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INTRODUCTION

The probiems associated with the design of a2 large data base ars
often complex, timse-consuming and not easily resolved by current
technology. Much effort in terms of research, Lapers,
publications and even textbooks has been expended in an attempt
to resolve this problem. However, the basic problem still
remains, how does a database designer effectively collect,
examine and structure information Ffrom an organization into a
system which will support current database technology, mest the
goals of the users and vyet build in sufficient flexibility to
meet any future evoluticn of the organization's information
needs”

This report doss not propose a2 solution to those problems but

rather looks at the development of a large data base being

currently designed by NDX Bystems Corporation for the United
States Forest Service. It will examine the approach used to
collect, examine and organize the information intc a data

structure which can be implemented on the systems available to
the Forest Service. It will also report on two methodologies
used by the author to design one section of the database and
compare their esffectiveness as well as any problems noted in
their use. It will analyze the manual and automatsd
methodologies utilized in  the design process and recommend from

the lessons learned in the project some steps which might be used
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to facilitate future design efforts.

Chapter 1 of the report will briefly sxamine some of the current
methodologies for logical data base design as well as some af the
automated tools currently available to assist the designer in his
task.

Chapter 2 will provide a summary of the background of the desiagn
project and discuss the analysis phase of the design process.
Chapter 3 will discuss the E-R Model Gensration methodology.
Chapter 4 will discuss the Document Handler methodologv.

Chapter 5 will compare the two methodeologies, discuss problems
encountered during the design process and sxamine2 bthese
methodologies as to their applicability in future design sfforts.

Chapter & will be a brief conclusion of the report.
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CHAFTER 1

CURRENT DESIGN METHODOLOGIES

The project of designing a large data base is one which should
not be initiated by somecne with little design sxuperience or
someone who is not willing to expend considerable time and effort
in its completion. If anxiety and Ffrustration cannot hbe
tolerated then the process reguired to arrive at an effective
design should be left to others willing to assume these problems.
It is not that the actual design of a database is an impossible
task, nor is it the fact that there are no means with which to
perform the process. It is, rather, the proliferation of ideas
and methodologies which makes the design of & database a
difficult task.

Database design is defined to be the process of developing a
database structure from wuser reqgquirements. [TECQR 28271 A4Although
the definition seems simple enough, the actual process is nat-
This may be witnessed by the fact that the approach or approaches
to be wused are not as clearly understood. Socme practitioners
have argued that thers are at le2ast two separate steps in the
design process: the design of a logical database structure,
describing the user’'s view of the data, which is processibkle by a
data base management system and the selection of a physical
structure that includes data representation or encoding, access

methods,; and physical organization of data.
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Teorey and Frey L[TEOR 821 list two phases also but they are not
the same as those already discussed. Their phases are first, the
analysis and design phase which consists of a reguirements
formulation and analysis step, a conceptual design step, and
implementation design step and a physical design step. Second,
the database implementation and operation phase which consists of
the database implementation, operation and monitoring and
modification and adaptation steps. In his text, Cardenas [CARD
791 1lists three phases: the legical design phease, the physical
design phase and the data base loading and operation phase.

5till others list four and some even five phases to the process.

It can be seen then that other than the logical/physical

delingation, the overall structure of the process has yet to o

1]

defined. For the purposse of this report, the process will be
considered to be a four phase process beginning with the analysis
phase and Ffollowed by the logical database design phase, the
physical database design phase and the implementation phase.

The analysis phase is perhaps the most ill-defined, difficult and
time—consuming phase of the design process. It is, however, the
first and most important because the output of this phase will
determine the course of the remaining three phases. The major
requirement of this phase 1is to collect information about the
data content and processing requirements from the potentisl users
of the database and to detsrmine as much as possible the flow of
information, wvolume of usage, and data requirements of the usor
organization. The organizational objectives, derivation of

specific database requirements Ffrom the obisectives or the



management and other user personnel, and documentation of those
requirements 1in a form agreeable to both user and designer should
be achieved.

The ob jectives of this phass cannot be reached by any
well—-established; proven process. There are many approaches
including the conduct of a lengthy analysis of the organizational
system by a team of systems analysts, interviewing management and
nonmanagement personnel to determine reqguirements, collecting all
the organizational documents as a basis for determining the dats
requirements or a combination of two or more of these or other
processes.

Some of the necessary information reguirements to be collected
should include constraints such as security, system availability,
reliability and primary business functions. This phase is the
source of concern among designers as they attempt to resclve the
problem of how best to conduct the collection process without
unduly disrupting the functiocns of the organization for which the
design is intended. This process will be discussed in more
detail when examining the example later in the report.

The next phase 1is the logical design phase which concerns itzself
with the deseription and synthesis of diverse users’ information
requirements into a preliminary design. This phase, Iike the
first has no set methodology but rather adds to the designer’'s
difficulties by offering several approaches to ths conduct of
this phase. The output of this phase is normally a data diagram
which allows both the designer and the user to ses the data

items, their relationships and how the organization’'s data
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requirements are to be handled. There are; as stated, severa
spproaches to arriving at such a diagram and which will be usad
in determining the actual physical structurse of the data be it
network, hierarchical or relational. Some of the more prevalent
methodologies will be briefly discussed at this point.

The evolution of logical design methodologies is one which has
produced some interesting techniques. Early efforis such as the
reiationship matrix and freguency distribution diagram described
in the Auerbach series [AUER 741 recognized the need to define
the relationship among data elements. The matrix records ths
number of times a particular data eselement is associated with
another element to support an slementary function. The freguency
distribution diagram was used in conjunction with the matrix by
creating the diagram of frequency of data element usage across
each task. A data element is determined to be a key 1f 1ts task
usage falls in the high range or right tail of the distribution.
A data element is an attribute owned by one key and referenced by
many keys if it falls in the average range. If it #alls in the
left tail of the distribution then it will be an attribute
referenced and owned by only one key. This type of information
iz extremely useful in determining the location of data within
the data base organization.

E. F. CEodd, credited with being the father of the relational

model, proposed in the early 70's a design methodology based on a

Jund

process of decomposition of large relations 1into smaller,
normalized relations which could supposedly sliminate problems

such as inssrtion, update and deletion anomslies in large data
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bases. Mormalization, the name given to the process, sought to
insure the simplicity or atomic nature of database attributes and
to eliminate partial and transitive dependencies among attributes
and thesir keys. This methodology utilizes an already existing
flat Ffile or relational design and decomposes it; according tco
the functional dependencises among the data elements while
maintaining the data content. Its goal was to make the database
easier to uwnderstand and control, simpler to operate upon and
more informative to the user [CODD 7&61. This methodology has
been the basis for other works and has besen improved by Codd and
others.

FPeter Chen introduced the entity-relationship approach in 1276
[CHEN 7&1. This approach attempts to incorporate the semantic
meaning of data intoc a real world diagrammatic model. Chen
defines obijects of interest to the user as sentities, the
properties of those entities as attributes and the association
among entities and attributes as relationships. The key to this
approach 1is the adding of an intermediate stage in the logical
design process. The designer first identifies the entities and
relationships which are of interest te the organization and then

views the data Ffrom the point of view of the whole organizat

=

D
which is independent of performance and storage considerations.
This approach uses an easily understood diagram which illustrates
the entities, attributes and relationships. It has the advantags
of keeping the design process free of the database organization
and is easily understood.

A Functional decomposition approach proposed by Fioneran and



Henry CFIMN 771 1is a top-down structured analysis of the
elementary functions identified 1in the design analysis ghase.
The elementary functions, those performed by an indiwvidoal or
group of individuals, are identifisd by =ach business function
being "decomposed"” in a reCcursive process. Fach function is
represented in a functional tree and identified by a box with an
action wverb and object. The designer, working closely with the
user , defines esach element in the tree giving it an element name,
brief content description, storage type and size. Once defined,
a data element list is created and elements with duplicate namess
are resolved and the data structure is completed. This approach
claims +Flexibility as its hest asset allowing for changes in the
organization’s data processing requirsments to be easilivy
incorporated.

An entirely different methodology was propeosed by Fhillip
Bernstein [BERN 761 to produce a third normal fors relational
data base. Bernstein’'s synthesis approach or Bernstein's
algorithm, as it has been called, incorporates the Armstrong
axioms Ffor Ffunctional dependencies and develops a normalized
relational database from the data elements and functional
dependencies among those data eiements. These data slements and
dependencies are determined through the analysis of the
organization’s data. Briefly, the algorithm eliminates
extranecous attributes by examining the closure property of the
set of functional dependencies; determining 2 nonredundant
{minimal) covering by eliminating those functional dependencies

which can be removed without affecting the closure, partitioning



the functional dependencies according to common Iefit hand sides,
merging equivalent keys by examining possible bijections,
eliminating transitive dependencies and then constructing the
relations which consist of all the attributes appearing within a
partition. The keys are determined to be the left hand sides of
the remaining Ffunctional dependencies. This approach has the
advantage of starting with only the elements of data and arriving
at a relational model which can be esasily implemented, =3sily
understood and is normalized.

Furthering the work of E. F. Codd and alleging to incorporates the

synthesis approach of Bernstein,; Ronald Fagin [FAGIN 771 proposed

his fourth normal form decomposition methodology. This
methodology incorporates all the attributes found in an
organization’™s dats into one large and often unmanageablis
relation. Utilizing the Ffunctional and multivalued dependencies

among the organization’'s data items. This large relation is then
decomposed into a family of relational schemata that Fagin claims
to be in fourth normal form. Roughly speaking, a2 rFelaticon i=s in
fourth normal Fform 1if all dependencies, either functional or
multivalued, are the result of keys. This approach hazs bean

proposed to be strictly stronger than Codd’'s third normal form

decomposition approach. 1t handies multivalued dependenciss and
functional dependencies as a subclass ot mualtivalued
dependencies. It doss, however, regoire the user te have an

intuitive uwunderstanding of the decomposition process  and the
application of A&rmstrong’'s axioms to arrive at the final design.

In their text book, Teorey and Frey [TEOR B2Z1 propose two



additional approaches which they call entity analysis and
atiribute synthesis. Entity analysis is a top—down approach
which divides the design process into four stages: view modsling,
consolidation of views, schema mapping and physical design. The
view wmodeling stage attempts to model the data required for the
data base as wvisualized through the various perspectives of the
crganization. These are, according to the authors, four types of
views, the corporate enterprise view,the application wview, the
information ViEew, and the event view. The information
represented in each of these views include the organizational
objectives/constraints, processing information, information
structures and relationships, and events and scheduling. During
this stage the actual gathering of information from the various
levels and departments of the organization occurs. Inputs from
the executive, managerial and end-user levels are then
consoplidated intoc a single conceptual view represented as a
high-level structure diagram. This diagram forms the foundation
of the data base management approach and is the most important
part of the design process. The basic constructs of the diagram
are similar to those wutilized by Chen in his E-R model. The
process of consclidation begins with the information perspective
to evolve the logical databases design.

Attribute synthesis is a bottom—up approach as it begins with the
low level data attributes from which higher—-level entities and
relationships are formed. This approach is also broken down into
four stages: classification of attributes, composition of

entities, formulation aof relationships and graphical
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representation [TEOR B213.

During the classification phase, a 1list of data eslements
generated by the various tasks of an organization is completed.
These elements are then classified into one of two classes of
entities: unique or ponunigues, A unique entity is a data
element which identifies a distinct or particular object.
Nonunigue entities exist when two orF more unigue entities are
used to identify =] set of data elements. The actusl
classification process uses a heuristic appreoach similar to the

Auerbach matrix and freguency distribution discussed =arliss.

The formulation of the data relationships in either of thres
types - between entities, between entities and attribute=z, and
between attributes - ewvolves by matching the policy stzatements

cgbtained during the managemsent interviews with the list of
entities and attributes. Once this formulation is complete, the
entity-relationship model is used to graphically portray the full
information structure,.

The structure 1s then interpreted so that it may be verified by
all usSers. This interpretation process invalves stating
dependencies, determined by examining the structure diagrams,
defining the implication of each dependency, defining what
information will be lost if an entity is removed, and defining
those entities where no dependencies exist. The interpreted
structure 1is then examined for implications of possible changes
and presented to the user for verification.

As can he seen by the briet discussion of these wvarious

methodologies, similarities exist in some of the aspects but



terminology and process steps do not slwavs provide the designer
with an easy choice of which methodology will best suit his
particular design problam. It is the goal of these methodolaogies
to eventually provide an automated approach teo database design
which will produce a useful structure in a reasonable time with a
reasonable amount of effort. Some steps have hesn taken toward
this goal such as IBM's Database Design Aid {(DEDA) described in
Hubbard and Raver [HUBB 73] which clusters the data elements in
accordance with the associations in such a way that each cluster
contains exactly one key. Associations bstween keys becoms
associations between clusters. These clustars are then
implemented as record types and the association as set types in
the CODASYL model.

The Problem Etatement Language/Problem Statement Analyzer

(FSL/F5A) [THERS 751 iz ancther computerized approach which allows

t:

by

the user to describe the problem in PFS5L as a colls

el
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objects within the proposed datzsbase system, attributes of the

In
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obiects, and relationships between thess chjsct=s. Descriptions
of these objects are also accepted and stored as part of their
definitions, along with more detailesed information concerning data
for each entity and relationship. Usage sepcificaticons may be
made 1inr terms of PROEESE, INMFUT, OUTFUT and other types of
ob jects. The FSL/PSA system stores user—supplied system
description information in a database. This information can then
be checked +Ffor consistency and used For printing ocut various
documents and reports from the stored system description which

will be utilized to assist the designer in his sfforis.



Ancther system called CASCADE L[AANME 7231 is used to perform a
bookkeeping function for system requirements. Information is
stored as a collection of related permanent i1nformation,
permanent information sets and permanent message obiscts.  This
information is then used in the same manner as the system
description information in PSL/FSA.

Mier Cohen L[COHEM 811 in his master’'s report at Kansaz State
University proposed a system called Document Handler which uses
the information found on an organization’'s documents as the basis
for the design process. This system allows the user to enter the
information found on a2 user document and detemine = key ar
identifier for each document. The system then will provide the
user with a Iisting of the documents in the organizational
system, the columns or atiributes in the system which can be
checked for uniqueness, a listing of documents with their
associated columns or attributes, 2 ¢olumn or atiributs cross
reference, and if resqguested will prepare the information for
application by Bernsteins’ algorithm by determining functional
dependencies. This system will be examined more closely later in
this report as it was utilized in the actual design problem.

These few automated systems sach perform a valuable function but
do not provide the designer with a tool which can be utilized
from the beginning of a design process through to the end. It is
for this reason that the design of a large databzase is often a

frustrating and generally a time—consuming process.
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CHAFTER 2

BACKGROUND AND AMALYSIE FHASE

The use of computers in the dNational Forest Service has
received considerable attention in the past few months due to a
large national purchase of computers Ffor all of the national
forests, This purchase was due in large part to several problems
in the Forest Service not the least of which was the turn—around
time needed to get data in and out on ssveral of the existing
programs. Although computers have hbheen a part of the Forest
SBervice for vyears, their use has not been corsistent. With an
organization as large in geographical areas and in volums of data
used, automation of many of the processes was long overdus, It
iz expected that it will take about five years for the Forest
Service to integrate the new machines into their system and for
the personnel to convert to the system and accept the benefits of
an automated process. Some Mational Forests decided to
immediately examine how these new systems could be used to help
solve the information flow and maintenance difficultiss that had
been experienced under the old system.

The Ozark/5t. Francis RNational Forest was one of those
forests which recognized the importance of managing ths data
Fresources in a more efficient manner. They also recognized that
several problems existed at  the local level which included ths

need Ffor cCcommon software for various uses, conwveriting programs
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previously used at a centralized location for application at the
local offices; and training within the Forest Service on the use
of the systems and the capasbilities to write application
software. Additionally, it was recognized that no national data
base management sSystem has been devised to be used on the newly
purchased systems at the local level nor had any plans besn made
on how to integrate the district machines within the alresady
existing Mational Forest machinss and databases.

It was at this point that the NDY Systems Corporation becams
involved 1in the process. In Jun=s 19B3, repressntatives from NDX
went to Russellville, Arkansas to collect the information neesded
to describe the data processing activities of the Ozark Hational
Forest. During this period the documents which were normally
used in the Forest Service Superwvisor’'s Office were collected and
interviews of forty—four employees were conducted to determine
the Ffunctional areas, information flow and usage factors of the
data resources of the organization. This process was  dons
without much disruption to the normal business functions of the
Supervisor ‘s Office.

A total of 715 documents were collected in three primary
application categories: FBudget and Finance, Fersonnel and Forest
Resources. It was determined through the intervisw process that
several smaller functional areas exist within each of thess
categories.

The purpose of this portion of the analysis phase was to
associate the data normally used within the office with its flow

throughout the organization and thereby determining their usage
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pattarns and necessary data items. In ali of the design
methodologies briefly discussed inn chapter 1, this step is
essential if a database design is to be acecomplished which will
accommodate the application functions of the organization within
the datatlow structure.

During these initial steps in the analysis phase,; the
primary goal was to categorize the documents as well as the
information collected. As is pointed out in a recent paper [FISH
811, the design of a database requires the consideration of a
great deal pf information. Since this information and its
function within the organization will determine its significance
in the database and affect the overall design, information is
categorized into +two groupings. The primary grouping contains
data element names, data element size, data elsment value domains
and data element usage. These items will make up the body of ths
database whereas the secondary grouping which consists of wvarious
usage views and their associated access paths, alterability of
data wvalues, difference between repressentations and associated
psuedonyms are necessary to arrive at the physical structure of
the database.

It was with these considerations in mind that the documerts
were collected and collated into one of three categories: input,
output or resident. In this same paper [FISH B11 it was stated
that within an organization such as the Faorest Service, it is
clear to the individuals providing the information exactly which
documents are ‘input’ and which are “output’. It is not as easy,

however, to delineate those documents which deal with the data
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items and Fform the basis of an organization’'s business functions
and as such become the basis for the desired database elements.
In order to alleviate the difficulty in collecting and
identifying the ‘resident’ documents, careful attention was paid
to the existing information structure in the Forest Supervisor s
office, the interrelationship between the activities wusing a
particular document and usage factors of the documents and their
data items. An integrated approach which utilized aspects of the
Auerbach,; Finneran and Henry and Teorey and Frey approaches
earlier discussed, was used to accomplish this document
identification task. Within the Forest Service, such things as
recreation areas, timber resources by unit, personnel, funds and
other such elements were determined to make up the resident
elements.

The 1identification of the input and output documents was a
much easier process since they serve as the external
manifestations of the organizatien. Utilizing these documents
provides a means of indirectly determining the contents of the
database. The methodology wsed to determine the resident
documents will be discussed in detail in Chapters 2 and 4 of this
report.

As stated earlier, the intial number of documents collected
from the Forest Service totaled 715. This number included
documents which were stored but not used and excluded documents
which were local to a particular departmental function and were
not stored in a common location. The process of interviewing

personn2l  within each major Forest Service group or function
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aided in the elimination of over 200 documents as obsolete and
also resulted in the addition of some of the local documents for
consideration in the overall database design. The number of
form=s which remained was reduced to 455.

It was also determined in this process that the documents
necessary to comprise the actual database were not present. It
wazs alsoc discovered that many forms come into the Supervisor’s
Office and were simply filled out for later reference and as such
had to be considered as part of the actual resident documents of
interest. Another problem, which was expected, was that the
actual information kept on many of the farms is not unigue and
would cause duplication in the database or reguire different
referencing methodologies. Furthermore,;, several forms within the
Supervisor ‘s 0Office s=sxist to swupply information to a larger,
centralized computing resource. These systems addrsess various
local and naticnal concerns and were given mixed evaluations by
those interviewed.

Having completed the collectien process, it was  then
nNEcCessary to identify the major divisions, the wvarious
subfunctions within each division and the number of documents by
type Ffound in these areas. Tables 1-3 identify these divisions

and the number of documents found in each area.



TABLE 1 FORMS ANALYEIS
BUDGET AND FINANCE

FUNCTION

Collection

Fleet Egquipment

Utility and Supplies
Obligations

Travel

Fetty Cash

Collections

Collections, DRisbursements
Budget Flanning

Fersonnel Claim

Egquipment Control
Finrancial Flanning

Public Information Office
Property and Equipment
Contracts

RQuarters and Space
Furchasing

Equipment and Operation
Building and Property

Acquisition of Equipment and Supplies

Building and Froperty
Bids and Contracts

TOTAL

TYFE AND MNUMBER OF FORMS

TABLE 2 FORMS ANALYSIS

FUNCTION

Evaluation and Hiring
Individual Personnel

PERSOMNEL

Employee Training and Performance

Employee Finances

Employee Medical and Accident

Employee Qualifications
Employee Position Reguest
Employee Application
Employee Insurance,
Employee Driving Record

T0TAL

Digsability,

Death

TYPE AND NUMBER OF FORMS

Input Butput Resident

- - 9

. - 4

= ? =Y
14 i -

11 i1 -

8 a8 e

5 —_ —_

5 " -
ié6 = =

17

Input Output Resident
-_ 4 =
T 2 —_
- 8 —
— 10 e
1 e -=F
- -~ 4
3 2 =
—_ 6 —
S a— s,
4 S i
9 e 1
— 7 —
- C? .
iy 1'3 A
4 o -
4 - e
q —_ —

12 - =
- = 13
oB T 20
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TABLE = FORMS ANALYSIS
FOREST RESDURCES

FOREST RESOURCES

FUNCTION TYPE AND NUMBER OF FORMS
input Output Eesident
Timber Szle Finance 4 = &=
Compartment Timber Tally 7 - —
Timber Sale Documents & - D
Pesticide 1 = =
Timber Sale Collection - 4 -
Timber Szles Contract == i= -
Frogeny and Silverculture = & =
Road Specification - & -
Silverculturs i - =
SUETOTAL i7 29 -
FIRE MANAGEMENT
FUNCTION TYFE AND NUMBER OF FORMS
Input Output Resident
Prescribed Burning and Fire 4 = —
Fire Eguipment and Manning =] - —
Fire and Weather - - z
Fire Fersonnel - 7 -
Manpower and Fire Equipment = o g
Fire Report = 5 =
Fire and Weather Status - £
SUBTOTAL i2 is i1
FUBLIC INFORMATION OFFICE
FUNCTION TYFE AND NUMBER OF FORMS
Input Output Residant
Fublic Information - = —

SUBTOTAL O Z 8



LANDS
FUNCTION T¥YPE_AND NUMBER OF FORMS
Input Cutput Resident

System FPlan = = i
Land Exchange - =2 -
Special Permit 8 - -
Electronic Fermit 4 = =
Land Use Report i = =
SUBTOTAL i3 2 i
WILDL IFE RANGE

FUNCTION TYPE AND NUMBER OF FORMS

Input Ouiput Resident

Fermitted Land - - i
Eagle—-Osprey 2 - -
Livestock Improvement - 4 =
Livestock Grazing g - -
Grazing Permit = bt =
Wildlife, Range, Resources & - =
SUBTOTAL i7 2 1
TOTAL =9 =% i=

An essential part of the methodologies for database design
was to identify the usage volume or freguency of use of the data.
Tables 4-5 illustrate the Ffrequency af use for the input and
output documents respectivelvy. Determined as a result of the
interviews and analysis of the information flow within the Forest
Service, this information will be wutilized in determining the
actual physical structure of the database. Locating more
freguently used items at the Ffront of the dsastas structure will
facilitate more rapid and easier access to more commonly nesded
data items. The result of thiz step alsg results in the

development of the access strategy of the dsta.



TOTAL

TAEBLE 4

INPUT DOCUMENT FRERUENCY

Number of Times
Document is MNesded
per Year

1

10
12
i35
i7
=0
25
0
40
=0
&0
100
124
125
137
150
180
250
330
400
S00
8OO
0
1000
1300
2000

B524

Number of
Input Documents

L e e e S e N e T S T PR SRS o T I v T % Y I L T O -

B
D-.

I~J
I3



TA4ELE 5

OUTPUT DOCUMENT FREQUENCY

Number of Times
Bocument is Reeded
per Year

Number aof
Output Documents

150
200
200
50
360
400
BOO
1142
1360
2000
2000
4000

TOTAL 14828
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Having completed the initial collection and collation of the
Forest BService's documents, the next step was to organize the
data within the three primary functional areas and provide the
Forest Service with an initial visw of the documents with their
assgciated data items. It was decided to utilize Document
Handler, described in Chapter 1, to facilitats this process.
Document Handler provides an automated means of eorganizing the
documents into document headings and data items which are taken
from the document itself and are deemed to be important. The
program then organizes this data and provides the user with a
listing of the document names within that section of the
database; a 1listing of the document names and data items or
column names associated with each document name and a cross
reference of all data items or column names and those documents
upon which they commonly or singularly appear. {(See AFFENDIX A
for a sample listing of the Document Handler.) This information
can then be utilized tog resclve ambiguities,; insure functional
area completeness and correctness, =liminate redundarnt data items
or resclve duplicate names and eliminate unnecessary data from
the data base.

Frior to entering the datza into the Document Handler
program, each document was carefully examined to derive those
items of data which were deemed necessary to mainitain the
integrity of the document and which could be use to store
necessary data i1tems which would be entered from input documents
as well as provide necessary output dats for output documents.

The initial printout containing this first view of the dats was
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then sent to the Ozark Maticnal Forest for their consideration
and clarification of ambiguous data items. This information was
returned and a second run of the document less the sliminated
items and with the necessary modifications was returned again to
the Forest Service. This process continued for approximately
three iterations wuntil both the Forest Service and designer
personnel were gsatisfied that the data remaining was both
necessary and no longer ambiguous.

The analysis phase as discussed thus far required only two
visits +From the NDX team to the Supervisor’'s Office. This
approach caused only a mimimal disruption of normal businsss
processes of the Forest Service. It was, however, thorough
enough to provide sufficient uwundsrstanding between the desiaon
team and the prospective users that would allow further
development in a timely manner. The documents which fell in ons
of the thres functional arsas alresady discussed were treated
separately during the analysis phase to expedite the process.
The 1logical design process then proceedsd on the Budget and
Finance section which had been the first to be returned with all
ambiguitiss addressed and other questions resclved. The
remainder of this report will only address the design process as

it was implemented in this area.



CHAPTER 3

METHODOL OGY 1: E-R MODEL GENERATION

The logical data base design phase of the data base design
process  is one of synthesizing the ca;lectinn and associations of
data to satisfy the information starage, retriseval and reporting
reguirements of the using organization [CARD 72]1. This process
is wsually an iterative process, often involving trial and srror
and usually without any clearly defined methodology to assist the
designer in his efforts.

The design of the Ilogical database for the Budget and
Finance section of the Ozark MNatignal Forest database presented
some unigquse  problems. Included among these problems were the
lack of =a predeftined data structure to be used;, the data base
management system to be used and the lack of experienced
personnel 2t the Forest Supervisor’'s Office having specific
knowledge of the new system and its characieristics. This lack
of experience was 2 problem which could be ameliorated somswhat

by the experience of the design perscnnel in ths application

™

area, but the inability to communicate because of this lack of
sxperience remained.

With this lack of predefined guidance, any of the
methodologies previously discussed could have been utilized to

arrive at the schema to be used and the datze model which



represented  1f. It was decided that Ffor the purpose of this
report to uwus=s  and compare two methodologies previously proposed
by two Former students of this institution, and determine their
applicability to Future design efforis. This chapter will

discuss the first of those methodolaogies which was proposed by
Darrell Woelk in his Master ‘s Report [WOEL Ei1.

This methodology proposed the utilization of user documents
in an automated gensration of a databasse schema. More
specifically, the report proposes a system which will utilize
user documents to gensrate a graphical Document E-R Diagram which
the gsystem will interactively manipulate to generate a true E-R
Dizgram. Although the system proposed would be an excellent
design tocl if it could be implemented, it currently has not been
implemented on any existing system. For the purpose of this
repart, the actual generation of ths Document E-R Diagram and the
subseguent steps were simulated manually. This then immadiatsly
increased the amount of time utilized in the design process using
this approach and could be guestioned as inserting some dagres of
bias into the comparison of the twﬁ approaches. HNevertheless,
the report will attempt to be just in its appraisal of both
methadologies.

This methodology uses the following algorithm [WOEL B11:

i Data base designer surveys the organization and
enters the data concerning Documents, Data Items, Yalue Sets,
Specifications of Fields and other associated items into the
system.

2. Eystem gensrates a Document E-R Diagram.
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B Designer analvzes Data Item Mames for duplication
and ambiguity with aid of the system.

4. Designer enters a description of sach Relationship
among Document Entities.

S- Designer indicates the ownership of Data Items
which are common to more than one document.

& System make=s delestions Ffrom Documsnt Entity Data
Item Lists Ffor Data Items which are not owned by the Document
Entity. Any Data Item deleted from =2 Document Entity D=atas Item
List is alsc deleted +From any other assogciated Relationship
Common Data Item Lists.

7= System eliminates Documsnt Entities and
Relationships which have e2mpty Data Item Lists and Common Data
Item Lists, respectively.

B. Designer manipulates the Fesulting
Entity—Relationship Diagram using the SPLIT, MERBGE, SHIFT, MOVE,
and CHAMBE operations of the system.

L Designer specifies the mapping (1:N, N:i,; M:N} of
the relationships among Entity sets.

1. Designer identifies the key attributes For zall

Entity Sets and Relationship Sets.

fis earlier stated, this system was not machine implemented
and it was necessary to modify some of the steps to be able to
ptilize this design approach. Specifically, dus to the length of
some of the Document Entity Data Item Lists and the complexity of

some of the initial drawings, the listing of these data items was



not included but rather was maintained on a separate listing.

The Document Entity Data Item Lists are the lists which
reflect the Data Item Names entered from the user documents. An
initial examination of the Budget and Finance Documents
immediately demonstrated the complexity of this approach since
there were a total of 77 documents, some of which had more than
20 data items to be listed. It was decided to use this approach
only on a subsection of the Budget and Finance section consisting
of 12 documents which were categorized as procurement documents.

The Ffirst three steps of the algorithm were then combined
and drawn on one diagram {(fppendix B, Figure=s 1 thru 1g}. This
diagram was modified from the stated algorithm, in the manner
discussed earlier, in an attempt to keep an already cluttered
diagram readable and manageable. The ssparate listing was
referred to as needed {Appendix C}. Only those data items which
were found on more that one document were listed on the diagram
as were the Common Data Item Lists which contain the data items
CoOMMmon to the two Document Entities connpscted by the
relationshipg. The selection of common data items proved to be
more difficult to do manually but with the ability of the
propossed system to match data items betwesn two documents, this
would be a simple task. Steps 1 and 2 of the algorithm wers
accomplished during the analysis phase and it was not necessary
for the purpose of this report to repeat them manually. Step 2
was the most difficult of the steps of the zalgorithm to complstse.
The manual drawing of this diagram took three attempts before a

diagram of any degrese of readability resulted. This was dus
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mainly to the {fact that the commonality of data items in the
first generation of this Document E-R Diagram was numerous,
resulting in over 40 Helationships and the associated lines
connecting the Document Entities. It was immediztely apparsnt
that the placing of a Document Entity was important as it might
serve betiter in the center of the diagram as opposed to ths
putside due teo the number of Relationships in which it was
involwved. fin example of the importance of this placement is
shown in Appendix B, Figure 1. I¥ the Furchase_Order Document
had been placed at the edge of the diagram, the complexity of the
diagram would increase and the intertwining of relationship lines
would be almost impossible to draw or manasge in later steps.
Step 4 ({(fBppendix B Figures 2 thru 24} of the algorithm is
seemingly a Erivial task but care should be taken to selsct
Relationship names which portray Some mEaning ot the
interrelationship between the Document Entities. This net only
assists in the design effort but also in the later use by the
organization since these names can make understanding the
database implementation e=sasier. These names will also serve as
documentation in the final model.

Eteps 5 and & were combined with step 4 on the sscond
diagram {Appendix B Figures 2 +thru 2d}. These steps are
important in the manner in which they arse accomplishsd. The
automation of this process would certainly reduce the difficulty
encountered in attempting to compl=ste these steps a5 it proved
cumbersome tao accomplish manually. The system must be able to

overcome the complexity of the diagram which would relieve the



designer from the impossible task of having to keep track of
which Document Entity was the owner and from which Document
Entity Data Item Lists and Relationship Common Data Item Lists
the attributes were to be deleted. Once the owner has been
selected, the deletion of the owned data item must be carried
through all associated Document Entities and each associated
Relationship priocr to preceding on ta another data item,
otherwise it would be easy for the system to omit the slimination
from Relationships and Document Entities not directly linked to
the owner Document Entity. The failure to do this would leave
the diagram cluttered and defeat the purpose of thess steps.

The remainder of the steps 7 through 10 were combined on the
last diagram (Appendix B Figures Z thru Zc). The rasult of step
7 reduced the diagram complexity significantly and the E-R
Diagram which resulted was easily seen. Steps & and 7 are
perhaps the strong points of this approach. The data model which
results is one which has recsived considerable attention for its
adaptability and its ability to show the semantic relationships
of the data items and entities. If this approach cowuld ke
implemented the resulting diagram would be a boon to the sfforts
to automate data base design. 1In this particular subsection, of
the eleven original Document Entities, only one was removed
through this process. More notable was the reduction of the
number of the Relationships and their Common Data Item Lists.
From an original number of forty-six such relationships only
twelve remzined after the deletion process was completed. This

understandably reduced the clutter from the original diagram and



gave an easily read and easily understood model.

This approach, although lsngthy when attempted manually did
result in a data model which could easily be mapped inte the
selected data structurs. The resulting Data Item Lists and
Document Entities make up the database schema which could be
modified into a relational, hierarchical or network structures.

This 1is not an approach which could be sasily implemented
nor would it be an approach with which a novice designer could
begin a design process. It requires some intuitive knowledge on
the part of the designer to be able to gselect those entities
which would be better placed in the center of the diagram as
opposed to those which would bhe better placed on the edges of the
diagram. Although this seems like an wunimportant consideration,
this selection process proves to be the key to making the diagram
readable and manageable. Additionally, the designer must b= abls
to select the owners of the data items sffectively since the
selection process may in fact determine whether or not one or
more of the Document Entities will be eliminated. In the process
of using this methodology for the procurement documents it was
discovered that if the owner of some of the data items had besn
the HMultiuse_Standard Document as opposed to the Purchass_Order
Document that the Document Entity Certificate In lieu OF _Lost SBL
would nat have been eliminated nor would several of Gthe
relationships which were eventually removed. Incorrect seliection
of a Document Entity as the owner could leave the diagram
cluttered and reduce the effectiveness of this approach.

As 2 manual process it would be an impossible task to handle
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a database of any size. The larger the proposed database, the
more impossible the task becomes because of the complexity and
immensity of the diagram and the ability of the designer to he
able to maintain an accurate record of all Relationships, Data
Item Lists and their subsequent manipulations.

The methodology does proposse an interesting approach to the
automation of the design efforts. The algorithm iz easily
followed and presents no difficulty in the actual sxecution of
the steps. The result, as stated, is a data model which can bs
easily read and 1is widely accepted in the database design
environment. The actual implementation of this approach i=s

questionable as will be discussed further in Chapter 5.
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EHAFTER 4

METHODOLOGY Z: DOCUMENT HANDLER

The second methodology as proposed by Mier Cohen in his
Master 's Report [COHE 791 concerned a system for the automatic
generation of relational data bases. The report discussed ths
methodologies wused in the analysis phase and the logical design
phase. The name given to this automated approsch was Document
Handler and its use in this design project will be discussed in
this chapter.

This approach also utilized the documents of an organization
as the basis of the design process. A= the documents were
analyzed 1t was noted that they could be categorized in one of
four related entities: Documents, Document-Attributes, Columns,
and Column-Attributes. Each document has a set of columns and a
set of document attributes. Each column is owned by one document

although the same column might appear in several documents. &s

(0]
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result, a column is uwniguely identified by its name and by the
name of the document on which it occcurs. & column might also
have a set of celumn atiributesz and they are also unigusly
identified by a unique name and by the name of the column with
which they are associated.

Document Handler 1s designed for interactive work and allows

the usesr to enter the documents and columns and their associated

attributes and +the system then organizes thess inputs into



listings which can be used to manipulate the documents and
columns. Finally, 1t will prepare them to be run 1in the
Bernstein fAlgorithm Frogram which results in the generation of a
third normal form relational schema. The commands and actual
methodology of their use can be examined in the report [COHE 771.

When the documents Ffrom the Forest Bervice wers first
collected, Document Handler proved invaluable in the early
analysis of the information gathered as was discussed in Chaptsr
2 Once the analysis phase was caompleted; the determination of
the resident documents wazs the next step to be acecomplished. The
Budget and Finance Documents totaled 77 after the analvsis phase
and they were then broken down into five subsections: Eguipment,
Property, Funding, FProcurement, and Contracting. Each of these
subsections was then manipulated wtilizing Document Handler 's
MERGE and DOCUMENT SET commands.

The process began by determining those documents which could
be placed in one of the Ffive subsections by anzalyzing the
documents  again and grouping them according to the functional use
of each document. Once this had been accomplished, those
documents which were determined fto be resident documents during
the analysis phase were again examined Ffor commonality of
functions and of data items. Where possible these documents were
then combined or new documents created which would minimize
duplication while maintaining data integrity and inswure no loss
af data content. Once these resident documents had been
determined, they were merged into on2 resident document using the

MERGE command. This particular command will combine twc
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documents i1ntoc one of a different name and eliminates duplicated
attributes.

ODnce  this merging process has been completsd, the documents
which were determined to be input documenits wers examined and

intersections were performed with the resident documents. Thi

n

was accamplished through the Document Handlsr command: DOCUMENT

SET. The input documents are compared using the following sst
relation: I - (I # R} where I represents the Input Documents, R
represents Resident Documents | — represents the set differsnce

2nd #* the intersection of the sets. The system psrforms this
intersection and the result is a 1list of data items or
document/column attributes which will either be null o will
contain names of the Document-Attributes, Columns or
Column—-Attributes. I+ the 1list is null, this means that a1l of
the names contained in the input documents were found in the nams
domain of the resident documents. If the list is not null this
indicates that some of the data items occur on the input list
which are either superfluous, will be consumsd or neasd to he
carefully evaluated to determine their importance in the data
base and whether or not they should be added to the list of

resident data item names to insure completeness of the dats

cantent.
This process reguired several i1tersations within each
subsection before listings resulting from the process were null.

Several data items were found to be similar except for spellings,
abbreviations,; pseudonyms oF were found to be ambiguous in theair

mEaning or USe. These data items were collected and their



semantics and use were discussed with the Faorest Service
Supervisor 's [Office to determine if they were the sams as other
already entered data names o if the were sssantial in
maintaining data content.

This process was repeated for the output documents untii_the
resulting listings were null. The data items which appeared in
these listings éere sxamined +to determinse 1if they could be
derived +From data items alrsady in the data base resident
documents, i.e., 1if they could be computed from alresady existing
data. Data item names which appeared in the Output-{Resident *
Output)? listings were often dates which could be output using
system capabilities rather than maintaining them within the data
bass as virtual data items. Where these dats items existed, they
were eliminated from the listings, and the intersection process
repeated. Since the output documents reflsct the sstsrnal
manifestations of the organization it was necessary to insure
that all the data item names were esither sliminated in the above
considerations or were included in already existing resident
documents or new resident documents generated which would inciude
all the data items necessary to generate the output datas items
used in the reports and output documents of the Forsst Service.
Where problems arose which required clarification concerning the
semantics of a data item or its necessity. the Bupervisor s
Office was contacted +to idinsure eclarificaticn occurred prior to
the final design steps being completed.

Once the process had been completed for 211 the subsections

the resuliting documents were combined as the tentative databsase



aorganization. &l1 variations, synonyms,; abbreviations and
pseudonyms  wers  resolved, data which resulted was minimized

within the capabilities of the system, and finally keys were

determined for each resident document. 0F the original 77
documents, only 48 remained as resident documents in  the
tentative schema. in he procurement ares the number  of

daocuments which composed the resident documents was raduced froa
12 to & documents. The reduction was a result of the system and
the designer removing documenits which contained datz that couvld
be obtained Ffrom other resident documents in the database or
combining documents which had 2 common purpose into ons documsnt
while not resulting in loss of data integrity or data content.

This tentative databass was then ‘prepared’ for input into ths

Bernstein Algorithm Program by using the Docusment Handler
command: PREFARE. This command takes all the resident documents
and prepares a “data dictionary® of all the data elements and

also prepares a listing of the functionasl dependencies within the
tentative schema. The data dictionary is not the complete dats
dictionary as 1s found in most databases but rather a2 modified

listing of the data item names and a three letter alphanumeric

1}

item code used in the functional dependency listing and th

Bernstein Algorithm Program. In order for the datas to be inpat
inta the Bernstein program, however, the data dictionary had to
be removed from the input fils.

The Bernsitein Algorithm Frogram produced s third normal form
relational schema Ffrom the tentative database. The algorithm

which has been implemented at this ipstituotion is as follow

I
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Let F denote the ss2t of functional dependencies as
determined by the Document Hapdlier.

1. Eliminate sxtranscous attributes from the left hand
side of each Ffunctional dependency in F, producing a set G. &n
attribute is determined to bs sxiraneous i+ its =slimination does
not alter the cleosure of the st F.

2. Find a nonredundant covering {(set H) of the set G.

Zia Fartition H inta groups such that all of the
functional dependencies in each group have identical left hand
sides.

4. HMerge equivalent keys.

5. Eliminate all transitive dependencias.

&. Construct the relations.

This process synihesizes the functional depsndsncies into a
relational schema that is in third normal form, i.2., all domains
of the schema contains single values, all nonprime attribuiss ars
fully Functiocnally dependent on all the keye of & particular
relation, and none of the nonprime attributes ars tramsitively
dependent upon any key in the relation.

The schema which resulted Ffrom this process was then
examined toc determine if any keys were eliminated, if any of the
resident documents {relations) were sliminated or if any of the
data items were eliminated. Where this occurred an sxamination
of the intended relationships was conducted to insure that the
intent of the data organization was maintained and that the

semantics of the data content was preserved. If these problems



surfaced, new keys were determined Ffor the resident documents
affected and the process repeated until the schema which resulted
had resclved these problems.

The resulting schema was then used to finalize the resident
document set of the database. This document s=t made up the
records of the Budget and Finance Section of the database. &
diagram (Appendix D Figurses 1 thru 5} was then drawn  to
illustrate the dats organization and uwtilized the usage factors
te place the records as optimally as possible. Fram this diagram
a network data model was constructed {Appendix E Figures 1 fhru
3} to demonstrate the access strategy of the database. A network
model was chosen as 1t was the most liksely structure to be
implemented when the datahase is actually implemented. A data
dictionary wWas prepared and these documents were forwarded #a the

Forest Service for their comments. At the time of this report no

comments have been returned.
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CHAFTER 3

COMPARISON AND ANALYSIS

The wuse of the two methodologies as discussed in Chapters 32
and 4 was a time-consuming, detailed process. As can be sxpected
initially in any design attempt, the amount of time spent
learning the new systems amounted to considerably more time than
that actually spent in the process of designing the database.
The two methodologies each have some strong and weak points and
this chapter will discuss these points plus problems encountered,
make a comparison where appropriate and provide an analysis of

the usefulness of either system in future design sefforts.

m

Both of the mesthodologies wutilize th user organization
documents as the basis +or the design of the actual database.

Both designers realized that this was a logical starting point to
determine the infarmation reguirements which would be supplied by
the database. During the snalysis phase, however, differsnces
arose 1in the two methodoclogies concerning the importance of such
tactors as usage factors of the documents, involvemsnt of the

user organization in the resclution of ambiguities and other

conflicts and grouping of documents in areas of functional

commonality. The +First approach discussed did not address the
issue of uasge Ffactors as it relied more heavily onn the
relationships among the documents. The designer who usss this

approach 1s not concerned with the usage factors sven afiter the



E-R model is completed. This fails to consider the optimal
access strategy of front-loading the database with thoses records
whose frequency of use is the greatest. The sfficiency of the
resulting design is not one of the considerations that the author
of this approach considered but if this methodology i1s to be of
any valus, the document usage factors must be incorperated inbo
the final E-R model.

The second approach relied both on usage factors and the
relationships among documents which ware determined during the
visits to the Ozark HNational Forest. It should be noted here,
howsver, that the initial attempt at organizing the documents
according to functional areas and the ianterrelationships was not
very well done. The initial design steps of this methodology had
to be repeated because of the failure to sffectively carrvy out
this important analysis step while interviewing the personnsl and
analyzing the information flow. A careful reeramination of all
the documents had to be conducted and the documents ragrouped
before the design steps could be continuaed. The caresful
evaluation of esach document and its wuse and +iow within the
organization is essential and must be an important part of the

interviews with the organization personnsl to insurzs that tim

m

and efforts are not wasted in latsr design steps which depend
upon the correctness of this initial analysis.

The itwo approaches differed alse in the involvement of
organizational personnel in the resoluticon of ambiguities and

conflicts. The +First approach relied almost entirely upon

M
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yroposed system and the designer s intuition in determining
P X



resolution of these problems. The ability of the maschines te maks
such judgments is uwunlikesly and the burden then falls on ths
designer. The sscand approach relied more heavily on the
constant intsraction betwsen the design team and the Ozark Forest
personnel top resolve these problems. The difference of the two
approaches 1in the degree of user involvement i1s then a gusstion
of whether o not the design team has enough knowlsdge and
understanding of the data and its use to make such determinations

and in so doing risk the probability of conflicts arising again

i

after the design has been completed and implemented o th

g ol
I

organization’s system. If the organization is incliuded in th

resplution of these problems during the design process, the risk

m

aof problems arising later in the implementation and use of the
database is decreased and the organization sharss in any such
risks as well as feeling a part of the design process.

Since the first approach was not implemented sxcept for the
manual simulation as discussed in Chapter 3, the actual value of
this =system during the analysis phase is uncertain. oCument
Handler proved to be a very valuable tool during this phase since
it provided printouts which were well aorganized and esasily
understood. These printouts served as a means of coemmunicabion
between the organization and the design team. Such problsms as
semantics of data items, ambiguities, pseudonyms and desleting
data items which were the same but had different spellings or
slightly different names were easily resolved due to the listing
and the cross—referencing capabilities of the sycstem.

Additionally, the

[

istings as provided by Document Handler
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assisted the designer in grouping the documents since data items

which appeared on several documents inherently pointed out Some
relationship among the documents. Keys were also easier to
determine with Document Handler, whereas the first approach
relied on the designer to determine the keys.

The First approach depended upon the identification of
Common data items between Document Entities +to establishk
Relationships and their Common Datas Item Lists. Thizs was
initially attempted manually and proved to be a praocess which was
iengthy and unmanageable even with only 12 documents. Documant
Handler was used to speed up the process and provided through its
cross—refersence listing, data items which in fact made up the
Common Data Item Lists of each Relationship. Had the first
approach been implemented +this problem possibly would not hawve
coccurred but it is interesting toc note that Document Handler
could be integrated to provide the first system with both a means
of entering input and a means of determining the Document Entity
Data Item Lists and the Relationship Common Data Item Lists.

Once these Data Item Lists have been determined, the process
of determining the owners of the individual data items becomes an
important step in this algorithm. It is at this point that the
implementation of this approach is highly guestionable. With the
best of the graphics monitors being considered and using high
resglution, state-gf-the—-art graphics, the maximum numbsr of
lines of text {in this instance the Data Item Lists) which could
be shown on the screen is approximately 24. The number of

Relationships, as illustrated in the diagrams, which might



contain one or more of these cata items in its Common Data Item
List can range from one to many depending on the size of the
database. The ability of a graphics monitor to provide a window
which would be capable of showing more than onz or two documents
simultaneocusly or showing all of the relationships which have 2
particular data item in their Common Datsa Item List currently
does not exist. The ability of a designer to keep track of these
data items, which document is the owner and from which Document
Entity a data item would be removed is made even more difficult
by the inability of the monitor to provide a display large and
encompassing enough to assist in this task. It is even doubtful
that documents having more than 24 Documenit Entity Data Items
could be effectively displayed. The process of determining the
Document Entities which should be owners reguires the designer to
be able to see the entire diagram. He must ke able to see how
the data items which are owned by one Document Entity appear in
other Relationships invelving Document Entitises which are aot
owners of that Data Item. The ability to see the entire d:agram
makes it possible to select the best owner rather than just the
first entity seen which possesses a particular data item
appearing in more than one Document Entity. If the designer is
the one who has to make the decision on the owners of thess data
items then his task is extremely difficult if not impossible if
he must rely on the current technology available on graphics
monitors. Assuredly, 1if this step in the methodology could be
successfully implemented it would reduce the complexity of this

approach and make it a wvaluable design tool. It would not be =
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panacea to the automation goals but it would be a larges step
forward.

The second approach does not rely on graphics but rather on
easily read and easily produced listings. These listings provide
the designer with an easily manageable media through which he can
communicate the organization of data, keys, functional groupings
and data item ambiguities and conflicts. Because of the
cross—referencing capabilities of the system, no graphics are
needed to see the relationships between documents since it is
already displayed through the commonality of data items.
Document Handler is not; however, problem fres. It reguires a
large block of memory to run and as a result iz slow in its
response. It cannot handlese Document Data Item Lists with more
than 180 entries. This presents a problem when attempting to use
the MERGE and the DOCUMENT BSET commands in the process of
determining the completeness of the resident documents. During
the design of the Ozark Forest database, this procblem arose on
more than one occasion regquiring the designer to decompose the
groupings of data into smaller subgroups which could bhe ketter
handled. In order for this methodology to be effective for
future design efforts, =2 modification to the current version of
the program 1is required which will allow it to handie larger

documents and databases.

1

Since Document Handler produces only the printouts z=
discussed, the designer is left with the task of producing the
datas diagrams manually. This proved te be a2 process which was

not as difficult to perform due to the capabilities of the system
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to group the Document Entities or records and show the keys for
each. Since the data has already been manipulated and contains
the minimum of data items and records,; the resulting diagrams are
less complex and easier to produce than in the first approach.
In this project, the diagrams presented no difficulity to produce.

Another problem with Document Handler is the lack of editing
capabilities. I+ the ussr makes a mistaks in entering data,
mispells a data item name; omits a data item by mistake or
commits any other of many e2asily made errors, the user must leave
Document Handler and utilize =2 system editor to alleviats the
mistakes made during the processing sSession. To continue
processing he must then reenter Document Handler, retrieve the
current database file and continue working. This 1is a
time—consuming and Ffrustrating problem which must be resolved if
this system is to be an effective design toogl. Hemory usage
might, however, precluds the addition of any 1large editing
capabkhility as the current version already reguires more than 150G
¥-bytes of memory. With =z database of any size being procsssed,
the system could easily eiceed the current maximusm of 500 E-bytes
aliowed any user on the computer currently being viilized to
implement this program.

The +First approach would be very difficult to cutput in
printed form. The amount of sSoftware reguired to perform the
task of making a readable printout would be prohibitive. Even if
it could be programmed, the current capabilities of printers
would not =a2llow the printing of large complex diagrams such as

the Ffirst diagram resulting +rom this methadology. The system
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wonld have to ke able to decompose the larger diagrams into
several smaller diagrams while keeping track of the location of
geach of the small diagrams and which ocnes were printed and which
ones remained to be printed.

In both processes, the determination and isclation of keys
requlired the careful examination of the documents and the
document attributss or data items. DOften the keys were easily
identified but 1in other instances a new attribuote had to be
created to uniguely identify the occurrence of a document or
record 1inn  the database. In some instances data i1tems were
concatenated to compose a2 key. In the first approachs the keys
are determined Ly the designer as the final step. In the secand
approach keys were i1dentifised by the interviewess and the
designers during the analysis phase. Both approaches veguire
some knowledgs of the target data structure if the keys are to he
properly selected to allow the accessing of data from the final
structure once it is implemented. Document Handler doss not
currently allow the designation of candidate keys but rather is
restricted to single keys or concatenated keys. This somestimes
presents problems in attempting to present functional
dependencies which exist but are separate from the dependenciss
of the single or concatenated key. In Document Handlear, keys
must he ididentified early in the process since they are wvused in
the manipulation of the data and in preparing the tentative data
base for input intoc the Bernstein Algorithm. The sysiem
possess tne capability to remove a key once it has been declazared

=

without going through the same editing procedure alrsady
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dicscussed. A key may be added without having to leave the
program but if it is added to the keys which alresady sxist for a
particular document it becomses part of a concatenated key
containing the nid and new Lkeys.

The methodologies ditfer alsoc in  the creation of records
which will eventually become the database. The {first approach
uses  the user documents throughout the process and the resulting
model contains those same documents less the delsted ones. The
data items contained in these documents ars the same ones which
were on the documents to begin the process less the deleted ones.
In the second approach, the user documents are similarly ussd to
begin the process but as the design procedure progresses the
designer has the Fflexihility to manipulate these documents into
fewer documsnts, rename them as desired and combine documents
which sServe common functions and whers duplication is not nesdad.
Bogth approaches would reduce the number of documents but thes
first approach 1is somewhat constrained in its ability to changse
the documents wuntil the +Final steps which 2llow him to use a
MERGE process which is not cleariy defined in the master ‘s
report. The Document Handler can use its MERGBE command which
merges  two documents into one and removes all duplicated data
items. It alsoc has the capability through its ADD and REMOVE
commands to  add attributes and remove attributes from selected
documents. The consideration of combining or merging documents
might be important in the final design to preciude unnecessary
duplication af data items, records and their associated

relationships thereby reducing the size of the database.



Document Handler listings can aslso be easily modified into a

=

data dictionary although not in the program itselif. The listin

I}

are organized in such a manner that they can be easily edited by
simply adding specifications to the attributes such as field
types and sizes; changing ths name of the document entity to a
record name, removing the separate key entities and adding set or
relationship names with the associated information to describs
the data structure. Modification of Document Handler to provide
a data dictionary generator might,; as earlier discussed abhout the
editing capabilities, increase the memory reguiremenits beyvond
current constraints. It could be modified io organize the data
and prepare 1t for input into a separate dats dictionery in much
the same manner as the FREPARE command doss for the Bernstsin
Algorithm.

The Ffirst appreoach does nct appear to have this capability
since its output is the E-R model. The information nesded to
gensrate the data dictionary is awvailablie in the system as
Document Entities, Document Entity Data item Lists and
Aelationships. This information could be extracted from the
system but listings would have to be formatted and the dictionary
prepared once the essential items are removed. This does not
appear to bes within the scope of the intended system.

Since the second methodology is dependent upon the Bernstein
algorithe to produce the final schema, it should bs noted hare
that a significant problem was found in the curvrent version of
the Bernstein Algorithm. While not linked to Document Handler,

the problem aross whean the tentative schema from the Handler was



input into the Bsinstein Algorithm Frogram. It was discovered
that the current version cannot handie larges databases. It
required modification of the program and since the personnel
responsible for writing it and those with any experience in using
it had sither left the university or were unable to be contacted,
it reguired several days and several attempts bhefores the acthor
was able to isolate the changes needed to run larger databass
input files. Additionally, the output format had to be changed
to remove unnecessary items which only served to produce lengthy
printouts. Those changes have been documented and are stored in
BERMNZ.FP on the computer.

Both of these methodologies require some intuitive knowledge

on the part of the designer. The Ffirst approach 1is les

1]

depsndent than the second since the zlgorithm constrains the user
from having %o make many decisions to arrive at the tentative
modael dizagram. The second approach requires the designer to know
how the Ffinal listing will be madeled and what access strategy
wWwill be used to extract data Ffrom the final result.

Additionally, the second approach allows the designer to
manipulate the documents according to his understanding of how
the data could be better organized, specifically taking inlo
consideration the usage factors. This flexibility is beneficial
if the designer understands the final target structure Lut can
cause problems if he does not. The first apgproach, while mors
constrained, produces a model without reqguiring any knowledge of
the target database. This resulting model may not reflect the

optimal organization of the data since it is not based upon any



access strategy, usage criteria or the final implementation. The
designer must be able to manipulzste the final E-R model iFf these
criteria are to be considered.

The use of these tweo methodeologies in future design efforts
depends upon several factors. In the cas= aof the Ffirst
methodology, it must first be impiemented if possible. If 21t can
be implemented it would zalso require modifications such as those

already discussed plus enhancements which allow the designer more

flexibility. Included among these modifications would be editing
capabilities, output capabilities, and interactive diagram
manipulation such as reducticon technigues. Additionally, the

system would have to be modified to handle large data bases which
the proposed version cannct do. These moditications are
necessary it the designer is to be abkle to manipulaits the
diagrams according te hkis judgment zand experience since the
system has no basis for making such decisions.

The second methodology must aliso be modified as already
discussed. Additionally, Document Handler would be 3z more viahble
design tool if it were able to define the rangzs of attributes,
graphically represent the data, automate the database generation
process and incorporate the interactive editing capability. Th=
automation of the specification of more than one candidate bkey,
the ability to handle repeating groups plus the capability of
merging more than two documents at a time and merging documents
by their category (INPUT, OUTPUT, RESIDENT) would furthesr enhance

this methodology as asn automated design tocl.



CHAFTER &

CONCLUSION

This report compares two methodcologies previcusly proposed
by two Fformer students tc automats the database design process.
Both of the m=sthodologies provide aspects which can be integrated
intoe an effective approach which would assist thz database
designer in the difficult task of tabting user documents and
manipulating the data contained there into an seff=ctive databza=e
structure. The design of the Budget and Finance Secticn of the
Ozark Forest database proved to be beth s challenging and
valuable learning experience. The lessons learnad in the use of
the two systems will serve as building blocks for future design
efforts. The sxperienca gained in designing an actual
implementation of a data base will be invaluable should the
gpportunity to be involved in such a project arise in the futurs.

This report is not proposed as a model for the usse of thesse
systems in future design sfforts but rather as an illustration of
their wuse and the Isssons learned during this process.  These

lessons and the recommendations included in the repori should

serve as a basis for snhancing future design =2Ffforits uzing these
systems-

The two systems used reguire modifications bheforse they can

be consider=ad wviablse design tools. Whether or not ths first



methodology can be implemented and the modificaitions made to both
is a2 matiter which will reguire additional resesrch. This

resesarch might well l1ead to a more sffective version of sithear
system or even an integration of the strong aspect=s of sach into

an effective automated design tacl.
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DOCUMENT HANDLER VER (.2 RUN
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OQ0CUMENTS IN THE SYSTEM

le BPPO_SF_1143_ADVRTG_ORDER AlTH 3 COLUMNS
2. BPAES_R3_6300_3_BLKT_PRCH_AR «wITH & COLUHNS
3. BPAES_AD_700_REQSTN_FOK_SUP  niTH 18 COLUMNS
4. BPPI_110B_CRTF_IN_LIEU_OF_LS nITH 15 CULUMNS
5. BPPO_LL03_US_GOVT_BL_OF_LDG  WITH 15 COLUMNS
6. BPPO_ASCS_44l_ORDR_FOR_ARL_P w#ITH 8 CULUMNS
7. BPPO_L18_RAST_FPR_QTNS ALTH 13 COLUMNS
8. BPPO_AD_633_MLTI_USE_STNDRD_ wITH 16 COLUMNS
9. BPPO_AD_B3B8A_PRTL_RCPT_NTFCT AITH 8 COLUMNS
10. BPPO_AD_8388_INVC_RCPT_CRTF  AITH 17 COLUMNS
1l. BPPO_AD_14_RQST_FOR_SUPP_EQP wITH 10 CILUMNS

12. 8PPO_AD_836_9_PRCH_ORDR ATTH 23 COLUMNS
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DOCUMENT s COLUMN LISTING

* 3IPPO_SF_1143_ADVRTG_ORDER
DOCUMENT ATTKIBUTES
LOC « 4uT
ADY_ORDER_NUHMBER *
DATE_OF _DRDER
NAME_OF _PU3_ADVERTISED

* BPAES_R8_6300_3_3LKT_PRCH_AR
DOCUMENT ATTRIBUTES

LOC « IN?P
BPA_NAME %
BPA_ADDRESS
ORDER_NUMBER %

DATE_OF _PEPURT
PERSONS _AUTHORIZED_TO_PLACE_
SCOPE_UF_ARRANGEMENT

# BPAES_AD_700_REQSTN_FOR_SUP
DOCUMENT ATTRIBUTES 3
LOC « INP
REQUISITIAGNING_OFFICE
RECEIVING_OFFICE_NO
CONTRACT_NUM3ER *
FUNO_COUE
REQUISITION_NO
REGUISITION_DATE
VENDOR_NAME
VENDOR _AGCRESS
CONS IGNEE_NAME
CONSIGNEE_ADDRESS
QUANTITY
LINE_ITEN
DESCRIPTION
BUDGET_O3JECT
ACCTNG_LINE
UNIT_GF_I3SuUs
UNIT_PRICE
MANAGEMENT_CUDE_AMOUNT

# 3PP0_L1108_CRTF_IN_LIEU_JF_LS
DOCUMENT ATTRIBUTES . :
LOC « OUT
GRIG_8ILL_OF_LADING_NO *
TRANSPORTATION_CO_TENDERED_T
FROM_SHIPPING_POINT
CONSIGNEE _NAME
DESTINATIGN_NAME
CHARGES_TO
MANAGEMENT_CODE
PACKAGE S_NO
PACKAGES_KIND
DESCRIPTION
NUMBER_CF_PACKAGES
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WEIGHTS
CONSIGNEE_ADDRESS
DESTINATION_ADDRESS
FULL_NAME_OF_SHIPPER

%+ 3PPO_1103_US_GAVT_8L_OF_LDG
DUCUMENT ATTRIBUTES
LOC . OUT
TRANSPORTATION_CO_TENDERED_T
FROM_SHIPPING_POINT
FULL_MAME_OF_SHIPPER *
CONSIGNEE_NAME
DESTINATION_NAME
BILL_CHARGES_TO
MANAGEMENT_CODE
PACKAGES_NG
PACKAGES_XIND
DESCRIPTICN
NUMBER_OF_PACKAGES
WEIGHTS
CONSIGNEE_ADDRESS
BILL_OF_LADING_NGO
DESTINATION_ADORESS

(1]

# 3PPO_ASCS_441_ORDR_FOR_ARL_P
DOCUMENT ATTRIBUTES
LOC . OuT
PURCHASE _ORDER_NUMBER
CONSIGNEE _NAME N
CONSIGNEE_AQDRESS %
SIZE_TYPE_OF_REPRGDUCTIONS
QUAN_EACH
CODE_OR_SYM30L
ROLL_NO
EXPOSURE_NG

L]

* 8PPO_1B_RGST_FPR_GTNS
DOCUMENT ATTRIAUTES
LOC . auT
REQUEST_NO =
DATE_ISSUED
REQUISITION_PURCHASE_NO

ISSUED_BY *
TO_NAME #
TO_ADDRESS

DESTINATION_NAME
DESTINATION_ADDRESS
ITEM_NUMBER
SUPPLIES_SERVICES
QUANTITY

UNIT_TYPE
UNIT_PRICE

# BPPO_AD_633_MiLTI_USE_STNIRO_
DICUMENT ATTRIBUTES
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LgC . OuT
ODOCUMT_IDENT *
ROUTING _IDENT ¥

M_AND_S
REQUISITIONER
DATE_OF _REPOKT
SIGNAL
FUND

! SERIAL
STOCK_NUMBER
UNIT_OF_ISSUE
QUANTITY
UNIT_PRICE
MANAGEMENT_CODE
OB J_CLASS
ACCTNG_LINE
MANAGEMENT_CODE_AMOUNT

$ 2PPJ_AD_836A_PRTL_RCPT_NTFCT
DOCUMENT ATTRIBUTES :

LOC . OUT
PURCHASE _ORDER_NUMBER *
DATE_OF _RECEIPT

RECEIVING_OFFICE_NO *

MATRL _GR_SUPPLIES_ITEM_NO
QUANTITY_RECEIVED

UNIT_OF _ISSUE

DESCRIPTION
RECEIPT_STATUS

¢ 3PP0_AD_8333_INVC_RCPT_CRTF
JOCUMENT ATTRIBUTES =
LOC « OUT

PURCHAS E_ORDER_NUMBER #
DATE_OF _RECEIPT
DATE_INVOICE_RECEIVED
VENUOR _INYGICE_NUMBER *
VENDOR_NAME
MATRL_GR_SUPPLIES_ITEM_NO
DESCRIPTIAN
UNIT_OF_ISSUE
DOLLAR_AMOUNT
NON_MERCHANDISE_CHARGE
FREIGHT
FEDERAL _EXCISE_TAX
STATE_UOR_LOCAL_TAX
TRADE
DISCOUNT
CREDIT
QUANTITY_RECEIVED

* 3PPO_AU_l4_RQST_FOR_SUPP_EGQP
DOCUMENT 4TTRIBUTES 3
, LOC « GUT
DATE_OF _REQUEST
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- e s Em Er wam s wm wmh WE me AR we e wmm ms e wr EE W EE O wm W s e oy eE W e W W wm W

MANAGEMENT_CODE
ENCUMAERED

CONSIGNEE _NAME
CONSIGNEE_ADDRESS
MATRL_GR_SUPPLIES_ITEM_NO
DESCRIPTION

QUANTITY

UNIT_OF_[SSUE *
UNIT_PRICE

* pPD_AD_B838_9_PRCH_ORDR
DOCUMENT ATTRIQUTES

LOC . Qurt
ORDER_DATE
SF_37
FUND_CODE %
PURCHASE_ORDER_NUMBER *

PURCHASE_ORDER_3U8
CONTRACT_NUNBER

VENDER _NAME
VENDOR_ADDRESS
CONSIGNEE_NAME
CONSIGNEE_ADDRESS
LINE_ITEM

ACTION_COOE
DESCRIPTION
BUDGET_U3JECT
ACCTNG_LINE

QUANTITY

UNIT_OF _ISSUE
UNIT_PRICE

FOB_POINT
DISCOUNT_TERMS
ESTIMATED_FREIGHT
MANAGEMENT_CODE
MANAGEMENT_CODE _AMOUNT



DOCUMENT

COLUMNS

ADV_ORDER _NUMBER

ACCTNG_LINE

ACTION_CGDE
BPA_NAME
BPA_ADDRESS

BUDGET_OBJECT

BILL_CHARGES_TO
8ILL_OF_LADING_NO

CONTRACT_NUMBER

CONSIGNEE _NAME

CONSIGNEE _ADUORESS

CHARGES_TO
CODE_OR_SYM30L
CREDIT
DATE_OF_JRNER

OATE_OF_REPIRT

HANDLER

VER 0.2

COLUMN (CROSS REFERENCE

IN DOCUMENTS

BPPO_SF_L143_ADYRTG_URDER

BPAES_AD_700_REQSTN_FOR_SUP
8PPU_AD_633_MLTI_USE_STNDRD_|
BPPO_AD_038_9_PRCH_ORDR
BPPU_AD_3838_9_PRCH_ORDR
BPAES_R8_6300_3_BLKT_PRCH_AR
BPAES_R8_6306_3_3LKT_PRCH_AR

BPAES_AD_700_REGSTN_FOR_SUP
8PPO_AD_338_9_PRCH_ORDR

BPPO_L103_US_GOVT_B8L_OF_LDG
BPPO_1103_uUS_GOVT_BL_OF_LDG

BPAES _AD_700_REGSTN_FOR_SUP
BPPU_AD_833_9_PRCH_ORDR

dPAES_AD_TOU_REGSTN_FOR_SUP
8PPO_1108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG
BPPO_ASCS_441_ORDR_FOR_ARL_P
BPPO_AD_Ll4_ROST_FOR_SUPP_EQP
BPPO_AD_833_9_PRCH_OROR

BPAES_AD_700_REQSTN_FOR_SUP
BPPO_1108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_SL_OF_LDG
BPPO_ASCS_44L_0RDR_FOR_ARL_P
3PPO_AD_Ll4_RQST_FOR_SUPP_EQP
BPPO_AD_838_9_PRCH_OKDR
BPPO_L1103_CRTF_IN_LIEU_OF_LS
BPPO_ASCS_441_ORDR_FOR_ARL_P
BPPG_AD_83B8_INVC_RCPT_CRTF
BPPO_SF_L143_ADVRTG_ORDER

BPAES _R8_6300_3_8LKT_PRCH_AR
SPPO_AD_b633_nLTI_USE_STNORD_




DOCUMENT HANDLER

DESCRIPTION

DESTINATION_NAME

DESTINATION_ADDRESS

DATE_ISSUED
DOCUMT_IDENT

DATE_OF_RECEIPT

DATE_INVOICE_RECEIVED
DOLLAR_AMQUNT
DISCOUNT
OATE_OF_REQUEST
DISCOUNT_TERMS
EXPOSURE_NG
ENCUMBERED
ESTIMATED_FREIGHT

FUND_CODE

FROM_SHIPPING_POINT

FULL_NAME_JF _SHIPPER

FUND
FRELGHT
FEDERAL_EXCISE_TAX

FCB_POINT

BPAES _AD_TOO_REQSTN_FOR_SUP
5PPO_1103_CRTF_IN_LIEU_DOF_LS
BPPO_1103_US_GOYT_BL_OF_LDG
BPPO_AD_B38A_PRTL_RCPT_NTFCT
BPPO_AD_8388_INVC_RCPT_CRTF
BPPO_AD_l4_RQST_FOR_SUPP_EQP
BPPO_AD_838_9_PRCH_ORDR
BPPO_L108_CRYF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG
BPPO_18_RAST_FPR_QTNS
BPPO_1108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG
BPPU_18_RIST_FPR_GTNS
BPPO_18_RAST_FPR_OTNS
BPPO_AD_633_MLTI_USE_STNDRD

BPPO_AD_838A_PRTL_RCPT_NTFCT
BPPJ_AD_8383_INVC_RCPT_CRTF

BPPO_AD_8388_INYC_RCPT_CRTF
BPPO_AD_8338d_INVC_RCPT_CRTF
3PPO_AD_9383_INVC_RCPT_CRTF
BPPO_AD_L4_RAST_FOR_SUPP_EQP
BPPO_AD_B38_G_PRCH_URDR
BPPO_ASCS_441_CRDR_FOR_ARL_P
3PPO_AD_14_RQST_FOR_SUPP_EQP
BPPU_AD_338_9_PRCH_OKOR

BPAES_AD_7O00_REGSTN_FOR_SUP
BPPO_AD_338_9_PRCH_ORDR

6PPO_L1103_CRATF_IN_LIEU_QF_LS
sPPU_1103_US_GOYT_BL_OF_LDG

BPPO_1108_CRTF_IN_LIEU_GF_LS
8PPO_1103_US_GOVT_BL_CF_LDG

BPPO_AD_633_MLTI_USE_STNDRD_
BPPO_AD_9388_INVC_RCPT_CRTF
BPPU_AD_5383_INVC_RCPT_CRTF

EPPO_AD_838_9_PRCH_URDR
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RUN
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ISSuUED_3Y
ITEM_NUM3ER

LINE_ITEA

MANAGEMENT_CODE_AMOUNT

MANAGEMENT_CODE

M_AND_S

MATRL_OR_SUPPLIES_ITEM_NO

NAME_OF_PUB_ADVERTISED

NUMBER_OF _PACKAGES

NON_MERCHAND ISE_CHARGE
DRDER_NUMBER
ORIG_BILL_OF_LADING_NO
aBJ_CLASS

ORDER_DATE
PERSINS_AUTHJRIZED_TO_PLACE_

PACKAGES_NO
PACKAGES_KIND

PURCHASE_ORDER_NUMBER

PURCHASE_ORDER_SUB

QUANTITY

BPPO_18_XQAST_FPR_QTNS
3PPO_18_RAST_FPR_ATNS

BPAES_AD_700_REQSTN_FOR_SUP
BPPO_AD_538_9_PRCH_ORDR

BPAES_AD_700_REQSTN_FOR_SUP
BPPO_AD_633_MLTI_USE_STNDRD
BPPO_AD_838_9_PRCH_ORDR
BPPU_1108_CRTF_IN_LIEU_QF_LS
BPPO_1103_US_GOVT_BL_OF_LDG
BPPO_AD_633_MLTI_USE_STNDRD_
BPPO_AD_l4_RQST_FOR_SUPP_EQP
BPPO_AD_838_9_PRCH_ORDR
BPPO_AD_633_MLTI_USE_STNDRD_
BPPO_AD_B839A_PRTL_RCPT_NTFCT
BPPO_AD_8338_INVC_RCPT_CRTF
BPPO_AD_14_ROST_FOR_SUPP_EQP
BPPO_SF_1143_ADVRTG_URDER

BPPO_L108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG

BPPO_AD_3338_INVC_RCPT_CRTF
BPAES_Rd_6300_3_8LKT_PRCH_AR
BPPO_1108_CRTF_IN_LIEU_OF_LS
BPPO_AD_633_MLTI_USE_STNDRD_
BPPU_AD_438_9_PRCH_ORDR

dPAES_R8_6300_3_BLKT_PRCH_AR

BPPO_1108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG

BPPJ_1L08_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG

BPPO_ASCS_441_ORDR_FOR_ARL_P
BPPO_AD_83BA_PRTL_RCPT_NTFCT
BPPO_AD_33353_INVC_RCPT_CRTF
BPPO_AD_339_9_PRCH_ORDR
BPPO_AD_833_9_PRCH_ORDR

BPAES_AD_700_REQSTN_FOR_SUP
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GUAN_EACH

QUANTITY_RECEIVED

REQUISITIONING_OFFICE

RECEIVING_OFFICE_ND

REQUISITION_NO
REQUISITION_DATE

ROLL_NO

REQUEST_NO
REQUISITION_PURCHASE_NO
ROUTING_IDENT
REQUISITIINER
RECEIPT_STATUS

SCOPE_OF _ARRANGEMENT
SIZE_TYPE_OF _REPRODUCTIONS
SUPPLIES_SERVICES

SIGNAL

SERIAL

STOCK_NUMBER
STATE_OR_LOCAL_TAX

SF_37

TRANSPORTATION_CU_TENDERED_T

TO_NAME
TO_ADORESS

TRADE

BPPO_18_RAST_FPK_GTNS
BPPO_AD_633_MLTI_USE_STNURD_
BPPO_AD_Ll4_ROST_FOR_SUPP_EQP
BPPU_AD_838_9_PRCH_ORDR
BPPO_ASCS_441_OROR_FUR_ARL_P

BPPO_AD_338A_PRTL_RCPT_NTFCT
3PPO_AD_8385_INVC_RCPT_CRTF

BPAES_AD_700_REQSTN_FOR_SUP

BPAES _AD_700_REQSTN_FUR_SUP
8PPO_AD_838A_PRTL_RCPT_NTFCT

BPAES_AD_700_RECSTN_FOR_SUP
BPAES _AD_T7O0_REGSTN_FOR_SUP
BEPPU_ASCS5_%4l_ORDR_FOR_ARL_P
BPPO_LB_RGST_FPR_QTNS

BPPO_18_RAST_FPR_OTNS

BPPO_AD_633_MLTI_USE_STNDROD_
BPPO_AD_633_nLTI_USE_STNDRD_
BPPO_AD_o33A_PRTL_RCPT_NTFCT
BPAES;R8_6300_3_BLKT_PRCH_AR
BPPO_ASCS_441_ORDR_FOR_ARL_P
BPPO_18_RAST_FPR_QTNS

BPPU_AD_633_mMLTI_USE_STNDRD_
oPPO_AD_633_MLTI_USE_STNDRD_
BPPO_AD_5633_MLTI_USE_STNORD_

BPPO_AD_B8383_INVC_RCPT_CRTF

BPPO_AD_838_9_PRCH_ORDR

BPPO_L108_CRTF_IN_LIEU_OF_LS
BPPO_1103_US_GOVT_BL_OF_LDG

BPPO_18_RAST_FPR_OTNS
3PPO_18_ROST_FPR_QTNS

BPPO_AD_8333_INVC_RCPT_CRTF




DOCUMENT HANDLER

UNIT_OF _ISSUE

UNIT_PRICE

UNIT_TYPE

VENDOR _NAME

YENDOR_ADORESS

VENDOR_INVOICE_NUMBER
VENDER_NAME

WEIGHTS

BPAES_AD_700_REQSTN_FOR_SUP
BPPI_AD_633_MLTI_USE_STNDRD_
8PPO_AD_33BA_PRTL_RCPT_NTFCT
BPPU_AD_B388_INVC_RCPT_CRTF
8PPO_AD_14_RCST_FOR_SUPP_EQP
BPPO_AD_338_9_PRCH_ORDR

BPAES_AD_700_REQSTN_FOR_SUP
BPPO_18_RQST_FPR_QTNS
BPPU_AD_633_MLTI_USE_STNORO_
BPPO_AD_l4_RAST_FOR_SUPP_EQP
EPPO_AD_838_9_PRCH_ORDK

SPPU_18_RAST_FPR_GTNS

BPAES_AD_7OJ_REQSTN_FOR_SUP
BPPO_AD_8335_INVC_RCPT_CRTF

BPAES_AD_700_REUSTN_FOR_SUP
BPPO_AD_838_9_PRCH_ORDOR

BPPI_AD_3383_INVC_RCPT_CRTF

3PPU_AD_838_9_PRCH_QROR

BPPO_L1U3_CRTF_IN_LIEU_OF_LS
8PPO_L103_US_GOVT_BL_OF_LDG
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| ADVERTISING
ORDER

9

PATE_OF_ORDER

DESCRIPTION

A7 MATRL_OR_SUPP_ITEM_NO
. UNIT OF TSSUE
VENDOR_NAME
VENDOR_ADDRESS

MATRL OR_SUPP_ITEM_MO

GO e VENDOR_NAME
PHOTO™ VENDOR ADDRESS

PURCHASE_ORDER_NO

@ ~

<>

MATRL_OR_SUPP_ITEM_NQ

® @

ONSIGNEE_NAME CONSIGNEE_NAME
ONSIGNEE_ADDRESS CONSIGNEE_ADDRESS

o @

Figure le
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46

PN A

QUANTITY
UNIT_PRICE

MATRL OR_SUPP_ITEM_NO
VENDOR_NAME
VENDOR_ADDRESS

/N
© \/

DESTINATION_NAME
DESTINATION_ADDRESS

—)

DESTINATION_NAME
DESTINATION_ADDRESS

QUANTITY
MATRL_OR_SUPP_ITEM_NO
UNIT_PRICE

REQUEST_FOR_
QUOTATIONS

|

&
|
|

QUANTITY
UNIT_PRICE
MATRL_OR_SUPP_ITEM_NO

MATRL_OR_SUPP_ITEM_NO
QUANTTTY -
REQUISITION_NO

UNIT PRICE
VENDOR_NAME
VNEDOR_ADDRESS

Figure 1f
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PARTIAL

RECEIPT

@

NOTIFICATION

ARTIAL
ECEIPT_OF
URCHASE
ORDER

CONSIGNEE MAME

PURCHASE ORDER_NOT
CONSIGNEE_ADDRESS

PURCHASE_ORDER_NO—>
DESCRIPTTON—S=

UNIT OF ISSUE—>
MATRL_OR_suPp_ITEN 0>

RECEIPTS @

BESERIPFEON —>
PUREHASE—GRBERNO —>
g QUANTITY RECEIVED <—
DATE_QF RECEIPT =—
UNIT—BFISSHE ——

ARTIAL
HIPPING

DESCRIPTION —>
MATRL OR_SUPP_ITEM_NO—>-
PURCHASE_ORDER_NO —>
UNIT OF TSSUE —=
VENDOR_NAME
VENDOR_ADDRESS

ORDER

PURCHASE /

Figure 2

B-8




/ 141393

7 1d1333y
Y3040
WRELS

_ONIddINS

/ 1413934
“ONIddIHS
30¥1d3

@

NOILVJIJI1H3)

1413234
ID10ANI

Figure 2a

B-9 °



SPECIAL

ADVERTISING

@

ORDER ORDER  ~
Anvmronnb_no
DATE_OF_ORDER
DATE_OF_ORDER NAME_OF _PUB_ADVERTISED

T

ORDER_FOR_
ARL_P

REQUEST
RECEIPT

SPECIAL
ORDER
HIPPING

Figure 2b
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REQUISITION

RECEIPT
ee«s—renez:nmesj MATRE—OR—SUPP—EFEM—NC | RECEIVING OFFTCE_NO
UNFT—BF—TSS0E HHTFF550E
VENDERAME YMETRRICE

MANAGEMENT CCOE
ACCTNG_LINE
BUDGET_OBJECT
CONSIGNEE_NAME
CONSIGNEE_ADDRESS
CONTRACT _NO
DESCRIPTTON

FUND_CODE @
MATRL OR_SUPP_ITEM_NO|

QUANTTTY

UNIT PRICE
UNIT OF ISSUE
VENDDR ﬂhHE

REQUISITION

SUPPLIES

Q@

PARTIAL
MATACOR-SURD ITEM NO STANDARDS

s
5

REQUEST
RECEIPT

A 2
YENBBR-ABBRESS
31
Figure 2c
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RCHASE \

ORDER ™
REQUEST

DESCRIPTION ¢
CONSIGNEE_NAME
QUANTITY

UNIT OF ISSUE

SUPPLY

UNIT PRICE
MANAGEMENT CODE }

REQUEST
FOR SUPPLIES [ _<é:>
EQUIPMENT

CONSIGNEE ADDRESS $
ANDARD
@ ) szs‘r

BLANKET
PURCHASE
AUTHORITY

TDATE OF_REPORT

Figure 2d
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D iz &

-
® oy e 6
ECORD™ { LOST_GRL

CONSIGNEE_NAME —=
CONSIGNEE_ADDRESS—o
DESCRIPTION —o

MANAGEMENT _CODE —

TN

ACCOUNTING_LINE
MANAGEMENT CODE
MANAGEMENT CODE A
QUANTITY
UNIT_PRICE

UNIT_OF _ISSUE

CONSTENEENAME *. RECE
=, \

MANAGEMENT—EOBE TANDARD

0sT
SHIPPING
STANDARD

1PTS

MULTIUSE

STANDARD

Figure 2e
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(EE> REQUEST

FOR PROPOSALS

’/////,//* QUOTATIONS
&) |

//éﬂPPLY_
REQUEST

™, QUOTES™

MATRC OR—SHPP—IFEM—NO

NIRRT
REQUISITION_NOT
HNET—PREEE

VEHDOR NAME
YENDORABBRESS
Figure 2g
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PRTL
. RECEIPT
NOTIFICATION

*RECEIVING_OFFICE_NO

INVOICE

RECEIPTS

*DATE_OF RECEIPT
QUANTITY_RECEIVED

*PURCHASE ORDER_NO
DESCRIPTTON
UNIT_OF_ISSUE

RECEIPT
CERTIFICATION

) |

*UNIT OF IS

*VENDOR_INVOICE_HO

*PURCHASE _QORDER_NO

DESCRIPTTON
SUE
*MATRC OR_Supp
ITEM ND
VENDOR_NAME
VENDOR“ADDRESS

L7
gﬁ%ﬁ&"% PURCHASE PURCHASE :
BouPMERT -\ ORDER ORDER —( :)
"QEQUEST :
*0ATE_OF_REQUEST *PURCHASE_ORDER
DESCRIPTION
CONSIGNEE_NAME
CONS IGNEE_ADDRESS
MANAGEMENT _CODE
QUANTITY
UNIT_OF ISSUE
UNIT_PRICE
ACCTNG_LINE
BUDGET OBJECT
CONSIGNEE_NAME
CONSIGNEE "ADORESS
CONTRACT NUMBER
DESCRIPTTON
FUND_CODE
' MATRC OR SUPP_ITEM_NO
MANAGEMENT CODE
QUANTITY
UNIT PRICE
UNITTOF_ISSUE
VENDOR_NAME
VENDOR_ADDRESS
REQUISITION
FOR
SUPPLIES
*REQUISITION_NO
Figure 3
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DOCUMENT HANOLERK VER 0.2 RUN

- e e e R R e s AR S W e W Ee e wE ER e AR B e me AR W e . mE R e am e e ew wm W

OO0CUMENT / COLUMN LISTINC

*+ 3PPO_SF_1143_ADVRTG_ORDER
' DUCUMENT ATTRIBUTES :

L3C « OUT

ADV_ORDER_NUMSEK *

DATE_OF_OROER
NAME_OF _PUB_ADVERTISED

# BPAES_R8_6300_3_BLKT_PRCH_AR

DACUMENT ATTRIBUTES

LOC « InP

BPA_NAME #

BPA_ADDRESS
ORDER_NUMBER

R T
PERSONS_AUTHORIZED_TO_PLACE_
SCUPE_OF _ARRANGEMENT

¥

* BPAES_AD_700_REQSTN_FLR_SUP
DOCUMENT ATTRIBUTES =2

LUC o« INP
REQUISITIONING_OFFICE
RECEIVING_UFFICE_NO
CENFRACT—NU1IER- %
FUND_CODE
REQUISITION_NG
REQUISITION_DATE

It oe—eR TN St 5F—
OUCUMENT ATTRIBUTES 3

LaC . 0OuT



DOCUMENT HANDLER VER 0.2 RUN

# 3PPO_L103_uS_GGVT_BL_OF_L36
DOCUMENT ATTRIBUTES
LOC . OuT
TRANSPORTATION_CO_TENDERED_T
FROM_SHIPPING_PUINT
FULL_NAME _OF _SHIPPER *
— AN R ——
DESTINATION_NAME
BILL_CHARGES_TO
bt e T B S
PACKAGE S _HND
PACKAGES_KIND
St —
NUMBER_GF_PACKAGES
WEIGHTS
SN T
BILL_GF_LADING_NO
DESTINATION_ADDRESS

# APPO_ASCS_441_ORDR_FOR_ARL_P
DOCUMENT ATTRIBUTES =
LOC . UUT

NS ENEEADBAESS 4
SIZE_TYPE_OF _REPRODUCTIONS
QUAN_EACH

CODE_OR_SY480L

ROLL_NO

EXPOSURE_NO

# 3PPI_LB_RUST_FPR_QTNS
DOCUMENT ATTRISUTES

LOC . 3UT
REQUEST_~ND %
DATE_ISSUED
REQUISITION_PURCHASE _NJ
ISSUED_3Y *
TR *

R A
SUPPLIES_SERVICES
ST T
UNIT_TYPE
SRR
€ 3PPO_AD_633_MLTI_USE_STNDRD_
DOCUMENT ATTRIBUTES



DOCUMENT HAMDLER YER 0.2 RUN

* BPPO_AD_835_9_PRCH_ORDR
DOCUMENT ATTRIBUTES 3

LOC . OuT
ORDER_DATE
SF_37
FUND_CGODE *
PURCHASE_CRDER_NUMBER &

PURCHASE_ORDER_SUB
CONTRACT_NUARER

VENDER _NAME
VENDOR_ADORESS
CONSIGNEE_NAME
CONSIGNEE_ADDRESS
LINE_ITEM

ACTION_CODE
DESCRIPTION
BUDGET_OBJECT
ACCTNG_LINE

QUANTITY

UNIT_OF _ISSUE
UNIT_PRICE

FOB_PGINT
DISCOUNT_TERMS
ESTIMATED_FREIGHT
MANAGEMENT_CODE
MANAGEMENT_CODE_AMOUNT
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SUBUNIT

MANAGEMENT CODE
EQUIPMENT ND

1

EQUIPMENT
USAGE

20-30/yr

CREDIT_CARD

100/yr

| CAPITA
| CAPITALFUND_PROP

EQUIPMENT NO EQUIPMENT NO
LICENSE_NO INSTALLATTON_NO
ACCOUNT_NO
1200/yr 100-200/yr 50-300/yr
AIRCRAFT LA, EMERGENCY RENTAL
EQUIPMENT NO - EQUIPMENT_NO EQUIP_NO
DATE_OF_REPORT PROJECT AGREEMENT_NO
I -
! 180/yr 100/yr
i FLIGHT_REPORT PURCHASE
EQUIP NO AGREEMENT NO
LICENSE NO MANAGEMENT_CODE

DATE_OF FLIGHT

Figure 1

EQUIPMENT USAGE

D-1



400/yr
REAL_PROPERTY

SUBUNIT
MANAGEMENT _CODE
STANDARD PROPERTY [NAME
INSTALLATION NAME
PROPERTY_NUMBER

| 25-30/yr

QUARTERS

STANDARD PROP_NAME
INSTALLATION_NAME

QUARTERS_NO
] 12/yr 1/yr 50/yr 10/yr
STORAGE UTILIZATION { TRANSFER [ DISPOSAL
PROP N PRO _NO PﬁOF_NU PROP NO
IDENT_NO SITE_NAME DATE_OF_REQ REPORT_NO
Figure 2

REAL_PROPERTY

D-2



BUDGET & FINANCE

SUBUNIT
MANAGEMENT _CODE
EQUIPMENT NUMBER

STANDARD PROPERTY_NAME

FUND_CODE
PURCRASE_ORDER_NUMBER
PROJECT
i FUNDING
SUBUNIT
MANAGEMENT_CODE
FUND_CODE
2000/ yr 4000/ yr 3000/yr
BILLING ACCOUNTING DISBURSEMENTS
FUND_CODE FUND_CODE FUND_CODE
BILL_N TRANS_CODE PAYMENT CODE
PROJECT_NAME EMPLOYEE_SSAN
. 350/yr -
| COLLECTIONS | ACCTS_RCVBL
BILL_NO FUND_CODE
VOUCHER_NUMBER BILL_NO
PAYEE_NAME
20/yr s00/yr a50/yr
RECEIPTS CASHIER_REG RECREATION_PERMIT
VOUCHER_NO SUB_VOU_NO VOUCHER_NO
MIN_CODE UNIT_CODE FORM_NO
Figure 3A
BUDGET & FINANCE
FUNDING
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ACCOUNTING

300/yr 4000/yr ] 20/yr
| TRANSACTIONS PROJECT_HDRK_PLAﬂ DIST_FRTH QTR
FUND_CODE PROJECT_NAME FUNDTODE ~ '
TRANS_CODE MIN_CODE ITEM_NO
25/yr_ 20/yr 1/yr
WORK_PLANNING FUNDS_TARGET FINANCIAL_PLAN
MIN_CODE MIN_CODE MIN_CODE
PROGRAM PROGRAM_BUDGET_ACTIVITY FUNCT IONAL_CODE

Figure 3B

BUDGET & FINANCE

ACCOUNTING
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DISBURSEMENTS

PAYMENT CODE
SCHEDULE_NO

200/yr 300/yr 200/yr 300/yr
REIMBURSEMENT PERSONNEL REFUNDS TELEPHONE_SERV
PAYMENT CODE PAYMENT_CODE PAYMENT CODE
EMPLOYEE_ SSAN RECEIPTNO ACC_NO_DR_PHONE_NO
200/yr 12/yr
TRAVEL_DOCUMENT COMPENSATION

EMPLOYEE_SSAN
REQUESTING_AGENCY

EMPLOYEE_NAME
EMPLOYEE_SSAN

Figure 3C
BUDGET and FINANCE
DISBURSEMENTS




SUBUNIT
MANAGEMENT _CODE
PURCHASE_ORDER_NUMBER

1200-1600/yr

PROCUREMENT

1000/yr

IREQUEST_FOR_QTNS

PURCHASE_ORD_NO PURCHASE_ORD_NO
REQUEST_NO REQUEST_NQ.

PURCHASE_QRD_NO
ADV_CRD_NO
DOCUMENT _ID

1200-1600/yr

REQUISITION

SPECIAL_ORDER

Figure 4
PROCUREMENT

D-6

RECEIPTS

PURCHASE_DRD_NO

SHIPPING

PURCHASE_ORD_NO
BILL_OF CADING_NO

Purchase Order No.
Material or Supply
Item No.



CONTRACTING
SUBUNIT
MANAGEMENT
PROJECT
50-60/yr 200/yr 400-500/yr
REQUESTS CONTRACTOR BIDS
PROJECT PROJECT PROJECT
DATE_OF REQUEST CONTR_NO CONTR _NO
BIDDER_NAME
40/yr 12/yr ‘ 100/yr
HISTORY STATUS/INSP SPEC_DOC
PROJECT PROJECT PROJECT
CONTR_NO CONTR_NO PROJECT_NAME
CCNTRACTOR_CODE DATE_?SF_REP
Figure §
CONTRACTING
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EQUIPMENT_RECORD

(equipment no
installation_no)

BUDGET & FINANCE

EQUIPMENT_BUDGET

(equip no

CAPITAL_FUND

AIRCRAFT_CREDIT

*equipment_no
*license_no

EQUIPMENT
1
1
b
E YRuieuse
-3
QUIPMENT_CREDIT, :E (equTpmen t_no
1icense_no ¥ agreement_ho)
account_no) p
b
CREDIT_CARDS P RENTAL_EQUIP
3
§ AIRCRAFT_USE
{ (equipment_no
p date_of_report)
b
:D
4I
. \

AIRCRAFT_USAGE |

FLIGHTS
(equipment_no
license_no
date_of_flight

FLIGHT_REPORT

Figure 1

EMERGENCY_EQUIP_USE
(equipment number
project]

A

EMERGENCY_EQUIP

AIRCRAFT_PURCHASE
(agreement_number
management_code)

N

FLIGHT_PURCHASE

BUDGET & FINANCE

EQUIPMENT

E-1




BUDGET & FINANCE

PROPERTY_BUDGET

PROPERTY

PROPERTY_STORAGE
(property no
ident_no]

PROPERTY
UTILIZATION
(property no

(properity_no
site_name)

quartérs_no)

PROPERT¥_QUARTE

ROPERTY_DISPOSAL
(property_no
report_no)

ROPERTY
TRANSFER
(property_no

STORAGE

UTILIZATION

TRANSFER

Y

QUARTERS

IPERSONNEL _IN QTRS

date_of_report

DISPOSAL |~

PERSONNEL

Figure 2

BUDGET & FINANCE

PROPERTY

*subunit
*employee_name
*employee_SSAN




BUDGET & FINANCE
N

b

D BUDGET_FUNDS

b (subunTt

p management_code
p fund_code

S A O OO A
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The design of & large data base presents many challsnges to
the designer. The many methodologies currently proposed are
often confusing to the designer and only tend tc compound the
problem of determining the proper approach tec designing =
databass.

An  integrated approach wusing aspects of mnany of the mors

prominent technigues often is the best answer to this problem.

Two approaches earlier proposed by former students are used ta

design the Budget and Finance section of a database for use b
the Ozark National Forest.

A Document Entity Diagram generation system has Leen
proposed which provides an algarithmic approach toc the design of
a data base using user documents and a graphic manipulatieon of
diagrams. The result of this marnipulation is an E-R model which
can be used to implement the data base.

Document Handler is an automated approach which also cess
the user documents and generates a third normal form relational
schema when used 1in combination with the Bernstein Algoriths
Frogram.

This report will briefly review the mors notabls de=igrn
methodologies wused in current database design probhblems. It wil
discuss the beckground of the dessign preoiect and the an=lysic
phase which invelves the integration of many of those
methodolocgies. It will then discuss the use of the tws
approaches in  the design process, compare thelr effectiveness,
discuss problems encountered and make recommendations for their

use in fubture design sfforts.



