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CHAFTER ONE

INTRODUCT IOM

The goal of this thesis is to gain understanding of the
conceptualization phase of the data base design process for fuzzy data and
to determine characteristice of the data base design process which are
particularly appropriate for deriving the conceptual model for fuzzy data.
Several potentially uzeful design methodologies will be evaluated.
Genealogical research data will be used as an example of fuzzy data.

The data base design process has three phases: (1) analysis, (2)
conceptualization and {3) accomodation (Buchmann and Dale 1961). The
conceptualization phase is the facus of this thesis. The analysis phase and
the accormodation phase will not be discussed.

The purpose of the conceptualization phase is to describe the logical
structure of the information of interest by means of & data model. Other
harnes for the data model are ‘conceptual model” or Togical data model’

For the purposes of this paper ogical data base design’ refers to the
derivation of the logical data model. The derivation process for the data
model should not be influenced by the physical storage of the data, data
access by a data language, or usage of the data in & specific application.
Therefore, physical storage, data languages and data usage will not be
discussed in this paper

The proposed approach to the prablem of deriving a logical data
model includes these activities:

(1) describe fuzzy data
{2) identify criteria for a 'good’ logical data model
(3) describe approaches to logical dats base design which

have potential for representing fuzzy data



{4) derive logical data models using each of the spproaches
described in (3) to model & reprezentative subset of
genealogical research data

(3) evaluste the processes described in {3) and the data
models derived in {4) using the criteria identified in (2)

{6) surmmarize results of (S) to identify criteria for logical

data base design methodalogies for fuzzy data.

The following considerations are beyond the scope of this thesis: (1)
exhaustive evaluation of existing methodolegies, (2) recommendations of
madifications to existing methodologies to meet the criteris with the
possible exception of the selected techniques and (3) derivation of & new

data model.



CHAPTER TwQ

2.1 FUZZY DATA

webster's New Collegiate Dictionary defines "fuzzy as

indistinct’ or ‘not clear’. In the data base environment ‘fuzzy refers to
data which may be {1) imprecise (Babad and Hoffer 1984, Bouille 1978,
Gaines 1981, Gray 1981), (2) inapplicable (Bouille 1978, Kambayashi et al.
1982, Vassiliou 1979, Wiederhold 1983), (3) incomplete iBabad and Hoffer
1984, Kambayashi et al. 1962, Yassiliou 1980), {4) inconsistent (Babad
and Hoffer 1984, Bouille 1978, Yassiliou 1978, Yassiliou 1980) and (9)
not known (Babad and Hoffer 1984, Bouille 1978, Gaines 1961, Gray 1961,
Kambayashi et al. 1982, Yassiliou 1979, Vassiliou 1980, Wiederhold
19832). A rodel of the real world needs to reflect the inexactness of fuzzy
data. The type of fuzziness associated with data provides @ context in
which to interpret and to use the data. Qften the null value' has been used
to represent all of these cases. 'Null’ means ‘none’ or ‘not any’.
Information is lost when & single descriptor, 'null’, i= used for all of these
cases as there is no means to distinguish between the different types of
fuzzy data.

Much of the literature relative to null values and fuzzy data in
the data base environment is oriented to physical implementation
considerations, not logical design methodology. A computer search of the
literature did not identify articles of value in selecting a logical data base
design methodology for fuzzy data. Logical data base design is recognized
as an element indispensible to the success of data base systems. The
sbsence of design techniques to apply when data are fuzzy indicates that

this iz an area of high research potential.



Thizs chapter considers five types of fuzziness which may be
gssocisted with dete. Examples of each type are described. The design
implementations carried cut in Chapter Five include data with these types

of fuzziness.



22 EXAMPLES OF FUZZY DATA

The five types of fuzziness identified in the first section of
this chapter are found when the data of interest include dates ar names.

The most informative representation of & date is year, month, and day.

IMPRECISE DATA

Assume that it is possible to determine that the date of birth
falls within a range of years. The year of birth is not precisely defined.
The exact year of birth cannot be distinguished in the known range. The
range is the most precise information avaliable. The year of birth exists
but is imprecise. The information that the year of birth is included in the

range of years should not be lost.

INAPPLICABLE DATA

The value of @ middle name for an individual who has no middle
name, only & single given hare and @ surname, is an examnple of

inapplicable data.

INCOMPLETE DATA

If the year and month of birth are known, the birthdate is
incomplete. The day is not known. The information that the birth took
place in the given month of the given year should be preserved even if the

exact day of birth is not known.



INCONSISTENT DATA

If different sources give different dates for the date of birth
and it is not possible to identify the more accurate source, the values for
the date of birth are inconsistent. It would be helpful to have both pieces
of information available. This prevents having less information at hand

than, in fact, is known.

UNKMNOWN DATA

Assume that the year, month, and day of birth are unknown. The
information exists {the individual does have a birth date) but the value is

hot known.



CHAPTER THREE

CRITERIA FOR EVALUATION OF LOGICAL DATA BASE MODEL

3.1 INTRODUCTION

There is no one optimal way to derive & logical data model.
Selection of & design process from which to derive the logical data model
depends on (1) area of application, (2) problem structure, (3) expertise of
designer and (4) preference of user (Falkenberg 1983). The area of
application and the problem structure are particularly relevant
considerations for the fuzzy data which are associated with the
genealogical example referenced in this paper Criteria should be
identified to evaluate the selected design pracess and the resulting logical
data model.

The design process has an impact on the quality of the resulting
data model. The design process describes how the perceptions of the
environment are translated into the final logical data model. A process
which permits assumptions leads to inconsistencies and
misrepresentations in the logical data model. This is particularly true as
the environment becomes more complex, i.e. as the number of objects and
interrelationships increases. An incorrect data model may result from an
erroneous translation of correct or incorrect perceptians of the
environment. In addition, an error-free translation aof incorrect
perceptions of the environment will also result in an incorrect logical

data model.



In this Chapter criteria are identified for the evaluation of a
design process and the final logical data model. The criteria are used in
Chapter Six to evaluate the design processes and the final logical data

models.



3.2 CRITERIA FOR THE DESIGM

The following criteria are used in Chapter Six to evaluate the
logical date designs derived by application of the processes described in

this paper:
{1) convenient

-~

(2) expressive
{3) minimally redundant

COMVENIENT

A convenient design is easy to use. The user has easy access to
the data. The right data are available to the right people at the right time.
The design can be understood by all users. The design is clear, not
ambiguous. Data are represented in simple and easily comprehensible
form. Non-essentials are removed. No unnecessary complexity is
introduced. The number of logical constructs is minimal (Atre 1980;
Biller and Meuhold 1977 Borkin 1980; Bracchi 1963; Curtice and Jones
1982; Date 1981; Deen 1981; Kahn 1962; Martin 198 1b; Nijssen 1977,
Fobinsan 1961; Smith and Smith 1982, WMman 1960; Yetter and Maddison

1961).

EXPRESSIVE

An expressive design models the real world and represents all
entities and relationships for the application. All appropriate user views
are part of the global view. Everything in the universe of discourse can be
described. This includes fuzzy data. The design should be correct, that is,

it should describe the environment of interest to the user. Itz usefulness



depends on the objectives to be met. A correct design conforms to fact
and to truth. It is error-free. A design is accurate if it reflects the
essential properties of the data. It is precise and exact. An expressive
design is not confusing or misleading. The design is meaningful. It is
effective for the user The design is called ‘natural’ if the descriptions
are meaningful to the user. It is consistent. The design is described in
terms which are familiar to the user The design has simplicity. There
are a reasonable number of constructs, & limited nurmber of ways to
express the same thing. The design is nat overloaded, that is, the same
canstructs are not used to specify too many different kinds of objects.
The design is complete (Atre 1980; Biller and Neuhold 1977 Bracchi 1983,
Curtice and Jones 1982; Date 1981, Deen 1981; Falkenberg 1983; Kahn
1982; Martin 1981a; Martin 1981b; Nijssen 1977; Robinson 1981, Smith

and Smith 1962; Yetter and Maddison 1980).

MIMNIMALLY REDUNDANT

Redundancy may occur for data items or for associations
between data iterns. Redundancy may result in multiple states of the same
data. The several states may be inconsistent. An attribute which is
derived from other attributes represents one form of redundancy. This
type of redundancy can be avaided by deriving the attribute when it is
needed rather than by including the derived attribute in the logical dats
model. For example, age is an attribute derived from the current date and
the date of birth. Age will not be correct unless new calculations are
made as the years pass. f the date of birth is part of the logical data
rmodel, age can be calculated as needed. If facts accur once, the design is
consistent {Atre 1980; Bracchi 1983; Curtice and Jones 1982; Date 1981,

Hubbard 196 1; Kahn 1982; Martin 198 1a; Robinsan 1981).



3.3 CRITERIA FOR THE DESIGN PROCESS

The fallowing criteria are used in Chapter Six for the evaluation

af the three selected design processes:

(1) complete

{2) consistent

{3) efficient

{d) error-free

(5} implementation independent
(f) precise

(7) theoretically sound

(8) useable

COMPLETE

A complete design process is thorough. Careful attention iz paid
to details. The steps of the process are described in a way such that there
ig no reason to omit any step or to make assumptions. The process is
comprehensive, that is, it can be used to medel & range of data problems.
It is not limited to a specific problem environment. A variety of types of
data can be modeled. Redundant dats can be identified and & decision made
about its inclusion in the design. A complete design process results in an
accurate design, a model of the real world (Bracchi 1983; Curtice and

Jones 1982; Hubbard 1981, Nijssen 1977).
CONSISTENT
If & design process is consistent, there is agreement as to what

rule or usage should be followed for a given step in the process.

Guidelines are known. Different designers may produce logical designs for



& given problerm which are equivalent, not necessarily identical.
Coansistency in the design process results in designs which are not
ambiguous. The classification of entities should be consistent. Objects
which are similar in sore way can be classified appropriately and objects
which are not identical to each other can be differentiated as necessary.
Special attention should be given to the classification boundaries so that @
given entity is classified in the same way each time it is considered in the
process. Ambiguity should not be introduced through inproper choice of
words. 1t is important to use the same word or phrase for the same entity
ar association each time it is referenced in the process (Curtice and Jones
1962; Date 1961).

EFFICIENT

The pracess should use resources efficiently. Time is needed to
understand the process as well as to implement it. The number of
iterations necessary to produce the design should be as few as possible.
The time needed for each iteration should be minimal (Bracchi 1983;

Curtice and Jones 1982; Date 1981; Hubbard 1981; Robinson 1961}

ERROR-FREE

The design process should be free of errars. The process should
not intraduce errors into the data model. The process has integrity. The
details of implementation of the process are consistent and not
contradictory. The logical data model should not be & false description of
the environment as a result of including or excluding inappropriate objects
ar relationships when follawing the design process (Curtice and Jones

1962 Hubbard 1961; Robinson 1961).



IMPLEMENT AT ION INDEPENDENT

Development of the logical data maodel should be completed with no
constraints imposed by prior selection of an implementation method for
the physical data base. The process is independent of hardware and
saftware considerations. The result of the design process is & logical
data model which describes the enviranment of interest to the user. This
design is useful even if a change is made in the implementation method
(Atre 1980, Borkin 1980; Date 1961, Martin 1981b; Nijssen 1977; 0lle
1963; Robinson 1981; Smith and Smith 1962; Yetter and Maddison 1961).

FPRECIS

There is nothing vague or inexactly defined in & precise process.
The rules and their usage are clear There is no ambiguity about how to
proceed from the beginning to the end of the process (Nijssen 1977 Yetter

and Maddisan 1981).

THEQRETICALLY SOUND

A design process is theoretically sound if it is based on
scientifically acceptable principles. Examples of such principles include
set theory, functions, graph theory snd normalization (Date 1981; Vetter

and Maddison 1961).



USEABLE

A useable methodology is (1) easy to understand, (2) easy to use,
(3) simple and (4) straight-forwerd. A process which is easy to
understand is clear. It is not confusing or misleading to the designer. Use
of graphical or other visual representation may increase clarity. Concepts
and terminclogy are clearly defined. The vaocabulary is not excessively
large. A process which is easy to use is not tedious. Ease of use is
related to familiarity with other processes. A mare complex process
which resembles a known process will seem easier to use than it would be
if it were the first process learned. The process can be modified to fit a
particular need of the application without destroying its integrity. A
simple methodalogy is not complex. The number of constructs and rules is
not excessive. A straight-forward process is free of unnecessary
elements, is easier to understand and is easier to use. The number of
partitions and the number of levels of detail are adequate to model the
data but not so great that the designer becames confused (Biller and
Neuhold 1977 Bracchi 1963; Curtice and Jones 1982; Date 1981; Kahn

1952; Nijssen 1977).



CHAPTER FOUR
APPROACHES TO DESIGN OF LOGICAL DATA MODELS
4.1 INTRODUCTION

There are a number of approaches to deriving a logical dats model.
Sorme appear to have potential for representating fuzzy data. In this
chapter three logical data models are discussed. The process needed to
develop each model is glso described. An application state of each logical
data model is presented in Chapter Five. The logical data models and
design procedures are evaluated in Chapter Six. The three approaches
zelected are (1) Associative Data Model, {2) Semantic Relation Data Model
and (3) Yetter / Maddison Relational Model.

The Azsociative Data Model was developed to provide the designer
vith & technique for creating logical structures to define the environment
of interest. Particular attention is given to identification of the
important data items and to defining them at an appropriate 1evel of
detail. The notation of the Associative Dat‘a Model permits identification
of optional variables and specification of domain types. These features
rmay be helpful when modeling fuzzy data.

The Sermantic Relation Data Model was selected as representative
of semantic models. The structure of the semantic model is such that
terminology which is relevant to the spplication becomes part of the data
model. Constraints are an essential part of the data model. The effect of

the specification of constraints for fuzzy data is shown in Chapter Six.



vetter and Maddison have designed a systernatic procedure for
deriving a loqgical data model. The result is at least one list of
non-redundant elementary relations. The design can best be described as &
special case of the relational madel’. For convenience, in this paper the
model is referred to as the "Yetter / Maddison Relational Madel’. This
method was selected because it is possible that some, if nat all, of the
festures included in the process may be especially useful in modeling

fuzzy data.



42  ASSOCIATIVE DATA MODEL

42.1 ASSOCIATIVE DATA MODEL - DESIGN

The Associative Data Model is a set of assertion templates
expressed in the special notation of the model. The assertion templates
describe the logical structure of the environment of interest to the user.
Additional information is included in the key-level averview and the data
elernent definitions.

Anentity is an object of interest. An entity identifier is
associated with each entity. For example:

EMTITY ENTITY IDENTIFIER

truck T12345
The entity identifier belongs to & domain of truck identification numbers.

Data elements are basic units in an assertion template. They are a
representation of the entity identifier in an assertion template. A data
elernent includes the name of a variable, a symbal, and the cannection to
anather element in an assertion template. A data element takes its values

from a particular domain. For instance:

narme of variable vehicle

syrmbol

connection

data element WEHICLE —




Data elements are grouped to becore assertion templates. Faor example:

data elements

assertion template

VEHICLE —

SERIAL
NUMEER

VEHICLE
l SERIAL

WUHMEER

Typical values of vehicle are sedan, station wagan,

truck, ar van.

Each assertion template containg detailed information about one simple

data element called the key or subject of the template. & particular

variable name may appear only once as a key in any design. The symbol

for the key is

—  The key appears on the left side of a

connection in a template. The bar at the right end of the symbol connects

the key to the remainder of the assertion template.

&11 other data elements in the template are targets or objects.

Targets appear on the right side of the connection ina template. The

symbal for the target includes a bar at the left end Lo connect the target

to the rest of the template. There are two types of targets, associators

and non-associatars. An associator is a cross-reference to the key of

another assertion template. The symbol far an associator is

v




A non-associator does not reference the key of another assertion ternplate.

The symbal for a non-associator is @ in the example
VEHICLE
1 SERIAL

MUYBEK
VEHICLE  |— is the key
SERIAL 5 an associator
NUHEBER

A vertical line separates the subject (vehicle) from the target (serial
number). An interpretation of the template is that & particular vehicle has
a serial number Serial number is identified as an associator because it s
the key of another template. 17 serial number were not the key of another

template, serial number would be a non-associator and the template would

VEHICLE
-l_( SERIAL |
NUMEEE

b _j

be

The determination of whether a data element is an associator or a
non-associator is made by the designer after analysis of the environment
of interest.

Enhancements to the target symbaols provide additional

information. Solid figures, _ and




indicate that more than ane value of the data element is possible. These
sets are unordered and do not contain duplicate values. any of the targets
rmay be mandatory or optional. The value of an optional target does not
have to be included. A value of a mandatory target must be present for
each value of the key. If the target is optional, a small circle appears an

the harizontal Tine which connects the symbol to the template. For

example:

VEHICLE

- | SERIAL
HUMEER

This ternplate indicates that each vehicle may have up to one serial

humber. Any target which is not optional is mandatory. Far example:

WEHICLE
l SERIAL

NUMEER

This i= to say, each vehicle must have a serial number.
Assertion templates are classified as primitive or compound. A
primitive assertion template represents a relationship between the key

and a simple data element. For example:

VEHICLE
SERTAL —_—
NUMEER MOLEL

. NUMEER

4 compound assertion template results when multiple data elements are

attached to the key.



Far example:

SERIAL
NUMEER,

MODEL
NUMBER

Fa LICENSE
PLATE ID

o OWNER
- NAME )

- { cowe

)
The subject (serial number) appears to the left of the vertical line. The
targets {model number, license plate id, owner nhame, color) appear to the
right.
wWhen more than two data elements are part of one relationship,
the key and targets form a cascade. The vertical line appears at the lower
center rather than at the right center to increase readability of the

template. For example:

COUNTRY

]
) .
1 aTaTE i]

I‘ A
| COUNTY }J

A vertical line identifies a subject. Each subject has a relationship to the

target at the next level.



For example:

SUBJECT TARGET
country state
country-state caunty

This assertion template indicates that a country is made up of states. A
state in & country is made up of counties. A particular county depends on
the cambination of country and state. This combination (country and
state) is a secondary subject ina relationship with county.

The Aszociative Data Mode) requires that each associator apprears
as the key of an assertion template such that the inverse of the first
relationship is expressed by the second relationship. This is known as the
Assaciator Reversal Rule. For example:

ORIGINAL RELATIOGNSHIP

KEY TARGET
state county
ZTATE
S
COUNTY

TEMFLATE CREATED BY APFLICATION OF ASSOCIATOR REVERSAL EULE

KEY TARGET
county state
COUNTY
STATE

Reversal of a cascade is from the target to the entire subject.



Far example:

URIGIMAL TEMPLATE

KEY TARGET
state county
state-county tawn

STATE
COUMTY

d e
TOWN |

TEMPLATES AFTER APPLYING ASSOCIATOR REVERSAL RULE

KEY TARGET
county state
town state
COLINTY
STATE l
TOWN
STATE

COUNTY

The COUNTY-STATE template indicates that seversl states may

have a county with a given name.

The assertion templates are summarized in a key-level averview.
All keys in the design sre shown. The relationship between two keys is
indicated by a line connecting the corresponding boxes in the averview. A

straight line (——) indicates that the relationship between the keys is



ane-to-one. An arrowhead at the end of the line {——:) signifies &
one-to-many relationship. A many-to-many relationship is described by
{¢———>}. For example:
ORIGINAL TEMPLATE
key serial number
associator madel number
license plate id

owner narme

nan-associator calor
SERIAL
NUMEER
MODEL
NUMEER
(| LICENSE
- PLATE Ib
oy | CWHER
| NAME
———-( COLOR: }
KEY-LEVEL OVERVIEW
LICEMSE SERIAL MOGEL
PLATE ID NUMEER: ’ HUMEER
OWHNER
NAME

The keys in the design are {1} model number, {21 license plate id, (2) owner

narne and (4} serial number



The relationships in the key-level averview are summarized as

follows:
KEY PAIR RELATIONSHIP
model number - serial number 1:N
license plate id - serial number 1:1
owner name - serial number FM:M

Additional information about the design is included in the
definition of each data element. This definition should include one or
mare of the following:

1) function of variable narmed in data element

(2) description of conditions under which data element is
optional

{3) description of conditions under which relationship exists

i4) dormain

Far example:
COLOR

indicates exterior paint color of vehicle
domain: black, blue, red, silver, white

LICEMSE PLATE ID

indicates license plate identification for vehicle

optional conditions: vehicle not assigned identification
{inapplicable)

damain: &-2Z, 0-9

MODEL NUMBER

indicates name specified by manufacturer to indicate group
of vehicles with specific characteristics

darnain: three integers (0-9) followed by a single alpha
character (A-Z)



UWNER NAME

indicates name of vehicle owner other than original
manufacturer

optional condition: vehicle not sold by manufacturer
{inapplicable)

domain: harmes of persons or organizations

SERIAL NUMBER

indicates unique identification for each vehicle
domain: A-Z, 0-9



422  ASSOCIATIVE DATA MODEL - DESIGN PROCESS

The design process for the Associative Datas Model is:

(1) identify objects of interest

(2) identify relationships between objects
(3) draw assertion templates

(4) apply Azsaciator Reversal Rule

{5) draw key-level averview

(6) write data element definitions

(1) IDENTIFY OBJECTS OF INTEREST

All of the abjects of interest in the environment of interest need
to be identified. Objects which are the same object but are called by
different nafnes should be treated as a single object in the design.
Conversely, objects which are called by the same name may be different
objects and should be treated as such in the design. Each object has a
unigue name. Compound abjects are divided into simple pieces and the

separate pieces are considered for inclusion in the design.

{2) IDENTIFY RELATIONSHIPS BETWEEN OBJECTS

Pairs of objects which are related in some way are identified.

Compound relationships are separated into simple relationships.

{3) DRAW ASSERTION TEMPLATES

Those chjects which have & substantial amaount of infarmation to
be recorded in the data base are identified as keys of the assertion

ternplates. Objects related to the keys become targets in the assertion



template for that key. Each target is identified as an associator or as @
non-associator. The name of the target may refiect the nature of the
relationship between the key and the target. Special characteristics of

the relationship {muitiple valued, mandatory, cpticnal) are identified on

the templates.

{4) APPLY ASSOCIATOR REVERSAL RULE

The Associator Reversal Rule is applied for all associators of ail
of the templates. Multiple primitive templates with the same key should

be combined into & compound assertion template.

{5) DRAW KEY-LEVEL OVERYIEW

The key-level overview can be drawn after all of the assertion

templates are completed. The steps to create the key-level averview are:

(1) represent each assertion template key by & 1abeled rectangle

{(2) represent each special associator by & labeled rectangle
Note: A 'special’ associator is one which is immediately
subordinate to the key and has other associators subordinate
to itself.

(3) connect key and associator at immediately subordinate level
by a line
Note: If associator is not connected directiy to a key, connect
it to the next higher level associator. Label duplicate lines.
Label line drawn from a key to itself.

(4) add arrowheads on ends of the line to indicate relationships



{6) WRITE DATA ELEMENT DEFINITION

A definition is written for each data element in each assertion
template. One or more of the following is included for each of the data
elements: (1) function of variable named in data element, (2) description
of condition under which data element is optional, (3) description of

conditions under which relationship exists and {4) domain.



4.3 SEMANTIC RELATION DATA MODEL

4.3.1  SEMANTIC RELATION DATA MODEL - DESIGN

The Semantic Relation Data Model views the data base as sets of
statements describing an existing application state. A particular
statement contains information about an entity. An entity is something
about which information is to be recorded, an object or concept which
exists and can be distinguished. An entity may be associated in some way
with another entity. An entity type is the name of an entity set.

A characteristic is a descriptor of an entity type. One or more

characteristics describe an entity type.

Example:
entity truck in my driveway
entity type truck
characteristic serial number
characteristic color

An entity and its characteristics may be represented in tabular

format.

truck

serial number | color

A characteristic is essential if it is necessary and sufficient to
define @ unique entity. There may be several statements with the same
yalue of the essential characteristic. The value of the essential
characteristic does not uniquely identify the tuple. This differs from the

relational key which is an attribute with unique values which can be used



ta distinguish a particular tuple from all others within a relation.

A column-group s the set of all columns of characteristics of an
entity type in a relation. If a column-group includes all of the essential
characteristics of an entity type, then the essential characteristic
namei(s) are italicized or highlighted in some way. Mone of the
characteristic names of the column-group are italicized or highlighted if
one or more of the essential characteristics of the entity is missing from
the colurnn-group. In this paper '_° iz used to highlight the eszential
characteristic. For example, the column-group for truck is made up of the
serial number and color columns. The serial number is an eszential

characteristic. Thiz information is displayed a5 follows:

truck

_serial number—_ | colar

& domain is a set of values from which the value of the
characterictic is taken. The null value is a part of every domain. The null
value means ‘no value' and is represented by "---" 1f one characteristic of
an entity is null, then all characteristics of the entity are null. For
example, the characteristics of & truck are serial number and color. If the
colar is not known (null}y, then the serial number must also be null.

aAzsociations and entities are described by predicate: case pairs.
In languages the subject and the predicate are the two principle elements
of @ sentence. A subject is that about which anything 13 said or done. The
predicate is the verb and its madifiers, abject, or complement. An object

iz that which i acted on or accomplished by the vert. "Caze’ shows the



relation between a noun or pronoun and same other element in the
sentence.

Example:
sentence John drives a truck.
subject Jdahn
predicate drives a truck
verk drives
object truck
case of truck objective

In the Semantic Relation Data Model the predicate is a vert phrase.
‘Case’ is a noun (entity) aszociated with the predicate as the subject ar
the object. "Agent’ iz often used instead of ‘subject’ Predicate: agent and

predicate: object are predicate: case pairs which describe an association.

Example:
azsociation drive
predicate to drive
to drive: agent persan
to drive: object truck

Each entity type is described by a 'be’ predicate, ‘be entity type:
object’. This special form of the predicate: case pair is used to state the

existence of an entity whether or not it is part of an association.

Example:
entity persan
entity type person
‘be’ predicate be person: abject

Organized true statements farm relations. A relation is specified

by {1) predicate: case pairs, (2) entity types, (2) characteristics of



entities and (4) darmaing of characteristice. Two or maore relations can be
combined to farm a new, more camplex relation. The new relation has

multiple predicates. At least one of the predicates must not have the null

value.

TRUCK PERSON
be truck: object be person: object
truck person
serial number narne
number narne
% 12345 John &, Smith
DRIVE

be truck: object | be person: object
to drive: abject | to drive: agent

truck person
serial number natre

nurnber harne
w1234 | -----

————— John A. Smith
ye7a91 Jdames B. Good

A 'be’ predicate and one ar more of the predicate: case pairs in an
association form a set of predicate: case pairs in a relation. A particular
predicate: case pair cannot appear in two different predicate: case zets in
a given relation. Relations can be named for easier reference. There
cannot be duplicate statements {rows) in a relation. The arder in which

raws and columns appear is not significant.



A relation is displayed as follows:

FELATION NAME
predicate casze: pair

entity type
characteristic
domain

Constraints are an essintial part of the Semantic Felation Data
Model. They give added meaning to the statements. Constraints specify
conditions which are always true of the relational state which describes &
particular application state. Restricted and mandatory characteristics of
an entity or association are described in the constraints. An example of &
constraint for a mandatory characteristic 15 each truck must have a serial
numbert A restriction of the characteristic is ‘each truck must have a
serial number which is unigue’

Logical statements about the application environment can be
derived from the specification of the relation. The interpretation of a

relatiaon is based an the infarmation in the relation and in the constraints.



A relation for a particular application is:

TRUCK
be truck: object
truck
—serial number_ colar
nurnber black/white/red

Canstraint: serial number is unique

The interpretation of this relation is; ‘A truck is black, white or

red in color and has a unigue serial number’



4.3.2 SEMANTIC RELATION DATA MODEL - DESIGN PROCESS

The design process to derive the Semantic Relation Data Model is:

1. identify entity types

2. identify associations

3. identify predicate: case pairs

4. form relations

2. identify characteristics of entity types
6. define dormains of characteristics

7 identify constraints

The items of interest in the final data base design are the entity
types and the associations between entity types. All of these items
should be identified as early as possible in the design process. Each entity
type is described by a predicate: case pair called a 'be’ predicate. Two
predicate: case pairs, predicate: case agent and predicate: case object, are
developed for each association. Relations are formed from one or mare
predicate: case pairs. It is useful to name relations as they are formed
although it is not mandatory that relations be nared. The design process
is iterative. Review of the first four steps in the design process before
moving to the final three steps may reduce the number of iterations
necessary to cornplete the design.

The characteristics of each entity type are identified. An
appropriate label is selected for each characteristic. In this step it is
useful to consider the likelihood of the occurence of ‘null® as a value of the
characteristic and its effect on the use of the design. Essential
characteristics are identified. The constraints are listed. Review of the
design should include consideration of the possibility of generating
duplicate tuples. A design which results in duplicate tuples should be
modified since duplicate tuples are not allowed. Entering sample data in
the relations may indicate design weaknesses for the particular

application and the need to modify the design.



4.4 YETTER / MADDISON RELATIOMAL MODEL

441 YETTER / MADDISOM RELATIOMAL MODEL - DESIGM

The ‘Yetter / Maddisan Relational Madel is a 1ist of non-redundant
elementary relations describing the environment of interest to the user,
several such lists may be generated. Each of the lists fully describes the
enviranment of interest. One of these madels is selected for
implermentation. This paper considers the generation of the list(s) af
elementary relations. 1t does not discuss the selection and
implermentation of one of the models.

An entity is something about which information is recorded. An
occurrence of an entity is called & tuple. There are n elements in an
n-tuple. If ann-tuple is ardered, each element is selected from a separate
set of possible values. The first element belongs to the first et The nth
element belongs to the nth set. Each of the n sets is sometimes called a
domain, Yetter and Maddisaon, however, use the term domain for the values
which occur at a particular instant in time. An example of a 4-tuple is:

truck 20L AS79T red

‘where: element of tuple belangs to set
truck vehicle type
20L rmadel number
AD7IT serial nurmber
red calar

A relation is composed of ardered n-tuples. Nis the degree of the
relation. A relation of degree n can be displayed as & table with n columns.,

An alternate farmat for display is RIALT),ACZ), . AN where R iz the



relation name and A(N) is a set. An example of a relation is:

VEHICLE{TYPE, MODEL ID, SERIAL NUMBER, COLOR)

VYEHICLE
TYPE | MODEL ID { SERIAL NUMBER | COLOR

The project operation forms a subset of the original relation by
extracting specified columns of the relation and removing duplicate rows.

Far example:

Original Relation

TYPE MODEL 1D SERIAL NUMBER COLOR
truck 20L AS79T red
van S0M D432Y blue
sedan 35N G771S black
truck 20L BoaaT green

Apply project operation to vehicle type
TYPE

truck
van
sedan

Two relations can be joined to create a new relation in which each
tuple is formed by concatenating & tuple from each of the ariginal

relations. Each of the two tuples which is joined satisfies a specified

conditiaon.



For example:

Original Relations

VEHICLE
TYPE MODEL ID SERIAL NUMBER
truck 20L AS79T
Yan 50Y D432Y
sedan 35N G771S
truck 20L BOGET
MILEAGE
MODEL ID MPG
20L 27
S0V 24

ApplyY join operation to two original relations when MODEL 1D's are

equal
YEHICLE MILEAGE
TYPE MODEL ID SERIAL NUMBER  MPG
truck 20L AS79T 27
van S0Y D432v 24

An elementary relation is a relation which cannot be reduced into
relations of smaller degree by using the project operation such that the
arigingl relation is recreated when the relations resulting from the use of

the project operation are joined.



An example of an elementary relation is:

YEHICLE - MODEL

TYPE MODEL NUMBER
truck 20L
Yan S0V

sedan 35N



442 YETTER / MADDISON RELATIONAL MODEL - DESIGN PROCESS

P

The design process described by Yetter and Maddison includes the

following phases:

(1) specify environment of interest
() transform description of environment of interest into list
of elementary relations
(111} expand list of elementary relations to include all possitile
elementary relations
(1Y) reduce list of al) possible elementary relations to & minimal
set of elementary relations

There are several steps associated with each phase.
SPECIFY ENYVIRONMENT OF INTEREST (PHASE 1)
The steps to specify the enviranment of interest are:

(1) identify entity sets

{2)  identify properites of entity sets

(2}  identify domains of properties of entity sets

(4)  identify key domains of entity sets

(S)  identify entity attributes and express as relations with
entity set replaced by primary key domains

{&) identify relationship sets and express as relations with
entity sets replaced by primary key domains

(7)  identify relationship attributes and express as a relation
with entity sets replaced by primary key domains

An entity is anything of interest to the user Anentity may be o
thing, a persan, & concept, an event or a relationship. 1t can be

distinguizhed from ather entities in same way.



Exarmples of entities are:

TYPE OF ENTITY ENTITY
thing apple
persan Jahn Brown
abstract concept Jduly 1, 19684
event birth
relationship marriage

Entities of the same type form entity sets. Each entity set has a unigye
name. For example, the entity ‘apple’ belongs to the entity set ‘fruit”

An entity is identified and classified by its properties. Properties
are named characteristics of the entity. Some properties of a person are
name, age and eye color Properties which are relevant to the application
area are selected for the model. An occurrence of & property of an entity
s a property value. Property values for an entity belong to & specified
domain. The association from an entity set to a domain is called an entity
attribute. For example, ‘age’ is an entity attribute for the entity set
‘person’. The domain is ‘positive integers’

An attribute which has different values for each occurrence of an
entity is called an entity key. If there are several entity keys, then ane of
themn iz selected as the primary entity key. A primary entity key may also
be called a primary key. A primary key is identified for each entity set. It
is generally assurned that the primary key always has & non-null value.
The domain underlying the primary key is used to identify the entity set.
This domain is called the primary key dornain. For example, the attribute
'‘social security number is a primary entity key for the entity set ‘person’

The primary key domain is social security numbers., The attribute ‘name’



associates the domain ‘social security number’ with the damsin ‘narme’.
Social security number’, the attribute, asscciates the domain ‘social
security number with itself.

Ah azsociation between entities iz a relationzhip. Each

relationship has & unique name. Far exarmple:
ENTITY

Jahn
coffee

ASSOCIATION
prefers
RELATIONSHIP- BE'VERAGE PREFERENCE

Jahn prefers coffee

TRANSFORM DESCRIPTION INTO ELEMENT ARY RELATIONS (PHASE 11)

The conceptual objects identified in Phase | are transformed intao
elernentary relations. An elermentary relation is not reducible. 1tisa
relation with ane of the follawing properties: (1) all key, (2} single
attribute is functionally dependent of second single attribute or (3) single
attribute is fully functionally dependent on several attributes. Execution
of the follawing steps, in order, leads to elementary relations:

1) eliminate non-full functional dependencies on candidate keys

{23 eliminate tranzitive dependencies an candidate keys
{3) eliminate multivalued dependencies



(4) if necessary, determine single or campasite primary key and
take projections such that each projection has the primary
key and one attribute from the complement of the primary
key.

For a given relation, an attribute B is functionally dependent on
attribute A if, and anly if, each value of A is sssocisted with one value of
B at any given time. Attribute B is fully functionally dependent on
attribute A if attribute & is functionally dependent on attribute A but is
not functionally dependent on & subset of attribute A, In the casze of
dependence on a single attribute, there is no difference between functional

dependence and full functional dependence. The dependence is usually

shown as functional dependence {~---3). Full functional dependence is
shown as (====3). For example:
relation: bank account
attribute A: bank account number
attribute B: account balance

Attribute B iz functionally dependent on attribute 4. Attribute Bis also
fully functionally dependent on attribute A

A transitive dependency exists between attribute ¥ and attribute Z
inarelation if there is an attribute ¥ such that a value of ¥ cannat be
associated with sttribute ¥ unless a value of attribute 7 is associated

with attribute ¥. For example:
PELATION: (PRODUCT 1D, MACHINE 1D, EMPLOYEE 1D)

where 1) a product is made on ane rmachine only
2% @ machine is operated by one employee only



MANUFACTURE
FRODUCT ID MACHINE 1D EMPLOYEE 1D
Fd4 M234 E12

EMPLOYEE 1D is transitively dependent on PRODUCT ID through
MACHINE 1D.

A multivalued dependency exists for attribute B if the value of B
depends on the value of attribute & and there is maore than one value of B

for a given value of attribute & in the relation. For example:

RELATICON: OPERATE(MACHINE ID, EMPLOYEE 1D)

where a given machine is operated by any one of several
employees

OPERATE
MACHIME 1D EMPLOYEE 1D
M234 E12
M23 E22
M234 E24

There is a multivalued dependence of EMPLOYEE |D an MACHINE 1D,

EXPAND LIST OF ELEMENTARY RELATIOMS (PHASE 111}

The expanded 1ist of elementary relations includes the ariginal
list of elementary relations described in Phase |l and elementary refations
derived from those of the original 1ist. The complete zet of elementary

relations is called a transitive closure. 1t s unique for each origingl Tist



of elementary relations. The steps to derive the expanded list are:

{1) represent original list of elementary relations by digraph

i':i’) represent digraph by connectivity matrix

11'3} rmodify connectivity matrix to represent transitive closure

(4) eliminate meaningless elementary relations from transitive
closure

The attributes of the elementary relation are represented by the
nodes of the directed graph. A cycle of length one occurs at a node which
represents an entity key or at a node which represents an elementary
relation which is all key. The arcs of the digraph represent the
dependencies. Arcs are named by the name of the elementary relation
whose dependence is shown by the arc. The different types of dependence
(functional, full functional and trivial) are distinguished by different line
formats. A single line {---->) represents functional dependence. A double
line {====3) represents full functional dependence. A broken line { - - -»)
represents trivial dependence.

A digraph can be represented by & square matrix called &
connectivity matrix. The size of the matrix is N 2 N where N is the number
of nodes in the digraph. The first row and the first column are identified
with the first node. The Nth row and the Nth column are identified with
the Nth node. The connections between the nodes of the digraph are
represented by either one or zero. One indicates that there is & connection
hetween the nodes. Zero or & blank indicates that there is no connection.
No distinction is made between the several types of dependence in the
matriz. Mode & may be repeatedly dependent on nade B. Mode A is

represented in the matrix by as many rows and columns as there are



repetitions. A descriptor is added to the node narne to distinguish the

multiple rows and colurmns. Far example:

STATE is part of HOME ADDRESS and SCHOOL ADDRESS
HSTATE can be used for HOME ADDRESS
5.5TATE can be used for SCHOOL ADDRESS

A transitive closure is the set of 8l elementary relations, original
and derived, which describes the environment of interest. The transitive
closure is unique. The transitive closure for the criginal list of
elernentary relations can be created by identifying transitive dependencies
af length 2 until no further such dependencies can be identified. The
derived transitive dependencies are added to the connectivity matrix to
form & maodified connectivity matriz. Any new elermentary relations
derived in this way must be reviewed. Only those relations which have
meaning in the environment of interest are retained ina maodified
cannectivity matrix. This modified matriz defines a digraph which

completely describes the environment of interest.
REMOYE REDUMDANT ELEMENT ARY RELATIONS (PHASE 1Y)

A redundant elementary relation is an elementary relation which
is composed of another elementary relation. Remaoval of redundant
elementary relations results in one or rmore minimal covers. Each minirmal
cover includes all of the infarmation in the original elermentary relations.
There are two conditions for the removal of an elernentary relation. The

first condition requires that the elementary relation to be removed must



be & composition of two other elermentary relations. The second condition

requires that an elementary relation can be remeved only if it is not pert

of @ composition of another elementary relation. For example:
ELEMENTARY RELATIONS

ER1{A,B)
ER2(B,C)
ER3(C,D)
ER4{A,C)
ERS(B,D)
ERG{A,D)

DIGRAPH

ER6
REDUNDANT ELEMENTARY RELATION CaMPOSED OF
ER4 ER1, ERZ
ERS ER2, ER3
ERE ER1, ERS
ERG ER4, ER3

Consider removal of ER4

Condition 1 yes ER4is composed of ERI and ER2
Condition 2 no ER4 is part of ERG



Consider remaval of ERGE

Conditian 1 yes  ER6 is composed of ER1 and ERS

ERG iz camposed of ER4 and ER3
Candition 2 yex  ERG iz not part of another ER
ERG can be rermoved.

Cansider remaval of ER4 after remaoval of ERA

Condition 1 yes  ER4is composed of ER1 and ER2
Canditian 2 yes  ER4is not part of anather ER

ER4 can be remaoved.

Sirilarly, ERS can also be remaved. The remaining elementary relations
are nan-redundant.

MON-REDUNDANT ELEMENTARY RELAT IONS

ER1
ERZ
ER3
ER1 ERZ ER3
e e -



CHAFTER FIVE
THREE LOGICAL DATA MODELS OF THE GENEALOGICAL EXAMPLE
3.1 INTRODUCT 10N

This chapter includes the implementation of the three designs
described in Chapter Four The application selected for implernentation is
g genealogical example including instences of the types of fuzziness

dezcribed in Chapter Twao.
52 MATURE OF GEMEALOGICAL DATA

The two problems solved by genealogists are (1) determination of
the pedigree of an individual and {2) creation of a family genealogy. The
pedigree identifies the direct ancestor of an individual. Basic data in the
pedigree are narne, date and place of birth, date and place of marriage and
date and place of death. The data are often presented on an Ancestor Chart
{see Appendix A). The farily genealogy includes data on all members of
the family. In the simplest form it includes the relevant data for a
hushand, wife and their children. The data may be entered an a Family
Group Sheet (see Appendix A). A family genealogy generally includes
related families for many generations. In addition to the basic data, it is
aften useful to store other information about an individual. One list
includes seventy-eight iterns of possible interest about an individual
(Genealogical Computing, July 1982).

For the purposes of this exarmple, names and dates hawve been

selected as representative of fuzzy data often encountered in genealogical

research.



Narnes are necessary to identify persons and places. In addition to
the surname, the name of a person includes given name, nickname or alias.
The given name is the first name and a1l middle names. A nicknarne may
be used instead of, or in addition to, the given name. An alias can result
from a legal name change, previous marriage and so forth. Titles, such as
Jrand 'Sr.’, may ar may not be used to identify members of the same
family with the same given name. Yaristions in spelling the surnarne are
not unusual (see Appendix B). Some families followed the practice of
naming children after other family members. This results in duplicate
names, not only between generations, but also within generations. The
name of & deceased child was often given to the next child of the same sex
to be born in the family. This can lead to confusion, particularly if both
births occurred in the same calendar year.

Place names identify the country, state, county, town, city,
village, township or other political subdivision. Place names are usually
associated with events in the life of an individual or family. Of interest
are place of birth, place of death, place of marriage, place of divorce,
place of burial, place of christening or place of residence. |t is useful to
be able to identify changes as states, counties and towns were created or
annexed.

Dates are associated with the events in the life of an individual or
family. Such dates are those of birth, death, marriage, divorce or
christening. Other dates of interest are those associated with documents
such as deeds, military service records or military pension records.
Census records, court records, directories and ship passenger lists also
include dates of interest to the genealogist. Dates are usually entered as
& year, month and day. Use of census records may result in identification

of & range of years during which a birth or death occurred. Data from



several sources for the same event ray not agree. It is also helpful to
know which calendar was in use so that given dates may be identified
correctly.

This exarnple will model the information aszociated with births,
deaths, marriages and biolegical children. An individual may have no
rmarriages, one marriage or more than one marriage. There may be no
children, the children of ane marriage or the children of zeveral marriages

living in the family unit.



~

5.3  GEMEALOGICAL EXAMPLE

Specific examples of fuzzy data are found in the Ancestor Chart and

the Family Group Sheet in Appendix B.

IMPRECISE DATA

It is sometimes difficult to know whether the name found is the
given name or & nickname. Consider the name 'Sally Batchelder It is
possible that (1) the given name is 'Sally’ or (2) the given name is ‘Sarah’
and the nickname is 'Sally’. To express dates as a range of years is to
express dates imprecisely. For instance, by referring to the census
records it can be determined that the year of birth of Ares, daughter of
Betsy and Oliver Smith, occurred between 1805 and 1810. Another way of
expressing imprecise dates is by using a modifier with the year. For
example, the records indicate that Chester, son of Oliver Smith, died after
the 1880 Census had been completed. This information is often expressed
ac '‘after 1880° Another case of an imprecise date is the birth date of
Sarah Webster, wife of Jozeph Mygatt, who was born around 1655, This

infarmation ic stated as ‘about 1655"

INAPPLICABLE DATA

It i& possible that no middle names were given to the five children
of Emily and Charles Smith. If thic is the case, then the middle name is an
example of inapplicable data. Chester Smith, son of Mliver Smith, never
married. Any data relating to date and place of marriage is inapplicable

for Chester



INCOMPLETE DATA

Betsy, wife of Qliver stnith, does not have a known surname. She is
referred Lo as ‘wife of Oliver Smith’ or ‘Betsy Her name is incomplete.
The third child of Lyman Smith and his wife Maria was born in 1834 and
named Oliver A Olivers nare is an example of incornplete data because

the complete middle name is not known
INCONSISTEMNT DATA

The 1650 Census indicates that Chester Smith.was barn in

Mas:

o
ru

achusetts, The 18680 Census indicates that the same Chester Smith
was born in New Hampshire. These two pieces of infarmation cannot both
be true. There may, however, be useful infarmation in both statements.
Chester may have lived in both places before moving to Pennsylvania with
hiz farmily. In other instances, what appears to be aninconsistency may be
an inaccuracy. For example, both Crawford County and Erie County were
farmed fram Allegheny County (Pennsylvania) in 1800, An individual whao
lived in Crawford County after 1800 may always be described as being
from Crawford County. In reality, this individual was from Allegheny
County prior to 1800. The place names associated with events in his life
would have taken place in Allegheny County prior to 1800 and in Crawford

.ociated with a

County after 1800, There can be several such dates as:
political subdivision. Allegheny County, for instance, was created from

parts of Westmoreland and Washington Counties in 1788, Therefore,

ﬁ

information far Crawford and Erie Counties for the years prior to 1786 is
faund in the records far Westmaoreland or Washington Counties (see

Appendix B).



LUMENOWM DATA

It 1= Vikely that Betsy was Qliver Smith's second wife. The name of
his first wife is not known. Samuel Batchelder, son of Molly and lsaish
Batchelder, was married twice. The narmes of both of his wives are
unknown. Jdarmes Leach was born in New Hampshire in 1780 The town and
county of his birth are not known. At least six of the eleven children of
Emily and Charles Smith have known middle names. |f the remaining five
children were given middle names, then these middle names are examples

of unknown data.

The above are examples of fuzzy data which are a part of &

genealogical data base detailed in Appendix A,



.4 ASSOCIATIVE DATA MODEL

The first part of this section is a description of the Associative
Data Model for the genealogical example. The second part is an example of

an application state for this mode) based an the data found in Appendix &,

o411 ASSOCIATIVE DATA MODEL - GENEALOGICAL EXAMPLE DESIGN

The genealogical example is described by eleven assertion
ternplates, a key-level overview and data element definitions. Each of the
assertion templates is described separately. PERSON NUMEBER is the key
of the original template. The other templates result from application of
the Associator Reversal Rule. The template which appears on the next

page is the original template.



PERSON
NUMBER

) SURNAME
o GIVEN
NAME

& ALIAS

o FATHER PERSON
~ NUMBER

o MOTHER PERSON
~ NUMBER

EVENT
MARRIAGE *®
OF PERSON

c3-{ NOTE FOR ‘
GIVEN NAME
NICKNAME

a SPOUSE
PERSON ®

P

COUNTRY

O- STATE

-©—{ COUNTY

P

YEAR

NOTE FOR
YEAR
—9—-1 MONTH il

P
N

<D

DAY

OTHER POLITICAL
SUBDIVISION




Associators in the ariginal aszertion template are SURNAME,
GIVEN NAME, ALIAS, FATHER PERSON NUMEER, MOTHER PERSON MUMBER,
COUNTRY, STATE, COUNTY, OTHER POLITICAL SUBDIYISION and YEAR.
Non-associators are NOTE FOR GIVEN NAME, NICKNAME, EVENT, MARRIAGE
NUMBER QF PERSON, SPOUSE PERSON NUMBER, NOTE FOR YEAR, MONTH and
DAY. All associators are optional. Multiple values may occur for NOTE FOR
GIYEM NAME, NICKMAME, ALIAS, EVENT, STATE, COUNTY, OTHER POLITICAL
SUBDIYISION, YEAR , MONTH and DAY,

It should be noted that multiple values of STATE, COUNTY and
OTHER POLITICAL SUBDIYISION accomodate the imprecision of the
genealogical data. For instance, assume that it is known that an individual
was born in Massachusetts or in Mew Hampshire. There are two values of
STATE to be associated with a single event, BEIRTH. 1t should also be noted
that multiple values of YEAR, MONTH and DAY can also be associated with
an event. For example, if it is known that an individual was born between
1800 and 1805, there are multiple values of YEAR associated with the
event, BIRTH. The fact that a range of years is known can be included in
the NOTE FOR YEAR.

Keys of the ather assertion termplates are SURMNAME, GIYEN MAME,
ALIAS, FATHER PERSON MUMEER, MOTHER PERSON NUMBER, COUNTRY, STATE,
COUNTY, OTHER POLITICAL SUEDIYISION and YEAR. PERSON NUMEER is the
target in the ternplates with the following keys: SURNAME, GIVEN HAME,
ALIAS, FATHER PERSON NUMEER, MOTHER PERSON NUMBER. Multiple values

of this target may ocour



SURM AME

- PERZOM
HUIMEEF,

| PERSON ‘
- HUMEER .

ALIAS
L PERSON

GIVEM
MAHE

HUMBER:

FATHER
FERSON #

PERSIOM
MUMEER

MOTHER:

FERSON # y ~
] PERSON ‘
- NUHEER: -

This iz to say that there may be more than one individual with the

came name SURMAME, GIVEM MAME, ALIAS, FATHER or MOTHER. For

example:

KEY: SURMAME TARGET: FERSOM MUMEBER

Webster 3
webster G

The target of the subject COUNTRY iz PERSON NUMBER. PERSON
MUMEER is an associator which is optional and may have multiple values,
EYENT is the target of the subject of the subject COUNTRY-PERSOM
MUMEER. It is & non-associator which 15 optional and can have multiple

yalyes. This template describes the association between COUNTRY,



PERSON MUMBER and EVENT For a particular country there are one or mare

rersons who had one or more events take place in the country.

COUNTRY

) PERZOM
- NUMBER

—H——[ EVENT U

. 7

The optional target of the subject STATE is PERSOM MUMEER.
STATE and PERSON MUMBER form the subject for the optional target,
EVENT STATE, PERSON NUMEER and EVENT form the subject for the
optional targets COUMTEY and NOTE FOR EVYENT PERSON NMUMEER, EMENT
and NOTE FOR EVENT may have multiple values. EVENT and NOTE FOR EVEMNT

are non-associators. PERSON NUMBER and COUNTRY are associators.

STATE

] PEREOM
NUMBER

—H-[ EVENT lJ

C3— COUNTRY

e e,
ST RN

—o—{norer |

One or more persans may optionally be the target of the key STATE.
Fach STATE-FERSOM NUMBER key may have ong or mare EYENTS &z optional

targets.



For example:

KEY . STATE

MY
MY

KEY: STATE-PERSON MUMBER

NY 1
NY 2

TARGET: PERSON NLMBER

TARGET- EYENT

birth
birth

KEY: STATE-PERSOM NUMBER-EVENT TARGET COUNTRY

MY 2 death

The optional target of the subject COUNTY is PERSON NUMBER.
COUNTY and PERSON NUMBER form the subject for the optional target
EYENT COUMTY, PERSON NUMBER and EVENT farm the subject for optional
targets COUNTRY and NOTE FOR EVENT. STATE is the optional target of the
subject COUNTY-PERSOM NUMEBER-EYENT-COUNTRY. PERS0ON NUMBER, EVENT
and NOTE FOR EYENT may have multiple values. PERSON NUMEBER, COUNTRY

Canada

and STATE are ascociators. EVENT and NOTE FOR EVENT are

hon-associators.

COLNTY

oy | PERSON
= | HUMBER

--9‘{/ EVENT
%,

L

A

)

S COUNTRY

£ STATE
 A————

v { HOTE FOR

T\ EMENT ;

)




For example:

KEY: COLINTY TARGET: PERSON NUMBER
Urange 28
Urange 29
KEY: COUNTY-PERSON NUMBER TARGET: EVENT
Orange 2@ tirth
Orange 28 marriage
Urange 29 marriage

KEY: COUNTY-PERSON NUMBER-EVENT TARGET: COUNTRY
Urange 28 birth UsA
KEY: COUNTY-PERSON NUMEBER-EVENT -COUNTRY  TARGET STATE

Orange 28 birth USA YT

UTHER POLITICAL SUBDIVISIOM is the subject for the optional
gssociator target PERSON MUMBER. OTHER POLITICAL SUBDIYISION-
PERSOM NUMEBER is the subject for the eptional non-associator target
EVENT. OTHER POLITICAL SUBDIYISION, PERSON NUMBER and EVENT form
the subject for the cptional assaciator COUNTRY and the opticnal
non-associator NOTE FOR EVENT. STATE is the aptional associator target
of the subject OTHER POLITICAL SUBDIYISIOM-PERSOM NUMBER-EVENT -
COUNTRY. The subject OTHER POLITICAL SUBDIVISIOMN-PERSON NUMEER-
EVENT -COUNTRY-STATE has the optional associator COUNTY for & target.
PERSON MUMBER, EVENT and NOTE FOR EVEMT may have multiple values.
Examples of keys and targets follow the pattern of the assertion

ternplates described earlier.



OTHER POLITICAL
SUBDIVISION

ASSERTION TEMPLATE

OTHER POLITICAL SUBDIVISION

¢

PERSON
NUMBER

O l EVENT D

o COUNTRY

STATE

<P

a NOTE FOR '
EVENT

P

COUNTY




Year iz the subject for the optional associator PERSON NUMBER.
YEAR and PERSOM NUMBER form the subject for the optional non-associatar
target EYENT. MOTE FOR EVENT iz the optional non-associator target of
the subject YEAR-PERSON NUMBER-EYENT-NOTE FOR EVENT  PERSON
NUMBER, E%ENT and MOTE FOR EYEMNT ray have multiple values.

YE AR

Cd PERSON
" | HUMBER

——

o{oar )

st

Cy—f MITE FOR l]
T EVENT



The key-level overview summarizes the eleven templates.

KEY-LEVEL OVERVIEW

3 COUNTRY
STATE
MOTHER
FERSON *
7| COUNTY

SURNAME
F ATHER
PERSON #( 14 &
GIVEN | PERSON
NAME NUMBER
ALIAS

R

OTHER POLITICAL

SUEDIVISION

YEAR




The relationships indicated by the key-level averview are the following:

PA&IR RELATIONSHIP
surnarme - person nurmber 1:M
given narng - person nurmber LN
alias - person number MM
father person number - person nurmber 1M
rmather person number - person nurnber 1M
person number - country M:N
person tiurber - state M:N
per=on number - county M:N
person nurber - ather political subdivision MM
person number - year M:M
country - state 1N
state - county’ Ry
county - other political subdivision 1N

The data element definitions include infarmation about the
function of the variable narmed in the data element, conditions for optional

inclusion and the domain
DaTA ELEMENT DEFINITIONS
ALIAS
identifies one or more names, other than given narme and surnarme
by which person is called or known; not a nicknarme
exarnple: Mra. John Jones for wife of John Jones

domain: names

optional conditions: unknown, inapplicable



COUNTRY

narnes country where event took place; name at time of event
domain: past and current names of countries
optional conditions: unknown

COUNTY

names caunty, province or ather like political subdivision where
event took place; name at time of event

damain: past and current names of counties

optional conditions: unknown

DAY
indicates day of maonth in which event took place
domain: numbers 1 - 31
optional conditions: unknawn

EVENT

specifies event about which at least one detail is known and which
is associated with @ person

damain: events
example: birth, death, marriage

optional conditions: incomplete, unknown



FATHER PERSON NUMBER
indicates person number of father of person of interest
domain: existing person number
optional conditions: unknown
GIVEN NAME
indicates first name and all middle names of a person
domain: names
optional conditions: unknown
MARRIAGE NUMBER OF PERSON
indicates the sequential number of a marriage event of a persaon
damain: number
optional conditions: inapplicable, unknown
MONTH
indicates abbreviation of month of year in which event took place
domain: Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nav, Dec
optional conditions: unknown
MOTHER PERSON NUMBER
indicates person number of mother of person of interest
domain; existing person number

optional conditions: unknown



NICKMAME

indicates name given instead of one belonging to a person

example: familiar form of & proper name
Bill for william

narne which is descriptive or given in jest
slim

darnain: nicknames

optional conditions: inapplicable | unknown

MOTE FOR EVENT

includes comment about event

darnain: comments

optional conditions: inapplicable, unknown
MOTE FOR GIYEN MAME

includes information about middle namels)

dormain: comment

optional conditions: inapplicable, unknown

NOTE FOR YEAR

includes information about imprecision of value of year
exarnple: range, about, after, prior

darmain: comrment

optional conditions: inapplicable, unknown



OTHER POLITICAL SUBDIVISION

specifies name of town, village, city, township or other
comparable political subdivision where event took place

domain: past or current names of local political subdivisions

optional conditions: unknown

PERSON NUMBER

indicates assigned sequential nurmber used to uniquely identify
person of interest; assigned when at least one itern of information
identified

dornain: number

mandatory

SPOUSE NUMBER

STATE

indicates person number of spouse of person of interest
domain: existing person number

optional conditions: inapplicable, unknown

specifies name of state, province or other comparable political
subdivision where event tock place; narne at time of event

domain: past and current names of states or provinces

optional conditions: unknown



SURNAME

indicates surnarme of person of interest; maiden name of married
female

domain: surnames
optional conditions: unknown
YEAR
indicates year in which event took place
dornain: year no later than current year

optional conditions: unknown



542 ASSOCIATIVE DATA MODEL - GENEALOGICAL EXAMPLE APPLICATION
STATE

The application state is based on the information from the
Ancestor Charts and Family Group Sheets in Appendiz A, The specific
examples of Tuzzy data discussed in Chapter S Section 3 are included.

The farmat of the information follows:

Line 1: person number
surnarne
given name
father person number
mather person number

Line 2: note for given name
Line 2. nickname
Line 4. alias

Line S: birth
birth state
birth county
birth other palitical subdivizion
birth year
birth manth
birth day

Line & martiage
marriage number
SpOUSE Person nurmber
marriage state
marriage county
marriage other political subdivizion
rmarriage year
rmarriage manth
rarriage day



Line 7:

death

death state

death county

death other political subdivision
death year

death month

death day

It =hould be noted that all of the above items of information will probably
not be available for each individual. The order may vary but the event
identifies any particular line.

1

b

el

N

Mygatt Jacob
marriage 1 2

whiting Sarah
marriage 1 1

wehster Bobert
marriage 1 4

Treat Susannah
marriage 1 3
Mygatt Joseph 1 2
marriage 1 6 1677 Mov 15
death 169a ¥

webster Sarah 3 4

birth 1655 about
marriage 19 1677 Nov 13
death 17432

Mygatt Joseph 3 6
birth 1678 Oct 23
death CT Hartford Hartford 1724 Dec 27

marriage |



10

11

1_45'
o

14

21

o
SN

Mygatt Susannah S &
birth 1680 Oct 3
death 169G after

Mygatt Mary S &
birth 1682 Dec 4

Mygatt Jdacob S 6
birth 1684 Dec 2
death 1685 Jan 29

Mygatt Jacob S 6
birth 1666 Nov 9
death 16867 Nov

Mygatt Thomas S G
birth 1668 Sept 11
death 1727 May 16

Mygatt Sarah 5 6
birth 1691 Mar 9
marriage 1 1721 Nov &

Mugatt Zebulon 56
birth 1693 Nov 3
marriage |

Mygatt Dorothy 2 6
birth 1696 Jan 26
marriage 1 1715 May =
death 1773

Batchelder Fage
marriage 1 21

Hill Elizabeth
marriage 1 20

Copp Joshua
rmarriage 1 23



ra
a7}

Foore Sarah
marriage 1 22

24 Batchelder lsaiah 20 21
birth NH Rockingharn Chester 1749 Mar 2
marriage 1 25 NH Grafton Rumney 1778 June 4
death PA Erie Springfield 1623

25 Copp Maolly 22 23
birth NH Rockingham Hampstead 1759 July 15
marriage 1 24 NH Grafton Rurnney 1776 June 4
death PA Erie Springfield 1830
26 Batchelder Jonathan 24 25
marriage 1
26 Batchelder Sally 24 25
birth %T Orange Bradford 1764
marriage 1 29 YT Orange Bradford 1802 Mar 4
death P4 Erie Springfield 1548 Mar 3
29 Leach James
birth MH 17860
marriage 1 26 %7T Qrange Bradford 1802 Mar 4
death Canada Ontario Miagara Falls 1g14d July 25
30 Batchleder Samuel 24 25
marriage 1
marriage 2
31 Batchelder Susana 24 25
marriage 1
33 Batchelder Betsey 24 25

i4 Batchelder Abigail 24 25
marriage |

26 Batchelder Hannah 24 25
marriage 1



[

A0

40

41

44

46

c |':]

Batchelder Mary 24
birth 1797
marriage |
death 1677

I‘u
on

Batchelder Izaiah 24 25
Batchelder Jdoshua 24 25

Batchelder Elmira 24 25
marriage 1

Srnith Oliver

birth MH 1767

death PA Erie Springfield 16328 May 14
marriage 1

tmarriage 2 46

smith Chester 44
birth Ma 1792
birth NH 1792
death 1880 after

Betsy

birth NH 1776

death PA Erie Springfield 1861 Dec 21
marriage 1 44

Srnith Lyman 44 45
birth MY 179G
death 1675 Sept 3
marriage |
marriage 2

Srith Electa 44 46
birth WY 1799

marriage 1 1622 Apr 25
death 168326 Apr 2



[=r4

)

24

a7

T
]

63

amith Charles Francis 44 4é

birth PA Erie Springfield 1603 Mar 20
marriage 1 53 PA Erie Springfield 1625 Nov 24
death PA Erie Springfield 16886 Feb 17

Leach Ernily Louise 29 26

marriage 1 52 PA Erie Springfield 1825 Moy 2
birth YT 1808 Mar 30

death P4 Crawford Linesville 16868 Aug 26

Smith Oliver 44 46
birth PA 1605
marriage 1
marriage 2

death 1861 Sept 29

Smith Clarissa 44 46
marriage 1
death 1820 prior

Smith Miriam 44 46
death 1630 prior

Srnith Ares 44 46
birth 1505 range
birth 1806 range
birth 1807 range
birth 1804 range
birth 1309 range
birth 1610 range

Smith Freeman 44 46
birth PA 1610
marriage |

Harriet
birth 16815
marriage 1 62



64

)

()
.\J

[ i}
(ma}

70

71

Stniith John 44 46
Birth 1811 range
birth 1812 range
birth 1813 range
birth 1814 range
birth 1615 range
birth 1816 range
birth 1817 range
birth 1818 range
birth 1819 range
birth 1820 range
Stith amos 44 46
birth P& 1815

marriage 1

Smith Hiram 47
birth P&

armith Betzy 47
birth P&

Smmith Oliver A 47
birth P& 16834
death 1656 Mar 14

Smith Harriet M. 47
birth P&

Stith Giles L. 47
birth PA

Smith George L. 47
Leach Betzey 29 24
Leach James 29 2G

Leach lsaiah 29 24



-]
n g

-l
|

=l

oo

a0

al

Leach Prizcilla 29 28
Leach Joshua 29 248

Srith Betsey 52 53
birth 1627 Jan 2G

marriage 1

Smith Amos 52 53
birth 1829 Aug
death 1900 Sep 19

Smith Lathrop Winfield 52 53
birth 1630 May
death 1831 Nov 24

Smith Sarah 52 53
birth 1831 Sep 29
marriage 1

Srmith Aris A 52 33
birth 1833 Moy 15
death 1632 Apr 22

Smith Charles 52 53
birth 1836 Mar 18
death 1923 Feb 11

Srnith Laura & 52 53
birth 1640 Apr &
death 1655 Aug 13

Smith Helen 32 23
birth 1842 Aug 11
rmarriage |



Qo

91

96

]
-

93

99

Srith Adelaide Matilds 52 53
Addie

birth 1645 Feb 7

rarriage 1 90 1563 Sept 26
death 1876 Dec 12

Rundel Theodore Benedict

birth P& Crawford Cussewago 1835 July 24
rnarriage 1 &9 18663 Sep 28

marriage 2 94 1880

death PA Crawford Conneautville 1919 Mar 19

Srnith James Oliver 52 53
birth 1847 July 22
marriage 1 1&673 Apr 21

Smith Ernily H. 52 53
kirth 1831 Jan
death 1852 July 23

Maszh Flora Augusta

Mrz Flora Augusta Mash Linder
marriage 1

marriage 2 90 18680

Smith ----E 62 &3
birth P4 1839

Srnith Cordelia 62 63
birth P& 1843

Srith John B, 62 63
hirth PA 1644

Srith wWilliam E. 62 63
birth P& 1647

Srmith ElE‘}ng B2 63
hirth CT 184a



Batchelder

Copp

Hill

Leach

Mygatt

24
26
28
30
31
33
34
36
38
40
41
42

22
25

21

29
a3
73
74
75
76
77

~ -

1
12
13
14
16
16

SURNAME - PERSON NUMBER
Nash
Poore
Rundel

Smith

94

90

44
45
47
50
52
54
57
59
60
62
64
65
67
68
69
70
71

72
78
&0
g1

g2
84
85
86
&7
89
=¥

93
95
96
97
98
99



Treat

Webster

Whiting

Lo



----- E

Abigail

Adelaide Matilda
Arnas

Ares
Aris A
Betsey

Betsy

Charles
Charles Francis
Chester
Clarizsa
Cordelia
Dorothy
Electa
Elizabeth
Elmira
Ernily H.
Ernily Louise
Flora Augusta
Freeman
George L.
Giles L.
Hannah
Harriet
Harriet 11,
Helen

Hiram
Izaiah

Jdacab

a5
24
a0
&5
i
&)
b4
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GIYEM NAME - PERSON MUMBER

Jdames

Jdarnes Qliver
Jdahn

Jdaohn B.
Jdonathan
Jdoseph

Joshug

Lathrop Winfield
Laura A.

Lyrnan

Mary

Miriam
Molly
Oliver

Oliver A.
Page
Priscilla
Faobert
Sally
Samuel
Sarah

Susana
Susannah

Theadore Benedict
Thormas
wWilliam E.
Zebulon
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ALl4aS - PERSON NUMEBER

Mrs. Flora Augusta Mash Linder
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MOTHER PERSON NUMBER

=

10
1
12
13
14
16
1@

26
28
30
31
33
34
36
3a
40
41
42

28

46

33

L

IR BN RN RN |
b AT 5 I AN N |

=

30
52
54
a7
a9
60
62
64
65

7d
a0
gl
g2
g4
85
g6
87
g9
91
93

95
96
97
9g
99



COUNTRY - PERSOM NUMBER - EVENT

Canada 29 death

STATE - PERSON NUMBER - EVENT - NOTE FOR EVENT

CT 7 death
99 birth
MA 45 birth 1850 censuz, NH 1880 census
NH 2¢ birth
marriage
25 birth
marriage
29 birth
44 birth
45 birth 1880 census, MA 1850 census
46 birth
NY 47 birth
50 birth
PA 24 death
25 death
26 death
44 death
46 death
52 birth
marriage
death
5z marriage
death
54 birth
672 birth
E5 birth
67 birth
66 birth
Ao birth
70 birth
71 birth

Ty death



PA Eh birth

el birth
97 birth
S birth

STATE - PERSON MUMBER - EVENT - MOTE FOR EVEMT

YT 26 birth
marriage
29 marriage

a3 birth

Ontaria 29 death

COUNTY - PERSONM MUMEBER - EVENT - MOTE FOR EYEMT

Crawford 53 death
a0 death
Erie 24 death
25 death
2a death
44 death
46 death
o2 birth
marriage
death
53 marriage
Grafton 24 rmarriage
25 marriage
Hartfard 7 death
Orange 20 birth
marriage
24 marriage
Rackingharm 24 birth

25 birth



OUTHER POLITICAL SUBDIYISION ~ PERSON NUMBER - EVENT

Bradford 26 birth
marriage
24 marriage
Chester 24 birth
Conneautyille a0 death
Hampstesd 25 birth
Hartfard 7 death
Linesville a3 death
Miagara Falls 29 death
Fumney 22 marriage
25 marriage
springfield 24 death
25 death
2d death
44 death
A death
52 birth
marriage
death
a3 marriage

YEAR - PERSON NUMBER - EYENT - NOTE FOR EVYENT

1655 a] birth about
1677 S rnarriage
& marriage
167 7 birth
1680 9 birth
1662 10 brirth
1684 11 birth

1685 11 death



YEAR - PERSOMN NUMEER - EVENT - MOTE FOR EVENT

[Ralsis)
16a7
Nslals
1691
1693
1696
16940

-~

1715
1721
1724
1727
1743
1749
1759
17e7
1775
1776

12
12
13
14

L
L

ko ko
[ B N R

[

4

R3ORY LN I
O T -

mn

O 1A
D B N (N

60
&)
2%
=14
&0
&l
)%
64

birth
death
birth
birth
birth
birth
death
birth
marriage
marriage
death
death
death
birth
birth
birth
death
birth
marriage
marriage
birth
birth
birth
birth
birth
birth
marriage
marriage
birth
birth
birth
birth
birth
birth
birth
birth
birth
birth
birth

after

range 1805-1610
range 1805-1810
range 1805-1810
range 1805-1610
range 180%-1810
range 1605-1810

range 1611-1820



YEAR - PERSON NUMBER - EVENT - NOTE FOR EVENT

1812
1813
1614

1815

1616
1617
1818
1819
1820
1822
1823
1825

1827
1829
1830

1831

1833
1834
1835
1836

1838
1839
1840
1842
1843
1844
1845
1847

64
64
29
64
63
64
65
64
64
64
64
64
30
24
a2
23
78
go
25
o7
59
g1
g1
g2
g4
69
90
50
89
44
95
g6
g7
96
97
g9
91
98
28
99

birth
birth
death
birth
birth
birth
birth
birth
birth
birth
birth
birth
marriage
death
marriage
marriage
birth
birth
death
death
death
birth
death
birth
birth
birth
birth
death
birth
death
birth
birth
birth
birth
hirth
birth
birth
birth
death
birth

range 1811-1620
range 1611-1820

range 1611-1820
range 1811-1820

range 1811-1820
range 1611-1820
range 1811-1820
range 1811-1820
range 1811-1820

prior
prior



YEAR - PERSON NUMBER - EVENT - NOTE FOR EVENT

1831 93 birth
1852 g4 death

93 death
1855 78 death

lal death
1856 69 death
1861 46 death

a4 death
1863 g9 marriage

90 marriage
1873 91 marriage
1875 47 death
1876 g9 death
1877 3a death
1860 43 death after

90 marriage

94 matriage
1886 a2 death
1666 a3 death
1900 go death
1919 90 death

1923 g5 death



5.5 SEMANTIC RELATION DATA MODEL

The first part of this section is a description of the Semantic
Relation Data Model for the genealogical example. The second part

1s an example of an application state for this model based on the data

found in Appendix A.

9.5.1 SEMANTIC RELATION DATA MODEL - GENEALOGICAL EXAMPLE DESIGN

Relations for the genealogical example expressed in the format
of the Semantic Relation Data Model are (1) Person - Birth - Death -
Marriages - Parents and (2) Marriage - Date of Marriage - Place of
Marriage. These relations include the information about an individual's

birth, marriage, death, parents and biological children.

The Person - Birth - Death - Marriages - Parents Relation is

displayed as:

be person: object be birth date . object
born in: agent born in: object

born at:agent

died in: agent

died at: agent

has father agent

has mother: agent

has number marriages: agent

person birth date
_id #¥_ name date
¥ given name year
surname month

nickname day




Person - Birth - Death - Marriage - Parents

continued
be birth plgce: object| be death date: object | be death place: object
born at: object died in: object died at: object
birth place death date death place
place name date place name
country year country
state month state
county day county
town town

Person - Birth - Death - Marriage - Parents
continued

be number marriages: object |be father: object | be mother object
has number marriages: object |has father object | has mother : object

number marriages father mother

number —id * _ —id* _

number number number




The constraints are:

(1) identification number (person, father mother) is unique
(2} name is any one or more of the following:
l:l.l J]\aPH fname
(bl surname
¢l nickname
{d) alias
(2} date is any ne or more of the following:
(3} year (same as or earlier than current year)
{(bJ month (name of manth ar unique abbreviation)
() day {day of month)
(4} date of birth is the same as or earlier than date of death
(S} date of birth ar death may be qualified in some way
(6) date of death is the same as ar later than date of birth
(71 place is any one ar more of the following:
(&} country (may be non-ambiguous atbreviation |
(bi state (two character abbreviation?
(e} county
(dy town
(e} village
(ficity
(gt township
(h) other political subdivision

The eight predicates which farm the Person - Birth - Death -
Marriages - Parents Relation are (1) Person, (2} Date of Birth, {3} Flace of
Birth, (4) Date of Death, {5} Place of Death, (6) Number Marriages, (7]
Father and (5 Mother 'Be' predicates for this relation are (1} be person:
object, (2} be birth date: object, {Z) be birth place: object, (4} be death
date: object, (S be death place: object, {(6) be number marriages: object,
(71 be father object and {5} be mother object. Other predicate: case pairs
are {17 born in: agent, (2) barn in: object, (3} barn at: agent, (43 born at:
object, (5) died in: agent, (6} diedin: cntnjer.:t, {71 died at: agent, {3} died at:

oL, )

object, (2 has number marriages: agen b, (100 has number marriages

.....

object, (117 has father: agent, {12} has father-object, (13} has mother:

agent and (14} has mother object.



The entity types are (1) person, {2) birth date, {3) birth place, {4)
death date, (S) death place, (6) number marriages, (7) father and (&)
rnother The characteristics of person are (1) 1D* (identification number)
and {2) name. The identification nurnber is an essential characteristic. It
5 @ unique nurmber in the domain of numbers. The damain of name includes
given narmes, surnames, nicknarnes, and aliases. The domain for date (birth
date, death date or marriage date) is year, month and day. The names of
countries, states, counties, towns, villages, cities, townships or ather
political subdivisions form the domain of place names (place of birth,
place of death or place of marriage). The characteristic of Number
Marriages 15 number which belongs ta the domain of numbers. The entity
types father and mother are each characterized by & unique 1D#*, an

essential characteristic from the domain of numbers.

The interpretation of the relation is The PERSON with NAME and
unique |D#* was born in {on) DATE at PLACE MAME and died in {on) DATE at
PLACE MAME. PERSON had father with unique 1D* and mother with unique
ID* PERSOM was married MUMBER times’

The Marriage - Date of Marriage - Place of Marriage Relation is

dizplayed on the following page.



Marriage - Date of marriage - Place of marriage

be marriage: object be marriage date: be marriage place: object
occurred on: agent object | occurred at: object
occurred at: agent occurred on: object

marriage marriage date marriage place
_mid#_| hid * | wid *{hm*|wm* date place name

* * * * ® year/month/day country/state/county/town




The constraints for the MARRIAGE - DATE OF MARERIAGE - PLACE OF
MAREIAGE Relation are:

(1) marriage identification number (mid #3 is unique
(2} husband identification number (hid #) is unique
(2} wife identification nurmber (wid #) is urique
() husband's marriages thm#*) are numbered sequentially
(51 wife's marriages Owm* ) are numbered sequentially
(a) dr_dﬂ 15 any one or mare of the following:
(a) year (sarme as or earlier than current Year)
(bj ronth (name of month or unigue abbreviation)
() day (day of month)
(7) date of marriage is the same as or earlier than date of
death of husband or date of death of wife
(3) date of marriage may be qualified in some way
(2) place of marriage is any one or more of the following:
(@) country {may be non-ambiguous abbreviation )
(b} state (twao character asbbreviation)
{C) county
(di towh
{e) village
(f3city
(gl township
ihy other political subdivision

The three relations which are combined to form the Marriage - Date
of Marriage - Flace of Marriage Relation are (1) Marriage, (2} Date of
Marriage and (3) Place of Marriage. 'Be’ predicates for these relations are
{1) be marriage: object, (2) be marriage date: object and {2} be marriage
place: object. Additional predicate: e pairs are (1) occurred on: agent,
(2) occurred on: abject, (3) occurred in: agent, (4) occurred in: object. The
entity types are (1) marriage, (2) marriage date and (3) marriage place.
The characteristics of marriage are (1) mid * {marriage identification
nurnbery, (23 hid * (identification number of husband), (3) wid *
(identification nurmber of wife), (4} hrn® {marriage nurnber for husband),

and (51 wim® (marriage number for wife). The marriage numbers for the



husband and wife are included in the relation because they cannot be
deterrined from the marriage date if the marriage date is fuzzy. The
marriage identification number {mid #) is an essential characteristic. It
is unigue in the domain of numbers. The damain of each of the other four
characteriztics is numbers. The damain of date is year, month and day.

The names of countries, states, counties, towns, villages, cities,

townships or other palitical subdivisions farm the domain of place name.
The interpretation of the relation is ‘The marriage with unique
identification number MID * iz the HM* marriage for the husband whose
identification number is HID * and the WHM* marriage for the wife whose
identification number is WID * The marriage occurred on DATE at PLACE

NAME'



2.3.2 SEMANTIC RELATION DATA MODEL - GENEALOGICAL EXAMPLE
APPLICATION STATE

The application state is based on the information fram the Ancestor
Chart and Family Group Sheets in Appendix A. The specific examples of
fuzzy data discussed in Chapter 5 Section 3 are included. To provide &
point of reference, the identification numbers are duplicated at the left
rmargin of the continued segments of the Person - Birth - Death -
Marriages - Parents Relation. The column headings are also duplicated at

the top of the continued segments of the relation.



Person - Birth - Death - Marriages - Parents

be person: object

born in: agent

born at: agent

died in: agent

died at: agent

has father: agent

has mother: agent

has number marriages: agent

be birth date . object

born in: object

person birth date
_id #_ name date
¥ given name year
surname month
nickname day

1 Jacob Mygatt | -----

Z Sarah Whiting [ -----

3 Robert Webster = | -----

4 Susanngh Trest = | -----

5 Joseph Mygatt  f -----

6 Sarah Webster about 1655

? Joseph Mygatt 1678 0ct 23

9 Susannah Mygatt 16800ct 3
10 Mary Muygatt 1682 Dec 4
11 Jacob Mygatt 1684 Dec 9
12 Jacob Mygatt 1686 Nov 9
13 Thomas Mygatt 1688 Sept 11
14 Sarah Muygatt 1691 Mar 9
16 Zebulon Mygatt 1693 Nov 3
18 Dorothy Mygatt 1696 Jan 26
20 Page Batchelder | -----
21 ElizabethWin | -----
22 JoshueCopp | -----
23 Sarah Popgre | -=---
24 Isaiah Batchelder 1749 Mar 2
25 Molly Copp 1759 July 15
26 Jonsthan Batchelder | -----
28 Sally Batchelder 1784

1780

29 James Leach




Person - Birth - Death - Marriages - Parents (continued)

be person: object be birth date object
born in: agent born in: object
born at: agent
died in: agent
died at: agent
has father agent
has mother agent
has number marriages: agent
person birth date
_id#_ name date
# given name year
surname month
nickname day
30 Samuel Batchelder | -----
31 Susens Batchelder | -----
33 Betsey Betchelder | -----
34 Abigail Batchelder | -----
36 Hannah Betchelder | -----
38 Mary Batchelder 1797
40 |saigh Betchelder | -----
41 Joshus Betchelder | -----
42 Elmirs Batchelder | -----
44 Oliver Smith 1767
45 Chester Smith 1792
46 Betsy 1776
47 Lyman Smith 1798
50 Electa Smith 1799
52 Charles Francis Smith 1803 Mar 20
53 Emily Louise Leach 1808 Mar 30
54 Oliver Smith 1805
57 Clarisss Smith | -—===~
59 Miriam Smith | ~-~""~
60 Ares Smith 1805-1810
62 Freeman Smith 1810
63 Harriet 1815
64 John Smith 1811-1820
65 Amos Smith 1815




Person - Birth - Death - Marriages - Parents (continued)

be person: object be birth date object
bornin: agent born in: object
born at. agent
died in: agent
died at: agent
has father agent
has mother agent
has number marriages: agent
person birth date
_id#_ name date
* given name year
surname month
nickname day
67 Hiram Smith | -----
68 Betsy Smith [ -----
69 Oliver A.Smith 1834
70 Harriet M. Smith | -----
71 Giles L Smith | -=--~-
72 George L.Smith | -----
73 Betsey Leach | -----
74 James Leach = | -----
75 |saigh lLeach | -----
76 Priscillaleach | -----
7 Joshualeach | -----
78 Betsey Smith 1827 Jan 28
80 Amos Smith 1829 Aug
81 Lathrop Winfield Smith 1830 May
82 Sarah Smith 1831 Sept 29
84 Aris A Smith 1833 Nov 15
85 Charles Smith 1836 Mar 18
86 Laura A Smith 1840 Apr 8
87 Helen Smith 1842 Aug 11
89 Adelaide Matilda Smith 1845 Feb 7
90 Theodore Benedict Rundell 1835 July 24
91 James Oliver Smith 1847 July 22
93 Emity H. Smith 1851 Jan




Person - Birth - Death - Marriages - Parents (continued)

be person: object

born in: agent

born at: agent

died in: agent

died at. agent

has father agent

has mother agent

has number marriages: agent

be birth date object
bornin: object

person birth date
_1d #¥_ name date
# given name year
surname month
nickname day
95 --- £ Smith 1839
96 Cordelia Smith 1843
97 John B. Smith 1844
98 william E. Smith 1847
99 Betsy Smith 1848




Person - Birth - Death - Marriage - Parents (continued)

be birth place: object
born at: object

be death date: object
died in: object

be death place: object
died at: object

¥T Orange Bradford

NH

1814 July 25

birth place death date death place
place name date place name
country year country
state month state
county day county
town town
----- 16987 -----
----- 1743 -----
----- 1724 Dec 27 CT Hartford Hartford
----- after 1698 -----
----- 1685 Jan 29 -----
----- 1687 Nov -----
----- 1727 May 16 -----
----- 1775 -----
NH Rockingham Chester 1823 PA Erie Springfield
NH Rockingham Hampstead 1830 PA Erie Springfield
1848 Mar 3 PA Erie Springfield

Can Ontario Niagara Falls




30
31

33
34
36
58
40
41

¥4
44
45
46
47
50
52
53
54
57
59
60
62
63
64
65

Person - Birth - Death - Marriage - Parents

(continued)

be birth place: object
born at: object

be death date: object
died in: object

be death place: object
died at: object

birth place death date death place
place name date place name
country year country
state month state
county day county
town town
----- 1877 -
NH 1838 May 14 PA Erie Springfield
MA / NH after 1880 | -----
NH 1861 Dec 21 PA Erie Springfield
NY 1875Septs ] -----
NY 1836Apr2z | -----
PA Erie Springfield 1886 Feb 17 PA Erie Springfield
YT 1888 Aug 26 PA Crawford Lineaville
PA 1861 Sept2g9 ] -----
----- prior 1830 -----
----- prior 1830 -----
=Y S EEER S e
N e e




67
68
69
70
71

72
73
74
75
76
77
78
80
81

82
84
85
86
87
89
90
91

93

Person - Birth - Death - Marriage - Parents

(continued)

be birth place: object
born at: object

be death date: object
died in: object

be death place: object
died at: object

birth place death date death place
place name date place name
country year country
state month state
county day county
town town
= B e
= B B
PA 1856 Mer 14 | -----
= L BT
7 e EEP T
_____ 1855 Aug 31 -----
_____ 1900 Sept 19 -----
_____ 1831 Nov 28 -———
_____ 1852 Apr 22 --—-
_____ 1923 Feb 11
_____ 1855Aug 13
_____ 1876 Dec 12 -
PA Crawford Cussewsgo 1919 Mar 19 PA Crawford Conneautville

1852 July 23




95
96
97
98
99

Person - Birth - Death - Marriage - Parents

(continued )

be birth place: object
born at: object

be death date: object
died in: object

be death place: object
died at: object

birth place death date death place
place name date place name
country year country
state month state
county day county
town town
PA e e
A e e
A e e
=Y e BT

cT




~N N RN -

1
12
13
14
16
18
20
21
22
23
24
25
26
28
29

Person - Birth - Death - Marriage - Parents

(continued)

be number marriages: gbject
has number marriages: object

be father object
has father object

be mother: object
has mother object

number marriages father mother
number —id *_ —id*_
number number number
1 __________
e
e I
e (e
1 1 2
1 3 4
1 5 6
_____ 5 6
0 5 6
0 5 6
0 5 6
_____ 5 6
1 5 6
1 5 6
1 5 6
A e e
A e et
T e N R
1 __________
1 20 21
1 22 23
1 24 25
1 24 25
1




30
31
33
34
36
38
40
41
42
44
45
46
47
50
SY4
53
54
57
59
60
62
63
64
65

Person - Birth - Death - Marriage - Parents

(continued )

be number marriages: gbject
has number marriages: object

be father: abject

has father: abject

be mother: abject
has mother object

number marriages father mother
number ~d*_ _id *_
number number number
2 24 25
1 24 25
0 24 25
1 24 25
1 24 25
1 24 25
_____ 24 25
_____ 24 25
1 24 25
2 __________
0 44  } -----
I e
2 44 46
1 44 46
1 44 46
1 29 28
2 44 46
1 44 46
_____ 44 46
1 44 46
1 44 46
R [ AR T
_____ 44 46
1 44 46




67
68
69
70
71

72
73
74
75
76
77
78
80
81

82
84
85
86
87
89
90
91

93

Person - Birth - Death - Marriage - Parents

(continued )

be number marriages: object
has number marriages: object

be father: object

has father: object

be mother: object
has mother object

number marriages father mother
number —id *_ _id *_
number number number
""" 47 48
“““ 47 48
_____ 47 48
_____ 47 48
----- 47 48
_____ 47 48
_____ 29 28
_____ 29 28
..... 29 28
_____ 29 28
..... 29 28
1 52 53
_____ 52 53
_____ 52 53
_____ 52 53
_____ 52 53
1 52 53
i 52 53
I e B
i 52 53
0 52 53




95
96
97
98
99

Person - Birth - Death - Marriage - Parents

(continued )

be number marriages- object
has number marriages: object

be father: object

has father: object

be mother object
has mother: object

number marriages father mother
number ~id*_ ~id*_
number number number

62
62
62
62
62

63
63
63
63
63




MARRIAGE - DATE OF MARRIAGE - PLACE OF MARRIAGE

be marriage: object
occurred on: agent
occurred at: agent

be marriage date: object
occurred on: object

be marriage place: object
occurred at: object

marriage marriage date merriage place
_mid®_ | hid*® {wid* | hm#*| wm# date place name
= i = = = year /month/day country/state/county/town
1 5 6 1 1 1677 Nov 1S | -----
2 24 125 1 1 1778 June 4 NH Grafton Rumney
3 29 |28 1 1 1802 Mer 4 ¥T Orange Bradford
4 52 |53 1 1 1825 Nov 24 PA Erie Springfield
5 90 89 1 1 1863Sept2z8 | -----
6 90 (94 2 2 1880 | -----
7 44 |46 2 | R B




3.6 VETTER / MADDISON RELATIONAL MODEL

The first part of this section is a description of the Vetter /
Maddison Relational Mode] for the genealogical example. The second part

is an example of an application state for the model based on the data found

in Appendix A.

5.6.1 VETTER / MADDISON RELATIONAL MODEL - GENEALOGICAL EXAMPLE
DESIGN

There are thirty-one elementary relations describing the
environment of interest in the genealogical example. Copies of the work
sheets for the four phases of the design process are inciuded in Appendix
C. These include the initial specification of the environment,
transformation of the specification into elementary relations, digraph,
connectivity matrix, list of transitive dependencies and the minimal cover.

The list of non-redundant elementary relations is found on the next page.



VETTER / MADDISON RELATIONAL MODEL GENEALQOGICAL EXAMPLE

ER1{Person number, Given name)
ER2(Persan number, Surname)

ER3{Person number, Nickname)

ER4(Person number, Alias)

ERS(Person number, Birth.year)

ER6(Persan number, Birth.month)
ER7(Person number, Birth.day)

ERG{Person number, Birth.country)
ER9{Person number, Birth.state)
ER10{Person number, Birth.county)
ER11{Persan number, Birth.OPS)
ER12{Person number, Death.year)
ER13{Person number, Death.maonth)
ER14(Person number, Death.day)
ER15(Person number, Death.country)
ER16(Person number, Death.state)
ER17(Person number, Death.county)

ER 18({Person number, Death.OPS)
ER19(Person number, Father.person number)
ER20(Person number, Mather.person number)
ER2 1{Persaon number, Number of marriages)
ER22{Marriage number, Marriage.year)
ER23(Marriage number, Marriage.manth)
ER24(Marriage number, Marriage.day)
ER25(Marriage number, Marriage.country)
ERZ6(Marriage number, Marriage.state)
ER27{Marriage number, Marriage.county)
ER28(Marriage number, Marriage.0PS)
ER29(Marriage number, Husband.person number)
ER30(Marriage number, Wife.person number)
ER31(Husband.person number, Wife.person number)

Naote: OPS stands for Other Political Subdivision
(city, town, township, village)



5.6.2 VETTER / MADDISON RELATIONAL MODEL - GENEALOGICAL EXAMPLE
APPLICATION STATE

The application state is based on the information from the Ancestor
Chart and Family Group Sheets in Appendix A. The specific examples of
fuzzy data discussed in Chapter 5 Section 3 are included. The following

list is a key to abbreviations used in the example.

ER elementary relation
FP* father person nurmnber
HP#* mother person number
M* marrigge number
M.P* mother person number
NM number of marriages
OPS other political subdivision

city

town

taownship

village
p* person number

wWPpP* wife person number



N SWVONU RGN =

N

N—-OWwWwoo-~oWU N

NNNPNNNN
O QO ~d O TN

B DA DBDDAWWOWOHWHWEHOWOWOWNW
NN OV~ UApPpWN—O

L LN L U U 8
OO~

(4]
[om)

Susannsh
Joseph
Sarah
Joseph
Elizabeth
Susannsh
Mary
Jacob
Jacob
Thomas
Sarsh
Thormas
Zebulon
Dorathy
Dorathy
Jonsthan
Page
Elizabeth
Joshua
Sarah
Issiah
Molly
Jonathan
Betsy
Sally
James
Samuel
Susans
John
Betsey
Abigail
Asa
Hannsh
Jares
Mary
Rufus
Isaish
Joshua
Elmirs
Elam
Oliver
Chester
Betsy
Lyrnan
Masria
Harriet
Electa

William E.
Charles Francis
Emily Louise
Oliver

Jane

Sarah Ann
Clarissa
James
Miriam

Ares

John
fFreemsn
Harriet

John

Anos

Jane

Hiram

Betsy
Oliver A.
Harriet M.
Giles L.
George L.
Betsey
Jarnes

Issish
Priscilla
Joshua
Betsey
William
Amos
Lathrop Winfield
Sarsh
John B.
Aris A.
Chsarles
Lsurs A.
Helen

Henry B.
Adelaide Mstilda
Theodote Benedict
James Dliver
Sarah lssbel
Emily H.
Flors Augusts
----- E.
Cordelia
John B.
William E.
Betsy



p# SURNAME p# SURNAME
1 Muygatt 51  Potter
3 Webster 5% Leach
4  Treat 54  Smith
S Mygatt 56 Elis
6  Webster 57  Smith
7 Muygatt 58 Hunter
9 Mygatt 59  Smith
10 Mygatt 60  Smith
11 Mygatt 61  Gilbert
12 Mygatt 62 Smith
13 Mygatt 64 Smith
14 Mygatt 65 Smith
15 King 67 Smith
16 Mygatt 68 Smith
17 ‘Waters 69 Smith
18  Muygatt 70 Smith
19 Steel 71 Smith
20 Batchelder 72 Smith
21 Hil ?3  Leach
22 Copp 74 Leach
23 Poore 75 Leach
24  Batchelder 76 Leach
25 Copp 7?7 Leach
26  Batchelder 78 Smith
28  Batchelder 79  Brockway
29 Leach 80  Smith
30 Batchelder 81  Smith
31  Batchelder 82 Smith
32 Lamb 83  Mclintosh
33 Betchelder 84 Smith
34 Batchelder 85  Smith
35 Lamunyon 86  Smith
36  Batchelder 8?7 Smith
37 Wilson 88 Line
38 Batchelder 89 Smith
39  Kendall 90 Rundel
40 Batcheldet 91  Smith
41  Batchelder 92  Pettit
42 Batchelder 93 Smith
4% Meekum 94 Nﬁ?{h
44  Smith 95 Smith
45 Smith 96  Smith
47 Smith 97 Smith
50 Smith 98 Smith

99  Smith



6 about 1655

? 1678

9 1680

ER3 10 1682

"""""""""" 11 1684

p* NICKNAME 12 1686

"""""""""" 13 1688

89 Addie 14 1691

16 1693

18 1696

24 1749

25 1759

28 1784

29 1780

38 1797

44 1767

45 1792

46 1776

47 1798

S0 1799

52 1803

ER4 53 1808

----------------------------- 54 1805
p* ALIAS 60 1805-1810

----------------------------- 62 1810
60 Aris 64 1811-1820

94 Mrs. Flora Augusta Nash Linder 65 1815

69 1834

78 1827

80 1829

81 1830

8z 1831

84 1833

85 1836

86 1840

87 1842

89 1845

90 1835

9 1847

93 1851

95 1839

96 1843

97 1844

98 1847

99 1848



P#* BIRTH.MONTH P# BIRTH.DAY
7 Oct 7 23
9 Oct g 3
10 Dec 10 4
11 Dec 11 9
12 Nov 12 9
13 Sep 13 11
14 Mar 14 9
16 Moy 16 3
18 Jan 18 26
24 Mar 24 2
25 Jul 25 15
52 Mar 52 20
g3 Mar 23 30
78 Jan 78 28
80 Aug 8z 29
81 May 84 15
8z Sep 85 18
84 Nov 86 8
85 Mar 87 11
86 Apr 89 7
87 Aug 90 24
89 Feb 9N 22
g0 Jdul

a1 Jdul

93 Jan



P#  BIRTHSTATE p# BIRTH.OPS
24 NH 24 Chester
25 NH 25 Hampstead
28 ¥T 28 Bradford
29 NH 52 Springfield
44 NH 90 Cussewago
45 MA / NH
46 NH
47 NY
50 NY
52 PA
53 ¥T
54 PA ER12
62 PA et
65 PA P#  DEATHYEAR
67 P& e
68 PA S 16987
69 PA 6 1743
70 PA 7 1724
71 PA 9 after 1698
90 PA i1 1685
95 PA 12 1687
96 PA 13 1727
97 PA 18 1775
98 PA 24 1823
99 cT 25 1830
28 1848
29 1814
38 1877
44 1838
45 after 1880
46 1861
ER10 47 1875
.................. 50 1836
P#  BIRTHCOUNTY a2 1886
__________________ 53 1888
24  Rockingham 54 1861
25  Rockingham 57 prior 1830
28 Orange 59 prior 1830
52 Erie 69 1856
90  Crawford 78 1855
80 1900
g1 1831
84 1852
85 1923
86 1855
89 1876
90 1919

93 1852



ER15
P#  DEATH.MONTH P*  DEATH.COUNTRY
! Dec 29 Canada
11 Jan
12 Nov
13 May
28 Mar
29 Jul ER16
44 My .
46 Dec P#  DEATHSTATE
47 Sep
50 Apr 7 cT
52 Feb 24 P4
53 Aug 25 P4
54 Sep 28 PA
69 Mar 29 Ontario
78 Aug 44 PA
80 Sep 46 PA
81 Nov 92 PA
84 Apr 53 PA
85 Feb a0 PA
86 Aug
89 Dec
g0 Mar ER17?
93 Joo 0 meeememeeeee e
P#  DEATH.COUNTY
? Hartford
24 Erie
ER14 25 En:e
_______________ 28 Erie
P#  DEATH.DAY 44 Er!e
............... 46 Erie
52 Erie
1?1 ; ; 53  Crawford
13 16 90 Crawford
28 3
29 25
44 14
46 21
R e
S0 2
2 17 e Dwmors
>3 26 ?  Hartford
>4 29 24 Springfield
69 .1,4 25 Springfield
8 31 26  Springfield
80 19 29 Niagara Falls
81 z8 44 Springfield
84 22 46  Springfield
85 I 52  Springfield
86 3 53 Linesville
89 12 90 Conneautville
90 19



P# Fp=* p# fp#
S 1 60 44
6 3 62 44
7 S 64 44
9 S 65 44
10 5 67 47
11 5 68 47
12 5 69 47
13 5 0 47
14 5 71 47
16 5 2 47
8 5 73 29
24 20 74 29
25 22 7529
26 24 76 29
28 24 7729
30 24 7 52
31 24 80 52
313 24 81 52
34 24 82 52
36 24 84 52
38 24 85 52
40 24 86 52
41 24 87 52
42 24 89 52
45 44 9N 92
47 44 93 52
50 44 95 62
52 44 96 62
53 29 97 62
54 44 98 62
57 44 99 62

59 44



P* Mp=* P# MPp#*
5 2 60 46
6 4 62 46
? 6 64 46
9 6 65 46
10 6 67 48
1 6 68 48
12 6 69 48
13 6 0 48
14 6 M 48
16 6 72 48
18 6 73 28
24 21 4 28
25 2% 75 28
26 25 % 28
28 25 77 28
30 25 78 53
31 25 80 53
313 2% 81 53
34 25 gz 53
36 25 84 53
318 2% 85 &3
40 25 86 53
41 25 87 53
42 25 89 53
47 46 91 53
50 46 93 53
52 46 95 63
53 28 96 63
54 46 97 63
57 46 98 63

59 46 99 63
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M*  MARRIAGE.YEAR M* MARRIAGE.MONTH
2 1778 2 Jun
5 1802 3 Mar
4 1825 4 Nov
5 1863 5 Sep
6 1880 8 May
8 1715 9 apr
9 1822
ER24 ER26
M*  MARRIAGE.DAY M#*  MARRIAGE.STATE
1 15 2 NH
2 4 3 vT
3 4 4 PA
4 24
5 28
8 5
9 25
ER27 ER28
M#*  MARRIAGE.COUNTY M#*  MARRIAGE.OPS
2 Grafton 2 Rumney
3 Qrange 3 Bradford

4 Erie 4 Springfield



M* HPp=* M® W p#
1 g 1 b
2 24 2 25
Z 29 z 28
4 £z 4 53
g Q0 5 g9
6 an 6 a4
7 44 7 46
a 19 8 18
9 &1 g 11
ERZ
HF#* W

5 6

19 18

24 25

44 46

g 50

52 53

a0 39

90 94



CHAPTER S

E'ALUATION OF THREE LOGICAL DATA MODELING APPROACHES

.1 INTRODUCTION

This chapter includes an evaluation of the Associative Data Model,
the Sernantic Relation Data Model and the Yetter / Maddison Relational
Madel. Each of these models is described in Chapter Four of this paper
The genealogical example described in Chapter Five was modeled by each
of the approaches. The resulting designs are described in Chapter Five.
The genealogical example includes the types of fuzzy data described in
Chapter Twa. The examples of fuzziness are summarized as follows for

use in the evaluations in this chapter:

TYPE OF FUZZY DATA EXAMPLE

imprecise range of years
year and descriptor

inapplicable no middle narne
unmarried
incomplete date

na surnarme
middle initial

inconsistent multiple place narmes
LUNKnown date

spouse name
place narme



The evaluation criteria are described in Chapter Three. Criteria for the

logical date base design are:

{1) convenient
(2) expressive
(3) minimally redundant

Criteria for the design process are:

(1) complete

{2) consistent

(3) efficient

{4) error-free

{3) implementation independent
{6) precise

(7) theoretically sound

{&) useable

when evaluating each of these approaches it is assumed that the
designer understands the environment of interest and is able to identify
the abjects of interest and their relationships. If this is not the case, it
is likely that the designer will introduce inconsistencies in the design as

successive iterations of the design process are made.



6.2 ASSOCIATIVE DATA MODEL

The design for the genealogical example 1s described in Chapter Five
Section 4.1. The design process for the Associative Data Model is
described in Chapter Four Section 2.2, The spplication state for the

genealogical data listed in Appendix A is found in Chapter Five Section 4.2,
£.2.1  ASSOCIATIVE DATA MODEL - DESIGN

The design for the genealogical exarnple based on the Associative

Data Model i= (1) convenient, {2) expressive and (2) minimally redundant.
CONMENIENT

The key-level overview and assertion templates (original and
derived through application of the Aszociator Reversal Rule) are good
visual descriptions of the environment of interest. Complexity of the
design can be described by use of cascades and multiple targets. The roles
of objects are clearly stated through the use of associstors and
non-associators. The data element definitions provide necessary detail.
Designation of associators and non-associators as optional or mandatory

allows the environment of interest to be precisely described.

EXPRESSIVE

The design is very expressive. The interpretation of the design is
explicit. The assertion templates, key-level overview and data element
definitions provide a complete, straight-forward description of the

erviranment of interest. There are @ reasonable nurber of constructs and



rules governing the use of the constructs. The fuzzy data in the
genealogical example ore represented in a meaningful way. The following
table summarizes the features of the Associative Data Model which were

used to model the types of fuzzy data described in Chapter Two.

FUZZY DATA EXAMPLE MODELED RELEVANT DESIGN FEATURE

IMPRECISE
range of years yes muitiple-valued associator
year and descriptor yes optional non-associator

INAPPLICABLE
no middie initial yes optional non-associator
unmarried yes optionel non-associator
data element definition

INCOMPLETE
date yes optional non-associator
optional associator
na surname yes optional associator
middle initial yes data element definition
INCONSISTENT
multiple place name yes multipie-valued associator
UNKNOWN
date yes optional non-associator
optional associator
spouse name yes optional non-associator
place name yes optional assaciator

Inclusion of imprecise data such as a range of years is by rneans of
the multiple-valued associatar YEAR. Each year of the range appears as a
value of the associator. The non-asssociator SPECIFIC CHARACTERISTIC
OF YEAR accommodates a modifier such as ‘range’. Other instances of

imprecise data can be modified by ‘after’, ‘prior’, and ‘about’ as necessary.



Marriage data for a person who was never married is inapplicable. The
use of "zero’ for a value of MARRIAGE NUMBER OF PERSON distinguishes this
case from the case of a person who was married and for whom no marriage
data are entered. By definition, a given name may consist of ahy one or
more of & first name, middle name or initials. Use of the optional
non-associator NOTES provides a means to indicate when there is no
middle name. Incomplete data can be accommodated by appropriate data
element definition or through the use of optional associators. The example
of & middle initial instead of @ complete middle name is a case of the
former, no surname of the latter. Multiple place names, an example of
inconsistent data, are included through the use of optional multiple-valued
associators STATE, COUNTY and OTHER POLITICAL SUEBDIVISION. Optional
associators and optional non-associators allow the model to represent
the environment of interest even though all data are not known at a given
moment in time.

This model is very flexible. It can be modified easily to represent
slightly different environments. For instance, assume that several
persons are cited as the father of an individual. Changing the optional
associator FATHER PERSON NUMBER to an optional multiple-valued
associator reflects this understanding of the environment. The following

relationships would then be included in the assertion templates.

PERSON FATHER
NUMEER PERSON *

FATHER <3| PERSON
PERSON # NUMBER

P

Another example is the use of the multiple-valued non-associator EVENT



In addition to information abiout birth, rmarriage and death the enviranment
of interest can be expanded to include such items as schools attended and
places lived. Addition of an aptional multiple-valued non-assaciator to
each associator or non-associator would make it possible to included the

source of the data, a valuable research aid.

MINIMALLY REDUNDANT

The design is minimally redundant. None of the attributes is

derived.



6.2.2 ASSOCIATIVE DATA MODEL - DESIGN PROCESS

The design process far the Associative Data Model is (1) complete,

(2) cangistent, {3} efficient, (4) error-free, (S) implementation

independent, (6) precize, {7) thearetically sound and (6) useable.
COMPLETE

Thiz design process is complete. |t is necessary to determine
whether entities should be represented by associators or non-associators,
whether they are optional or mandatory, whether they are single-valued or
rmultiple-valued, and how targets are related to the keys. Particular care
needs to be taken in step 2 of the design process (identification of
relationships between objects of interest) when madeling fuzzy data. In
this step pairs of objects which are related in some way are identified.
These relatianships are drawn in the assertion templates. Determination
af the characteristics of the target allow fuzzy data to be included in an
appropriate way. For example, use of the multiple-valued associator
STATE facilitates the inclusion of inconsistent data such as a place of
birth knawn to be Massachusetts or New Hampshire. Ancother example is
the selection of the optional indicator which specifies that the data may
or may not be present. This is appropriate for unknown ar inapplicable
data. The optional indicator can be used with a non-associator such as
SPECIAL CHARACTERISTIC OF YEAR to describe imprecise data such as a
range of years ar a year modified by ‘about’, ‘after, ‘prior and so farth,
The Assaciatar Reversal Rule iz useful inlooking at the relationzhips
frorm mare than one perspective. The data element definitions represent
an additional level of detail. Redundant data can be identified when the

Associator Reversal Rule is applied or when cormpound ternplates are



Crested. There do not appesr to be limits on the types of data nor the
range of problems which can be modeled by this design process. The
key-level overview may indicate inconsistencies in the design or areas

needing additional design review.
CONSISTENT

The steps necessary to implement the Associator Reversal Rule and
to draw the key level averview make the process consistent from one
iteration to the next for these activities. Complexity arises when
applying the Associator Reverzal Fule to cascades. However, if the
definitions of subject and target are remernbered, the additional
assertion templates can be determined consistently. The information to
be included in a data element definition is clesrly stated. Therefore, there

iz consistency in the level of detail in the data element definitions.
EFFICIENT

For the genealogical example the design process was not tedious.
Few iterations were required and the time necessary for each iteration

was not excessive.

ERROR-FREE

The determination of whether to include an object or a relationship
in the design is made by the designer The details of how the object or

relationshiop will be included are also determined by the designer The



application of the Associator Reversal Rule forces the designer to
consider the impact of his decisions an the design and provides the
opportunity for the designer to rmodify the design to fully describe the
environment of interest. The design process does not introduce errars.
Errors can, however, be introduced by the designer if the definitions of
subject and target are ignored or if the Associator Reversal Pule is nat

followed.
IMPLEMENT AT ION INDEPENDENT

The design process is not dependent on the prior selection of
implementation hardware or software. The process is independent of any

individual application.
PRECISE

The steps used to apply the Associator Reversal Rule and to draw
the key-level overview are clear However, it would be helpful to have a
list to follow when drawing assertion ternplates. This list would include
{1) consider one subject-target pair at a time, (2) identify target as
assaciator or non-associator, (3) determine if target is single-valued or
multiple-valued, {4) determine if target is aptional or mandatary, {(S) if
appropriate, identify cascade associated with target, (6 apply Associator
Reversal Rule, {7) combine ternplates which have the same key and (&)

review all steps. The information to be included in the data element

definition is clearly stated.



THEORETICALLY SQUND

The design process draws from graph theory and set theory.
Multiple values of & data veriable, associstor or non-sssaciator, are
considered sets. An assertion template is a tree structure of a set of

domain names. The template describes the carresponence between the

subject and its target.
USEABLE

The design process is useable. It is easy to use and not tedious for
the genealogical example. 1t is straight-forward. The process is not too
complex and the number of rules is not excessive. The vacabulary 15 nat
excessively large. Concepts and terminclogy are clearly defined. The
assertion templates and key-level averview are generated as part of the
pracess. These graphic descriptions are a clear visual representation of

the environment of interest.



6.3 SEMANTIC RELATION DATA MODEL

The design for the genealogical exarmple based on the Semantic
Relation Date Model is described in Chapter Five Section 5.1. The design
process for the Serantic Relation Data Model is described in Chapter Four

Section 3.2. The application state for the data displayed in Appendix A is
found in Chapter Five Section 5.2.

6.3.1 SEMANTIC RELATION DATA MODEL - DESIGN

The design for the genealogical example based on the Semantic
Relation Data Model is not so convenient nor expressive as desired. It is

minirnally redundant.
CONVENIENT

The design is not convenient. The design is displayed as & table.
The tabular display should make the design clesr and convenient to use.
However, the table for this problem was unwieldy. The nurmber of
predicates is so large that the display is fragmented and the sense of the
overall design is lost. It is difficult to see the total picture. The
predicates are too general to be meaningful to the user. For example, the
domain of the entity type PLACE NAME is country, state, county or other
political subdivision. This definition of the domain accommodates
imprecise, incomplete or inconsistent data. As an alternative, assume
that state, county and town have separate domains. If any one of them has

the null value, then each of thern has the null value and the incomplete

data are lost.



EXPRESSIVE

The design is limited in describing the environment of interest. It
is not precise. It is confusing. The terminolegy is not familiar. The
handling of fuzzy data is forced. Identification of the characteristics of
the entity types was greatly influenced by the fuzzy data being modeled.
The restriction of the model that a null value for one of several
characteristics of an entity type in a relation forces all characteristics to
have the null value resulted in the identification of very general
characteristics. For exarnple, NAME was identified as the characteristic
instead of first name, middle name and surname. This allowed incomplete
data to be included in the design. Definition of the domains was also
influenced by the modeling of fuzzy data. Domains had to be defined to
include any of the possible values of interest, often a composite of several
more specific domains. For instance, the date domain is a composite of
the dornain of year values, month values and day values. This was
necessary to accornmodate incomplete data. Constraints are essential
when modeling fuzzy data. In this problem no restriction was made to
limit the value of YEAR to a single value. In this way & range of years,
imprecise data, was accommodated. The constraint regarding
qualification of the date in some way alsc addresses the case of imprecise
data in the form ‘about 1655 or ‘after 1800".

The following table summarizes the features of the Semantic

Relation Data Model which were used to model the types of fuzzy data

described in Chapter Two.



FUZZY DATA EXAMPLE MODELED RELEYANT DESIGN FEATURE

IMPRECISE
range of years yes constraints
year and descriptor yes constraints

INAPPLICABLE

na middle initial na
unmarried yes domain
INCOMPLETE

date yes characteristic
domain
constraints

no surname yes characteristic
domain
constraints

middie initial yes characteristic
domain

constraints
INCONSISTENT

multiple place name yes constraints
UNKNOWN
date yes characteristic
domain
constraints
Spouse name yes relation
(HAS NUMBER MARRIAGES)
place name yes constraints

Selection of appropriate predicates and names of predicates in the
predicate: case pairs was awkward. Far example, one of several different
forms might be used when discussing dates. Examples are ‘John was born
in 1700°, "dohn was born May 23, 1700°, or "John was born on May 23rd’,

The place of birth may also be expressed in the form ‘John was born in New



York’ A decision was made to use predicates of the form BORN IN for date
and BORN AT for places.

For the design to be meaningful it is necessary to understand
multiple predicates, predicate: case pairs and the use of the null value.
Familiarity with the Relational Model of Codd increased the time and

effort needed to understand multiple predicates in this model.

MINIMALLY REDUNDANT

There is minimal redundancy when multiple predicates are used.
Otherwise, the BE PERSON predicate would need to be repeated for each of
the following predicates: (1) BORN IN, (2) BORN AT, {3) DIED IN, (4) DIED
AT, (S) HAS FATHER, (6) HAS MOTHER and (7) HAS NUMBER MARRIAGES.



6.2.2 SEMANTIC RELATION DATA MODEL - DESIGN PROCESS

The design process for the Semantic Relation Data Madel is
implementation independent. 11 iz not so complete, convenient, efficient,

error-free, theoretically sound nor useable as desired.

COMPLETE

The design process is not so complete as desired. 1t is not thorough.
There are no rules to apply. Details are missing. 1t was necessary for the
designer to identify the steps necessary to create the design. Redundant
data are not readily identified in the process. The process is not

comprehensive. 1t is not effective for modeling fuzzy data.
CONSISTEMT

Definition by the designer of steps to follow in the design process
reduced inconsistencies in the seversl iterations necessary to complete

the design and reduced the ambiguity of the process.

EFFICIENT

The process was not efficient. Time was needed to understand the
rodel and to define and order the steps necessary to create the design.
There were many iterations. Familiarity with the Relational Model of Codd

increased the time and effort needed to understand multiple predicates in

the rmodel.



ERROR-FREE

There are no checks built into the process. Therefore, it is difficult
Lo identify any errors which might be introduced in a given iteration.
ldentification of predicate: case pairs and entity types depends on the
dezigner's understanding of the enviranment. It is easier to detect errors
introduced when identifing characteristics, domaing or constraints. There

is no guarantee that redundant data will be identified.

IMPLEMENTATION INDEPENDENT

The process is implementation independent. 1t is independent of
hardware and software considerations. There is a conflict in the use of
this design process when some applications have fuzzy date and some do

hot.
PRECISE

The process was nat precise. In the beginning there were no rules to

follow. There was arnbiguity in how to proceed to create the design

THEORETICALLY SOUND

The design process does not depend heavily on scientifically
acceptable principles. The concept of predicate: case pairs is based on the
notion of case grammar, There are no particular procedures for arganizing
the predicate: case pairs into relations. Two or more relations can be

cambined ta form a mare complex relation. when combining relations it is



important to consider the effect of the null value in the new relation.

Combining relations can reduce the redundancy in the overall design.

USEABLE

It was difficult to use this design process. The concepts and
terminology were not clearly nor concisely defined. 1t was confusing. The
relation formed with multiple predicates to reduce redundancy was
unyrieldy. The assurmptions necessary to accommodate fuzzy data
decreased the usefulness of the final design. The process was tedious.

The process was forced to accommodate fuzzy data.



6.4  VETTER / MADDISON RELATIONAL MODEL

The design for the geneslogical exarnple is described in Chapter Five
Seclion 6.1. The design process for the Vetter / Maddison Relational Madel
is described in Chapter Four Section 4.2. The application state for the

genealogical data listed in Appendix A is found in Chapter Five Section 6.2,

6.4.1 VETTER /MADDISON RELATIONAL MODEL - DESIGN

The design describing the genealogical example in terms of the
Vetter / Maddisan Relational Model is minimally redundant. 1t is less

convenient and expressive than desired.
CONWVENIENT

The design is a list of elementary relations. A list is not graphic.
It is difficult to understand the averall environment of interest when
reading & list. The number of elementary relations can become very large.
This increases the difficulty of understanding the design. The design is
hot ambiguous. It is necessary to refer to multiple elementary relations

for camplete information concerning dates and places.

EXPRESSIVE

The design is expressed in terms of elementary relations. Some
persans may not be familiar with elementary relations. The definition of
domain was forced to accommadate the fuzzy data of the genesalogical
example. Far instance, the domain of year was defined Lo include & range

of years and madifiers. This wes necessary Lo accommodate imprecise

data.



The design does not distinguish between the case where a middle initial
in the given name is missing and the case where there is no middle initial,
inapplicable data. Mor does the design distinguish between the case where
the name of & spouse is unknown and the case where the spouse name is
missing. All views are not described by the design. For example, the
researcher iz interested in knowing the identification of all persons with
a qiven surname. The following table summarizes the features of the
Yetter / Maddison Relational Model which were used to model the types of

fuzzy data described the Chapter Twoa.

FUZZY DATA EXAMPLE MODELED  RELEYANT DESIGN FEATURE

IMPRECISE

range of years Hes damain definition

year and descriptor yes damain definition
INAPPLICAEBLE

no middle initial na

unmarried yes domain definition
INCOMPLETE

date Ues elementary relation

no surnarne es glementary relation

rmiddle initial yes damain definition
INCOMSISTENT

multiple place name yes domain definition
LMK NG N

date yes elernentary relation

spOUse name na

place name es elementary relation

MIMIMALLY REDUNDANT

The design is minimally redundant. None of the attributes is

derived.



6.42 VETTER /MADDISON RELATIONAL MODEL - DESIGN PROCESS

The design process for the Yetter / Maddison Relational Model is (1)
complete, (2) consistent, (3) errar-free, (4) implementation independent
and (S) theoretically sound. 1t is less efficient, less precise, and less

useable than desired.

COMPLETE

The design process is completely described. For larger problems
there may be a desire to terminate a step before it is complete. This is
particularly true when reviewing the transitive dependencies. Use of the
digraph helps identify redundant data. The process is comprehensive. It
can be used to model a range of data problems. The identification of the
dorains of the properties of the entity sets in Phase | of the design
praocess was influenced by the fuzzy data to be modeled. For example, the
dornain for year is & single year (1700), & range of years (1605-1610) or &
single year and @ medifier (after 1880). The domain for state is not
restricted to a single state. Both domains accommodate inconsistent data.
Recognizing that zero is part of the domain of number of marriages

accommodates the information that & person was never married.

CONSISTENT

There is consistency in using the process for several iterations.

The process is not ambiguous.



EFFICIENT

It i important to spend the time necessary, passibly lengthy, to
understand the phases in the process and the steps within each phase. To
deterrnine all of the minimal covers requires several iterations. Each

iteration tends to be lengthy.
ERROR-FREE

The details of implementation of the process are consistent and not
contradictory. To keep error to a minimurn careful attention should be
given to drawing dependencies in the digraph and to using the connectivity

matriy.

IMPLEMENTAT ION INDEPENDENT

The process is not dependent on the prior selection of
implementation hardware or software. The process is independent of any

individual application.

PRECISE

Sorne of the phases and steps within the phases are clearly and
exactly defined. However, the process is less specific about the details of

the steps necessary to work with the connectivity matrix and to derive the

tranzitive closure.



THEQGRETICALLY SOUND

The design process is theoretically sound. 1t makes use of concepts

fram zet theory and graph theory.
USEABLE

The connectivity matrix and digraph provide a vizual description of
the environment. The design process is tedious. There are a number af
rules and constructs. The process is complex and confusing. A large
vocabulary is necessary. The design process is useable if the designer
prefers a relational maodel, is willing to learn the vocabulary and rules, is
willing to become familiar with the constructs and is willing to perform

many tedious iterations.



CHAPTER SEVEN

CONCLUSION

This chapter includes comments and recommendations about the
conceptualization phase of a design process and the resulting logical data
model when it is known that some of the data in the environment of
interest are fuzzy.

Increased understanding of the nature of fuzzy data and of the
design of a logical data model resulted from the following: (1)
investigation of the types of fuzzy data, (2) identification of criteria for
evaluating a design process and its logical data model and (3) use of three
design processes to model fuzzy data. The following approaches to
modeling data are described in Chapter Four: {1) Associative Data Model,
(2) Semantic Relation Data Model and {(3) Vetter / Maddison Relational
Model. In Chapter Five the three logical data models of the genealogical
exarmple found in Appendix A are described. The three data modeling
processes and the three resulting logical data models are evaluated in
Chapter Six.

The original reasons for selecting the three approaches to data

modeling discussed in this paper are summarized as follows:
ASSOCIATIVE DATA MODEL

specification of optional variables
specification of domain types

SEMANTIC RELATION DATA MODEL

specification of constraints
interpretation of relations



VETTER / MADDISON RELATIOMAL MODEL

application of a variety of technigues in the design process

These reasons are not adequate for use in selecting a design process and
the azsociated logical data model, They are not sufficiently
cornprehensive to evaluate a potential process and its resulting logical
data madel.

Criteria of & 'good’ logical date maodel and & ‘qood’ design process
are defined in Chapter Three. The logical data mode] should be: (1)
convenient, (2) expressive and (3) rminimally redundant. Selection of a
dezign pracess should be made after application of the fallowing criteria:
(1) complete, (2) consistent, {3) efficient, (4) errar-free, (5)
implementation independent, {(6) precise, (7) theoretically sound and (&)
useabile. Identification of 5 logical data model using the criteria for &
‘good” design may dictate the selection of @ design process which would
not be identified when using the criteria for @ ‘good’ design process. The
final logical data maodel is determined by the design process. The
selection of @ logical data madel iz nat made independently fram the
selection of & design process.

The selection of the best combination of logical data maodel and
design process which meets the criteria described in Chapter Three
depends on the ares of application, problermn structure, expertize of the
designer and preference of the user. The area of application and the
prablern structure are especially important when madeling fuzzy data,
data which are (1) imprecise, (2 inapplicable, (3) incomplete, {(4)

inconsistent or (5 not known. Far any application it is impartant to



recognize specific cases of each type of fuzzy data and how they fit into
the environment of interest. Different types of fuzzy data may be included
in the data model in different ways. The design must be meaningful, clear
and easy to use when modeling fuzzy data.

The expertise of the designer affects the size of the vocabulary
and the number of rules which are acceptable in a design process. The
number of constructs which are acceptable also depends on the expertise
af the designer A more experienced designer may accept a larger
wocabulary and a greater number of rules and constructs. However, there
are lirmits to the amount of detail and complexity which even the
experienced designer will tolerate in a logical data model or design
process. The user's preference for the final logical data model may depend
an having a graphic description of the problem or a simple, easy to use
representaion expressed in familiar terms. The preference of the user for
g particular design process may depend on the number of major steps, the
number of steps within a given major step, the number of iterations
required to complete a design or the amount of time required for each
iteration.

The Associative Data Model described in Chapter Four Section 4.2
was effective for modeling the fuzzy data associated with the
genealogical example. This design process and the resulting Togical data
madel met the above criteria mare closely than the design process and
logical data madel of éither the Semantic Relation Data Model or the

vetter / Maddisaon Relational Model.



It i recommended that the following steps guide the designer

when modeling fuzzy data:

(&)
{9)

identify exarnples of each type of fuzzy data in the
enviranment of interest

define subset of environment of interest which includes
examples of each type of fuzzy data identified in (1)

use criteria to identify potential 1ogical data maodel(s)

use criteria to identify potential design processies)
identify pairs of logical data model and design process for
use in modeling subset of environment defined in (2)

use selected processies) to model subset of the enviranment
defined in (2)

evaluate application of processies) using design process
criteria

evaluate resulting logical data modelis) using design criteris
select ‘best’ combination of logical data model and design
process to model environment of interest

{10) mode) the entire enviranment of interest using the ‘best’

logical data model and design process comnbination selected in

(9
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Full Name of Spouse® Death
Burial |
10 _ - Birth {
Jeshva Mar- |
Full Name of Spouse® K Deth A —
Bunal lst in *Add. info. on children” column. Use reverse side for additional children, other notes, references or information.

*If married more than orr € No. eacl mar, (1) (2) etc. and




FAMILY GROUP No.

This Information Obtained From; [Husband’

Husband's Full Name ISQjCL‘\ Bq:l'c‘\elclel"

D

Dey Month Year

City, Town or Place County or Province, etc. State or Country

Add. Info. on Husbar

Birth

Chr’nd

Mar.

Death

Burial

Places of Residence

Occupation

Church Affiliation Military Rec.

Other wives, if any. No. (1) (2) etc,
Make separl'le shgel for(en)c )mlr.

His Father

Mother’s Maiden Name

leal elde

Wife's Full Maiden Name m.:ﬂq

Copp

Wife's

Dawa Day Month Year

City, Town or Place

County or Prbv{nce. etc. T ’Snre or Country

Add. Info. on Wife

LOGICAL HELPER, Swnd for ¢ fres cetslogue

Birth

IChr’n

[Death

Burial

Compiler

Places of Residence

Address

ccupation if other than Housewife

Church Affiliation

City, State

Form Al Copyrighl 1§83 by The Everton Publichers. inc., P.O. Bae 608, Lagen,

wiih llele and full descrigtione of many genssalog

Ulah Publiehere of THE OENEA

[ semene e N SR e

Date

Fer Father

Mother's Maiden Name

Children’s Names in Full
(Arrange in order of birth)

¥

hildren’
g‘urenc Day Month Year

City, Town or Place County or Province, etc. State or Country

Add. Info. on Childre

11
Elmire

Birth

Mar.

Full Name of Spouse®

Elam Meekum

\ [Death
urial

2

Birth

Mar.

Full Name of Spouse®

\ Death
Burial

Birth

Mar.

Full Name of Spouse®

Death
[Burial

Birth

Mar.

Full Name of Spouse®

Death

[Burial

Birth

Mar.

Full Name of Spouse®

Death
Burial

Birth

Mar.

Full Name of Spouse®

Death
Burial

Birth

Mar.

Full Name of Spouse®

PDeath

Burial

Birth

Mar.

Full Name of Spouse®

Death
Burial

Birth

Full Name of Spouse®

Death

Mar. |

Burial

10

Full Name of Spouse®

Birth |

Mar- |

Death



FAMILY GROUP No.

Husband’s Full Name James Leach

This Information Obtained From: B:f.b‘nd. Day Month Year | City, Town or Place County or Province, etc. State or Country Add. Info. on Husban
Birth 11180 ~NH
Chr’nd
, Mar: | Y Mar 1802 Bradbord  Ovange, VT
Batle aflondyslane, [Death |25 Fuly 18) _N_mgg.m._Eg& Ontarie Canada,
Burial
) Places of Residence
ié Occupation Church Affliation Military Rec. ([ Jar af 1812
§'3 Other wives, if any. No. (1) (2) etcs B4
.! Make separate shéet for each mar.
22 His Father Mother’s Maiden Name
i1,
i _ Wife's Full Maiden Name Sally Ratche lder
;5? ‘g:‘l: : Day Month Year City, Town or Place County ol"brovince. etc. State or Country Add, Info. on Wife
g2t -
fgs Birth 178Y [Bradferd  Ovance VT
aef IChr’n ’ Y
i1 Death |3 Mar 1848 Spvinjf;eﬁ Evic PA
§§§ Buria] '
-h::, Compiler Places of Residence
;gf Address ccupation if other than Housewife Church Affiliation
552 City, State [RAE Sespande il any: Ny LR =t
Date Her Father |saiakh 'f:a-kJ\el der Mother’s Maiden Name Molly Copp
= ® g .
Sex fm :BN::;:: : :;:.ltlm (é:itl‘dren . Dsy Month Year City, Town or Place County or Province, etc. State or Country | Add. Info. on Childrer
1 Birth
B C'\'SEM Mar.
Full Name of_Sfouse® \ Death
urial
2 Birth
James Mar.
Full Name of Spouse® eath
Burial
Birth
|saiah
Full Name of Spouse® Death
[Burial
4 Birth |30 Mar 86T VT
Em: Lo i Mar. |a4 \ov IB2S] Exie PA
Full Name S Death :&_A%__lsgi C,mmford PA
Cb\Qr\es c"“c‘s mi urial
Birth
Priscille Mar.
Full Name of Spouse® [Death
Burial
6 Birth
Jos lr\u a Mar.
Full Name of Spouse* Death
Burial
Vi Birth
Mar.
Full Name of Spouse® Death
Burial
fe} Birth
Mar.
Full Name of Spouse® Death
Burial
(8] Birth
Mar.
Full Name of Spouse® Death
Burial
10 Birth
Mar.
Full Name of Spouse® Death
Burial
\ist in "Add. info, on children® column. Use averse gide for additional children, other notes, references or information.




FAMILY GROUP No.

Husband's Full Name Olivexr Swith

This Information Obtained From: usband’®  Day Month Year | City, Town or Place County or Province, etc. State or Country Add. Info. on Husban:
Birth v NH
Chr'nd
Mar.
Death 1Y May [83% | Sprinefield Evie PA
Burial - ! 7
Places of Residence
Occupation Church Affiliation Military Rec.

Other wives, if any. No. (1) (2) €tc,
Make separate sheyet fur(eu)c )mlr.

His Father

Mother’'s Maiden Name

Wife's Full Maiden Name @

Wife's

Daws Day Month Year

Ctty, Town or Place County or Province, etc, Stare or Country

Add. Info, on Wife

Birth

IChr'n

[Death

Buria

Compiler

Places of Residence

Address

Occupation if other than Housewife

Church Affiliation

Form Al Copyright 1883 by The Everton Publishers. inc.. P.O Bos 308, Lagen,
Ulah Publishers of THE GENEALOGICAL HELPER. Send for » Iree cataiogue

ollh Lisls and full descripti>as of many genaaiogical sids

City, State

[REKE Seppanisualany: Nes 2} &

Date

}-[er Father

Mother's Maiden Name

Children's Names in Full
(Arrange in order of birth)

£

Children‘s

Data Day Month Year

City, Town or Place County or Province, et¢. State or Country

Add. Info, on Chuldrer.

! Chestevr

Birth 1192

maA ¥

1860 Cenmus

¥ NH

1880 Census

Full Name of Spouse®
(Lnamaxre leA)

\ [Death
urial

a,JCl-er 1880

Birth

Mar.

Full Name of Spouse®

\

eath

Burial

Birth

ar.

Full Name of Spouse®

Death

IBurial

[Birth

Mar.

Full Name of Spouse®

[Death

urial

Birth

Mar.

Full Name of Spouse®

Death

Burial

Full Name of Spouse®

\ Death
Burial

Birth

Mar.

Full Name of Spouse®

Birth

ar.

Death

Burial

Full Name of Spouse®

Birth

Mar.

Death

Burial

irth
Mar.

Full Name of Spouse®

Death
Burial

10

Full Name of Spouse®

. -

Death |
Burial

Birth
Mar. |




FAMILY GROUP No.

Husband's Full Name Oliver Swith

This Information Obtained From; B:ﬂ’"‘d' Day Month Yesr |Ctty, Town or Place County or Province, etc. State or Country Add. Info. on Husbanc
Birth 17141 N H
Chr’nd
Mar.
Death ) May 1838]Spr nelield Evie PA
Burial - J
Places of Residence
Occupation Church Affiliation Military Rec,

Other wives, if any. No. (1 €2,
Make separate sheyet for (u)cg)m.

His Father

Mother's Maiden Name

Wife's Full Maiden Name(2) Betsy

i
3
£
of
i
.
55;‘; g:‘l: ¢ Day Month Year City, Town or Place County or Provihr(;r_ Stare or Country Add. Info. an Wife
ga
;§§ Birth 117 NH
§as IChr’n
f§§ Death |21 c 1 Springfie P! Evxie PA
3 . ¥ JI
i [Buria]
§12 Compiler Places of Residence
;gf Address lOccupation if other than Housewife Church Affiliation
f5: City, State Phke st il Ny @ o
Date Her Father Mother’s Maiden Name
Sex &urp?ne; :nN::j:: 2 l;:-um) g.htl.dren“ Day Month Year City, Town or Place County or Province, etc. State or Country Add. Info. on Children
1 Birth 1198 NY
Lyman ar.
e \ Death |3 Sept 181S
| Harrt et urial !
2 Rirth 1199 NY
Electa Mar. 25 Apyr 1922
Full Name of Spouse® Death | ) A’D\’ IR
William E. “Poﬁe\’ \Burial '
3 Birth |20 Mar 1863 S’l\'ln field Evic PA
Charles Francis Mar. 3% Nov |82S|Sprinckield Evie PA
Full Name of Spouse® L A Death 17 _Feb 1886| Sorisefield Exic PA
E\M’.\wj Lovise Leach \[gura rJl
Birth 1 808 PA
O \i ver Mar.
@ Sgg'l;;ge of Spouse* Death

a5 ng+ 18&1

_MA!\]& E | lis Burial
5 Birth
Glenst gl::th prier 1830
James Honter Burial '
6 Birth
Miriam Mar.

Full Name of Spouse®

\ Death
Burial

Ibviov \§ 32

Full Name of Spouse®

Jane

Death
Burial

7 Birth |180S-%0
Aves (Aris) ar.
Full Name of Spouse® eath
To»\n G ”)é’,\’+ Burial PA
8 Birth 1410
Freeman Mar.
Full Name of Spouse® Death
HO.\' L4 C."’ Burial
9 Birth 181]-1820
Sehn Mar.
Full Name of Spouse* Death
Burial 2
10 Birth IStS pA
Am oS Mar.

T SLita- - —ebo- - —=-- - fimm---- ST



FAMILY GROUP No. Husband’s Full Name lugma;n Sml‘”\

This Information Obtained From: Bl:ls.band'ﬁ’ Duy Month Year City, Town or Place County or Province, etc. State or Country Add, Info. on Husba
Birth 188 NY
Chr'nd
Mar.
Death {2 Oct |
Burial
it Places of Residence
{1 Occupation Church Affiliation Military Rec.
K T R T
:_: His Father  Olivey Senith Mother's Maiden Name 15 e+S¢g
".;_ 7
2 vi. Wife's Full Maiden Name ® Maria
E ii Dau Day Month Year City, Town or Place County or Province, etc. State or Country Add. Info. on Wife
ggg Birt.h 1¥62
25 JChr’ndj
5:3 [Death |3 Auj 1840
o [Buria
§j¢ Compiler Places of Residence
:?f Address iOccupation if other than Housewife Church Affiliation
;gg City, State Riaier fusbandsy i any: No; (1) (2) exce
__Date Her Father Mother’s Maiden Name
Sex ammsmN:,{:z: 2 :;:.l‘lm (él:tl.dren‘l Day Month Year City, Town or Place County or Province, etc. State or Country Add. Info. on Childre
1 Birth PA
"\"‘ ram Mar. .
Full Name of Spouse® Death
urjal
2 Birth PA
—B e:LS'q Mar.
Full Name of Spouse® eath
Burial
3 Birth 1234 PA
Oliver A. Mar.
Full Neme of Spouse* Death |14 ffay 1856
Burial
Birth PA

* 'l-‘—cwr‘.e:l' M. Mar.

Full Name of Spouse® Death

urial
5 Birth PA
Giles L. Mar.

Full Name of Spouse® [Death

Burial
6 Birth
George L . Mar.
Full Name«of Spouse* Death
\ Burial
7 Birth
Mar.
Full Name of Spouse® Death
Burial
8 Birth

Mar.,
Full Name of Spouse® Death

Burial

9 Birth { .1
Mar, | 4.
Full Name of Spouse® Death

Burial

10 Birth_| -
IMar.

— ]

Full Name of Spouse® Death
Burial

.

o et 3) etce and It In “Add. wnfo, on chuldren® column. Use reverse side for additfonal children, other notes, references or information,

*If married more rhan on €



FAMILY GROUP No.

Husband’s Full NameCharles Francis Semith

This Information Obtained From: Bl:ls:zand' Day Month Year Ctty, Town or Ple= County or Province, etc. State or Country Add. Info. on Husbanc
Birth |20 Mar 1803 | Sporincfield Evie PA
Chr’nd ¥
Mar. [ay Nev 1825 S.ormc?&zld Eric eA
Death [\ _Feb 1886 | Sorins d _Evxie PA
Burial 2
Places of Residence
Occupation Church #filiation Military Rec.

o free cotalogue

Other wives, if any. No. (1) (2) etc.
Make separate shget for (u)cg )mnr.

His Father Oliver S .Hn

Wife's Full Maiden Name Ewm: ly

Mother’s Maiden Name 36"‘504
-

Lovise Leach

Wife's

&
83
E;’ Data Day Month Year City, Town or Pize County or.srovlnce, etc. Stare or Country Add, Info, on Wife
§§ Birth |36 Mar 1868 VT
3t IChr'n
& Death |26 Aue |888| Linesville Crawford PA
i Buria - 2
z; Compiler Places of Residence
gf Address IOccupation if other than Housewife Church Affiliation
4= City, State Rralcr Susbandsyif any: No; (1) (2) exc.
. Date Her Father :Yg_m_es_m Mother’s Maiden Name Sallgég-k:l\ elder
Sex fm’:’mN::;:: ’; :‘u;lm gl:ltl.dren‘l Day Month Year City, Town or Pixe County or Province, etc. State or Country | Add. Info, on Childrer.
1 Birth |28 Jan 1827
_3 e-l- Sey Mar.
Full Name of Spbuse® \Death 31 Auvq 185S
w Iliam Broc kway aris] J
Birth Auq |829
A moSsS Mar. v

Full Name of Spouse®

\ eath 1§ Sept 1900
Burial '

Birth May [R30
LQ‘I"‘VOD L,()H'\QIC)A Mar. -
Full Name it Spouse® Death Neov 1831
IBurial
2 Birch |29 Sept 1831
Sa\,&L Mar. )
Full Name of Spouse® Death
Seohn —B me IV\“‘DSL Burial
5 Birth [ 1S Nev 1833
Aris A Mar.
Full Name of Spouse® Death |22 A»p\' |852
Burial )
6 Birth |18 Mar 18
C,hm'\es Mar.
Full Name of Spouse® \Death il Felb 1923
Burial
" Birth | g Apr  18%
IAU\’Q A Mar. !
Full Name of Spouse® Death | [3 A‘UQ 1858
Burial -
S Birth Auq 18Y%2
Helen ar. [
Full Name of Spouse® Death
H‘Q“"‘-\ B L;he, Burial

Aelaide Mekilda

irth |1_Feb 184S]

Mar. |28 Sef-} 1863

Full Name of Spouse® Death )
] IhevoVe BC)ncA!C(' Q’“AC Burial
Birth [ Lu 1341

Tames O\ wex

Mar. L&"r 1813

Full Name of Spouse®

__Baxah Isabel Pe:\‘\‘ \—}giiﬁg;_

A



Form Al Copyrighl 1893 by The Eserion Publishers,inc , P O Box 508, Logen,
Ulsh Publiehare of THE GENEALOGICAL HELPER Send lor o lree crtalogue

=115 lele and 1ull deecriptioae ol many genealogical eide

Sex Children®s Names in Full Children's

FAMILY GROUP No. Husband's Full Name Charles Francis Swmith &>

This Information Obtained From; [{isPend'S Day Month vear
Birth
Chr’nd
Mar.
Death
Burial
Places of Residence

Occupation Church Affiliation Military Rec.

Other wives, if any. No. (1) (2
Make separate sheyet for (en)c )mit?

His Father

City, Town or Place County or Province, etc. State or Country Add. Info. on Husban

Mother's Maiden Name

Wife's Full Maiden Name Ewily Lovise Leach

Day Month Year City, Town or Place County or ‘Pgovince. etc. Stare or Country Add. Info. on Wife

Wife's
Data

Birth
IChr'n
Death
Buria]
Compiler Places of Residence

Address IOccupation if other than Housewife Church Affiliation
City, State o Sepntn il any No R o

__Date Her Father Mother’s Maiden Name

(ArTange in order of birth) Dats Day Month Year City, Town or Place County or Province, etc. State or Country Add. Info. on Childres

1 ' Birth Jan 185!
Eml\\v‘ “, Mal‘.
Full Name of8pouse® \ Death 23 Ju l_‘j 135S

urial

2 Birth
Mar.
[Death
Burial

Full Name of Spouse®

3 Birth
Mar.
[Death
IBurial

Full Name of Spouse®

4 Birth

Mar.
Full Name of Spouse® [Death

[Burial

5 Birth
Mar.
Full Name of Spouse® Death

Burial

6 Birth
Mar.

Full Name of Spousge® Death
Burial

7 Birth
Mar.
Full Name of Spouse® Death

Burial

) Birth

Mar.
Full Name of Spouse® Death

Burial

0 Birth

Mar.
Full Name of Spouse® Death

Burial

10 Birth —

[Mar. ]

Full Name of Spouge® Death
Burial ——— e




re.inc , P.O. Bas 508, Logen.
for s free catnlogue

o1 THE OINEALOGICAL HELPEIR. Send

Al Copyright 1883 by The Ewsrton Publishs:

Utah  Publishars

«1ih i1t and full descriptions of many gensalogical sids.

FAMILY GROUP No.

This Information Obtained From:

Husband’s Full Name rreemqn Sm.%

flusband’s  Dey Month vear

Clty, Town or Place County or Province, etc,

State or Country

Add. Info, on Husban

Birth 1810

PA

Chr’'nd

Mar.

Death

Burial

Places of Residence

Occupation

Church Affiliation

Military Rec.

Other wves, If any. No. (1) (2) etc,
Make separate shget for (azc )mnr.

His Father  O)iver Swith

Mother's Maiden Name 3 e:l—Sq

Wife's Full Majden Name Harried

Wife's
Dats

Day Month Year

City, Town or Plsce

County or Province, etc,

Stare or Country

Add. Info. on Wife

Birth

1918

NY

Chr’n

IDeath

Buria]

Compiler

Places of Residence

Address

[Occupation if other than Housewife

Church Affiliation

City, State

er husbands
ake separate

eV N il

- Date

her Father

Mother’s Maiden Name

Children’s Names in Full
(Arrange in order of birth)

Children’s
Data

Day Month Yesr

Ctty, Town or Place

County or Province, etG.

State or Country

Add. Info, on Childret

1

E.

Birth

18339

PA

Mar.

Full Name of Spouse®

\ Death
urial

Coréehm

Birth

1843

PA

Mar.

Full Name of Spouse®

Death

Burial

Thn B.

Birth

1844

PA

Mar.

Full Name of Spouse®

eath

IBurial

Lo iam

Birth

1847

PA

Mar.

Full Name of Spouse*

[Death

[Burial

Bets,

Birth

1848

cT

Mar.

Full Name of Apouse®

[Death

Burial

Birth

Mar.

Full Name of Spouse*

\ Death
Burial

Birth

Mar.

Full Name of Spouse®

Death
Burial

Birth

Mar.

Full Name of Spouse®

PDeath

Burial

Birth

Mar.

Full Name of Spouse®

Death

Burial

10

Birth

arls

Full Name of Spouse*®

Death
Burial



FAMILY GROUP No. Husband's Full Name Theodore, [Senedict Rondel

This Information Obtained From: [Busband'S  Day mMonth Year

City, Town or Place County or Province, etc. State or Country Add. 1nfo. on Husbar

gﬁ?’ﬁd 335. 1835 CuSewaso Crdmgsrd PA
Mar. IRYO
Death [19 Mar 1915 |Connequiville Crawford PA
Burial ’
Places of Residence

Occupation Church Affiliation Military Rec.

Otker wives, i any. No. (1) (2) efc.
Make separate shzyel for (en)c$ )rmr.

His Father Mother’s Maiden Name

" Wife's Full Maiden Name (DMrs. Flora Augosl-q., Nash Linder
Data Day Month Year City, Town or Place County or Province, etc. Stare or Country Add. Info. on Wife
Birth
IChr"nd
iDeath
[Buria}
Compiler Places of Residence &£ \)Qndo,l ia, Mich qan

Address lOccupation if other than l-/lousewife C'l';urch Affiliation
City, State RS panisvil ey, e SR =

__Date Her Father Mother’s Maiden Name

Sex Children’s Names in Full Children's
(Arrange in order of birth) Data Day Month Year City, Town or Place County or Province, etc. State or Country | Add, Info. on Childre:

1 Birth
Full Name of Spouse® pear-
\ Death
urial
2 Birth
Mar.
eath
Burial
3 Birth
Mar.
Death
IBurial
4 Birth

Mar.
Full Name of Spouse® eath

Ulah  Publlehare of THE GENEALOGICAL HELPER Send for a free calaiogue

Form Al Copyrighl 1883 by Tha Lvarion Publishers, inc , P.O Baa 508, Lagan,
wlih llala and full deacriptizne of many genealogical aide

Full Name of Spouse®

Full Name of Spouse*

IBurial
5 Birth
Mar.

Full Name of Spouse® IDeath
Burial

6 Birth
Mar.
Full Name of Spouse® \ Death
Burial
7 Birth

Mar. -
Full Name of Spouse* Death

Burial
g irth
ar.
Full Name of Spouse*® Death

Burial

] Birth
Mar.

Full Name of Spouse® eath

Burial
10 Birth
Mar.

Full Name of Spouse® Death —
Burial




APPENDIX B



BATCHELDER

Bachaler
Bacheleder
Bacheler
Bachellor
Bacheler
Bachlicor
Bachylere
Bashelor
Batchelar
Batcheller
Batchelter
Batchilor
Batchlor
Battchelor

CopPpP

Cope

LEACH

Leah
Lech
Lirtch

ALTERNATE SPELLINGS

Bachalor
Bacheldor
Bachelere
Bachelor
Bachillor
Bachlor
Bactherer
Batchalder
Batcheldor
Batchelor
Batcherder
Batchlar
Batcholder
Bocldr

Copps

Leatch
Leech

Lish

Bachelder
Bacheldore
Bacheller
Bachilder
Bachilor
Bacholter
Barchaldor
Batchalor
Batcheler
Batchellow
Batchilder
Batchldor
Batcholdor

Leceh
Leetch



STATE

Pennsylvania

Pennsylvania

Pennsylvania

COUNTY HISTORY

COUNTY

Allegheny

Crawfaord

Erie

CREATED FROM

Westmoreland &
washington
Allegheny
Allegheny

DATE

1784a

1800
1800



APPENDIX C



YETTER / MADDISON RELATIOMAL MODEL - PHASE |

STEP 1. IDEMTIFY ENTITY SETS
person
marriage

STEP 2. IDENTIFY PROPERTIES OF ENTITY SETS
PERSON

id*
narme
nickname
aligs
birth date
birth place
death date
death place
father
mother
married

MARRIAGE
id *
marriage date
marriage place
person * {husband)
person * (wife)

STEP 3. DOMAINS OF PROPERTIES OF ENTITY SETS
id nurnbers
given name
surnarme
nicknarne
alias
year
maonth
day
country
state
county
otherpohticalsubdhﬂsion{DPS)
nurmber



STEP 4. KEY DOMAINS OF ENTITY SETS
PERSON

id number (P#)

MARRIAGE
id number {M*)

STEP 5. IDENTIFY ENTITY ATTRIBUTES
PERSON

P-name (P*, given name, surname)
P-nickname (P*, nickname)
F-alias (P* alias)
P-birth (P*, year, manth, day)
P-death (P#*, year, month, day)
P-father (P*, FP#*)
P-mather (P*, MP#)
P-number of marriage (P*, NM)

MARRIAGE
M-marriage date (M*, year, maonth, day)
M-marriage place (M*, country, state, county, OPS)
M-husband (M*, HP*)
M-wife (M*, W P*)

STEP 6. IDENTIFY RELATIONSHIP SETS
spouse-of (HP*, WP*)

STEP 7. IDENTIFY RELATIONSHIP ATTRIBUTES
none



VETTER / MADDISON RELATIONAL MODEL - PHASE 11

TRANSFORM DESCRIPTION OF ENYIRONMENT OF INTEREST INTO
ELEMENTARY RELATIONS

CK  candidate key

ER  elementary relation

FD  functional dependence {---»)
FFD  full functional dependence {===>)
PK  primary key

R relation

M#¥  marriage number

NM  number of marriages

OPS other political subdivision
P#*  personid®

FP* fatherid*®

HP#* husband id *

M.P#* mother id #

W.P* wifeid*

k1 P-NAME (P*, Given name, Surname)

CK & PK p*

FD p#--->Given name
p#--->Surname

ER1 {(p*. Given narme)

ERZ {(P*, Surnare)

R2  P-NICKNAME {P*, Nickname)
CK & PK P# Nickname
FD
ER3 {P#* Nickname)

k3. P-ALIAS (P*, Alias)
CK&PK P*, Aliss
FD
ER4 (p* Alias)

WLELE LS



R4. P-BIRTH DATE{P”,Vear,Mnnth,Dﬁg)

CK & PK
FD

ERS
ERE
ERY

k3. P-BIRTH PLACE {p#, Country, State, County, OPS)

CK & PK
FD

ERE
ERDQ
ER1O
ER11

A
[

Ck & PK
FD

ER12
ER13
ER14

R7  P-DEATH PLACE (P*, Country, State, County, OPS)

Ck & PK
FD

ER1S
ER16
ER17
ER1&

FJ#
P#---sYear
P#--—:Maonth
P#--->Day
(P* Year)
(P* Month)
(P*, Day)

P#
P#---3Country
P#---:State
P#--->County
P#---:0P5
(P*, Country]
(P* State)
(P*, County)
{P*, OPS)

P-DEATH DATE (P#, Year, Month, Day)

P#
pP#*---sYear
P#---3Month
P#---»Day

(P# Year)
{P* Manth)

(P# Day)

P#
p#---sCountry
p#-——.Ctate
P#---:County
p#---:0PS

{P*, Country)
(P*, State)
(P*, County)
(P* 0OPS)



R10.

R11.

R12.

F1

i

P-FATHER (P* F pa)
CK & PK P* FP#*
FD
ER19 (P# Fp#)

P-MOTHER (P*, M.P=*)
CK & PK P* MP*
FD
ER20 (P MP*)

P-HUMEER MARRIAGES (P#*, HM)
CK & PK p#
FD P*---3NM
ERZ1 (F#, NM)

M-MARRIAGE DATE (M*, Year, Month, Day)
CK & PK 1*

FD M*---:Year
M*---sManth
M*--->Day
ER22 {M*, Year)
ER23 {M* . Manth)
ER24 (11*, Day)

M-MARRIAGE PLACE (M*, COUNTRY, STATE, COUNTY, OPS)
CK & PK M*
FD M#*---»Country
M*--->State
M#*---:County

M#---30PS
ER25 (M*, Country)
ERZ6 {M*, State)
ER27 (M*, County)
ERZE (M* OFS)

M-HUSEAND (M*, HP*)
CK & PK M*, HP*

FD .
ER29 iM* HP*)




R14. M-WIFE (M*, w p=*)
CK & PK M*, wp*
FD

ER30 (M* _W.P*)

R13. SPOUSE OF (H.P*, wP*)
CK & PK HP#*, wp*
FD

ER31 (HP*, ‘W.P*)

Note: This Tist of Elementary Relations is used in Phase |11,



YETTER/MADDISON RELATIONAL MODEL ~ PHASE |11

ER3I DIGRAFH ER29
.
( —k
% *
HP=.w.p . Nicknarne p M#* H.p*
LS
ER20 \ F Y .
O ' ERS 4 kR
"
| "\ N p \Y
] X
P.,M.p* ! F# Mickname s M* W P*
X / ~
ER19 ~ b y .7
SNy e ER22/
(\ﬁ/ . "\ . * ‘f -~
- - ~ s ERS,ER1Z
P*.FP R p* . L Year
""""" ™. ER6
<77 ERa® '\ b z
ERT _..-f""f/jf:—x. : \ - ERIS ER23
-~ / AT Y
. Py 'l,
Given i p#* Alias Conth
Name : "\\ \EF’? or
Yl ' \ ER14
I ]
ERZ / ; \ N ERZ4
/ . 4
Surname Alias \ Day
ERS
ERZ1 \ ERZ5
ER15
MM " Country
\\ VR ppoe
\ Y ER1G
F.p* Father Person Number \ ER10  ER27
HPp* Husbsnd Person Number ER17
M Marriage Number
MPp* Mother Perzon Mumber County
NM Number of Marriages
OPS Other Political Subdivision T
w.p* wife Person Mumber \ - ER28
ER18
————»  Functional Dependency OPS

Trivial Dependency
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Death OPS




VETTER / MADDISON RELATIONAL MODEL - PHASE 11l (Cont.)

Death.OPS

CA




YETTER / MADDISON RELATIOMAL MODEL - PHASE 111

TRANSITIVE DEPENDENCIES

DEPENDEMCY

P#,F P#*--—:Given name
P# FP#- - —sSurname

F# FP#--—5Birth year
P# F.P#--—:Birth month
F# ,F.P#--—:Eirth day
P#FP#*--—2# marriages
P# FP#¥---sDeath year
P# F.P#---:Death manth
F# F.P#---:Death day
P#,F.P*--—»Birth country
P# FP#--->Birth state
P# F.P*---:Birth county
F# F.P#---:Birth0OPS
P# F.P#*---:Death country
p# F.P#---:Death state
P# F.P#--->Death county
F# FF#--->Death OP3
P# M.P#---:Given name
P# MP#*---:Surname

F# M.P#---:Birth year
P# MP#---:Birth month
P#* MP#---:Birth day
P# MP#---:% marriages
P# MP#*--->Death year
P# M.P#--->Death month
P# M.P#--->Death day
P# M.F#--->Birth country
P# M.P#--->Birth state
P# M.P#--->Birthcounty
P# MP#---:Birth0PS
P# M.P#--->Death country
p# M.F#---:Death state
p# M.P#---:Death county
p# M.Pp#---Death OPS

COMPOSITION OF

p# FP#---:P#--->Given name
P# F P#--_:p#_--_:Syurname

P# F P#--_sp#--_>Birth.ear
p# FP#*--->p#---:Birth.manth
P# FP#---:p#_-_:Birthday

P# F P#---:Pp#--->¥ marriages
P# FP#---:P#---:Death.year
P# FPp#---:P#---:Death.manth
F# FP#---:p#--->Deathday

P# FPp#---»p#_-_>Birthcountry
P# FP#---:Pp#---:Birthstate
P# F P#---:p#--—sEirth.county
P# FP#--->p#--—3Birth.0PS
P# FP¥---»P#---:Death.country
p# FP#---:p#---:Deathstate
P# FPp#--->p#---:Deathcounty
p# FP#---:p#---:Death0P3
P# MP#---:P#---sGiven name
P# MP#---sP#---:3urname

pP# MP#---F#--->Birth.year
P# MP#---:p#--->Eirth.month
P# MP#---:pP¥---:Rirth.day
P# MP#*--->P#---2¥ marriages
P# MP#--->P#---sDeath.year
P#* MP#---:p#---:Death.month
F# MP#---P#---:Death.day
P# MF#*--->P#--->Birthcountry
P# MP#---p#--—>Birthstate
F# MP#*---:P#---3Birthcounty
p# MP#---:pP#--—>Rirth 0P
p# M.P#--->p*--->Death.country
P# M P#---P#---:Degth state
p# MP#---:p#--->Death.county
p# MP#---:p#---:Death OPS

MEANINGFUL

Mo
Mo
Mo
Mo
Mo
i
Mo
Miy
Mo
{17
Ho
No
1]
]
M
Mo
]
Mo
Mo
Mo
Mo
No
Ho
Mo
0]
Mi
Ho
Mo
Mo
Hia
Mo
Mo
i
Ho



YETTER / MADDISON RELATIONAL MODEL - PHASE 11

TRANSITIVE DEPENDENCIES

DEPEMDENCY COMPOSITION OF MEANINGFUL
F’:,Nl:ckname--ﬁtiiven name  P¥* Nickname--->P#--->Given name No
F"#_.N?ckname---*/Surname P# Nickname--->P#--->5urname Mo
F# Mickname- - ->Birth year P# Mickname--->P#--->Birth.year No

F"*,N!ckname--qsi rthmonth  P# Nickname--->P#--->Birth.month No
F* Nickname- - - >Birth day P# Nickname--->P#--->Birth.day No
P# Nickname---># marriages P#* Nickname--->P#--->% marriages No
P# Nicknarne- - - >Death year P# Nickname--->P#--->Death.year No
P#* Nickname- - - sDeath month P# Nickname--->P#--->Death.ranth No
P# Nicknarne- - - >Death day P#* Mickname--->P#--->Death.day No
P# Nickname--->Birth country P# Nickname--->P#--->Birthcountry No
P#* Nickname- - - >Birth state P# Nickrame- - ->P#--->Birth.state No
P# Nickname--->Birth county P#* Nickname--->P#*--->Birth.county No
P# Micknarne--->Birth OPS P# Nickrame--->F#--->Birth.0PS No
P#* Nickname--->Desthcountry P#* Nickname--->P#--->Death.country No
P# Nicknarme- - - »Death state P# Nicknarne- - - »P# - - - »Death state No
P# Nickname- - - >Death county  P# Nickname- - ->P#-- - >Death county No
P# Nicknare- - - »Death OPS P# Nickname--->P#--->Death OPS No
P# Alias- - ->Given narme P# Alias- - - »P#- - -:Given name Mo
P# Alias--->Surnarne P# Aligg- - ->P# -~ ->5urname No
P# Alias--->Birth year P# Aliag~ - -»P#- -~ :Birth.year Mo
P# Aligs- - ->Birth month F# Aligs- - ->P#--->Birth.month No
P# Alias---sBirthday P# Alias--->P#--->Birth.day No
P# Alias--->#* marriages P# Alias--->P#¥---># marriages No
P# Alias- - - >Death year P# Aliaz- - ->P#*--->Death.year No
P# Aliag- - ->Death month P# Aliag--->P#--->Death.month Ho
P# Alias- - - >Death day P# Alias--->P¥--->Death day No
P# Alias--->Birth country P# Aligg- - ->P#---:Birth.country Ho
pP# Alias--->Birth state P# Aligs--->P#--->Birthstate No
P# Aligs- - ->Birth county P# Aligg--->P#--->Birth.county Ho
P# Alias--->BirthOPS P# Aligs--->P#--->Birth.OPS No
P# Alias- - ->Death country p# Alias---»P#--->Death.country Mo
P# Alias- - ->Death state P# Alias--->P#--->Death state No
P# Alias- - ->Death county p# Aligg---»P#---:Death.county Mo
P# Aligs- - - »Death OP3 P# Aligs--->P#--->Death OP3 No



VETTER / MADDISON RELATIONAL MODEL - PHASE 1l

TRANSITIVE DEPENDENCIES

DEPENDENCY

H.P# W P#--->Given name
HP#* W P#--->Surname
HP* W P*--->Birth year
HP* W.P#*--->Rirth month
HP* W.P#---5Birthday
HP* W.P#--->% marriages
H.P#* W.P#--->Death year
H.P#* W .P#---:Death month
H.P#* W P¥--->Death day
H.P#* W.P#--->Birth country
H.P#* W P#¥--->Birth state
H.P#* W.P#¥--->Birth county
HFE#* W P#--->Birth0OPS
H.P¥ W P#*--->Death country
H.P#* W P#--->Death state
H.P* W . P#*---5Death county
H.P#* W P#--->Death OPS

COMPOSITION OF

HP# W P#--->p#*--->Given name
HP#* W P#---sp#- - Surname
HP#* W P#--->p#*_-->Birth.year
HP#* W P#---:p#*-.->Rirth.month
HP#* W P#--->p#--_>Birthday
HP* WP#--->p#*---># marriages
HP#* W P#--->P#--->Death.year
HP# W P#--->p#--->Death.month
HP#* W P#--->p#*.-->Death.day
HP#* W P#--->p#---:Birth.country
HP#* WP#--->p#---:Birth.state
HP#* W Pp#*--->p#*--->Birthcounty
H.P* W P#--->P#*--->Birth OPS
HP#* W P#---:p#--->Death.country
H.P#* W P#*--->P#--->Death state
HP#* W P#--->p#*--->Death.county
HP#* W P#*--->P#---5Death.OPS

MEANINGFUL

No
No
No
No
No
No
No
No
Ho
No
No
No
No
No
No
No
No



YETTER / MADDISON RELATIONAL MODEL - PHASE 111

TRANSITIVE DEPENDENCIES

DEPENDENCY COMPOSITION OF MEANINGFUL
M:,H.F':---r»[%iven name M* HP#---.p#___:Given name No
M#,H.P#--->Sprnarne M* HP#---5p#--_3Surname No
M#'H'p#""">B‘,”h year M#* HP#---sp#___Birth.year No
f4#,H.P#--->B!rth month M#* H.P#---5p#- - _5Birth.month No
M#,H.F' -=->Birth day M#* HP#---5p*___Birthday No
M* H.P#*---># marriages M#* HP#---:p#--_»# marriages No
M* H.P#*---:Death year M#* H.P#--->p#---sDeath.ysar No
M* H.P*---:Death month M#* HP#---5p#___5Death.month No
M* H.F#---:Death day M#* H.F#--~P#---5Death.day Mo
M* H.P#--->Marriage year M* HP#---5M*---:Marriage.year Ho
m,:.g:----ﬁardaqe ;ﬂomh E:,:.E:--->;'1*--->Marriage.month Ho

JMPT===>Marrage day JHP#F ooy M# - - - Marriage.da No
M#* H.P#--->Birth country M#,H.F'#---*/F'#--->Birth.cc?untr'f; Mo
M* H.P#--->Birth state M#* HP#--->p#--—>Birth state No
E:,:.g:--wg? r:: ?r;fjsntg E:,:.F'#--->P#--->Birth.countu Ho

JHP#F--->BirthOPS JHP#o——sp# o _Birth OPS No
M#* H.P#--->Death country M* HP#---sp#---sDesth.country No
M# H.P#--->Death state M#* HP#---p#.--:Death state No
M*,:.P#---meath county M#* HP#*--->P*--->Death.county No
M#* H.P#*--->Death OPS M#* HP#---p*¥--->Death0PS No
M#* HP#*--->Marriage country M#* HP#*--->M*--->Marriage.country No
M#* H.P#¥--->Marriage state M# H.P#--->M*--->Marriage state No
M#* HP#*--->Marriage county M#* HP#--->M#--->Marriage.county Ho
M#* H.P#--->Marriage OPS M# HP#--->M#¥---3Marriage OPS No
M* W P#---sGiven name M#* W P#---5P#¥--—sGiven name Ho
M#* W.P*¥--->Surname M#* W P#---:p#¥. - 550rname No
M* ‘W P#---:Birth year M#* W P#--->p#---sBirth.year No
M* W P#--->Birth month M* W P#*--->P#¥--->Birth.month No
M* \wf P#---3Birth day M#* W P#--->p#¥---:Birth.day No
M* W.P#¥--->#* marriages M#* W P#--->P¥--->% marrisges No
M#* W P#¥--->Death year M#* W Pp#--->p#--->Death.year No
M#* W P#--->Death month M#* \wf P#--->P#--->Degth.month No
M#* W P#--->Death day M* W P#---»p#--->Death.day Mo
M#* W P*--->Marriage year M* W P*---:M*--->Marriage.ysar No
M# 'w P#--->Marriage month  M¥ W P¥--->M*--->Marriage. month No
M#* W P#--->Marriage day M#* W P#--->M#---5Marriage.day Mo
M#* W P#---5Birth country M#* W P#---:P#*___:Birth.country No
M#* W P#--->Birth state M* W P#*---p#_--sRirthstate Ho
M#* W.P#*---3>Birth county M* W P#--->p#_-_-_:Birth.county Mo
M#:W.F'*--->Birth oPsS M* W P*e—sp®-_ >BirthOPS No
M#* W P#¥--->Death country M# %W P#¥---5p#---:Death.country Ho
M# w.P# - - ->Death state M® W.P# - - 5P - Death state No
M#* W .P#--->Death county M# W P#¥---sp#_ - -Death.county Ho
M#:W.P*---meath aps M* ¢ P# 5P #- - _>Death OPS Ho
M#* W.P#*--->Marriage country M* W.P¥--->M*--->Marriage.country Ko
M#:w,P#--->Marriage state  M* W.P#¥--->M#*---:Marriage state No
M# W.P¥--->Marriage county M* W.P#--->M*---Marriagecounty No

M#* w P#--->Marriage OPS M* W P*¥---sM#*--->Marriage OFS No



YETTER / MADDISON RELATIONAL MODEL GENEALOGICAL EXAMPLE

PHASE |11 AND PHASE |V

ER1{Perzon number, Given name)
ERZiPerzan nurmber, Surnarme)

ER3(Person number, Mickname)

ER4{Person nurmber, Alias)

ERS(Persan number, Birth.year)

ER&(Persan number, Birth.rmonth)
ER7{Person nurmber, Eirth.day)

ERG{Person number. Eirth.country)
ERI(Person number, Birth.state)
ER10{Person number. Eirth.county)
ERT1{Ferson number, Birth.0Ps)
ER12{Persan number, Death.year)
ER13{Person number, Death.maonth)
ER14iPersan number, Death.day)
ER15{Persan number, Death.country)
ER1&{Person number, Death.state)
ER17{Persan number, Death.county)
ER18(Person number, Death.OPS)
ER19{Persan number, Father. persan numhber)
ERZ0(Persan number, Mother persan number)
ERZ1iPerson number, Number of marriages)
ER22{Marriage nurmber, Marriage year)
ERZ23i{Marriage number, Marriage.manth)
ERZ24{Marriage number, Marriage.day)
ER2S{Marriage number, Marriage.country)
ER26(Marriage nurmber, Marriage state)
ERZ7{Marriage number, Marriage.county)
ER2&(Marriage number, Marriage.OPS)
ER29(Marriage number, Husband.person number)
ER30{Marriage number, Wifeperson number)
ERZ1{Husband.person number, Wife.person number)

Note: OPS stands far Other Palitical Subdivision
{city, tawn, township, village)

At the conclusion of Phase |11 there were no redundant elementary
relations. Therefore, the list of elementary relations for Phase 1Y is the
same a5 that for Phase (1.
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