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The importance of modeling the structure of data is increasing as the
complexity and size of data bases grows. This importance has created a
demand for more expressive and yet easy to understand data models. A
data model is an abstract view of a collection of data. This abstract view
should provide a clear picture of what the items of interest are in a given
application as well as showing how the items are related to one another.
The relational model and the entity-relationship model are two data modeis
. that will be studied and utilized in this paper. These two models have been
used primarily for modeling systems which were implemented in traditional
file structures (files which contain records which are made up of fields).

Recently, the author was involved in a project which resulted. in an
information entry and retrieval system implemehted in Lisp. The primary
data structure used was the frame. Each individual frame is an entity, and
the frame is made up of slots containing information about that entity. This
is similar to a record which is made up of fields and which may aiso
represent an entity. Frames are an outgrowth of work done in artificial
intelligence (Al). The Al community has its own set of data modeling tools
and techniques and these were the techniques used in developing this
project. . A

The goal of this paper is to explore the use of the more traditional data
modeling techniques to model an artificial intelligence based
implementation construct. In particular, this paper will study the use of the
relational and Entity-Relationship data models, to model a frame-based
information management system. '
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Chapter 1

INTRODUCTION

1.1. The Subject Area.

Managing infqrmation effectively is becoming more and mpre_impqrtant in
every workinlg‘ environment. The incorporation of the combuter into the business
world has ‘changed‘ the means of information management from one of index cards
and file cébihets to one of data base management systems and other computer
software programs. The need for efficienf, usle'ful information entry. and retrieval
systems is growing dramat?cally as greater numberé of pgople warit access to ever
increasing volumes of data.

The 'concépt of the data base wés born to address this need. Martin (Martin,

1976/ p. 4) defines a data base as

..a collection 6f data designed to be used by d'ifferent programmers...
The intent ié to store the data independe.nt of any pro'grams that access it. This
step in the evolution of infofmati_on management made it eésier for new
“applications programs to access the data since thle data were stored in a uniform,
controlled manner..

This need for information sysfems has driven the data base designer! to

'The data base designer is the person(s} who develops and implements the programs that make up
a data base management system, or DBMS.



develop tools and.techniques for storing and accessing this growing volume of
informétion. The data base designer develops a complete set of prdgrams which
access, store, allow the viewing of and p‘rovide the s.ecurity for a data base. This
overall set of programs is called 5 Data Base Management System (DBMS).

A number of models have been developed to provide the data base systems
analyst2 with a logical view of the data to be'stored in a data‘base. This togical
view makes it easier to see what facts are being stored and how all of the facts
relate to one another. The logical view‘ has no 'concnzern' for the iniplémentation
details of any one DBMS. A name for this overall logical descrfpiion of a data
"base is schema. A schema describes all of the types of data that will be stored,
and shows the connections or relatiqnships between _the data items (Martin, 1976).

The data‘ base syStems analyst is not the onl\.(‘ person that needs to
‘understand the logical arrangement of the data in the ’corﬁputer. The use} must
also be able to understand and communicate his or her logical view of the data.
This is p‘articularly'important for the perso‘n representing the user when a new
system is first being develbped. This person and the systems an'alyst mpst be
able to express their ideés about the |o§ica| data base strupture. These ideas will
include what information should be stored in the computer and how all of the
, i_nformation is related. A data model will help provide a uniform format to aid in

this communication. Data modeling tools are therefore an important link between

2The data tyasé systems analyst is a data base expert who interacts with the end user of a data
base system and makes the decisions about how to utilize the data base in the most productive
manner.



the data base systems analyst and the user.

The evolution of ideas and cbncepts' in data modeling has included a process
of abstracting further away from the physical implementation of the.data base and -
has aimed mére at describ.ing the objects or entities and their relationships. - This
‘has allowed the user who is unfamiliar with computer data structures to still
communicate easily with a data base systems analyst. The user is able to talk
about his domain as he normélly does, for example, indicating'that part A is
related to process B‘in a certain way. This is in contrast to a user having to
understand some implemen:tation concerns such as pointers or indexed files.
Whenever there is better communication between individuals, the outcome of a
project will be improved.

There have been many models develbped to help define how a data base is_
organized. Some earlier models included CODASYL (Codasyl, 1973), the.
hierarchical model (Tsichritzis & Lochdvsky, 1982), and the netwqu model
(Tsichritzis & Lochovsky, 1982). These models are used as a conceptual template
in which the data elements and their relationships may be pre's'e'n‘ted. However,
these earliér models were closely related to the actual machine représentation a'nd
this reduced their effectiveness and power as a data model_(Martin, 1975). As the
models have evolved over the past 25 vvears they have become easiér to
conceptualize, easier to modify once a model is constructed, and able to represgnt
many ‘levels of complexity (Martin, 1976). This has made it easier for an untrained
end user to sit down with a data base systems analyst and confirm the details of

what data go into the data base in what format and with what relationships. There



is still a need for even more expressive and more powerful data models to handle
;he computerization of more and more complicated types df idfbrmation. (Bic &
Gilbert, 1986, Carison & Arora, 1985). The artificial intelligence community' is
attembting to use (_:omputer's for much more sophisticated applications such as
natural language processing and expert systems. ’Improved medels‘are needed to
reflect this level of sophistication. -

New developments and ideas have had‘a continuous effect on the field of
'in‘format‘ion managemenf. The artificial inte.lligence_(Al) community is one source
of these new concepts. -‘Many Al systems have been developed that store data in
frame's with slots, rather‘than the more traditional format of files of records wi;h
fields (Fikes & Kehler, 1885). A group of individual frames which store the same
type of data may be looked at as similar to a file with a group of 'jhdividuél
records. The slots, which when grouped together make up the frame, are similar
“to the fields which make up a record in a file. Less work has been done in the
area of modeling frame-based information systems vs. modeling the traditional file
of records representation. Modeling a frame-based s‘ystem is ihe area of interest

for this paper.

1.2. The Problem To Be Solved.

The intent of this study'is 'to_show how two of the more recent modeling
techniques can be used to model a frame-based information entry and .retrieval
system, or data base. The two models are the relational model, as originally ~

presented in (Codd, 1970), and the -Entity-Relationship model _aS‘originally



presented in (Chen, 1976). Reéént_ly the author was involved in a projedt to
develop an information entry and retrieval system whose long term objectivé was
'to evolve into. an expert system. [t was felt that a frame-based environment in
- Lisp would be the most practical’anq easily modifiable system. This system, code-
‘named FIRESYS, has since been implemented. .
The initial design for thi‘sA system was done via a tree structured hierarchy of
;the various tvpeé 6f frames (see Appendix B) togethef with a _listing of- the'_frames
with their respective 'slot‘s (see ‘Appendix. A.  This appears to have done a
satisfactory job of organizing the_ information. There was no formal attempt to
utilize any data base toois_or t-ech'niques as design aids since the origina_l plan was
to build an expert system and nbt a data base. It was felt th‘at an expert system
required a different set 6f development tools than did a data base. A netwoirk‘
structure was intentionally _avoided during the early design Adue"to its increased
complexity over a tree structure. The tree structure together with the other
,féctors involved in the develbpment of the system provided plenty of complexity at
the time. It is now feit that by using an established daté model to analyze and ‘
evaluate this system, the design team and the end users will be able to understand
the system more easily and completely. Also, the inclusion of the network
complexity into the model will enable the FIRESYS project to more fully implement
tﬁe users long term needs. It is‘hdped that the continuing FIRESYS t.eam will uéé
the results from this paper to realize this improvement.
The 'information system that fhis thesis Will examine was developed between

June of 1985 and-July of 1986. The work was sponsoredvby a grant from the
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Northern l'r;termountain.Fire‘ Sciénces l;a-b, a division of the USDA. A group of four
Computer Science gradﬁate students from the University of Montana, including the
author,'under‘the g-uidance- of Dr. Alden Wright, a Computer Science faculty
member, was hired to develop a prototype system. The area of inte_rest for this
system was fire and its use in forest and on range lands. It was felt that there
was a lack of expertise |n the area of how‘fi‘re can be used to improve an area of
rénge or forest land. An expert system seemed to be a solution to this problem.
After several months of interaction betwee’h the fire lab personnel and the
prototype team it was decided that-ﬁt'he fire lab was not ready for an expert
system. There was no expert ‘to interact with and it was uncllear just what data or
knowledge was ‘available to put into ‘an expert systefn. ~The decision was made .
that a'q information entry and retr‘ievaibsyst‘em was needed. With this type of‘ a
system the users could collect and enter the data that was available. As the data
is-being collected it will become more obvious just what data is available. It will
then be easier to construct the expert system. Due to the uncertainty of what'
déta would be‘ entered, a very flexible system that could be easily modified Wa-s
desired. The concepts of an object—ori_ented-environment'and packages were

incorporated to facilitate the objective of a flexible system.

1.3. The Framework of This Research.

The system being evaluated, FIRESYS, has already been implemented so this
studv may be considered a reverse engineering approach to the design of a data

base. While one would not want to promote this style of design in most



situations, it seems appropriate to the current project for‘ the following reaébns.
The go_al of FIRESYS waé to build a prototype information system. To accomplish
thisb,the basic specifications for the problerﬁ were determined and a workiﬁg
prototype system Was developed. The re;ults of this prototype included answers
~-to 'many of thé questions about how the system would actually operate. Another
result was the raising of more questions which needed to be addressed. This is
where the reverse engineering comes in. The prototype helped to clarify some
-answérs and raise more questions. dnce the new questions are answered, it is
possible to go back to .the beginning and more completely specify_ the
requireménts for the system. One of the problems encountered during the system
&evelopment was the fact that the corﬁmi‘ssioning'personnel at the firelab did not
have a gleér, consi‘stent'idea of what they wantéd the system to do. This made it
very difficult to .obtain a precise specification of the project from which to proceed.
In this regard, a prototype was clearly the ideal way to go into this venture. The
process of build‘ing a prototyp,e“forces some question_s to be answered during the
-development of the prototype. Also, more questions are raised as a result of the
prototype, and through this process a more complete set of specifications can be
established.

In a clearly defined business environment for example,. esse_ntiallv ali of the
facts are undérstood and 'most questions are answered, before any code is written.
The process of handling a payroll program is quite ekact and the specificatiqns are
precise. Payroll is a very well understood domain for corhbuterization. " The

FIRESYS project was more experimental in nature. Many questions and their



answers were not known until the irﬁtial~prototype system was presented to the
users. These new questions can now be dealit with and answers obtained. The
changes to the system that are desired due to the new answers are more easily
incorporated while the system is still relatively small and more modifiéble.

Now that a system dbes exist it can be evaluated. Whatv was done correctly
can be acknowledged and what was done incﬁfreptly can be altered. Thus the
prbtot&pe development together with reverse engineer.ing is very appropfiate for
this project. This paper’s anélysis of the structure of the data base that was built
will help FIRESYS grow into a more soundly constructed system.

The goals of this paper are to:.

* Model the structure of the FIRESYS data via the relational data model
and then via the Entity—Relationship data model. '

* Compare these two models with the mode! that was used for the
implementation of FIRESYS. ‘

* Determine if the relational and Entity-Relationship data models are
suitable for modeling a frame-based system, such as FIRESYS, and if
so, state what improvements they may bring to the FIRESYS project.

The remainder of this paper is outlined as follows:

* Chapter 2 is the development of a relational model of FIRESYS
* Chapter 3 is the construction of an entity-relationship model

* Chapter 4 wiill present a model of the existing FIRESYS and compare
the relational and Entity-Relationship modeis to this model of the
implementation of FIRESYS.

* Chapter 5 is a presentation of suggested modifications to FIRESYS
based on the findings of this paper. There are aiso some conciuding
remarks on how well the relational and entity-relationship modeis can



be applied to a frame-based representation . of an information
management system. '



Chapter 2

The Relational Data Model of FIRESYS.

2.1. Background on the Relational Model.

The yelational model was first prespnted _form‘any in {Codd, 1970). Since then
many people, including Codd, have expanded on the initial ideas and there is a
very. strong following for this method .of modeling data. This rhodel.has made a
large step away from the physical machine ”represen‘t.ation and_ is' a more
abstracted, logic'al‘ view of the d'ata. As Codd put it in t-\‘i‘s abstvréct (Codd, 1970/-p.
9)

Future users of large data banks must be protected from having to

know how the data is organized in the -machine (the internal
representation). ' ‘ '

2.2. The Components of the Relational'Model.

2.2.1. The Relation

The primary tool used in the relational model is referred to as a relation. To
show the logical structure of a relation an abbreviated format is used. When
presenting a relation complete with values a table format is used. The table
format is considered a mathematical relation which may be defined as:

Rc{le, e, ..el|e €E}

This says that a relation R is a subset of the Cartesian product of its domain’

10
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sets.” The domain sets in the previous example are the set of Es. In other wdrds,‘
‘given the sets E, EZ,...,En {which do not rieed to be distinct sets), R is a relation on
these sets wh_en it is a set of n-tuples where each tuple’s first element e, is from
E, its second element e, is from E,, and so on (Codd, 1970).

One major difference between the mathematical relation and the data base
relation is that the data base relation is time varying. Over trhe‘c0urse of time,
data are added, deleted and modified in the daté base relation. Another difference
between the méthematical'and the data base relation is the ordering of Fhé n-
tuples. The ordering of the elements in the n~tuple of a mathematiéal relation
must not be altered. In thé relational model this orderihg is not a critical factor as
long as each member of the nftuple‘ can be uniquely identified by its‘ attribute
name. The. attribute names are' provided in both the table and the abbreviated.

formats of the relation. Examples of both of these formats are presénted shortly.

2.2.2. Domains, Attributes and Tuples

A domain can be defined as a general set of values from wﬁich s'pecific
values can be taken. The purpose of the values is to describe some property of
an object. For example, 'frqm the domain of “integers between 1 and 120” values
can be obtained to.specify age, speed,'or floor-number. Frbm the domain of
“character strings of less than 40 characters” values to specify a person’s name,
the sgientific name of a plant, or a habitat-type name can be generated. An
attribute is a semantically meaningful named domain, such as age, scientific-name,
or habitat-type-name.

When a relation is presented in a table format the attributes are the column
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headings across the top of the table. Each attribute within. any one relation must
have a unique name and all entries in that column must be from the domain of the
named attribute. A relation in a table format with some actual data values is now

presented.

relation name: SPECIES

“scientific-name abbreviation common-name cee
-Sitanion hystrix SIHY .squirreltail ces
Bromus tectorum BRTE cheatgrass con
Festuca idahoensis FEID Idaho fescue aee

The name of the relation is given, fhe attribute names are at the head of each
column, and the prirﬁarv kéy column (primary keys are covered later) is underlined.
Each row in a table relation is called a tuple. Each tuple is a unique object or
entity and the elements of the tuple are descriptive attributes about the object.
The values for each attribute are derive'd from specific domains. The
genefalization of the individua_l entities is called the entity type.

In the abbrevigted format, the attribute names follow the relation name and
are enclosed‘in parenthesis. An example of the abbreviated format, or the

intention of a relation, would be:

SPECIES(scientific-name, abbreviation, common-name, ...)

The name of the relation is SPECIES. The list of attributes includeé scientific-
name, which is the primary-key for the relation (primary keys will .be discussed
‘later), as well as abbreviation, common~name, and others. The primary key

attribute name i's underlined.
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2.2.3. The Primary Key

An important feature in a relation is the primary key. . Each tuple within the
‘relation must be uniquely identifiable. This is done via the primary key. The key
may be one attribute or it may be a group of attributes. It _may even be an
artificially generated attribute, strictly for the‘ purpose of being the primary key.
fhe primary key‘in the_SPECIES relation givén above is scientific-name. Each
~ species of plant has one scientific name and each sc{entiﬁc name is related to one
and only one- species of plant. This' creates a one—to—one mapping between a
species and a scientific name. This Way a species can alvx;ays be uniquely
identified by its primary key, the scientific-name.

For a. more corﬁplete ‘presentation of the formalities of the relational model
- the reader is directed to (Codd, 1970, Martin, "1975, Martin, 1976, Tsichritzis &

Lochovsky, 1982).

2.3. Normalization of Relations.

One very important process in _'creating a relational model of a data base is
‘normalization (Maier, 1983). Thevnormalization process replaces relationships
between data with relationships within a two-dimensional table (Martin, 1975).
This téblef is also called a relation. (see section 2.2.1) For éxample, a user may

specify a set of relationships between data items in the following manner.

* a given species of plant may be found in several habitat-types
* any given habitat-type can be found.in only one cover-type

* a given cover-type may be found in several ecosystems
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A means of bfeaking this possibly confusing set Vof statements into a dist‘inct,
clear description is needéd. ‘The normalization process help's'to achieve this goal.
Normalization replaces this seemingly confusing set 6f connections between data
entities with several easy to understa'ﬁd Arelations. Each relation p'resen‘.ts oneA
relationship ihat needé to be clearly understood. There is a well defined way to
. join the relatioris back tégether temporarily so that the original collectionqu
relationships may be viewed as one group if that is desired.

The resuit of normalization is a set of rélatiqns_'which provide a user-—
oriented logical view of the data. | This view: of the data can be implemenfted in a
\(ariety of ways, and the user does not need to know the method of.
implementation. This set of relations is known as the logical schema. It is a
logical description of the data and the -rélationships in a data base. A very
'importa_nt advantage éf normalized rélations is the fact that they can be adapted to
changes very easily. As the da_ta l;ase grows and changes over time, new kinds of
'data may be added to the data base and new views of ihe data may be develobed
for new users.? Usually, these changes will not affect the existing Views_ nor the
existing applicationé programs that access the data. Even changeé in the physical
representation may_b'e‘ made without the need to revise the user's view‘of the
data. This feature ié very desirablg in a data model as It saves lots of money and

time in future modifications.
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2.3.1. Partial and Transitive Dependencies

There are two éoncepts that neéd to be definéd in order to appreciate what
is happening in fhe normalization proéess. These are partial dependency and
transitive dependency. Examples will be used to help explain these cohcepts.
Partial dependencies will be presented first. ‘

One of the relations that is used in the FIRESYS project Ais’ SEASON-
SEVERITY-SPECIFIC-FIRE-EFFECTS, or SSSFE. Let us assume, for.fhe sake of this

example, that the relation is as follows.

SSSFE(scientific-name, season, severity,
-ave-temp-this-season, fire—effects)

.Th'e attribute ave-temp—t’his-season'wou’!d, by its very meaning; be functionally
dependent upon the value of the season attribute. In othverA words, given a season
value, there will be one value that would be the ave-temp-this—-season. Season is
one of the components of the prim’ary key in the SSSFE relation. Ave~temp-this-
season d'epe‘nds upon a bart of the primary keyAvaIue‘ for its value, hence the name:
pértial dependency. This is an undesirable trait in the data base since the same
temperature value would be redundantly stored with every tuple that had a
- particular season as part of the key. Aside from the storage con;iderations of
redundancy, if the value of a"ve—témp—t‘his—season needed to be changed, it must
be éhanged in every place it was stored. This is the problem of cdnéistency of

data. The following example illustrates this problem.
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relation name:

SSSFE

scientific-name season severity ave-temp-this-season fire-effects

cheatgrass
cheatgrass
wheatgrass

wheatgrass

spring
summer
spring
spring

mild
hot
mild
hot

67.

871
67
67

killed
killed
damaged
killed

Let us assume that a new study was done and it was determined that the

ave-temp-this-season for spring should actually be two degrees higher than the

current value. All occurrences of that value wherever they occurred in the relation

‘would need to be changed. A better solution, and one which would remove the

partial dependency, would be to create a new relation called SEASON-AVERAGE-

TEMP. This. relation would store a list of -sea_sons together with the average

temperature for that season. The season attribute would then be in both the

SSSFE and the SEASON-AVERAGE-TEMP relations while the ave-temp-this-season

attribute would be in only the SEASON-AVERAGE-TEMP relation. ‘The new

relations would be as followsv.

'SSSFE(scientific—name,' season, severity, fire~effect)
SEASON-AVERAGE-TEMP(season, ave-temp-this-season)

and the tables would look like this.
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relation name: SSSFE

‘scientific-name season severity fire-effects

cheatgrass
cheatgrass
wheatgrass
wheatgrass

spring mild killed
summer  hot killed
spring ~mild damaged

. spring" hot killed

.relation name: SEASON-~AVERAGE-TEMP

season

winter
spring
summer
fall

' season-ave-temp .

22
67
87
56 .

When the value for ave-temp-this-season for spring needed to be changed there

would be one change made in the data b'ase and everything else wo‘uld be up to

date.

As a reminder to the reader, there is no ave—tefnp—this—seasbn attribute in

"the actual SSSFE relation for FIRESYS. Also, an important note here is that in

order for there to be a partial dependency the primary key of the relation must be

-a multiple key. That is, there must be more than one attribute in the key in order

for some non-key attribute to be partiaily dependent upon the key of the relation.

Transitive dependency is the other concept to be discussed. Let us again set

up a hypothetical irelation to satisfy the needs of our example. Assume the

following relation exists.



18

SPECIES(scientific-name, flower—c'olor,'pollinating—insect)

Let us also assume the following: the value of scientific-name, the primary key in
SPEClES,‘det'ermines the value of flower—cdlor;'flower-color, a ndn—key attribute,
determines the value of pollinating-inse_ct. There, is now a hon—kev attribute
.whose value is dependent upoh another nor_l-key attribhté. Pollinating-insect is
dgpendent upon flower—color. This situation is similar to tha{ of . partial
de-pendehcy, but now neither of the attributes is a part of the primary 'key.: The

.following table clearly shows the redundancy involved in a transitive dependency.

relation name: . SPECIES

scientific-name  flower-color ' pollinating-insect

rhodeii dendroni red red-bellied-bee

azaleaii plantii yellok yellowabellied-fly
rosel prettyil ‘red red-bellied-bee
carnationi yellowi yellow yellow-bellied-fly

The re>mo'val of the transitive dependency is accomplished by creating a new
relation-. The new relation would be flowercolor-pollinatinginsect. It would contain
»a list of colors together with the insect that pollinates that color of ﬂow.er (this is
>a>1 c‘ontrived relat'ionship between color and inéec;s). The flower-color attribute
would then be in bofh relations and the po[linating—insect‘ attribute would be oniy _

in the colorofflower-pollinatinginsect relation, as shown below.
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relation name: species

. scientific-name flower-color
rhodeii dendroni red
azaleaiil plantii yellow
rosei prettyi. : red-

carnationi yellowi yellow

relation name: ;flowercolor-pollinatinginsect

 flower-color pollinating-insect
yellow A yellow-bellied-fly

red red-bell 1ed-bee

- 2.3.2. The Th_ree Normal Forms

There are three levels of normalization that are applied to relations. They

are first normal form, second normal form and third normal form.

- 2.3.2.1. First Normal Form

Achieving first normal form involves setting up a table with all of the desired

- attributes for an entity type across the top of the table. These become the

headings for the columns. Next, the data is input as tuples, and these inake up the

rows in the table. This table must meet the following five properties, in order for

it to be in first normal form. {Martin, 1976):

1. Each entry in a table represents one data-item; there are no

repeating groups.
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2. They are column-homogeneous; that is, in any column all values
are derived from the same domain.

3. Each column is assigned a distinct name; a unique attribute name

‘4. All rows are distinct; duplicate rows are not aliowed. the primary
key helps insure uniqueness.

5. The ordering of the rows and columns can be changed without
affecting either the information content or the semantics of the

data.

the columns must be column-homogeneous and the rows

must be distinct, but the. ordering of both is msugnlflcant

The first property listed requires some additional discussion as it raises the

following question. When is something a repeating group and when is it simply a

group of values? The prqblem involves an attribute that contains a list of values.

This situation occurs several times in the FIRESYS data. For example, within one

speéies there may be a list of common-names. A table representation of this

example would like like this.

relation name:  SPECIES

scientific-name common-name abbreviation color ...
Sitanion hystrix squirreltail SIHY green ...
rabbittail ‘
5 birdtail
Bromus tectorum cheatgrass BRTE tan .o
stealgrass
Festuca idahoensis Idaho fescue FEID brown ...

A list of values is not allowed in first normal form which means that this table is

not in first normal form. Theré is a list of common names for two of the species

in the table.

There are two ways of handling an attribute which has a list of
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values.

* Treat the list as one item, in which case the attribute can remain a

" non-key attribute of the relation. In respect to our example of a
species with a list of common'—names, there would still be only one
tuple for a given species.

* Treat each component of the list as an individual item, in which case it
becomes a part of the primary key. From our example, this would
cause a new tuple to be created for each common-name stored.

The results of the first niethdd would be a relation:ju.s't like the one’ in the
Aprevvious exarﬁple exceptf.that the comnﬁon-name attribute should probably be
renamed list-of-common-names. These common name valueS are now not
suitable to'Ause as a means of identifying or Ibcating these tuples in the example
relatibh or any other tuples in any .other relations. :The value for the list—of—
common-names attribute should be thought of as the tof_a!ity of the list, as
opposed to a list of distinct values.

The second method given above involves creating a new fuple for each
‘common namvé value in the list. The result is an additional relatjoh as shown by
the ‘fouow'ing e?(am,pie. Note that the SPECIES r.elation still exisfs, but does not
contain any cbmmon name values. The new relation now contains th.e common-

name attribute.

relation name: SPECIES

scientific-name abbreviation _color ...

Sitanion hystrix SIHY green ...
Bromus tectorum BRTE tan ces
Festuca idahoensis FEID brown ...
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relation name:  SPECIES-COMMON

scientific-name common-name
Sitanion hystrix squirreltail
Sitanion hystrix rabbittail
Sitanion hystrix birdtail
Bromus tectorum ‘cheatgrass
Bromus tectorum stealgrass

Festuca 1dahoensis Idaho fescue

" How to handle this problem can ‘be a difficult 'deci‘sion. The main factor in
this decision should be how the user envisions the items in the list being used. 'Ifb
the items in the list ‘will be used as a means of idéntifying any tuple in any
relation, then the list should not be kept as one item. Instead, a new relation
should be established and each item in the list is a component of one tuple. If the
items in the list are s;rictly data values that are related to an entity, and they will
_hot be used és a means of identifying that entity, then it is probably acceptable to
|éave the items in a list.

Another factor in the decision of how to handle a list of values concerns the
possibilitv of other attributes that might be associated with the values‘ in the list.
If new attributes will be associated with the list of values, then the second method
should be employed. It will be relatively easy to add any new aftributes to the
new relation with each list item in its own tuple. In contrast, it would be much
more difficult ;o 'incorporate any newly desired attributes and associate them with
individual elements of a ljst, if the first method were used and the items were all

in one list.
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One concern which is at the implementation level involves the éttribute field
length.  Most data base implementations require a fixed length field to be specified
for each attribute. In determining this size, ihe‘ maximum length of a value should
be used, within reason. When an attribute is made up of a list of items, it may be
difficult to determine how many items to aliow for. Also, once the maximum
length is determined, can that much storage space be_ affordéd for this attribute?
The storage space may also be a factor in the decision of how to handle a list of
items.
2.3.2.2. Second & Third ‘Normal Form

Second normal form is thained when a relation is in first normal form and
there aré r;o, partial depéﬁdencies of non-key attributes on prim'ary key attributes.
(see section 2.3.1 for a presentation of partial dependencies.)

Third normal fprm is achieved wﬁen a reiation is in ‘se;:ond normal form and
thére ‘are no transitive dependencies of non-key attributes on primaryA key
attrib‘utes. (see section 2.3.1 for a presentation of transitive dependencies) A data
base in third normal form will be mihima!ly redundant and will avoid update
anomalies. Update anomalies ~aré the result of additions, deletions, or
modifications to the data base which leave inconsistencies or conflicting values. lt>
is very desirable to avoid update anomalies iﬁ a data base operation.

A full d'etai'led, descfiption of the normalization process will not be presented
in t‘his paper. The relatiénal model of FIRESYS will be given, and the third normal

form properties will be described.
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2.4. The Data To Be Modeled

A prototype system has already been implemented for FIRESYS. Through
-this development a fairly well defined Iist of data items, together 'with the
relationships between the data, has been generatéd. For a full listing of theée data
items and their relationships the reader is directed to Appehdix A.

There are five major éntity types of interest. Tﬁere are otvh’er entity types
whose importance to the overall structure 6f the FIRESYS data is less imtportant.
A brief view of these other entity types, and how they relate to t'he five major

entityv types, will be presented in section 2.4.3. The primary entity types are:
* Ecosystems ' '

* Cover-types
* Habitat-types
* Species

' * Season-Severity-Specific Fire Effects

2.4.1. The Entity Relations.

A relation is created for each of the 'objects or entity types of importance to
FIRESYS. A, list of attributes is associated with each object. From this list, a
primary key js selected. Each of the relations is presented in third normal form,
and this fact will be detailed for each relation. This preseniation of the data
assurﬁes that f_or any attfibute containihg a list of values the entire list is treated.
" as a single value. (see section 2A.3.2.1 for a discussion of a list of values in an

attribute.)



25

Table 2-1 shows the relations with the attributes of interest for the five
_primary objects. The primary key is the underlined attribute. Only a few of the
actual attributes for these relations ‘are shown in order to keep the presentation

simple.

Table 2-1: Relatio‘ns' for Primary Objects in the FIRESYS Model

ECOSYSTEM(ecosystem-name, classification-key,
kuechler-vegetation-types, ... )

COVER-TYPES(cover-type-name, site-characteristics,
vegetative-composition, ... )

HABITAT-TYPES(habitat-type-name, distribution,
successional-trends, ... )

SPECIES(scientific-name, life-form, abbreviati-on, o)

SEASON-SEVERITY~-SPECIFIC-FIRE-EFFECTS(
season, severity, scientific-name,
effect, certainty-factor, ..)

The relations in Table 2-1 are .in third normal form. The following facts
support this vclaim. All values of each attribute in each relation are fully dependent
upon the entire primary key of that relation. For example, in the COVER-TYPES
relation with the key cover—typ.e-name, all ofher attribUtee, some of which are not
shown, depeﬁd entirely upon the value of cover-type-name. There are no partial
dependencies and there are no transitive dependencies. In fact, there could not be
any partial dependencies since the primary key is a single attribute value.

The ECOSYSTEM, HABITAT-TYPES and SPECIES relations -also have single

attribute primary keys. The values for all of the attributes in these three relations
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depend entirely upon the value 6f their respective key. Dhe to their Ahaving only a
single attribute key, -none of these relations has any partial dependencies. Since
tﬁe values for alli of the remaining attributes is determined strictly by the value of
thé respective primaryﬂ key, ,thel.'e are no tranéitive depen'dencies. Based on these
factors, the ECOSYSTEM, HABITAT-TYPES, and SPECIES relétions are also in third
normal form. |

The primary key for the SEASON-SEVERITY*SPEClFIC—FIRE—EFFECTS 'relation‘
is made up of three attribu.tes. All of the remaining non-key attributes are fully-
dependent ubon‘ fhe combined values of the three part primérv key. . In other
words, on‘ce the thrge primary key attribute values are determined, there is only
one possibvle value forj each of the remaining attributes. Therefore there are no
transiiive dependencies.. None of the hon—key attribute values c.an be dgtermined
until all three primary key val'ues have been established. This means that there are
no partia@ dependencies.‘ This showé that the SSSFE relation is in third normal

form.

2.4.2. The Relationship Relations.

Another set of relations is required in order to represent some of the
relationships that the user is interested in. A separate relation is needed to

represent the following two facts.

1. a cover-type may exist in more than one ecosystem

2. an ecosystem may contain more than one cover-type

This is an example of a many-to-many relationship between ecosystems and
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cover-types. This same type of many-to-many relationship needs to be shown
between habitat-types and species. The relations for these relationships are

shown in tabie 2-2.

Table 2-2: Relationship Relations in the FIRESYS Model.

ECOSYSTEMS-COVERTYPES(ecosystem-name, cover-tvpeéna'me)

HABITATTYPES-SPECIES(habitat-type-name, scientific-name,
‘ species-percent-cover-in-hab, fire-effects, ...) -

‘The pgrpbse of the first relation is the following. Given an ecosystém—name,
find all thei cover—jty‘pes that exist ‘in that eqosystem. First, all tuples‘in the
ECOSYSTEMS-COVERTYPES relatidn with the desired ecosystem-name are located.
Then the covér—tybe—ﬁame attribute can be read from each of these tuples. This
provides a list of cover-types that exist in a given ecosystem. With the same
relation it is possible to de’termine in which ecosystems a given coyer-fype might
be found. The first step is to locate in the’ECOSYSTEMS-CQVERTYPES reia_tion all
tuples with the desired cover-type-name. The list of ecosystem-name atfributes
associated with the selected cover-type-names can then be read.
| The same two types ‘of searches may be done with t_he‘HA'BlTATTYPE—
SPECIES reiatioh. Other information is provided in-the HABITATTYPE-SPECIES
relation. The specie;—percent—cdver-in—hab attribute is an attribute of the
relationéhip between the species and habitat-type entity types. It is not an
attribute of either of the two individual entity-types that the relation is dealing

with.
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If there is infdrmati'on desi{ed ébout the species that exist in a particular
habitat-type, it can be found in the followihg manner. - First the habitat-type
entries "in the. HABITATTYPE-SPECIES relation are located .bas‘ed'on the habitat-
'type—na'me. Theh thg scientific-name attribute associate_d with each habitat—_the
is reqd. Each scientific-name can then be looked up in the SPECIES relafion, and
“the desired information on the species can be examined.

-These relations in Table 2-2 are also in third normal form; In the case of the
ECOSYSTEMS-COVER_TYPES relation there are on,ly' primary key attributes. This
precludes any ch,énce of theré being either partial or transitive dependencies. In
the HABITATTYPE-SPECIES relation, the non-key attributes shown are fully
dependent upon both elements of the primary key for their value. This means. that |
thgre are nb partial or transitive dependencies.

An additional _re!ationship' rélation’win be presented that deals with the
~problem brought up in section 2.3.2.1. That problem 'invo,lved a list of values for
one attribute. In the original presentation of 'the entity relations in section 24.1,
the assumption was made' tvhat all lists of values for a single atvtribute would be
treatéd as a single item. The c;ther means ,of handling a list of items is to
separate the items in the list and create new tuples for each item. (see section
2.3.2.1). The relations that are a result of this_othgr method will be presented now.

A' list of common—-names for a given species needs to be represented.
Common name is an attribute that may be used in order to locate a particular
species tuple. - The elements in the liét of common-names will be separated and

additional tuples will be created in the first normal form table. Through the
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normalization process this eventually creates another relation. The resulting

relation would look like this.

SPECtES-COMMON(species—namwe, commdn—name)
This relation will determine the values for the comm.on-names associated with a
givén species-n_éme. This relation will also provide the species-name when given
a common-name. More than one species name may be known by thg same
common-name and a species may have more than one common-name. This is'
‘why the primart/ key is made up of both. attributes. Du‘e,'tq the fact that both
attributes are p_art of the primary key, there is no chancé fot partial or transitive
depéndency. Hence, this rélation- is also in third nqrmal form. This tvpe of ‘a
relation is a common result of an initial list 6f values being separated into

additional tuples.

2.4.3. Additional Relations.

Through the development ot the prototype it was observed that the five
;trimary entity types had a large volume of information stored with them. For
example, there were as many as forty attributé_s. to be associated with the speciés
entity type. Ih order to provide the user with a more convenient organization of
the data these forty or so0 attributes were broken into a group of entity types of
their own. A new relation was created for each of these new entity-types. This
partitioning of the data was not based on the needs or requirements of the
relational model nor on the normalizaﬁon process. it was done for the sake of

simplifying the organization of the data into smaller conceptual blocks which are
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easier for the user to deal with. These additional relations are being presented
separately dué to their lack of imppriance to the overall data m<.;>del of FIRESYS
from the relational point of view.

There are five r.e‘lations that are direétly related to the SPECIES relation. All
five have. as their primary key, Ascie'ntific-name. - They may. be considered an
extension of the SPECIES relation. They are in third nor_m‘al form, as ’éll of the
attributes of each relation are fully functionally dependent upon the scfentific—

name primary key. The five relations are presented in Table 2-3.

Table 2-3: Additional Relations Relating bto SPECIES

DISTRIBUTION—AND—OCCURRENCE(scientific—name,
BLM-physiographic-region, SAF-cover-type, ...)

VALUE-AND-USE(scientific-name, palatability, cover-value, ..)

BOTANICAL—AND—ECOLOGICAL-—CHARACTERISTICS(scientific—name,
' growth-form, raunkiaer-life-form, ...)

| FIRE—ADAPTIVE—TRAITS-AND-SURVIVAL—STRATEGIES(scientific—name,
lyon-stickney-fire-survivai-strategy,
rowe-mode-of-persistence, ...)

FIRE-EFFECTS(scientific-name, fire-effect-on-plant,
plant-response-to-fire, ...)

There are an additibnal two relations that apply to the HABITAT-TYPE relation
iusi as the pvrevious five relations applied to the SPECIES relation. These two are

given in Table 274.
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Table 2-4: Additional Relations Relating to HABITAT-TYPE

HABITAT—MANAGEMENT—CONSIDERAT!ONS(h'abitat~tvpe—nam'e,
‘ ' livestock-range, wildlife-habitat, ...)

HABITAT-FIRE-ECOLOGY-AND-EFFECTS(habitat-type-name,
immediate-fire-effects—on-community,
long-term-community-response-to-fire, ...)

2.5. Summary for the Relational Model.

The relational model has proved itself to be more powerful an'd:»_complete
- than the simplev tfee—strgctured model that was used for FIRESYS. (see section
4-1 for the_modél of FIRESYS). It is a relatiVer straightforward process to
‘establish the rélations and norrﬁalize them. The structure of the data 'has been
made very clear by using a Iogical well defined model. The users presented the
data inla‘ very unstructured arran'gement and, through the use of the relati'ohal
mode‘l, the data became organized iﬁto a precise uniambiguous structure. This
shoWs fchat there are benefits of using a well organized data model suchAas' the
relational model. It forces a clear picture of the data to be drawn, including what
data items are involved and what relationships exist between various data items.
The model is created without any of the complexity of the access paths or the
implementafion process. This allon all of the concentration and study to go to
the data structure alone. This is an important se.paratio’nA of activities in the

development of a data base system.
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Chapter 3

Thé Entity-Relationship Data Modell.

3.1. Background on the Entity—Relationship Model.

The Er‘ttity'-Relationship, or E-R, model was presented primariiy in {Chen,
1976). The ideas of ventities and. relatiénships have been dealt with ‘be'fore, but
Chen presented the entire model as a well thought out concept. One of the
motivating factors for Chen’'s work was thg desire to represent more semantic
inforrﬁation_ along with a list of -data items and their relationships. Some

interesting semantics of data would include the following.

* tWo data items are related, but more than that, one of them depends
upon the other to justify its existence

* again, tWo data items are related, but one of them can be identified,
only through the identification of another item

An exa'mblve of the first case would be ihat a certaiﬁ .s_pecies of plant depends
upon the exisience of some habitat-;type in order for the specieAs to be a valid
entry in the FIRESYS data base. For the second case, the SSSFE entities are not
uniquely identiﬁed until the species nam’e to which it is related has been provided.
4Thes’é are facts about the'dat'a that the user is interested in and it is desirable for
a data base to be able to know and represent these facts.

There is much support for the inclusion of relationships, as well as entities,

as distinct components of a data model. An analogy is presented in (Hartzband &

32
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Maryanski, 1985) that equates the tables of the relational model to nouns 'in a
‘language, in terms of their expressi\)e power. Hartzband and Maryanski then state
that the addition of relationships to the data model is similar to the addition of
verbs to é Iangqage. it creates a much more descriptive capability in the data
base model. Chen, in (Chen, 1976), makes the claim that the separation of en;tities
and relationships invthe data mode! makes it .easier to identify functional
-dep‘endencieAs among data items. ~Tfiis h»elps to provide a better understan.ding of
the true re!atiohsﬁips petween data items. Determihing ‘functional dependencies

“also aids in achieving the equivalence of the relational model’s third normal form.

3.2. The Components of the Entity-Relationship Model. .

3.2.1. Entities, Entity-s'ets, Relationsh’ips, & Relationship-sets

The primary components of the E-R model are entities and relationships.

Chen, in (Chen, 1976/ p. 10), makes a ‘very"simplistic definition of them both.

An entity is a “thing” which can be distinctly identified. -
A relationship is an association among entities. ’

Examples of entitiés would include a specific(‘person, company, event or species of
plani. Examples of relationships would include father-son, depa_hment—manager or
habitattype-species.

Entities are members of entity-sets on the basis of é test predicate. Peter

Ng, in (Ng, 1981/ p. 86), defines an-entity-set in the following way:

Let e denote an entity, which is an object that can be distinctly
identified. An entity-set E is defined as E = {e|p(e)], where p is the
aforementioned test predicate.
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Entity-sets do not need to be mutually disjoint. That is, é member of one
entity-set may be a member of another entity-set. For example, a specific Aperson(
may be a member of the entity-set MALE and also a member of the entity-set
PERSON. Fntitv-sets are the Iogicai grouping of a set of entities.

helationships are members of relationship—sets.' A relationship—sef is a
mathematical relation among n entities which are themselves members of entity-
sets. The mathematical definition as pres;anted in (Tsichritzis & Lochovsky, 1982/
p. 177-178) is: |

If RS is a relationship-set, it can be defined as:
‘RS gh{[eI, € elle €E}
where e, is an entity that is a member of the entity—sgt E.

It is impon_anf to note that [é,, e,..el is ah ordered tuple and also a relatioriship.‘
The indi\)iduél rel’ationship is a member of the relationship-set.

Entities, entity—Sets, relationships and relationship-sets wilj be presented in
the following examp.les. Sitanion hystrix is the name of a species of plant and as
such, it is an entity. The collection of ali species would constitute an entity-set.
A possiblle predicate test for this entity-set cduld be that “x is a species if x is
listed in the FIR'ESYS computer files”. Another example of an entity might be a
habitaf-type named Artemesia arbuscula/Poa sandbergii (abbreviated- to AAPS).
T'h.e collection of all habitat-types would make another entity-set. A possible
predicate test for this set might be that “x is a habitat-type if x is in the FIRESYS
computer files”.

A relationship exists between AAPS and Sitanion hystrix, since the species
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Sitanion hystrix is found growing in the AAPS habitat-type. A relationship-set
exists between the entity-set ma&e up of species and the entity-set made up of
habitat-types. The relationship-set is' a subset of the Cartesian product of these
two entity-sets. That is, it would be é set of species - habitat—type pairs such
that» the species did grow in the habitat-type that it was paired with. The pair
[Sitariién hystrix, AAPS] would be a relationship which is an element of the
species—habitat-type relationship-set.

One problem that must be dealt with in the E-R n.iodellis the determination
of whe;her somethihg is an en.ti'ty or a relationship (Bic & Gilbert, 1986). For
example, is a marriage a relationship be‘tween two entities of type person, 'dr is
marriage an entity with attributes of husband and wife. .It really depeﬁds upon the
bintenc-ie'd use of the data base‘a‘nd the decision is up to the data base designer. It
‘ is a subjective decision and one that can haunt the data base designer if it is

made incorrectly.

3.2.2. Roles, Attributes, & Value-sets

The c'oncept of a role can elimipate the need for a tupie to be an ordered list
of entities. A role is the purpose or qunctio.n_v that an entity serves in a relationship.
For example, in a species-habitat-type relationship two roles éan be identified.
fhey are individual-plant and 'plant—grouping. Many times the role played will have
the same name as the entity itself. A role is different than an attribute of an entity
or an attribute of a relationship. A role is the function that an entity plays in a
relationship.

Entities and relationships do have attributes that may be thought of as the
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descriptive components or.information relatin'g‘directly to the 'entity or relationship.
The values that an attribute brings into an entify—sét ‘or relationship-set come
from a value-set. A value-set serves basically the same purpose as the domain in
the relatibnai‘mod_el. In the E-R model, an attribute is >a_function which maps from
an éntity—set or relationship-set, to a value-set or the Cartesian product of \)alue—
sets. Chen describes it formally in (Chen, 1976 / p.12) as:
fE or R—V, or V,; X V, X . X V,

Constraints may be placed on the values. aliowed in av value-set. For
. example, a value-set may be defined as ;’the set of BLM Physiographic Regions”,
which would constrain the values to that set of region names that the BLM (Bureau
of Land M(anagement) has set forth.

The number of items allowed in a reléfionship is another factor that is
preSented.Ain thez E—R model. A relationship may be one-to-one, 6ne—to—many or
many-to-many. ,' This ihformation is given explicitly, and is another way in which

the 'E—R model give's‘ more of the- semantics of the enterprise being modeled.

3.2.3. Existence and Identity Dependencies

Two semantically helbful features fhat can :be expr‘esséé in the E-R model
- are the exfstence dependency and the identification dependency. The _existence
dependency deals with the fact that sométimes one piéce of data in a data base is-
valid only if -another piece of data exist. A_n example would be thth the existence
of the species entities depends upon the existen}ce of an' »associated habitat;type.

If ail of the habitat—-typés in which a givén species are found are elirhinated frém
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the data-base, then the given sbéc'ies must also be eliminated. If the habitat to
species relationship was 'a one-to-many relationship, then if the one habitat-type
that a species. grew in were eliminated, then the_ spgcies would also need to be
eliminated. Dealing with this conceptlexplici'tly in the data model helps to insure A
that the data‘-base Hc.;o'rrectlv represents the real world as muéh as possible. The
dependent entity-set, in this case the species entity-set, is termed a weak entity-
 set and the relatio_nship 'involved is termed a weak relationship-set.

The other dependency, the identification dependency, is another réal world'_
fg;:t whqse semantics can ‘be shown in the E-R mo‘del.’ Life is full of eﬁtities
where the‘ means of identifying them is by,sayi‘n'g that they<are rehlated to some
otﬁer enti'ty. For example, in “FIRESYS, there .aré_ a great number of Season-
Severity-Specific-Fire-Effects (SSSFE), but in order to give any of them any valid
meaning they need .to bevrelated' to a specific specieé.' The SSSFE entities are
identifigd by associating them, or relétiin'g then;, with a species.

In any case where there is an identity dependehce there is also an existence
dependence. In this case, this means that if a given species is deleted from the
data base, tthen the related SSSFE's must also be deleted. A lone SSSFE is a
meaningless, unidentifiable enti_tv'without its species.‘ Due to the fact that an
identity dependence impliés an _existencev dependence, anytime,tﬁere exist an
identification dependence there exist a weak entity-set and a weak relationship-
set.

There can be an existence dependence without an identity dependence. For

example, the. species entity-set is dependent upon the habitat-type-set for its
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existence, but any spécies can be uniquely identified by its own species-name.

In contrast to the weak entity-sets and weak relationship-sets there exist
regular entity-sets and regular relationship-sets. When an entity is not dependent
upon another entity for its,existevnce,A the entitv_—Set is called a regular' entity-set.
When the entities that are involved. in a relationship-set are all regular entities, the
feléti_onship-set is termed a regular réla_tionship—set.

Listing these types all -at one', there are regulaf and weak entity—séts and
regular and weak relationship—sets. The ecosystem entity-set is the only regular
entity-set in FIRESYS. All of the otﬁer entity—sets have an existence dependency
and so are ail weak entity-sets. "All of thé relationship-sets involve at least one

weak entity-set and therefore they‘ are all weak relationship-sets.

3.2.4. Primary Keys

One more concept in the E-R model is that of the primary key. As Was the
case in the relational model the primary key in the E-R model is a unique means
of identifying an individual item but of a group of items. In an entity-set it would.
be the méans of selecting a specific entity from an entity-set. For example, in _the
SPECIES entity—set; a sp‘ecific species of pla.nt can be uniquely idenvtified by using
‘the species-name. The species-name is the primary key and will always be a
‘uniq'ue string of characters for each species. In a relationship-set, the primary key
is méde up of the primary key of each of thq entity-sets that are.involve'd in the
relationship.

'It is not a requirement that every éntity—set have a primary key in the E-R

model. In the case of an identity dependent entity-set there is no means of
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uniquely identifying any of the entities without the use of a relationship with
another entity-set.. The dependent entities do not have a primary key. Once the
relationship is -established the dependent entities are able to be uniquely identified,
though unique identification is not a requirement of the identity dependent entity-

set itself.

3.3. The Entity—Relationship Diagram

The means of presenting the E-R mddel is primarily through the Entity- -
’Relationship Diagram,‘ or ERD. Most of the concepts that are involved in the ERD
have been presented. The rneans of diagraming these concepte ‘wi!I now be given.

Entity-sets are pictured as labeled rectangles in the ERD. Relationship—sets
are shown as labeled diamond shapes. These two objects are connected by arcs
to show which entity-sets are involved in which relationship-sets. Figure 3-1
gives a simple exam»ple of these ideas. It involves the species and habitat-type
entity-sets which are related by the ,habitat—species relationship—set. Note the
letters next to the arcs. These letters indicate that this is a many-to-many
relationship. This tells us that a given habitat-type may contain many spec’ies and
also that a given species may be a member of many habitat-types.'

Another important fact is that _the arc from the habitat-species relationship-
_set to the species entity-set is a directed arc. AAIso, there is an E 'in the
relationship-set diamond, and the species box is a double bex. This is how the
.existence dependency is denofed in tne ERD. |

To show that one entity depends upon another entity for its identification a
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similar notation is used, except that an 'ID, rather than an E, is placed in the
relationship between the ehtity—séts. An example 6f this identity dependence is
shown in figure 3-2.

Ro_les‘a.re presented in‘the ERD by labelling the arc between an éntiiy—set
and the relat_ionship—set. An exa‘mple of this can be seen in figure 3_-1.‘ The
habitat-type is shown to be serving the plant-grouping function or role whil.é' the
species is serVing the individual—p!a‘nt role. fo someone looking at this ERD>who
does not know»whlat a habitat-type is, these role names give more semantic
meaning and may help the reader to undersfand what the purpose of the
rélationship is.

Attributes are shovxin on the ERD by circles, as in figure 3-3. The attribute
name is shown next to the connecting arc, while the value-set name is given
inside the circle. The tWo names may be the same but when the value-set shows
some bdnstraint or»general quality of the attribute, it'will use a different name.
.fhe mapping between entity—-sets or relationship—sets and their corresponding
value-sets can also be shown. The example in figure 3-3 shows that one spe.cies'
may have multiple 'common—names, while 6ne species will only have one
‘scientific-name and only one four letter abbreviated name.

it cah become- very messy to attempt to show all the entity-sets,
relationship-sets and attributes. for one schema in one figure. The attributes are
often given in separate figures. The entity-sets and relationship-sets, together
with any mapping values, roles, idéntity constraints and existence constraint‘s are

often enough to fill any one ERD. For a complete ERD of FIRESYS the reader is
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directed to Appendix C.

3.4. Normalization as Applied to the E-R Model.

The normalization concept of the relational model was presented in chapter
two. It was mentioned that this was a very important process in the relational
modél: The results of normaliéation, and in particular 6f third normal form, can
a[so be achieved via the E-R model (Ng, 1981 / p. 92b); The ‘benefits-include
minimal redundancy and freedom from updateAanomalies brought on by changes in
the data base. The method for achieVing the equivalence of third normal form is
preseﬁted in {(Ng, 1'981 / pp.92-96). The same p'artiai and transitive dépendenci‘es
that wéreAdescri'ﬁed in section 2.3.1 are used to aﬁalyze fhe entities and their
attributes as well as relationships and their attributes. The verbal Tdescrfption of
the data base appliéation as presented ’b;l the user is referred to in order to insure
that aill of the semantics are d‘ealt‘ with properly. Additional analysis techniques -
‘are also used and theseAinclude a heuristic approach (Ng, 1981 /' p. 96). This
normalization process was not used _for this paper since the groupings of
attributes into entity-sets and relationéhip—sets in the E-R model is so similar to

that which Was-found in the relational model.

3.5. The Entity—Relafionship Model of FIRESYS

Chen defines four steps to the construction of an E-R data base design

model, and they are:
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*'identify the entity-sets and relationship-sets of interest.

* jdentify the semantic information in the relationship-sets, such as the
number of entities involved in the relationships (one-to-one, one-to-
many, orf many-to-many), or any dependencies of entity-sets upon
other entity-sets. '

* define the value-sets and attributes for the entity-sets and
relationship-sets. '

* determine the primafy keys

Frem this series of steps, one can construct the ERD. The entity-sets and
relationship-sets of interest were determined through the construction of the
relafional model. The number of entities involyed in"the various relationships and
any dependencies was determined by careful'_studv of the users definition of the
problem area. The value-sets and attributes were described by the users and
were formalized to a certain degree in the development of the relational model.
V Finally, the primary keys were also determined for the mest part in the relational
model. The attempt was made in each of these steps to do an analysis frbm the
E-R nerspective even though many of the steps were very similar to those
performed for the development of the relational model. Many of the concepts and
goals of the two models are similar even though some names have been changed.

T_he ne; result of the E'—Rl model is a description of the FI‘RESYS data
structure needs. ' It includes the entity-sets and relationship-sets involved with
some semantics about what the__types and mean‘ingls of the rel.ationships are. The
E—ﬁ mode! of the FIRESYS project is presented in figure 3-4. The attributes and
value-sets are not presented .here since their contribution to the overall logical

data structure is minimal. For a I»isting of the attributes of each major entity the



ECOSYSTEMS

HABITAT-
TYPES

SEASON-SEVERITY
SPECIFIC
FIRE-EFFECTS

Figure 3-4:

ECO-
. COVER-

'COVER-
TYPES

E

COVER-
HABITAT

E
HAB-
SPECIES

‘ SPECIES l

iD
SPECIES-
SSSFE

The E-R Diagram for FIRESYS

44



45
reader is diré'cted to Appendix A.

3.6. Summary of the Entity-Relationship Model

The E-R model is a somewhat more ir;t'ricate, detailed model as compared to
the relational model. It is also a more'powerful, descriptive mode! of the world
that it is attempting to describe. The_ arfangement of entities and relationships
seems to be fairly easy for most peoplé 10 reiéte to. The averagé person’s view of
the world is usually not defined as precisely as the E-R model’s is, at _léast..this
author’s view is not. In that light, the E-R model may be difficultA for some people
to adjust to since there are so many specific definifions and concepts 10 deél with.
Ratt‘wr ,than just ‘having attributes V;/ith values from a dolrhairi to descﬁbe an entity, .
there are Value-set‘s, roles, attributes and domains. This author had to work hard
to understand these concepts as much as was possible.

‘Where the rela;ion;l model has a wide following as being both a model and
an implementation meéthod, the E-R model ié not as vwidely 'ac.cepted as a model,
and this author knows of only one implementation based on the E-R model
(Benneworth, Bishop, Turnbull, Hollman & Monette, 1981). AN'g, in (Ng, i981) goes
through a process of transforming an E-R model to a physical rebresentation {e]
the methods have been established for the E-R model to be implemented. It may
just take more time for the’ power of»‘the E-R vmodél to be appreciate‘d and

expected in the commercial data base environment.
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Chapter 4

Comparison of the Relational and Entity-Relationship

Models- with the Existing FIRESYS. Structure

The obj{ective of -this cha_pteir is to compare the findings of chapters two and
three, on the reIatioAnal and entity—relatiohship models respectively, with a model of

the actual FIRESYS system. First a model of the existing system will be p'resente,d.
4.1. A model of the Existing FIRESYS.

4.1.1.-Some History of FIRESYS

There were many factors involved in the deé:ision to model ahd implement
FIRESYS the way it was. The first step was attempting tb understand the needs of
. an expert system since this wés‘ the origiﬁal desire of the users. There is no well
defined, well accepted standard for r‘n‘odel'ing and designing an expert system _since
it is a relatively Vnew area within the artificial intelligence sub-field of Acomputer
~science. Certain factors were desired from The FIRESYS team point of view.
These factors included the use of inferencing via inheritance in the frame
representation. Also, it was felt that an object oriented environment would be
beneficial to the system’s functionality.

The information given to"the FIRESYS team was organized into a logical

understandable structure. Both a narrative listing of the objects of interest with
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their reépective attributes and a tree structured relationship of those dbjects were:
developed.

The ‘Iéngu‘age to use was debated Qeveral times [and.kit was élWays felt that
“Lisp was the strongest choice. The primary factors that favored Liép were the
growing aéceptance of a common Lisp standard, th’e'flexi'bility of the Ia’ngﬁage
inéluding the ability to have .variable length fields, and the fact that Lisp is the
‘g‘ene'ra!ly acc'epted language for artificial intelligence.

.Our mission was to build a prototype. Due to the nature 'o'f prototyping,
which inCIude the desire to get so‘mething up and_runﬁing in a short amounf of
time, it was known that there would not be a complete and precise specification
and design for the project. before the coding phvase began. A model was
developed which seemed workable and descriptive of the application. This model
was generated in the limited amount of time available. After the cdding was
underway the users retracted their eaArIier statement of interest in an expert
system. They now felt that their goal for the initial prototype was an information
entry and retrieval system. It was felt by the FIRESYS team that the initial model
and design concepts for the expert system were flexible enough to adapt to this
new request. It was also felt that the initial model would facilitate the eventual
convérsion from an information system to ap expert system. The decision was
made by the FIRESYS team to stay with the initial model framework.

If it had been known f-'rom the very beginning that a data base would be
implemented, then the felatio_nal modei or the E-ﬁ quel may very well have.been

used. - The FIRESYS team contemplated the use of a commercial data base system
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at this stage, but there were several factors that opposed this decision. First of
'ali, a suitable commercial program was not available that would run on the two
primary target machines. The intent wés to run the program on a Daté General
ﬁinicomputer and on .IBM c'ompatibl‘e microcomputers. Another limiting factor in
the selection of a commercial data base program was the need for variable length
ﬁelds. Very few data base systems provide this feature.

If a commercial data base had been found which was suitable, it most likely
would have been based on the relational model. This would have lead the FIRESYS
team to develop a relatidhal- model of FIRESYS in ordef to adapt the data to the
implementation. Since a commerciai data base was not found, the FIRESYS team
modeled the data -in what éeemed to be an appropriate manner.

The model for the FIRESYS data structure had many versions during the
'ihitial phase of the project. The model being presented here is an abstraction of
the system as it appeared in May of 1986. ‘This phase in the system’s Iife—cvcie
was somewhat of a niilestone as the system 'v‘vas being presented to ihe
commis‘sioniﬁg personnel at the firelab. This stage was considered the final
prototype resuliting from their first one year grant. The system did not stay at this
'4stage for very Iong-as another ‘grant was established. The system has continued
to evolve to this day.

The model used for the FIRESYS development was somewhat ad hoc due to
ihe uncertainty about how to model an expert system.y The mode! had two
components. As stated earlier, FIRESYS is a framg—based systém built in Lisp and .

the set of frames, listing the major objects with their respective slots, was one
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component of the model. For a description of frames the reader is directed to
(Minsky, 1985). The other component of the model was a tree structured chart

showing the relationships between the various frames.

4.1.2. Frames and Siots

A frame can be thought of as a structured representation of some object or
of a class of objects (Fikes & Kéhler, 1985). ‘A frame is made up of.a group of
slots. Slofs in a frame are somewhat analogous to attributes i‘n the relational
model. Slots contain values for certain properties of the object being‘represented
by the frame. fhe value in_a slot 'may. be an individual value or it may be a
reference to another frame with itsvown slots. For example, our species frame
_contains a list of slots which contained the values for scientific name, abbreviated
riame, a list of common names and references, or pointers, to other frames. The
other frames pointed to may be moré detailed cqllections of data about the
species or they may be frames with general information about a group of species.
This allows ffames to be linked together to fofm what is called a semanticA net.

There is growing interest in uéing frames as a means of storing information.
_Qne feature fpr which frames are commonlybused is inheritance. The idea is that a
set of frames may be related in some fashion. The features common to a set of
frames or the facts that relate a group of fkames can be stored in one frame.
Often this new frame is referred to as a superior frame. The set of subordinate
frames can then inherit the propérties, or values from the superior frame. . éach of
the subordinate frames contains a “parent” pointer to the superior frame. One can

also override this inheritance from the superior frame. If a value that could be
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inherited from a superior frarhe already exists in theAsUbord_inate frame, then the
value in the subordinate frame is used' rather' than looking in the‘ superior frame.
When the overriding value is not prese_nt'in the subordinate frame, the inheritance 3
' is a means of inferring new i‘nformation about an object. |

| ‘The new fag:t_being inferred is not a.ctually stored with the obiect._y The
assumption is made that . since no specific informatién is stored with the
subordinate frame, the Avalﬁe in t‘he superior frame is acceptable. . Often-‘a' set 6f
rules is-used to aid this process of jnferencing. | ”

For example, »let u$ .:;:a\} that a groub of ‘specfes all exhibit the same growth
form. T'h.at is, they all grow as ‘a low shrub which has a maximum height of-
éighteén inches. - A superior frame can be created to represent this class of low-
shrub plants and information’ common to all low shrubs can be stored |n this one
frame. Such information might include their sust_:epﬁbility bto wind,‘ 'their use by
animals for shel‘tér‘ or dther common features. ‘If there was no'information stored
wi;h the individual ‘species frame a‘bout ~its dse for shelter by animals, the}n it could
be inferréd that the plant was used as it was stated in the superior low=-shrub
frame." |

This is a very desirable trait for an expert sy;tem since one cannot store
every piece of information on a subject. A good apprdag:h is to store the basié
properties and details as facts, and infer any other information, by the use of
inheritance and rules. The FIRESYS team suggested the use of this property of
inheritance in data frames, but the users did not support this type of model. The

FIRESYS team did use the inheritance property of frames very successfully at the
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systems level of the implementation in order to help develop an object oriented

environment.

4.1.3. The Model and the Implementation

The data structure established for FIRESYS was directed to s'ome.‘degree by
the implementation process. An incremental prototype was being bui!t. The
access paths for the data were modeled in order to fa_cilitafte' this inqreméntal
approach. The first data to be en.te.red‘into the system were one ecosystem aﬁd
the sbecies that wére containéd in that ecosystem. The user wanted to be able to
access the specjes entities directly upon ehtering an ecb_system. The r;wodel of the
daté showed the species entity type being directly reléted to the ecosystem entity
type. This picture gives a misleading view of the strl;ctufe of thé data. As shown
in chapters two apd three,;the rél'ationship between an ecosyst‘efm'and a species is
'through the cover-type and habitat-type classi_fications.

There were some initial attempts at modeling and implementing the many-
'to-many relationship which existed, for example, between the sp’ecies and th‘,e‘
habitat_—ﬂtype entity types. Due to the users uncertainty as to what exactly they
wanted and the time constraint that was in place, the decision was ma'deA to put

off these relationships until an overall view showed. how best to handle them.
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4.1.4. The FIRESYS Model

The major data‘ frame types with their respective, relevant slot types will be
presented. The reader is directed to Appendix A for a full listing of all the frames
With all their Siots. This _full listing df the data.frames in A_ppendix A provides one
of the two components to the FIRESYS model. The list inciudes the slots within
each frame which contained values as well as the slots which contained pointers
to other frames. The FIRESYS system also contained another set of frames which
were not known to the user. These frames provided the data diycti.onary and the
object orie»nte_d capacit’y' of FIR'ESYS.A Thé;e other frames enabled the system to
keep track of What type of slot a given slot was when it was in use. Based on the
sloi’s type, various actions. could be performed on that slot. How those actions
wére carried-.out was part of the object-oriented environment's task. These
systgm frames wm‘not be dealt with in this paper.

The major objects which. the users were interested in are the same as those

listed in section2.4, and those were:
* Ecosystems

* Cover-types
* Habitat¥t\./pe‘s
* Species
* Season-Severity-Specific Fire Effects
Each of these objects had a frame type made up for it. The frame contained
the slots which acted as the attributes for each of the obj'ects;

An abbreviated picture of the tree structured model that was used during the
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early implementation of the FIRESYS system is given in figure 4-1. The user is
directed to Appendix B for a more detailed c_iiagram. By being a tree structured
design, this component of the modél is not capable of ‘showing the many-to-many
relationships that were desired. However, the frame-based component of the
design is capable of many—to—many relatibnships; by the use of lists of pointers to
other frames. There were intentions to utilize the capability of Aframes td reflect
manv—to—many relationships but for reasons presenied- earlier in this papér, this

was not done.

4.2. The Relational Model vs. The Implemented FIRESYS

It has becoﬁie obvious to the author that the.relation'al model is superior to
the two component model that was qsed' by the FIRESYS team. This is not very
surprising since the FIRESYS model was a rather ad hoc model. _

On‘e- of the primary advahtages_ of the relational mode! is its ability fo
represent many-to-many - relationships Very clearly and precisely. The
HABITATTYPE~SPECIES relation in section 2.4.2 is just one exam_pnle of this clarity.
FIRESYS attempted to model this relétionship but there was no mathematical
validity to our method. Also, the relationship was not stated as explicitly as it was
in the relationaQ model.

it is easy to assume that one would follow throqgh and utilize a relational
data base for the imﬁlementation, after using the relational model. The internal
concerns of how to implement many-to-many relationsh’ips‘is handied by the

_ software, This is the intent of the relational model; to remove itself from the
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concerns of the implementation. The FIRESYS implementation was built from
scratch. The team used a non-'rigorous model which‘ was basgd on unétable
decisions from the users. All of these factors combined to make the
imple.ment.atidn of many-to-many relationships much more difficult to deél with.

'Oné interesting fact that has come out of this study is the indexing scheme
used in the implementation v_sﬁ‘the implied indexing in the relational model. For an
exahple, let us look at the COVER-TYPE and HABITAT-TYPE entity-types alhd their
relationship. |

First,_ note that this is a one-to-many relationship with one cover-type .‘
having many habitat-types and each‘ habitat-type bei.n'g in only one c_over_—type
(this is ba»sed on the current classification system being used by the firelab
_pei’sonnél). .Let us see what is involved when adding a new habitat-type to the
model and to the implementatiori. 'It is assumed that .the cover-type in which the‘
habitat-type is found has already been stored in the data base.

When a habitat-type is added in the implementation, a pointer (the indek) to
that habitaf—type is stored in a list of habitat-type pointers Within‘ the coyer—tvpe
. frame. This way, the get of habitat-types can always be located by_ the
encqmpassing covler—type.

Using this same exampie but witﬁ the relational model, the following
sifuation occurs. Wh.en the habitat-type' is added to the data base, the name of
the coverftype in which the habitat-type is found is stored as an attribute in the
habitat-type tuple. The implementation version stores the index at one end of the:

relationship between the two items (at the cover-type end), while in the relational
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. model the index is stored at the otheu{ end of the relationship (at the habitat-type ‘
end). Admittedly, this is comparing a model with an implementation, and this
author has not determined any significance to this fact, but it is an interesting
point.

Anothqr pbint t'hat became obvio‘us during the development of the relational
model is thé following. It was striétly fqr the users conceptual benefit that all of
the sub—fram'es under the species frame were organfzed as they were, rather than
listing ‘them all as slots in thé species frame. There was no inherent modeling
advantage to doing this. It waé done simply to break down a large group of slots
into smaller groups. It is rﬁost likely that the same grouping would have been
done if the relational model had been used from the start. The difference would
. have been that with the relational model it would have been clearer exactly why
fhis was being done. B

Another factor that isvvery beneficial in the relational model is its ability to
structure the data without any interest in the implementation of the system; The
data structure model and the Ad'esign and implementation of a system must be
iooked at as two separate although reléted aspeéts to the overall devel‘opment of a
major project. These two aspects of FIRESYS, the Iogical structure of the data and
- the implementation of the system, became tbo closely tied to one another.

In sur’rimary’then, fhe advantages of the relational model over the FIRESYS

model (if you call our model a model) are:

* The capability of the relational modélito describe the logical data
structure of the system, . with no direct connection to the
implementation needs of the system.
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* The capability of the relational model to show many-to-many
relationships between data items in a clear and precise manner.

- * The relational model has commercial implementations that are readily

available. It would have been relatively easy to generate a working

- prototype from the relational model in that environment, rather than
‘constructing our own environment from scratch.

43. The Ehtity—RelatiOnship Model vs. The Implemented FIRESYS

The E-R model of FIRESYS is a much more useful and poWerfuI rﬁodel than
was the actual FIRESYS model. Much of what Was said about the advantages of'
the relational model vs. the implementatic;n model can also be said for the E-R
modél.

Us‘e: of the E-R mod'el forces the désign process to be morevrigorous in
terms of analyzing what the intended application for the data base will be. The
users and data base. designers must have no confusion or misunderstanding
between them. if therq'is r;ot a complete and accuréte exchange of ideas about"
_ the intent of the data base, there could ‘be incorrect decisions made during the
development of the ‘E_-R model. The point raised in section 3.2.1 about whether
marriage is. an entity or a relationship is an example of how important it is to
know exactly how.the data base will be used.

What has been achieved by the use of the E-R model is a clean, precise
picture of what data is being stored‘ and what the relationships are between the
data. The objects of interest to fh'e user are classified as entity-sets. The
relgtionships that the user feels are important are classified as relationship—sets.

Important facts that pertain to the entity-sets are handled as attributes to the
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entity-sets. Those facts that are components of the relationship between entities
are dealt with as attributes of the relationship-sets. The model is structured in a
manner that is. much like the users view of the data, and thié is a desirable trait in
a data quel.

There are several advantages to using‘the E-R mo&el. First is the separation
of entities and relationsh_ips. ThisAsepara'tion makes it easier to see what 'd_ata_
items there are, and to see what the relationships are between the data items.
The E-R model also shows the existence and identity depeﬁdencies. These
avdditionél,semantics‘which are explicitly exprgs'sed in the model, help the eventual
data base t,p mofé ac’curateyly represent the feal world environment being modeled.

One factor that was dealt With in section 2.3.2.1 was the problem of muiti-
valued attributes, which is an attribute'th.at is made up of a list of items. This
involves cases such as the list of common-names for a given species. This list of
common-names was treated as one item.in the imple'mehtation of FIRESYS. It was
fecommended in the relationél model that_these multivalued attributes be broken
down into separate tuples for each item in the list. The E-R model allows one to
“specify muiti-valued attributes in a simp!e manner.

The author is concerned as to whether the drawbacks associated with
treating a list of items as a sihgle item in the relational model would also be
drawbacks in the E-R model. It is very convenient to be able to specify multi-
valued attributes as in the E-R model, but ‘there must be no drawbacks to this
.representation. The biggest problem would be .t‘he addition of new data‘ that is

related to each of the elements in the list. A possible s_olution to the problem is
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to treat the list of ifems as a'noth'er. entity-set, rather than an attribute. This would
require another relationship whicﬁ would involve the species entity-set and the
neWIy created. entitv-—set‘fbr the listed items. Then if some new factor was
associated with the listed ifems, it could be incorporated as an attribute in the
listed item entity-set. Without knowing how the E-R model is actually
implemented,.it cannot.be said whether this would be a .problem or not. A
competent data base designer must .be aware that. multi-valued attributes must be
dealt with.

: Th'e fact that the E-R model is somewhat more complicéted than some other
models may be somewhat of a disadvantage to some users. However, the qser
does: not need to anerstand how to set up the E-R model. The user does need
toibé' able to read the E-R model with the help of a data modeling expert. It is
the data modeling expert that needs to clearly underst;and how to set up and work
with the E-R model. In the long run ;(he user should feel that a better picture of
his/her épplication has‘ been created. This will result in a better data base
Aimplementati’on and this is what the user is looking for.

Overall, this author feels very good about using the E-R model for an .
application. It provides a rich description df the desired data base and includes
explicit information that was either implicitly stated in the re!atidnal model or was
not presented at all. The E-R model should become more 'widely.acceApted anq
used .in the future due to its power and expressiveness. An increése in the
' acceptance of the E-R model will result in more implementations based on the E-R

_model.
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There is still one que;tion that has not been answered and tha} is whether
the E-R model isb capable of modeling inheritancé in frames. (see section 4.1.2).
‘There was no inheritance used in FIRESYS, so there are no examples to be
. examined and tested. The author cannot answer the q'uestion. about vwvr.mether
inheritance can be handled in the E-R modeI; except. fo say that it could possibiy

be modeled as a relationship.
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Chapter 5

Summary and Conclusion

The primary qu\estion,that this__author hoped to answer was .whether the
“relational .data model and/or the Entity-Relationship data mpdel' would be ‘
successful at modeling a frame-based information system. The conclusion
A feached is a strong yes. A frame-based information system can successfully be
mbdéled by either the relational data model or tﬁe Entitv—Re'lationship data model.
However, this claim must be qualified. The frame-based system that was modeled
does not utilize the power Of-in‘vhel_ritance. This poténtia| to iﬁfer values based on
inhe'rftance is a major reason to usg' frames. The fact that inheritance was not
used meant that no evaI‘uation could be done to see if the two data models could
represent.‘this feature. The author does not feel qualified to speculate on whether
either of the two models will be successful with inheritance, since inh‘er'iAtkance was
not incorporated into FIRESYS.

The system that was constructed, FIRESYSQ can be modeled successfully by
these two data models. This has been done in this paper, and the important
points found are presented here. The more powerful data mpdels being used
today, such as the relational and E-R models, are attempting to remove the
implemehtation concerns from the data model. The objective of these models is
to clearly and precisely state what data iterhs will be_ stored and what their

relationships will be. How the implementation is carried out is another step in the
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- overall development of a system, " The data queling shouid be dqne .as an
individual phase and the implementaiion should 'be dqne Aas another individual
phase. They are each components in the life-cycle of an information system,
There is a transition from one phase to the next "in ihis life-cycle. The smoother
't»his transition is the better the end product will be. An importan't. factor in,
facilitating a smooth iransition is to clearly understand the pfoduct at each bhase
in the life-cycle. EitheAr médel would help to provide a be_ttei final produci since
both thé relational and the E-R models provided a better and clearer picture of the
data and its structure than did the actual FIRESYS model.

In terms of which of the two models is better, there is room for debate. Let
us examine thé re!ationél model firsi.' The FIRESYS project that was implemented
was relatively sinipie in terms of its data types and relationships. The relation_al
modei'was' able ‘to unambiguously represent the data structpre. bThere are
commercially avaiiiable data base programs that are based on the relational model.
The use of the same model in 'bothvth’e. modeling and impliementation phages
would help}provide -a smooth transition from the beginning to the e_nd of the
development process.

USing the relational model approach may very well be faster in terms of
development and implementation time. This is due to it's simplér modeling syntax
-and it’s availability as a commercially implemented data base. If the' system never
becomes én expert sy_stem,_ and so never required the additional modeling
capabilities of the E-R model, then the relational model may be the better of the

two methods.
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_Let us now examine the E-R model. When looking at t‘he'long range g(i)lal of
FlRESYS,the(e are ménv questions about how the system will be constructed. It is
,e:ipected to become an expert svvstem and this is still a somewhat experimental
area in coﬁputer science. wDue to the experimental nature _of.Athis field, the tools -
and concepts used in the expert sVSte'm’s‘d‘evelopment should be ‘as powerful,
expressi'vé'ar'\d adaptable as possible..
‘Ther_e is no inherent weakness iq using the E-R model on a"relatively simple
domain such as the current FIRESYS. In light of the future intérllltion's for FIRESYS,
;h‘é E-R lmode! would ﬁaye the addjtiona! features thai_may be heeded to represent
more complicated structures of fh“e_ data and it's rela‘tionsh'ipﬁs. For this reasoh, this
“author feels that it may be helpful for the E-R model to be incorporated into the
FIRESYS project.
The disadvantages o% includi‘hg the E-R mode! into FIRESYS would include
‘the work of m'aintainin.g an additional model, and the lack of correlation between
the E-R modél‘and the current implementation.  This lack of correlation will
probabw ekist for several years. The implemgntations based on the relaﬁonal
modei are only now, sixteen years after the introduction of the relation model,
being acCepted as valid, effecient programs. Actull'\),' Coqd fhe father of. the
‘relational model of data bases still feels that there is not one current
implementation that fully reflects the relational data base model_(C'odd, 198%).. This
implies that it will be.a number .of years before there are fully acceptabie
implementations based on the E-R model since the E~-R model has only béen out

_ for about 10 years.
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The advantages of adding the E-R model to the FIRESYS project includé its
ability to present a more complete picture of the data. The separation of entities
and relationships a§ expl.icit components of the model aé well as the expression of
dependencies in the model, provi‘de_a better understanding of the data. Also,
assumiAng that the FIRESYS team continues to develop their own code, they have
the freedorﬁ to attempt to incorporate some of the expressive power of the E—R
model directly into the implementation. There tS at least - one data base
manageme_nt system availablé, called GERM, that is based on the E-R model
(Benneworth, Bishop, Turnbull, Holiman & Monette, 1981). | This is another option
for the FIRESYS project to consider.

There is an area of FIRESYS that this paper ha‘s not addressed and will not
address. in any detail. This is the concept of an object-joriented programming
enviyronment. During the research for this paper there were no references found
that indicated any use of‘the E-R model or the relatiohal model within obiect—'
oriented environments. The problem of integrating a relational model or E-R
modei with the object-oriented programming paradigm is an open problem thatthis
paper does not attempt to deal with.

One very important concept that resulted from this study is that of the
. separation of the data modelivng from the des‘ign and implementatioh of the
system. It is vital to the data base or information management system that the
data’s structure be véry clearly understoo&. If there are mistakes in the
representation of the data, it will not matter how good the implementation is. The

system will not reflect what the user desires. If the structure of the data is
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correct and includes valid semantics about the data and its relationships, then the
‘ 'implementation has a much better chance of satisfvingl the end user.

| in Vi:onclusion, .the represeﬁtatio'n of the datar in FIRESYS was moderately
accurate when taking into account the circumstances under which the FIRESYS
project was devéloped. If it had been clearer from the beginning What was desired
from FIRESYS and if the decision had been made to use a data modeling te»(;hnique
such as the relational or Entitv—Relationship model, then a muph‘ better
representation of the déta- would have been possible. The relational and Entity—
Relationship data modeis do wbrk well with frame representations of data. ‘This
statement. éssumes that no inferencing by inheritance,i’s involved in the system.
This factor of inheri’ta‘nce was not examined during this study.

D.ata mod.eling must b.e done prior to implementing an information
| management system. If it is not done there is a very good chance that the system
will not accurately reflect the user’s logical view of the data. If a thbrough, clear
,»and accurate déta_ modél is developed, there ié a much better chance that the final
system will meet the user's expectations. Meeting or exceeding -the user's

expectaﬁons should be the goal of any software development project.



Appendix A

List of Entities and Attributes in FIRESYS

species/entity

SPECIES
ABBREVIATION
SCIENTIFIC-ALIAS
COMMON-NAMES
LIFE-FORM
" VARIETIES-AND-FORMS
FIRE-EFFECTS
HABITAT-TYPES

The foHowing indented sectionsvare_ directly
related to the species entity, but we are showing the
sub-groupings that have been established.

distribution—and-occurrence/entity

SPECIES

~ GENERAL-DISTRIBUTION
BLM-PHYSIOGRAPHIC-REGIONS
KUCHLER-PLANT-ASSOCIATIONS
SAF-COVER-TYPES
HABITAT-TYPE-INFORMATION
REFERENCES
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value-and-use/entity

SPECIES

DESCRIPTION.

PALATABILITY

FOOD-VALUE

COVER-VALUE
IMPORTANCE-TO-LIVESTOCK~-AND- WILDLIFE
OTHER-USES-AND-VALUES .
ENVIRONMENTAL-CONSIDERATIONS -
REFERENCES

botariiCaI-and-ecological-characteristics/entity

SPECIES
GENERAL-DESCRIPTION
GROWTH-FORM A
RAUNKIAER-LIFE-FORM
GRIME-PLANT-STRATEGY-CLASSIFICATION
GRIME-REGENERATIVE-STRATEGY- CLASSIFICATION
' 'REGENERATION-PROCESSES
SITE-CHARACTERISTICS
SUCCESSIONAL-STATUS
SEASONAL-DEVELOPMENT
REFERENCES
fire-adaptive- trants and- survuvaI strategles/entlty

SPECIES
DESCRIPTION
LYON-STICKNEY-FIRE- SURVIVAL-STRATEGY
NOBLE-AND-SLATYER-VITAL~ ATTRIBUTES
SPECIES-TYPE
TIME-UNTIL-MATURITY
TIME-UNTIL-SENESCENCE
TIME-UNTIL-EXTINCTION
ROWE-MODE-OF-PERSISTANCE .
REFERENCES
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- fire—effects/entity

SPECIES

FIRE-EFFECT-ON-PLANT
DISCUSSION-AND-QUALIFICATION-OF-FIRE-EFFECT
PLANT-RESPONSE-TO-FIRE
DISCUSSION-AND-QUALIFICATION-OF-PLANT-RESPONSE
SEVERITY-SEASON-SPECIFIC-FIRE-EFFECTS
REFERENCES ‘

severity-season—spé_cific—firé-—effeéts/entity

SPECIES

SEVERITY

SEASON

EFFECT
CERTAINTY-FACTOR
DESCRIPTION
QUALIFICATION
REFERENCES

This conéludes the entities that are groubed
with the species entities.

................................................................

L R N R R Ry A Y]

ecosystem/entity

CLASSIFICATION-KEY

FOREST-AND~RANGE- ENVIRONMENTAL—STUDY FRES-NUMBER
KUECHLER-VEGETATION-TYPES

DISTRIBUTION -

SITE-CHARACTERISTICS

SOILS

CLIMATE

COVER- TYPES

'REFERENCES



cover-type/entity

COVER-TYPE
ECOSYSTEMS

" CLASSIFICATION-KEY
ABBREVIATION '
DISTRIBUTION
SITE-CHARACTERISTICS
VEGETATIVE-COMPOSITION
TREES
SHRUBS
GRASSES
FORBS
OTHER .
SUCCESSIONAL-TRENDS
HABITAT-TYPES
REFERENCES

habitat-type/entity

HABITAT-TYPE -
COVER-TYPE

CLASSIFICATION-KEY

ABBREVIATION

DISTRIBUTION

SITE-CHARACTERISTICS
'VEGETATIVE-COMPOSITION

TREES

SHRUBS

GRASSES

FORBS

OTHER

SPECIES
INDICATORS-OF-GOOD-CONDITION
INDICATORS-OF-POOR-CONDITION
SUCCESSIONAL-TRENDS
HABITAT-MANAGEMENT-CONSIDERATIONS
HABITAT-FIRE-ECOLOGY-AND-EFFECTS



- habitat-management-considerations/entity

LIVESTOCK-RANGE
WILDLIFE-HABITAT
OTHER-HABITAT-CONSIDERATIONS
REFERENCES

hébitat—fire-ecologyfandfeffects/entity

FIRE-OCCURRENCE

IMMEDIATE-FIRE-EFFECTS-ON- COMMUNITY
IMMEDIATE-COMMUNITY-RESPONSE-TO-FIRE
LONG-TERM-COMMUNITY~-RESPONSE-TO-FIRE
FIRE-EFFECTS-ON-GRAZING-POTENTIAL
FIRE-EFFECTS-ON-WILDLIFE-HABITAT-AND-POPULATIONS
FIRE-USE-POTENTIAL

REFERENCES
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APPENDIX B. The Frame-Based Hierarchy of FIRESYS

C SPECIES CCOVER-TYPE)

FIRE ADDAPTIVE
' TRAITS

DISTRIBUTION
- & OCCURRENCE

MANAGEMENT
CONSIDERATION

HABITAT-
TYPES

HARACTERISTICS

BOTANICAL
ECOLOGICAL
Cc

(=)

ONSIDERATIONS

FIRE EFFECTS) ( MANAGEMENT
c

| FIRE ECOLOGY
< & EFFECTS
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APPENDIX C. The ERD of FIRESYS.

ECOSYSTEMS

ECOSYSTE
COVER

‘COVER-
] TYPES

E

OOVER
HABITAT

N

HABITAT- || M
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ID D
HABITAT HABITAT
MNGMNT, FIRE
‘ I SPECIES | ,
1
HABITAT HABITAT
- MANAGEMENT FIRE ECOLOGY
CONSIDERATIONS | & EFFECTS | CONTINUED ON

NEXT PAGE
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The ERD of FIRESYS  cont.

VARIETIES
&
FORMS

1

CHARACTERISTICS

. \ 4
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FIRE ADAPT
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FIRE
EFFECTS :
1 v
FIRE ADAPTIVE
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SPECIFIC
FIRE-EFFECTS
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