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Module-IV

CIM System: Open System Open systems inter connection, Manufacturing automations
protocol and technical office protocol (MAP /TOP).
Database for CIM: Development of databases, Database terminology, Architecture of
database systems, Data modeling and data associations, Relational data bases,
Database operators, Advantages of data base.

7. Introduction to Networking Standards and their Development
The International Standardization Organization (ISO) developed a model for data
communications. This is known as ISO-Open System interconnection (OSI) model. This
model is shown in Fig. 103. This standard defines a series of seven layers in which
communication processing takes place.
These protocol layers are:
Physical layer Data link layer
Network layer Transport layer
Session layer Presentation layer
Application layer

Each layer contains a specific set of functions. It is organized such that any given layer
may be implemented in a number of ways and remains compatible with layers above
and below it. There have been also standard protocols and techniques established for
implementing individual layers. An example of these is the Institute of Electrical and
Electronics Engineers (IEEE) 802 LAN standards, which define certain ways of
implementing Layers 1 and 2.
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Fig. 101 OSI Model for Network Communications

The National Bureau of Standards (NBS), the European Computer Manufacturers
Association (ECMA), and the Consultative Committee on International Telephony and
Telegraphy (CCITT) and American Standards Institute (ANSI) are establishing middle
and higher-level protocols. The seven layers of the ISO-OSI model are described below:

Physical Layer
Level one is the physical layer. It defines the physical connection between the computer
and the network communication system. This connection includes cables, connectors,
and modulation equipment and specifies the frequencies and voltages of connectors.
The bandwidth of the cable transmission and the physical layout (topology) are defined
in this layer.
Traffic control is necessary within any given channel, and various techniques exist for
handling this control.
NETWORK TRAFFIC CONTROL: It is necessary to regulate the transmission of
information in a network. A frequently used technique for controlling traffic on a network
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is CSMA/CD (Carrier Sense Multiple Access/Collision Detect). When a node has
message to send, it listens on the line to see if any other message is in the process of
being sent. If not, it broadcasts its message on the line. The receiving node
acknowledges it. There is a chance that two nodes will begin transmitting at the same
time. The collision detect action determines when this happens by measuring a higher
energy level in the line. Both nodes involved in the collision wait for a random period of
time (each different) and try again.
Another popular network control method is called token passing. Here, the right to
transmit data is called a token, and this token is passed from one node to another node
in an organized fashion. Whichever node has the token has right to transmit data for a
preset maximum amount of time. It must then next pass the token to the next node in
sequence. If a node is sending and maximum time passes before all data is sent, that
node must be stop sending and pass the token. It may resume when it gets the token
back again. An advantage of this method is that one can compute the maximum amount
of time any given node will have to wait before receiving the token and being able
tosend messages. Two major token-passing schemes are token ring and token bus.
Token ring uses nodes connected in a ring structure whereas token bus utilizes a bus
network.

Data Link Layer
Level 2 defines how the data is to be packaged when it is sent between physical
connections. This layer defines the network access control mechanisms. The formats
used in network message units are also defined here. LANs do not send messages as a
continuous stream. Instead, messages are broken up into message units called
packets. Each packet carries the addresses of its source and destination along with
suitable error detection mechanisms. An established protocol is higher level Data Line
Control (HDLC). Another is Bisynchronous Communication (BSC). These are two
standardized ways of transmitting data.
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Network Layer
This layer defines switching and routing information between networks and how packets
of data are exchanged between different LANs. An example is the X.25 standard, which
defines standards for packet switching networks.

Transport Layer
The transport layer defines network addressing and the way in which connections
between networks can be linked or unlinked. The transport layer guarantees the
message delivery with no omissions or duplications.

Session Layer
The primary function of this layer is to define an application interface to the transport
layer. This layer maps names to network addresses so that applications can use names
to communicate with devices. Layers 3, 4 and 5 combine to form a sub-net level
containing the software, which controls the network hardware. Though cables are
attached to every device in a network, actual communication involves only two
devices—the sender and the receiver. The subnet level establishes and manages a
temporary link called virtual connection between the sender and the receiver. At levels 4
and 5, the major concern is about how applications in different LANs communicate.
Consider two computers on a LAN, each running different programs. (See Fig. 102)
Program A on computer 1 needs to exchange data with program C on computer` 2;
program B on computer one needs to talk with program D on computer 2. Level 4 of
OSI establishes virtual channels, effectively isolating each pair of communicating
programs from other sets of programs talking over the network.
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Fig. 102 Communication between Different Applications

Presentation Layer
This layer defines the translation formats and syntax from an application to the network
and the manner in which software applications enter the network.

Application Layer
This layer contains several programs that define the network applications that support
file serving. The developments in computer communication during the last two years
have significantly simplified the communication protocols.

Examples of Network Standards
Several computer manufacturers and organizations have developed systems for
network communications.

DECNET
DECNET is a trademark of former Digital Equipment Corporation. This is a good
example of a network following Level 2 through 8 of the ISO OSI standard. DECNET
allows change of files between computers. It allows a terminal attached to computer A
to interact with computer B in another location. In advanced applications, it even
supports distributed databases. It is a software protocol, where a number of different
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electrical and line protocols may be used to support it. For example DECNET is used in
a hybrid, point-to-point network. It may also use Ethernet as an electrical protocol.

System Network Architecture
IBM’s System Network Architecture (SNA) is a network management scheme used
primarily for peer-to-peer communications between computers. It has become a defacto standard for interconnection of large mainframes, due to popularity of IBM and
IBM compatible hardware. Gateway devices are available from several manufacturers
to interface between SNA and various LANs. SNA to non-IBM computer interfaces are
also available. Several other vendors also supply SNA interfaces.

7.1 Manufacturing Automation Protocol (MAP)
MAP is a hardware/software protocol developed jointly by a group of industries and
vendors of computers and PLCs. It follows the ISO OSI model. MAP was developed as
a result of the plans of General Motors to automate its factories. MAP uses a broad
band LAN, with a token ring protocol for traffic control. Since it is broadband, all devices
in the LAN like computers, CNC machines, robots, and PLC’s etc. share the same
cable, but different groups of devices can be placed on separate “channels” on the line.
Additionally, closed circuit TV (video) channel can also be accommodated on same
cable. MAP physical level is based on the IEEE 802.4 token-bus standard. At the data
link level, it uses the IEEE 802.2 logical control standard. MAP also uses 8473 network
layer protocol for connectionless-mode network service.

7.2 Technical Office Protocol (TOP)
TOP is another widely used protocol, developed by Boeing Computer Services. It is
similar to MAP in several respects. TOP is the initiative of a group of computer system
purchasers. The members of TOP group include Boeing, General Motors, Du Pont,
McDonnel Douglas, Ford Motors, Procter and Gamble and Eastman Kodak. In a multivendor computing environment, common communication methods are required for
integration and automation of processes. TOP addresses the problem of providing
multi-vendor compatibility and communications in the technical office functions. Thus,
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TOP is an application-oriented implementation of the OSI protocols. TOP, like MAP is
based on the seven-layer OSI model. But, unlike MAP, TOP does not have to address
the needs of a harsh shop floor environment. Applications, which it is designed to
integrate, are electronic mail, word processing, document exchange, file transfer,
graphics interchange, database management, batch processing, and videotext and
business analysis. TOP provides peer-level, process-to-process, and terminal-access
communications for computers ranging from personal computers to workstations and
mainframes. TOP also interconnects office tasks with the factory floor via its interface
with MAP. Table 2 shows a comparison of MAP and TOP. A complete TOP system will
include one or more building blocks covering layers one to four and at least one building
block for layers 5 to 7.

Table 2 Comparison of MAP and TOP Protocols

7.3 Networking in a Manufacturing Company
A manufacturing company carries out a number of operations using computers. These
include:
• Master production scheduling and planning
• Pay roll and human resources management
• Purchasing and receiving
• Order entry and invoicing
• Shop management
• Warehouse management
• Tool crib management
• Time keeping
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• Quality control
• Shipping
• Materials handling
• Inventory control
• Processing operations
• Marketing

There are software solutions to carry out the above and many others (not listed here)
tasks. These are implemented in different types of computers. In addition, several
devices like bar code readers and RFID tags will be used for data collection and input.
All these are to be connected in a LAN for effective operation. Fig. 103 shows a typical
factory LAN and the various equipment connected to the LAN.

Fig. 103 A Typical Factory LAN
7.4 Internet
Internet is the mother of all networks and is a gigantic network of networks that
connects presently several million people and millions of computer sites. These
computer sites are spread all over the world at various government locations, corporate
offices, colleges and universities and research institutions. All those people and millions
like them who are linked up to the Internet can talk to each other by way of exchanging
electronic messages in real time.
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There are literally hundreds of databases that let people access information ranging
from CAD data, manufacturing data, medical information, economic data, GIS and
engineering tables. This superhighway of information makes available millions and
millions of computer files filled with sound and video clips. Literally anybody can take
these and people can exchange notes, reviews and views with each other via USENET
newsgroups and bulletin boards.

7.5 File Transfer Protocol (FTP)
FTP stands for File Transfer Protocol. It is both a program and the method used to
transfer files between computers on the Internet. Anonymous FTP is a type of FTP that
lets the user transfer any of more than 2 million files from several thousand computers
on the Internet to the personal computer or computer account. By using FTP, the
Internet becomes like a huge disc drive attached to the computer. FTP sites contain
books, journals, software, games, images, sound, multimedia, courseware, datasets
and other information available for the user to transfer. There are a variety of FTP
programs, but most of them work in the same way.

7.6 Client/Server
The purpose of having computers communicate with each other in a client/server mode
is that they can both share the work. In the early years of computer development,
mainframes sent information out to dumb terminals, and the mainframe had to do all the
work. This also allows the user, for example, to take advantage of always-improving
client software, which a user can install in the PC, while the software on the server
machine may remain the same.

7.7 World Wide Web (WWW)
World Wide Web is an innovative hypertext front-end program based on client/ server
architecture that allows the user to access information on the Internet as if it were a part
of a seamless web. The goal of WWW is to make all online knowledge part of one
interconnected web of documents and services, and allow the user to follow facts and
texts wherever they might lead. For systems with “character only” displays such as
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UNIX, DOS and VMS one has to use line browser software in which one moves through
the web by typing line numbers. On systems like Windows, X-windows, and Macs these
are client programs that allow the user to make links by clicking and pointing.

7.8 Intranet
INTRANET can be defined as a manufacturing organization’s use of world wide web
and related Internet technology to accomplish its primary objectives, viz., helping in
production of superior quality goods with substantial decrease in operating costs, or
achieving total customer satisfaction, maintaining healthy employer—employee
relationship etc. An Intranet is designed to distribute corporate information within an
organization to organization’s own people. Using Intranet, web and related technology
can be put to maximum use to further the purpose of the organization. People may
include both employees and valuable customers of that organization. In the broadest
sense, both internet and intranet use the same technology. However, Intranet is an
organizational network, whereas Internet is a global one, which embraces thousands of
servers providing wide range of information. Intranet has access to Internet but not vice
versa. Intranets are internal networks that the employees’ can access for information by
simple browsing as on the World Wide Web. It acts as a reservoir of company
information. It is a very effective platform for the employees to discuss projects and
share ideas. Intranet enhances project management and reporting systems and
improves workflow and increases productivity. Another very significant advantage of
intranet is that it permits employees share information with colleagues spread over
various locations simultaneously.

7.9 Enterprise Wide Network
A manufacturing enterprise can function very efficiently if various segments of the
enterprise are connected in the form of an enterprise wide network. Within the industry
the various users can be connected in the form of a local area network. The
manufacturing engineering, business management, purchase, sales etc., can be
connected through client/ server mode on a TCP/IP backbone. Fig. 106 shows a typical
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enterprise wide network. It can be seen that various business partners like dealers,
customers and suppliers can be connected to the network making the flow of
information smooth and efficient. The network can also connect service technicians who
may be located at different parts of the country or even different parts of the world. The
network also facilitates the professionals to log on to the network from their homes.
Similarly sales people can have instant access to the company through the network
irrespective of their physical location. The information flow can be through electronic
mail or through suitable workflow automation software. Workflow automation is
discussed in the next section. Through the network the company can reach many
professionals and expert services which are located anywhere in the world.

When the different plants of a company and its associated groups are geographically
distributed they can be linked together by VSAT. A VSAT is a Very Small Aperture
Terminal, which can communicate with another VSAT through the satellite.
Communicating through VSAT is very cost effective and efficient. Fig. 104 shows a
typical VSAT based communication system. A VSAT system consists of a satellite hub
(eight to nine metre antenna, along with network management switching equipment
etc.) and several 1.8m VSAT terminals located at various customer premises. All
communication between VSATs takes place via the hub, using a geostationary satellite
hovering in a stationary orbit. Customers can share facilities of a hub operated by a
service provider in their own hub if there are a large number of locations. Typical speed
of communication from hub to VSAT direction is 512 kbps and VSAT to hub is
64/128/256 kbps.
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Fig. 104 Enterprise-wide Network

Fig. 105 VSAT-based Communication System
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8. Introduction to Database in CIM
Computer Integrated Manufacturing integrates all the functions related to the
manufacture. The following are the major functions among them:
i. Computer aided engineering covering design, analysis, simulation and optimization.
ii. Computer aided manufacturing
iii. Operations Management
iv. Logistics, Supply Chain Management, Warehousing and other functions.
In the ideal case, all these and their related functions use the same database as shown
in Fig. 106. In essence, the successful implementation of CIM lies in the efficient way
relevant data is shared among the different segments of CIM.
The information required for manufacturing is complex covering a wide range of
disciplines and serving a multitude of inter-related yet vastly differing needs. The CIM
database comprises basically four classes of data:
i. Product Data: Data about parts to be manufactured. It includes text and geometry
data.
ii. Manufacturing Data: The information as to how the parts are to be manufactured is
available in production data.
iii. Operational Data: Closely related to manufacturing data but describes the things
specific to production, such as lot size, schedule, assembly sequence, qualification
scheme etc.
iv. Resource Data: This is closely related to operational data but describes the
resources involved in operations, such as materials, machines, human resources and
money.
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Fig. 106 CIM Data Base

Product Design and Manufacturing process increasingly requires access to substantial
technical information in various stages like design, analysis and manufacturing as well
as smooth co-ordination among the many functions constituting an enterprise.
Manufacturing organizations may waste a considerable portion of their resources due to
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delayed or error prone communication from one segment to another. It would therefore
be desirable to have one single central database that would contain all information.

8.1 Database Requirements of CIM
A major challenge facing the implementation of CIM is to establish the type of data
needed to bridge the mechanical design and manufacturing functions. Following is the
list of varied tasks one might expect to accomplish in a CIM environment.
i. Designing assemblies and performing tolerance analysis on those assemblies.
ii. Preparing production drawings of assemblies, individual parts, tooling, fixtures and
other manufacturing facilities.
iii. Creating analytical models of parts for structural, kinematical and thermal analysis
(FEM, MeM etc).
iv. Calculating weights, volumes, centres of gravity and other mass properties and costs
of manufacturing (cost estimation).
v. Classifying existing parts according to shape, function, and the process by which they
are manufactured and retrieving these parts from the parts library on demand (Group
technology and coding).
vi. Preparing part lists and bill of materials (BOM).
vii. Preparing process plans for individual part manufacture and assembly (Variant or
Generative).
viii. Programming CNC machines for processing complete parts (CAM).
ix. Designing work cells and programming the movement of components in those cells
using work handling devices like robots, conveyors, AGV’s/ RGV’s, etc. (Cellular
manufacture).
x. Controlling engineering changes and maintaining associativity between design and
manufacturing (PDM, VPDM, concurrent associativity etc).
xi. Preparing programs to handle components or manipulate production equipment (like
welding torches or robots).
xii. Preparing inspection programs including programs for CNC co-ordinate measuring
machines [CNC CMM’s].
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The exchange of graphic information has been advanced with increasing acceptance of
Initial Graphics Exchange Specification (IGES) and STEP.

Data Base
A data base can be defined as a collection of data in a single location designed to be
used by different programmers for a variety of applications. The term database denotes
a common base of data collection designed to be used by different programmers. More
specifically it is a collection of logically related data stored together in a set of files
intended to serve one or more applications in an optimal fashion. Data are stored such
that they are independent of the data. A database must also have a predetermined
structure and organization suitable for access, interpretation, or processing either
manually or automatically. A database not only stores the data but also provides several
ways to view the data depending upon the needs of the user. There are several
classifications of data.
i. Physical data: These are data stored in the computer’s storage device. The volume of
data required by a manufacturing company is so large that secondary storage devices
such as hard discs, tapes, CD-ROMs, and other digital storage devices of several
gigabyte capacities will be used.
ii. Logical data: This indicates how a user views the physical data. The distinction
between the physical data and the corresponding logical view is that the user
conceptualizes certain meaningful relationships among the physical data elements. For
example, we may have a set of items and quantities recorded in files. The logical view
or interpretation of these sets of data can be that the items represent components
available in stores and that the quantities recorded correspond to their inventory.
iii. Data independence: Database management systems (DBMS) are used by the users
to manage the physical data. DBMS makes a distinction between the two namely, the
user and the physical data. Changes in the organization of physical data and or in the
storage device parameters are absorbed by DBMS and therefore do not affect the user
or more accurately, the application program. This flexibility is absent in the traditional file
systems.
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8.2 Objectives of Database
A database serves the following objectives:
• Reduce or eliminate redundant data
• Integrate existing data
• Provide security
• Share data among users
• Incorporate changes quickly and effectively
• Exercise effective control over data
• Simplify the method of using data
• Reduce the cost of storage and retrieval of data
• Improve accuracy and integrity of data

8.3 Issues of Concern in Database
There are, of course, some issues to be considered while implementing a database.
These include:
• High investment in hardware and software
• Need to use larger and faster hardware
• Necessity to have highly trained manpower
• Redundancy to take care of eventualities like crash of the database server.
• Need to ensure integrity and reliability of data

8.4 Database Management
The manufacturing database and its management are major issues in CIM. The issues
are complex but they are beginning to be addressed in a number of ways, including
schemes for organizing data, standards for product data exchange and standards for
communication protocols. The standards for product data exchange are discussed in
chapter 17 and communication protocols have been discussed elsewhere. This chapter
hence is devoted to the organization of data. A major problem to be solved to implement
CIM has always been that of distributing information among different computer based
systems. As indicated in earlier chapters CIM is typically integration of islands of
computer aided functions running on different computers using different databases.
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Joining those islands into an effective CIM enterprise requires proper methods of
processing information. Information, if it is to be useful, must be appropriate, machineinterpretable, and available when and where it is needed.

Features of a Database Management System
A database management system consists of a collection of interrelated data and a set
of programs to access that data. Database management involves:
• Organize a database.
• Add new data to the database.
• Sort the data in some meaningful order.
• Search the database for types of information.
• Print the data into formatted reports.
• Edit the data.
• Delete the data.

Database Administrator
The person responsible for managing the database is often referred to as database
administrator. His functions include:
• Creating the primary database structure
• Backing up and restoring data in case of crash
• Modifying the structure
• Transfer data to external files
• Allocate and control user access rights
• Monitoring performance

Comparison of Database and Traditional File Systems
File system represents a tight coupling between physical data and user’s program. They
lack almost all the flexibilities offered by DBMS. Most of the indispensable facilities of
DBMS of are, therefore forced to be absorbed by user’s program. In other words
besides the logic of the application the user has to provide logic for constructing the
logical view of data, has to interpret the operations on the logical view and translate
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them in to the primitive file operations, and has to be responsible for maintaining the
files that store the physical data. The tight coupling and interdependence of between a
user’s application and the physical data would not allow sharing of the same data by
other applications that may need to view and manipulate them differently. This then
forces the data to be duplicated among various applications. File systems lack
dynamism in the sense that the application programs are designed, coded, debugged,
and catalogued ahead of time for the preconceived requests and applications.
The following list summarizes the problems of file systems that can be overcome by
DBMS.
i. Data dependence
ii. Rigidity
iii. Static nature
iv. Lack of integration
v. Data duplication
vi. Inconsistency
vii. Difficulty in sharing information
viii. Inefficiency
ix. Inability to handle adhoc requests.

8.5 Database Models
There are three ways in which data can be organized: hierarchical, network or
relational.

Hierarchical Database
Fig 107 shows a typical hierarchical file structure. The nodes in level 2 are the children
of node at level 1. The nodes at level 2 in turn become parents of nodes in level 3 and
so on.
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Fig. 107 Typical Hierarchical File Structure

In a hierarchical model, data files are arranged in a tree like structure which facilitates
searches along branch lines; records are subordinated to other records at a higher
level. Starting at the root of the tree, each file has a one-to-many relationship to its
branches. A parent file can have several children. A good example of such an
organization might be a parts list, in which each product is composed of assemblies
which are in turn composed of sub assemblies and/or component parts. As an example
of hierarchical database structure, the parts list of lathe assembly is shown in Fig 108.
Examples of hierarchical database management systems are IMS and SYSTEM 2000.

Fig. 108 Parts of a Lathe Assembly
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Network Database
The network database is a combination of several hierarchies in which child files can
have more than one parent file, thereby establishing a many-to- many relationship
among data. A hierarchical model is actually a subset of a network model. Examples of
network database languages are TOTAL and IDMS.
In both hierarchical and network databases data relationships are predefined and
embedded in the structure of the database. Access to data is processed by associated
application programs. A limitation of both hierarchical and network systems is the
restriction they place on data access. They both require that the rules of data access be
defined when the data structure is defined. The access rules are difficult to modify after
the database has been implemented. They are suited for batch operations that are
highly structured and repetitive involving high transaction rates.

Relational Database Management Systems (RDBMS)
Data is organized in the form of a table for a large variety of manufacturing applications.
An example of such a set of data is given in Table 3.

Table 3 Dimensions for Deep Groove Ball Bearings

There is a correspondence between the concept of a table and the mathematical
concept of a relation. In a RDBMS (Relational Database Management System) an entity
is an object that is distinguishable from other objects. An entity set is a set of entities of
the same type and is represented by a set of attributes. For each attribute there is a set
of permitted values for domains. An entity relationship model (E-R Model) is based on
the perception of the real world which consists of a set of entities and relationships
among them.
Process planning is a good example of such an interactive need to evaluate many data
relationships in order to arrive at a logical sequence of properly defined manufacturing
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steps. The relational database eliminates the need to follow predefined access paths to
reach target data, and makes data access more flexible. The database user gains
quicker access to information since the database provides direct access to all data. The
access is independent of the way it is stored. The RDBMS is also flexible. Hence
relational database facilitates unanticipated queries and makes it well suited to the
manufacturing

environment.

Several

vendors

now

offer

relational

database

management systems, suitable for CIM applications.
Features of RDBMS include:
• Adhoc or unanticipated queries. This is typical in a manufacturing environment.
• Relational database is dynamic. The relationships change and are extended frequently
in a manufacturing database.
• Suitable where enterprise information has to be available to a large number of users
for decision making.
• Desirable where application specifications, development and maintenance costs are to
be kept at the minimum level.
• Compatible with distributed databases.
Some of the important features of RDBMS are given below:
i. Guaranteed logical accessibility.
ii. Dynamic on-line catalogue.
iii. Comprehensive data sublanguage.
iv. Views that could be modified depending on need.
v. High-level insert updates and delete.
vi. Physical data independence.
vii. Logical data independence.
viii. Integrity independence.
ix. Distribution independence.

DBMS Architecture
Fig. 109 shows a typical RDBMS architecture. In this architecture, multiple models are
derived from a single conceptual data model. It has more abstraction capability. This is
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also referred to as the syntactic or operational data model meaning that it is more
syntactically driven and is a vehicle of user’s manipulations.
There are several levels of abstraction in data modeling. These influence the RDBMS
architecture. The architecture of Fig. 8.4 has multiple levels, which is a price to be paid
for flexibility.

Fig. 109 RDBMS Architecture

8.6 Query Language
It was mentioned earlier that queries are used to access databases. A query language
is one with which a user requests information from a database. Two categories of query
languages are:
(i) Procedural
(ii) Non-procedural
There are a number of commercial query languages available today. They can be
classified as:
SQL - Structured Query Language
QUEL - Query Language
QBE - Query by Example
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The structured query language approach is widely used. The following section presents
a brief overview of SQL.

Structured Query Language [SQL]
The advent and successful implementation of relational databases has brought with it
need for a data base language that is user friendly enough for the common user while
being convenient and comfortable for the programmer and applications builder. The
structured query language now called SQL [pronounced “sequel”], has emerged to fill
this need. The user can easily learn and understand SQL. It can be embedded in a
procedural language such as C, COBOL, or PL/l. SQL helps user and programmer to
understand the requirements of each other. This fact is very important in making the
transition from paper files to computerized database systems smooth.
SQL is acronym for Structured Query Language. It is often referred to frequently by its
former name, Sequel.
The basic structure of an SQL expression consists of three clauses: select, from and
where. The static clause corresponds to the projection operation of the relational
algebra. It is used to list the attributes desired in the result of a query.
The italic clause is a list of relations to be scanned in the execution of the expression.
The italic clause corresponds to the selection predicate involving attributes of the
relations that appear in the ‘from’ clause.
A typical SQL query has the form
Select A1, A2 ... An
From rl, r2 ... rm
Where P.
The A’s represent attributes, the r’s represent relations, and the P is a predicate.
SQL forms certain product of the relations named in the ‘from’ clause, performs a
relational algebra selection using the where clause predicate.

8.7 Product Data Management (PDM)
Databases are one component needed to deliver instant, accurate data. Engineering
information systems are the other. An engineering data management system should
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automatically notify members of the design team with updates and circulate latest
change orders. In order to derive maximum benefit from CAD it must be possible to
deliver CAD data efficiently and seamlessly to all downstream applications related to
engineering planning. Product data management is a technology developed to meet this
need. PDM systems work on network layouts called client-server architectures. The
server is also called a vault, even though the information may be distributed over
several workstations. The vault acts as the heart of an engineering network. The vault
or the server has the capabilities to handle efficiently large amounts of complex
information. Product development engineers access the vault through their desktop
computers called clients.
This client-server idea works efficiently because it runs on two separate, synchronized
databases. One database stores product information such as CAD drawings, part
specifications, analysis data, and manufacturing product information. The other
database, called a meta database is a relational database that stores information about
the data. For example given a drawing number this gives information about the
attributes of the drawing i.e. where a drawing is stored and when it was last updated
etc. The client software lets the clients talk to the server, allowing design engineers,
manufacturing engineers, and manager’s access to the information stored.
The features of a PDM system include:
• Electronically track, access, sort and retrieve design data enabling the engineers to
work on the most recently updated designs.
• Integrating the design environment by providing facilities for viewing drawings created
in different CAD systems like AutoCAD, PRO/E, Unigraphics, CADDS 5, I-DEAS, Solid
Edge, Solid Works etc.
• Providing a CAD view-and-mark up package to view complete designs on the screens
of the clients so that planning engineers can satisfy themselves that designs are
complete before they are released to manufacturing planning.
• Retrieving drawings and designs based on limited information so that design
engineers can retrieve already available designs, thereby saving valuable time in
product development.
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• Capturing design revision information from a variety of documents like drawings, part
lists, bill-of-materials (BOM).
• Providing data security through multi-tier access control.
• Creating comprehensive back-up and recovery procedures.
• Automatic disk clean-up of old drawing versions and batch back-up.
• Generating audit trails such as who designed the part, who modified the part, who
approved the design etc.
• Providing graphical user interface tool kits so as to enable the design team to create
new applications.
In short PDM is an excellent tool for concurrent engineering. PDM systems efficiently
manages design reviews by getting the right documents and the drawings to the right
people in the quickly. Some of the functions of PDM are discussed in the subsequent
sections.

Design Review Function
To set up the design review function the project administrator defines each design
project, assign the members to the team, describe the actual process and define the
workflow. For example, in the case of an electric motor design project the tasks to be
included may be conceptual design, stress and field analysis, detailed drawings and a
description of manufacturing and assembly process. One task, for example, the design
analysis will be carried out by a group of three and approved by one. The design may
have to be accepted by all the members of the group. The design review system gives
considerable flexibility for the persons in charge of the project.

Change Management
The project administrator develops the process that handles engineering change orders.
A significant change management feature is the protection of engineering changes-inprogress from implemented too soon or by accident. This also eliminates paper work.
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Where-Used Reports
This is another function of PDM. The software answers the question, “Which assembly
uses component A?”. PDM produces a report which shows component-by-component
breakdown of the complete assembly with the “where-used” components highlighted.

Configuration Management
The configuration management function is also called product-structure management.
This shows how the parts in an assembly relate to one another. This provides an
opportunity for the product administrators to create standards for handling bill-ofmaterial part relationships and for defining product life-cycle data requirements. For
example, the graphic display from a configuration management application will show the
hierarchy of automobile body parts, starting with body, doors, wheels and tyres. This will
be further broken down to the last nut and bolt. Each component will be described in
several ways to show the use and assembly inter-relationships.

Advantages of PDM
PDM offers several benefits for the speedy execution of product development projects:
• PDM helps engineers to access design drawings in minutes.
• Managers know how many drawings were released for fabrication.
• Manufacturing engineers know exactly when to start fabrication.
• Two designers cannot simultaneously edit the same drawing.
• Two drawings cannot have the same drawing numbers.
• All information from drawing-release statistics to revision details pass to the primary
project management system that tracks overall project status for all the company
activities.
• The PDM system keeps a complete history of the modifications, when the
modifications took place and keeps all previous versions of data for a period defined by
the company.
• Subcontractors can be given direct access to PDM database. Controls ensure that no
subcontractor can access data associated with the sub-sets of projects he is not
involved with.
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Database management overview
-

Basic terminology
-

Date item: the smallest unit of data

-

Data record: a collection of data items

-

File: a collection of similar date records

-

Data base: a collection of files as an organized assembly of information that
users can access for various purposes.

-

Data model: a logic representation of a collection of data elements. It is the
building block for databases.

-

In modern engineering, a great deal amount of information is required for any task to
be accomplished. Imaging that a manufacturing company producing simple gears.
The following data must be available:
-

Work material

-

Dimensions, surface finish and tolerance

-

Machines to be used in manufacturing

-

Tools

Therefore, it is very important to have a proper database management system.
-

Data model. There are two types data models:
-

Record based models, which can further decomposed as network model,
hierarchical model, and relational model.

-

Object-oriented models

In recent years, object-oriented models become dominant. The object-oriented
model is based on following important concept.
-

Object: any physical or imagery entities may be referred to as an object

-

Attribute and methods: objects are characterized by attributes, which may include
its intrinsic properties or its relationship with other objects. A method is an
operation applied to the objects.

-

Message: a method is invoked by a client by sending a message to the object.

Class: objects can be categorized into classes, which describe the common
behavior of the object with respect to its family.
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For those who have learnt the object-oriented programming (C++), the above
concepts should be easy to follow. Following is an example
-

Object: robot

-

Class:
Class name: robot
Attribute:

robot_id
Robot_type

Method:

move
Pickup
Drop off

-

A particular instance is:
Class name: PUMP1
Attribute:

1023
Articulate

Method:

Pickup(Work1)

Note that “Work11” is another object (a workpiece), the interactions between the
two objects are defined by the operation (association) “Pickup”.
-

The procedure of designing an object-oriented database system is as follows:
(a) develop a conceptual model of the system by identifying key objects
(b) associate attributes and methods with each object identified in step 1
(c) arrange objects into a class inheritance hierarchy
(d) refine the hierarchy by emphasizing, specialization, and generalizing
(e) identify client-server relationships and message exchanges among objects to
capture system dynamics
(f) develop a prototype implementation to validate requirements
(g) refine the system design iteratively by modifying or adding objects, attributes,
operations, or associations.
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Groupware
-

Groupware is the networked hardware and software that allow people to support
each other in their effort to achieve work goals regardless of where and when they
want to do this.

-

Groupware shall have consider the following issues
-

Re-eneineer, re-tool, re-size, re-invent, re-manufacture, …

-

Teamwork, virtual teaming

-

Focus on customer needs

-

Focus on core competencies

-

The network enterprise

-

Flatter, leaner organizations

-

Drive for efficiency and productive gain.

-

Two of the most important groupware handware tools are email and networking.

-

Also, now there are several software systems that can be used as groupwares, such
as I-DEAS, Unigrphics, and ProEngineering.

By now we have pretty much described all the important technologies used in modern
manufacturing systems. These technologies will help you to understand and hence, to
solve the practical problems in manufacturing systems. If you have any problems,
please do not hesitate to contact me at the following address.

CIM Databases overview
Objectives
 Define a database and a database management system (DBMS) and describe
the components of a DBMS.
 Describe the architecture of a DBMS.
 Define the three traditional database models: hierarchical, networking and
relational.
 Describe the relational model and relations.
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 Understand operations on a relational database based on commands available
in SQL.
 Describe the steps in database design.
 Define ERM and E-R diagrams and explain the entities and relationships in
this model.
 Define the hierarchical levels of normalization and understand the rationale
for normalizing the relations.
 List database types other than the relational model.

Data storage traditionally used individual, unrelated files, sometimes called flat files. In
the past, each application program in an organization used its own file. In a university,
for example, each department might have its own set of files: the record office kept a file
about the student information and their grades, the scheduling office kept the name of
the professors and the courses they were teaching, the payroll department kept its own
file about the whole staff and so on. Today, however, all of these flat files can be
combined in a single entity; the database for the whole university.
Although it is difficult to give a universally agreed definition of a database, we use the
following common definition:
A database is a collection of related, logically coherent data used by the application
programs in an organization.

Advantages of databases
Comparing the flat-file system, we can mention several advantages for a database
system.

Less redundancy
In a flat-file system there is a lot of redundancy. For example, in the flat file system for a
university, the names of professors and students are stored in more than one file.
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Inconsistency avoidance
If the same piece of information is stored in more than one place, then any changes in
the data need to occur in all places that data is stored.

Efficiency
A database is usually more efficient that a flat file system, because a piece of
information is stored in fewer locations.
Data integrity
In a database system it is easier to maintain data integrity, because a piece of data is
stored in fewer locations.
Confidentiality
It is easier to maintain the confidentiality of the information if the storage of data is
centralized in one location.

Database Management Systems
A database management system (DBMS) defines, creates and maintains a database.
The DBMS also allows controlled access to data in the database. A DBMS is a
combination of five components: hardware, software, data, users and procedures (Fig
110).

Fig 110 DBMS components

Hardware
The hardware is the physical computer system that allows access to data.
Software
The software is the actual program that allows users to access maintain and update
data. In addition, the software controls which user can access which parts of the data in
the database.
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Confidentiality
The data in a database is stored physically on the storage devices. In a database, data
is a separate entity from the software that accesses it.
Users
In a DBMS, the term users has a broad meaning. We can divide users into two
categories: end users and application programs.

Procedures
The last component of a DBMS is a set of procedures or rules that should be clearly
defined and followed by the users of the database.

Database Architecture
The American National Standards Institute/Standards Planning and Requirements
Committee (ANSI/SPARC) has established a three-level architecture for a DBMS:
internal, conceptual and external (Fig 111).

Fig 111 Database architecture
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Internal level
The internal level determines where data is actually stored on the storage devices.
This level deals with low-level access methods and how bytes are transferred to and
from storage devices. In other words, the internal level interacts directly with the
hardware.

Conceptual level
The conceptual level defines the logical view of the data. The data model is defined on
this level, and the main functions of the DBMS, such as queries, are also on this level.
The DBMS changes the internal view of data to the external view that users need to
see. The conceptual level is an intermediary and frees users from dealing with the
internal level.

External level
The external level interacts directly with the user (end users or application programs). It
changes the data coming from the conceptual level to a format and view that is familiar
to the users.

Database Models
A database model defines the logical design of data. The model also describes the
relationships between different parts of the data. In the history of database design, three
models have been in use: the hierarchical model, the network model and the relational
model.
Hierarchical database model
In the hierarchical model, data is organized as an inverted tree. Each entity has only
one parent but can have several children. At the top of the hierarchy, there is one entity,
which is called the root.
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Fig 112 An example of the hierarchical model representing a university

Network database model
In the network model, the entities are organized in a graph, in which some entities can
be accessed through several paths (Fig 113).

Fig 113 An example of the network model representing a university

Relational database model
In the relational model, data is organized in two-dimensional tables called relations. The
tables or relations are, however, related to each other, as we will see shortly.
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Fig 114 An example of the relational model representing a university

The Relational Database Model
In the relational database management system (RDBMS), the data is represented as
a set of relations.
Relations
A relation appears as a two-dimensional table. The RDBMS organizes the data so that
its external view is a set of relations or tables. This does not mean that data is stored as
tables: the physical storage of the data is independent of the way in which the data is
logically organized.

Fig 115 An example of a relation
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A relation in an RDBMS has the following features:
 Name. Each relation in a relational database should have a name that is unique
among other relations.
 Attributes. Each column in a relation is called an attribute. The attributes are the
column headings in the table in Figure 6.
 Tuples. Each row in a relation is called a tuple. A tuple defines a collection of
attribute values. The total number of rows in a relation is called the cardinality of
the relation. Note that the cardinality of a relation changeswhen tuples is added
or deleted. This makes the database dynamic.

Operations on Relations
In a relational database we can define several operations to create new relations
based on existing ones. We define nine operations in this section: insert, delete,
update, select, project, join, union, intersection and difference. Instead of
discussing these operations in the abstract, we describe each operation as
defined in the database query language SQL (Structured Query Language).

Structured Query Language
Structured Query Language (SQL) is the language standardized by the
American National Standards Institute (ANSI) and the International Organization
for Standardization (ISO) for use on relational databases. It is a declarative
rather than procedural language, which means that users declare what they
want without having to write a step-by-step procedure. The SQL language was
first implemented by the Oracle Corporation in 1979, with various versions of
SQL being released since then.
Insert
The insert operation is a unary operation—that is, it is applied to a single
relation. The operation inserts a new tuple into the relation. The insert operation
uses the following format:
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Fig 116 An example of an insert operation
Delete
The delete operation is also a unary operation. The operation deletes a tuple defined by
a criterion from the relation. The delete operation uses the following format:

Fig 117 An example of a delete operation
Update
The update operation is also a unary operation that is applied to a single relation. The
operation changes the value of some attributes of a tuple. The update operation uses
the following format:
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Fig 118 An example of an update operation

Select
The select operation is a unary operation. The tuples (rows) in the resulting relation are
a subset of the tuples in the original relation.

Fig 119 An example of an select operation
Project
The project operation is also a unary operation and creates another relation. The
attributes (columns) in the resulting relation are a subset of the attributes in the original
relation.
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Fig 120 An example of a project operation
Join
The join operation is a binary operation that combines two relations on common
attributes.

Fig 121 An example of a join operation
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Union
The union operation takes two relations with the same set of attributes.

Fig 122 An example of a union operation

Intersection
The intersection operation takes two relations and creates a new relation, which is the
intersection of the two.
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Fig 123 An example of an intersection operation

Difference
The difference operation is applied to two relations with the same attributes. The tuples
in the resulting relation are those that are in the first relation but not the second.

Fig 124 An example of a difference operation

Database Design
The design of any database is a lengthy and involved task that can only be done
through a step-by-step process. The first step normally involves interviewing potential
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users of the database. The second step is to build an entity-relationship model (ERM)
that defines the entities, the attributes of those entities and the relationship between
those entities.
Entity-relationship models (ERM)
In this step, the database designer creates an entity-relationship (E-R) diagram to
show the entities for which information needs to be stored and the relationship between
those entities. E-R diagrams use several geometric shapes, but we use only a few of
them here:
Rectangles represent entity sets
Ellipses represent attributes
Diamonds represent relationship sets
Lines

link

attributes

to

entity

sets

and

link

entity

sets

to

relationships sets
Example 1
Figure 125 shows a very simple E-R diagram with three entity sets, their
attributes and the relationship between the entity sets.

Fig 125 Entities, attributes and relationships in an E-R diagram
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From E-R diagrams to relations
After the E-R diagram has been finalized, relations (tables) in the relational database
can be created.

Relations for entity sets
For each entity set in the E-R diagram, we create a relation (table) in which there are n
columns related to the n attributes defined for that set.
Example 2
We can have three relations (tables), one for each entity set defined in Figure 127, as
shown in Figure 126.

Fig 126 Relations for entity set

Relations for relationship sets
For each relationship set in the E-R diagram, we create a relation (table). This relation
has one column for the key of each entity set involved in this relationship and also one
column for each attribute of the relationship itself if the relationship has attributes (not in
our case).
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Example 3
There are two relationship sets in Figure 16, teaches and takes, each connected to two
entity sets. The relations for these relationship sets are added to the previous relations
for the entity set and shown in Figure 127.

Fig 127 Relations for E-R diagram in Figure 16

Normalization
Normalization is the process by which a given set of relations are transformed to a new
set of relations with a more solid structure. Normalization is needed to allow any relation
in the database to be represented, to allow a language like SQL to use powerful
retrieval operations composed of atomic operations, to remove anomalies in insertion,
deletion, and updating, and reduce the need for restructuring the database as new data
types are added.
The normalization process defines a set of hierarchical normal forms (NFs). Several
normal forms have been proposed, including 1NF, 2NF, 3NF, BCNF (Boyce-Codd
Normal Form), 4NF, PJNF (Projection/Joint Normal Form), 5NF and so on.

First normal form (1NF)
When we transform entities or relationships into tabular relations, there may be some
relations in whom there are more values in the intersection of a row or column.
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Fig 128 An example of 1NF
Second normal form (2NF)
In each relation we need to have a key (called a primary key) on which all other
attributes (column values) need to depend. For example, if the ID of a student is given,
it should be possible to find the student’s name.

Fig 129 An example of 2NF

Other normal forms
Other normal forms use more complicated dependencies among attributes. We leave
these dependencies to books dedicated to the discussion of database topics.

Other Database Models
The relational database is not the only database model in use today. Two other common
models are distributed databases and object-oriented databases. We briefly discuss
these here.
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Distributed databases
The distributed database model is not a new model, but is based on the relational
model. However, the data is stored on several computers that communicate through the
Internet or a private wide area network. Each computer (or site) maintains either part of
the database or the whole database.

Fragmented distributed databases
In a fragmented distributed database, data is localized—locally used data is stored at
the corresponding site. However, this does not mean that a site cannot access data
stored at another site. Access is mostly local, but occasionally global.

Replicated distributed databases
In a replicated distributed database, each site holds an exact replica of another site. Any
modification to data stored in one site is repeated exactly at every site. The reason for
having such a database is security. If the system at one site fails, users at the site can
access data at another site.

Object-oriented databases
An object-oriented database tries to keep the advantages of the relational model and at
the same time allows applications to access structured data. In an object-oriented
database, objects and their relations are defined. In addition, each object can have
attributes that can be expressed as fields.

XML
The query language normally used for objected-oriented databases is XML (Extensible
Markup Language). XML was originally designed to add markup information to text
documents, but it has also found its application as a query language in databases. XML
can represent data with nested structures.
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Overview:
Open system interconnection (OSI) model


The physical layer



The data link layer



The network layer



The transport layer



The session layer



The presentation layer



The application layer

Manufacturing automation protocol and technical office protocol
Basic database terminology


Database management system



Database system



Data model



Transaction



Schema



Data definition language



Data manipulation language



Applications program



Host language



Database administrator

The architecture of a database system


Internal schema



External schema



Conceptual schema

Data modeling and data associations
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Data modeling is carried out by using a data modeling method and one of a
number of graphic representations to depict data groupings and the relationship
between groupings.
Data modeling diagram – Entity-Relationship diagram
Data associations


One-to-One



One-to-Many



Many-to-One



Many-to-Many

Relational databases
The terms illustrated are relation, tuple, attribute, domain, primary key and
foreign key.
Database operators


Union



Intersection



Difference



Product



Project



Select



Join



Divide
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