad messages cannot get through, and it allows downloading of
program and data into production equipment like programmable controllers, numerical
controllers, and microprocessors to facilitate flexible manufacturing. LANs allow
machines and managers and supervisors to monitor the entire process by “zooming”
onto any particular segment in as great detail as necessary. The LAN can monitor
quality and make corrections, or, stop process to allow humans to make corrections,
before the quality or yield of system goes down below acceptable levels.
A basic requirement of a LAN is that it must have a flexible architecture to permit PC’s
and other computers located where they are needed. It must also be possible to remove
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a computer without causing disruption. Reliability is another important aspect. Since the
manufacturing activities depend upon the working of LAN, the LAN system must be
highly reliable. The most widely used LAN system is Ethernet.
PC’s attached to a LAN can use the processing capabilities of other intelligent devices
in the network as in a host-to-terminal network.

Components of a Small Local Area Network
A LAN in a CIM setup is a system comprising the following basic components:
(i) Computers: (PC’s, Design Workstations, CNC Systems, robots, PLC’s etc.)

(ii) Network Cable: A transmission cable is attached to each device (computer/
peripheral) to enable the transmission of messages from one device to another.
The details of cables commonly used are given in Table 1.

Table 1 Cables used in Networking

The simplest form of Ethernet uses a passive bus operated at 10 Mbps. The bus is
formed from a 50-Ohm co-axial cable, which connects all the computers in the LAN. A
single LAN may have up to a maximum of 1024 attached systems, although in practice
most LANs have far fewer. One or more pieces of coaxial cable are joined end to end to
create the bus, known as an “Ethernet Cable Segment”. Each segment is terminated at
both ends by 50-Ohm resistors (to prevent reflections from the discontinuity at the end
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of the cable) and is also normally earthed at one end (for electrical safety). The
computers are attached to the cable using transceivers or network interface cards. The
two major means of electrically carrying data on a LAN are as follows: BASE BAND
allows devices to send digital data at a set speed. All nodes in the LAN are exposed to
data, but a node will ignore a message if it is intended for another node.
BROAD BAND is similar to cable television. A number of very high frequency signals
are placed in line and data is sent using these signals as “carriers,” in the same way as
television uses several channels. Several “networks” can, in essence, share the same
cable, because it is possible to filter out all but desired “carriers”.

(iii) Network Interface Card (NIC): This is communication hardware in the form of an
add-on card for sending and receiving messages. This is also called network adapter.
NIC is plugged into one of the slots of the PC expansion slots and the transmission
cable is attached to the connector provided on the card. A detailed description of
network cards is given in section 15.7.

(iv) Network Server: Network Server is the computer used to manage shared resources.
Server is a combination of hardware and software. The file server performs the following
tasks:
• Manages the shared hard disc
• Makes sure that multiple requests do not conflict each other
• Protects data
• Prevents unauthorized access to databases and application programs
• Maintains a list of privileges and authorizations
(v) Central Mass Storage: The hard disc of the file server should have sufficient capacity
(usually in term of several Gigabytes) to meet the storage requirements of the users of
the network.

Network Wiring Methods
There are two basic ways by which three or more nodes can be incorporated in a
network. These are point-to-point and multi-drop. (Refer Fig. 83)
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Fig. 83 Network Wiring Methods

6.3 Network Topologies
There are several commonly used network topologies, or ways of routing the
interconnections. (Refer Fig. 84)

(i) Star Network: This means running a separate cable or line between server and each
node. This is useful when a master slave relationship exists between the server and the
nodes. For sending data and files from one node to another a request should be made
to the server, which establishes a dedicated path between the nodes. The data can be
transmitted through this path.
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Fig. 84 Network Topologies

(ii) Ring Network: This involves connecting all nodes in series. The cable will normally
loop back to form a full circle. This is some times used when nodes are widely
separated, as each node can act as a repeater (amplifier) for message destined for
downstream nodes. The data will have to pass through other nodes before reaching the
server. The data is sent in the form of a packet which contains both source and
destination addresses of the data. As the packet circulates through the ring the
destination station copies the data into its buffer and the packet continues to circulate
until it goes back to source workstation as an acknowledgement.
(iii) Bus Networks: This type on interconnection allows all nodes to share the same
cable. Any message that travels on the cable is “seen” by every node on the cable. This
topology uses both base band and broadband transmission.
(iv) Hybrid Networks: This includes features of more than one topology to achieve the
optimal trade-off of reliability, performance, flexibility and cost.
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6.4 Computer Integrated Manufacturing and Enterprise Integration
An introduction to Computer Integrated Manufacturing (CIM)
-

According to SME, CIM is the integration of the total manufacturing enterprise
through the use of integrated systems and data communications coupled with new
managerial philosophies that improve organizational and personal efficiency.

-

CIM is made possible by the computer technology today and has many advantages
over the traditional manufacturing systems.

-

A step forward is enterprise integration.

The idea in enterprise-wide integration is to integrate people, technology, business
processes, customers and suppliers located at dispersed geographic locations.
-

There are three essential tools for enterprise integration:

-

Network communication

-

Database management systems

-

Group-ware.

-

In this section, we will briefly introduce these tools, following by a discussion on the
framework of CIM.

Network communication
-

Terminology used in network communication

-

Hertz (Hz):

number of cycles per second

-

Baud:

number of signals per second

-

Data rate:

number of bits sent per second (bps)

-

Channel:

a logic communication path

-

Bandwidth:

the band of frequency used by a communication path

-

Channel capacity:

number of bits that can be transmitted per second

-

Interoperability:

two systems work with each other through interface

-

Local area network:

LAN is used to interconnect local computers at 100 Mbps

-

Wide area network:

WAN is used to connect remote computers at 1.5 Mbps

-

Metropolitan area network: MAN is large LANs that connects LANs

-

The communication network is the backbone of enterprise integration
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In general, there are three levels of communication in a company, and each require
a different type of network:

-

Device level at the shop floor – sub-network connects individual devices such as
machine tools and robots

-

Plant level – local area network (LAN) connects manufacturing cells and
departments

-

Enterprise level – wide area network (WAN) or Metropolitan area network (MAN)
links various plants / sites and interconnect corporations through data exchange
protocols.

-

Network topology: the general physical layout of the network is called network
topology. As shown in Figure 7.9, there are four types of network topology:

-

Star

-

Ring

-

Bus

-

Tree

Fig. 85 Illustration of network topology
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The network access control: there are several commonly used method for network
access control

-

Carrier Sense Multiple Access with Collision Detection (CSMA/CD) or Ethernet
(IEEE 802.3 standard). Physically, two ethernet coaxial cables are connected
together using a repeater (an amplifier). Through the cables, the ethernet cards can
send and receive packets.

-

Token ring (IEEE 802.5 standard) and Token bus (IEEE 802.4 standard) are
designed to resolve the communication crash problem. They use multiple coaxial
cables to connect the computers into a ring. So when a communication path is busy
the other one can take over.

-

The network protocol

-

The interpretation of the transmitted data among a network is done based on
network protocol.

-

A protocol is a set of rules of information exchange between two devices

-

According to ISO/OSI (open system interconnection), protocols can be divided into
seven layers:
-

The physical layer: specifies the hardware

-

The data link layer: handles the data transformation such as synchronization,
error control and flow control

-

The network layer: decides the paths of the information in the network

-

The transport layer: establishes the connection, initiate the data transfer and
manage the data transfer

-

-

The session layer: controls communication

-

The presentation layer: coding and decoding

-

The application layer: user interface

Based on ISO/OSI, several different protocols have been developed. For example,
the Manufacturing Automation Protocol (MAP) is developed by General Motors Co.
The most commonly used protocol is however, the Transmission Control Protocol /
Internet Protocol (TCP/IP) developed by US Dept. of Defense. TCP/IP suit now
consists of several protocols including Telnet, FTP, Network file systems (NFS), and
simple mail transfer protocol (SMTP).
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Network hardware. In addition to the computers, various hardware devices are
needed in network connections. These include:

-

Reapeater: circuit used to connect the devices with same protocols

-

Bridge: circuit used to connect two similar or dissimilar LANs

-

Routers: a combination of both repeater and bridge

-

Gateway: a special purpose computer that does the protocol conversions.

-

Network performances. The network performances can be measured by the
following criteria: network availability and response time.

-

Network availability can be determined based on the reliability theory. If there are n
components connected in series and the their probability of being available is ai, i =
1, 2…, n, then the system availability is:
n

A

a

i

i 1

On the other hand, suppose the n components are connected in parallel, the
system availability is:
n

A  1   ai
i 1

-

the response time is determined by the summation of service time and waiting.

6.5 Plant floor communications
Let’s examine one area where communications can be extremely challenging the plant
floor. This is due to the wide range of manufacturing and computer equipment that has
been used to manage the various production tasks over the decades.
IBM solution for communicating across these systems is the IBM Plant Floor Series, a
set of software products. One of these products, Distributed Automation Edition (DAE),
is a systems enabler designed to provide communications functions that can be utilized
by plant floor applications. These functions include:
• Defining and managing networks
• Making logical device assignments
• Managing a program library
• Queuing and routing messages
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• Establishing alert procedures
• Monitoring work-cell status
These functions enable Distributed Automation Edition to assist manufacturing
engineers as they select or develop application programs to control work-cell operations
and provide communications capabilities between area- and plant-level systems.
DAE supports several communications protocols to meet the needs of a variety of
enterprises. For example, it supports SNA for connections to plant host systems and the
IBM PC-Network as well as the IBM Token- Ring protocol and Manufacturing
Automated Protocol (MAP) for plant floor communications. MAP is the evolving plant
floor communications industry standard, adopted by the International Standards
Organization (ISO) for communications among systems provided by different vendors.
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Fig 86: Communications in the CIM environment
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Fig 87: Plant Floor Communications
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6.6 Managing data in the CIM environment
The second building block of CIM architecture is data management. This includes how
data is defined, how different data elements are related, where data is stored, and who
has access to that data. Data management is particularly critical in today’s industrial
environment, since there are so many different data bases, formats, and storage and
access techniques.
Standards are evolving. For example, Structured Query Language (SQL) provides a
consistent way for relational data base applications and users to acce5s a data base.
Unfortunately, there is a significant amount of data that exists today in other data base
technologies that is not accessible by current standards that where data management
within a CIM architecture can help.
Data management defines and records the location of the data created and used by the
enterprise’s business functions. Data management also means enabling users to get
the data they need—with out having to know where this data is located. Relationships
among several data elements must be known if data is to be shared by users and
applications. In addition, other data attributes are important when sharing data. These
include the type of data (text, graphics, image), its business status (working. review,
completed), and the source of this data (person, application, or machine). In a CIM
architecture, data management can be accomplished through three individual storage
functions:
• The data repository
• The enterprise data store
• The local data files
Some of the key data management functions—the repository, for example—are already
being implemented by the Consolidated Design File (CDF) established through the IBM
Data Communication Service (DCS).
The Consolidated Design File operates on a relational data base and is built on SQL.
One example of its use is as an engineering data base to integrate CAD/CAM
applications with the business needs of the engineering management function. In this
environment, IBM’s DCS/ CDF provides the following repository functions:
• Transforming data to a user-selected format
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• Storing CAD/CAM data
• Adding attributes to CAD/CAM data
• Enabling users to query data and attributes
DCS/CDF also provides communications functions in order to transfer data between the
repository and CAD/CAM applications.

Fig 88 Managing Data in CIM Environment
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6.7 Presentation in the CIM environment
Presentation in the CIM environment means providing data to and accepting data from
people and devices. Of course, this data must assume appropriate data definitions and
screen formats to be usable.
Because today’s industrial enterprise contains such a wide array of devices and
information needs, it must have a consistent way to distribute and present information to
people at terminals or workstations, machine tools, robots, sensors, bar code readers,
automated guided vehicles, and parts storage and retrieval systems. The range of this
information covers everything from simple messages between people to large data
arrays for engineering design applications. It may originate from a CIM user in one
functional area of the enterprise and be delivered to a CIM user or device in another
area. In today’s environment, presentation occurs on displays that utilize different
technologies. Some are non-programmable terminals, some are programmable
workstations, and are uniquely implemented for each application. As a result, the same
information is often treated differently by individual applications.
For example, the same manufactured part may be referred to as a part number in a bill
of material application in Production Planning...as a drawing in Engineering’s CAD
application...and as a routing in a paperless shop order application from Plant
Operations. As data is shared across the enterprise, it must be transformed into
definitions and formats that support the needs of each individual user and application.
And applications must be able to access shared data, collect the required information,
and then format that information for delivery.
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Fig 89 Presentation in the CIM Environment
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Networking Overview:
Computer network

A collection of computing devices that are connected in

various ways in order to communicate and share resources
Usually, the connections between computers in a network are made using
physical wires or cables
However, some connections are wireless, using radio waves or infrared signals

The generic term node or host refers to any device on a network
Data transfer rate The speed with which data is moved from one place on a
network to another
Data transfer rate is a key issue in computer networks
Computer networks have opened up an entire frontier in the world of computing
called the client/server model

Fig 90 Client/Server interaction

File server A computer that stores and manages files for multiple users on a
network
Web server A computer dedicated to responding to requests (from the browser
client) for web pages

Types of Networks
Local-area network (LAN)

A network that connects a relatively small number

of machines in a relatively close geographical area
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Various configurations, called topologies, have been used to administer LANs
•

Ring topology A configuration that connects all nodes in a closed loop
on which messages travel in one direction

•

Star topology A configuration that centers around one node to which all
others are connected and through which all messages are sent

•

Bus topology

All nodes are connected to a single communication line

that carries messages in both directions

Fig 91Various network topologies
•

A bus technology called Ethernet has become the industry standard for localarea networks

•

Wide-area network (WAN)

A network that connects two or more local-area

networks over a potentially large geographic distance
Often one particular node on a LAN is set up to serve as a gatewayto handle
all communication going between that LAN and other networks
Communication between networks is called internetworking
The Internet, as we know it today, is essentially the ultimate wide-area
network, spanning the entire globe
•

Metropolitan-area network (MAN)

The communication infrastructures that

have been developed in and around large cities
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Who owns the Internet?
No single person or company owns the Internet or even controls it entirely.
As a wide-area network, it is made up of many smaller networks. These smaller
networks are often owned and managed by a person or organization. The
Internet, then, is really defined by how connections can be made between these
networks.

Fig 92 Local-area networks connected across a distance to create a wide-area network

Internet Connections
•

Internet backbone A set of high-speed networks that carry Internet traffic
These networks are provided by companies such as AT&T, GTE, and IBM

•

Internet service provider (ISP) A company that provides other companies or
individuals with access to the Internet

•

There are various technologies available that you can use to connect a
home computer to the Internet
–

A phone modem converts computer data into an analog audio signal for
transfer over a telephone line, and then a modem at the destination
converts it back again into data

–

A digital subscriber line (DSL) uses regular copper phone lines to
transfer digital data to and from the phone company’s central office
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–

A cable modemusesthe same line that your cable TV signals come in on
to transfer the data back and forth

•

Broadband A connection in which transfer speeds are faster than 128 bits per
second
–

DSL connections and cable modems are broadband connections

–

The speed for downloads (getting data from the Internet to your home
computer) may not be the same as uploads (sending data from your
home computer to the Internet)

Packet Switching
•

To

improve

the

efficiency

of

transferring

information

over

a

shared

communication line, messages are divided into fixed-sized, numbered packets
•

Network devices called routers are used to direct packets between networks

Fig 93 Messages sent by packet switching

Open Systems
•

Proprietary system A system that uses technologies kept private by a particular
commercial vendor
One system couldn’t communicate with another, leading to the need for

•

Interoperability The ability of software and hardware on multiple machines and
from multiple commercial vendors to communicate Leading to

•

Open systems Systems based on a common model of network architecture and
a suite of protocols used in its implementation
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The International Organization for Standardization (ISO) established the Open
Systems Interconnection (OSI) Reference Model

•

Each layer deals with a particular aspect of network communication

Fig 94 The layers of the OSI Reference Model

Network Protocols
•

Network protocols are layered such that each one relies on the protocols that
underlie it

•

Sometimes referred to as a protocol stack

Fig 95 Layering of key network protocols

TCP/IP
•

TCP stands for Transmission Control Protocol
TCP software breaks messages into packets, hands them off to the IP
software for delivery, and then orders and reassembles the packets at their
destination

•

IP stands for Internet Protocol
IP software deals with the routing of packets through the maze of
interconnected networks to their final destination
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UDP stands for User Datagram Protocol
– It is an alternative to TCP
–

The main difference is that TCP is highly reliable, at the cost of decreased
performance, while UDP is less reliable, but generally faster

High-Level Protocols
•

Other protocols build on the foundation established by the TCP/IP protocol suite
–

Simple Mail Transfer Protocol (SMTP)

–

File Transfer Protocol (FTP)

–

Telnet

–

Hyper Text Transfer Protocol (http)

MIME Types
•

Related to the idea of network protocols and standardization is the concept of a
file’s MIME type
–

MIME stands for Multipurpose Internet Mail Extension

–

Based on a document’s MIME type, an application program can decide
how to deal with the data it is given

Fig 96 Some protocols and the ports they use
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Firewalls
•

Firewall

A machine and its software that serve as a special gateway to a

network, protecting it from inappropriate access
–

Filters the network traffic that comes in, checking the validity of the
messages as much as possible and perhaps denying some messages
altogether

–

Enforces an organization’s access control policy

Fig 97 A firewall protecting a LAN

Network Addresses
•

Hostname A unique identification that specifies a particular computer on the
Internet
For example
matisse.csc.villanova.edu
condor.develocorp.com

•

Network software translates a hostname into its corresponding IP address
For example
205.39.145.18

•

An IP address can be split into
–

network address, which specifies a specific network
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–

host number, which specifies a particular machine in that network

Fig 98 An IP address is stored in four bytes

Domain Name System
•

A hostname consists of the computer name followed by the domain name

•

csc.villanova.edu is the domain name
–

A domain name is separated into two or more sections that specify the
organization, and possibly a subset of an organization, of which the
computer is a part

–

Two organizations can have a computer named the same thing because
the domain name makes it clear which one is being referred to

•

The very last section of the domain is called its top-level domain (TLD) name

Fig 99 Top-level domains, including some relatively new ones
•

Organizations based in countries other than the United States use a top-level
domain that corresponds to their two-letter country codes
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Fig 100 Some of the top-level domain names based on country codes
•

The domain name system (DNS) is chiefly used to translate hostnames into
numeric IP addresses
–

DNS is an example of a distributed database

–

If that server can resolve the hostname, it does so

–

If not, that server asks another domain name server
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