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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 throughout 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, etc. 

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 related 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 aerospace 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 Manufacturing Definition (IDEF-lX) 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 author 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 organized approach to sys­

tem development through the establishment of rules, methods, and pos­

tulates which were used to organize the problem solving approach by 

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

ers. 

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 Engineering. The 

Software Engineering aspect begins with a general view of the entire 



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" 
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into "continents". The approach selected by the aerospace 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 

"as-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-

lX) 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-

lX) 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 form 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 processes, 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-lX) 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 supporting Computer Aided Software Engi­

neering (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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III. 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 required). 
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BUSINESS OBJECTIVES 

Figure 1. Computer Integrated Business Life Cycle 
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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 module primarily enables managers to 

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 subject 

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 to 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 DAT A CAPABILITY FOR SARY HARDWARE/ 
DELIVERY. DIGIT AL DAT A 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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Figure (3) THE "AS-IS" SYSTEM ARCHITECTURE MODEL 

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). 
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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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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 these internal and external factors, the N atu­

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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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-IS" 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 to 
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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 previously 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 accomplished 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 selected affinity quotient defined by the analyst. 

The affinity algorithm is represented by the notation [Martin 

1976]: 
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El notation represents the number of processes using entity El. E2 

represents the number of processes using entity (E2). (El,E2) repre­

sents the number of activities using both El 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 element 

about 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). 
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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. 

Notation Meaning 

Exactly one 

Notation Meaning 

Zero, one, or many 

One or more. The "P" stands 
for positive. 

Zero or one. The "Z" stands for 
zero. 

A specific quantity, where (n) equals 
that quantity (e.g., 4, 14, 60, etc.) 

A range of quantities, where (A) 
equals the lowest parameter, and 
(B) equals the highest parameter 
(e.g., 1-10, 4-8, etc.). 

Figure (16) Cardinalities 
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The key-based model provides a more precise representation of the 

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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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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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 estimated 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. 
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Use of available standards will 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 subject 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 
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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 

(SQL) be identified as the standard programming language for proto­

typing efforts be used. After the tables have been created, the emphasis 

should be placed on generating application programming code to access 

tables. In 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 translator 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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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 through 

management participation. 

The controlled transition to a production environment from the 

prototyping effort provides true system validation. This transition may 

require the formalization of a Data Resource Management (DRM) orga­

nization, similar to that shown in Figure (21). 
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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 
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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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IV. 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 manner. The scope of each step is 

specific and does not take advantage of the benefits from similar tech­

mques. 

There are two main differences between the proposed 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 be no tomorrow for that enterprise. 
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A-SIMPLE GUIDE TO, 
FIVE NORMAL;FORMS IN 
RELATIONAL 
DATABASE THEORY 
WIWAM ,CENT International Business _Machines Corporation 

l- INTRODUCTION 
The normal forms defined in relauonal database theory 
repre~cnt guideiines for record design. The guidelines car• 
responding to first through fifth normal forms are pre• 
sented. m terms that do no1 require an understanding of 
reia11onal theory. The design gu1dehnes are meaningful 
even 1f a relational database system 1s not used. We pres­
ent the gu1dehnes without referring to the concepts of the 
relational model in order to emphasize their generality 
and to make them easter to understand. Our pN!sentation 
convevs an mtu1t1ve sense of the intended constra:nts on 
record design. ah hough m Us informality it may be· impre• 
c1se m some technical details. A comprehensive treatment 
of the sub1ect 1s provided by Date {41-

The normahzatton rules are des1~ned to prevent up• 
date anomalies and data mcons1stenc1es. With respect to 
performance trade•offs. these guidelines are biased to­
ward the assumption that all nonkey fields will be up• 
dated frequently. They tend to penalize retneval. since 
data which mav have been retrievable from one record in 
an unnormalized design may have to be retrieved from 
several records in the normalized form. There is no obli• • 
ganon to fully normalize all records when actual perform­
ance requirements are taken mto account. 

2. FIRST NORMAL FORM 
First normal form Ill deais wtth the ··shape .. of a record 
type. Under first normal form. aJJ occurrences of a record 
type must contain the some number of fields. First norrilal 
form excludes variable repeaung fields and groups. This 
1s not so much a design ~u1deline as a matter of defini-­
tion. Relational database theory does not deal with rec­
ords having a variable number of fields. 

3. SECOND AND THIRD NORMAL FORMS 
Second and third normal forms !2- 3_ 7J deal with the 
relationship between nonkey and key fields. Under sec• 
and and third normal forms. a nonkey field must provide 
a foci about the key. 1he whole key. and nothing but the 

SUMMARY: The concepts behind 
the .five principal normal forms 
in relational database t.heorv are 
presented in simple terms. • 



\ !n ddd1t1on. the record ~ust satisfy f:rst normai 
rm 

\\"c deai now oniv with ··sm2ie.vaiued·· facts. A Stnli?ie­

iuec fdct couid be ·a one-to-m~nv reiat1onsh1p such aS 
t' cieoarrment of an empiovee or.a one-to-one relatton-
ip such dS the spouse of a~ employee. Thus. the phrase 

Y 1s a fact about x·· s1gmiies a one-10-one or one-to-
any reiat1onsh1p between Y and X. In the general case. 
muzht consist of one or more fields and so might X. In 
e f0liowmg example. QUA;\,lITY 1s a fact about the 
momauon ol PART and WAREHOUSE. 

1 Second Normal Fann 
cona normai form 1s violated when a nonkey field is a 
ct about a subset of a kev. It 1s oniv reievant when the 
y IS composite. I.e .. cons;sts of several fields. Cpns1der 
e £oilowmg inventory record. 

PART I WAREHOl!SE I Qt.:,-'.:-.ilIT I W.-'.REHOCSE-.\DDRESS 

e kev here consists ol the PART and WAREHOUSE 
ields 102ether. but WARE!-IOUSE-ADORESS 1s a iact 
Dout thf v.,· AREHOL:SE alone. The Dasie probiems wtth 
\.s design are: 

The warehouse address 1s repeated m e\"ery record that 
fers to a part stored tn that warehouse. 
If the address of the warehous~ changes. e\·rry record 
ferrmg to a part stored 1n that warehouse must be up­

ated. 
Because of the redundancv. the data might hecome 1n­

ns1s1ent. wnh different r2Corris showing d,t I ~rent ad­
resses for the same warehouse. 
ff at some point m time there' are no parts stored in the 
arehouse. there may be no record in which to keep the 
·arehouse s address. 

To sattsi\' second normal form. the record shown 
bove shouid be aecomposea into 1repiaced by) the two 
coras: 

P.-'.RT I WAREHOL'SE i Qt:.-\STIIT 

. key .... 

WAREHOUSE WAREHOt!SE-AODRESS 

.. key. 

When a data design ts chan8!ed 1n thts way. i.e.·. replacing 
unnormaitzed records with normalized records. the 
process ts referred to as normaJizarion. The term 
"normalizauon .. is somettmes used relauve to a particular 
normal form. Thus. a set of records may be normalized 
Wtth respect to second normal form but not wtth respect 
to third. 

The normalized design enhances the integrity of the 
data by m1n1m1zmg redundancy and inconsistency. but at 
some possible performance cost for certam retrieval appli~ 
ca11ons. Consider an apphcauon that wants the addresses 
or all warehouses stocking a certam pan. In the unnor• 
rnailzed form. the appilcauon searches one record type. 
With the normalized des1~n. the appiicauon has to search 
two record types anci connect the appropnate pairs. 

3.;: Third Normal Form 
Third normai form 1s violated when a nonkey field ts a 
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fact about another nonkey fieid. as tn 

The EMPLOYEE field is the kev. If each deoartment 1s 
located in one place. then the LOCA TIO~ f~eid 1s a fact 
about the OEPARTME~T-m add1t10n to bemg a !:.Ct 
about the EMPLOYEE. The 'problems wuh this dest2'n are 
the same as those caused bv v10iauons of second n□-rmai 
form. • 

• The department"s iocauon 1s repeated in the record of 
every empioyee assigned to that department. 
• lf the location of the department changes. every such 
record must be updated. 
• Because of the redundancy. the data might become 1n• 
consistent. e.g .. different records showmg different foca• 
lions for the same department. 
• If a department has no employees. there may be no 
record 1n which t9·keep the department's location. 

To sattsfv third normal form. the record shown above 
shouid be ci~composed into the two records: 

E!'.IPLOYEE I OEPARTME:-.'T ;i DEP.'\RT~IE:-.'T LOCAT!O:- , 

. kr.y. . key ..... 

To summanze. a record is tn second and third normal 
forms 1f every fieid is enher part of the key or provides a 
tsmgle-vaiued) fact about exactly the whole key and noth­
ing else. 

3_3 Function.al Dependen.des 
In relational database theory. second and third normal 
forms are defined in terms Of funct1onol dependencies. 
which correspond appmxtmately to our single-valued 
facts. A field Y is "'functtonaUy dependent"· on a field (or 
fields) X if it 1s invalid to have two records wtth the same 
X value but different Y values. That 1s. a given X value 
must aiwavs occur wtth the same Y value. \\.hen X is a 
key. then clU fields are by defimuon funcnonaiiy depend­
ent on X in a tr1v1aJ way. since there cannot be two 
records having the same X_ value. 

There 1s a slight technical difference between func• 
ttonal dependencies and smgle-valued facts as we have 
presented them. Functlonal dependencies only exist when 
the things involved have umque and singular identifiers 
(representations). For example. suppose a person·s ad­
dress is a smgle-valued fact. 1.e .. a person has only one 
address. If we do not provide unique identifiers for peo­
ple. then there will not be a functional dependency m the 
data. 

I PERSON ADDRESS 

. John Smith lZJ Maui St .. N'ew York 
: John Smith __ !:;~~e_:~t::.~a~!~~~s~o- 1 

Although each person has a umque addre:ss. a given 
name can appear with several different addresses. Hence. 
we do not have a functional dependency corresponding to 
our single-valued fact. Similarly. the address has to be 
spelled 1denttcally 1n each occurrence in order to have a 
functional dependency. In the following case. the ,ame 
person appears to be livmg at two different addre,ses. 
agam precluding a funcuonal dependency. 



!on~ S::mh 
Jahn Sm:th 

i.::)DRESS 

::3 ~lain St.. '.\:ew Yark 
: ::! ~tarn Street. :,.;ye ---------------- -----
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We are not defending the use of nonumque or nonsin­
~ular representations. Such pracnces often lead to data 
:namtenance problems of their own. We do wish to point 
out. however. that funcnonai dependencles and the var­
ious normai forms are reail\' oniv defined for situations m 
which there are umoue ana· sm2~lar identifiers. Thus. the 
des1~n gu1deilnes as ·....-e present-them are a bit stronger 
than those 1mpiied by the formal defimttons of the nor­
mal forms. 
• For instance. we as des12ners know that in the follow­

ing example there ts a smgif!-vaiued fa.ct about a nonkey 
held. and hence the des1~n 1s susceptible to all the update 
anomailes mentioned eari1er. 

E~IPLOYEE F.~THER F.~THER'S·ADDRESS 

Art ·smnh 
Bob Sm1th 
Cal Smnh 

lohn Sm1tn lZJ ~a1n St .. ~ew York 
john Sr.::tn 1:J :-..ta,n Street. :,.;ye 
lohn Sm1tn J::.l Center 5t.. San Francisco 

However. in formal te:-ms. there 1s no functional deoend­
ency here between FATHER'S-ADDRESS and FATHER. 
and hence. no ,.·1oiat1on oi th1ra normal form. 

4. FOURTH AND FIFTH Nl'RMAL FORMS 
Fourth 151 and filth 161 normal forms deal wnh muihval• 
ued facts. A multivalued fact may correspond to a many­
to-many relattonsh1p. as wnh empioyees and skills. or to a 
r.1any-to-one reiat1ansh1p. as with the children of an em­
pioyee (assuming only one parent 1s an employee!. By 
.. many-to-many .. we mean that an employee may have 
several skills and/or a sk1il may belong to several employ­
ees. -"'ate that we look at the many-to-one relationship 
between children and fathers as a sin2ie-valued fact 
about a chtld but a muiuvaiued fact about a father. 

In a sense. fourth ana fifth normal forms are also 
about composite keys. These normal forms attempt to 
l:l.m1m1ze the number of fields involved in a composite 
key. as suggested by the examples that follow. 

4.1 Fourth Normal Form 
Linder fourth normal form. a record type should nor con­
tain two or more independent muluvalued facts about an 
enuty. In addition. the record must satisfy third normal 
form. The term •·indepenaenf" will be discussed after 
considering an example. 

Consider employees. skills. and languages. where an 
employee may have severai skills and several languages. 
We have here two many-to-many relationships. one be­
tween employees and skills. and one between employees 
and languages. Under fourth normal form. these two rela­
t1ansh1ps should not be represented in a smgle record 
such as • 

EMPLOYEE ! SKILL: L\:-Gt.:AGE 

... 11-ey 

lns1ead. they should be re~resented m the two records 

key 

\;ate !hat other fields. not involving mult1vaiued fac:s. a:-e 
perm1ttea to occur 1n the record. as in the case of the 
QCA.'\-:-;7y field in the earlier P.A.RT/½'ARE:-iOCSE ex-
ample. . 

The main problem with v1olahmi! fourth normal for:-r:. 
1s that II ieaO:s ta uncertamues m th"e mamtenanc~ poit­
c1es. Severai pohc1es are possible for ma1ntamm2 two in-
dependent multivalued facts m one record. -

fll A dis101nt format. tn which a record contains either 
a skill or a ianguage. but not bath. 

E~IPLOYEE 

Sm1th 
Smith 
·smith 
Sm1th 
Smith 

5K!LL 

cook 
type 

French 
German 
Greei. 

This is not much different from ma1nta1nmg two separate 
record types. We note tn passing that such a format aiso 
leads to amb1gu1ues regarding the meanings of biank 
f1eids. A blank SKILL could mean the person has no skill 
that the field 1s not applicable ta this employee. that rhe 
data 1s unknown. or. as tn this case. that the data mav be 
found in another record. • 

(21 A random mix. with three variations 
(a) Minimal number of records with repeuttons . 

! E~IPLOYEE SKILL L,.-.Gt:.\GE 

Smith cook French 
Smah type German 
Smtth l\"pe Greer. 

(b) Mimmal number of records. wuh null values. 

E~IPLOYEE 

Smith 
Smith 
Smith 

(C) Unrestncted. 

E.'1PLOYEE i 

Smith 
Smtth 
Smith 
Smnh 

SKILL 

cook 
type 

SKILL 

cook 
type 

type 

French 
German 
Greek 

French 

German 
Greek 

13) A ··cross-producf' form where. for each emp\a,.-ee 
there must be a record for every posstble pa1nng of on~ of 
his sklils wHh one of his languages. 



5:\!?!..0YEE Si...:!LL :.. . .:..~c~ .-\L::: 

S:n1m cooi,;. ~·rencn 
Smun COOJ:. German 
s~im COOK Greeit. 
Smnn type Frencn 
Smnh type German 
Smith t\"pe Greek 

her probiems caused by violating fourth normal form 
s1m1iar m sp1rtt to those menuonec eari1er for v10ia• 
s of second or third normal form. Thev take different 
a11ons depending on the chosen mamt~nance pahcy. 

f there are repem1ons. then upda!es have to be done in 

'upie records. and the records couid become mcans1s1-

nsemon of a new skill mav involve iookm,z for a record 
ha oiank skill. msertm~ a· new record wuh a possibly 
nk lan~ua~e. or inserting multiple records pamng the 

sioii with some-or ail of the ian2ua2es. 
eiellon of a sktii mav tn\·oive biaflk1ri2 out the sk1il 

·a 1:1 one or more rec"arcis I perhaos w11-h a check that 
coes not ieave two records with the same ianli!uaize 
a ::.ianK sk1il1 or oeietm.iz one or r::ore records. co:..:nled 

ii a. checK that the iast m-enuon of some ian.izuaize h~s 
'been deieted also. - -

rth normal form m1r.1mizes such update prrihlems. 

1 Independence We mentioned indepenm·nt mult1-
·ued facts earlier. and we now illustrate wh:i1 we mean 
that term. The two many-to-many reiation!-h1ps. em­
~·ee:si(1il and employee:.ian~ua~e. are mdep··ndent in 

t there 1s no direct connectton between sk,iis and lan-
2es. There ts onlv an md1rect connection because thev 

"On2 to some comrrlon employee. Thal ts. It does not • 
ner which skill is patred wuh which lan2ua2e m a 
ore: :he pamng does not convey any mf~rm~uon. That 
rec1seiy why ail the maintenance poi1c1es mentioned 
i1Pr can be dilowed. 

,:, ccnrras1. suppose that an empioyee can oniy exercise 
am s,;1iis m certain iamzuaees. Perhaos Smith can 
K French cuisine oniy. but Can type French. German. 
Greek. Then the pairmg of skills and languages be-

.. es meamngiui. and there 1s no longer an ami::uguny of 
1ntenance policies. In the present case. only the follow­
. for:n 1s correct. 

E~IPLOYEE SKILL L\SGt.:AGE 

Smith cook French 
Smuh type French 
Smith type German 
Smith type Gfffk 

Thus. the empioyee:skill and empioyee:langua@e rela­
sh1ps are no longer independent. These recorcis do not 

iate fourth normal form. When there 1s an mterde­
dence among the relationships. 1t 1s acceptable to rep­

em them m a single record. 

"' Multivalued Dependencies For readers interested 
Pursumg the techn1cai background of fourth normal 

a Ott further. we mentton that fourth normal farm 1s 
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defmea. m !er:-:1s of m'..Jifn.·oiued dependencies that corre­
spond 10 our mciepenaeni multi\"aiued facts. ~ult1vaiued 
dependencies. m turn. are ciefmed essen11alh- as rela11an­
sh1ps 1ha-t accept !he ··cross-product mamt~nance policv 
men11oned aba,:e. For our e).ampie. e\"en· one of an em-· 
pioyee s sk1iis :nust appe,u paired with ~ven· one of his 
_languages. lt :nay or :nay no! be obvrnus to ihe reader 
that this 1s equivalent to our no11on of mdependence: 

. since every possible pamng must be present. there 1s~no 
·•10format1on·· m the pa1r1n2s. Such pamnszs convev mfor­
mauon oni~· 1f some of the~ can be abseni. 1.e .. oniv 1f it 
IS possibie that some empiovee cannot perform some skill 
m some ianguage. If all patr;ngs are always present. then 
the reiattonsh1ps are reaHy independent. 

V1./e should aiso point out that muitl\·alued dependen­
cies and fourth normal form also appiy to relauonsh1ps 
mvoivmg more 1han two fields. For exampie. suppose we 
extena the eari1er exampie to mdude pro1ects. m the fol. 
lowing sense: 

An employee ·us~s·certam skills on certain pr01ects. 
• An employee uses certain languages on certain pro1ects. 

If there is no direct connection between the skills and 
ian~ua~es thal an empioyee uses on a pro1ect. then we 
·couid treat this as two mciependent many-to-many rela­
t1onsh1ps of the form EP:S and EP:L. where EP repre• 
sents a combination of an empioyee with a project. A 
record mcludmg employee. pro1ect. skill. and language 
wouid vioiate iourth normai form. Two records. contain­

'mg fieids E. P. Sand E. P. L. resPecttveiy. would satisfy 
fourth normai form. 

4.Z. fifth Normal form 
**Fifth nor:nal form deals with cases where information 

can be reconstructed from smaller pieces of information 
which can be ma1mamed with less redundancv. Second. 
third. and fourth normal forms also serve this ·purpose. 
but fifth normal form generalizes to cases not covered by 
the others. 

\.Ve will not attempt a comprehensive expos1t1on of 
fifth normal form. but will illustrate the central concept 
w1th a commoniy used exampie. nameiy. one involving 
agents. companies. and products. If agents represent ~om­
pames. companies maKe prociucts. and agents sell prod• 
ucts. then we might want to keep a record of which agent 
seils which product for which company. This mformatlon 
could be kept m one record type with three fields: 

Smtth 
Smuh 

Ford 
GM 

PRODUCT 

car 
truck 

This form is necessary in the general case. For example. 
althoug:h agenl Smith sells cars made by Ford and trucks 
made by GM. he does not sell Ford trucks or GM cars. 
Thus. we need the combination of all three fields to know 
which comb1nauons are vaiid and which are not. 

But suppose that a cenam rule is in effect: if an agent 
sells a cenain product and he represents the company 
maiung that product. then he seils that product for that 
company. 

**Reference cases are in the orevious 
second, third and fourth normal forms. 
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_l.GE~.--:- CO\!P.l.,\:'. ?ROOL'CT 

Sm11n ford ,:or 
Sm,Ul Ford i:ucK 

Smith G~I .:ar 
Smtth GM ::uo. 
[ones Ford car 

In this case. 1t turns out tha1 we can reconstruct all the. 
!rue facts from a normalized form cons1s1mg of three sep• 
arate record types. ea.ch. conta1mng two fields. 

. .i..GEST 

Smith 
Smnh 
!ones 

COMP.-'.:,,;Y 

Ford 
GM 
Ford 

Ford 
Ford 
GM 
GM 

I I 

! ! 
'. 

.-'.GE:S"T 

Smttn 
Smtth 
lanes 

PRODCCT 

car 
truck 
car 
truck 

! PRODCCT 

car 
cruck 
car 

""'."hese three r~cord types are m fifth normal form. 
whereas the corresponding three-field record shown pre­
·;1ousiy 1s not. 

Rou~hly speaking. we may say that a record type 1s in 
::fth normal form when its mformation content cannot be 
reconstructed from several smaller record types. i.e .. from 
record types each havmg fewer fields than the original 
record. The.case where all the smaller records have the 
same key 1s excluded. If a record type can· only be decom­
posed into smaller records whteh all have the same kev. 
then the record type 1s considered to be m fifth normai 
form without decomposition. A record type tn fifth nor­
mal form 1s also m fourth. third. second. and first normal 
forms. 

Fifth normal form does not differ from fourth normaJ 
form uniess there exists a svmmetric constraint such as 
the rule about agents. comp2ntes. and products. in the 
aosence of such a constraint. a record type in fourth nor­
:nat form 1s always m fifth normal form. 

One advantage of fifth normal form is that certain 
redundancies can be eliminated. In the normalized form. 
the fact that Smith sells cars is recorded oniv once: 1n the 
unnormalized form. It may be repeated manY times. 

It should be observed that although the normalized 
form involves more record types. there may be fewer total 
record occurrences. This is not apparent when there are 
oniy a few facts to record. as in the example shown 
above. The advantage 1s realized as more facts are re­
corded. since the size of the normalized files increases m 
e,n additive fashion. while the size of the unnormalized 
fiie increases in a muluplicative fashion. For example. if 
we add a new agent who sells ,c products for y compa• 
n1es. where each of these companies makes each of these 
products. we have to add x + y new records to the nor• 
mai1zed form. but x • y new records to the unnormahzed 
for:n. 

It should also be noted that all three record types are 
required in the normalized form 1n order to reconstruct 
the same tnformauon. From the first two record types 
shown above we learn that Jones represents Ford and that 
Fora makes trucks. But we cannot determme whether 

!ones seils Ford trucks until we look at the third :ecc~ 
type :o aeter:mne whether Jones sells trucks at ail. 

"?"he foiiowrn11: exampie illustrates a case tn which · 
ruie acout agents. co:-r-,pan1es. and products 1s sat1sf1e~ 
and which cieariy requires all three record types m m, 
nor::.ai1zed form. Any two of the recard types taken a. 
w1ii 1mpiy something untrue. 

.,GE:S"T 

Smtth 
Smah 
Smtth 

i Smuh 
Jones 
lanes 
Brown 
Brown 
Brown 
Brown 

. ...CE.,, 

Smith 
Smith 
lanes 
Brown 
Brown 
Brown 

CO?\.IPA1'Y 

Ford 
Ford 
GM 
G).1 
To~ota 
Tovota 

.-'.GE:S"T 

Smnh 
S:mtn 

i 
Jones 

I lanes 
Brown 
Brown 

Observe that: 

COMP.-'.:,,;Y 

Ford 
Ford 
GM 
GM 
Ford 
Ford 
Ford 
GM 
Tovota 
Toyota 

CO~!P.-'.:,,;y 

Ford 
GM 
Ford 
Ford 
GM 
Tovota 

PRODUCT 

car 
truck. 
car 
truck 
car 
bus 

PRODL1CT 

car 
tr.Jd. 
car 
truck. 
car 
bus 

PRODL"CT 

car 
truck. 
car 
truck 
car 
truck 
car 
car 
car 
bus 

Fifth 
~·ormal 
Form 

Fifth 
~ormal 
Form 

Fifth 
~orma~ 
Form 

• Jones sells cars and GM makes cars. but Jones does nol 
represent GM. 

• Brown represents Ford and Ford makes trucks. but 
Brown does not sell trucks. 

• Brown represents Ford and Brown sells buses. but Ford 
does not make buses. 

Fourth and fifth normal forms both deal with combi­
nations of multivalued facts. One difference 1s that the 
facts dealt with under fifth normal form .are not mdepen­
dent. m the sense discussed earlier. Another difference 1s 
that. althouah fourth normal form can deal with more 
than two mU1t1valued facts. u only recognizes them 1n 
pa1rw1se groups. We can best explain this in terms of the 
normalization process implied by fourth normal form. tf a 
record violates fourth normal form. the associated nor­
mahz.at1on process decomposes it into two records. each 



ntammi;z fewer i1eicis than the omzmai record. Anv of 
hese v10iarmg four~!'l: normai for~ ~s again aecomp~sed 
n10 two recoras. anci so on unui the resultinii?: records are 
ll m fourth normal far:n. At each stage. the Set of recoras 
frer decompos1t1on contains exactly the same mforma-
1on as the se1 of records before decompos1t1on. 

In the present exarr.pie. no pa1rw1se decompos1t1on 1s 
0ss1ble. There is no corni:11nat1on of two smalier records 
·h1ch contains the same 1a1ai mforma11on as the original 
cord. All three oi the smaHer records are needed. 
ence. an mformauon-preser...-mg pa1rw1sc decompos1t1on 
not possible. and the or12mal record is not m v1oiauon 

f fourth normai form. Fift-h normal form 1s needed m 
er to deal wuh the reaundanc1es m this case. 

UNAVOIDABLE REDUNDANCIES 
·ormallzauon certamiv does nor remove ail redundan-
es. Certain redunaanC1es seem to be unav01dabie. part1c­
iariy when Se\"erai muiuvaiued tacts are dependent 
cher than independent. In the exampie shown an Sec. 
1.1. 11 seems unavmaaoie that we record the fact tha1 
Smith can type·· se\·erai times. Also. when the rule about 
, ents. companies. ana products 1! 001 m effect. 11 seems 
avo1dabie that we record the fact that .. Smith sells 
rs·· several times. 

INTERRECORD REDUNDANCY 
he normai forms d1scusseo here deal onh' with redun­
nc1es occurnn~ wuhm a smgle record 1Ypt' Fifth nor­

al form 1s considered to be the ultimate normai form 
·uh respect to such redundancies !61-

Other redundanc!es can occur across muir1pie record 
·pes. For the exampie concernmg cmpioyee:-; depart­
ents. and locations. the follow1mz records ii!, m third 
rmal form m spne oi the obvious redundam:\:. 

E\1PLOYEE I DEPARTME:-., 

' E\IPLOYEE ! LOCAT!Qs; 

key. 

fact. two copies of the same record type would consti­
te the ultimate m this Kind of undetected redundancy 
terrecord redundancy has been recognized for some 
e !IJ, and has recentiy been addressed m terms of 

rmal forms and narmalizauon [BJ. 
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7. CONCLUSION 
\Vhile we have tried to present the narr.,al forrr:.s ma 
s1mpieand understandable way we are by no means 
su~gesun~ that the data des1~n process 1s corresooncim2i\.· 
s1mpie. The des12n process involves m.anv cornoiex1t1es~ • 
that are qu11e be~·ona the scope of !h1s p~per. !~ 1he first 
piace. an m1t1ai set of data eiements and recoros h:as 10 be 
deveioped as candidates for normaitzauon. Then 1be fac­
tors affecting normahzauon have to be assessed: 

• Simi?ie•valued vs. multivalued facts. 
Oep-endenc\' on the entire kev. 

• lndepencierit VS. dependent racts. 
• The presence of mutual constraints. 
• The presence of nonumque or nonsingular representa• 

tions. 

Finallv. the des1rab1litv of normalization has to be as• 
sessed m terms of !ls Performance impact on retr1e,.·al 
applications. 
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