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ABSTRACT

This thesis examines the human and technological issues that are
often encountered during the application-driven system design and rec-
ommends a synthesized life cycle approach to data base design. The
aerospace industry is emphasized due to the highly competitive and
regulatory operating environment. Special attention is given to the stra-
tegic business planning and end-user involvement in the requirements
definition phase of system development. The research consists of re-
viewing of current literature concerning tools, techniques, and available
Information Engineering (IE) methodologies that are the basis for man-
aging data as a resource. The benefits offered by these methodologies
along with the experience gained through my involvement with the im-
plementation of a data-driven methodology within an aerospace corpo-
ration has enabled the author to develop a data base design approach
called Computer Integrated Business Life Cycle methodology. The pro-
posed approach may be applied within any manufacturing environment,
However, the thesis is directed primarily toward aerospace corporations
who are, or will be, involved in the transition to an integrated computer

aided business environment.
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I. Introduction

A. Overview. The objective of this paper is to substantiate the con-
tention of a synthesized life cycle methodology to data base design. The
synthesized approach integrates the business data requirements with
data base design throughont the entire business life cycle. The business
life cycle extends itself from the strategic planning stages and concep-
tual product design through post production support to product obso-
lescence. The approach supports the concept of data sharing through

the use of subject data bases.

The subject data base concept recognizes a logical view of data
classes by the enterprise, as opposed to the logical view offered by the
traditional application-driven methodology. Subject data bases are in-
dependent of specific user applications and provide increased function-
ality through independent data design and storage [Martin 1982]. Some
examples of subject data bases commonly used to support corporations
are: Customer, Parts, Vendor, Engineering, Technical Documentation,

Personnel, ete.

Implementation of a subject data base concept depends on both
standardizing the definition of data classes and separating data from
the application currently using the data. Data classes are logically
grouped into rclated subject categories. Data classes resolve the enter-
prise’s data redundancy problems and contribute to achieving data sta-

bility.
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The three schema concept is also supported by the synthesized
methodology. The three schema relational architecture consists of a
conceptual model, external model, and an internal model. The concep-
tual model is the structure of the entire data base which integrates the

requirements of individual users into a single “community” view.

The external model is a version of the conceptual model that can
be presented to the data base management system. The internal model
is the physical model that takes into consideration the distribution of
data, access methods, and indexing techniques. The three schema con-
cept provides the logical independence between data and application

programs.

To best illustrate the benefits to be realized from using a life cycle
approach, the focus will be placed on the aerbspace industry. This is
primarily because of its vast organizational structure, multi-market en-
vironment and its stringent regulatory controls in regard to informa-

tion.

Furthermore, the author’s experience in the implementation of a
data-driven approach to structured data base design within a aerospace
corporation has made possible the development of a proposed approach
that avoids the pitfalls encountered frequently throughout project im-
plementation. Additionally, the author’s review of available structured

data base design methodologies, including Integrated Computer
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Aided Manutacturing Definition (IDEF-1X) by D. Appleton, Informa-
tion Engineering (IE) by J. Martin, and 4FRONT by R. H. Holland,
revealed some of the benefits to be derived from the implementation of

structured methodologies. A review of these methodologies is provided.

The proposed methodology which is called Computer Integrated
Business Life Cycle (CIBLC) brings about a number of positive
improvements over available structured methodologies. The approach
provides a basis for the development of an enterprise data model from
the corporate perspective as well as user-oriented system design, It also
leads to the establishment of a continuous improvement program which

links business functions to corporate objectives.

While there are multiple structured data base design methodologies
available, no one methodology specifically addresses the synthesized
data base design approach throughout the entire business life cycle.
The authar is proposing an approach that can be used effectively in a

manufacturing environment.
Finally, a synopsis of the proposed synthesized methodology and a
discussion of management trends and current technological events will

be provided.

B. Background. In the 1970s structured methodologies emerged as

applications grew in complexity and greater manpower requirements
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were necessary to support application development and maintenance.
These structured methodologies provided an arganized approach to sys-
tem development through the establishment of rules, methods, and pos-
tulates which were used to organize the problem solving approach hy
listing, diagramming, and documenting all analytical development
steps. In addition, structured methodologies assisted in the standardiza-
tion and systemization of software development and maintenance ap-
proaches by applying engineering analysis techniques rather than the
various approaches provided through the individual software develop-

CIS.

There are three major means of classifying structured methodolo-
gies: procedure-oriented, data-oriented, and information-centered

[McClure 1988).

Procedure-oriented methodology views the process as a fundamen-
tal part of the system model. These methodologies use data flow dia-
grams to represent the flow of data from data collection through data
processing and providing the outputs. Program relationships are repre-
sented as tree structure diagrams and the detail program logic is de-
noted by procedural logical diagrams. These logic diagrams provide

screen and report layouts to document the design of an user interface.

Hierarchical tree structure diagrams graphically represent groups
of data such that the highest level (root) is made up of one group and
all other groups are related to it. Procedural logic diagrams show the

flow of data and relationships between individual processes.
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Data-oriented methodologies view the actual data inputs and out-
puts as most important. Data structures are defined and the procedural
components, for example “update-record” followed by “read-record” to
“write-record” are derived to form the data structures, These data
structures are merged to form a single hierarchical control structure
and the detail procedural programming code is written to fit this struc-
ture. This approach also utilizes hierarchical tree structure diagrams

and procedural logic structure diagrams.

The information- centered approach establishes a logical data
model which represents the information usage throughout the entire
enterprise. In the identification of system requirements, the developer
analyzes the enterprise, its business objectives, and strategic informa-

tion needs.

This data model is non-hierarchical and identifies all data entity
types (something the enterprise wants to collect data about, i.e.. person,
place or thing) and their interrelationships. The developer then builds
individual information systems that handle the storage and flow of in-

formation within the organization.

Within these methodologies, two distinct schools of thought can be
identified: Software Engineering and Information Engincering. The

Software Engineering aspect begins with a general view of the entire
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system and leads to the decomposing of each function until all sub-

functions are small enough to be implemented into programming code.

In the Software Engineering approach the logical program design is
separate from the physical design. Logical program design describes the
data that is used within an application program and different from its
actual physical form. Physical design describes the data in the form it
is physically stored and is dependent on the computer hardware

selected.

The Information Engineering approach supports the development
of full scale systems which encompass such entities as people, proce-
dures, data, hardware, and software that interact with each other to-
ward achieving the enterprise goals. Information Engineering utilizes
strategic planning and data modeling. Strategic planning focuses on
what data is needed to accomplish the enterprise objectives while data
modeling identifies the functional dependencies and associations among

the entities.

Information Engineering emphasizes a logical view of data which
relates to the issue of how the organization and computer systems use
data. The business requirements, not the software requirements drive
the system development process in the Information Engineering ap-
proach. Information Engineering can support a relational, hierarchical,

or network data base design.
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Present day application-driven structured methods of data base
design, although functionally satisfactory, fail to meet the flexibility
required to support business demands and are extremely costly. The
annual budget allocated for information systems by aerospace corpora-
tions has reached levels up to $550 million in 1988 which represents 4
percent of total company revenues {ComputerWorld, 12 September,

1988).

The implementation of the application-oriented approach results in
multiple data bases with duplicate data which proliferate at a rate
greater than or equal to the development of applications or software
packages [R. H. Holland 1988]. Application software development usu-
ally lasts longer than a year. Control over the data administration func-
tions as well as information resource planning is absent. In addition,
the approach does not consider the company’s strategic initiatives as

they affect the business life cycle.

Since automation constitutes approximately 12 percent of annual
operating cost, it is an area where a formalized approach to company
processes can substantially affect the company’s financial performance

[Appleton 1987].

The aerospace project in which the author participated, was initi-
ated in response to operating in this rigid business environment. In
dealing with the already established “islands of automation”, the
project team members concluded that further application of the

application-driven approach would turn these “ islands of automation”



-8-

into “continents”. The approach selected by the acrospace corporation
for this particular project required initial high capital investment and
management commitment. Implementation of this methodology

encountered many technical, political, and financial difficulties.

The methodology proposed in this thesis incorporates the necessary
changes to circumvent these obstacles. The author strongly disagrees
with the project’s approach which is implemented from the “to-be” per-
spective. The "to-be” perspective identifies the data requirements and
processes which are based completely on a conceptual view of the enter-
prise. The “to-be” perspective does not consider the already established

data requirements and processes that may be unique to the enterprise.

The proposed methodology references the “as-is” environment. The
“a5-is” perspective reviews the present data requirements and processes
with the intention of deriving the stable data requirements that can be
applied to a desired future state. The data and process requirements
are supplemented with new requirements as they are identified. This is
based on the contention that future company processes will be driven

by the same stable data of existing processes.

The critical issue facing the corporations today does not only relate
to the problem of selecting a particular methodology but the need for

continual search of a methodology that can fit their unique needs.
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II. A Review of Available Methodologies

The following review of selected methodologies will provide a sum-
mary of advantages and disadvantages of available data base design ap-

proaches.

The Integrated Computer Aided Manufacturing Definition (IDEF-
1X) approach is primarily utilized by the Department of Defense
(DOD) and has been levied upon the aerospace companies competing

for numerous contract awards.

The Integrated Computer Aided Manufacturing Definition (IDEF-
1X) methodology offers the ability to document the conceptual schema
through the use of their supporting Computer Aided Software Engi-
neering (CASE) tool called JANUS. It provides a level of consistency
necessary for integration and the sharing of data. The process activities
and their relationships are extremely well documented. The methodol-
ogy also establishes a matrix which identifies the various employee

skills available for selection to farm a well balanced project team.

In this methodology, however, strategic planning of information
does not influence the system design. The system development is pri-
marily a “bottoms-up” (application oriented) approach which is driven
by user applications. The approach is process-oriented and is unable to
clearly distinguish the relations between redundant processcs, data orig-
ination, and similar data requirements. The methodology is limited to
the analysis portion of data base design and does not address the physi-

cal design aspect.
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In summary, the Integrated Computer Aided Manufacturing Defi-
nition (IDEF-1X) methodology can be extremely useful for small data
base design applications and the identification of business process

flows.

The Information Engineering (IE) approach was selected for review
based on my personal involvement in the implementation of this ap-
proach within an aerospace corporation, The major advantage of Infor-
mation Engineering is the Information Strategic Planning (ISP) stage,
which enables the strategic business requirements to drive the develop-
ment of supporting data base design from the data perspective of the
enterprise. Information Strategic Planning (ISP) provides top manage-
ment with the ability to view the enterprise in relation to goals, func-
tions, processes, and critical success factors. The approach provides a
solution to the data base design development process from the concep-
tual schema to logical schema and ultimately to the physical data base

design.

The major disadvantage of Information Engineering is that it sug-
gests that the development of entity-relation models should be based
on each functional process area within the enterprise. This approach
can be very difficult to implement due to the multitude of different

entity-relation models developed for all processes within the enterprise.

Furthermore, the reconciliation of the differences between the
entity-relation models is an astronomical task and nearly impossible to

accomplish due to the dynamics of the models. The perspective used in
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the development of the entity-relation models is also from an applica-
tion process viewpoint and not from a business enterprise (global) view-
point. These inconsistencies lead to a situation similar to attempting to
hit a continuously moving target - the target being the enterprise’s
entity-relation model. In the environment of a large aerospace company
this approach would be very costly to implement and could lead to a

perpetual rework effort for data modeling.

The 4FRONT approach lends itself very closely to the Information
Engineering methodology. However, the major difference between these
methodologies is that the 4FRONT approach requires the up-front de-
velopment of an enterprise data model and associated entity types. The
enterprise data model is then provided as a target for the development
of lower level individual process area data models. This approach
breaks down the enterprise data requirements into manageable pieces

and references a more stable target data model.

The major disadvantage of the 4FRONT approach is that it isn’t
widely known. Also, the supporiing Computer Aided Software Engi-
ncering (CASE) tool is not as robust the Information Engineering
Workbench (IEW) in the areas of flexibility, utilization of one or all of
the software modules, and total support of the life cycle development

phases.
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The methodologies reviewed have enabled efficient processing of
applications through structured application-oriented system design.
However, the approaches are limited to the system design life cycle.
The system design life cycle analyzes the data required to support the
specific applications, develops structured programming logic, validates
design with the users, implements application into a production envi-
ronment and performs maintenance throughout the life of the applica-

tion.

The proposed synthesized methodology expands itself beyond the
limits of these approaches by the up-front integration of strategic busi-
ness planning initiatives. The proposed approach also surpasses these
methodologies through the identification of stable data requirements
supportive of the entire business life cycle. This further emphasizes the
need for the establishment of a synthesized methodology which extends

over the entire enterprise,
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II1I. Recommended Synthesized Methodology

The purpose of this chapter is to define a synthesized approach to
data base life cycle design. This approach requires the total user partic-
ipation and provides a method to develop systems quickly and

efficiently.

The Computer Integrated Business Life Cycle (CIBLC) approach
consists of four major modules: Strategic Business Information Plan-
ning (SBIP) module, Subject Area Data Analysis {SADA) module, Sys-
tem Design and Construction (SDC), and Maintenance. Figure (1.0)

provides a structured outline of the recommended methodology.

The methodology requires establishing up-front management com-
mitment at all levels of the organization. This is the critical success fac-
tor for obtaining the necessary resources. This can be extremely diffi-
cult in the aerospace industry because of the government cost
regulations. A project of this magnitude is prohibited from charging
back this effort to the customer as part of the normal operating busi-
ness expenditures. The only recourse available to management is to al-

locate capital funding from the company’s profit income.

Establishing commitment must be initiated by an executive spon-
sor. The sponsor should be an executive manager who adopts the pro-
posed concept and politically nurtures it within the corporate arena.
Acceptance by other executives will provide the necessary resources and

establish the authority to dictate direction (as reguired).
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Figure 1. Computer Integrated Business Life Cycle




-15-

The second aspect of establishing commitment is ownership. Man-
agers at all levels within the organization should not only have the re-
sponsibility to support this new business approach but also to partici-
pate in identifying their informational needs. This responsibility will
help ease the pain of migrating to a data independent environment and
will create a sense of ownership in the newly developed subject data

base environment.

In addition, implementing the methodology would be extremely
difficult without the support of a Computer Aided Software Engineer-
ing (CASE) tool, which would provide the flexibility and the ability to
represent system specification, screen and report painters, and docu-
mentation generators with diagrams. The tool should have the ability to
provide integrity checks on the resident data dictionary based on nam-
ing conventions and data definitions. The dictionary is a repository of
data diagrams, data models, system specifications, and definitions. The
tool should also have allowances to provide an optional forth generation
programming language (i.e. Structured Query Language, SQL), code

generator or the ability to interface to commercially available products.

The most important module within the Computer Integrated Busi-
ness Life Cycle methodology is the Strategic Business Information
Planning module. The planning modute primarily enables managers 1o
clearly review the business enterprise in terms of goals, business func-
tions, critical success factors and the enterprise informational needs.
This module establishes a major difference between the proposed meth-

odology and the previously discussed approaches.
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The Strategic Business Information Planning is composed of four
areas: project management, transition planning, the enterprise data

modeling, and data clustering.

The project management area provides the techniques for building
a comprehensive team to gather, validate, and decide what data ele-
ments are required for functional areas. The techniques include the
specific planning, implementation, and management tools for the

project.

Project management depends on top management’s commitment to
delegating authority, providing direction and supporting the process.
Management, in turn, expects the timely and cost effective achievement
of subject data base development. Achieving this may require the devel-
opment of an application prototype to prove the functionality of snbject
data bases to management. Communication to and between the func-
tional areas is critical due to the number of different departments in-
volved. Program management coordinates and integrates the inputs
from all departments involved and facilitates the project’s development
by optimizing the positive effects of change to meeting the project ob-

jectives.

Three principal stages for program management are: project forma-
tion stage, implementation stage, and project completion. [Beck 1984]
Project formation and direction provide the "top-down” planning which
clearly defines the objectives. The implementation stage is where feed-

back such as status reports, budget reports, and obstacles are brought
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to management’s attention. Mid-course corrections may take place in
order to put the project back on track. The use of automated program
management planning tools such as Timeline, Task Monitor, and

Quicknet may be recommended for tracking purposes.

The benefits of using automated tools will increase productivity,
standardize activity reporting and provides the ability to perform
“What If” analysis. These tools offer the ability {0 simulate cause and

effect relationships for alternative comparisons.

Program management will coordinate the input of departmental
critical success factors necessary to realize project cost and benefit
goals. The critical success factors relate to conducting current business
operations and address where the high impact areas lie along with their
relative risk assessments. Establishing a measurement criteria is essen-
tial for the effective monitoring of critical success factors. These criteria
should be used throughout all levels of management and should be
compatible with each other. Figure (2) represents the critical success

factors which support achieving a data base life cycle design.

CUSTOMER STRATEGIC TACTICAL
OBJECTIVES OBJECTIVES OBJECTIVES
ELECTRONIC PRODUCTION IMPLEMENT NECES-
PRODUCT DATA CAPABILITY FOR SARY HARDW ARE/
DELIVERY. DIGITAL DATA SOFTWARE IN COM-
TRANSFER. PLIANCE WITH MILI-
TARY STANDARDS,

Figure (2) CRITICAL SUCCESS FACTORS
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The team building issue must be addressed by program manage-
ment because of its potential impact on schedules and the completion
of the data base design from an application perspective. The concept of

a Natural Working Group (NWG) for team building is recommended.

Natural Work Groups (NWG) are composed of the knowledgeable
domain experts from different disciplines which naturally share the
same subject data through a process, function or product within the
enterprise. If necessary, these experts can discuss with other Natural
Work Group (NWG) members resolving problems or improving the
present process within their domains. The members of all levels of
management and factory employees can be selected for natural work

groups.

The NWG concept allows members to focus on identifying the data
required to satisfy business needs within their respective subject areas.
This ensures that data will be identified from all points of view within
the entire enterprise; i. e. manufacturing, logistics, engineering. In the
past, the traditional system development approach utilized interviewing
techniques and questionnaires which were administered by system ana-
lysts to assess the users’ data requirements. This approach may be
counter productive because of the interpretation of requirements by the
analyst. Implementation may be remote to the user work environment

and the inefficiencies of the developed application leads to the need for

rewriting of programming code.
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The second area within the planning module is construction of the
“as-is” software and hardware system architecture model. This model is
created by constructing visual charts representing all operating system
hardware, software and networks which functionally support the organi-
zation. Total team involvement is required to effectively capture and

understand the organization’s “as-is’" architecture.

Elements of the architecture model should include all supporting
hardware systems (such as mainframes, controllers, modems, worksta-
tions, etc.), all internal and external telecommunication links, and asso-
ciated software. Additionally, an “as-is” functionality matrix is devel-
oped to indicate the areas where system integration exists within the
enterprise. One benefit of constructing an “as-is” architecture is to pro-
vide a reference in relationship to the development of the “to-be” data
base system architecture. Figure (3) is a graphical representation of an

“as-is’” architecture model.
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Along with the “as-is” infrastructure, decomposing organizational
functions down to the work processes and activities is essential. The
first step in this decomposition is to provide a link between the strate-

gic business initiatives and the computer systems requirements.
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Providing this link can be accomplished through hierarchical dia-

grams. These diagrams illustrate relationships between the functions

and processes inherent to a particular function (Reference Figure 4 and

5).

Enterprise
Activities
Manage
Manage Human Manufacture Market/Sell
Fi
mances Resources Product Product
Plan Research/ Procure Produce
Production Develop Materials Product
Product

Figure (4) Functional Decomposition Diagrams
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Order
Processing
System

Process
Customer

Orders J

Receive Fill Ship
Customer Customer Customer
Orders Orders Orders
Validate Validate Retrieve Pack Select
Customer Order [tems Order Items Order Items Shipper

Figure (5) Process Decomposition Diagrams

A three by six diagram construction level usually provides suffi-

cient information of major processes. [Martin 1986] The process decom-

position diagrams are further decomposed into data flow diagrams. The

data flow diagrams identify all internal or external data sources and

requirements for each process. Associated interrelationships are estab-

lished and annotated at this point.
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Figure (6) Data Flow Diagrams

The third step, and the major output of the planning module, is
defining the “to-be” future target state of the enterprise. This output is
unique to the Computer Integrated Business Life Cycle (CIBLC) ap-
proach, Defining the “to-be” state can be accomplished through assess-
ing the potential technological impacts on the current business strategy,
reviewing official corporate strategic goals, analyzing the “as-is” decom-
position diagrams, assessing the economic conditions, and customer re-
quirements. By analyzing thesc internal and external factors, the Natu-
ral Work Groups (NWGs) will be able to develop the “to-be” functional
and process decomposition diagrams which reflect the functions and

processes of the future enterprise, as shown in Figure (7).
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Enterprise
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Human Data Data
Resources
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Order
Processing
System
Process
Ordcrs
Fill Ship
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Customer

) (Order Items
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Figure (7) The “TO-BE” State Functional and Process

Decomposition Diagrams

In addition, the integrating of the system life cycle phase and the

product life cycle into the enterprise’s overall future critical functions

would reduce the time gap from initial product engineering phase to

the production phase. Figure (8) and (9) represent the life cycle phases

for systems development and product related processes.
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Integrating the system life cycle phases into the product life cycle
phases contributes to the four common support functions. They are:
business management, financial management, human resource manage-
ment, and property and facilities management. The business manage-
ment function consists of strategic planning, operations planning, poli-
cies, practices and standards, general administration and
communications. Managing finance involves financial planning, mea-
surements and controls, accounting, payroll and benefits, and facilities
accounting. Management of human resources includes human resource
planning, training, labor relations, services and benefits, security and
discrimination protection. The final common function is managing facil-
ities and property, which consists of property planning, maintenance,
facilities location and design, fire protection and motor pool manage-
ment. Figure (10) shows the interrelationship between system life cycle

and product-related life cycle for aerospace corporations.
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The next phase of establishing the “to-be” data model is develop-
ing the enterprise’s “as-is” entity-type data pool. An entity-type data
pool consists of the identification of high level entities (groupings)
which represent the basic informational needs of the “to-be” enterprise.
Throughout the business life cycle, these entity-types rarely change ex-
cept for additions due to business consolidations, mergers, and expan-
sions or other plans. Capturing the “as-is” entity-types provides the
basic informational needs for the “to-be” target state. Caution should
be exercised if plans exist concerning major corporate business expan-
sions. which may require these informational needs to be merged with
the new informational needs. Figure (11) represents “as-is” and Figure

(12) represents the “to-be” entity-type data pool.
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Figure (11) "AS-1S” Entity-Type Data Pool
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Figure (12) "TO-BE" Entity-Type Data Pool

Based on the “to-be” entity-type data pool, the Natural Work
Groups (NWGs) will develop an entity-type relation model. The model
is constructed using the entity-types identified and their relationships.
The relationships are assigned names and are based on the enterprise’s

operating business rules.

Defining the “as-is” and “to-be” enterprise state enables the devel-

opment of a transition plan. The purpose of the transition plan is 1o
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smoothly migrate from the existing data base and business environment
to the Strategic Business Information Planning targeted state. Upon
review of the prleviously defined “as-is” software and hardware archi-
tecture, the critical data bases which require linking will immediately
be apparent. Project management should identify the minimal level of
the capital investment necessary to link the critical data bases.The fur-
ther development of any new data bases and/or the enhancement of
existing data bases in the old environment should not be permitted by
management unless it is a contractual obligation or critical to existing

business operations.

Once the enterprise entity-type relation model is constructed, fur-
ther decomposition of the model is required to establish new subject
areas for the enterprise business areas data requirements. The forma-
tion of subject areas can be accbmplished by building various associa-
tion matrixes. The matrixes define data usage based on processes, geo-
graphic location of data, and functions with supporting processes

(Reference Figure 13).
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Association can also be established comparing data requirements

and the organization that creates, reviews, updates, and deletes (CRUD

charts) the data used in the particular process, as shown in Figure (14).
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Figure (14) CRUD Charts

A data usage-to-process matrix should be established to perform
affinity analysis. Affinity analysis using algorithmic formulas clusters
the identified entities into subject groupings by the related processes

and the sclected affinity quotient defined by the analyst.

The affinity algorithm is represented by the notation [Martin
1976]:




-35-

EltoE2 = a (El , E2
a (E1)

E1 notation represents the number of processes using entity E1. E2
represents the number of processes using entity (E2). (E1,E2) repre-
sents the number of activities using both E1 and E2. The (a) denotes
the affinity value pertaining to that entity. If (a) equals zero, then the
entities should not be clustered. Otherwise, based on the developers de-
cision on the affinity ratio desired to form a cluster, there may be as
many clusters as entities. These clusters can be interpreted to form log-
ical subject data bases. This top-down planning approach determines
which business areas should be candidates for subject data bases and

help prioritize their development.

When performing affinity analysis identifying ratios for data
grouping is necessary. The suggested ratios are 95 percent similarity to
form a grouping, 90 percent to add an object to an established group-
ing, 80 percent to combine groupings, and 65 percent to consider group-
ing of data at all. An object can be a conceptual or physical ¢lement
abount which data is collected and actions are performed against [Mar-
tin and Hershey 1986]. The ratios can be continuously refined based on
reliability, security and other business constraints. Further analysis
may be required to assign subject names to the proposed physical sub-
ject data bases. If this process is performed manually, the NWGs will
be required to analyze the association matrix and groupings mathemati-

cally and then separate the data based on processes.
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The second component of the Computer Integrated Business Life
Cycle approach is the Subject Area Data Analysis (SADA). The data
analysis component requires the development of a stable data model
based on the Strategic Business Information Planning needs and the

“to-be” subject area data requirements.

The first step is the development of the “to-be” entity pool for
each subject area. The entities identified will be at a very detailed level
and commonly used within the daily business operations. The second
step is the construction of the detailed data model. Three levels of data
models can exist. The entity-relations level, key-based level, and fully

attributed level are shown in Figure (15).

Model Scope
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0 Key-Rased Key-Based

f Level Level
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€
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n Fully Fully Fully Fully
c Attributed | Attributed | Attnbuled | Attributed
21 Level Level Level Level
n

t

Figure (15) Levels of Entity-Relations
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The entity-relation model establishes relations and cardinalities
between entities. Cardinalities define numeric relationships between
entities and often establish the basis for further decomposition. The
primary purpose of cardinalities is not to measure the number of enti-
ties that exist, but to identify static relationships to the lowest depen-
dent state. That is, when cardinality is represented in binary (0,1), it is
at its most stable state for application development. Figure (16) shows
the various notations used in defining the cardinalities of relationships

between entities.

HNotation Meaning

Zero, one, or many

Groe or more. The “P” stands
tor positive.

Notation Meaning

-

Exactly one

Zero or one. The 2" stands for
FCTO_

A specific quanlity, where (n} equak
that guantity (e.g-, 4, 14, 60, 21c.)

=]

A range of quantities, whers {A)
equals the lowest parameter, and
{B) equals the highest parameter
(eg., 1-10, 48, erc.).

— — — —
™

Figure (16) Cardinalities
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data used within the enterprise. The model primarily focuses on the

identification of key attributes which uniquely describe the entity. The

key-based model illustrates key migration through relationships to

other entities. Migrating keys are known as “foreign keys™” and provide

for alternate access paths to enterprise data. A foreign key is an

attribute or group of attributes within a child entity whose values exist

as the primary key values in the parent entity. The key based model

may represent the “as-is” or “to-be” condition. Figure (17) provides an

example of a key based model.
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Fignre (17) Key- Based Model
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The fully attributed model, as illustrated in Figure (18), consists of
all-key and non-key attributes and provides a stable foundation for
data base design and implementation. The model also identifies all the
data requirements and their interrelationships which are specific to

that particular environment.
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| CUST-ADDRESS | i
I makes I !
I PAYMENT I I
I TAXPAYER-ID-NQ (FK) i |
‘ PAYMENT -DATE i } GUARANTOR
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i3 T i8 guaranteed Ly privides
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| GUARANTOR-NAME (FK)
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Figure (18) Fully Attributed Entity-Relation Model
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The developed data model will be composed of relational tables
which should be normalized. Normalization is the decomposition of
compound data structures to simpler and more stable structures. The
adequate and practical level of normalization is usually third normal
form. Appendix A represents the rules of normalization developed by E.

F. Codd, the father of relational theory [Kent 1983].

The normalized data model is analyzed to reconstruct the “to-be”
processes decomposition and data flow diagrams. This analysis will pro-
vide a basic process structure for future reference and enhancements.
Additionally, the NWGs will be able to perform benefit analysis by
comparing the “as-is and “to-be” process models. The differences be-
tween the models can provide management with the most productive
and simplified illustration of change processes supporting
organizational functions. Major cost savings benefits estimatéd to be 50
percent for maintenance, 40 percent for reduction in redundancy and
30 percent in productivity gains are expected. [Martin 1976] The re-
sults can justify the restructuring of the organization to efficiently oper-
ate in the new “to-be” environment. Typically management is
extremely sensitive and resistant to reorganization based on conceptual

methodologies.

The corresponding data definitions and characteristics will be cap-
tured and maintained within the Computer Aided Software Engineering

(CASE) tool.

Manual reconciliation of naming conventions, relationships

between entity and/or attribute definitions may be required because of
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limitations of the tool. A major benefit provided by the tool should be
the capability to link subject area data models to the enterprise data
model. Figure (19)-represents the process flow for defining data ele-

ments,

DEFINE
REQUIRED
DATA ELEMENES

SEARCH
DLDS ‘—@
? ON NAME

ES NO

VALINATE ¥ SEARCH

SEMANTICS DIDS FOR
SYNONYMS

SEARCH
NO SE1ECT DD/DS ON
NEW NAME KWICKWOC
YES
0 =
ESTABLISHED | FIND?

NAME

* \ NO

VALIDATE
SYNTAX VALIDATE SEARCH

DIYDE ON
SEMANTICS DEFINITIONS
YES
YES LSE
ESTABLISHED
NAME
NO
NU
RESCHVE USAGE COMFLETE NEW
AND VALIDATTON =3 COLUMN OF DE COMPLETE NEW
CONFLICTS DESCRIPTION DATA ELEMENT
FORM DESCRIPTION
l FORM
MAP DE
TO g
RECORDS
1PDATE
DIYDS

Figure (19) Naming Conventions Reconciliation Process Flow
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Use of available standards wili facilitate the data naming process.
There may be a larger occurrence of new data names due to the concat-
enation of primary keys. Concatenation is a process of combining pri-
mary keys from different parent entities to form an entity that is re-
lated to both parents. Participation by all Natural Work Groups
(NWGs) and the establishment of a Data Administrator must be coor-
dinated to arrive at a standard name or acceptance of an alias which
offers an appropriate level of user friendliness. Similar procedures must
be followed for the reconciliation of entity relations and attributes. A
need also exists for resolution between suhject area data models and
dictionaries as they are consolidated into one enterprise data dictio-
nary. This consolidation can only be accomplished through close coordi-
nation with all Natural Work Groups (NWGs). In addition, the mem-
bers should be required to assess the impact of the proposed changes to

ensure that the data integrity will not be compromised.

The next step of the approach requires the development of an ap-
plication prototype. The traditional approaches to system development
often are inefficient and produce systems that do not meet the user re-
quirements. Prototyping can be used to validate the completeness and
integrity of data. The purpose of prototype development is to validate a
uniform means of developing applications across all subject data bases

regardless of the core process selected.

The prototype construction starts with a core process within the
subject area and expands upward until it is completed. There is a need

to identify all internal and external data sources which are necessary to




-43-

support the core process. This identification process which is contingent
upon the prioritized sequence of selected application prototypes allows
for the balanced construction of all the enterprise subject data bases.
The Sequence will be based on the data required to support the initial

core process within the function.

The Natural Work Groups (NWGs) should clearly convey the pro-
totype expectations to management and should establish a schedule for
constructing and demonstrating the prototypes. This will reinforce

sharing expectations defined to upper management.

The System Design and Construction component consist of “denor-
malization” of data models, creation of action diagrams, development of
input/output screens, construction of physical tables and code genera-
tion. Based on performance considerations, the data model may require
denormalization, Denormalization is the process of restructuring the
relational tables to a lower normal form to enable efficient processing
based on application design. This denormalization is a necessary part of

the tuning of the data model to support the user’s need for flexibility.

The Natural Work Group (NWG) members will be required to in-

tegrate the data model into the action diagrams.

The construction of action diagrams establishes the programming logic
in the form of “If-Then Else” statements, as shown in Figure (20). Ac-
tion diagrams also enable procedural calls and screen calls to be embed-

ded within the diagram [Martin 1986].
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Figure (20) Action Diagram

The actual screen layouts can be developed using a screen genera-
tor. The Natural Work Groups (NWGs) can add text, format variables
and graphic components anywhere on the screen. The screen layout
menu should allow developers and users to see how the screen will look

prior to creating the programming code.
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Based on the required flexibility for subject data base design and
the three schema approach, this paper will only address prototypes in a

relational data base environment.

The creation of relational tables using a data definition language
must be completed to support the selected prototype. In order to pro-
vide a level of portability among various relational Data Base Manage-
ment Systems (DBMS), I suggest that Structured Query Language
(SOL) be identified as the standard programming language for proto-
typing efforts be used, After the tables have been created, the émphasis
should be placed on generating application programming code to access
tables. IIn addition, selection of a more robust fourth generation lan-
guage will be necessary to support more complex applications which

Structured Query Language (SQL) can not support.

In order to validate the developed prototype, creating data migra-
tion translaior programs is necessary. These programs provide the
mechanism for moving data into the prototype environment. In addi-
tion, these programs allow batch accessing of the data during parallel
processing. Parallel processing is the simultaneous or scheduled pro-
cessing of applications in the new subject data base environment and
the existing file structures. Although parallel processing will incur high
cost, it offers a higher degree of operational stability until the existing

systems are “burned off”.

The next step is to populate the data base with the ported data

and process the application prototype for each subject data base. At
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nization, similar to that shown in Figure (21).

this time, debugging the prototype may be necessary so all tables are
accessed correctly. Refining the data model for performance or design
changes is performed as-required. Upon completion of these changes,

formal certification of the data model and prototype is affected t'hr()ugh

prototyping effort provides true system validation. This transition may

require the formalization of a Data Resource Management (DRM) orga-
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Subject area data administrators are identified for each subject
area. The administrators support several aerospace projects within sub-
ject areas. In this situation the administrator may spend the majority of
his time arbitrating between project and functional data definitions and

structures.

Utilizing the translator programs, the existing data should be
ported into the production subject data base environment. The testing
and validation phase must be performed to ensure data integrity, data
accuracy, security, user access, query capability, and performance be-
fore global access is granted. This stage also requires the delivery of
system documentation and tutorials, Maintenance of these documents

is required for the life of the system and may be in automated form.

The final and never ending component of the Computer Integrated
Business Life Cycle approach is system maintenance. This can be ac-
complished by the implementation of the Continuous Improvement
Program (CIP) (inferred from the Japanese management approach
called KAIZEN) which is unique to the Computer Integrated Business
Life Cycle approach. This approach supports the Natural Work Group
(NWG) concept and close employee and management relations. In the
aerospace industry, customers, subcontractors, and vendors are also in-
cluded in striving for continuous improvement. The approach will also
be a major input into the Strategic Business Information Planning pro-
cess and dictate the necessary changes to the process decomposition

diagrams in meeting future business demands. Constant resolution of




-48-

data dictionary between subject areas will also be performed to ensure

data stability throughout the enterprise.

Through the implementation of the Computer Integrated Business
Life Cycle methodology, the enterprise evolves from today’s business
environment to a more cost effective, competitive, and flexible business

environment of the 1990’s.
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1V. Conclusion

The previous discussions has alleged a problem of information mis-
management within the aerospace industry and have recommended a
synthesized methodological approach for subject data base
development. Additionally, key data and management issues associated
with the traditional application-oriented system design and integrated

business system life cycle approach were discussed.

Traditional application-oriented data base design life cycle
approaches start with a requirements analysis, followed by structured
application design, design validation, on-line production capability, cus-
tomer acceptance and maintenance. The most important common char-
acteristic among such system life cycles is that they are only concerned
with software. The critical data requirements analysis is performed only
to define the data needs required by the software, not the enterprise’s
informational needs. Additionally, in the traditional system design cycle
all steps are performed in a linear manncr. The scope of each step is
specific and does not take advantage of the benefits from similar tech-

niques.

There are two main differences hetween the propased Computer
Integrated Business Life Cycle approach and the methodologies
reviewed. First, the proposed approach is data-oriented. The data re-
quirements analysis is performed on an enterprise scale, beginning with
strategic planning together with corporate policies and product data
requirements. Secondly, the proposed methodology synthesizes the re-
viewed methodologies into a cohesive approach for an integrated sub-

ject data base environment.
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Each module of the Computer Integrated Business Life Cycle ap-
proach strongly addresses areas were other methodologies are weak.
The Strategic Business Information Planning module establishes the
critical mapping between corporate goals and the information needs.
The Subject Area Data Analysis module defines the enterprise data
model and further partitions the enterprise into subject areas proving
increased accuracy of data requirements. These two modules establish
the critical differences in relation to the methodologies reviewed. The
System Design and Construction modules, through the use of action
diagrams provide the essential consistency between the conceptual data
model and the physical design. The Maintenance module in conjunction
with the Continuous Improvement Program provides the necessary re-
finement of the enterprise model to support changing business require-

ments,

The recommended Computer Integrated Business Life Cycle Busi-
ness approach provides the additional capability beyond the traditional
system development approach and the business life cycle data needs.
The intention of the proposed methodology is to integrate the necessary
business functions to ensure continuous improvement for the life of the
enterprise. The synthesized approach allows tailoring of the methodol-

ogy to take into account the idiosyncrasies of the business environment.

The proposed methodology along with available Computer Aided

Software Engineering (CASE) tools, and structured analysis techniques
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are only a partial solution to managing data as a resource. Manage-
ment must begin to understand the technological and personnel issues
that are inevitable as the transition occurs to an integrated data base
environment. The critical factor to future success is the level of man-
agement commitment. If management is not willing to pay the price of

integration today, there will he no tomorrow for that enterprise.
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APPENDIX A
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1. INTRODUCTION
The normal forms defined 10 relaticnal database theory
represent guideiines for record design. The guidelines cor-
responding to first through fifth normal forms are pre-
sented. in terms thal do not require an understanding of SUMMARY: The concepts behiné
reianinal theary. The design gutdelines are meaningful the five principal normal forms
even ii a relational database system 1s not used. We pres-  in rejational database theory are
ent the guidehines without referring to the concepts of the  presented in simple terms. ’
reiattonal model in order to emphasize their generality
and ta make them easier to understand. Out presentation
convevs an ntuitive sense of the intended constra:nts on
record design. aithough 1n us informality it may be'impre-
cise i1n some techmcal details. A comprehensive treatment
of the subject 1s provided by Date [4).
The normalization rules are designed 1o prevent up-
dale anomakies and data mconsistencies. With respect lo
petfarmance trade-offs. these guidelines are biased to-
ward the assumption thst all nonkey fields wiil be up-
dated frequently. They tend 1o penalize retnieval, since
data which may have been retnievable from one record in
an unnormalized design mav have to be retrieved from
several recards in the normahzed form. There is no obli-
gation 10 fully narmalize all records when zctual perform-
ance requirements are taken into account.

2. FIRST NORMAL FORM

First normai form |1} deais with the “shape” of a record
type. Under first normai form, all occurrences of a record
tvpe must contain the same number of fields. First normal
form excludes variable repeatng fields and graups. This
s not so much a design guideline as a matter of defini-
tion. Relational database thearv does not deai with rec-
ords having a variable number of fieids.

3. SECOND AND THIRD NORMAL FORMS

Second and third normai forms {2. 3. 7] deal with the
relationship between nonkey and key fields, Under sec-
ond and third normal forms. @ nonkey field must provide
g foct gbout the kev. the whole key. and nathing but the




1 In addimon. the record must satisiy st normal
.

W dedi now oniy with “singie-vaived” facts. A singie-
iueG fact couid be 3 one-1o-Many relguonsnip such as
¢ aepariment of an empiovee or a one-10-onte reiation-
ic such as the spouse of an empiovee. Thus. the parase
Y 1s a fact about X7 sigrufies a ane-to-one or one-to-
any reianonship berween Y and X. In the generaj case,
mignt consist of one or more fields and so might X. In

foliowing exampie, QUANTITY s a fact about the
motnation of PART and WAREHOUSE.

1 Second Normal Form

cona nermai form s violated when a nonkevy field is a
ct about a subset of a kev. 11 15 oniv reievant when the
Y 1§ COMmposite, Le.. conmnsts of several fields. Consider
e foilowing inventory recorg.

PART | WAREHOUSE JQUANTITY } WAREHOUSE-ADDORESS

e kev here consists of the PART and WAREHOUSE
ieids together. out WAREHOUSE-ADDRESS 15 a {act
poul the WAREHOUSE alone. The basic prooiems with
15 destgn are:

The warehouse address 1s repeated in every record that
iers to 3 part stored in that warenouse.

if the address of the warehous= changes. every record
fetring to a part stored in that warehouse must be up-
aled. )

Because of Lhe redundancy. the data might hecome 1n-
nsistent. with different records showing ditterent ad-
resses for the same warehouse.

if at same paint 1n time thers are no parts stored in the
arehouse. there may be no recerd in which to keep the
yafehouse s address.

To satisiy serond normal form, the record shown
bove shouid be gecompasea tnto (repiaced by} the two
corags:

* PART } WAREHOUSE i QUANTITY |

SREY L

| WAREHOUSE | WAREHOUSE-ADDRESS |

T

When 3 data design s changed in this way. i.e.. replacing
unnormalized records with nocmalized records. the
Process 15 referred to as normalization, The term
“normalization’”’ is sometimes used relative to a particular
normal form. Thus. a sel of records may be normaiized
with respect to second naormal farm but not with respect
to thied.

The normalized design enhances the integrity of the
data by minimizing redundancy and inconsistency, but at
Sotne possible performance cost for certan retrieval appli-
fatons. Consider an application that wants the addresses
of ali warehouses slocking a certatn part. In the unnor-
Mmaiized form. the appiication searches one record type.
Wuth the normalized design. the apphicanon has to search
'wo record types and connect the appropriate pairs.

32 Third Normai Form
hird normai form 1s violated when a nankey field 15 a
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fact about ancther nonxey fieid. as (o

i EMPLOYEE : DEPARTMENT i LOCATION -

Cokew

The EMPLOYEE field 15 the key. If each department is
located in one place. then the LCCATION freid 1s a fact
about the DEPARTMENT —n addition ta being a fact
about the EMPLOYEE. The prooiems with this design are
}he same as those caused by vigiations of second normai
arm.

*« The department's location 15 repeated tn the record of
everv empioyee assigned ta that department,

* {f the location of the department changes. every such
tecord must be updated.

* Because af the redundancy. the data might become in-
consistent, e.g., different records showing different loca-
tions for the same department.

* If 2 department has no empioyees. there may be no
recard 1n which to-keep the department’s locaton.

To satusfy third normal form. the record shown above
shouid pe decompesed 1nto the two tecords:

© EMPLOYEE | DEPARTMENT ;] DEPARTMENT ! LOCATION |

Rey . - key......

To summarize. 3 record is 1n second and third normal
forms uf every field is erther part of the key or provides a
{single-vaiued) {act about exactly the wiole key and noth.
ing else. )

3.3 Functional Dependencies

In retationai database theory. second and third normal
forms are defined in terms of functional dependancies,
which correspond approximately to our singie-valued
facts. A field Y is “functionaily dependent™ on a field (or
fields) X if it 15 invalid to have twa records with the same
X vaiue but different Y values. Thatis. a given X value
musl 2iwavs occut with the same Y vaiue. When X is a
key. then ail fields are by defintion funcnionaiiv depend-
ent on X in a trivial way. since there cannot be two
records having the same X vaiue.

There 15 a slight 1echnical difference between func-
tional dependencies and single-valued facts as we have
presenied them. Functional dependencies anly exist when
the things involved have unique and singular identifiers
{representations). For exampie. suppose a person’s ad-
dress 15 a single-valued fact. 1e.. a person has onlv one
address. If we do not provide umigue identifiers for pro-
pie. then there will not be a functional dependency 1n the

data.
rpsnson 1T ADDRESS
-John Smith 123 Main St.. New Yark
John Smuth ' 321 Cenier 5t.. San Franciseo

Although each person has a unique address. i given
name can appear with several different addresses. Hence,
we de aot have a functtonal dependency corresponding to
our singie-vaiued fact. Simulatly. the address has to he
speilted 1denncally i each occurrence in order to have a
funcuonai dependency. (n the followmng case. the same
person appears to be living at \wo different addresses,
again precluding a functional dependency.
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SERSON L JDRESS

ionn Zmitth 123 Main 5t New York
ighn Smuth - 172 Main Sreet. NYCQ

We are not defending the use of nonunique or nonsia-
zuiar represanrations. Such practices often lead to data
TMaintenance problems of their own. We do wish 1o point
out. however. that functicnai dependencies and the var-
tous normai forms are reaiiv oniv defined for situattons 1n
which there are unigue ana singular wdentifiers. Thus. the
design guideiines as we present them are a bat stronger
than those impited by the formal definitions of the nor-
mal forms.

Far instance. we as dasigners know that in the follow-
ing exampie there 1s g singie-valued fact about a nonkey
held. and hence the desien is susceptibie to all the update
anpmaiies mentioned earier, '

ENPLOYEE FATHER FATHER'S-ADDRESS ;
Arnt Smih john 3mitn 123 Main St.. New York
Hech Smith jonn Smith 123 Main Street. NYC :
Cal Smith iahn Smnn 121 Center St.. San Francisco

However. in format terms. there 1s no functionai depend.
ency here between FATHER'S-ADDRESS and FATHER.
and hence. no vigiation of thira normal form.

4. FOURTH AND FIFTH NORMAL FORMS
Fourth {5} and {ifth [6] normal forms deal with muitival-
ved facts. A multivaived fact mav correspond to 2 many-
to-many relationsiup. as with empiovees and skills. ar to a
many-tc-one reiationsiip. as with the chiidren of an em-
piovee (gssuming only one parent 15 an emplovee). By
“manv-to-many’ we mean that an émployee may have
several skiils and/or a skiil may belong to several employ-
ees. Note that we lonk at the many-to-one reiationship
between children and fathets as a singie-valued fact
about a child bur a muitivaiyed fact about a father.

in 2 sense. fourth anc Nifth normal forms are aiso
about composite keys. Thess normal forms attempt ta
Munimize the number of fieids invoived in a composite
key. as suggested by the exampies tha! follow.

4.1 Fourth Narmal Form

Under fourth aormal form. g record type should not con-
tarn two or more ndependent muluvalued focts about an
entrty. |n addition. the recard must satisfy third normal
form. The term “independent” will be discussed after
considering an example.

Consider empioyees. skills. and languages. where an
empiovee may have severai skills and several languages.
We have here two many-to-manv relationships. one be-
tween employees and skills. and one between employees
and languages. Under fourth normal form. these two rela-
tionships should not be regresented 1n a single record
such as .

L
| EMPLOYEE | SKILL ! LANGUAGE j

Instead. theyv should be reoresented in the two recards

ILPLOYED i SKILL- EMPLOYET | [ANGIL 20T

Kty rey

Note that other fields. not invoiving muitivaives facis are
permitied 1o occurl in the record. as 1o the case of the
QUANTITY fieid i1n the earhier PART/WAREEDUSE ex-
ampie. . .

‘The main probiem with viclating fourth normal form
15 that it {eads 1o uncertainiies ;i the maiwntenance poli-
cies. Several policies are possible for maintaining two 1n-
dependent muitivalued facts o one record.

{11 A dissomnt format. in which a record contains enther
a sizli ar a ianguage, but not both.

EMPLOYEE  © SRILL LANGUAGE
Smith i cook L
Srmith ; tvpe ;
‘Smith i i French
. Smith ! German
; Smath I H Greek

This 15 not much different from maintaining two separate
record types. We note tn passing that such a format aiso
leads to amiiguities regarding the meanings of hiank
freids. A blank SKILL could mean the person has no sxiil.
that the fieid 15 not applicable 10 this emplovee. that the
daia s unknown, or. as tn this case, that the data may be
found 1n another record.

{2} A random mix. with three variations
{2} Minimal number of records with repetstions.

| EMPLOYEE ' SKILL LANGUAGE
Smuth i cook French
Smath i type - German
Smith Potvpe Greex

{by Minimal number of records. with null vaiues.

EMPLOYEE ¢ SKILL LANGUAGE
i Smith - i cook | Franch
| Smith i TIvpe ‘ German
E_ Smith [ Greek
1} Unrestricted.
EMPLOYEE 1 SKILL LANGUAGE
Smith i coak French
Smuth tvpe
Smuth German
; Smith Tvoe Greek

{3 A “cross-product” form where. far each emplovee
there must be a recarad for everv passtble pairing of one uf
his skiils with ane of his languages.



INPLOYER SKILL LANGL ALE
COUK rrencn
£O0k Cerman
CoOK . Creex
1vpe i French

| woe t German
| tvoe : Creek

her probiems caused by violauing fourth normal ferm
SEMUIAT N Spiltt to those mentionea eariter for vioia-

ms of second or theed normat form. They take different
atons depending cn the chosen mamtenance paiicy.

f there are repetitions. then updates have 1o be done in
pitipie records, and the records couid Decome tNCONRSIST-

psertton of 3 new skill may invoive iocking for & record

h a oiank skill, inserung a new record with a possibiy

nk language_ or inserting multiple records pawring the
sikiii with some or ali of the languages.

Peietion of a skili may inveive bianking out the skiil

iq 111 ane or mare records ipernaos with a check that
goes not jeave rwo records with the same ianguage

o a oianx skiil) or geieting one or more records. coupteq

iir o check that the last menucn of some language nds

§ been deisted also.

urth cormal form minimizes such update prohiems.

1 Independence We mentioned indepena«nt mult-
jued facts eariier. and we tlow illustrate whiy we mean
that term. The 1wo manv-to-many reiationsnips. em-
pres:skiil and empiovee:language. are indep--ndent 10

t there 15 no direct connection between skiiis and lan-

ees. There 1s only an wndirect connecnon because they
one 10 same common empiovee. That is. 1t dees not
prter which skell is paired with which language 1n a

ora: the paurine does not convey any informanoen. That
orecisen wny all the maintenance poucies mentioned
F11pr can be ailowed.
W7l contrast. suppose that an empiovee can oniy exercise
flain sxiiis in certain ianguaees. Perhaps Smith can

Dk French culsine oniv. but can type French, German.

d Greek. Then the pairing of skills and languages be-
tmes meaningful. and there i1s no longer an amobuity of
intenance poiicies. in the present case, oniy the follow-
f form 1s correct.

EMPLOYEZE ¢ SKILL LANGUACE
Smith i cook | French
Srnith type French
Smuth type German
Semith tvpe | Greak

Thus. the empigye=:skill and empiovee:language rela-

ships are no langer independent. These recoras do not
Piate fiourth normal form. When thare 1s an interda-
Mdence among the reiationships, 1t 1s accaprable 10 rep-
ent them 10 a single record.

2. Multivefued Dependencies For readecs interested
Pursuing the technicai backeround of fourth normal
a oit further. we menuon that feurth normai form s

w

*Fifth noermal form deais with cases where information
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definec n terms af muitivcived dependencies that corre-
spond :C our tnaependent muitivaiued facts. Multivaived
cependencies. :n turn. are defined essennially as relatign-
ships that accept the * cross-oroduct ' maintenance policy
mennaned above. For our exa'rtpte every one of an em-
piovee s skiils must appesr pared with every cne af his

_lanzuaﬂﬂs it SIEV Or may act be aovious to the reader

that this s equivatent 1o cur notion of independence:

-since every pcssmle partfing must be present. there 1s no

“informatien” tn the painngs. Such painngs convey infor-
matton onivif some of them can be absent. e.. onlv if it
1S posstme that some emgioyee cannot perform some skill
tn some ianguage. If ali painings are aiwavs present. then
the reiationships are realiv independent,

We should aiso potnt qur that muitivalued dependen-
ctes and fourth normal form aiso 2pply to relangnshigs
imvoiving more than two fields. For exampie. suppose we
extena the eariter exampie to rciude proiects, i the fol-
lowing sense:

* An emplovee uses-certain skills on certain prosects.
* An emplovee uses certain languages on certain projects.

[f there is no direct connection between the skills and

- languages that an emplovee uses on a project. then we
" tauid treat thus as two independent many-to-many reia-

nonsfups of the form EP:S and EP:L. wnere EP repre-
sents & combination of an empiovee with a project. A
record inciuding empiovee, project. skill. and language
wouid viclate fourth nermai form. Twe records. contain-

ing fields E.P. Sand E. P, L. 'espectwew would satisfy

fourth normai form.

4.2. Fifth Normal Form

can be reconstructed from smaiier pieces of information
which can be maintained with jess redundancy. Second.
thurd. and fourth normai forms also serve this purpose,
but fifth normai form generaiizes to cases not covered by
the others.

We wili not attempt a comprehensive exposition of
fifth normal Form. but wiil (liustrate the central concept
with a commoniy used exampie. nameiy, one involving
agents. companies, and products. [f agents represent com-

panies. cempames make procucts. and agents seil prod-

ucts, then we might want to keep a record of which agent
sells which product for which company. This inafarmation
couid be kept tn one recoed type with three fields:

AGENT . COMPANY . PRODUCT |
Smith Ford car | :
Smubh | GM truck |

This form is necessary in the general case. For example.
although agent Smuth seils cars made by Ford and trucks
made by GM. he does not sell Ford trucks or GM cars.
Thus. we need the comination of all three fields to know
which combinations are vand and which are not.

But suppose that a certain tuie is 1n effect: if an agent
sells a certain product and he represents the company
maiing that product. then he seils that product for that
company.

**Reference cases are in the nreviaus
second, third and fourth normal forms.




AGENT CONPINY oRODUCT
. Smun Ford &
. Sman : ford tuck ;
[ Smth E GM ' zar
i Smuth | GM ' truck
! lones Fard ' car

in this case. it turns out that we can reconstruct ail the.

rrue facis from a normatized form consisning of three sep-
arate record types. each containing swo {ieids. ’

ACENT ' COMPANY | ' AGENT ' FRODUCT
. Smun | Ford ’I Smun cas !
" Smuth GM S0 Smuth . truck

tones . ford " jones - car

COMPAXNY PRODUCT
. Ford \ car .
i Ford ' truck !
; CM i car !
' GM ! truck

These rhree record types aren fifth normai form.

waereas the corresponding three-fieid record shown pre-

viously 55 not.

Roughly speaking, we may sav that z record tvpe is In
Iifth normai form when #s tnformation content cannot be
reconstructed from severaj smatler record tvpes. ie.. from
racord tvpes each having fewer fieids than the onginai
record. The.case where all the smailer recards have the
same kev 1s exciuded. If a record type can only be decom-
posed 120 smaller records which all have the same key,
then the record type is constdered 1o be 1n fifth normal
form without decomposition. A record type n fifth nor-
mal form is alsa in fourth. third. second. and firs1 normai
forms.

Fifth normal form does not differ from fourth normal
{orm uniess there exists 2 symmetric constraint such as
the rule about agents. compantes, and products. 1a the
apsence of such a constraine. a recara tvpe tn fourth nor-
mal form s alwavs 1p {ifth normal form.

One advantage of fifth normal form is that certain
regundancies can he eliminated. In the normalized form.

the fact that Smuth sells cars 1s recorded oniv once: in the

unnormalized form. 1t may be repeated manv times.

[t shouid be observed that although the normalized
form :nvoives more record types. there may be fewer total
record occurrences. This is not apparent when there are
oniv 2 few facts to record. as in the example shown
above. The advantage 18 reaiized as more facts are re-
corded. since the size of the normalized files increases in
an additive fashion. whiie the size of the unnormalized
fiie increases in a multiphcative fashion. For example. if
we add a new agent who seils x products for v compa-
mes. where each of these cormpanies makes each of these
products. we have to add x + y new records to the nor-
mahized form. but x.y new records to the unnormalized
form.

it should aiso be noted that all three record 1vpes are
required in the normalized form in arder to reconstruct
the same informatton. From the first two record tvpes
shown abave we learn that jones represents Ford and that
Fora makes trucks. But we cannot determine whether

Jores seils Fora trucks unn:l we look at the third recc:
type "o gelerune whnetker {ones sells trucks at ail.

The foliowing exampie :ilustrates a case in whizn -
ruie apaut ageats. companes. and products 15 satishiec
and wn:cn cieariy reguires all three record tvpes i .
normairzed form. Any two of the recara ivpes taken ;.
wiil IMpiv something untzue.

ACENT ©  COMPANY PRODUCT

1 Smnh | Ford i car
Sesth | Ford b truck
Smuth 1 GM ¢ car

¢ Smuth | GM ; truck

"t lores ¢ Ford b oear

. lones . Ford t truck

i Brown !  ford Poocar

.+ Brown | M car

| Brown | Tovota 1 car ;

| Brown ! Tovota P bus :

. AGENT - COMPANY |

' Smith i Ford | Fifth

| Smuth ; GM b Normai

| ionss i Ford g Form

:r Brown ) Ford .

! Brown | GM

? Srown E Tovota

i COMPANY | PRODUCT

! Ford ' ocar Filth

| Ford i truck Noarmal

iGM i car { Form
GM I truck :

I Tovota | car

P Towvota ! bus

AGENT " PFRODUCT
Smuh car ¢ Fifth
Smuth ;o truck T Narmai
[ones . | car ! Form

| jones | truck

¢ Brown ,  car

L Brown i bus

Observe that:

= Jones sells cars and GM makes cars. but Jones does not
represent GM.

= Brown represents Ford and Ford makes trucks. hut
Brown does not seil trucks. :

* Brown represents Ford and Brown seils buses. but Ford
does not make buses.

Fourth and fifth normal forms both deal with comb:-
nations of muirtivalued facts. One difference 1s that the
facts dealt with ynder fifth normai form are not indepen-
dent. 1n the sense discussed earlier. Another difference 1s
that, althaugh {ourth normai form can deal with more
than two muitivalued facts, it anly recognizes them
pairwise groups. We can best expiain this in terms of the
normalization process impiied by fourth normal form. i 4
record violates fourth normal form. the assoCiated nar-.
mailzation process decampases it into two records. each




ntaining fewer fieids than the originai racord. Any of
hese vioiating fousth normai form 1s sagain aecompased
nto 1WO records. and so on untii the resulting records are
{1 i fourth nermai form. At each stage. the se! of recoras
fter decomposition contains exactly 1ne same informa-
ion as the set of recoras before decomposition.
ln the present examopie. no pairwise decomposition s
ossible. There 15 no combinatton of two smalier recards
yiich contamns the same total mnformanon as the orginai
cord. All three of the smailer records are needed,
ence. an infarmation-preserving pairwise decompaosition
not possibie. and the original record is not 1n vioiation
f fourth normai form. Fifth normal form 1s needed in
er to deal wuth the requndancies in this case.

UNAVOIDABLE REDUNDANCIES
\Ormaitzation certainiv does not cemove aii redundan-
es. Certain redunaancies seem to be unavoidabie. partic-
iariy when severai muitivaived facts are dependent

ther than independent, In the exampie shown in Sec.
1.1. 1t seems unavoraabie that we record the fact that
Smith can type” several times. Alsa. when the rule abour
enls. compeanies. and products 1= not 1n effect. :t seems
avoidabie that we record the fact that "Smuth sells

rs’ several himes.

INTERRECORD REDUNDANCY
he normai forms ciscussed here deal oniv with redun-
ncles occurring within a single record tvpe Fifth ner.
3l form 15 consaered to be the ultimate normai farm
ih respect to such redundancies {6].

Other redundances can occur across muihpie record
rpes. For the exampie concerning cmpiovees. depart-
ents. and locations. the fotlowing records 4!+ 10 third

tmal form in spite of the obvious redundancy.

" EMPLOYEE | DEPARTMENT

EL AN

S DEPARTMENT | LOCATION

“

' EMPLOYEE ! LOCATION |

CKeY L.

‘act. two copies of the same record type would const-
¢ the ultimate 1n this kind of undetected redundancy.
errecord redunaancy has been recognized for some

e [1], and has recentiy been addressed i1n terms of
rmal forms and narmakization {8].
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7. CONCLUSION

Whiie we dave tried 1o present the normal forms i 3
sumpie.and undersiandable wav. we are Ov no means
suggesting thar the data design process is corresoandingiyv
simpie. The design process invoives many compiexities
that are auwite devond the scope of this paper. {n the first
piace. an inivai set of data eiements and recorgs has 10 be
deveioped as candidates for normaiization. Then the fac.
tors affecting narmaiization have to be assessed:

* Single-valued vs. multivaiued facts,

* Dependency on the enure kev.

* independent vs. dependent facts.

* The presence of mutuai constraints.

* The presence of nocnunique or nonsingular representa-
tions.

Finally. the desirabilitv of normaiization has to be as-
sessed in terms of its performance tmpact on retrieval
applications.
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