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English Sentence Structure and Entity-Relationship Diagrams

PETER PIN-SHAN CHEN®*
Graduate School of Management, University of California, Los Angeles, California 90024

ABSTRACT

In many information system projects, information requirements are initially documented in
English. and then database designers convert these English descriptions into database schemas
in terms of entity-relationship (ER) diagrams (or other similar representations). This paper
studies the correspondence between English sentence structure and ER diagrams, and proposes
eleven rules for translation. The basic constructs of English. such as noun, verb, adjective.
adverb, gerund, and clause. are found to have counterparts in the ER diagrammatic technique.
Finally. an example is used 1o demonstrate the applicability of these rules in database design.

. INTRGDUCTION

The entity-relationship (ER) diagrammatic technique [4] is a graphic way of
displaying entity types, relationship types, and attributes. Many people have
found the technique useful for modeling user information requirements. One of
the reasons often cited is that the ER diagram is easy to understand not only for
systems analysts and database designers but also for managers and users.
Therefore, the ER diagram can serve as a good communication tool between the
systems people and the users during the process of identifying user information
requirements. ’

In order to construct a database using the ER diagram, the database designer
not only has to interview users but also must study the documentation of the old
system (if there is one) and the functional specifications of the new systern.
Since most of this documentation or specification material is in English (or
other natural languages), it is difficult to decipher the contents of these
documents into database schemas as defined by ER diagrams. There is a critical
need for devising mles or guidelines for converting English descriptions into ER.
diagrams. This motivates our research into the correspondence between English
sentence structure and entity-relationship diagrams.

*Author's current address: Department of Computer Science, Louisiana State University,
Baton Rouge, LA 70803.

@Elsevier Science Publishing Co., Inc, 1983
52 Vanderbilt Ave., New York, NY 10017 0020-0255 /83 /503.00
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The ER diagram was formally proposed in[4], Figure 1(a) is an example of a
mple ER diagram. The rectangular-shaped boxes represent entity types, and
& diamond-shaped boxes represent relationship types. For example, in Figure i
a), “EMP” (EMPLOYEE) and “PROJ™ (PROJECT) are entity types, and
JORKS-FOR™ is a relationship type. The “®” and “N” in the diagram indicate
at the relationship “WORKS-FOR™ is many-to-many, In other words, an em-
oyee may work for several projects, and a project may have several employees.
or those relationships which are one-to-one or one-to-many, we will indicate
at property accordingly in the ER diagrams. Figure 1(a)} displays oaly entity
1d relationship types. -

In certain situations, we need to display the properties of entities and
Jationships in terms of attributes and value types. Figure 1(b) is an example of
1 ER diagram with attributes and value types. The value types are represented
¢ circles, and the attributes are represented by the lines connecting the entity
1d relationship types to the circles. In Figure 1(b), EMP#, EMP-NAME, and AGE
2 attributes of EMPLOYEE entities, NUMBER, NAME, and NUMBER-OF-YEARS
e the corresponding value types for these attributes. Relationships may have

- w/om;s\ PROJ
EMP _ FOR

EMP PROJ

/)

PROJ# BUDGET

TARTING-
DATE

EMPH

UMBE

ig. . An entity-relationship (ER) diagram: (a) without attributes and value types, (b) with
tributes and value types.
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ENTITY-RELATIONSHIP DIAGRAMS 129

attributes, 100. For example, STARTING-DATE is an attribute of a “WORKS-FOR™
relationship, since it describes the starting date of a particular smployee on a
particular project.

The above is a short introduction 10 ER diagrams. The reader may refer o (5,
7-9, 11~13, 17] for more detailed discussions of the ER. diagrammatie technique
and its applications.

There are magy varations of ER diagrams proposed by different people or
used by dilferent organizations. Figure 2 illustrates several vessions of ER
diagrams. The last version in Figute 2 is the version being considersd as a
possible standard by the Intesnational Stapdards Organization (ISO). A detailed
discussion of different forms of ER diagrams and models can be found in }6].
For the purpose of this paper, we will use¢ the version illustrated in Figure 1{a)
and (b}. Readers may exiend the ideas discussed in this paper to the version of
the ER diagram they prefer to use.

After the formal introduction in 1976, there have been many proposals to
extend the ER diagrammatic technique. For example, Lee and Gerritsen [10]
propose a technique for modeling the fact that an entity type is a subset of

1 Y l [

EMPLOYEE DEFARTMENT

. ]
EMPLOYEE ~J DEPARTMENT|

! WORKS-FOR N
EMPLOYEE DEPARTMENT

EMPLOYEE WORKS- DEPARTMENT

EMPLOYEE DEPARTMENT

Fig. 2. Diffcrent [orms of entity-relationship (ER) disgrams.
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another entity type and that an entity type can be decomposed into several
entity types by the range of values of a perticular attribute. Schiffner and
Scheuermann [15] intreduce the abstracting capabilities of the ER diagram: it
allows the abstraction of a group of low-level interlinked entity and relationship
types into a high-level entity type. Santos, Neuhold, and Furtado [14] propose o
use algebraic operators (such as the Cartesian product) to form new entiry types.
Batini [1} proposes a set of rules for the decomposition of ER diagrams: staring
with only one entity type in the diagram, a comprehensive ER, diagram can be
derived by systematically applying the decomposition rules, Webre f18) proposes
many different variations of relationship types. There are many other extensions
which we do not have room o discuss here. The purpose of this paper is to
consolidate their proposals, 1o develop further the ER diagrammatic technique,
and, more importantly, to relawc the ER diagrammatic technique to Eaglish
senience structure,

The rest of the paper is divided into three secions, Section 2 describes the
rufes for translating English statements into ER diagrams. Section 3 deseribes
an example of using these rules {n franslating an Eaglish description of informa-
tion requiremtents into an ER diagram. Section 4 is the conclusion.

2. TRANSLATION RULES

What we intend to do here is to classify certain patterns of English usage and
to identify the counterpart components in ER diagrams, In this section, we will
present eleven rules for translating English sentences imo ER diagrams. Al-
though we cail \hem * nujes,” they might better be viewed as " guidelines,” since
it is possible 10 find counterexampies to them. The following are the detailed
explapations of the tramslation rules:

RULE 1. A common noun {Such as “person,” “chair”) in Enghish corresponds
to an entity fype in an ER diagram.

' RULE 2. A iransitive verb in Faglish corresponds to 8 relationship rype in an
ER diagram.
EXAMPLE A,

English statement; A person may owp a car and may belopg to a political
party.

Anaiysis: Note that *person,” “car,” and “political parly” are nouns and
therefore correspond 10 sntity types, Note also that “own” and “belong to” are
transitive verbs {or verb phrases) and therefore correspond to relationship types.

ER diagram: The corresponding ER diagram is shown in Figure 3.

RULE 3. Ap adjective in English corresponds to an atfribute of an entiry in an
ER dfagram.
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PERSON CAR

POLITICAL
PARTY

Fig. 3. An ER diagram for Example A.

RULE 4. An advert in English corresponds to an atrribute of a relotionship in

e B Alarmenoms
AL amah sty i

EXAMPLE B.

English statement; A 40-year-old person works on a project with project
number 2175 for 20% of his time.

Analvsis: "' Person” and “project” are nouns and can be considered as
entity types. Since “40-year-old™ is an “adjective’” modifying the noun " person”,
we can consider “number of years old” (or “age™) as ap atribute of perscn
entties, Similarly, since “with Project number 2175 is an adjective phrase
medifying the noun “project,” we can view “project number” as an atiribute of
“project” entitics. “Works on” is a transitive verly phrase and therefore corra-
sponds 1o a relationship type. Since “for 20% of his time” is ah adverb phrase
used 10 modify the verb phrase “works on,”" we can consider “ percentage of
time™ as an atteibute of “works on” relationships.

ER diggram: The corresponding ER diagram is shown in Figure 4.

RuLE 5, If the sentence has the form: “There are ... Xin ¥,” we can convert
it into the equivalent form “Y has ... X"

EXPLANATION. Since we are interested in the semantics of each sentence, we
may use an equivalent form of the sentence in order to derive the corresponding
ER disgram. In its decp semantics the sentence “therc are ... X in ¥V is
equivalent 1o the sentence “Y has ... X." which can be easily transiated into an
ER diagram. ‘
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PERSON | w?,%'és PROI
PERCENTAGE- pRo:m
AGE OF TIME ‘
Q! 20" 2175

Fig. 4. An ER diagram for Example B.

EXAMPLE C,

English statement: ‘There are 200 employees in this department,

Anafvsis:  The eguivalent form of the sentence js: * The depariment has 200
employees.”

ER diagram: The corresponding ER diagram is shown in Figure 5,

DEPARTMENT

EMPLOYEE

Fig. 5. An ER diagram for Example C.
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RuLE 6. If the Enplich sentence has the form “The X of Yis Z" andif Zisa
proper noun, we may ireat X as a refgtionship between ¥ and Z. In this case,
both ¥ and Z represent entities,

RuLt 7. If the English sentence has the form “The X of ¥is Z" and {f Z is
0ol & proper noun, we may treat X as an attribute of Y. In this case, Y represents
an entity (or a group of entities), and & reprasents a vafue.

EXPLANATION. When the sentence pattern is “The X of Y is Z,” we may say
¥ represent an entity {or a group of entities). However, we do not know whether
Z represent an entity or not, and neither do we know whether X represent a
relationship or not, ‘What we can say is that there is some kind of association
between Y and Z, but we cannoy tell whether this association is one of
relationship or auribute. It seems that whether X is an attribute or relationship
depends primarily on what Z represents, If Z is a proper aoun (such as “John
Kepnedy,” "The United Kingdom™), then Z implicitly refers to an eotity
although Z itself is considered as a value of a certain vaiue type. For example,
"John Kennedy” conld refer 10 a “'person” entity, although “John Kennedy”
itself is an instance of the value type “name”. If Z is a proper noun, we may
treat X as a relationship between ¥ and Z. If Z is not a proper noun, we can say
that Z is an instapce of a pure value type, that is, it does not represent an entity.

Therclore, we way et A as an atribute of 7.
EXAMPLE D.

English statement:  The color of the desk is blue.

Analysis:  Since “blue” is not a proper nonn, we may infer that “color™ is an

“attribute”™ of “desk™ entities,
. ER diagram: The corresponding ER diagram is shown in Figure 6.

DESK

CQLOR

‘BLUE'
Fig. 6. &n ER diagram for Exaemple D.
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PURCHASE
ORDER

NUMBER

7284"
Fig. 7. An ER dirgram for Example E

EXAMPLE E.

English statement:  The number of the purchase order is 7284,

Analysis:  Since *7284" is a pumeric and is not a praper noun, we may infer
that “number” is an auribute of “purchase-order” entities;

ER diagram: The correspanding ER diagram is shawn in Fienre 7

EXAMPLE F.
English statement; The father of Jares Smith is Robert Smith,

Analysis:  Since both ¥ James Smith"” and “ Robert Smith” are proper nouns,

we can say that both of them refer to entities and that “father” is a refarionship
between these two entities. If we assume that both " James Smith” and *Robert
Smith” refer to entities of the ‘person" entity types, we may suay that “ father” is
a relationship between “person” entities,

ER diagram: The corresponding ER diagram is shown in Flgure 8.

RinEe 8. The objects of algebraic or numeric operations can be considered as
atrribures.

EXAMPLE G.

English statement: The average salary is $20,000, and the maximum credit
limit is $500.

Analysis:  Since both “average” and “maximum” arc algebraic operations,
we may infer that “salary” and “credit limit" are auribumtes (of implicit
employce entities}, Actually, this rule can be derived from Rule 7 if we add the
missing components to the original sentence. For example, the sentence “the
average salary is $20,000” can be changed into its equivalent ' the average salary
of cmployees is $320,000”. Using Rule 7, we can derive that “salary” is
an attribute of “employee” entities.
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PERSON

NAME

*JAMES SMITH'

'ROBERT SMITH'
Fig. B. An ER diagram lor Example F.

RULE 9. A genmd in English corresponds to a.relatfomhw-canvened enln'ry
rppe in BER diagrams.

EXPLANATION, In Rule 2, a transitive verb corresponds to a relationship
type. In Rule #1, a noun corresponds to an entily type. Since a genund is 2
RoUn ConyCricd JOm a veil, we way say fual il corresponds 1o an entity type
converted from a relationship type.

EXAMPLE H.

English statement: Products are shipped to customers, and the shipping is
performed by clerks,

. Analysis: Both “product” and "customer” are entity types, and “shipped
to” is a relationship type between them. The verb “ship” is then converted to 2
gerund “shipping” in order to become the subject of the second clause, In other
words, the relationship type “shipped to™ has been converted into the entity
1ype “shipping.” The relationship type " performed by" is defined on the entity
type "shipping” and the entity type “clerk,”

ER diagrams: Figure 9 is the ER diagram representing the Hrst clause:
“ Products are shipped to customers.” Figure 10 is the ER, diagram representing
the entire sentence. Note that we use a special symbol, a reclangular-shaped box

PRODUCT SHIPPED CUSTOMER
TO

Fig. 9. An ER diagram [or Expmple H {part 1).
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HIPPING CUSTOMER

BRODUCT

“EERFORMED
BY

CLERK

Fig. 10. An ER diegram for Example H (pan 2.

on top ol a diamond-shaped box, to represent a relationship-converted entity
tvpe.

RuLE 0. A clawe in English is 2 high-level cntity.type abstracted from a
group of interconnected low-level entity and relationship types in ER diagrams,

ExpLanaTioN. The clause is a major building block in Enplish. A clause can
be used to build angther clanse. On the other hand, a clause may be decom-
posed further into subclauses.

EXAMPLE L

English statemeni:  The managers decide which machine is assigned to which
employee.

Analysis: ' Which machine is assigned to which employee™ is a noun clause
vsed as the object of the verb “decide.” Inside this clause, “machine” and
“employee™ are entity types, aod "assigned to” is @ relationship {ype defined
between “employee” and “machine.” We could view the entire clause as an
equivalent 10 a high-level entity called assignment.

ER diagrem: Figure 11 is the corresponding ER diagram, Note that the
clause is represented by a high-level rectangular-shaped box, which encloses a
group of interconnected low-level entity and relationship types.

RuLE tl. A sentence in English corresponds 1o one or more entity types
connected by a relationship type, in which each entity type tan be decomposed
{recursively) into Jow-level entity types interconnected by relationship fypes.

- ——————
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ASSIGNMENT

MANAGER MACHINE EMPLOYq E

Fig. 11, An ER diagram for Example I

ExpLANATION. Each sentence has one¢ or more nouns, which correspond 1o
entity types. In addition, ¢ach senience bas one verb, which corresponds to a
relationship fype. Since a sentence may be decomposed into clauses, which in
turn may be decomposed into subclauses, the corresponding entity types may be
decomposed (recursively) into low-level entity types interconnected by a rela-
tonship type.

“Certainly, these are the basic rules. We ¢xpect that more rules will be
developed in the future.

3. AN EXAMPLE

In this section, we will describe an example of translating a short English
description of information reguirements into an ER diagram. The example,
which was a revision of a case study originally propesed in [3), is taken from
Teorey and Fry's paper [16]. It is a description of the information requirements
of an information system for labor and employee management in a mavufactur-
ing firm. Teorey and Fry [18] converted this deseription into an ER diagram,
but they did not explain in detail bow the ER diagram was derived. In this
section we apply the rules described in the previous section to the translation of
the English description into an ER diagram, and then compare our result with
Teorey and Fry's.

31. ENGLISH DESCRIPTION OF INFORMATION REQUIREMENTS

As mentioned, 2 manufacturing frm wishes 1o develop a computer-based
information system for Iabor aud cmployee management. The following is the
English description of the information requirements of the proposed informa-
tion system:

The company bas 30 plants located in 40 siates and approximately 100,000 employces. Each
plant is divided inio depesimenis and farther subdivided into work stations. There are 100

departments and 500 work stations in the company. [n each depaniment there is a0 op-line time
clock a1 which employees report thely arrival end departure, A work task is asseciated with ope
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of 20 different job 1ypes. Each of the job types can be performed at cach of the plams, During
& pgiven day an cmployee may perform more than one work task, cach assodated with a
dilferent job type, and each can be performed at a different work station. Each work siation
bes an op-line dats enwry device at which an employce reports activity on a work wash. There
arc five worker unions represented in the company, and cvery employee belongs to exazily anc
upion, Although the size of the company remains steble, about 20 pereent of the employees
leave each year and are replaced by new personpel. ({16, p. 191), with minor medifications.)

3.2, TRANSLATION

Figure 12 is the ER diagram derived by Teorey and Fry from the zbove
English description, but there are several unanswered questions. For e¢xample,

bow can anyonpe (without previous experience} derive Figure 12 {rom - the .

English description given? Is Figure 12 the only representation of this English
description? In the following, we are going to translate the English description
into an ER dipgram using the rules described in the previouns section, We will
then compare our result with Teorey’s resuit. Although we do not have clear-cut
answers 10 the questions raised above, we do believe that the following exercise
will stimulate more research into this area so that a more rigorous methodology
will be develgped in the future,

In the following, we will analyze the English description one seatence at a
time.

STATEMENT 1. The company has 50 plants located in 40 states and approxi-
mately 100,000 employees.

ANALYSIS AND TRANSLATION. This sentence can be decomposed into three
sentences {clauses): (1) the company has 50 plants; (2) the 50 plants are located
in 40 states; (3) the company has approximately 100,000 cmployees. Applying
Rules I.and 2, wc get the ER diagram in Figure 13. Altbough the verb *has” is
used in the original sentence, we use "HAS-1" and "HAS-2" in Figurc 13 in
order to make each relationship type name unique.

STATEMENT 2. Each plant is divided into departments and further subdivided
into work stations.

ANALYSIS AND TRANMSLATION, Applying Rules 1 and 2, we pet the ER
diagram in Figure 14,

STATEMENT 3, There are 100 departments and 500 work stations in the
company.

ANALYSIS AND TRANSLATION. Applying Rule 5, we have the equivalent
sentence: “The company has 100 departmenis and 500 work stations.” How-

ever, this sentence has no new information on entity types or relationship types,
and it contains only supplemental information to the previpus two statements,
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COMPANY

CLOCK UNION

EMPLOYEE

WORK
TASK

Fig. 12. The ER dingram laken from Teozey and Fry's paper {16, p. 193], with minor
modifications. .

For example, we now know the average value of ¥ in Figure 14 is 2 (100
departmenis divided by 50 plants), and the average value of N in Figure 145 5
(500 work stations divided by 100 departments). This information is useful in
the design of physical data structures but is not essential for the conccptualiza-
ton of ER diagrams. ,
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COMPANY PLANT
1 N
N 1
EMPLOYEE STATE

Fig. 13. An ER diagram for Siatement |,

PIVIDED DEPARTMENT

INTO

PLANT

UBDIVIDED

WORK
STATION

Fig. 14. An ER di2gram for Statement 2.
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DEPARTMENT CLOCK

M N

EMPLOYEE ARRIVAL/
DEPARTURE

Fig. 15, An ER dingram lor Statement 4,

STATEMENT 4. In each department there is an on-line time clock at which
employees report their arrival and departiire,

ANALYSIS AND TRANSLATION. Strcily speaking, this statement i5 concerned
with how cereain data are collected, and therefore is irrelevant 1o the construc-
tion of the ER diagram representing the database. However, for practice we will
analyze this statement and derive the comresponding ER diagram.

This statement indicates that the relationship between “department” entities
and “clock” entites is one-to-ome. In additicn, “employee” “clock,” and
“arrival/departure’ are eptities involved in a “report” relationship. The corre-
sponding ER diagram is shown in Figure 15,

STATEMENT 5. A work task is associated with one of 20 different job types,

ANALYSIS AND TRANSLATION, This indicates that the relationship between
*job type” entities and “work task”™ entities is one-to-many. The cormesponding
ER diagram is shown in Figure 16.

N . |__lj0B TYPE
WORK TASK

Fig. 16, An ER diagram far Statement 5.
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JOB TYPE PLANT

Fig- 17, An ER diagram for Stetement 6.

STATEMENT 6. Each of these job types can be performed at each of the
plants. o

ANALYSIS AND TRANSLATION. This indicates that the relationship between

“job type” entities and “plant™ entities is many-to-many. The corresponding

ER diagram is shown in Figure 17.

STATEMENT 7, During a given day an employee may perform more than one
work task, each associated with a different job type, and each can be performed
at a different work station.

ANALYSIS AND TRANSLATION. This indicates thar the relationship between
“employce” entities and “work task” entities is.one-10 many. Also, the relation-
ship between “work task” entities and *job type” entilies is many-to-one. It also
implies thar the relauonship between “"employee” entities and “work station”
entities is many-to-many. The corresponding ER diagram is shown in Figure 18.

STATEMENT 8. Each work station has an on-line data entry device at which
an employee reports activity on a work task,

ANALYSIS AND TRANSLATION, Similarly to Statement 4, this statement is
concerned with data collection and is irrelevant to the copstruction of the ER
diagram representing the database. For the benefit of those interested in the
‘corresponderice between ER dingrams and English statements, we perform the
following analysis.

The relavonship between “work station’ entities and "(on-line) data entry
device" entities is one-to-one, Iu addition, "“employee,” “work 1ask acdvites,”
and *‘data eptry device” are involved in a “report-2" relationship (The name
“report-2” is used to distinguish it from the “report” relationship in Figure 15).
The corresponding ER diagram is shown in Figure 19,

STATEMENT 9. There are five worker unions represented in the company, and
gvery employee belongs to exactly one union.

ANALYSIS AND TRANSLATION. The relationship between “company™ entities
and *'(worker) union” entites is one-to-many. In addition, the relationship
berween “employee” entities and "union” entities is many-to-one. The come-
sponding ER diagram is shown in Figure 20,
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EMPL.OYEE

COMPANY

Fig. 20. An ER diagram for Statemeat 5.

StatmvEt 10, Althaygh the cize of the company remains stable, about 20
percent of the employees leave each year and are replaced by new personnel.

ANALYSIS AND TRANSLATION. The relationship between “employee™ entities
and "“company” entitics bas been shown in Figure 13, This statement gives only
the frequency of changing (updating) the actual relationship instances between
“company" entities and “employee™ entities; it does no? provide information on
new cntity or relationship types.

In the preceding, we have analyzed each statement apd derived a corre-
sponding ER diagram. These individual diagrams can be merged 10 form an
overall ER diagram. Figure 21 is such a diagram, formed by merging Figures 13
to 20 (without Figures 15 and 19). Since there is no attribute for any relation-
ship in Figure 21, we may use a simpie convention in drawing ER diagrams
{using straight lines instead of diamond-shaped boxes 10 represent relationship
types and no explicit pames for relationship types). Figure 22 is the resolting
version of the dingram. Also, since we are modeling the information require-
ments for a specific company only, we can delete the “company” emity type,
and then Figure 23 becomes the final ER diapram.

3.3, COMPARISON OF RESULTS

What are the differences between the ER diagram derived from the transia-
tion nules and the ER diagram derived by Teorey and Fry? Comparding Figure
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VORK N g 5 1
TASK ”

Fig. 21, Ap overall ER diagram.

23 with Figure 12, we can see thet in Figure 12, there are two more enlity types
(COMPANY and CLOCK)' and three more relationship types (EMPLOYEE-WORK-
STATION, EMPLOYEE-JOB-TYPE, and WORK-STATION-JOB-TYPE). Ia addi-
tion, the relationship type WORK-STATIOR-WORK-TASK is missing in Figure 23.
Are these differences significaat or superficial? Which diagram is more faithful
to the original English description? In the following, we will attempt to address

these questions.

In the figures, we use capital Jatters (instead of quowton merks) to denote entity or

relationship type aames.

DEFARTMENT

wORK
STATION
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COMPANY

UNION

N

EMPLOYEE

\

Fig. 22. A revised ER diagram corresponding to Figure 21.

PLANT

STATE

108 TYPE

BEPARTMENT

1

WORK TASK

WORK
STATION

Let us Arst examing the extra entity types. In Figure 23, we do not bave the
COMPANY entity type, since we said that we were modeling z specific company.
If we were to accept COMPANY as an entity type, we probably should have two
addidonal relationship types as shown in Figure 22: CORPANY-EMPLOYEE and
COMPANY-PLANT. In addition, the reiationship type COMPANY-STATE in Fig-
wre 12 is not direct]ly derivable from the original English description. The CLOCK
entity type in Figure 12 is not included in Figure 23, since we said that it was
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N 1
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UNION
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] t T
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WORK TASK |2 i} WORK
STATION

Fig. 23. The fioal ER diagram.

related to the data colection activity and was not relevaat to the consiruction of
the database itseif. If we were o include the CLOCK entity type, we shouid also
include the DATA-ENTRY-DEVICE (see Figure 19) for the sake of consistency,

Now, fet us examine the extra relationship types, We think that these extra
relatonship types may be derivable from the existing relationship types in
Figure 23. For example, the WORK-STATION-JOB-TYPE relatonship in Figure
12 may be inferred by combining the two relationship types in Figure 23:
JOB-TYPE-WORK-TASK and WORK-TASK-WORK-STATION. The extra relavon-
ship EMPLOYEE~JOB-TYPE may be derived by combining the two relationship
types EMPLOYEE-WORK-TASK and WORK-TASK-JOB-TYPE. Similarly, we can
construct the extra reationship type EMPLOYEE-WORK-STATION throvgh other
relztonship types. Therefore, the extra relationship types in Figure 12 do not
contain significant extra information, and they are derivable from the existing
relationship types in Figure 23.

Finally, let us diseuss the relatioaship type WORK-TASK-WORK-STATION,
which is missing in Figure 12, It seems that this relationship type cannot be
dedved completely from other relatdonship types, since we cannot decide

it m E e e ———
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whether this relationship type is ane-lc-one, one-to-tnany, or many-lo-many. We
think that a reason should be given why this relationship is deleted in Figure 12.

In conclusion, Figure 23 aad Figure 12 are very similar. However, Figure 23
is a more faithful representation of the original Enplish description of the
informsation requirements. It seems that additional information, which is based
on the database designer’s own knowledge of the system, was incorporated into
the construction of the ER diagram in Figure 2. However, this additional
information was not documented, and it is difficult for any person to derive
Figure 12 based solely on the original Enplish descriptions. It is not our
intention to claiwd that Figure 23 is better than Figure 12, What we try to do
here is to demonstrate that by systematically applying the translation rules
proposed in Section 2. a more faithful representation can be obiained. We
believe that by following the translation rules we can rely less on the database
desipners’ intuition and mere on structured methods. We bope that these
translation rules can stimulate more research on & rgorous aud comprehensive
logical database design methodology.

4, CONCLUSION

in this paper, we have proposed eleven basic miles for trapslation betwegn
Enplish sentences and ER diagrams. These translation rules can be used in the
conversion of an English language description of information requirements into
ER diagrams. Using an example, we have demonstrated that an ER diagram
more faithfu] to the orpinal description can he derved by systematically
applying the translation rules instead of relying solely on database designers’
intuition.
Ceniainly. the rules provided in this paper are not complete and may have
" exceptions. However, we hope this paper will stimulate more research in this
area so that a set of more complete and accurate rules may be defined in the
near future and thar a more rigorous methodology for information requirements
analysis and logical database design can be developed,

The author would like to thank Dennis Perry and flehoo Chung for their
contribution of ideos for the translation rules,
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Entity-relationship model

From Wikipedia, the free encyclopedia

In software engineering, an entity-relationship medel
(ERM) is an abstract and conceptual representation of data.
Entity-relationship modeling is a database modeling method,
used to produce a type of conceptual schema or semantic
data model of a system, often a relational database, and its
requirements in a top-down fashion. Diagrams created by
this process are called entity-relationship diagrams, ER
diagrams, or ERDs.

The definitive reference for entity-relationship modeling is

Peter Chen's 1976 paper.!) However, variants of the idea

existed previously,lz} and have been devised subsequently.
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Overview

The first stage of information system design uses these models during the requirements analysis to describe
information needs or the type of information that is to be stored in a database. The data modeling technique can be
used to describe any ontology (i.e. an overview and classifications of used terms and their relationships) for a
certain area of interest. In the case of the design of an information system that is based on a database, the conceptual
"data moadel is, at a later stage {usually called logical design), mapped to a logical data model, such as the relational
model; this in turn is mapped to a physical maodel during physical design. Note that sometimes, both of these phases
are referred to as "physical design”.

There are a number of conventions for entity-relationship diagrams (ERDs), The classical notation mainly relates to
conceptual modeling. There are a range of notations employed in logical and physical database design, such as
IDEF1X.

The building blecks: entities, relationships, and attributes

An entity may be defined as a thing which is recognized as being
capable of an independent existence and which can be uniquely
identified. An entity is an abstraction from the complexities of
some domain. When we speak of an entity we normally speak of

10:00:35 AM Tuesday, September 21, 2010 hitp://en.wikipedia.org/wiki/Entity-relationship RSES3



some aspect of the real world which can be distinguished from
other aspects of the real world.[*] t o Tworclatedentities

An entity may be a physical object such as a house or a car, an event such as a house sale or a car service, or a
concept such as a customer transaction or order. Although the term entity is the one most commonly used, following

Chen we should really distinguish between an entity and an entity-type. An entity-type is a category. An entity,
strictly speaking, is an instance of a given entity-type. There are usually many instances of an entity-type. Because
the term entity-type is somewhat cumbersome, most people tend to use the term entity as a synonym for this term.

Entities can be thought of as nouns. Examples: a computer, an employee, a song, a mathematical theorem.

A relationship captures how two or more entities are related to one another. Relationships can be thought of as
verbs, linking two or more nouns, Examples: an owns relationship between a company and a computer, a supervises
relationship between an employee and a department, a performs relationship between an artist and a song, a proved
relationship between a mathematician and a theorem.

The model's linguistic aspect described above is utilized in the declarative database query language ERROL, which
mimics natural language constructs.

Entities and relationships can both have attributes. Examples: an employee entity might have a Social Security
Number (SSN) attribute; the proved relationship may have a date attribute.

Every entity (unless it is a weak entity) must have a minimal set of uniquely identifying attributes, which is called
the entity’s primary key.

Entity-relationship diagrams don't show single entities or single instances of relations. Rather, they show entity sets
and relationship sets. Example: a particular song is an entity. The collection of all songs in a database is an entity
set. The eaten relationship between a child and her lunch is a single relationship. The set of all such child-lunch
relationships in a database is a relationship set. In other words, a relationship set corresponds to a relation in
mathematics, while a relationship corresponds to a member of the relation.

Certain cardinality constraints on relationship sets may be indicated as well.

Diagramming conventions

Entity sets are drawn as rectangles, relationship sets as diamonds. If an entity set participates in a relationship set,
they are connected with a line.

Attributes are drawn as ovals and are connected with a line to exactly one entity or relationship set.

Cardinality constraints are expressed as follows:

w a double line indicates a parricipation constraint, totality or surjectivity: all entities in the entity set must
participate in af least one relationship in the refationship set;

= an arrow from entity set to relationship set indicates a key constraint, i.e. injectivity: each entity of the entity
set can participate in af most one relationship in the relationship set;

= a thick line indicates both, i.e. bijectivity: each entity in the entity set is involved in exactly one relationship,

» an underlined name of an attribute indicates that it is a key: two different entities or relationships with this
attribute always have different values for this attribute.

Attributes are often omitted as they can clutter up a diagram; other diagram techniques often list entity attributes
within the rectangles drawn for entity sets.

Chen's notation for entity-relationship modeling uses rectangles to represent entities, and diamonds to represent
P B g P P
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relationships appropriate for first-class objects: they can have -
attributes and relationships of their own.

FPerson Location

Related diagramming convention techniques:

s Bachman notation : IDEFLX
= EXPRESS e

IDEF1X[
Martin notation

Locatien

{(min, max)-notation of Jean-Raymond Abrial in 1974

UML class diagrams Bachrnan

Born in .
. Person [ - ~] Location
Crow's Foot Notation Birthplace of

Crow's Foot notation is used in Barker's Notation, SSADM -

- . . . N . Martan [ 1E /
and Information Engineering. Crow's Foot diagrams represent Crow's Faot
entities as boxes, and relationships as lines between the boxes. Parsan b . # Location
The ends of these lines are shaped to represent the cardinality Birthplace of

of the relationship.

.. . . Min-Max  1SO

Usage of Chen notation is more prevalent in the United States, inMaxi )

. ' . . aps {1,1) Bornin
while usage of Crow's Foot notation was used primarily in the Person o Location
UK. Crow's Foot notation was used in the 1980s by the Sirthplace of (ON)
consultancy practice CACI. Many of the consultants at CACI
(including Barker) subsequently moved to Oracle UK, where m pErITT"
they developed the early versions of Oracle's CASE tools, AN < g_:tfi:‘ ilﬂ of
introducing the notation to a wider audience. Crow's Foot Parsor TS [eaten

notation is used by these tools: ARIS, System Architect, Visio,

PowerDesigner, Toad Data Modeler, DeZipn for Databases,
Devpems Data Modeler, OmniGraffle, and MySQL
Workbench. CA's ICASE tool, CA Gen aka Information_Engineering_Facility also uses this notation,

ER diagramming tools

There are many ER diagramming tools, Some free software ER diagramming tools that can interpret and generate
ER models, SQL and do database analysis are MySQL Workbench and DBDesigner (open-source). A freeware ER
tool that can generate database and application layer code (webservices) is the RISE Editor,

Some of the proprietary ER diagramming tools are ARIS, Avolution, dbForge Studio for MySQL, DeZign for
Databases, ER/Studio, Devgems Data Modeler, ERwin, MEGA International, OmniGraffle, Oracle Designer,
PowerDesigner, Rational Rose, Sparx Enterprise Architect, SQLyog, System Architect, Toad Data Modeler, SQL
Maestro, Microsoft Visio, Visible Analyst, and Visual Paradigm.

Some free software diagram tools just draw the shapes without having any knowledge of what they mean, nor do
they generate SQL. These include Kivio and Dia. DIA diagrams, however, can be translated with tedia2sq].

See also

= Database design

Associative entity

s Data structure diagram

« Enhanced Entity-Relationship Model

k8835
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Object Role Modeling

Three schema approach
Unified Modeling Langunage
Value range structure diagrams
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an Entity Relatlonship {ER) dlagrom, This section explaing the regquirements far
our three example databases~rusic, univoraliy, and £1ight—and shows you
thelr Entity Relationship diagrams:

* ‘The music database Is designed to store detalls of o mutic coflection,
Ingluding the albums In the collection, the artists who mate them, the
tracks ocn the albums, and when each track was [ast played,

w The university dotabase captures the detalls of students, courses, and
grades far a unlversity.

s The riignt database stores an aldine timetabie of flight routes, times,
and the plane types.
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The next section explains these databases, each with its ER diagram and an explanation of the maotivation for its
design. You'll find that understznding the ER dlagrams and the explanations of the database deslgns is sufficient to
watk with the materdal in this chapter. We'll show you how to create the pusic database gn your MySQL serverin

Chapter 5 .
The Muslc Database

The zuste database stores detalis ol a parsonal musice brary, and colld be vsed to manage your MP3, CD, or vinyl
coliectlon. Because this database is for a personal collection, it's relatively simple and stores only the relationships
between arlsts, albums, and tracks, It lgneres the requirements of many music genres, making It most usefud for
storing popular moslc and less useful for storing {axx or ¢lassical music. (We dlscuss some shortcomings of thesa
ragulrernents at the end of the section In *What |t doesn't do.”)

We {lzst dravs up a clear list of reguirements for our database:

¢ The collectlon cohslsts of olbums.

o An 2lbum is made by exactly ane artlst,

* An 2riist makes one or more albume,

s An album contalns one of meore tracks

= Artists, albums, Bnd tracks edch have o pzme,

Tl )|

——
) @ —— et o i Ay

Figure 4-10. Quick summary of the ER dlagram symbols

= FEach track Is on exactly one album.

e Each track has o thme leagth, measured in seconds.

n When a tragk Is played, the date and time the playback began (to the nedrest second} should be recorded; this
15 used for reporting when a track was last played, os well as the number of times music by an artist, from an
album, or a track has been played.

! There's no requirement to capture composers, group mernbers or sidemen, recording date or lacatlon, the source

medla, or any ather detalls of artlsts, albums, or tracks,

The ER dlagram dedved from our requlrements s shown in Figure 4=11, You'lt notice that it consists of only ong-to-
many relatignships: gne artist can make many albums, ore album can contaln many tracks, snd one track cen be

Eiam :ﬁ"m played many times. Conversely, each play bs assoclated with ene track, o track 15 on ahe album, and an album 15 by

@ Al Fends

Wnla For Us Get Pald
l Requa:t Hadia Kit
Cuma:t Lis
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one artist. The attributes are Straightforward: artists, albums, and tracks have names, 8s well as Identifiers to unlquely
Iden:ifv each enlty. The track entity ks 3 time attribute to store the durztlon, and the played entity hps a timestemp
to stare when the treck was played.

The only strong entity In the database IS artias, which has an ascaas_id attribute that uniquely identifles it. Each
albur entity is uniquely Identifted by its a1ber_td combined with the arcis:_Ld of the corresponding arrisc entity.
A wrack entity is similadly uniquely ldentified by Its tcacx_la combined wilh the related aipes :d and arcise_id
attributes. The played entlty Is unlguely Identified by a combination of s played time, and the reated crack_uid,
album_td, and arciac_id attdbutes.
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Figure 4-11, The ER dlagram of the music database
What It doesn‘t do

We've kept the mustc database simple because adding extra features doesn't help you learn anything pow, It just
mokes the explanatlons longer, 1f you wanted Lo use the music database In praciice, then you might consider adding
the following features:

Suppaort fer compllations ar varlous-antists albums, where each track may be by a different artist and may then
have Its ewn associated albwmellke detalls such a5 a recording date and time. Under this made], the album
would be a strong entity, with many-to-many relationships between artists and albums, -

Flaylists, a user-controlled collectlon of tracks, For example, you might create a playllst of yeur favorite tracks
from an antist.

Track ratings, o record yeur cpinlon on how good a track Is,

Sgurce detalls, such 35 when you beught an albur, what media It czmie on, how much you pald, and o on.

Album detalls, such as when and where It was cecorded, the producer and lzabel, the band members or sidemen
who played on the album, and even Its artwork..

+ Smarter track monzgement, such as modeling that 2llows the same track 1o appear on many albums,

Next: The University Databose >>
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+ SmartDraw

Communlicate Visuslly

What are Entity Relationship Diagrams?

Entity Refationship Diagrams (ERDs) iltustrate the logical structure of databases.

<o

Entity i———@iri:min

4@0:\*}

An &R Diagram

Entity Relationship Diagram Notations

Peter Chen developed ERDs in 1976. Since then Charles Bachman and James Martin have added some sligh refinements to the basic ERD

principles.

Entity
An entity is an object or concept about which you want to store information,
Learn how to edit text on an entity.

Enfity

Weak Entity
A weak entity is an entity that must defined by a foreign key relationship with another entity as it cannat be uniquely identified by its awn

attributes alone,
Learn how {o edit text on this chject,

Entity

Key attribute
A key attribute is the unique, distinguishing characterlstic of the entity. For example, an employee's social security number might be the

employee's key atiribute,
RS870
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Multivalued attribute

A multivalued attribute can have more than one value. For example, an employee entity can heve multiple skill values,
Derived attribute

A derived attribute is based on znother attribute. For example, an employee's manthly salary is based on the employee's annual salary.

Relationships
Refationships illustrate how two entities share information in the database structure.

Learn how to draw relationships:
First, connect the two entities, then drop the relationship natation on the [line.

Cardinality
Cardinality specifies hiow many instances af an entity relate to one Instance of another entity.

Ordinality is alsa closely linked to cardinality. While cardinality specifies the occurences of a relationshig, ordinality describes the
relationship as either mandatory or optional. In other words, cardinality specifies the maximum number of relationships and ordinality -

specifies the absolute minimum number of relationships.

Customer
N
1 M
Accoynt T Tronzaction

Click here far more cardinalily notations

To learn how'ta express cardinality in SmartDraw, click here.

Recursive relationship
In some cases, entities can be self-linked. For example, employees can supervise other employees.

R5871
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Non-spatial Database Models o

by Thomas H. Meyer, Mapping Sciences Laboratory, Texas A&M University, USA

This unit is part of the NCGIA Core Curriculum in Geagraphic Lnﬁ:_rm_qHé_n_.S‘cience. These materials may be used for study, research, and
education, but please credit the author, Thomas H, Meyer, and the project, NCGIA Core Curriculum in GiScience. All commercial rights
reserved. Copyright 1997 by Thomas H. Meyer,

Your comments on these materials are welcome. A link to an cvalueation form is provided at the end of this
document.

Advanced Organizer

Topics covered in this unit

« This unit introduces the terms and concepts needed to understand non-spatial databases and their underlying
data models, including:
o a motivation of the need for database management systems
o an overview of database terminology
o adescription of non-spatial data models

Intended Learning Outcomes
o After leamning the material covered in this unit, students should be able to:
o explain the purpose of a database management system

o list the major non-spatial data models and their features
o identify the primary distinctions between the major non-spatial data models

Instructors’ Notes
Full Table of Contents

Metadata and Revision History

Non-spatial Database Models

1. Motivation: Why database management systems?

« Database management systems (DBMSs) are very good at organizing and managing large collections of
persistent data. :

o We use DBMSs to help cope with large amounts of data because, when problems get big, they get hard.
» Consider the task of finding a particular book in a typical university library.
» Now, reconsider that same task if the library doesn(t keep the books arranged in any particular

order or if the library has no indexes.
o Using a big collection of unorganized things is practically impossible. Structure turns data into
information.
o Persisience means that the data exist permanently; they do not disappear when the computer is shut off.
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o DBMSs are like suitcases: they are somewhere to put stuff so that itOs all in one place and easy to get to.
o DBMSs help protect data from unauthorized access.
o DBMSs help protect data from accidental corruption or loss due to:
o hardware failures such as power outages and computer crashes
o software failures such as operating system crashes
« DBMSs allow concurrent access, meaning that a single data set can be accessed by mare than one user at a
time
o virtually all commercial database applications require the data entry staff to have access to the database
simultaneously.
e For example, an airline reservation system cannot restrict aceess to the database to a single travel
agent,
o concurrent data access introduces unwanted problems caused by two users manipulating exactly the
same data at exactly the same time.
» These problems can cause the database to be corrupted or for a users interface program to never
complete its query.
» These problems are analogous to road intersections: if there are no traffic lights or stop signs,
havoc will ensue.
o DBMSs provide mechanisms to prevent concurrent access problems; these mechanisms are collectively
calied concurrency control.

o A distributed DBMS allows a single database to be split apart such that its pieces reside at geographically
separated sites.

o this can provide performance improvements by eliminating transmitting the data across a relatively
slow long distance communication channel (it0s a lot faster to have the database on your hard drive
than to access it across an Ethernet or via 2 modem)

o this can reduce concurrency control bottlenecks by giving each user that part of the database which they
need rather than having all the users compete for access to the whole database

« DBMSs are not necessarily meant for data analysis; that is more the job of a spread sheet or some other
special-purpose analysis tool.

o DBMSs are general-purpose tools. It is basically irrelevant to the DBMS what is stored within it.
Software design principles suggest de-coupling domain specific analysis packages from the DBMS to
keep the division of labor clear,

o DBMSs are very good at retrieving a relatively small portion of the database and passing it along for
detailed analysis by a tool designed for that purpose,

o DBMSs often allow integrity constraints to be imposed on the data to insure validity and consistency.
These rules can interfere with ad-hoc analysis in which the user manipulates the data without any
preconceived ideas of how the data should relate to each other.

o DBMSs often do not have adequate facilities to perform complicated calculations; some have nio such
facilities whatsoever.

2. Fundamental Concepts and Terminology
« This section presents a few common database concepts and terms.
2,1, Data

¢ Data are facts. Some facts are more important to us than others. Some facts are important enough to warrant
keeping track of them in a formal, organized way.

o Important data are like the valuables we keep in a bank. They are a small subset of our total possessions but
they are so important that we protect them by putting them in a special, safe place.
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« CDatall is a plural. The singular of Zdata0 is Jdatum(].
 "Data” is a broad concept that can include things such as pictures (binary images), programs, and rules.
Informally, dara are the things you want to store in a database.

2.2, Spatial vs. Non-spatial Data

e Spatial data includes location, shape, size, and orientation.
o For example, consider a particular square:
= its center (the intersection of its diagonals) specifies its location
s its shape is a square
e the length of one of its sides specifies its size
= the angle its diagonals make with, say, the x-axis specifies its orientation.
» Spatial data includes spatial relationships. For example, the arrangement of ten bowling pins is spatial data,

» Non-spatial data (also called antribute or characteristic data) is that information which is independent of al]
geometric considerations.
o For example, a person(s height, mass, and age are non-spatial data because they are independent of the

person(ls location.
o It[s interesting to note that, while mass is non-spatial data, weight is spatial data in the sense that
somethingOs weight is very much dependent on its location!

= It is possible to ignore the distinction between spatial and non-spatial data. However, there are fundamental

differences between them:
o spatial data are generally multi-dimensional and autocorrelated.
o non-spatial data are generally one-dimensional and independent.

» These distinctions put spatial and non-spatial data into different philosophical camps with far-reaching
implications for conceptual, processing, and storage issues.
o For example, sorting is perhaps the most common and important non-spatial data processing function

that is performed.
o It is not obvious how to even sort locational data such that all points end up Onearby[] their nearest

neighbors.

These distinctions justify a separate consideration of spatial and non-spatial data models. This unit limits its
attention to the laiter unless otherwise specified.

2.3. Database

» A database i5 a collection of facts, a set of data.
o [Itis like the contents of a bank's vault.
« The information in a phone book is an example of a database.
o Pay carefully attention to the fact that the book itself is not the database.
o Rather, the database is the information stored on the pages of the book, not the pieces of paper with ink
on them,

2.4. Repository

« A repository is a structure that stores and protects data.
» Repositories provide the following functionality:
o add (insert) data to the repository
o retrieve (find, select) data in the repository
o delete data from the repository
» Some repositories allow data to be changed, to be updated. RS#75
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o This is not strictly necessary because an update can be accomplished by retrieving a copy of the datum
from the repository, updating the copy, deleting the old datum from the repository, and inserting the
updated datum into storage.

» Repositories are like a bank vault. They exist mainly to protect their contents from theft and accidental
destruction.

o Security: repositories are fypically password protected, many have much more elaborate security
mechanisms.

a Robustness: Accidental data loss is safeguarded against via the fransaction mechanism.

v A fransaction is a sequence of database manipulation operations.

» Transactions have the property that, if they are interrupted before they complete, the database
will be restored to a self-consistent state, usually the one before the transaction began.

» Ifthe transaction completes, the database will be in a self-consistent state.

» Transactions protect the data from power failures, system crashes, and concurrent user
interference.

« An example of a commercially available repository is Kala (Simmel and Godard 1991).

2.5. Database Management System (DBMS)

» A database management system is a data repository along with a user interface providing for the
manipulation and administration of a database. A phone book is an example of a DBMS.

+ Unless specified otherwise, a DBMS will hereafter be understood to be a software system, a program {or suite
of programs) that is run on a digital computer. A few examples of commercially available DBMSs include
Gemstone, 02, Versant, Mattise, Codasyl, Sybase, Oracle, DB2, Access, and dBase,

» A DBMS is like a full-service bank, providing many features and services missing from the comparatively
Spartan repository.

2.6. Queries

» Many DBMSs provide a user interface consisting of some sort of formal language.

o A data definition language (DDL) is used to specify which data will be stored in the database and how they
are related.

» A data manipulation langnage (DML} is used to add, retrieve, update, and delete data in the DBMS.

» A query is often taken as a statement or group of statements in either a DDL or a DML or both, Some
researchers view queries as read-only operations, no data modifications are allowed (Codd 1990, p, 21).

« A query langnage is a formal language that implements a DDL, a DML, or both. Examples of query
languages include SQL (Structured Query Language), QUEL, ISBL, and Query-by-Example.

2.7. Data Models

s A data model is mathematical formalism consisting of two parts (Ullman 1988, p.32):
o A notation for describing data, and
o A set of operations used to manipulate that data.
¢ A data model is a way of organizing a collection of facts pertaining to a system under investigation.

+ Data models provide a way of thinking about the world, a way of organizing the phenomena that interest us.
» They can be thought of as an abstract language, a collection of words along with a grammar by which we
describe our subject.
o By choosing a language, we pay the price of being constrained to form expressions whose words are
limited to those in the language and whose sentence structure is governed by the languageUs grammar,
o We are not free lo use random collections of symbols for words nor can we put the words together in
any ad hoc fashion.

RS876
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. A major benefit we receive by following a data model stems from the theoretical foundation of the model.
o From the theary emerges the power of analysis, the ability to extract inferences and to create
deductions that emerge from the raw data.

e Different models provide different conceptualizations of the world; they have different outlooks and different

perspectives.
o There is no universally agreed upon best data model so this unit presents the nmost common ones.

DBMSs are seen to be composed of three levels of abstraction:
o physieal: this is the implementation of the database in a digital computer, It is concerned with things
like storage structures and access method data structures.
o conceptual: this is the expression of the database designers model of the real world in the language of
the data model.
o view: different user groups can be given access to different portions of the database. A user groups
portion of the database is called their view.
» This unit is concerned mostly with the conceptual level.

3. Common Data Models

» This section presents an overview of the most common data models

3.1. Entity-Relationship Model

» The Entity-Relationship (ER) model is generally attributed to (Chen 1976).

o The ER model envisions the world as comprised of entities that are associated with each other by
relationships. All of the entities of a particular type are collected together into entity sefs.

» Entity sets and relationships can be depicted graphically in an CR-diagram.

3.1.1. Entities

« Entities are distinguishable Oreal-worldD objects such as employees, maps, airplanes, or bus schedules.
o [iDistinguishable] means that all entities can be uniquely identified.
o Entities have common atiributes that define what it means to be such an entity.
o Any particular real-world object does not necessarily have a single or best representation as an entity.
e For any given real-world object, different modelers can choose different sets of attributes of the
object that are of interest to their particular situation.
w This results in the same object being modeled differently.

« Entities are collected into entify sets.
o Entity sets are depicted as rectangles in ER diagrams.,
o Their attributes are depicted as ellipses attached to the rectangles by lines.

3.1.2. Relationships
» A relationship is a list of entity sets.
o Notation: two entity sets 4 and B that stand in relationship r is written 4 r B. See the next bullet for

examples.

» Types of relationships (see Figure 1.):

o aggregating relationships;
gEregaiing P RSE77
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e one-one: if A r B and r is one-one then each entity of B is in relationship with at most one entity
of A and vice-versa.

e For example, if CAPTAIN commands VESSEL and commands is one-one then, in our
model, each vessel has at most one captain and each captain commands at most one vessel
at a time.

» many-one: if 4 r B and r is many-one then each entity of 4 is in relationship with at most one
entity of B but not vice-versa,

» For example, if CREW assigned-to FESSEL and assigned-to is many-one then, in our
meodel, a vessel has many crew members but a crew member is assigned to only one vessel.

= many-many: if 4 r B and r is many-many then each entity of 4 can be in relationship with any
number of B entities and vice-versa.

o Forexample, if VESSEL patrols REGION and patrols is many-many then, in our model, a
vessel patrols many regions and a region is patrolled by many ships,

o isa (read Ois a0) relationships: if A isa B then 4 is a specialization of B, or, conversely, Bisa
generalization of 4.
w For example, if CAPTAIN isa CREW then, in our model, captains have all the attributes of crew
members but not vice versa.
m The isa relationship allows hierarchies to be established among entity sets.

» A Relationship is depicted by a lozenge with lines connecting it to the relevant entity sets.

» The Entity-Relationship model lacks an underlying formalism and is, therefore, used more for general
conceptualization than for creating physical models
o (indeed, some authors do not acknowledge the ER model as a data model at ail).
o It is not uncommon for a conceptual design to be expressed in the ER model and then Otranslated
into another model for implementation.

3.2. The Network Model

= The network data model is based upon the concept of a structure such as is found in programming languages
like C or Pascal.
o ER entities can be modeled as structures with the entity (s atiributes corresponding to the structurells
fields.
o Entities are distinguished by their location, i.e., the OphysicalC address of the structure that is holding
them. Thus, two structures of identical value represent two separate entities.
» Entity sets can be implemented as files whose records match the structures.
« Relationships are created with explicit linkages (viz. pointers) from structure to structure.

» Codasy! is an example of a DBMS based con the network model (Olle 1978).

s The network model has no formal semantics nor a high-level query language. Database manipulation was
done via customn programs often written in COBOL.

» Network model databases are hand-coded and, therefore, can be very efficient in their space utilization and
query execution times; all the relationships are (hardwiredO or precomputed and built into the structure of
the database itself.,

« The price for such performance is inflexibility and great difficulty of use (among many other things).

3.3. The Relational Model

» The relational model was introduced by Codd (1970) and has been the inspiration of an entire generation of
database management systems that are based on the concept of a relation which is a set of tuples.

10:08:36 AM Tuesday, September 21, 2010 htip://www.ncgia.ucsb.edu/giscc/units/u045/04 Rab



3.3.1.

3.3.2.

3.3.3.

Tuples

A tuple is a set of facts that are related to each other in some way (perhaps only by the fact theyOve been put
together in a set).

Each fact in a tuple is a datum whose value comes from a specified domain (e.g., the domain of all integers,
the domain of all character sirings of length 255 or less, efc.)

Formally, et D, ..., D, be » sets of values constituting » domains ( is usually greater than zerc but thal is
not strictly necessary). A fupletis a set of values t = {d, ..., d, }, such that d, is an element of D, ..., and
d, is an element of D, . The domains are called aftributes.

Relations

Formally, let D}, ..., D, be n domains. A relation R is a set of tuples over the Cartesian product D j XX
D _
In English, a relation is a (possibly complete) subset of all the possible tuples formed by the Cartesian product
of the domains.
Since tuples are sets (of values) and a relation is also a set (of tuples), relations are sets of sets.

o a file is a list of records

o atableis a list of rows
o arelation is a set of tuples

Relations are naturally represented as tables.
o Tables are not relations because relations cannot have duplicate tuples and there is no such stricture on

tables. However, it is perhaps convenient to think about relations as tables so long as the distinction

remains clear.
o Most (if not all) commercial Orelational 3 DBMSs violate this principle: they allow duplicate tuples.

The use of relations as a data modeling tool becomes apparent when we have a relation, say, COUR_DEMD
with fields {guadname, zone_code, mappingcenter}.
o It happens that the USGS has a digital elevation model named OPLACITAS NMO in UTM zone 13
that was created by the Forest Service Mapping Center.
o Then, the presence of a tuple in the OUR_DFEAM relation whose
" & quadname attribute has the value JJPLACITAS NMD and
s zone code attribute has the value 1130, and
s mappingeenter attribute has the value OFS(,
o indicates that we have the Placitas DEM in our possession.

Tuples, Relations and Keys

Relations are sers of tuples; consequently, no two tuples that are elements of the same relation can have
identical values for all their attributes. That is to say, there are no duplicate tuples in a relation.
All tuples in a relation can be distinguished by the values of their attributes.
o Any set of attributes whose values necessarily uniquely identify a tuple are said to be a key.
Database designers choose some attribute set to be a key for their database (s relations.
o This key is known as the primary key.
If the primary key of one table appears as an attribute of a different relation, the key is known as a foreign
key in the other relation.
A key uniquely identifies its tuple. Therefore, a tupleUs key is often used as a surrogate for the entire tuple.

3.3.4, Relationships

REE7D
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« Not surprisingly, the relational model represents relationships with relations.
e Figure 2 depicts a relational database that was designed from the ER-diagram developed above.
o Key atiributes are denoted in bold face.

o [fyou wish to work with these examples, you can download either:
1. the Microsoft Access97 .mdb file by SAVING the files at.
mip:iimegia.uesh.edu/giscc/units/ull4 3/datalsamples.mdb
w NOTE: you can do this by right clicking (PC and Unix computers onlp) on the link above
2. ASCII text for the tables by clicking their names below.
CAPTAIN CREW PATROLS
REGION SOTL VESSEL
v The attribute names are on the first row, character strings are delimited with double quotes ("}
and the fields are comma delimited.

» Apgregating relationships are represented by embedding the primary key of one relation into another relation
as a foreign key:
o one-one:if A r B and r is one-one then the primary key of 4 can be embedded in B or vice versa or
both.

» For example, suppose CAPTAIN commands VESSEL and that commands is one-one.

» Suppose further that cpri_name is the primary key of CAPTAIN and vesse! name is the primary
key of VESSEL.

» Then, CAPTAIN could have an atiribute commands whose value is that of vessel_name for the
vessel that captain commands.

» It is equally reasonable to have an attribule commanded by in YESSEL whose value is that of
name for the captain commanding the vessel.

o many-one: if A v B and r is many-one then the primary key of B can be embedded in A but not vice
versa.

s For example, suppose CREH assigned-to VESSEL and assigned-to is many-one.

w Suppose further that crew_name is the primary key of CREW and vessel_name is the primary key
of VESSEL.

» Then, CREW could have an attribute assigned_to whose value is that of vesse/ name for the
vessel this crew member serves on.

e However, FESSEL cannot have an attribute roster because roster would have to be a set (many
crew members per vessel) and the relational model] stipulates that all domains are atomic; no
collections.

o many-many. if A r B and r is many-many then neither primary key can be embedded the other table.
Again, the difficult lies in the atomicity rule for domains. So, for a many-any relationship, we must
create a separate relation whose attributes include but are not limited to the primary keys from 4 and B.

s For example, if VESSEL patrols REGION and patrols is many-many,

» Suppose further that vesse!_name is the primary key of VESSEL and region_name is the primary
key of REGION. Then we have a third relation PATROLS with attributes vessel _name and
region_name.

w such relations are sometimes called join supports

e such relations are no different in any way from any other relation

» isa relationships are handled as the other relationships:
o one-one: Suppose CAPTAIN isa CREW.
e Then there is a one-one relationship between CAPTAIN and CREW so the primary key of CREW
can be used as the key in CAPTAIN.
= The one-one nature of this relationship indicates that the two tuples really give details of the
same entity; they are sort of like a single tuple that has been split in two.

Rs880
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o many-one: Suppose we are modeling WWII combat vessels, known collectively as "ship(s) of the
line" (SOTL). It happens that a ship design can be used as the plan for many individual vessels
{obviously).

» The design is known as a Tclass{] and the vessels made to that design are said to belong to that
class.
w For example, the USS Missouri belongs to the Jowa class of battleships.
» We model this relationship with a relation SO7Z which has a single tuple for each class of
warship. Thus, VESSEL isa SOT1.
» The SOTL relation has attributes that are common to all ships of the line. For WWII vessels, this
might include attributes such as the number of primary guns, size of the primary guns, efc.
a The tuple in SOTL for the Iowa battleships gives information that is common to all lowa
class battleships (e.g., nine 16-inch guns, efe.).
= The tuple in FESSEL for the USS Missouri holds the information specific to that vessel
including the fact it belongs in the Iowa class.
= Therefore, the primary key of SOTL is embedded in FESSEL, not vice versa.
» Compare many-one isa relationships with one-one isa relationships.
» Ullman restricts relationships to be one-one (Ullman 1988, p. 35).

3.3.5. Query Languages

s Codd invented two early languages for dealing with relations: one was algebraic and the other was based on
first-order predicate logic (Codd 1971). These languages have the same expressive power,
o Relational Algebra
» [3[an] algebraic notation [1 where queries are expressed by applying specialized operators to
relations{] (Ullman 1988, p. 53)
w see {Codd 1990, pp. 61-144) for a presentation of the relational algebra.

o Relational Calculus
= 1fa] logical notation [J where querics are expressed by writing logical formulas that the tuples in
the answer must satisfy" (Ullman 1988, p. 53)
= see (Ullman 1988, pp. 145-160) for a presentation of the relational calculus.

» The most common commercial query language is the Structured Query Language, or SQL.
o Despite its reputation as a relational query language, SQL does not fully support the relational model (it
includes things that are not in the model and omits things that are. See (Codd 1988) and (Date 1987)).

3.3.6. Relational Database Management System (RDBMS)

o A relational database management system is a DBMS based on the relational model as defined by (Codd

1990),
« There is no commercially available DBMS that fully implements the relational model as defined by (Codd
1990). Some are coming claser. Not everyone agrees that this strict lack of conformance is a Bad Thing.

3.3.7. Advantages of the Relational Model

e Codd (1990, pp. 431-439) presents many advantages of the relational model. Some of them are highlighted
below:

» The relational model is truly a mathematically complete data model, This solid theoretical underpinning is
responsible for
o ad hoc query languages whose queries can be automatically compiled, executed, and optimized without
resorting to programming
o correctness: the semantics of the relational algebra are sound and complete
RSBE]
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o predictable: the consistent semantics enables users to easily anticipate the result of a given query

» Adaptability: making a change in the structure of the tables in the network model requires programmatic
making changes to all the database[ls queries. As a result, the network model is inflexible in the extreme.
o The relational model cleanly separates the logical from the physical model and this decoupling
mitigates ar eliminates these problems.
o Also, the relational model(s integrity constraints are very helpful in ensuring that structural changes
did not adversely effect the meaning of the database.

« Multiple views: it is straightforward to present different user groups different views of the same database.

¢ Concurrency: a full theory of transaction concurrency control exists which depends upon the theoretical
formalisms of the relational model. .
o This theory guarantees the correct execution of concurrent queries (indeed, it defines what Ocorrect{]
means!)

3.4. The Object Model

3.4.1. What is the Object Model?

s The word [JobjectQ is similar to the Entity-Relationship concept of an Dentityi] although Dobject{ is more
general.
o lrecommend taking Cfobject in the spirit of Dobjects in the physical world. [
o Objects are things but they are not limited to physical, tangible things. For example, data structures
(e.g., a hash table) can be objects.
o All objects are distinet and, like the network model, are made distinct by an identifying attribute, the
object ID.

o Like the other models, the object model assumes that objects can conceprually be collected together into
meaningful groups. These groups are called classes.

» An object grouping is meaningful because objects of the same class must have common attributes, behaviors,
and relationships with other objects.

» Unlike entity sets and relations, classes do not actually hold the objects of that class.
o Classes are purely conceptual,
o There is nothing in the object model that is equivalent to either a entity set or a relation (there could be
but itOs not required by the model). '
» Like the network model, the relationships among objects are specified via a OphysicalJ link (pointer)
between objects.
¢ According to Rumbaugh ef al, (1991), UThe object model describes the structure of objects in a system [
their identity, their relationships to other objects, their attributes, and their operations.[

o The DARPA Open OODB project proposes the following as the essential features of the OO data model
(Blakeley 1991) and (Rac 1994, p.72):

o Object identify: the ability of the system to distinguish between two different objects that have the same
state. The state of an object can be shared by several objects via object identity.

o Encapsulation: a kind of abstraction that enforces a clean separation between the external interface
(behavior) of an object and its internal implementation. Encapsulation requires that all access (or
interaction) with objects be done by inveking the services provided by their external interface.

o Complex state: the ability to define data types whose implementation has a nested structure. The state
of an object could be built from records of primitive types, other objects, or [collections] of objects,

o Type extensibility: the ability to define new data types from previously defined types by enhancing or
changing the structure or behavior of the types. Type inheritance is a mechanism used to define new
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types by enhancing already existing behavior.
o Genericify: The types of the object data model with which the object query language collaborates must
be generic. That is, as a new type is added to the system, it must be queriable.

« There is no universally agreed upon object data model but The Object-Oriented Database System Manifesto
(Atkinson, et al. 1989) gives a framework being considered from which to derive a standard.

 According to Rao (1994), OThe object-oriented database (O0ODB) paradigm is the combination of object-
oriented programming language (OOPL) systems and persistent systems. The power of the QODB comes
from the seamless treatment of both persistent data, as found in databases, and transient data, as found in
executing programs,
o Note that the emphasis with OODB, like the network model, is towards programmers, not end users.
"o This point is further emphasized by the primary interface to OODBs being OOPLs.

o | suggest (Booch 1994) for a good introduction to object-oriented design and analysis.
3.4.2. Inheritance (isa} Relationships and Typing

» Many object-oriented models take classes to be a typing mechanism (for example, Eiffel (Meyer 1997) and
C++ (Stroustrup 1997)).
» The type of an object is its c/ass; an object is an instance of its class.
o For example, the number 2.3 is an instance of the class of rational numbers.

o Interpreting classes to be types implies the inherent ability of users to create their own data domains.

= Inheritance can be viewed from two perspectives {Cusack 1991):
o incremental. the process of adding attribules and functions to an existing class (the base elass).

= new attributes/functions can added to the new class that were not in the base class.

» this is a technique for code reuse.

= no typing information is implied by this relationship.

w for example, suppose that there is a class PERSISTENT that has the functionality of
automatically storing its objects in a database, Any class that inherits PERSISTENT
OimagicallyD gains the ability to do likewise.

o sublyping:. a technique for arranging class definitions in a hierarchy satisfying the condition that
members of the subclass are also members of the superclass,

= subtyping constitutes the isa relationship.

s old attributes/functions can change type so long as the new type is more specific (it inherited
either directly or indirectly) than the original base class.

e old attributes/functions cannot be removed.

 old functions can be provided with new implementations so long as the interface to the function
remains unchanged (or is changed via specialization as indicated above)

» Various object models span the pambit of inheritance relationships;
o full repeated multiple inheritance (Eiffel, C++)
o single inheritance (Java)
o no inheritance (Actor, Ada)

3.4.3, Encapsulation

« Objects encapsulate their attributes and the behaviors. This implies:
o there is no interaction with an object that does not go through a publicly published interface
o objects manipulate their own state; the definition of class includes the object's behavior manifested as
functions and procedures.
RS883
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o an object{s state cannot be manipulated by anything external to them (at least, not without
permission).
» For example, in a non object-oriented language such as C, let's say a programmer writes a procedure to
change the values of a structure holding the position of a graphics primitive.
o In an object-oriented language, the programmer creates a graphics primitive class that has its positional
information along with an internal procedure that changes its own position,
o The programmer Usends a messageD to the object requesting it to change its own position.
 The advantage of encapsulation is that the implementation of any behavior can be changed without effecting
any other class in the system. This helps de-couple the classes and reduces the complexity of the system.

3.4.4. Coemparison to the Relational Model

» The object model differs from the relational model in (at least) the following ways:
o The object model allows complex objects to be atiribute domains; this is prohibited in the relational
model.
o The only complex type available in the relational model is the relation.
= The object model restricts all system entities to be objects which is a more general concept than a
relation (relations can be objects but not all objects are relations).
o The relational model allows no duplicate tuples and, consequently, entities are identified by their
attribute values,
= The object model assumes the existence of an object 1D which uniquely identifies its object and
is, possibly, invisible to the user.
o Objects are instances of classes and classes constitute the typing system of the model,
= There is no concept of class-level typing in the relational model; everything is a relation,
= The relational model supports user-defined domains but this is applied at the attribute level
whereas, with the object model, the class is also a type.
= The equivalent in the relational world would be for relations to constitute types, as well.
o There is no generally accepted formal object model.
» The relational mode] is well-defined, sound, and complete.
o Relations hold all tuples. There is no equivalent for objects; there is no set or anything else that
contains all the objecls of a class.
o There are many higher-order, non-programming query languages for the relational model. There are
few equivalents for the object model (UniSQL is an example).
o The object model is aimed more at programmers than at end users; the reverse is true of the relational
maodel, '

4. Summary

e This unit has presented many of the more common reasons why people need and use database manageinent
systems.

o A DBMS provides for the storage, retrieval, removal, and analysis of large quantitics of data,

o A DBMS provides safety and security from accidental loss or theft of data.

o A DBMS is analogous to a full-service bank:

» data are like valuables,

a database is the collection of ali the valuables stored in the bark,
a repository is like a vault, '
= a DBMS is like the entire, full-service bank.

» The most common data models
o Entity-Relationship (ER)
= real-world things are modeled by entities. RSH
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= all entities of the same type are collected together into an enfity set.
u the relationships between entity sets are represented by relationships.
o Network
w essentially a programmer's database model
= efficient but inflexible and hard to understand
o Relational
= its only complex data type is the relation
it is the only complete data model
aimed at users instead of programmers
relational query languages are easier to use than full-blown programming languages
rich underlying theory
= separation of implementation and design
o Object-Oriented
s an extension of object-oriented programming
no generally agreed upon formal data model
great freedom regarding complex data structures
inheritance
user-defined types
encapsulation

5. Review and Study Questions

5.1. Essay and Short Answer Questions

o What is the difference between a spread sheet program and a database management system? When would
you use one or the other?
» Why bother with data modeling? Is there anything "wrong” with just putting data into the database in
whatever way seems good at the moment?
What are the strengths and weaknesses of the Entity-Relationship data model?
What are the strengths and weaknesses of the Network data model?
What are the strengths and weaknesses of the Relational data model?
What are the strengths and weaknesses of the Object-Oriented data model?
The relational model uses "value” identity, meaning that entities can be distinguished by examining the values
of their attributes. Neither the network nor the object model follow this approach.
o First: do you feel that this distinction is significant? Why or wity not?
o Second: What are the advantages and disadvantages of each approach?
Explain the distinction between aggregate and inheritance relationships.
What is a "complex" object?
It is always possible to find a primary key for any relation. Why?
Why are tables not relations?

e ¥ o & @

5.2. Multiple-choice questions

» What relationship does a particular, individual book stand in with respect to libraries?
1. one-one
2. many-one
3. one-many
4, many-many
» What relationship does a book title stand in with respect to libraries?
1. one-one
2. many-one 15385
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3. one-many
4, many-many

Choose the best or most appropriate answer(s) to the question.
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5| Entity-Relationshlp modealing A Dscipline for examining and representing the
components and interrelationships in a database
system, Also known 85 E-R modeling, this discipline
factors a database system into entities, attributes,
and relationships.
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abject of their ptcupation or [abor  hatter; tier; tnner;
mooashines 3, or from thelr place of origio or abode

{ Icelander; southerner; villagar }, or designiating gither
persans or things from seme special characteristic or
dreumstance { six-footer; three-master; teetolaler; fiver;

tenner ).

2. 2 sulfix serving as the regular Engllsh formative of zgant
nguns, balng attached to verbs of any orgin { bearer; creeper;
emplayar; harvester; teacher; theorizer ).

Compare «lerl, -yer.

Qrigin:

ME -er { € ), a canlesconce of OF -gre agentive sullix {c, OHG -3,
Goth -areis < Gmc *-arfaz (> Slay *-a3ri ) < L -drys rary) and OE
-wire farming nouns of ethiic or residential orlg. {as Romsvare
Romans), €. OHG -dri < Gmc *-warjor people

-gri

a noun sulfis aecarring in leamwords from (rench In the Middle
English period, most often names of otcupstlons [ archer; butcher;
Butler; carpenter; grocer; mariner; olficer ), but alse ther nouns

[ cormer; dangar; primer ), Scme historical Inskancas of this suffix,
as in banker or gardener, where the base is a recognlzable modern
English word, are now indistnguishable from denominal formations
with -er ¥, a5 rmutier or gofter.

Crigin:
ME < AF -or, equlv. 1o OF -ar, -iar < L -drius, -3num, Compare -

ary, -eer, -ter?

=ap3

@ termination of nouns dencling aciion or process: dinner;
refoindar; remainder,; traver.

Qrigin:
< F, arig, Inf. sufflx -er, -re

-art

a sulfix regularly used in forming the compirative degree of
adjectives: harder; smaller.

Origin:
ME -gr| e}, -re, QE -ra, -re; ¢. G -er

-ars

a suffix regularly used in forming the comparative degree of
adverbs: faster.

Origin:
ME -ar [ &), -re, OF -or; c. OHG -or, G -er

-aré

a lormal element appearing In verbs having frequentative meaning:
fiicker; flutter; shiver; shudder,

Origin:
ME;OEr-; ¢.G-{&}r

-er?

a suffix thut ereates nfarmal or Jocular mutations of mare neutral
wortds, which are typlcally clipped to a single syllable if polysyitabic,
befare application of the sulfix, and which sometimes undergo other
phonetlc alterations: bed-sitter; footer; frosher; rugger. Most words
farmed thus have been limited to English public-schopl and
unlversily stang; low, I any, have hecame current in North Amarica,
with the exception of soccer, which has also ost its earller Informal
character.

Compare -ers.

Origla;
prob. modeled on nonagentive uses of -ert ; sald to have first
Mamner et ik labnesibg Caltnan Awlfard 10723200 RSBQB
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E.R.

1. Fast Riding (Yorkshire).

2. East River {New Yark Clcy),

3. King Edward. Origin:
< Nk Edwardus Rex

4.  Queen Elizabeth. Qrigin:
< R Eilzabeth Regina

5. emargency room,

emergency roam

110U
2 hosphal area cquipped and stalled for Lhe prompt treatment of
acute lllness, trauma, or other Medical emergencies, Abbreviation:

ER
[ 2lapary ro-n Urategged
Hazed Boy H.mc:]rn Fipute Dt ey 77 Ratien Hore " lne 10V

e tag e T L toER
‘World English Dietionary

ert {n,3:) 2y

- fnter]
a sound meade when hesitating In speech

er?

— the internet domaln name for
Erltrea

Er

— the chemlcal symbol for
erbezm

ER

= abbraviation for
1. (In the US) Emergency Room (In haspitals)
2. Eilzabeth Reging

3. Eduardus Rex
[Latin: Queen Elizabeth]

Calns Crgksh Cretanary - Complatz & Unabadaed 100 Cd ton
2000 wovTnam Colns Son & Co Lt 1679, 1906 € Harpe:Coling

Publulwis 16582800 2003 005, ofdG, 47 2001
Cip Trs Souice

Word Origin & History
-er

suffix used to make jocular or familiar farmatlons from common or
proper names { soccar belng ono), first attested 18605, English
schaaiboy slang, "Introduced fram Rugby Sthool inta Oxford

Univarsity slang, orig. at Univarsity Callege, in Michaetmas Term,
Y8757 [OED, with unusual precision].

er
as a sound of hesitation or uncertalnty, attosted from mid-19c.
Crkhus T, ey Mhzhznary 2 2008 DayyLes Hatper

Codre The Bt

Medieal Dictionary
amergency room definltion
Functlon: n

: @ hogpital room or area stalfez and equipped for the reception and

treatment of persons wilht conditions (as Uiness or trauma) requiring
immedlate medicat care

Er definitlon
Eunctian: symbol
arhlum
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ER definitian
Function: ablreviation
oMergency roam

Elarnzin Witz tis Mot al D eionary, 7 20A7 Lerrameihenaer Ing
C-te Ths, Sporps

emergency room n.
The sectfon of a health care facllity intended to provide rapld
weatment for victims of sudden iliness or trouma.

Er
The symbol for the elemant arblum .

ER ahbs,

endoplasmic reticulum

The Amwnaits Hettges Stedingss
Crpgat 2 2007 Zod 1%hh by o)
EQmpany

Cle Th s Source

e [t artany
A Cumatry FLDISERG Ty Tzaejniet Leeen

Scienee Dictionary
Er
The symbol foerbiom .

erblsm S {&rbt-am) Pronunciation Key

SymboEr

A solt, siivery, metallie element of the lanthanlde series. It is used
as a neoutron absprbar in nutlear technolpgy and in hght
amplification for fiber-optic telecommunications. Atamic aumber 68;
amm}c weight 167.26; melting point £,457°C; hoiling point 2,900°C;
5pecllicaravityg,051; valence 3. See Periodid Takle”

Tize Suenean Haotanes> Soence Dchanary 1
Ceppegit D 3002 Purishked oy 1nghten Bitfas AL DgRIs feverord

Cap Tha Bawmer

Computing Dictionary
EA definltion

Entity-Relationshlp

er definltion

netwerking

The country_code for Erltroa,

(1999.01-27)

blu #reas On ke Chipanary of Compatng, S Deris Hane T3 anp K1gtdas orp
Cie Tt Sapicr

Abbreviations & Acronyms

Er
erbium

ER
1. emergency room

2. oendoplasmic retlculum

3. Eritrea (internatloral vehicie 10)

Fouw S5m0 dein o't AT e i Tt mtan

- ’
Lo WML CErpan g el YL LELeA e

Encyelopedia
Er

{Er), chamical efement, rare-earth metal of the lanthanotd seties of
the peripdic table, Erblum 15 @ graylsh silver eterment that also occurs
as a series of plnk compounds, tt bad mited comnmercial uses onti
the age of ffiore-optic trlecommunkciticns, when Ik beseme an
Important eanstituent of the slgnal repeaters in long-distance
telephone cablos. .

Learn more aboud Er with a free tdal en Britanmea.cam.

Ll o B ddnngs J0ed ez opod o tlulane £ U0 aay
w Ih s SouEe

Famous Quotations
- Er

~This Micholas was risen for to plsse,
And thoughte.,.”

"Someday our grandchildren will look up at us and say, "..." RS9DD
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“God is subltle, but he is not maliciows,
|Raffinier..”

"Whan that the firste cok hath crowe, anoon
Up rist...”

“At breakfast this Saturday moming, the Indlan ... aske...”

More Quotes
Popular Subjects:
Frlendship Funny Insplrational  1ife Love Proverbs

Scarch another word ar see ERR on Thesaurus | Peference
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TeamHealh

Leader in emergency medicing and
hospitalist stafling and management
www.teamhealth.com
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Data Modeling
Entity Relationship Diagram

Entity Relationship Dlagram is a specialized graphlc thal iluslrates the interelationships betwean
entitizs In & database.

[ Entity Relationship Diagram | One-to-one Relationship ]
[ One-to-many Relationship | Many-te-many Relationship ]
[ Copy SQL Statements from Tables ]

[ Copy SQL Statements from Relationships ]

[ Synchronization to Class Diagram ]

[ Tutarial | Entity Relationship Diagram Demeo }

Entity Relationship Diagram Sample
The Entity Refationship Diagram {ERD) illustrates 1he loglcal structure of the databases.

ross-Piatform:

SDE for Visual Studle

Top
Home | Peeducts | Shop | Downlead | Product Support | Resources | Company | Contact Us | Site Map

patents pending. All rights reserved.
Legal Privacy Statement

RS912

10:15:49 AM Tuesday, September 21, 2010 htip:/fwww.visual-paradigm .com/VPGallery/datamodeling/EntityRel...



Skip te Navigation H

Skip to Content

OPPapers.com

Research Papers and Essays for All
Join

[ogin

Writing Service

Follow Us
Join
Lik ks

[Search 200,000 Essays - Search
Get Better Grades Today By Joining OPPapers.com and Accessing Over 200,000 Articles
and Essays! _
Journal Entry Reversal Entity Relationship Diagram Explanation
When developing a database design, there are many elernents that are confusing and difficult to decipher. That is
where an entity-relationship diagram (ERD) comes in. ERD’s are used to describe the data requirements in a
database system. They are used to describe the relationships between the entities (Entity Relationship, paragraph 1).
Entities are anything which an organization needs to store data. A diagram is put into a picture for of the database
design, Understanding a database is easier by looking at a diagram. This tool serves as a communication source
between designers and users (Data Model, paragraph 2).
The Journal Entry Adjustment is the relationship of the entity. A database has more tables, which represent entities,
Links among database tables represent the relationship with other tables. In this database, the relationship of'a
journal entry adjustment is with the entity “accounts to be adjusted.”
The entity of this database is “accounts to be adjusted.” Because; the entity is the characteristic of the database, a
description of the entity. The accounts which need to be adjusted are the main source of a database table. The
accounts needed to be adjusted will be related in other database tables. For example, to build a report of adjustments
made for a peried that could be found in different reports. Payroll and open accounts payable are examples of
accournts that might need to be adjusted.
“Cardinalities are a notation showing the nature of a relationship among entities” (Moscove, Simkin, and Bagranoff,
2003, p.201). The relationship among accounts being adjusted is, one-te-many. Normally, the accounts being
adjusted are the same ones for the end of an accounting period; one account, many times adjusted (1,N).
The amount adjusted and date of adjustment, is the foreign key. The foreign key is a data field; cornbines
information from tables to produce reports. In this case, when building a report with all the adjustment made for a
certain accounting...
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Entity Diagram
) Erd Desigh
Relationship
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80O Notes > Database Systems > Entities and Entity-

210120102 10:16 AM:

Relationship (ER) Modelling

ER Modelling provides a fully scalable solution to modelling relationships between graups of
dala elemenis. These groups of data elements can be described as "entilies” or "entity
types". These entities are items {real or otherwise) that are of relevance to the business.

An ER model will contain the following concepts:

- Entity types
- Relationship types
- Aftributes

An entity type describes a type of #em which is distinclly identifiable. The identification of
entities s typically open to the interpretative skills of the systems analyst or designer. There
are no quick and easy rules which can be used (o identify entities.

An ER mode! consists of an ER diagram ar sat of ER diagrams, as well as a set of
nurmalised relations {tables) which correspond to the ER diagrams. Additianat information
that can be pravided along with the ER model is as follows:

- written description of entities / ralationships
- any assumplions
- additional constraints on the model

Common Data Madel BI White Paper
Provide a Camrnon Daota Model for SOA- Learn how all users can access all thelr

Based Applications. business intelligence.
&g > ads by Google
Entity-Relationship (ER) Diagrams

Enfities are shown within 2 box. The entities "Student”, "Book”, "OVD" and "Staff”’ can
therefore be represenled as shown below:

Student Book ovD Staff

Relationships between entities can be shown by jeining the entities with a line:

1.1 0.}
Staff ftem
loaksAfter >
- 0.1 0..10
Student tam
bormows >

As shown in the sbove diagram, the relationship can be named and given a direction (shown
with a small arrow) te indicate which way the named relationship applies. This naming of
relafionships adds meaning and can reduce ambiguity.

Cardinalily consirainis show the number of instances of entities that can be invelved in a
relationship, For example, 1 member of staff can look after no baoks, T boak, or many
baoks. A baok has to ba assigned to some member of staff though. This is represented by
the ™..1" cardinality canstraint, One and only one member of stafl must be assigned to each
[alsls] &

Relationship Degrees

The degree of a relalionship is the number of entities that participate in that relationship. A
simple relationship involving two entities is known as a binary relationship. Relationships

RS906
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wilh three entities are known as temary relationships. It is possible 1o have more entities
involved in a relationship but this would lead to an Increasing level of comnplexity.

Unary relationships involve a single entity which has a relationship with iiself {i.e. the sams
entity type). Unary relationships are also known as recursive relationships,
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Fdraw So{t

Veelor-Based Graphie Dasign

&

Chen EDR Software

Priny antity relationship dinsgrams (ER diagrams) easily with Edrawt

Edraw is 3 very easy-to-use and intuitive database dasign tool and ER
Ciagram tool which ¢an save yau hundreds hours of wark,
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Robust and Easy to Use Database Design Tool

New version: VG Flead whai‘s new or upgrade

beZign for Databasss is an intuitive database design tool for
developers and DBA's that can help you model, create and
maintain databases. The software uses entity relationship
diagrams (ERDs) ta graphically design databases and
automatically generates the most popular SQU and desklop
dalabases.

DeZign for Dalabases affers a sophisticaled visual data modeling
snvironment for database application development that makes
your database development process much easier. The tool
reduces faults in dalabase developrment and improves your
praductivity, You can visuatize database struclures to understand
your database, creale new dalabases or reverse-engineer existing
databases to modify, documeni, analyze, and oplimize.

The toal is extremetly easy to use. Whether you are a beginner or an expert dalabase modeler, you will find your
way in the tool very easily. DeZign for Databases provides all the features you expect in a professional dalabase
modeling and design ool

> Download trial > Purchase DeZign for Databases > Learnmore > Take the screenshot tour

' "De2|gn just keeps getting better. 've been really happy wtth the soﬂware and that’s a high compliment,
‘because | am NOT easily pleased - I'm a senior database architect and have been in this arena for the last 15

years
V Newell, Senior Databhase Archltect

DeZign for Databases Key Features and Benefits

Visual Database Modeling Report Publishing Functions

Custarnizable data madel reports with different levels of
detail can be generated. Descriptions and other
relevant infermation will be exporied to HTML, MS
Word or PDF.

DeZign for Databases offers a intuitive visual interface
that affows you to accurately design your database, |t
uses entity relalionship diagrams (ERDs) lo graphically
design databases and produces high qualily dalabase
diagrams, enabling you lo present your design at

various levels of detail. Better Database Dasigns
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Database Development Lifecycle

Generate databases: Generate complate DDL seripls
1o create your dalabase or genarate your database
directly.

import databases: Derive a graphical dala medel fram
existing databases. Reverse engineer from the
database direcily or import from a SQL script.
Database/model synchronlzation: Qur data modeling
product offers bi-direclional compare and synchronize
functienality for all synchronization use cases: model-
to-database, model-to-seripl, database-to-model,
scripl-tn-madel, model-to-model.

Team Wark: Compare and Merge Models

When two ar more people werk on the same dala
model, BeZign for Databases VG has a new compare
and merge ulility for projects. This utility allows

developers lo compare and merge two versions of the
sams dala model.

> Learn more...

Supported Databases

You can validate a model for errors any time during the
design process. During valldation, DeZign for
Dalabases checks to make sure the elements in your
mode! are correct and compleie. Reusable objects
{domains and atiribute packages) and name {emplates
promote consislent database abject definitions.

Physlcal Models or Database-independont Models

DeZign for Databases suppons medeling for a specific
target DBMS (physical) and it supports database-
independent modeling with portable data types
{logicat).

Easy-io-Use Modeling Environment
DeZign for Dalabases follows the industry standard

modeling processes and has a well-deslgned user
imerface which decreases the user's learning curve.

DeZign for Databases supparts more than 15 databases Including Oracle, MyS0L, MS SQL Server, MS Access,
DB2 and PostgreSQL. A complete list of supporled databases can be found in the supporied databases overview.

Editions

Dezign for Databases' features vary by product edition. DaZign for Databases is available in three edilions to
accommadate your data madeling and dalabase mainlenance needs:

» DeZign for Databases Standard
» DeZign for Databases Professionai
» DeZign for Databases Expert

Which DeZign for Databases edition is right for you or your organisation? Read it in the editfon comparison charl.
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Data modeling: Entity relationship (E-R) vs. dimensional data models

Which data modeling technique (entity relationship (E-R) data modeling or dimensional modeling) is better
in which situation? Is there any probiem associated with performance for either of them?

Yes, whether to use data modeling is good for reporting and point queries while dimensional data madeling is good
for ad-hoc query analysis, Many times, this translates to an entity relationship-based data warchouse and a
dimensional data mart layer. Dimensional imposes some rules on the modeling, but results in a data model that has
the access methods inherent by virtue of the relationships. Users are also better able to relate to the ‘see measure by
dimensional value(s)' paradigm than ‘anything goes’.

Although, especially in shops that start small and grow into a robust architecture, the data warehouse itself may be
dimensional. Dimensional data modeling is hard to come by directy from source, so in this approch dimensional is
probably supported by some E-R, normalized tables. Also, there should be flexibility in the mart architecture such
that marts are designed "for purpose' - not all marts are for ad-hoc query analysis or generalized purposes and thus,
not all marts should be dimensional.

I have reviewed hundreds of data wareshouse data models, I have yet to find a textbook-perfect E-R (i.e., 3rd normal
form) or dimensional model so don't fret the details. Pick a technique as a guideline and build your data models for
purpose. .

All Rights Reserved,Copyright 2000 - 2010, TechTarget | Read our Privacy Statement
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Entity Relationship Modeiing e e e

One of the most misinterpreted terms in the software industry is actually one we know very well: entity relationship (ER).
That's because we often lack a common definition that is understood by all members of the development team. We assume
that everyone on the team shares the same clear understanding of the methodology, syntax, and mechanics associated with
ER and ER modeling.

ER modeling itself defines the methodology used in the analysis and design of information-based systems. Database
designers often use this methedology ta gather requirements and define the architecture of the database systems. The output
of this methadology s a list of entity types, relationship types, and constraints.

Unfortunately, ER modeling does not define the graphic syntax for the representation of ER diagrams. Many times notations
are used solely by the database team and limit the ER modeling to relational database design. We need a notation that allows
broader understanding by members of the entire system development team.

The Unified Modeling Language (UML) is a widely accepted language used by analysts and software developers that is an
excellent fit for the graphic representation of ER diagrams. By using UML, development teams gain significont benefits,
including easier communication between team members, easy integration to repositories due to this languape based on meta-
models, use of a standardized input/output format (XMI), universal use for application and data modeling, unified
representation from analysis to implementation to deployment, and completeness of specification.

This white paper defines the core concepts of ER modeling and explains how UML can be used by development leams to
develop ER models,

Core Elements of ER Modeling

ER modeling is based on artifacts, which can be either a representation of physical artifacts, such as Product or Employee, or
a representation of a transaction between artifacts, such as Order or Delivery. Each artifact contains information about iseil.
ER modeling also focuses on relationships between artifacts, These relationships can be either binary, connecling two
artifacts, or terary, among several ariifoots,

The four essential elements of ER modeling are:
Entity types
Attributes
Relationship types

Attributes on relationships

Entity Types

An entity type is a set of artifacts with the same structure and {ndependent existence within the enterprise. Examples of an
entity type would be Employees or Products.

A single pecurrence of an artifact is an entity. While an entity type describes the structure, the entity itself identifies the
single instance and all of the data of this instance. An example of an Employees entity would be the Employee Joe Ward,
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-Jov Ward
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Y ¥

Flgurs 1 Enfity Type Employoes and Entity Employse Jos Ward

Attributes

The structure of an entity type is defined with attributes. An attribute can be seen as a property of an entity type. Atiributes
of an Employee might be Name, Address, Social Security Number, Birth Date, Date Joined, and Position.

Entities differ from each other by the values of their attributes. Since it is possible to have entities with exactly the same
values for attributes, we lose the ability to differentiate and address a specific entity. Therefore, we must always make sure
that the values of attributes of a specific entity are unique to values of other entities. Each Employee has a unique
combination of Name and Social Security Number attributes.

An example of associated values for attributes of an Employee is: Joe Ward, living at 34 Main Road, Redmond, WA,
98053, has the Social Security Number 5535-32-2322, was born on September 7, 1971, and joined our company October |,
2001, as a service engineer for consumer clectronics,

Name Name = Joe Ward

85N SSN= 555322202

Birth Date Birth Date = 0810711971
Date Jolned  Date Joined = 10112004

JoeWard .

Y

Y N
Flgure 2 Astributes of the entity typas Employses and the values for atirlbutas
for the antlty Employeo Jos Ward

Relationship Types

While entity types describe independent artifacts, relationship types describe meaningful associations between entity types.
To be precise, the relationship type deseribes that entities of emtity types participating in the relationship can build a
meaningful association. The actual occurrence of the association between entities is called a relationship.

It is important lo understand that although we defined a relationship type, this does not mean that every pair of entities
builds n relationship. A relationship type defines only that relationships can occur.
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An example of a relationship type is the Employee owns Product. In this example the relationship type is Owns. The
relationship itselfis: The Employee Joe Ward owns a Product, the yellow Telephone, with the Serial Number 320T503880.

Y

Figure 3 Refationshlp Type owms and Relationshlp owns between Employea Joo Ward
and the Product with the serlal numbar 3207563880

There might be a second employee Martin Weber who does not own a Telephone.

Attributes of Relationship Types

Relationship types can also contain attributes. For example the relationship type Services between the Employee and the
Product could contain the attributes Date and Status, which identify the date of the service and the status of the product after
the service is done.

When the relationship is realized in a concrete accurrence of the service, the values of the attributes of the refationship are set.
The meaning of the relationship could be: Joe Ward services the black Toaster with the Serial Number 0462834DF4 on July
3, 2002, und establishes the status as good working condition.
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Simple Constraints in ER Modeling

Entities, relationships, and attributes within the ER model establish restrictions that define the structure of the enterprise.
The structure is limited by rules called constraints, For example, it is not feasible that an Employee deals with more than
100 customers. Or, every employee must be associated with exactly one depariment.

Cardinality

Each specified relationship type defines the possibility of establishing relationships between all of the participating entities.
In maost cases, this is not necessary. For example, not all Employees own all of the Products.

Relationships are bi-directional, connecting two eatity types (Emplovees and Products) or the same entity type playing two
different roles {(Employees as a manager and Employees as a subordinate). Relationships can also be multi-directional,
connecting more than Lwo entity types. One example of a multi-directional relationship would be a phone call connecting an
emplayee, a customer, and two phones, In either case, each entity type specifies the cardinality towards the relationship type.

The simplest cardinality is specified by the number of relationships allowed per entity, If only one Depariment participates in
the relationship associated with an Employee, we write & 1 on the connecter. This would mean that Joe Ward must be
associated with one and only one Depantment,

Other possibilities for cardinality are either Not Specified or Specified By a Variable. The Not Specified cardinality is
unlimited, The same is true for a cardinality Specified By a Variable {mostly M or N).

When the lower and upper limits of participating entities in a relationship are different, we specify a pair of values for the
lower and higher limits enclosed in parenthesis and separated by a comma (M, N). An optional relationship would he
recognized by (0, 1) or (0, N) dependent on the upper limit,

For example, a setup for Players on & Soccer team would be something like (11, 18), The entity Redmond Lions Soceer
Team builds a relationship to the entity type Players, which consists of Joe Coplen, David Archer, John Good, Kevin Hale,
Ivan Komashinsky, Steven Cooper, Andrew Bliven, Art Lounsbery, Chad Beery, Randall DuBois, Ron Baghai, Lance Delo,
Tito Magobe!, Curtis Hrischuk, and lan Leslie.
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Figure § The Relationship betwaen Soccer Teams and Playors defines that tho refationshipis valid
only when lhe Soccer Teams type relates to 11 to 18 Players

[van Kom ashinsky

Jos Coplen David Archer  John Geod

lan Leslle

\ |5 team member / Is team membar b+
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Is team member B
H
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Is team mamber

? ~
' s toam member
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Art Lounsbhery

Lance Delp

Ron Baghal Randal DuBoels Chad Besry
Figure § A valid relationship Is team member batwean the Redmond Liong soccer club and 15
Players
‘;
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There are several occasions when soccer players receive yellow or red cards for bad behavior or fouls, They are deseribed in
the Cards entity type. The Cards entity type builds a Received relationship type with Players with a cardinality of (0, N}).
This means that the Player David Archer can have n Received relationship to 3 Card entities, whereas Lance Delo does not
have any.

u
l Date: 10/0202
]

H |
' Date: 10/09/02

\ ]

Recolved ot —

C _
L |
. ' i : / i
st , |
or oo i Recelved 'L
]
:

~

Recelved

Date: 10ME/02

J R |

e

David Archear Lance Dele

Figure 7 Enilty typs Players can Recsivo D or any numbar of entity lype Cards: player David
Arzhar rocelved 3 cards, player Lance Delo did not recolva any cards yet

Dependency

Dependency refers to a situation in which a particular entity can not meaningfully exist without the existence of another
entity as specified within a relationship. The entity type is dependent on another entity type when each entity of a dependent
entity (subtype) depends on the existence of the carresponding parent entity in the super type.

A mandatory dependency relationship has 1o be specified by explicitly defining the lower limit for cardinality that is not
equal to 0 or by a fixed cardinality that is not equal to 0,

An example of a dependency between two entities would be the entity type Marriage Certificate, which depends on the entity
type Person. The relationship is Married with a fixed dependency on one Marriage Certificate and two Persons.

For example, the entity Marriage Cenificate 352647003 has a fixed dependency to entities Joe Ward and Melinda Bell. This
means that if either Melinda Bell or Joe Ward leaves the relationship, the Marriage Certificate 352647003 becomes invalid ~
at least from the data point of view,
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Certdilcats: 362647003

Jos War

fFlgure 8 Depandent entlty type Marrlage Certificate on the entity type Persons and dependency of
the entity Marriage Certificate 352647003 on Melinda Belf and Joe Ward

Specialization and Generalization

The core ER model defines only basic refationships between entity types, While the basic entities and reationships can
easily represent most of the simple data structures in business crganizations, technieal applications require more complex
structures based on simifarity and differences between entity types.

Specialization and Generalfization
The intent of speciolization and generalization is reuse of the atiributes and behaviors associated with entity types.

Specialization is used to define an entity type that represents a specific segment of a larger entity type. The specialized entity
type inherits the struciure and behavior, such as business rules, from the parent entity type. However, while the specialized
entity type extends the parent structure or behavior, it is never less than the parent,

For example, Employees is a specinlization of the entity type Persons, which requires all of the attributes and relationships
of the entity type Persons. There may aiso be a second entity type called Customers that is a specialization of the entity type
Persons. Both entity types have the same Persons attributes, which are seen as attributes of Employees or attributes of
Customers. Therefore, when Jooking at the Customers, we see all of the atiributes specified in the Persons entity type and
specified in the Customers entity type.

Generalization is exactly the opposite workflow, The generalized entity type (or parent type) represents the common structure
and behavior of all subtypes and contains all of the common attributes from child entity types, The child entity types have a
complete view of the parent attributes and their own attributes.

The process of generalization finds the common structure and extracts #t in the parent entity type. The parent entity type Is
commonly found during refactoring when comparing entity types 2nd simplifying the meodel.

While specialization can be directly implemented only with object-oriented or object-relational databases, generalization can
be directly implemented with any relational database using foreign keys.
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Categorization

While specialization is done on entities, categorization defines constraints on relationship types. In most cases, categarization
is exclusive, meaning that one entity participates in either relationship A or relationship B, depending on the entities” status.
The status can be either a value of an atribute, a presence of another relationship, or some external status.

Categorization does not change the attributes of an entity. It requires the datla acecess and manipulation o ¢onsider the
eonstraints specified in the categorization.

A pood example of categorization is Vehicles, Depending on the kind of vehicle, we need to build different relationships.
For trucks, we need the cargo information, while for busses, we need the names of passengers. This information will be used
in different relationships to deliver meaningful context to the relationship.
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Notations for the ER Methodology

Today, several notations are used within ER modeling, including Chen's ER, Barker ER Information Enginecering (IE), and
IDEF1X, most of which also cover the relationai notation.

Object role modeling (ORM) notation is also a player in the ER methodology. It is able to express very precise and complete
business rules and can illustrate constraints graphically. Unfortunately, this level of detail requires huge diagrams with plenty
of details. The question related to ORM is whether we need the precision of the notation zt the level of the ER model. The
ORM notation is also very complex and differentiates completely from other nelations, making it less understandable to
project team members not using ORM.

UML is a notation language initially created for sofiware design that has expanded into business and database design, It
includes elements and diagrams necessary to specify everything from analysis to implementation 1o deployment. By
employing several types of diagrams and tens of different elements, UML is able to express different levels of abstraction for
a system. This is a very unique capability. However, we do not need to know all of UML or every possible view and
representation to successfully use UML for ER modeling.

To better understand the role that UML plays in the ER methodology, we will deseribe how UML handles each of the core
elements of ER modeling that have been outlined earlier in this white paper.

Entity Types in UML

As was mentioned earlier, an entity type identifies a series of artifacts of the same struciure. The entity type is a blueprint
that can produce any number of artifacts that differ from each other only by their identity and status.

The corresponding element of the UML is the class, The class by definition has the ability to hide the content, while the
entity has accessible interfaces. This seems to be contradictory, but it is not. UML allows the class to publicize the structure
using public attributes.

Clusses are drawn as reciengles with up to three compartments;

Compartment one includes the stereotype and the name of the class. Stereotype refers to the further classification of
elements in UML to enforce common characteristics. For example all of the legacy classes could carry the stereotype
legacy to immediately classify them as not modifiable. While the class itself is a representation of a type, we classify the
type with the stereotype <<Entity>> (<<,..>> is the syntax used to specify the stereotype).
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Compartment two contains attributes with types and visibility. Ii can also contain other details about attributes such as
initialization value and stereotype. The second compartment can be omitied when displayed in overview diagrams.

Compartment three is reserved for the behavior of the class, Since the entity type does not need the behavior, we will
omit this compartment.

The class can be displayed with one, two, or three compartments on diagrams depending on the level of abstraction,

An entity is an instance of the entity type, In UML, object is an instance of a class. This means that the entity itself
corresponds to the object.

The representation of the object is derived from the representation of the class. The most visible difference is that the name of
the object is underlined and that there are enly one or two compartments.

The first compartment contains the optional stereotype, the name of the object, and the name of the derived class, divided by
a colon. At least one of the names must be specified. The second compartment contains the relevant attributes with their
values.

A great way 10 represent the object is to use just one compartment and specify the identifier’ as the name of the object.

«Entity»
Employees «Entity»
553-32-2222 : Employees
+ 55N : String

Figure 41 Enlity type Employess and entity 553-32-2222 displayed a5 ¢lass and object In UML

Attributes in UML

The status and information abowt the entity is stored as attributes of an object. The attributes of entity types have to be
visible — or public - to other enlity types. The nttributes are specified with the visibility, name, and type in the class
specification. The type of the atiributes is the analysis type. It may change during the design phase.

The ateributes are specified in the second compartment of the class, They contain the visibility specification that is always
“+** (public) for entities. The name is divided from the type by a colon.

«Entiy»
Emplovees

-+ SN : String
+name : Skring

+ address : Siring
+ birthdaiz : Data
+ datejolned : Date
+ position : Siring

Flgure 12 Enlity Typa Employses with publlc atiributes SSN, name, addrass, birth dats,
date [olnad, and position

Relationship Types in UML

All relationships benween classes in UML are specified for (he type and not for the instance. The numbers at both ¢nds of the
relationship specify the cardinality: the number of pessible instances participating in the relationship.

The name of a relationship is specified directly on the relationship line and is used te identify the relalionsﬁip. It can helpa
reader understand why the relationship exists. If a relationship is not named, role names may be used to help a reader

! Identificr is the chosen anribute that uniguely identifics an object from other objects.

mn

R5%25



understand a relmionship. The fipure below can be rend as Products are owned by Employees or Employees are owner of
Products. The singular and plural wording in the description of the relationship is defined by cardinality.

«Entity» 1 B

Empioyees f <Entity» ;

|+ address : Swing [ L * Product |

|+ datejoined : Date| owner -is owned + Serialno : String ;
I

|+ position : String 4 description : String
Figure 13 Relatlonship between the entity types Employee and Praduct

The dala types used in the entity types are not standardized. Users are allowed to use any data type needed. It is a good
practice to ereate a glossary with all data types to allow standardization and understanding across severel designers and
projects within a company.

Attributes of Relationship Types in UML

A relationship can have attributes that are shown in UML association classes. The association class is displayed in a
rectangle and contains the list of public attributes for the relationship. The association class is attached to the relationship
with a dotted line. The class does not need a stereolype te explain the use and classify the class because the attachment

already defines it
The atiributes in the association class are specified with the visibility, name, and type.

Although it seems like the associetion class, the attachment, and the relationship are independent elements, they actually
represent the same glement. The names of the relationship and the association class must be related.

I - _
i «Enbty» % | «Entity» l
| Employees i . I Product I
-+ address : String C |\ Seriaino < String
'+ datejoined : Date - Services - s senviced | + Serialno : String

-+ position : String + description : String

Services

+ serwcedate Date
+ cfahig * Strinn '
Flgurs 14 Attribiries of a ralaionship lype Sarvices ara spacified in the assoclation ¢lass

Simple Constraints in UML

Cardinality

UML defines a very consistent way to specify cardinality. It is always specified by numbers a1 each end of relationships.
Possible definitions include a single number for a specified cardinality of certain number of instances, which could be also
unlimited, and a pair of numbers divided by *.."” that specd”y a range for cardinality, The symbo] used for unlimited
cardinality is "' and can be used either alone meaning an optional unlimited relationship, or in combination with another
low value 10 specify the mandatory relationship (like *1..%"). The values for lower and upper limits of the cardinality can be
any positive number or ****, where the first number must be smaller or equal to the second one.
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®Entity» 1 plays «Entity»

Socce Players
rfeams 1118 lay

+ Name : Siring + Mams : String

Figure 15 The SotcorTeam entily typs defines a relationship plays 1o 11 to 18 playors
of the entity type Player

Dependency

UML distinguishes two forms of dependencies between entity types. An apgregation is a dependency between two entity
types that is required for the existence of the dependent entity type. The syntax for aggregation in UML is a hollow diamond
on the side of the aggrepate. The same side has a mandatory cardinality of 1, which can be omitted,

1|- Groom ]J)

«Entity»
) «Entity»: Paersons
MarriageCertificates
: +5SN : Btring
+ Number : Integer +name : Sking

+ birthdate : Date
j’l

Flgura 16 Each MarrlagaCortiflcates enlity typs depends on two Persons
In the rale of a Bride and a Greom

- Bride |1

Aggregation is used when the aggregate is not unique for all of the dependencies and not all of the dependent instances must
relate to the same entity. In case the aggregate is a single entity for all of the dependencies, UML specifies a strong
dependency called composition. Composition is represented in the graphics as a filled diamond on the aggregate side. This
relationship is used when the aggregate contains the subordinate entity type.

«Entity» «Entity»
Orders - ItemPosition| OrderPositions
-
+ Number : Integer * |+ Positions : Integer
+ deliverydate : Date + price : Number

Figure 17 The antity typs OrdarPositions s completoly dofined by the ontity type Orders
as spetillod by the eomposition

Cardinality can be combined with aggregation and compesition to define constraints on these relationships.

Specialization and Generalization

An essential part of analysis is dedicated to the similarities and differences of entity types. Specialization reduces the risks of
under speeification and reduces the lack of requirements by inheriting requirements from the parent. Generalization simplifies
the model and the implementation of entity types in the system.

Generalization is defined in UML by a hollow arrow on the parent side of the relationship. Generalization is not a
relationship between two entily types. It is a derivation of the general entity type to the specialized entity type. Cardinality is
not allowed on generalization relationships.
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All of the atiributes and relationships of the parent entity type are inherited by the specialized entity type. Boih the attributes
and relationships to other entity types cannot be remaved from the specialized entity type.

«Entity»
Persens

+ SSN ¢ String
+ name : String
+ birthdats : Date

7 W

«Entity»

«Entity»
Customers Employees

+ ! b
i,
+ position ; String

Flgure 18 Genaralization deflnes the eatity types Employees and Gusiomers as typa of the entlty
type Parsons Inhoriting Porsons attributes

Categorization

Categories of the same entity type specify how the entities relate to each other depending on their characteristics, like all
employees on Jeave of absence for example. The syntax of the categorization uses the consiraints specified in OCL (object

constraint language) connected to the relationship.
The constraints are meant to specify dynamic behavior. When constraints evaluate as valid, the relationships are valid.

Typically the constraints are mutually exclusive, which can be modeled using a constraint {xor} between exclusive
relationships.

17
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{vehicles.type = "truck™}
R «Entity»
| - Package Cargo

+ UAN : Integer
+ weight : Number

«Entlty»
Vehicles

+ Licenss @ Siring
+ type : Slring

Persons

w |+ 558N ! 5fring
+ name : String
+ hirthdzte : Date

E//
1
""n\‘__&
ransporis :
\.*\p - Passenger «Entity»

{vehicles.type = "hus"} D]

Flgure 19 Calogerization of entity types defines the crlterfa for ralationship fypes - Carga Is
Imyortant for Vablelas of the type “truck®™; Persons can ba transported for the Vohlstes of the type
ﬂbusﬂ .

Against the commaon opinion, ER methodology is not [imited to development of relationat databases. I have to agree that in
most cases the output of the design process will be realized in a relational database; however this is not a condition for it.
ER methodology is focused on artifact-based design, Its output is artifacts (entity types) with relationships between them and
constraints clarifying entity types and relationships. This output can be used to create a relational mede! that will have
additional technology-related constraints.

The ER methodology is used for analysis and design of artifact-driven systems. It is used for conceptual and logical
modeling, but s not intended for physicel design. The ER methodology describes only the stalic view of the artifacts, not
the dynamics of the system.

To create a smooth development process, it is important that all members of the development team “speak 8 common
language.” That's because misinterpretatien of information can cause delays, creale unexpected errors, and reduce the overail
efficiencies of team members. UML helps eliminate these concerns by providing a standardized language that is easily
understood by all members of the system development team,
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Entity-Relationship Modeling:

Historical Events, Future Trends, and Lessons Learned

Peter P. Chen

Computer Science Department
Louisiana Staie University
Baion Rouge, LA 70803, USA

E-maoil: pchenisu.edu

Abstract, This paper describes the historial developments of the ER model from
the 70°s to recent years. I staris with a discussion of the motivations and the
environmental factors in the early days. Then, the paper points out the role of
the ER model in the Computer-Aided Software Engineering (CASE) movement
in the late 80’s and early 90's. It also describes the possibility of the role of
author's Chinese culiure heritage in the development of the ER model. In that
context, the relationships between natural Janguages (including Ancient
Egyptian hieroglyphs) and ER concepts are explored. Finally, the lessons
lerrned and future directions are presented.

1 Introduction

Entity -Relationship (ER) modeling is an imporiant step in information system design and software
engineering. [n this paper, we will describe not only the history of the development of the ER approach but
also the reactions and new developments since then. In this perspective, this paper may be a little bit
different from spme other papers in this volume because we are not just talking about historical events that
happened twenty or thirly years ago, we will also talk about the consequences and relevant developments in
the past hwenty-five years. At the end, we will tatk abowt lessons learned during this time period, In
particular, we intend to show that it is possible that one concept such as the ER concept can be applied to
many different things across a long time horizon (for more than twventy-five years) in this fast-changing
Information Technology area,

This paper is divided into 8 sections, Section 1 is the Intreduction. In Section 2, the historical background
and events happened around twenty-five years ago will be explained. For example, what happened at that
time, what the competing forces were, and what triggered researchers like the author to work on this topic
will be exptained. Section 3 describes the initial reactions in the first five years fom 1976 10 1981, For
example, what the academic world and the industry viewed the ER model initally? Section 4 states the
developments in the next tweny years from 1981 10 2001, In particular, the role of the ER modei in the
Computer-Aided Software Engineering (CASE) will be discussed. Section 5 describes a possible reason
for the awhor to come up with the ER medeling idea , that is, the author's Chinese culture heritage. The
author did not think about this particular reason until about fifleen years ago. Section 6 presents our view of
the finure of ER modeling, Seclion 7 states the lessons leamed, For those of you who have similar
experience in the past twenty-five years, you probably have recognized similar principles and lessons in
this section. For those who just started their professional careers recently, we hope the lessons learned by
the author will be helpful to those readers.  Section 8 is the conclusion,
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2 Historical Background
1n this section, we will look at the competing forces, the needs of the computer industry at that time, how
the ER model was developed, and the main differences between the ER model and the relational model.

2.1 Competing Forces

First, Let us look at the competing forces in the computer software area at that time. What are the
compeling forces then? What triggered people like the author to work on this area (data models) and this
particular topic (ER maodeling)? In the following, we will discuss the competing forces in the industry and
in the academic world in the early 70's,

Competing Forces in the indnstry. There were several competing data models that had been implemented
as commercial praducts in the early 70°s: the file system model, the hierarchical medel (such as IBM’s IMS
database systemn), and the Network model (such as Honeywell's IDS database system). The Network
maodel, also known as the CODASYL model, was developed by Charles Bachman, who received the ACM
Turing Award in 1973. Mosl organizations at that time used file systems, and not too many used database
systems. Some people were working on developing better data or index structures for storing and
retrieving data such as the B-+-tree by Bayer and McGreight [1].

Competing Forces in the Academic World. In 1970, the relational model was proposed, and it generated
considerable interest in the academic community, It is comrect 1o say that in the early 70°s, most people in
the academic world worked on relational model instead of other models. One of the main reasons is that
many professors had a difficult time to understand the long and dry manuals of commercial database
management systems, and Codd’s relntional model paper {2] was written in a much more concise and
scientific style. For his contributions in the development of the relational model, Codd received ACM
Turing Award in 1981,

Most People were warking on DBMS Pratetypes. Many people at that time in the academic world or in the
indusiry worked on the implementation of dalabase management system prototypes. Most of them were
based on the relational maodel.

Moust Academic Peaple were invesiigating the definitions and algorithms for the Normal Forms of
Relutions. A lot of academic people worked an normalization of relations because only mathematical skills
were needed to work on this subject. They could work on the improvement of existing algorithms for well-
defined normal forms. Or, they could work on new normal forms. The speed of research moved very fast
in the development of normal forms and can be illustrated by the following scenario. Let us say that
several people were ready 10 publish their results on normal forms. Assum:ng that one person published a
paper on 4* normal form and another person who had writien a paper on 4" normal form but had not
published it yet, the 2™ person would have changed the title of the paper from 4™ normal form to 5" normal
form. Then, the res( would work on the 6" normal form. This became an endless game till one day
somebody wrote a paper claiming that he had an infinity-th normal form and arguing that it did not make
any sense 1o continue this game. Most practitioners also said loudly that any relational normal form higher
than 3™ or 4" won't have practical significance. As a result, the game of pursuing the next normal form
finally ran out of steams.

2.2 Needs of the Systemn Software in the Early 70°s

The Needs of the Hardware/Software Vendors.  In terins of software vendors at that time, there were
urgent needs for (1) integration of various file and database formats and (2) incarporating more “data
semantics” into the data models.

‘Fhe Needs of the User Organizations. For user organizations such as General Motors and Citibank,
there were urgent needs for (1) a unified methodology for file and datsbase desipgn for various file and
database system available in the commercial market and (2) incorporation of more data semantics including
business rules into the requirements and design specifications.

2,3 How the ERM was Developed

Here, we will give some personal history of the development of the ER model: where the author was and
what the author did in the early 70's, particular]y on how the author developed the ER model.
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Harvard (Sept. '69 to June *73). Afier the author got a B,S. in Electrical Engineering from National
Taiwan University in 1968, the awthor received a fellowship to study Computer Science (at that time, it was
a part of Applied Mathematics} at Harvard graduate school. The author received the Ph.D. degree in 1973,
The thesis was very mathematically oriented — focusing on the file allocation problems in a storage
hierarchy using the quening theory and mathematical programming techniques. The knowledge the author
learned in EE, CS and applied math was crucial in the development of the ER model in subsequent years,

Honeywell and Digital (June *73 to August 74}, The author joined Honeywell Information Systems in
Waltham, MA in June '73. He participated in the “next-generation compuler system” project to develop a
computer system based on distributed system architecture. There were about ten people in the team, and
most of them were at least twenty years senior than the author. The teamn consisted of several well-known
contputer experis including Charles Bachman. One of the requirements of such a “distribwed system™ was
to make the files and databases in different nodes of the network compatible with each other, The ER
model was motivated by this requirement. Even though the author started to crystallize the concepts in his
mind when he worked for Honeywell, he did not write or speak o anyone about this concept then, Around
June of 1994, Hongywell abandoned the “next-generation computer system” project, and all the project
tearn mernbers went different ways. The author then spent three months at Digital Equipment Corporation
in Maynard, MA to develop a computer performance model for the PDP-10 system,

MIT Sloan Schoel of Management (1974 —1978).  In September |974, the author joined MIT Sloan
School of Management as an Assistant Professor. This was the place 1hat he put the ER ideas down into an
article, Being a professor in a business/management school provided the author many opportunities to
interact with the user organizalions. In particular, he was particularly impressed by a common need of
many organization to have a unified methodology for file structure and database design. This observation
certainly influenced the development of the ER model.  As a result, the first ER paper was first presented
at Ist International Conference on Very Large Databases in 1975 and subsequently published in the first
issue of ACM Transactions on Database Systems [3] in March of 1976.

2.4 Fulfilling the Needs

How did the ER model fulfill the needs of the vendor and user organizations at that time? We will first
start with the graphical representation and theoretica! foundations of the ER model. Then, we will explain
the significant differences between the ER model and the relationat model.

The Coucepts of Entity, Relationship, Types, and Roles. In Fig. I, there are two entities; both of them
are of the “Person” type. There is a relationship called, “is-married-ta,” hetween these two persons. In this
relationship, each of these two Person entities has a role. One person plays the role of “husband,” and
another person plays the role of “wife,”

ERTITY AND RELATIONSHIP

FERSON PERSON
(ENTITY) {ENTITY)
HUSBAND WIFE
(ROLE) {ROLE}
\_\ //'
- MARRIED TO -

NOUN-—-}ENTITY
VERB—~~}RELATIONSHIE

Fig. 1. The Concept of Entity and Relationship
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The Entity-Relationship (ER) Diagram. One of the key techniques in ER medeling is to document the
entity and relationship types in a graphical form called, Entity-Relationship (ER) diagram. FigureZisa
typical ER diagram. The entity types such as EMP and PROJ are depicted as rectangular boxes, and the
relationship types such as WORK-FOR are depicted as a diamond-shaped box. The value sets {domains)
such as EMP#, NAME, and PHONE are depicted as circles, while attributes are the “mappings” from entity
and relationships types to the value sets, The cardinality information of relationship is also expressed, For
example, the “1” or “N” on the lines between the entity types and relationship types indicated the upper
limit of the entities of that entity rype participating in that relationships.

ATTRIBUTE

ENTITY—
RELATIONSHIP
TYPE

HOME~
FHONE

OFFICE-—

ATTRIBUTE EKP#  NAME
VALUE-
TYPE

Fig. 2. An Entity-Relationship (ER) Diagram

ER Model is based on Strong Mathematical Foundations. The ER model is based on (1) Set Theory,
(2) Mathematical Relations, (3) Modem Algebra, (4) Logic, and (5) Lattice Theory. A formal definition of
the entity and relationship concepts can be found in Fig. 3.

SET THEORY (DEFINITIONS) A RELATIONSHIP SET IS DEFINED AS A
ENTITY . "MATHAMATICAL RELATION" ON ENTITY SETS
ENTITY SET E: 0€E
VALUE v
VALUE SET V; vev -
RELATIONSHIP r R - ittt}
RELATIONSHIP SET  R; reR o= e 8.8, ]leE, . a0k,

Fig. 3. Formal Definitions of Entity and Relationship Concepts

Significant Differences between the ER model and the Relational vModel, There are several differences
between the ER model and the Relational Model:

ER Model uses the Mathematical Relaiion Canstruct to Express the Relationships benveen Entities, The
relational model and the ER model both use the mathematical structure called Cantesian produet. In some
way, both models look the same ~ both use the mathematical structure that wilizes the Cartesian product of
something. As can be seen in Figure 3, a relationship in the ER mode! is defined as an erdered tuple of
“entities.” In the relational model, a Cartesian product of data “domains™ is a “relation,” while in the ER
moedel a Cartesian product of “entities” is a “relationships.” In other words, in the relational model the
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mathematical relation construct is used to express the “structure of data values,” while in the ER model the
same constnict is used to express the “structure of entities,”

'ER Madel Contains More Semantic Information than the Relational Model, By the original definition of
relation by Codd, any table is a relation. There is very little in the semantics of what a relation is or should
be. The ER model adds the semantics of data (o a data structure. Several years later, Codd developed a
data model called RM/T, which incorporated some of the concepts of the ER model.

ER Model has Explicit Linkage between Entities. As can be seen in Figures 2 and 4, the linkage between
entities is explicit in the ER model while in the relational mede] is implicit. In addition, the cardinality
information is explicit in the ER model, and some of the cardinality information is not captured in the
relational model.

DEPT PROJECT
D#[NAMEJBUDGET]  [P# [NAME |

EMPLOYEE EMP-PROJ
E# | NAME | AGE | D#] E# | P |

Fip. 4. Relational Model of Data

3. Initinl Reactions & Reactions in the First Five Years (1976 — 1981)

3.1 First Paper Published & Codd’s Reactions

As stated before, the first ER model paper was published in 1976. Codd wrote a long letter to the editor of
ACM Transaction on Database Systems criticizing the author’s paper. The author was not privileged to see
the letter. The editor of the Journal told the author that the letter was very long and single-spacing, In any
case, Dr. Codd was not pleased with the ER model paper. Tronically, several years later, Codd proposed a
new version of the relational data model called RM/T, which incorporated some coneepts of the ER mode],
Perhaps, the first paper on the ER model was not as bad as Codd initially thought. Furthermore, in the
90's, the Codd and Date consulting gronp invited the author to serve as a keynote speaker {together with
Codd) several times in their database symposia in Londoen, This indicates that the acceptance of ER model
was 50 wide spread so that initial unbelievers either became convinced or found it difficult to ignore.

3.2 Other Initinl Reactions and Advices

During that time, there was a “religious war” between different camps of data models. In particular, there
was a big debate between the supporlers of the Relational model and that of the Network model. Suddenly,
a youngp, assistant professor wrote a paper talking about a “uniiied data model.” In some sense, the authar
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was 4 “new kid on the block™ being thrown into the middle of a battle between hwo giants, The advice the
author got at that time was: “why don’t you do the research on the n-th normal form like most other
rescarchers do? It would be much easier to get your normal form papers published.” That was an example
of the type of advices the author got at that fime. Even though those advices were based on good intensions
and wisdom, the author did not follow that type of advices because he believed that he could make a more
significant contribution to the ficld by continuing working on this topie (for example, [4-13]). It was a
tough choice for a person just starting the career. You ean imagine how much problems or aftacks the
author had received in the first few years after publishing the first ER paper. It was & very dangerous but a
very rewarding decision the author made that not only had a significant impact on the author’s career but
also the daily practices of many information-modeling professionals,

3.3IDEF, ICAM, and Other Believers

There were a small but growing number of believers of the ER or similar data models. For exampie, Mike
Hammer, who was an Assistant Professor at the EECS department of MIT, developed the Semantic Data
Model with his student, Dennis McCleod. Later on, Hammer applied the idea in reverse engineering in the
IT field to arganization restructuring and became a management gurt, Quiside of the academic world, the
industry and government agencies began 1o see the potential benefits of ER modeling. In the lae 70°s, the
author served as a consuliant in a team that developed the data modeling methodology for the [CAM
{Integrated Computer-Aided Manufacturing) project sponsored by the U.S. Air Force. One of the
objectives was to develop at least two modeling methodologies for modeling the aircrafl manufacturing
processes and data: one methodology for process modeling and one for data madeling, The data modeling
methodology was called IDEF] methodology and has been used widely in US military projects.

3.4 Starting a Series of ER Conferences

The first ER conference was held in UCLA in 1979, We were expecting 50 people, but 250 to 300 people
showed up. That was a big surprise, Initially, the ER conference was a bi-annual event, but now it js an
annual event being held in different parts of the world [14], In Nevember of this year (Year 2001}, it will
be held in Japan [15], and next year (Year 2002) it will be held in Finland. This series of conferences has
become a major annua! forum for exchanging ideas between researchers and practitioners in conceptual
modeling,

4 The Next Twenty Years (*81 —’01)
4,1 ER Model Adopted as a Standard for Repository Systems and ANST IRDS.

In the B0's, many vendors and user orgenizations recognized the need for a repository systein to keep track
of information resources in an organization and to serve as the focal point for planning, tracking, and
moniloring the changes of hardware and soflware in various information systems in an organization, It
turned out that the ER model was a good data model for repository systems. Around 1987, ANSI adopted
the ER model as the data mode! for Information Resource Directory Systems (IRDS) standards. Several
repository systems were implemented based on the ER model including IBM’s Repository Manager for
DB2 and DEC’s CDD+ system.

4.2 ER Model as a Driving Force for Computer-Aided Software Engineering (CASE) tools and
Industry

Seftware development has been a nightrnare for many years since the 50's. In the Tate 80's, IBM and
others recognized the needs for methodologies and tools for Computer-Aided Software Engineering
(CASE). IBM proposed a software development framework and repository system called, AD Cycle and
the Repository Manager that vsed the ER mode] as the data model. The author was one of the leaders who
actively preached the technical approach and practical applications of CASE. I 1987, Digital Consulting
Inc. (DCI) in Andover, Mass., founded by Dr. George Schussel, organized the 1% Symposium on CASE in
Atlanta and invited the author to be one of the two keynote speakers. To everybody's surprise, the
symposium was a huge commercial success, and DCI grew from a small company to a major force in the
symposiunt and trade show business.
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4.3 Obiect-Oriented (OO0} Anzlysis Technigues are Partically Based on the ER Concepts

It is commonly acknowledged that one major component of the object-oriented (OO} analysis technigques
are based on the ER concepts. However, the “relationship” concept in the OO analysis techniques are still
hierarchy-oriented and not yet equal to the general relationship concept advocated in the ER model. Itis
noticeable in the past few years that the OO analysis techniques are moving toward the direction of
adopting a more peneral relationship coneept.

4.4 Data Mining is 8 Way to Discover Hidden Relationships

Many of you have heard about data mining, If yon think deeply about what the data mining actually does,
you will see the linkape between data mining and the ER model. What is data mining? What does the daa
mining really is doing? In our view, it is a discovery of “hidden relationships” between data entities. The
relationships exist already, and we need to discover themn and then teke advantzage of them. This is
different from conventional database design in which the database designers identify the relationships. In
data mining, algorithms instead of humans are used to discover the hidden relationships.

5 In Retrospect: Another Important Factor — Chinese Culture Heritage

5.1 Chinese Culiure Heritage

Many people asked the author how he got the idea of the Entity-Relationship model. After he kept on
geiting that kind of questions, the author thought it might be related 1o something that many people in
Westem culture may not have, Afler some soul searching, the author thought it could be related to his
Chinese culture heritage, There rre some concepts in Chinese character development and evolution that
are closely related to maodeling of the things in the real world.

Here is an example. Figure 3 shows the Chinese characters of "sun”, "moon, and “person™. As you ¢an
see, these characters are a close resemblance of the real world entities, [nitially, many of the lines in the

characters are made of curves, Because it was easier to cut straight lines on oracle bones, the curves
became straight lines. Therefore, the current forms of the Chinese characters are of different shapes,

mmﬂumm

@ = Sun
B B Moon

1 A_ Person

Fip. 5. Chinese Characiers that Represent the Real-World Entities

Chinese charcters also have several principles for “compasition.” For example, Figure § shows how two characlers,
SUN and MOON, are composed into a new characier, How do we know the meaning of the new character? Let vs
first think: what dees sun and moon have in common? If your answer is: both reflect lights, it is not difficult to guess
the meaning of the new character is “brightness.” There are other principles of composing Chinese characters [[0].

H ) + A (woon) = B @righu mrighmes by tigny

Fig. 6. Compasition of Twa Chinese Characters into a New Chinese Character
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What does the Chinese character construction principles have to do with ER medeling? The answer is:
hoth Chinese characters and the ER model are trying to model the world — trying to use graphics to
represent the entities in the real world, Therefore, there should be some similarities in their constructs,

5.2 Ancient Egyptian Hieroglyphs

Besides Chinese characters, there are other languages have graphic characlers. Ancient Egyptian langunge
is one of them. Tt turns out that there are several characters in ancient Egyptian characters are virtually the
same as the Chinese characters. One is “sun®, another is “mouth, and the third one is “water,” Tt is
amazing that both the Egyptian people and the Chinese people developed very similar characiers even
though they were thousands of miles away and had virtually no communication at that time.  Ancient
Egyptian Hieroglyphs also have the concept of composition.  Interested readers should vefer to [11].

Hieroglyph Meaning Hieroalyph Meanin

(@) =—0 Iowsrarm 0l ﬁ man

(b) == mouth (@) &@ woman
© e viper h ® sun

@ B ow (M fl—j house
& &  slew ()~ watsr

Fig. 7. Ancient Egyptian Hicroglyphs

6 The Future

6.1, XML and ER Model.

In the past few years, the author has been invelved in the developing the “standards” for XML. He has
participated in two XML Working Groups of the World Wide Web Consortium (W3C) ns an invited expert.
During this involvement, some stmilarities between XML and the ER model were discovered including the
following:

RDF and the ER Model, There are several components in the XML family. QOne ofthem is RDF, which
stands for Resource definition Framework. This is a technology that Tim Berners-Lee, the Director of
W3C, pushes very hard as a tool for deseribing the meta-data in the web. There are some similarities and
differences between RDF and the ER model, and Mr. Bemers-Lee has wiitten several articles discussing
this issue. In a joint meeting of the RDF and Schema Warking Groups over one year ago, they issued the
Cambridge Communiqué [16] that states: “...RDF can be viewed as 8 member of the Entity-Relationship
model family...”

XLink and the ER model. Most of us are familiar with the hyperlink in HTML. The XLink Working
Group of W3C has been trying to do is to develop z new kind of hyperlink for XML, In HTML, the
hyperlink is hasically a “physical pointer” because it specifies the exact URL of the target. In XLink, the
new link is one step closer to a “logical pointer.”  In the evolution of operating systems, we have been
moving from physical pointers to logical pointers. The XLink Working Group proposed a new structure
called, “extended Jink.” For example, Fig. 8 is an extended link for five remote resources. The extended
Hnk concept in XML is very similar to the n-ary relationship concept in the ER model. Figure 8 can be
viewed as a relationship type defined on 5 entily types.
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locetar to
ramate
razource

locotor ta
ramote
respurce

extended

locetor to
ramate
reasource

locetor to
romote
rasource

laocator to
remots
re=zource

Fig, 8. “Extended Link" jn XML is Similar to the N-ary Relationship Concept in the ER Model

6.2, Theory of the Web

One thing that is still missing today is the theory of the web. The ER model could be ane of the
foundations for the theory of the Web. The author plans to work on that topic and would encourage the
readers to work on the subject, too,

7 Lesson Learned
7.1 Reflections on Career choices

In the past twenty-five years, the author made some tough career choices as same of the other authers in
this volume did. It is the hope of the author that our experience will be vsefil to some other people who
just started their professiona] careers and are making their career choices. Here are some reflections based
on the author’s own experience:

Right ides, right place, right time, and belief in yourself. In order to have your idea be accepled by
other people, you need not only to have the right idea but also to present them at the right place and right
time, You also need “persistence.” Tn other words, you need to believe in yourself, This is probably the
most difficult part because you have 1o endure some unnecessary pressures and criticisms when you are
persistent on your idea and try to push it forward, Hopefully, some days in the future, you will be proved
1o be right. At that time, you will be happy that you have persisted.

Getting Fresh Ideas from Unconventional Places. Afer working on 2 particular area for a while, you
may run out of *big” ideas. You may still have some “good™ ideas 1o get you going, but those ideas arc not
“earth-breaking.” Al that time, you need to look for ideas in different subject areas and to talk to new
people. For example, most of us are immersed in Western culture, and leaming another culture may trigger
new ways of thinking. Similarly, you may look into some fields outside of information technology such as
Physics, Chemistry, Biology, or Architecture to find fresh ideas. By looking at the theories, techniques, snd
approzaches used in other fields, you may get very innovative ideas to make a breakthrough in ihe IT field.

7.2 Impiicn:ions of the Similarity and differences between the Chinese Charactors snd Ancient
Egyptian Hieroglyphs an Software Engineering and Systems Development Methodologies

As we poinied out earlier, there are several Chinese characters that are almost the same as their
counterparts in ancienl Egyptian hieroglyphs. What does this mean? One possible answer is that human
beings think alike even though there was virtually no communication between ancient Chinese peopie and
ancient Egyptian people. It is very likely that the way to conceptualize basic things in the real world is

RE941



common to most of the races and cultures. As was discussed earlier, the construction and developments of
other characters are different in Chinese anrd in Ancient Egyptian Hieroglyphs, It is valid to say that the
lanpuage developments were dependent on the local environment and culture. What is the implication of
the similarities and differences in character developments on the development of software engineering and
information system development methedologies? The answer could be: some basic concepts and
guidelines of software engineering and system development methodologies can be uniformly applied to all
people in the world while some other parts of the methodologies may need o be adapted to [ocal cultures
and customs.

8. Conclusions

The author was very fortunate to have the opportunity to meet the fight people and to be given the
opportunity to develop the Enlity-Relationship (ER) model at the time and environment such a model was
needed. The author is very grateful to many other researchers who have continued to advance the theory of
the ER approach and to many sofbware professionals who have practiced ER modeling in their daily jobs in
the past twenty-five years. We believe that the concepts of enlity and relationship are very fundamental
concepts in software engineering and information system development. In the future, we will see new
applications of these concepts in the Web and other new frontiers of the software warld.

RS942



References

L.

2.

3.

4.

10.
1.

12,

13.
14.
15,
16.

Bayer, R, and McGreight, E,, *Qrganization and Maintenance of Large Drdered Indexes,” Acta
Informatica, Vol. [, Fase. 3, 1972, pp. 173-189.

Codd, E. F. “The Relational Model of Data for Large Shared Data Banks,” Comm. of the ACM,
Vol. 13 (6), 1970, pp. 377-387.

Chen, P.P., "The Entity-Relationship Model: Toward a Unified View of Data," ACM Trans. on
Database Systems, Vol.1, No.l, March 1976, pp. 1-36.

Chen, P, P, "An Algebra for a Directional Binary Entity-Relationship Model,” JEEE First
International Conference on Data Engineering, Los Angeles, April 1984, pp. 37-40.

Chen, P. P., "Database Design Using Entities and Relationships,"” in: S, B. Yao {ed.), Principles of
Data Base Desipn, Prentice-Hall, NJ, 1985, pp. 174-210,

Chen, P. P., "The Time-Dimension in the Entity-Relationship Model," in: Information Processing
186, H. -J. Rugler (ed.), North-Holland, Amsterdam, 1986, pp. 387-390.

Chen, P. P. and Zvieli, A., "Entity-Relationship Modeling of Fuzzy Data," Proceedines of 2nd
International Conference on Data Engineering, Los Angeles, February 1986, pp. 320-327.

Chen, P. P. and Li, M., "The Lattice Concept in Entity Set,” in: Entity-Relationship Approach, S.
Spaccapietra (ed.), North-Holland, Amsterdam, 1987, pp. 311-326.

Chandrasekaran, N., lyengar, 8.S., and Chen, F, P,, “The Denotational Semantics of the Entity-
Relationship Model," International Journal of Computer Mathematics, 1988, pp. 1-15.

Chen, P. P., “English, Chinese and ER Diagrams,” Data & Knowledse Encineering, Vol. 23, No.
1, June 1997, pp. 5-16.

Chen, P. P, “Fram Ancient Egyptian Language to Future Conceptual Modeling,” in: Conceptual
‘Modeling: Current Issues and Future Directions, Chen, P.P,, et al. {eds), Springer-Verlag, Berlin,
Lecturing Notes in Computer Sciences, No. 1363, 1998, pp. 57-66.

Yang, A. and Chen, P. P, "Efficient Data Retrieval and Manipulation using Boolean Entity
Lattice," Data & Knowledee Engineering, Vol. 20, 1996, pp.211-226.

htip:/iwwaw ese.Isu.edu/~chen/

http:www.er2000.byu.edu/

hipsisww aristab.dni.yno.ac i/ ER2001]

hitp/iwww. w3, org/TR/schema-arch

RS8943



48

Journal of Computer and Software Engineering, Vol. 3, No.d (1995), pp. 427-459

A Comparative Analysis of Entity-Relationship Diagrams!

Il-Yeol Song
Drexel University

Mary Evans
JSConnect

E.K, Park
U.S. Naval Academy

The purpose of this article is to collect widely used entity-relationship diagram
(ERD) notations and so their features can be easily compared, understood, and
converted from one notation to another. We collected ten different ERD notations
from text books and CASE tools. Each notation is depicted using a common
problem and includes a discussion of each characteristic and notation. According
to our investigation, we have found that ERD features and notations are different
in seven features: whether they allow n-ary relationships, whether they allow
attributes in a relationship, how they represent cardinality and participation
constraints, the place where they specify constraints, whether they depict
overlapping and disjoint subclass entity-types, whether they show total/partial
specialization, and whether they model the foreign key at the ERD level, We
conclude that many of the ER diagrams we studied are different in how they depict
the criteria listed above. In order to convert one diagram to another, some
notations must be extended and carefully converied from one notation into
another. We also discuss the limitations of existing CASE tools in terms of
modeling capabilities and supporting diagrams.
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1 INTRODUCTION

The purpose of this article is to collect widely used entity-relationship diagram (ERD) notations
and so their features can be easily compared, understood, and converted from one notation to
another. The types of ERDs we examine in this article are those used in database textbooks or
CASE Tools used for the design of relational databases. We extract the most significant features
of each method and notation, rather than exhaustively compare all the features of those methods,

The Entity-Relationship diagram has been widely used in structured analysis and
conceptual medeling. The ER approach is easy to understand, powerful to model real-world
problems and readily translated into a database schema. The ERD views that the real world
consists of a collection of business entities, the relationships between them and the attributes used
to describe them. Other ER modeling semantics used by most methodologies include cardinality,
participation and generalization. The typical semantic constructs of the ER model and its

variations we consider in this article inctude the following features:

» An entity type represents a distinguishable object type. In real-world modeling,
an entity type is an important business object that contains more than one property,
We will simply call an entity, instead of an entity type, as in many practice., A weatk
entity is a special type of entity whose existence is dependent upon another entity
called the owner entity, This dependency is called existence dependency. Thus a
weak entity does not have its own identifier. Hence, the identifier of a weak entity
is a combination of the identifier of the owner entity and the partial key of the
weak entity.

* A relationship type represents an association between or among several entities.
In real-world modeling, a relationship represents an association that needs to be
remembered by the database system. We will simply call relationship, instead of
relationship type. A relationship type can be unary, binary, or n-ary, depending on
whether the number of entities involved in the relationship is 1, 2 or more than 2.

* An atrribute is a property that is used to describe an entity or a relationship, Note

2
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that some methods do not allow an attribute in a relationship. An attribute which

is a primary key of another relation is called a foreign key.

*» A cardinality constraint specifies the number of relationship instances in which
an entity can participate. They are in the form of 1:1, 1:N, M:N, in binary
relationships, and 1:1:1, 1:1:N, I:)N:M, and M:N:P in ternary relationships. This
constraint corresponds to sraxinum cardinality in some notations.

« A participation constraint specifies whether an entity instance can exist without
participating in a relationship with another entity. This constraint corresponds to
minimum constraints in some notations. Total (or mandatory) and partial (or
optional) participation are the two types of participation. Total participation exists
when an entity instance cannot exist without participating in a relationship with
another entity instance. Partial participation exists when the entity instance can
exisl without participating in a relationship with another entity instance. Some
methods combine cardinality and participation constraints and represent them using
minimum and maximum constraints in the form of (min, max) notation.

» Generalization/specialization specifies superclass and subclass relationship
between entity types. In a generalization/specialization hierarchy, there are two
constraints - disjoint and complete [1]. The disjoint constraint specifies whether an
entity can appear in more than one subclass entity (overlapping) or not (disjoint).
The specialization is said to allow overlapping if one entity instance in the super
class can appear in multiple subclass entities. Otherwise, the subclasses are
disjoint. The second constraint is the completeness constraint. It specifies
whether a super class entity instance can exist without belonging to at least one
subclass entity (partial specialization) or not (total specialization).

We note that we discuss only the above constructs which are widely discussed in literature
and CASE tools. We do not discuss more specialized construets such as category or aggregation,
which are discussed in only Elmasri and Navathe's book {1]. We also exclude ERD notations that
has name of object-oriented. For the comparison of ERD and object-oriented notations, see
Kushner, Song, and Whang [2], and for the comparison of various notations for object-oriented
analysis, see Lind, Song, and Park [3]. We also exclude the variation of ERDs which are
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modified to include object-oriented features, such as, complex entity relationship maodel [4] or

ERC™ model [5].

A variety of ERD notations has been developed to represent above concepts. Some of
them allow n-ary relationships while others do not. Some notations allow attributes to be
modeled in relationships. Some of them represent cardinality and participation constrainis
separately, while others use min/max notations by combining cardinality and participation
consiraints, Some of them specify the cardinality constraints across the relationship while others
- near the entity. Authors of database text books and CASE Tools use different ERD notations.
These cause greater confusion and difficulty to novice database designers and users, and make the
ER diagram less-transferable among authors, textbooks and CASE Tools. Hence, in this article
we collected ten widely used ERD notations from various textbooks and CASE Tools. Based on
our investigation, we compare/contrast them by the following seven points:

1) The way they allow n-ary relationships or not (see Section 2.1)

2) The way they represent cardinality and participation constraints or min/max notations
{see Section 2.2)

3) The place they specify the constraints (see Section,2.3)

4) An attribute shown attached to a relationship,

5) Foreign keys modeled at the ERD level,

6) Overlapping and disjoint subclass entity types depicted, and

7) Complete and partial specialization

The ten selected methods are Chen [6], DDEW [7] or Tecrey [8], Elmasri & Navathe [1],
Korth & Silberschatz [9], McFadden & Hoffer [10], Batini, Ceri, & Navathe [11], Oracle
CASE*Methods [12], Information Engineering [13], IDEF1X used in ERWin [14], and Bachman
[135, 16].

An example situation is described in order to discuss and illustrate each ERD technique.
The rest of this article is organized as follows: Section 2 introduces the definitions which
need illustration, and Section 3 illustrates the ten ERD models that are depicted for the sample

database problem. Section 4 summarizes and evaluates the differences of those ERD notations.

Section 5 concludes our paper.
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2 TERMINOLOGY

In this section, we illustrate the following three different points of ER diagrams:
- how they depict n-ary relationships in binary models;
- where they represent cardinality and participation constraints;
- how they represent cardinality and participation constraints.

2.1 Binary Models vs. N-ary Models

Some ERID methods are called Binary models, in that they allow only binary relationships and do
not allow ternary or higher relationships. In binary models, every object that would have an
attribute is considered an entity. Thus binary models do not aliow an attribute in a relationship,
and hence do not use a symbol, such as a diamond, to represent a relationship (see Figure 3(d)).
In those binary models, one way to handle a ternary relationship is to convert it into an entity
type. In binary models, a many-to-many relationship with at least one non-key attribute is also

converted into an entity type.

A binary relationship exists when one instance of an entity can be associated with one
instance of another associated entity. A ternary relationship exists when one instance of an entity
can be associated with a pair of instances of the other two associated entities. These three entity
instances must be associated at the same time in the ternary relationship. For example, the
relationship BORROW among STUDENT, MAGAZINE, and BOOK in a library context cannot
be modeled as a ternary relationship because a student does not have to borrow both a magazine
and a book, We note that the interpretation of a ternary relationship is based on Teorey, Fry, &
Yang [17]. In Figure 1(a), a pair of a8 PROJECT and a PART can be associated with P
SUPPLIERS, a pair of a PROJECT and a SUPPLIER can be associated with N PARTS, and a
pair of a PART and a SUPPLIER can be associated with M PROJECTS.

Figure 1 shows two ternary relationships and a set of binary relationships that simulate the
ternary relationships. That is, a single ternary relationship is replaced by three one-to-many
relationships. In Figure 1{z) SUPPLY is modeled as a ternary relationship and thus the identifier
of the SUPPLY relationship is the combination of the identifiers of three participating entity types.
In Figure 1{b) SUPPLY relationship is converted into an entity, and thus naturally SUPPLY entity

5
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can have its own single-attribute identifier. The new entity is called the intersection entity or the

associative entiry or Gerund [18, 10]. Note that the new gerund always has many side
cardinality, regardiess of the cardinality of the original ternary relationship, as shown in Figure
1(b) and 1(d).

However, the semantics of a ternary relationship is not always the same as three binary
relationships and the gerund [10]. For example, suppose we have wmany-to-many-to-one
relationship as shown in Figure 1(c). That is, for a given pair of a PROJECT and a PART, there
is only one SUPPLIER. In binary models, Figure 1(c) is represented as in Figure 1(d). Note that
Figure 1{d) is identical to Figure 1(b). In Figure ! (d), comparing with Figure 1(c), we lose the
semantics that a PART used by a PROJECT has only one supplier. There are other differences
between binary and ternary relationships [19, 20]. Jones and Song show that not every binary
representations of ternary relationships are functional-dependency preserving [20]. This implies
that n-ary models are semantically more powerful than binary models. Methoeds that allow n-ary
relationships and those that allow only binary relationships are summarized in Table 1 in Section
4.
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Project " Supply Part

Supplier

FIGURE 1 (¢)
m:m: 1 Tenary Relationship

N M 1
Project 1 ° Supply 0 Pant

P

Supplier

FIGURE 1 (d)
Represesting Fig 1 (¢} in binary models

2.2 Look Aeross & Look Here Notations

To our knowledge, the terminology Look Across and Look Here was first used by Ferg [21] to
refer to the place where the cardinality (maximum) or participation (minimum) constraints are
specified in ER diagrams. The cardinality and participation constraints can be specified by
looking across the relationship from the other direction or looking here first. The cardinality
constraints in example (a) of Figure 2 shows Look Across notation and (b) shows Look Here

8
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notation. In Look Across notation, the fact that one employee works for only one department is

represented by placing 1 across the relationship WORKS FOR from EMPLOYEE entity. In Look
Here notation, the fact, that one department can have many employees is specified by placing N
across the relationship WORKS FOR from DEPARTMENT entity. Figure | uses Look Across
notation. Section 4 summarizes the methods that use Look Across and Look Here conventions.

Employee Department

{a) Look Across

Employee Depantment

{b} Look Here

FIGURE 2
Look Across and Look Here Notation

One hinary relationship representing the fellowing iwo sentences,
"One enployee works for only one department. One depariment can have many employees.”

2.3 Cardinality & Participation Constraints

The cardinality constraint represents the maxinnim number of entity instances that may or must
occur in order to participate in the relationship. The participation constraint represents the
minimum number of entity instances that must occur in order to participate in the relationship.
Thus, the participation constraint represents the total (mandatory) or partial (optional) existence
of an entity instance as it relates to its relationship to another entity.

Figure 3 shows several popular ERD notations representing the cardinality constraint {one
employee can work for one department and one depariment can have many employees) and the
participation constraint {one employee c¢an exist without working for a department (partial), but
department cannot exist without having an employee (total}).
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In Figure 3 (a) and (b), the cardinality constraints used Look Across notation, while the

participation constraints used the Look Here notation.

ta) Empicyee W;;:‘S 3 Department

[ Chen Netatlen:
Cardinality: Look Asross
Participation: Lack Here )

N 1
(b) Employes + Departmert

[ Elmasri & Navalhe Notation:
Cardinality: Look Aoross
Parlicipation: Lack Here )

[e) Emplayes Bapartment

[ Crowsleel:
Carddralty: Logk Across
Paficipatior: Look Aeoross )

of Departmerd

(4] Employee

i

{ Hormation Engreeting Notation:
Cardirnlity: Look Aeross
Participation: Look Reross )

Employee Departmert
(2] ploye o0 N epart mel

[ MinMax:
Cardinality: Look Here
Participstion: Look Here }

[E] Employee Departmerd
ploye 04 =

{ Min/itax:
Cardmalily: Look Across
Participation: Lodt Acress )

: FIGURE 3
Varipus Holations for Cardrslty and Participation Corstralnts showing "cne employee
can work for zero or one depertment 2rda department ¢an have one or more employees,”

In Figure 3(a), total participation is represented by a closed circle, while partial
participation uses an open circle. In Figure 3(b), total participation is represented by a double
line, while partial participation is represented by a single line. In Figure 3(c), the crowfoot
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notation with the diamond [18] is used. In Figure 3{(d), crowfoot notation without the diamond is
used [13]. In Figure 3(e), (min, max) notation is used in the Look Here convention, and finally, in
Figure 3(f), (min, max) notation is used in the Look Across convention [18].

In Figure 3(a) and (b), the cardinality and participation constraints are separated, while in

3(¢), (d), (e), and (f) they are combined in (min, max) notation. See Ferg [21] for a more detailed
discussion of various cardinality and participation constraints.

3 VARIOUS ERD NOTATIONS

In this section, we show the various notations of ERD used in different CASE Tools and text
books. The problem description of the sample database is as follows;

The RESEARCH INSTITUTE database keeps track of its employees, departments and
projects, The research institute is arranged by departments. Each department has a name
and number. A department controls a number of projects. Each project has a name,
number and project type. Each project is using zero or more parts supplied by any number
of suppliers. One supplier can supply many parts to many projects, but must supply at
least one part to a project. The research projects are subdivided into internal and external
funded projects. Funded projects are subdivided by foundation and corporation. Each
foundation and corporation associated with the institute is tracked by account. Esch
account stores a name, number, contract and account type. The employee's name, social
security number and employee type are stored. An employee may be assigned to a
department and may work on several pl:ojects, controiled by more than one department.
The dependent's name and sex are stored for each employee, Most of the employees are
subdivided into three major employee types- research, technical and secretary.

From the example described above, the following entity and relationship types are specified:

. Entity types are EMPLOYEE, DEPARTMENT, PROJECT,
DEPENDENT, SUPPLIER, PART and ACCOUNT,

. Relationship types are WORKS FOR, WORKS ON, DEPENDENT OF,
CONTROLS, ORDERS and SPONSORS.
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For the techniques of identifying entity types and relationship types, see Song and Froehlich [22].
The handling of attributes, generalization, participation and cardinality vary the most with the
styles of each information modeling technique. The various modeling style techniques are
described in the following sections.

3.1 Chen Notation

The entity relationship diagram was introduced by Chen in 1976 [6]. Figure 4 shows the example
ERD using Chen's original notation with explicit notation for participation constraints. In this
ERD, entities are represented by a box and relationship types are symbolized by a diamond. A
double rectangle and a double diamond represent a weak entity type and a weak relationship,
respectively. Attributes are represented by oval symbols. "Many" cardinality is indicated with the
"N" near the entity's box, while a "1" indicates "one". Closed circles represent total participation

and open circles represent partial participation.

The original Chen's notation [6] had notations only for entities, relationships, attributes and
cardinality, but did not use generalization or participation constraint. Later Scheuermann,
Schiffner, and Weber added generalization, aggregation, and participation constraints [23]. (In
participation constraint, they use a closed circle for total participation, but do not use any notation
for partial participation. We use an open circle to explicitly represent the partial participation.)
The cardinality is represented by Look Across notation. The participation constraints uses Look
Here notation. The ER Designer developed by Chen & Associates [18] supports this notation as
well as (min, max) notation, as shown in Figure 3(f),-and crowfoot notation, as shown in Figure
3(c). Entity identifiers are represented by double ellipses in Chen's notation [].

3.2 Teorey Notation

Figure 5 shows the example ERD used in Teorey's notation [17, 8]. Even though his notation
was first used in DDEW project [7], we call Teorey's notation since he popularized the notation
through his articles. The entity is depicied by a box and assigned an unique name. Relationship
type is depicted by a diamond with the name listed beside it. Cardinality is shown by shading the
relationship diamond. The many side of the diamond is shaded while the one-side is not shaded.

12

RS5935



Journal of Comprtier and Sofiware Engineering, Vol. 3, Nod (1995), pp. 427459
Generalization connects the is-a relationships with hollow arrows. A weak entity is depicted with

a box surrounded with double bars. The ternary relationship is depicted with three entities
comnected with a relationship diamond. ERDs in this notation do not always show attributes.
Total participation is shown with a black dot or is not drawn and is the default syntax. Partial
participation is shown with a hollow dot. This notation uses both cardinality and participation
constraints using Look Across notation, Neither disjoint nor completeness constraints are
supported. We could not find any example ER diagrams illustrating the concept of entity
identifiers from Teorey's book [8]. We note that Teorey's new book [24] uses Chen's notation.

We observe that, when participation constraint is represented by Look Across notation,
the participation constraint for ternary relationship cannot be properly represented. In Figure 4,
PROJECT entity has a partial participation with ORDER relationship. In Figure 5, this partial
participation cannot be properly represented in ORDER ternary relationship since there are two
entities across PROJECT entity. This implies that in n-ary models, participation constraints must
use Look Here convention. [f we want to use Look Across convention for participation
constraint, we must use the binary models.

3.3 Elmasri & Navathe Notation

Figure 6 shows the example ERD using Elmasri & Navathe's notation [1]. The entity is depicted
by a box and it is assigned an unique name. Cardinality constraints are shown as 1 {one), N
(many), or M (second relationship in many-to-many). A weak entity is depicted with a box
surrounded with double bars. The ternary relationship is depicted with three entities. Attributes
are shown with a labeled ellipses circle with a line drawn in the entity it belongs. The entity
identifier is distinguished with a line drawn under the atiribute’s name. The notation distinguishes
a single-valued attribute from a multivalued attribute, a composite attribute and a derived
attribute. Multivalued attributes are shown with a double egg-like circle. A derived atiribute is
shown as a dotted ellipse circle. Total participation is shown with a double relationship line
between an entity and its associated relationship, while partial participation is shown with a single
line. Cardinality constraints use Look Across notation and participation constraints use Look

Here notation,

In the generalization/specialization, both disjoint constraints and completeness constraint
are fully represented. Disjoint subclasses are represented with a "d" symbol in a circle,
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Overlapping subclasses are depicted with a connection between the superclass to ihe subclasses

with a letter "o" symbol in a circle. An arc connects the circle to any type of subclass described
above. Total specialization is represented by a double line and partial specialization is
represented by a single line from the super ciass to the circle with either "d” or "0". Optionally, a
discriminating attribute that classify subclasses can be shown. We note that Elmasri and Navathe
discuss the notion of categorization which was first proposed by Elmasri, Weddreyer, and Hevner
[25]. Cateporization is a subclass built from two different superclasses. It is shown with a
connection between the superclasses to the subclass with a U symbol in a circle. We do not
discuss the Category in this article, since it is not supported by any other ERD methods discussed
in this article. Among the ERD notations compared in this article, Elmasri and Navathe's notation

is the most semantically rich in terms of modeling components and constraints,
3.4 Korth & Silberschatz Notation

Figure 7 shows the example ERD using Korth & Silberschatz's notation {9]. Entity types are
represented as rectangles.  Alftributes are symbolized as ellipses. Relationship types are
represented as diamonds. Entities are linked with attributes with lines, Entity and relationship
types are linked together with lines. Cardinality is distinguished between the entity and
relationship either by a directed line (arrow) for one-side or an undirected line to represent many-
side. Cardinality constraint uses Look Across notation. Generalization/specialization is shown
with a triangle labeled with ISA. This joins the higher-level entity to the lower-leve] entity. While
Generalization (which does not allow overlapping among subentity types) uses thick lines between
the ISA triangle and each entity, specialization (which allow overlapping among subentity types)
uses the regular thin lines. Participation is not depicted in Korth & Silberschatz's notation.
Hence, the completeness constraint in a generalization hierarchy is not supported. There is no
notation used for entity identifiers.

3.5 McFadden & Hoffer Notation

Figure 8 shows the example ERD using McFadden & Hoffer's notation [10]. Entity types are
represented as rectangles. Attributes are symbolized as ellipses. Relationship types are
represented as diamonds. Enlities are linked with attributes with lines. Entity and relationship
types are linked together with lines. A cardinality constraint is represented by a bar for one-side
and crowfoot for many cardinality. Temary relationships are allowed in this method. A
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participation constraints represented by "1" for total and "0” for partial. Both cardinality and

participation constraints use Look Across notation using (min, max) form. Note that in this
method we used a gerund to represent the ternary relationship ORDER. The reason is that a
participation constraint in LOOK ACROSS convention cannot be represented in a ternary
relationship. By converting the ternary relationship into a gerund, we can represent the
participation constraint of the PROJECT entity.

Generalization hierarchy is shown with a round box labeled with ISA. This joins the
superclass entity to the lower-level entity., Disjoint constraint is represented by an arc conrnecting
lines to subclass entities. Partial specialization in this notation can be represented by adding an
empty rectangle implying an undesignated subclass entity.  Interestingly, McFadden & Hoffer
107 do not discuss the weak entity or dependent entity concept.

3.6 BATINI, CERI, and NAVATHE Notation

Figure 9 illustrates the example ERD in Batini, Ceri, and Navathe's notation style [11]. Entity
types are represented as rectangles. Attributes are symbolized as small circles with a line
connected to its entity and its atiribute name labeled beside it. Primary key attributes are shown
with the black circle while others are shown with an open circle. For entities with a composite
primary keys, a line and black circle are drawn across those attributes that make up the primary
key. Relationship types are represented as diamonds. Entities are linked with attributes with
lines. Entity and relationship types are linked together with lines. Cardinality is indicated by the
characters "0" (zero), "1" (one), and "N" (many). Participation and cardinality constraints are
combined into the (min, max) form, such as (O,N) or (1,1), respectively. Look Here notation is
used for both cardinality and participation constraints. Generalization and specialization are
shown with a directed arrow that joins the lower-level entity to the higher-level entity. They do
not distinguish between disjoint and overlapping among subentities in the hierarchy. Ternary
relationships are allowed in this method. The interpretation of ternary relationships using Look
Here notation needs elaboration. In Figure 9, a project can have minimum zero and maximum
many orders; a supplier (part) have minimum one and maximum many orders. The ternary
semantics of Batini, Ceri, and Navathe implies the cardinality when a ternary relationship is
converted into a gerund. Note that this interpretation is different from what Chen, Teorey, and
Elmasri & Navathe used. The latter used "for a pair of supplier and a part, there are zero or many
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projects." We note that the weak entity notation is not directly represented as in oiher methods

but they are implied by a composite primary key connected through two entity types.
3.7 Oracle's CASE*METHOD Notation

Figure 10 shows the example ERD using the Oracle's CASE*METHOD notation [12]. This
method belongs to a binary model which does not allow a n-ary relationship and an attribute to be
shown in a relationship. Hence, a relationship is just represented by a line. Entity type is
represenied as a box with the entity name capitalized and its attributes are listed below in lower
case. Relationship type is shown as a line between associated entities, Cardinality constraints
use Look Across and participation constraints use Look Here notation. Many cardinality is
indicated with crowfoot at the end of the line. A single line represents one cardinality. The
participation constraint is called optionally, and the term mandatory/optional is used instead of
total/partial. Total participation is shown as a solid line while a dotted line indicates partial
participation. Naming each end of the relationship reflects the participation and identifies the
association between the entities. Optional attributes, whose value may be the null value, are
illustrated by a small 'o' in front of the atiribute name. Mandatory atiributes, whose value is
always required, are indicated by a small ' in front of the name. A unique identifier is the
primary key which identifies each unique instance in the entity. The primary keys are represented
with a '#' preceding the attribute that contributes to the identifier.

Subclass entity subtypes are shown as an inner box within the superclass entity type.
Disjoint constraints and completeness constraints in a generalization hierarchy are not explicitly
discussed in [12]. Oracle CASE*METHOD supports mutually exclusive relationships between
one entity and two relationships, and are shown with an arc with the black dot across the mutually
exclusive relationship ends. In this situation, an entity instance can be associated with only one of
the two mutually exclusive relationship. The mutually exclusive relationship notation can be used
to simulate disjoint subclasses. For example, in Figure 10, we used an exclusive arc to represent
the disjoint subclasses, as in Figure 6-3 of [12].

In Figure 10, we represented the ternary relationship by converting it into an entity type
(called intersection entity) and adding a binary relationship between the intersection entity and
other entities. Note that the notion of weak entity is not directly represented in Oracle
CASE*Method. Rather, it can be simulated by a bar and a little diamond. A bar in many-side
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entity represents the situation that the primary key of one-side entity contributes the identifier of

the many-side entity. The diamond represents the non-transferability, which means that the entity
in many-side, once connected, cannot be reconnected to another entity in one side. This property
is similar to existence dependency in typical ER modeling. Many-to-many relationships are
allowed, but they are usually decomposed into two one-to-many relationships. Qualified Hmits of
degree are represented by =,>>,<,< to define cardinality constraints.

3.8 Information Engineering Notation

Information Engineering (1E) method was originally developed by Martin & Finklestein. 1t was
later revised by Martin [13]. Our discussion is mainly based on Martin's revised notation [13].
The 1IE method is also a binary method which does not allow a ternary relationship nor does it
show attributes related to a relationship. Both cardinality and participation constraints are
combined into min/max (bar and crowfocot) notation, and are represented with the Look Across

convention.

Figure-ll shows the example ERD using the Information Engineering notation. Entity
type is represented as a box. The relationship is shown as a line connecting two associated
entities and given a name. Cardinality is depicted as follows:

one and only one Two bars at end of line or single bar
ZEero or one Hollow dot and one bar

one or more One bar and crowfoot

Zero, One or more Hollow dot and crowfoot

more than one Crowfoot.

The relationship between mutually exclusive entity types is represented with a black dot
{See Figure 11). Entity subtypes are created when they have different associations to other entity
types. Entity subtypes are shown in inner boxes within the super class entity type and subdivided
by solid lines. The solid line represents disjoint subclasses. Overlapping subclasses can be
represented by using a dashed line between two subclasses. A blank subtype box indicates that
there are other subtypes not shown on the entity-relationship diagram, showing a partial
specialization. When the specialization hierarchy is complex, a decomposition diagram can also
be used, Instead of using inner boxes for subclasses, they are medeled as rectangles (entities)
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outside the superclass and connected by lines. Disjoint subclasses are represented by a black dot.

This is illustrated in FOUNDATION and CORPORATE subclasses in Figure 11. An open circle is
added near the black dot when not every superclass entity instance participates in one of the
subclasses, showing a partial specialization.

The popular CASE tools using the [E notation are IEF [26] and ADW [27]. In ADW,
they use the term Fundamenial entity for regular entity in other methods, the Associative entity
for a relationship-converted entity, and the Aiributive entity for dependent which serves to
describe another entity type. In the IE method, attributes are not usually directly shown on the
ER diagram, but they are entered into an data dictionary, As previously stated, the Information
engineering method is a binary-modeling technique. So, this method does not allow a relationship
to have an atiribute. Attributes belonging to one-to-many relationships are modeled under the
many-side entity type. When a many-to-many relationship has at least one descriptive attribute,
the relationship is modeled as an entity type, ADW call this new entity type an associative
entity, and adds a diamond inside the rectangle. (See WORKS_ON in Figure 11). Note that in
this case, the associative entity always has a many side. Since IE does not allow a ternary
relationship either, the ORDER relationship in the sample ERD was represented as an associative
entity in Figure 11. In the IE method, as in Oracle CASE*Method, weak entities are not directly
represented. However, the identifier dependency can be shown in IEF [26]. In IEF, we can
superimposes ant [ near the dependent entity to represent the fact that the identifier of the
dependent entity is the combination of the partial key of the dependent entity and the identifier of
the other side entity type (See DEPENDENT in Figure 11).

We note that IE notation shows the relationship names in both directions. A label above a
horizontal line is used when the relationship is read from left to right. A label below a horizontal
line is used when the relationship is read from right to lefi. In Figure 11, however, we did not use
the iwo-way naming practice of the IE methed in order not to create any additional labels.

3.9 IDEF1X Information NModel Notation

Figure 12 shows the example ERD using the IDEF1X Information Mode!l notation [14]. IDEF1X
is a binary model which does not allow n-ary relationships or many-to-many relationships with
non-key attributes. Thus, in IDEF1X, any object with at least one information-bearing attribute is
modeled as an entity type. The regular entity type is called the independent entity. 1t is
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represented by a closed box with the name of the entity at the top. The attributes of the entity are

listed inside the box, The primary keys are listed in the top section of the box. The data (non-
primary-key) attributes are noted in the bottom section of the box. Independent entities or parent
entities are entities that do not depend on another entity for its identification. This is represented
with a square comered box. In IDEF1X, most relationships are either one-to-one, one-to-many
or many-to-many relationships without non-key attributes.  Whenever a many-to-many
relationship has at least one non-key attributes, it is modeled as an entity type called an associative
entity. A ternary relationship is also modeled as an associative entity as in Figure 1. Dependent
entity or child entity depends on another entity for its identification. A dependent entity is
represented by a round cornered box. IDEF1X attribute notation conventions are detailed below:

attribute(FK) Foreign Key

role-name.attribute(FK) Role name (new name for FK}

attribute( AKn) Alternate key

attribute(IEn) Inversion entry (non-unique access identifier)
group(cl,c2,c3) Group attribute

attribute(fk 1, k2)(FK) Unifted FK.

Relationship notation is subdivided into identifping and nor-identifping associations between
entities. An identifying relationship is a relationship in which ail primary key attributes of the
parent entity become part of the primary key attributes of the child entity. This simulates the
notion of the weak entity of the ER model. A non-identifying relationship is a relationship in
which the primary key of the parent entity does not become part of the primary key of the child
entity but a foreign key in the child entity. A identifying relationship is shown as a solid line
connecting entities while a non-identifying relationship is depicted by a dotted line.

In IDEF1X, the cardinality constraint and participation constraint are combined into
min/max constraint style, These min/max constraints are represented using the Look Across
notation. Both graphical symbols and textual notations are used to represent the min/max
constraints. The single line, either solid or dotted, represents EXACTLY ONE. The closed dot
represents ZERO OR MORE. The closed dot with P near the dot represents ONE OR MORE,
The N represents EXACTLY N. The Z near the dot represents ZERO OR ONE.

Note that IDEFIX distinguishes between identifying and nonidentifying relationships.
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Identifying relationships always begin with cardinality exactly one as in EMPLOYEE entity to

DEPENDENT entity in Figure 12, since the primary key of the parent entity always become a
part of the primary key of the child entity. However, in nonidentifying relationships, the primary
key of the parent entity does not become a part of the primary key of the child entity. Instead, it
simply becomes a foreign key on the child entity. Thus, the parent entity may or may not
participate in the relationship with the child entity. For this problem, IDEF1X used a little
diamond to represent optional participation of ZERC OR ONE. This is illustrated in
DEPARTMENT entity, which means that an employee can have zero or one department.

IDEFIX can distinguish between overlapping and disjoint subentities in a generalization,
It can also distinguish between a complete and an incomplete classification of subentities.
Overlapping is represented by multiple classification lines from the super entity (e.g.,
EMPLOYEE and PROJECT in Figure 12), while disjoint is represented by a single line from the
super entity (e.g.,, FUNDED PROJECT). A single line undereath a circle specifies a partial
specialization (meaning that not all categories are shown), while double line specifies an complete
specialization (meaning that all categories are shown). IDEF1X directly models foreign keys at
the ERD level. This notation is used in ERWin CASE Tool.

3.10 Bachman Neotation

Figure 13 shows the exampie ERD using the Bachman Case tool of Bachman's notation [16].
Bachman's method is also a binary model. An entity is represented by a box, The relationship is
depicted as a line conneciing lhe associated entities. The relationship is given a phrase to describe
the association at both ends of the line, Cardinality constraints use Look Across notation and
participation constraints use Look Here notation, Cardinality is shown by an arrow for many and
a single line for one. An open circle at the end of a relationship shows optional participation
between any pair of instances of associated entities. A filled-in or black circle indicates a
mandatory relationship between any pair of instances of the entities. When a many-to-many
relationship does not have a non-key attribute, the relationship is represented as a line. When a
many-to-many relationship has a non-key attribute, it is modeled as an entity type. The roles of
attributes are annotated in front of their names as follows:

PK Primary key
FK Foreign key
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PFK Primary key and Foreign key

1 Inherited attribute from the superclass entity

Note that in Figure 12, a ternary relationship was represented in two steps. First, many-
to-many relationship between SUPPLIER and PART was modeled as an associative entity
SUPPLIED PART. Then there is many-to-many relationship between PROJECT and
SUPPLIED-PART.

In Bachman notation, a subclass is represented as an inner box within the superclass. The
notation, however, does not represent disjoint or completeness constraints in a specialization
hierarchy. Gane [12] also uses the same notation as Bachman. However, Gane represents
mutually exclusive relationships by connecting each subentity type with an arc, Entity subtypes are
shown within inner boxes. Bachman's method, as in IDEF1X, directly models foreign keys at the
ERD level. A little diamond near the arrow {many side) represents the fact that the primary key of
the one-side entity is used as a forzign key in the many-side entity.
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4 ANALYSIS OF NOTATIONS

In Section 4.1, we summarize features of ten ERD methods discussed in this paper. We further .
analyze those features in Section 4.2 and discuss the limitations of CASE tools using ERDs in
Section 4.3,

4.1 Summary of ERD Methods

The criteria we used for comparing ERD methods include binary or n-ary relationships,
relationships with or without attributes, cardinality & participation constraints, Look Across and
Look Here notations, disjoint and completeness constraints in generalization/specialization, and
the direct modeling of foreign keys at the ERD level. Table [ classifies N-ary models from binary
relationships. Table II summarizes the various ways of representing cardinality and participation
constraints. Table II distinguishes ERD methods that model foreign keys at the ERD level.
Table IV summarizes all the features in detail.

N-ary Chen; Teorey; Elmasri & Navathe; Korth & Silberschatz; McFadden &
Hoffer; Batini, Ceri, & Navathe

Binary Oracle CASE*Methods; Information Engineering; IDEF1X; Bachman

Table I Binary versus N-ary Neotations

Cardinality and Participation Constraints can be represented as (Min, Max) notation.

(Min, Max} Look Here Batini, Ceri, & Navathe,
(Min, Max) Look Across Teoreyl; McFadden & Hoffer; Information
Engineering; IDEF1X.
Participation Constraints: Look Here Chen; Elmasri & Navathe; Oracle
Cardinality Constraints: Look Across CASE*Method; Bachman.
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Cardinality Constraints: Look Across Korth & Silberschatz.
No participation constraint notation

Table II: Cardinality & Participation versus (Min,Max) Constraints

! Total participation is not shown.

No Foreign Key at the | Chen; Teorey; Elmasri & Navathe; Korth & Silberschatz; McFadden
ERD level & Hoffer; Batimi, Ceri & Navathe; Oracle CASE*Method;

Information Engineering.

Modeling Foreign | IDEF1X, Bachman.
Key at the ERD level

Table HY: Modeling Foreign Key at the ERD level
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4.2 Analysis of ERD Methods

We found that most ERD methods used in textbooks and CASE tools can be clearly classified as
either binary models or n-ary models.
The following characteristics summarize the binary models examined:

- Any object with an information-bearing atiribute becomes an entity,

- Ternary relationships are not allowed,

- Attributes in a relationship are not allowed,

- Symbols (e.g., a diamond} are not used for a relationship,

- Many-to-many relationships are allowed at an earlier analysis stage, but are encouraged
to be decomposed into two one-to-many relationships,

- Many-lo-many relationships with non-key attributes and ternary relationships are
converted into entity types called intersection entities or associative entities.

The characteristics of n-ary models, most of all, are natural and allow direct modeling of
ternary relationships and many-to-many relationships. For example, when a many-to-many or a
ternary relationship does not need a unique identifier, we don't have to create an artificial entity as
in binary models. As discussed in Section 2.1, the binary models have at least two weaknesses.
The first one is that it cannot represent the semantics of ternary relationships correctly when the
ternary telationships are not many-to-many-many. The second one is that not every binary
representation of ternary relationships are functional-dependency preserving [20]. Rigorous
analysis of binary relationships and ternary relationships can be found in Song & Jones [19, 20]
and Jones & Song [28]. The two advantages of binary models are (1) the distinction between
entities and relationships is clear since any object with at Jeast one descriptive attribute is an
entity; (2) the distinction between binary and ternary is simpler since there is no ternary
relationships.

We also found that there are a variety of notations for cardinality and participation
constraints. We found that ERD methods that uses Look Across convention for participation
constraints cannot correctly represent semantics of a ternary relationship. See the discussion on
Teorey's and McFadden and Hoffer's. This problem can be solved by converting a ternary
relationship into a gerund.
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ERD methods that do not directly model foreign keys at the ERD level need an extra step

to convert ERDs to a relational schema. ERD methods that directly model foreign keys at the
ERD level need more effort at the analysis stage, but they can be readily converted into a

relational schema.

One notation cannot be forced over another. Each notation offers their own advantages
and disadvantages. Many variations exist of the same modeling method and it is useful to know
how to convert from one notation to another. In order to convert from one notation to another,
less powerful method must be extended by concepts and notations. However, the semantics of
the similar constiucts must be interpreted carefully and documented by additional constraints. For
example, the notion of weak entity is supported in Chen's and Elmasri and Navathe's notations.
The weak entity not only implies ID dependency (the primary key of the weak entity is the
combination of the primary key of parent entity and partial key of the weak entity), but also
supports existence dependency (whenever an instance of the parent entity s is removed, the
associated weak entity instances must be removed). The IE and IDEF1X methods only support
ID dependency, which may or may not incur existence dependency. Oracle CASE*METHOD
supports both ID dependency and non-transferability, which can be considered to be similar to the
notion of weak entity. The decision about what notation to use must be decided based on
knowledge of the data modeler for the selected notation, corporate modeling history, and the
availability of CASE tools. However, the pattern of many organizations is to stay with one ERD
methodology because of the investment in CASE software, application development and training

of systems personnel.
4.3 CASE Tools for ERD Methods

Most CASE tools supporting data modeling still mainly supports diagram editing and at
most the identification of cardinality constraints, They still lack the ability to check the
correctness of the diagram at the semantics of application domains, For example, they do not
give any clue whether a ternary relationship or a set of binary relationships must be used. They do
not identify any redundant relationships, either, and does not optimize ERDs. For these problems,
most CASE tools rely on the knowledge of data modeler. CASE tools also need to support more
diverse notations semantics for flexibility
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5 CONCLUSION

In this article, we compared ten different notations for ER diagrams which are widely used in
database textbooks and CASE tools for modeling and designing relational databases. According
to our investigation, we found that ERDs differ based on whether they allow n-ary relationships;
whether they allow attributes in a relationship; where and how they represent cardinality and
participation constraints; how they depict overlapping and disjoint subclass entity types; and
whether they model foreign keys at the ERD level. The result of these comparisons were
surnmarized in the section above, Each diagram was explained and illustrated using a common

problem domain.

Some areas that need more research in ER modeling include the development of more
modeling heuristics, the identification and removal of redundant relationships, optimization of
ERDs, optimal use of specialization hierarchy {now this is in the realm of object-oriented database
design), and objective measures of quality of ERDs (see [29] for example). This issue must be
discussed in the context of the various cardinality and participation constraints and related
inteprity constraints.

From the mid-70's through the 1980's new entity-relationship methodologies offered
semantic solutions to the shortcomings of previous methodologies. With the saturation of ER
modeling techniques in the research community, new methods are not as enthusiastically received
unless the modeling designer proves how his new method provide more semantic power,
Extensions to the entity-relationship diagram continue to evolve to include new symbols to model
object-oriented concepts. Some of them are allowed to have non-atomic attributes for modeling
complex objects [4, 5]. Some of them are extended to include new semantics to model object
oriented concepts, such as methods, operations, and messages [30]. This only re-enforces the
flexibility and expressive power of this modeling technique.
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Entity-Relationship Modeling:
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Abstract. This paper describes the historal developments of the ER model from
the 70's to recent years, [t starts with a discussion of the motivations and the
environmental factors in the early days, Then, the paper points out the role of
the ER model in the Computer-Aided Software Engineering (CASE) movement
in the late 80's and early 90°s. [t also describes the possibility of the rale of
author’s Chinese culture heritage in the development of the ER model. In that
context, the relationships between natural languages (including Ancient
Epyplian hieroglyphs) and ER concep!s are explored, Finally, the lessons
learned and future directions are presented.

1 Introduction

Entity ~Relationship (ER) medeling is an important slep in information system design and software
engineering. In this paper, we will describe not only the history of the development of the ER approach but
also the reactions and new developments since then. In this perspective, this paper may be a little bit
different from some other papers in this volume because we are not just talking about historical events that
happened nwenty or thirty years ago, we will also talk about the consequences and relevant developments in
the past twenty-five years. At the end, we will talk about lessons leamed during this time peried, In
partienlar, we intend to show that it is possible that one concept such as the ER concept can be applied to
many different things across a long time harizon (for more than twenty-five years) in this fast-changing
Information Technology area.

This paper is divided into 8 sections, Section 1 is the Introduction. In Section 2, the historical background
and events happened around twenty-five years ago will be exploined. For example, what happened at that
time, what the competing forces were, and what triggered researchers like the author 1o work on this tapic
will be explained, Section 3 describes the initial reactions in the first five years from 1976 to 1981, For
example, what the academic world and the industry viewed the ER model initally? Section 4 states the
developments in the next tweny years from 1981 to 2001. In particular, the role of the ER model in the
Computer-Aided Sofiware Engineering (CASE) will be discussed. Section 5 describes a possible reason
for the author to come up with the ER modeling idea , that is, the author’s Chinese culture heritage. The
author did not think about this particular reason until about fifleen years ago. Section 6 presents our view of
the future of ER modeling. Section 7 states the lessons learned. For those of you who have similar
experience in the past twenty-five years, you probably have recognized similar principles and lessons in
this section. For those whao just started their professional careers recently, we hope the lessons learned by
the author will be helpful to those readers. Section 8 is the conclusion.
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2 Historical Background
In this section, we will Jook at the competing forces, the needs of the computer industry at that time, how
the ER model was developed, and the main differences between the ER model and the relational model.

2.1 Competing Forces

First, Let us look at the competing forces in the computer software area at that time, What are the
competing forces then? What triggered people fike the author 1o work on this area (data models) and this
particular topic (ER modeling)? In the following, we will discuss the competing forces in the industry and
in the academic world in the early 70's,

Competing Forces in the industry. There were several competing data models that had been implemented
as comimercial products in the early 70°s: the file systemn model, the hierarchical mode! (such as IBM's IMS
database system), and the Network mode! (such as Honeyweli’s 1DS database system), The Network
model, also known as the CODASYL model, was developed by Charles Bachman, who received the ACM
Turing Award in 1973, Mos| organizalions at that time used file systems, and not tao many used database
systems. Some people were working on developing better data or index structures for storing and
retrieving data such as the B+-tree by Bayer and McGreight [1].

Competing Forces in the Academic World. In 1970, the relational model was proposed, and it generated
considerable interest in the academic community. It is comect to say that in the early 70’s, most people in
the academic world worked on relational model instead of other models. One of the main reasons is that
many professors had a difficult time to understand the long and dry manuals of commercial dalabase
management systems, and Codd’s relational model paper [2] was written in 2 much more concise and
seientific style. For his comributions in the development of the relational medel, Codd received ACM
Turing Award in 1981,

Most People were working on DBMS Prototypes. Many people at that time in the academic world or in the
industry worked on the implementation of database management systemn prototypes. Most of them were
based on the relational model.

Most Academic People were investigating the defimitions and algorithms jor the Normal Forms of
Relations. A lot of academic people worked on normalization of relations because only mathematical skills
were needed to work on this subject. They could work on the improvement of existing algorithms for weli-
defined normal forms. Or, they could work on new normal forms. The speed of research moved very fast
in the development of normal forms and can be illustrated by the following scenario. Let us say that
several peop]e were ready o publish their results on normal forms. Assuming that one person published a
paper on 4™ normal E‘orm and another person who had written a peper on 4" normal form but had not
published it yet, the 2™ person would have changt.d the title of the paper from 4 normal form to 5™ normal
form. Then, the rest would work on the 6™ normal form, This became an endless game till one day
somebody wrote a paper claiming that he had an infinity-th normal form and arguing that it did not make
any sense to commue this game. Most practitioners also said loudly that any relational normal form higher
than 3" or 4" won 't have practical significance. As a result, the game of pursuing the next normal form
finally ran out of steams.

2.2 Needs of the Systemn Software in the Early 70%s

The Needs of the Hardware/Software Vendors. In terms of software vendors at that time, there were
urgent needs for (1) integration of various file and database formats and (2) incorporating more “data
semantics’ into the data models.

The Needs of the User Organizations. For user organizations such as General Motors and Citibank,
there were vrgent needs for (1) a unified methodology for file and database design for various file and
database system available in the commercial market and (2) incorporation of more data semantics including
business rules into the requirements and design specifications.

2.3 How the ERM was Developed

Here, we will give some personal history of the development of the ER model: where the avthor was and
what the author did in the early 70's, particularly on how the author developed the ER model.
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Harvard (Sept. '69 to June *73). Afer the suthor got a B.S. in Electrical Engineering from National
Taiwan University in [968, the author received a fellowship to study Computer Science (at that time, it was
a part of Applied Mathematics} at Harvard graduate school. The author received the Ph.D. degree in 1973,
The thesis was very mathematically oriented - focusing on the file allocation problems in a storage
hierarchy using the queuing theory and mathematical programming techniques. The knowledge the author
learned in EE, C8 and applied math was crucial in the development of the ER model in subsequent years,

Honeywell and Digital (June *73 to August *74). The author joined Honeywell Information Systems in
Waliharm, MA in June *73. He participated in the “next-gencration computer system™ project to develop a
compuier system based on distributed system architecture. There were about ten people in the team, and
most of them were at least twenty years senior than the author. The team consisted of several well-known
computer experts including Charles Bachman. One of the requirements of such a "distributed system" was
to make the files and databases in different nodes of the network compatible with each other. The ER
model was motivated by this requirement. Even though the author started to erystallize the concepts in his
mind when he worked for Honeywell, he did not write or speak to anyone about this concept then, Around
June of 1994, Honeywell abandored the “next-generation computer system” project, and all the project
team members went different ways. The author 1then spent three months at Digital Equipment Corporation
in Maynard, MA to develop a computer performance model for the PDP-10 system.

MIT Sloan School of Management (1974 — 1978).  In September 1974, the author joined MIT Sloan
School of Management as an Assistant Professor. This was the place that he put the ER ideas down into an
article. Being a professor in a business/management school provided the nuthor many opportunities to
interact with the user organizations. In particular, he was particularly impressed by a common need of
many grganization to have a unified methodology for file structure and database design. This observation
certainly influenced the development of the ER model. As & result, the first ER paper was first presented
at 1st International Conference on Very Large Databases in 1975 and subsequently published in the first
issue of ACM Transactions on Database Systems [3] in March of 1976.

2.4 Fulfilling the Needs

How did the ER model fulfill ihe needs of the vendor and user organizations at that time? We will first
start with the graphical representation and theoretical foundations of the ER model. Then, we will explain
the significant differences between the ER model and the relational model.

The Concepts of Entity, Relationship, Types, and Roles. In Fig. 1, there are two entities; both of them
are of the “Person” type. There is a relationship called, “is-marred-to,” hetween these two persons. In this
relationship, each of these two Person entities has a role. One person plays the role of “husband,” and
another person plays the rale of “wife.”

ENTITY AND RELATIONSHIP

PERSON PERSON
(ENTITY) {ENTITY)}
HUSBAND WIFE
(ROLE} {ROLE)
/’

ROUN~—YENTITY
VERE—-)RELATIONSHIN

Fig. 1. The Concept of Entity and Relationship
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The Entity-Relationship (ER} Diagram. One of the key techniques in ER modeling is to document the
entity and relationship types in a graphical form called, Entity-Relationship (ER) diagram. Figure 2isa
typical ER diagram. The entity types such as EMP and PROJ are depicted as rectangular boxes, and the
relationship types such as WORK-FOR are depicted as a dismond-shaped box. The value sets {domains)
such as EMP#, NAME, and PHONE are depicted as circles, while attribuies are the *mappings"” from entity
and relationships types to the value sets.  The cardinality information of relationship is also expressed. For
example, the 1" or “N* on the lines between the entity types and relationship types indicated the upper
limit of the entities of that entity type participating in that refationships.

ATTRIBUTE
I
ENTITY—
IELATIONSHIP A;%;Ra\.
TYPE . .
ATTRIBUTE EMPyP NAM OFF[CE- HOME-—

PHONE

PHONE
VALUE~
TYPE

Fig, 2. An Entity-Relationship (ER) Diagram

ER Model is based on Strong Mathematieal Foundatiens, The ER model is based on (1) Set Theory,
(2) Mathematical Relations, (3} Modem Algebra, (4) Logic, and (3) Latlice Theory. A faormal definition of
the entity and relationship concepts can be found in Fig. 3.

SET THEORY (DEFINITIONS) A RELATIONSHIP SET IS DEFINED AS A
ENTITY o "MATHAMATICAL RELATION" ON ENTITY SETS
ENTITY SET E; o€E
VALUE , v
VALUE SET V; vev -
RELATIONSHIP r R ALY
RELATIONSHIP SET  R: reR o= le.emelle .. ueiE,

Fig. 3. Formal Definitions of Entity and Relationship Concepis

Significant Differences between (he ER model and the Relational Model. There are several differences
between the ER model and the Relational Model:

ER Madel uses the Mathematical Relation Construct to Express the Relationships between Entities. The
relational madel and the ER model both use the mathematical structure called Cartesian product. In some
way, both medels look the same - both use the mathematical structure that utilizes the Cartesian product of
something. As can be seen in Figure 3, a relationship in the ER model is defined as an ordered tuple of
“entities.” In the relational model, a Cartesian product of data “domains” is a “relation,” while in the ER
model a Cartesian product of “entities™ is a “relationships.” In other words, in the relational model ihe
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mathematical refation construct is used 1o express the "structure of data values,” while in the ER model the
same construct is used to express the *structure of entities.”

ER Model Conrains More Semantic Information than the Relational Model, By the original definition of
relation by Codd, any table is a relation. There is very little in the semantics of what a relation is or should
be. The ER model adds the semantics of data to a data structure. Several years later, Codd developed a
data model called RM/T, which incorporated some of the concepts of the ER model.

ER Model has Explicit Linkage berween Enfities. As can be seen in Figures 2 and 4, the linkage between
entities is explicit in the ER model while in the relational model is implicit. In addilion, the cardinality

. information is explicit in the ER model, and some of the cardinality information is not captured in the
relational model.

DEPT PROJECT

D# | NAME | BUDGET § P# | NAME
]

EMPLOYEE EMP-PROJ

E# |NAME | AGE [ D& Ex | p#

Fig. 4. Relational Model of Data

3. Initial Reactions & Reactions in the First Five Years (1976 — 1281)

3.1 First Paper Published & Codd's Reactions

As stated before, the first ER model paper was published in 1976. Codd wrote a long letter to the editor of
ACM Transaction on Database Systems critieizing the author's paper. The author was not privileged to see
the letter. The editor of the Journal told the author 1hat the leiter was very long and single-spacing. In any
case, Dr. Codd was not pleased with the ER model paper. Ironically, several years fater, Cedd proposed a
new version of the relational data model called RM/T, which incorporated some concepts of the ER model,
Perhaps, the first paper on the ER maodel was not as bad as Codd initially thought, Furthermore, in the
90's, the Codd and Date consulting group invited the author to serve as a keynote speaker (together with
Caodd) several times in their database sympaosia in London, This indicates {hat the acceptance of ER model
was so wide spread so that initial unbelievers either became convinced or found it difficult to ignore.

3.2 Other Initial Reactions and Advices

During that time, there was a “religious war” between different camps of data models. In particular, there
was a big debate between the supporters of the Relational model and that of the Network model. Suddenly,
a young assistant professor wrote a paper talking about a “unified data model.” In some sense, the author
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was a “new kid on the block” being thrown into the middle of a battle between two giants. The advice the
author got at that time was: “why don't you do the research on the n-th normal form like most other
researchers do? It would be much casier to get your normal form papers published.” That was an example
of the type of advices the author got at that time. Even though those advices were based on good intensions
and wisdot, the author did not follaw that type of advices because he believed thal he could make a more
significant contribution to the field by continuing working on this topic (for example, [4-13]). L was a
tough choice for a person just starting the career, You can imagine how much problems or aftacks the
author had received in the first few years afier publishing the first ER paper. It was a very dangerous but a
very rewarding decision the author made that not only had a significant impact on the author's career but
also the daily practices of many information-modeling professionals,

3.3 IDEF, ICAM, and Other Believers

There were a small but growing number of believers of the ER or similar daia madels. For example, Mike
Hammer, who was an Assistant Professor at the EECS department of MIT, developed the Semantic Data
Maodel with his student, Dennis McCleod. Later on, Hammer applied the idea in teverse engineering in the
IT field to prganization restructuring and became a management guru. Outside of the academic world, the
industry and government agencies began 1o see the potential benefits of ER modeling. In the late 70’s, the
author served as a consullant in a team that developed the data modeling methodology for the ICAM
(Integrated Computer-Aided Manufacturing) project sponsored by the U.S. Air Force. One of the
objectives was to develop at least two modeling methodologies for modeling the aircraft manufacturing
processes and data: one methodology for process modeling and one for data modeling. The data modeling
methadology was called IDEF1 methodology and has been used widety in US military projects,

3.4 Starting u Serics of ER Conferences

The first ER conference was held in UCLA in 1979, We were expecting 50 people, but 250 10 300 people
showed up. That was a big surprise. Initially, the ER conference was a bi-annual event, but now it is an
annual event being held in different parts of the world [14]. In November of this year (Year 2001), it will
be held in Japan [15], and next vear (Year 2002} it will be held in Finland. This series of conferences has
become a major annual forum for exchanging ideas between researchers and practitioners in conceptual
maodeling.

4 The Next Twenty Years (81 -'01)
4.1 ER Model Adopted as a Standard for Repository Systems and ANSI IRDS.

In the 80’s, many vendors and user organizations recognized the need for a repository system to keep frack
of information resources in an organization and to serve as the focal point for planning, tracking, and
monitoring the changes of hardware and software in various information systems in an organization. It
turned ont that the ER model was a good data model for repository systems, Around 1987, ANS} adopted
the ER mode! as the data model for Information Resource Dirgctory Systems (IRDS) standards. Several
repository systems were implemented based on the ER model including IBM's Repository Manager for
DRB2 and DEC's CDI} sysiem.

4.1 ER Model as 2 Driving Force for Computer-Aided Software Engineering (CASE) tools and
Industry

Sofhware development has been a nightmare for many years since the 50’s. In the late 80's, TBM and
others recognized the needs for methodologies and tools for Computer-Aided Software Enginecring
(CASE). IBM proposed a software development framework and repository system called, AD Cyele and
the Repository Manager that used the ER model as the data model. The suthor was one of the leaders who
actively preached the technical approach and practical applications of CASE. In 1987, Digital Consulting
Inc. (DCI) in Andover, Mass., founded by Dr. George Schussel, organized the 1* Symposium on CASE in
Atlanta and invited the author to be one of the two keynoie speakers. To everybhody's surprise, the
symposium was a huge commercial success, and DCI grew from a small company to a major force in the
symposium and trade show business.
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4.3 Object-Oriented (00) Analysis Techniques are Partically Based on the ER Concepts

It is commonly acknowledged that one major component of the object-oriented (QO) analysis techniques
are based on the ER concepts, However, the “relationship” concept in the OO analysis techniques are still
hierarchy-oriented and not yet equal 1o the general relationship concept advocated in the ER model. Rtis
noticeable in the past few years that the OO analysis techniques are moving toward the direction of
adopting & more general relationship concept,

4.4 Data Mining is 2 Way to Discover Hidden Relationships

Many of you have heard about data mining. If you think deeply about what the data mining actually does,
you will see the linkage between data mining and the ER maodel. What is data mining? What does the data
mining really is doing? In our view, it is a discovery of “hidden relationships™ berween data entities. The
relationships exist already, and we need to discover them and then take advantage of them. This is
different from conventional database design in which the database designers identify the relationships. In
data mining, algorithms instead of humans are used to discover the hidden relationships.

5 In Retrospect: Another Important Factor — Chinese Culture Heritage

5.1 Chinese Culture Heritage

Many people asked the author how he got the idea of the Entity-Relationship model. Afler he kept on
getting that kind of questions, the author thought it might be related to something that many people in
Western culture may not have. Afler some soul searching, the author thought it could be related to his
Chinese culture heritage. There are sotne concepts in Chinese character development and evolution that
are closely refated 1o modeling of the things in the real world.

AL 1}

Here is an example. Figure 5 shows the Chinese characters of “sun™, “moon, and “person™. As you can
see, these characiers are a close resemblance of the real world entities, Initially, many of the lines in the
characters are made of curves. Because it was easier to cut straight lines on oracle bones, the curves
became straight lines. Therefore, the current forms of the Chinese characters are of different shapes.

Qriging Form Qarrent Forny Meaning
@ - B Son
B =] Maon

1 A Person

Fig. 5. Chinese Characters that Represent the Real-World Enties

Chinese characters also have several principles for “composition.” For example, Figure & shows how two characters,
SUN and MOON, are composed inte & new characier. How do we know the meaning of the new chamcler? Let us
first think: what does sun ard moon have in common? If your answer is: both reflect lighis, it is not difficuit to guess
the meaning of the new character is “brightness.” There are other principles of composing Chinese characlers | 10].

H o) + 5 moon) = B @righ Brighsmes by gy

Fig. 6. Composition of Two Chinese Characters into 2 New Chinese Character
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What does the Chinese character construction principles have to do with ER modeling? The answer is:
both Chinese characters and the ER model are trying to model the world — trying to use graphics to
represent the entities in the real world. Therefore, there should be some similarities in their constructs.

5.2 Ancient Egyptian Hieroglyphs

Besides Chinese characters, there are other languages have graphic characlers. Ancient Egyptian language
is one of them. It turns out that there are several characters in ancient Egyptian characters are virtually the
same as the Chinese characters. One is “'sun", another is “mouth, and the third one is “water.” It is
amazing that both the Egyptian people and the Chinese people developed very similar cheracters even
though they were thousands of miles away and had virtually no communication at that time.  Ancient
Egyptian Hieroglyphs also have the cancept of composition. Interested readers should refer to [11].

Hieroglyph Meaning

Hieroglyph Meaning

(@ =—8  lowerarm

b)) —— mouth

(€} %ee  viper

(d) h owl

(e) =) sieve

o ¥
(o) ;@

O

man

womai

sun

house

water

Fig. 7. Ancient Egyptian Hieraglyphs

6 The Future
0.1. XML and ER Model.

In the past few years, the author has been involved in the developing the “standards™ for XMI., He has
panticipated in two XML Working Groups of the World Wide Web Consortium (W3C) as an invited expert.
During this involvement, some similaritics between XML and the ER model were discovered including the

following:

RDF and the ER Model. There are several components in the XML family. One of them is RDF, which
stands for Resource definition Fmmework, This is a technolopy that Tim Berners-Lee, the Director of
W3C, pushes very hard as a tool for describing the meta-data in the web. There are some similarities and
differences between RDF and the ER model, and Mr. Bemers-Lee has written several articles discussing
this issue. In a joint meeting of the RDF and Schema Working Groups over one year ago, they issued the
Cambridge Communiqué [16] that states: **,..RDF can be viewed as a member of the Entity-Relationship

model family...”

XLink and the ER model, Most of us are familiar with the hyperlink in HTML. The XLink Working
Group of W3C has been trying to do is to develop a new kind of hyperlink for XML, In HTML, the
hyperlink is basically a “physical pointer” because it specifies the exact URL of the target. In XLink, the
new link is one siep closer to a “'logical pointer.” In the evolution of operating systems, we have been
moving from physical pointers to logical pointers. The XLink Working Group proposed a new structure
called, “extended link.” For example, Fig. 8 is an extended link for five remote resonrces. The extended
link concept in XML is very similar to the n-ary relationship concept in the ER model. Figure 8 can be
viewed as a relationship type defined on 5 entity types.
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locator to
remote
rasourco

locator to
remote
rosource

extended

locastor to
remote
resQurce

loceotor to
rermnote
re=qlrca

locator to
remote
resource

Fip. 8. “Extended Link” in XML is Similar to the N-ary Relationship Concept in the ER Mode)

6.2. Theory of the Web

One thing that is still missing today is the theory of the web, The ER model could be one of the
foundations for the theory of the Web. The anthor plans to work on that topic and would encourage the
readers 1o work on the subject, too.

7 Lesson Learned
7.1 Reflections on Career choices

In the past twenty-five years, the author made some taugh career choices us some of the other authors in
this volume did. 1t is the hope of the auhor that our experience will be useful to some other people who
just started their professional carcers and are making their career choices. Here are some reflections based
ant the author’s own experience;

Right idea, right place, right time, and belief in yourself. In order to have your idea be accepled by
other people, you need not only to have the right idea but also to present them at the right place and right
time. You also need “persistence.” In other words, you need lo believe in yourself. This is probably the
most difficult part because you have ta endure some unnecessary pressures and criticisms when you are
persistent on your idea and try to push it forward. Hopefully, some days in the future, you will be proved
to be right, At that time, you will be happy that you have persisted.

Getting Fresh Tdeas from Unconventional Places. After working on a particular area for a while, you
may run out of “big” ideas. You may still have some “goed™ ideas to get you going, but those ideas are not
“earth-breaking,” Al that time, you need to look for ideas in different subject areas and to talk to now
people. For example, most of us are immersed in Western culture, and learning another culture may irigger
new ways of thinking. Similarly, you may look into some fields outside of information technology such as
Physics, Chemistry, Biology, or Architecture to find fresh ideas. By looking at the theories, techniques, and
approaches used in other fields, you may get very innovative ideas to make a breakthrough in the IT ficld.

7.2 Implications of the Similarity and differences between the Chinese Charactors and Ancient
Egyptian Hieroglyphs on Software Engineering and Systems Development Methodologies

As we ppinted out earlier, there are several Chinese characters that are almost the same as their
counterparts in ancient Egyptian hieroglyphs. What does this mean? One possible answer is that human
beings think alike even though there was virlually no communication between ancient Chinese people and
ancient Egyptian people. It is very likely that the way to concepruealize basie things in the real world is
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common to most of the races and cultures. As was discussed eartier, the construction and developments of
other characters are different in Chinese and in Ancient Epyptian Hieroglyphs. 1t is valid to say that the
language developments were dependent on the local environment and culture. What is the implication of
the similarities and differences in character developments on the development of software engineering and
information system development methodologies? The answer could be: some basic concepls and
guidelines of software engineering and system development methodologies can be uniformly applied to all
people in the world while some other parts of the methedoelogies may need to be adapted to local cultures
and custems.

8. Conclusions

The author was very fortunale to have the opportunity to meet the right people and 10 be given the
opportunity to develop the Entity-Relationship (ER) model af the time and envirenment such a model was
needed, The author s very grateful to many other researchers who have continued lo advance the theory of
the ER approach and to many soflware professionals who have practiced ER maodeling in their daily jobs in
the past twenty-five years. We believe that the concepts of entity and relationship are very fundamenta!
concepts in software engineering and information system development. In the future, we will see new
applications of these concepts in the Web and ether new frontiers of the software world.
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