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Chapter 3 Modeling Data in the Organization

Chapter Overview
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The purpose of this chapter is to present a detailed description of the entity-relationship model
and the use of this tool within the context of conceptual data modeling. This chapter presents the
basic entity-relationship (or E-R) model, while advanced features are presented in Chapter 4.

Chapter Objectives

Specific student learning objectives are included in the beginning of the chapter. From an

instructor’s point of view, the objectives of this chapter are to:

1. Emphasize the importance of understanding organizational data, and convince your
students that unless they can represent data unambiguously in logical terms, they cannot
implement a database that will effectively serve the needs of management.

2. Present the E-R model as a logical data model that can be used to capture the structure
and much, although not all, of the semantics (or meaning) of data.
3. Apply E-R modeling concepts to several practical examples including the Pine Valley

Furniture Company case.

Key Terms

Associative entity Entity-relationship diagram Multivalued attribute

Attribute (E-R diagram) Optional attribute

Binary relationship Entity-relationship model Relationship instance

Business rule (E-R model) Relationship type

Cardinality constraint Entity type Required attribute

Composite attribute Fact Simple attribute

Composite identifier Identifier Strong entity type

Degree Term Ternary relationship

Derived attribute Identifying owner Time stamp

Entity Identifying relationship Unary relationship

Entity instance Minimum cardinality Weak entity type
Maximum cardinality

Classroom ldeas

1. Review the major steps in the database development process (Figure 2-5). Lead a

discussion concerning who in the organization is typically most heavily involved in each
of the steps and how end users may best participate in the process.

2. Introduce the concept of drawing models to represent information in a concise manner by
having your students participate in a small active exercise in map-making. Divide the
students into teams of 3-4 each so that you have an even number of teams in the class.
Instruct each team to work together to investigate and develop a map to selected campus
locations (you develop the list ahead of time; e.g., from this classroom to the library, from
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11.

12.

13.

14.

15.

16.

17.
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this classroom to a colleague’s office, etc.). Ask each team to verify the map they draw
and then return to the classroom. Pair up each team with a unique location with another
team; ask the teams to exchange maps. Instruct each team to then verify the map they
received by following it and then returning to the classroom. Conduct a debriefing
discussion about how easy/hard it was to follow the maps, how useful were the symbols
used, how easily understood were the symbols, etc. Use this discussion to lead into the
use of E-R notation used to represent data models and why standardization is useful to
systems development activities.

Use the sample E-R diagram shown in Figure 3-1 to “jump-start” your students’
understanding. Ask your students to explain the business rules represented in this
diagram.

Use Figure 3-2 to summarize the basic E-R notation used in this chapter (and throughout
the remainder of the text).

Contrast the terms, entity type, and entity instance (see Figure 3-3). Discuss other
examples: STUDENT (with each student in the classroom as an instance), etc. Warn the
students that the term “entity” is often used either way; the meaning is intended to come
from the context in which it is used.

Give examples of common errors in E-R diagramming, including inappropriate entities
(see Figure 3-4). Ask your students for other examples.

Compare strong versus weak entities using Figure 3-5. Ask your students for other
examples.

Discuss the various types of attributes that are commonly encountered (Figures 3-7
through 3-9). Again, ask your students to think of other examples.

Make sure your students understand the difference between relationship types and
relationship instances (Figure 3-10).

Introduce the notion of an associative entity by using Figure 3-11. Discuss the four
reasons (presented in the text) for converting a relationship to an associative entity.
Discuss unary, binary, and ternary relationships (Figure 3-12). Have the students
brainstorm at least two additional examples for each of these relationship degrees.
Discuss the bill-of-materials unary relationship (Figure 3-13). Use a simple and familiar
product (such as a toy) to illustrate this structure.

Introduce the concept and notation of cardinality constraints in relationships (Figures 3-
16, 3-17, and 3-18). Emphasize that these constraints are important expressions of
business rules.

Introduce the problem of representing time dependent data. Use Figures 3-19 and 3-20 to
illustrate different means of coping with time dependencies.

Discuss examples of multiple relationships between entities (Figure 3-21). Ask your
students to suggest other examples.

Use the diagram for Pine Valley Furniture Company (Figure 3-22) to illustrate a more
comprehensive E-R diagram. Stress that in real-world situations, E-R diagrams are often
much more complex than this example.

As time permits, have your students work in small teams, 2 or 3 students each, to solve
some of the E-R diagramming exercises at the end of the chapter. We have included a
number of new examples for this purpose. Also, you may assign the project case as a
homework exercise.
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Answers to Review Questions

1.

Define each of the following terms:

a.

b.

[

Entity type A collection of entities that share common properties or
characteristics.

Entity-relationship model A logical representation of the data for an organization
or for a business area.

Entity instance A single occurrence of an entity type.

Attribute A property or characteristic of an entity type that is of interest to the
organization.

Relationship type A meaningful association between (or among) entity types.
Identifier An attribute (or combination of attributes) that uniquely identifies
individual instances of an entity type.

Multivalued attribute An attribute that may take on more than one value for a
given entity instance.

Associative entity  An entity type that associates the instances of one or more
entity types and contains attributes that are peculiar to the relationship between
those entity instances.

Cardinality constraint Specifies the number of instances of one entity that can
(or must) be associated with each instance of another entity.

Weak entity An entity type whose existence depends on some other entity type.
Identifying relationship The relationship between a weak entity type and its
owner.

Derived attribute An attribute whose values can be calculated from related
attribute values.

Multivalued attribute See letter g.

Business rule A statement that defines or constrains some aspect of the business.

Match the following terms and definitions:

_X_hm(QOCDBI‘_'UQ__

composite attribute
associative entity
unary relationship
weak entity
attribute

entity

relationship type
cardinality constraint
degree

identifier

entity type

ternary
bill-of-materials
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Contrast the following terms:

a.

Stored attribute; derived attribute A stored attribute is one whose values are
stored in the database, while a derived attribute is one whose values can be
calculated or derived from related stored attributes.

Simple attribute; composite attribute A simple attribute is one that cannot be
broken down into smaller components, while a composite attribute can be broken
down into component parts.

Entity type; relationship type An entity type is a collection of entities that share
common properties or characteristics, while a relationship type is a meaningful
association between (or among) entity types.

Strong entity type; weak entity type A strong entity type is an entity that exists
independently of other entity types, while a weak entity type depends on some
other entity type.

Degree; cardinality The degree (of a relationship) is the number of entity types
that participate in that relationship, while cardinality is a constraint on the number
of instances of one entity that can (or must) be associated with each instance of
another entity.

Required attribute; optional attribute A required attribute must have a value for
each entity instance, whereas an optional attribute may not have a value for every
entity instance.

Composite attribute; multivalued attribute A composite attribute has component
parts that give meaning, whereas a multivalued attribute may take on or more
values for an entity instance.

Three reasons why data modeling is the most important part of the system development
process:

a.

The characteristics of data captured during data modeling are crucial in the design
of databases, programs, and other system components. Facts and rules that are
captured during this process are essential in assuring data integrity in an
information system.

Data, rather than processes, are the most important aspects of many modern
information systems and hence, require a central role in structuring system
requirements.

Data tend to be more stable than the business processes that use the data. Thus, an
information system that is based on a data orientation should have a longer useful
life than one based on a process orientation.

Four reasons why a business rules approach is advocated as a new paradigm for
specifying information systems requirements:

a.

Business rules are a core concept in an enterprise since they are an expression of
business policy, and they guide individual and aggregate behavior. Well-
structured business rules can be stated in a natural language for end users and in a
data model for system developers.

Business rules can be expressed in terms that are familiar to end users. Thus,
users can define and then maintain their own rules.
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Business rules are highly maintainable: they are stored in a central repository and
each rule is expressed only once, then shared throughout the organization.
Enforcement of business rules can be automated through the use of software that
can interpret the rules and enforce them using the integrity mechanisms of the
database management system.

Business rules appear in descriptions of business functions, events, policies, units,
stakeholders, and other objects. These descriptions can be found in interview notes from
individual and group information systems requirements collection sessions,
organizational documents, and other sources. Rules are identified by asking questions
about the who, what, when, where, why, and how of the organization.

Six general guidelines for naming data objects in a data model:

a.
b.
C.

Data names should relate to business, not technical characteristics.

Data names should be meaningful, almost to the point of being self-documenting.
Data names should be unique from the name used for every other distinct data
object.

Data names should be readable, so the name is structured as the concept would
most naturally be said.

Data names should be composed of words taken from an approved list.

Data names should be repeatable, meaning that different people or the same
person at different times should develop exactly or almost the same name.

Four criteria for selecting identifiers for entities:

a.

b.

Choose an identifier that will not change its value over the life of each instance of
the entity type.

Choose an identifier such that for each instance of the entity the attribute is
guaranteed to have valid values and not be null (or unknown).

Avoid the use of so-called intelligent identifiers (or keys), whose structure
indicates classifications, locations, and so on.

Consider substituting single-attribute surrogate identifiers for large composite
identifiers.

Three conditions that suggest the designer should model a relationship as an associative

entity type are:

a. All of the relationships for the participating entity types are “many” relationships.

b. The resulting associative entity type has independent meaning to end users, and it
preferably can be identified with a single-attribute identifier.

C. The associative entity has one or more attributes in addition to the identifier.
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Four types of cardinality constraints are:

a. Optional one:
Owns
PERSON OH BICYCLE
b. Mandatory one:
Lead_By
TEAM L LEADFR
C. Optional many:
Registers_For
STUDENT O COURSE
d. Mandatory many:
Uses
COURSE st TEXTBOOK

PHONE CALL (see below) is an example of a weak entity because a phone call must be
placed by a PERSON. Because in this simple example, PHONE CALL is related to only
one other entity type, it is not necessary to show the identifying relationship; however, if
this data model were ever expanded so that PHONE CALL related to other entity types, it

is good practice to always indicate the identifying relationship.

Places

PERSON

PhoneCall
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12.  The degree of a relationship is the number of entity types that participate in the

relationship.
1) Unary (one entity type):

Related_to

PERSON

2) Binary (two entity types):

Attends

PERSON

3) Ternary (three entity types):

Signs

EVENT

CONSULTANT

CLIENT

CONTRACT
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13.  Attribute examples:
a. Derived — distance (rate x time)
b. Multivalued — spoken language
C. Composite — flight ID (flight number + date)

14.  Examples of relationships:

a. Ternary
Sells
BUYER OWNER
PROPERTY
b. Unary

Is_Roommate

STUDENT
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19.

20.

Chapter 3 59

STUDENT
student D
[Adwizor

(Adwizor Mame
Adirize Btart Date
Advize End Date)}

When the attribute is the identifier or some other characteristic of an entity type in the
data model, and multiple entity instances need to share these same attributes.

e A relationship name should always be a verb phrase and should state the action taken,
as opposed to the result of the action taken.
e Use descriptive, powerful verb phrases as opposed to vague names.

The relationship definition should also explain the following:

any optional participation

the reason for any explicit maximum cardinality

any mutually exclusive relationships

any restrictions on participation in the relationship

the extent of history that is kept in the relationship

whether an entity instance involved in a relationship instance can transfer
participation to another relationship instance

Presently, the cardinality is one-to-many. One possible scenario is an employee who is
supervised by more than one manager. This would make the cardinality many-to-many.
Another possibility is that the employee is supervised by one manager, and the manager
only supervises one employee. This would result in a one-to-one cardinality. If we take
time/history into consideration, the idea of someone being managed currently versus
never being managed could affect the cardinality. As we can see here, you cannot always
tell what the business rule is by looking at the ERD. These possible scenarios will need
to be discussed with the end user to determine the “correct” modeling representation for
the business rules at this organization.

An entity type can be thought of as a template, defining all of the characteristics of an
entity instance. For example, “student” would be an entity type, whereas you are an
instance of “student.”
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Answers to Problems and Exercises

1. Each answer refers to Figure 3-22 found in the chapter text.

a)

b)

d)

Where is a unary relationship, what does it mean, and for what reasons might the
cardinalities on it be different in other organizations?

A unary relationship is shown with the EMPLOYEE entity; An EMPLOYEE Supervises
0:M EMPLOYEEs, An EMPLOYEE Is_Supervised_By 0:1 EMPLOYEE. This
relationship tells us that we can determine what employees are supervised by another
employee, as well as determine which employees are supervisors in this company.

In other organizations, there may be different policies regarding employee supervision
that could cause the data relationships among EMPLOYEE instances to be different. For
instance, another company might allow an employee to have multiple supervisors (e.g., in
an organization with a matrix structure).

Why is Includes a one-to-many relationship and why might this ever be different in some
other organization?

Includes is a one-to-many (1:M) relationship because of the business rules that PVFC has
in place: “a product line may group any number of products but must group at least one
product; and each product must belong to exactly one product line.” Another
organization may have other business rules that could permit a product being assigned to
more than one product line (changing Includes to a M:M relationship). Alternatively,
another organization might also show Includes as a (1:M) overall relationship but might
permit the establishment of a PRODUCT _LINE without identifying PRODUCTS that
belong to this group (e.g., thus permitting an optional minimum cardinality on the
PRODUCT side of the Includes relationship).

Does Includes allow for a product to be represented in the database before it is assigned to
a product line (e.g., while the product is in research and development)?

No, Figure 3-22 shows that the PRODUCT must be Included in at least 1

PRODUCT _LINE by the mandatory 1 and only 1 cardinality notation near the
PRODUCT _LINE portion of the Includes relationship line. The cardinality notation
would have to be changed to show optional 1 cardinality in order to represent the research
and development situation.

Suppose there were a different customer contact person for each sales territory in which a
customer did business, where in the data model would we place this person’s name?

The Does_Business_In associative entity, that associates a single instance of a

SALES _TERRITORY with a single instance of a CUSTOMER, would permit the
tracking of a customer contact person name for each sales territory in which a customer
did business.

What is the meaning of the Does_Business_In associative entity and why does each
Does_Business_In instance have to be associated with exactly one SALES_TERRITORY
and CUSTOMER?



Chapter 3 61

The Does_Business_In associative entity associates a single instance of a
SALES_TERRITORY with a single instance of a CUSTOMER for the overriding M:M
Does_Business_In relationship between SALES_TERRITORY and CUSTOMER. Each
Does_Business_In instance must be related to exactly one SALES TERRITORY and one
CUSTOMER because the business rules of PVFC indicate that sales territories have been
established for its customers. In particular, the rules are: a SALES_TERRITORY has one-
to-many CUSTOMERSs; and a CUSTOMER may do business in 0:M
SALES_TERRITORIES. When converting this M:M relationship on the ERD, the
cardinalities near the originating entities will always be mandatory 1, indicating the
exactly one relationship with each entity’s instances and the associative entity’s instance.

In what way might Pine Valley change the way it does business that would cause the
Supplies associative entity to be eliminated and the relationships around it change?

According to current business practice at PVFC, each RAW_MATERIAL is provided by
1 or more VENDORs and a VENDOR supplies 0, 1, or many RAW_MATERIALSs and
this is represented by the Supplies associative entity. The PVFC could consider entering
into exclusive supplier arrangements with particular vendors such that an instance of
RAW_MATERIAL is supplied by only 1 VENDOR. If that situation should occur, then
the overall relationship between RAW_MATERIAL and VENDOR would change to 1:M
(instead of M:M) and the Supply_Unit_Price attribute could become part of the
RAW_MATERIAL entity instance; the Supplies associative entity would no longer need
to be on the ERD.

2. Analysis of Figure 3-22:

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.
2.7.
2.8.

2.9

Entities PRODUCT, PRODUCT _LINE; relationship Includes

Entities CUSTOMER, ORDER; relationship Submits

Entities ORDER, PRODUCT; associative entity Order_Line

Entities CUSTOMER, SALES_TERRITORY; associative entity Does_business_in
Entities SALESPERSON, SALES_TERRITORY; relationship Serves

Entities PRODUCT, RAW_MATERIAL, relationship Uses

Entities RAW_MATERIAL, VENDOR; relationship Supplies

Entities WORK_CENTER, PRODUCT; associative entity Produces_In

Entities EMPLOYEE, WORK_CENTER; associative entity Works_In

2.10.  Entity EMPLOYEE; relationship Supervises, Is_supervised_by

3. Student answers will vary based on the CASE or drawing tool that is used and their personal
experiences using the tool. The answers should describe their experiences with the CASE or
drawing tool in terms of the requirements of the E-R notation used in the chapter. Expect to

see

students make reference to noting identifiers, using associative entities, using cardinality

constraints properly, indicating required vs. optional attributes, and noting
derived/composite/multivalued attributes.
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4a) The ERD for City B does not (nor does any ERD) tell us why the cardinality is 1:M. The
more restrictive cardinality for City B could be due to a business rule that they want to
maintain only current volunteers but it could also be due to only tracking the agency for
which the volunteer works the most hours of assistance. More detailed discussions
would need to be held with the end users to properly document this business rule; notes
should be added to the diagram to depict the appropriate business rule.

4b) The ERD for City A shows that a volunteer may assist one, none, or several agencies.

4c) The native notation used in ERDs does not show whether membership in a relationship
can change (i.e., whether a volunteer can change agencies or whether an agency can
change its volunteers). Some DBMSs can be told whether membership can change or
not, and special notation or textual notes can be added to an ERD to state such business
rules. The minimum cardinality next to Agency does address whether a Volunteer must
always be associated with an Agency to exist in the database, but none of the
cardinalities control whether linkages between specific agencies and volunteers can
change. More detailed discussions would need to be held with the end users to properly
document this business rule; notes should be added to the diagram to depict the
appropriate business rule.

City A City B Can't Tell

a. Which city maintains data about only those volunteers who X
currently assist agencies?

b. In which city would it be possible for a volunteer to assist more X
than one agency?

c. In which city would it be possible for a volunteer to change which X
agency or agencies she assists.
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5.
5a.
Eilling Eate
EMPLOYEE I PROJECT

Employee ID | Project_ID
Fioployee Name Sl ow Project_Nae
Fioployee Address Project Start Date
Fiployee Birthidate

Yes, the attribute names do generally follow the guidelines for naming attributes.

5b.

CHEMIST ‘
Employee ID Assignment —H PROJECT
Name Assign Date Project_ID
* Start Date
Phone Mo

EQUIPMENT
E’l = ]_EI
Cost

Assignment: All three entities participate in the Assigned relationship that is modeled as an
associative entity Assignment, since the Assign Date for each Chemist’s assignment to a
particular project and equipment item must be tracked. However, EQUIPMENT and PROJECT
do not need to participate in any assignments. All entities can have multiple assignments.
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SC.
SECTION
COURSE Section_Number
Comrse_ID
Course_Name =|:;has scheduled={)< Semester_ID (Semester, Year)
Units ———

Note: SECTION is modeled as a weak entity. It could have been modeled as a multivalued
attribute; however, using a weak entity is better, since SECTION may have a relationship with
another entity. A multivalued attribute could not be used to show this relationship.

5d.

PHYSICTAN _ PATIENT
Physician_ID H Admits O« patient_ID
Apecialty Patient Name

Y y

Treats I

Treatment Detail
{Date, Time, Results)

Both Admits and Treats relationships were created since the patient could be treated by different
PHYSICIANS than the admitting PHYSICIAN.



5e. First situation: credit check can be used by more than 1 request.

CEEDIT REQUEST
Request 1D
Request_Date
Requesting Party Name

zes

CFEDIT CHECK
Credit Checlt ID

Credit Check Date
OH Credit_Rating
Used By

mecotd Situation: CREDIT CHECK can only beused by | CREDIT FEQUEST (2 entities)

CEEDIT REQUEST
Eequest_IT
Request Date

Requesting Party Naine

zes

CREDIT CHECL
Credit Checlkt ID

Credit Check Date
O Credit_Rating
Uszed By

Second Situation: CEEDIT_CHECK can only be used by 1 request (1 entity)

CREDIT_REQUEST
Request_ID
Request Date
Requesting Party Naime
Credit Check Date
Credit Rating

Using 1 entity type seems much simpler since the credit check and rating only apply to
this credit request. However, Credit_Check_Date and Credit_Rating will be blank (null)

until the credit check is received.

5f. Starting point diagram:

COMPANY
Company_I1D
Company_ Naine
Industry Tvype

—H——Works for————— O] Consultant_Name

CONSULTANT
Consuliant ID

{Consultant_Specialty}
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(5f continued) Situation 1 - Adding Hourly_Rate attribute: this could be added to the CONSULTANT
entity as the business rule is that a CONSULTANT Works for only 1 COMPANY at a time.

COMPANY CONSULTANT
Conmpany_ID Consultant_ID
Company_Name Consultant Name

N —H— r———0ne] P
Industry Twpe Works_fo {Consultant_Specialty}

Howrly Rate

Situation 2 — Tracking a consultant’s contract. Note that CONTRACT is added as another entity that
participates in a binary relationship with COMPANY and a binary relationship with CONSULTANT.
We have moved Hourly _Rate to the CONTRACT entity, which permits a CONSULTANT to vary his/her
Hourly Rate as a function of the particular CONTRACT for a COMPANY. As only current
CONTRACTS are tracked, an alternative solution would be to move the CONSULTANT attributes into
the CONTRACT entity and eliminate the CONSULTANT entity from the model. The downside to this

alternative solution is that Consultant_Name and Consultant_Specialty would occur redundantly in the
CONTRACT entity instances.

COMPANY CONTRACT
Company ID Contract_ID
Company Name 0 . {Company_ID, Consultant_ID, Contract_Date)
Iﬂdustry_TFpE 1] Twlaintain s O'é
Howly Rate
T Azzigned to
CONSULTANT

Consultant_ID
Consultant_Name
{Consultant_Specialty}

Situation 3: we want to track historical CONTRACT information. We can create an associative entity
for CONTRACT. I’ve also added Contract_ID as a surrogate identifier that is a unique serial number
(not a composite identifier, as shown in Situation 2 above).

COMPANY CONTRACT CONSULTANT
gnmp:ﬂl}' [IqD Contract ID E:Ull.ﬂ:t:‘ﬂl[ [IqD
ompany_Name Contrs t-[Lt onsultant Name
Industry_Type oAt — 1]

Howly Rate {Consultant_Specialty}
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ARTWORK

Item Code

Item_Title
Item_Type
| EIt-a-m Size

(Height, Width, Weiglt)
Wuzeum Location
Item_Status

I loaned

A

Itemn Loan_Date
Itetn Return Date

Gallery_ID
Gallery Naine
Gallery City

GALLERY

Motes:

1y ARTWORK is created by 0:1 ARTIST (0 for Unknown ARTIST); alternative design would be to have
a valid ARTIST mstance with a Mame of "Unkmown", this would enable you to enforce a business rule
that each piece of ARTWORK must have an ARTIST stored in the database and the cardinality

ARTIST
Artist_ID
. Artist Name
e Artist
Develops tist DOB
Artist Death Date
—
Participates

SHOW
Show_ID
Show City
Show_Start Date
Show Fnud Date

would change to mandatory 1 near the ARTIST entity in the diagram.
2y Ttem Status attribute of ARTWORK permits designation of ARTWORK as Display (and thet a valid walue
for Wusewrn Location attribute), Storage, Loan, or Show.

3y An ARTWORK ttem may patticipate in a SHOW, however, there 15 not a way to note on the ERD that
an ARTWORK item cannot be a part of two shows with ovetlapping dates. This constraint will

need to be noted as part of the system design documentation.

67
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5h. NOTES TO INSTRUCTOR for P&E 5h: This problem and exercise is a good lead-in for
Chapter 4 modeling notation for the Extended Entity Relationship Diagram (EERD). The P&E
offers several chances to provide better representation in the EERD (with subtyping) than the
ERD notation that is provided in Chapter 3. Using EERD notation, a single LEGAL_ENTITY
can be shown as a supertype, with subtypes of DEFENDANT and PLAINTIFF. The ‘type’
(person or Organization) characteristic of both DEFENDANT and PLAINTIFF may also be
considered for further subtyping. The solution presented here is a valid answer to the P&E,
given the limitations of basic ERD notation and what is currently known about the situation.

This P&E also provides the instructor with an opportunity to discuss how history might be
modeled if the business assumption regarding the tracking of Net_Worth for both Plaintiff and
Defendant was changed from only being concerned with Net_Worth at the time of the CASE, to
wanting to track the Net_Worth over time of each party to the CASE. Refer to the chapter
section on “Modeling Time-Dependent Data” and Figure 3-19 for more information on how this
ERD could be revised.

Def Neit Worth

I DEFENDANT
F]Def Mo
Brought Agatnst Def Mame
Def Type
CASE
Case No
Date Opened
Date Closed
Judemernt Diesc
PL ATNTIFF
Plaintiff Mo
Plaintiff Name
Efl:l'l.lght EF. Plﬂ.i]‘l.tiff_T}'PE
— e

{Requesied Judgzment}
Plaintiff MNet Worth

Hates:
17 Def Type and Plawdsff Type are used to dencote Person of Or ganization type of legal entity
21 Het Worth of both Plantff and Defendant is relevant andy at the tin e of the CASE,
thoas is moodeled as attribnges of the LIN relationships between CASE and PLAINTIFF,
DEFENDAMT.
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5i.
ROYALTY CHECK
Check TNo
Check _Date
Check_Amount
PUBLI SHER BOOE AUTHOR
Pub_Tame LSBN Author 1D
Mailing_Address Title Auth Tame
blishes—ep,; W rite s— e —
Phone —H—Tu €4 Price a"'|_| & Auth Address
Fages | =
I
Rovyaliy Rate
Mote :

69

Mo checks are written before the first rojalty is paid, thus the mirimum cardinabity is 0 for the Royaty Check associative erdity.
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6. NOTE: The addition of Semester and Year attributes on the Registers_for relationship
allows this diagram (and resulting database) to reflect multiple semesters of data.

gt ade

Semester

Year

STUDENT l COURSE
Student 1D | Course 1D
Name P ———F o mictets fnt—DﬁTiﬂE
Address B -
Ilajor
Teaches

Dote: INSTRUCTOR

Aazsun e Instroctor Mam e is umigue and thus svaildabile

to be used as an identifier, Insiructor Name

Lacation

7. Note: Assume Student_Name is unique and available to be used as the identifier.

STUDENT

Student Name

Phone

Address

Age

{ Actrwity History (Actrty, Mumberof¥rs)}
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EMPLOYEE
Employee_ID
Fmyployee Mame

Ilanages

Iz Assigned

SALES OFFICE
Office_Nuber
o Office Location

Lists

FROPEETY
Property_ID
Property  Location

(Address, City, State,
FipCode)

Owns - | Percent owned

OWNER
Ovmer ID
Craner Marne

Mote: An additional business rule for this scenario is that an EWMFLOYEE may Manage ondy the SALES OFFICE
to which s'he Iz Aszsigned.
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8. continued
Entities:
Employee: An employee of the firm. An employee works for one sales office and may
manage one sales office. It is not explicitly indicated that the employee can only
manage the office that he/she works for. This would require a business rule.

Sales_Office: The office where real estate is sold.
Property: Buildings for sale, such as houses, condos and apartment buildings.
Owner: The individual who owns one or more properties.

Attributes on Employee:
Employee_ID: A unique identifier for an employee. This attribute must be unique.
Employee_Name: The name of the employee.

Attributes on Sales_Office:
Office_Number: A unique identifier for the office.
Location: The physical location of the sales office. This data may be made up of the city
and state.

Attributes on Property:
Property_ID: The unique identifier for the property.
Location: A composite attribute that consists of the street address, city, state, and Zip
Code.

Attributes on Owner:
Owner_ID: The unique identifier for the owner.
Owner_Name: The name of the owner.

Relationship:
Is_assigned: An employee is assigned to one sales office. A sales office may have many
employees assigned but must have at least one employee.

Manages: An employee may manage one sales office or no sales office. Each sales office
is managed by one employee. A business rule is needed here in order to indicate
that an employee can only manage the sales office in which he or she works.

Lists: Each property is listed by only one sales office. Each sales office can list one,
none, or many properties.

Owns: Each property has one or more owners. Each owner can own one or more
properties. Percent_owned is an attribute on Owns; it tracks the percent of
property that the owner owns.



9. Note: attributes are omitted to save space in the Instructor’s Manual.
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a.
- Carries
EMPLOYEE H DEPENDENT
b.
Completes
EMPLOYEE O O COURSE
C.
EMPLOYEE —H— CERTIFICATE — COURSE
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PERSON

[s_Mlarried To

TEAM

EMPLOYEE

EMPLOYEE

Stands_after

H-O——————————Is_Assigned———0-H PARKING PLACE

PRODUCT LINE H Contains = PRODUCT
STUDENT e} e F it ers_ fip— e COURSE
VENDOF. = e  WARFHOUSE

Supplies
i

Mflanages
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Has Components

ITEM

BEOM_STRUCTURE

VENDOR

—H—o<

Used_in_assemblies

PART

SUPPLY_SCHEDULE —H WARFHOUSE
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10.
Probletn & Exercise 10a

PFRSON F—
Person_ID _
Person_Name Is_Married To

+o—

Frobletn & Exercise 10b

PEE.SON i
Person_ID _
Person_Name Is_Married To

ot —
Problem & Exercise 10c
PEE.S0ON
Person_ID o —— |
[z Married Ta

Person Name

’F

1zgolution Date

th‘i:nge_[lnte
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Problem & Fxzercise 10d

Patticipates *

PER.S0ON MARRIAGE
Person_ID MarTiage Date
Person_Name

Dizzolutionn Date

Motes:

13 Thiz solution presutnes that Marriage Date is a partial identifier of the MARRIAGE entity,
a full composite identifier will mclude Marriage Dhate and the two Person D= inwalved in the
marrage. The solution also assumes that the same two people do not get married, dissolved,
and re-married on the same date. Adding a Marriage Tune attribute (also a part of the identifier)
would permit this situation to be covered by this modsl.

2y An alternate solution would be to use a surrogate identifier of License Mo instead of the
suggested composite identifier of llarmage Date and the two Person [Ds for the WARREIAGE
entity.

Pattners

Problem & Exercise 10e:

The solution in 10d does not place any restrictions on the number of persons to whom any one
person is simultaneously married, thus the 10d solution is sufficient in representing the lack of
legal restrictions regarding the number of marriage partners.
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Attends
—a
STUDENT
Workes For
Belongs To
CLUB =-0) i SCHOOL
Located In 4
11a)

A BTUDENT Works_For 0:1 5CHOOL; A SCHOOL Employs OM BTUDENTS

11t}
A STUDEMT may belong to a CLUB only when located i the SCHOOL s/he Attends

11c)
Student answers may vary. Alternative solutions are as follows:

- Bince the STUDENT may not Work For a S3CHOOL (the emplovment 12 optional), the Worles For
relationship is needed in the diagram in order to properly represent this business rule. This solution
makes it harder for the database to enforce the business rule that a STUDEMT works for the SCHOOL
that s/he attends, but opens up the possibiity that a STUDENT could work for a SCHOOL that s/he
iz not currently attending.

- An alternative design would be to remove the Worlcs For relationship, and add an attribute to
STUDENT named Worlcs that would have a binary { ¥/ walue to represent whether or not the
STUDEMT instance is worldng for the SCHOOL s/he Attends. The advantage of thiz design is
that it would enforce the business rule that a 3TUDEMT can only worls for a SCHOOL that sthe
iz currently attending,



12.

13.

Chapter 3 79

Avre associative entities also weak entities? Why or why not? If yes, is there anything special
about their “weakness”?

A weak entity requires the presence of another entity type; the weak entity does not exist
independently from the other entity type and has no business meaning in the ERD without the
other entity type. A weak entity will not have its own identifier, but will have a partial
identifier attribute that will later be combined with the identifier of its strong entity owner to
create a full identifier.

An associative entity is an entity type that associates the instances of one or more entity types
and contains attributes specific to the relationship between those entity instances. An
associative entity generally has independent business meaning to end users and can be
identified with a single-attribute identifier. If an associative entity meets these conditions,
then it would not be considered a weak entity.

Figure 3-27 shows two diagrams (A and B), both of which are legitimate ways to represent
that a stock has a history of many prices. Which of the two diagrams do you consider a better
way to model this situation and why?

NOTE TO INSTRUCTOR: Student answers may vary. The crux of the answer relies upon
what is the purpose of the ER diagram for the modeling situation and how end users in the
organization “see” the situation. In particular, do people in the organization have a term for
stock price and refer to it as its own concept? If so, solution B may be the “better” way to
model this situation. Instructors may also use solution B to demonstrate an issue related to
view integration (topic in chapter 5) where transitive dependencies emerge; solution B makes
the model easy to expand so that stock prices may have relationships that do not directly
involve the STOCK entity.

Solution A indicates that each STOCK has multiple prices and is well-suited to early
discussions with end users about the data needs of a system. Solution B adds the
precision of multiple STOCK_PRICE entity instances occurring for each STOCK entity
instance. Solution B indicates that STOCK_PRICE is a weak entity whose instances do
not exist independently in the database without a corresponding STOCK entity instance.
Solution B presents more precise detail of the data relationships that will likely be
developed in the logical design of the database; this model may more closely resemble the
relational model implementation of this design. Solution B also makes it easy to expand
the model so that stock prices may have relationships with other entities that do not
directly involve the STOCK entity.

The crux of the answer relies upon what is the purpose of the ER diagram for the
modeling situation and how end users in the organization “see” the situation.
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14.

CONCERT SEASON

Opening Date
(Month, Day, Year)

CONDUCTOR
Conductor_ID .
Conductor Name Schedules

A

CONCERT
Concert Number
o {Concert Date
(Time, Month Day, Year)}

Conducts

SOLOIS Performs_in
: )L- it PERFORMANCE

M Date Last Performed
Solotst Name e

COMPOSITION
(@& ition ID
(Composer Narme,
Composition Name)
{Movement-ID
(Movement Name, Movement Number)
h

A SOLOIST performs one or more COMPOSITIONSs at one or more CONCERTS. This is modeled using
a ternary relationship, Performs, which is shown as an associative entity PERFORMANCE.
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15. Note to instructor: Student answers to this problem and exercise will vary based on their

life experiences (e.g., do the students actually receive and review monthly/annual credit card

statements), the drawing tool used, and the documents chosen. Three alternative solutions
are presented and are ordered from the least complex to the most complex scenario. The
purpose of this problem and exercise is to begin sensitizing students to the occurrence of
synonyms and homonyms when ERDs are created. The actual topic does not show up until
Chapter 4, but this problem and exercise can be a good lead-in for this discussion.

Alternative One: 15a

Problem & Exercise 15a
American Express

Monthly Statement of Account ERD - initial draft

CUSTOMER
Customer_ID
Customer_Last
Customer_MI
Customer_First
Customer_Street_Addr
Customer_City
Customer_State
Customer_Zip
Customer_Phone
Customer_Email

Holds

Notes:

CARD_ACCOUNT
Account_No
Exp_Date
Card_Type

1) Card_Type refers to Standard, Gold, Platinum, Corporate.

2) Activity_Type refers to Purchase or Payment.

Generates

ACTIVITY
Activity 1D
Activity_Date
Activity Post_Date
Activity Type
Activity_Desc
(Merchant_Name,
Merchant_State,
Merchant_Phone,
Charge_Desc)
Activity_Amount

3) Activity_Desc is modeled as a composite attribute so that we don't forget to show the details of the Merchant contact
information in an Activity instance in the database.
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Alternative One: 15b

Problem & Exercise 15b

American Express SPENDING_CATEGORY
Year-End Summary ERD - initial draft Spending_Category 1D
Spending_Category Name
CUSTOMER
Customer_ID
Customer_Name Includes

(Last, MlI, First)
Customer_Address

(Street, City, State, Zip) SPENDING_SUB_CATEGORY
Customer_Phone Sub_Category_ID
Customer_Email Sub_Category_Name

Assigned
owns
TRANSACTION
ACCOUNT Txn ID
Account_No Txn_Date
Exp_Date ., |neurs < Txn_Post_Date
Card_Type " " Txn_Desc
Charge_ Amount

Notes:

1) Card_Type refers to Standard, Gold, Platinum, Corporate.

2) SPENDING_CATEGORY provides major grouping of CARD_ACCOUNT transactions so
the CUSTOMER can know spending patterns by groups such as TRAVEL, AUTO, etc. Each
SPENDING_CATEGORY includes at least one, and usually more than one, SUB_CATEGORY.
SUB_CATEGORIES are unique to each SPENDING_CATEGORY.

3) TxnDesc includes the 40 character text description of each Merchant's charge to the CARD_ACCOUNT.

Alternative One: 15¢

Do you find the same entities, attributes, and relationships in the two ERDs you developed for
parts a and b? What differences do you find in modeling the same data entities, attributes, and
relationships between the two ERDs? Can you combine the two ERDs into one ERD for which
the original two are subsets? Do you encounter any issues in trying to combine the ERDs?
Suggest some issues that might arise if two different data modelers had independently developed
the two data models.

Yes, the same entities of CUSTOMER and ACCOUNT are in both sets of ERDs; these
entities also appear to share the same attributes in each ERD. The relationship between
CUSTOMER and ACCOUNT in part a ERD is Owns, while in part b ERD it is Holds.
This would appear to be the same kind of relationship between entity instances in both
ERDs. Also, the TRANSACTION entity in part b appears to be the same as ACTIVITY
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in part a.

There appear to be differences in the level of detail that is modeled in the ACTIVITY
entity with respect to the description of the activity charge when it is compared to the
TRANSACTION entity’s TxnDesc attribute. Additionally, the part b ERD shows
additional entities of SPENDING_SUB_CATEGORY and SPENDING_CATEGORY
that are related to TRANSACTION; these additional entities are not in evidence in the
part a ERD.

It would appear that these two ERDs can be combined into one ERD with minimal
confusion. However, further clarification from the end user is necessary to determine the
meaning (semantics) of the Activity Type attribute in part a ERD and the Txn_Desc
attribute in part b ERD. Further, some discussion is necessary to determine whether the
use of “Activity” or “Transaction” terminology is preferred with the end users so proper
decisions can be made about attribute naming conventions.

If two data modelers had independently modeled these user views, it is possible that even
greater variance might be evidenced between the entity, attribute, and relationship names.
It is also possible that the data modeler working on the Monthly Statement user view
might not have been as specific in noting the composition of the Activity Desc attribute;
thus, it would not be apparent that contact information related to the Merchant is part of
this data model.

Alternative One: 15d
How might you use data naming and definition standards to overcome the issues you identified in
part c?

Naming and definition standards could be used to develop common Classes [e.g.,
Identifier (ID), Number (No), Date (Date), Address (Addr), Transaction (Txn),
Description (Desc)] and Qualifiers [Post, Transaction, Activity], as well as how attribute
names will be noted (i.e., Account_No vs. AccountNo).
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Alternative Two: 15a

Problem & Exercise 15a
Credit Card Receipt ERD - first draft

RECEIPT
MERCHANT Receipt No
Merchant ID Date
Merchant_Name Time
Me rchant_Addr _ H Issues j<| Transaction_Type
(Street, City, State, Zip) CC_Charge_Amount
Merchant_Phone CC_Account_No
Card_Type
Auth_Code

Notes:

1) Transaction_Type refers to Sale or Refund; a RECEIPT has only 1 Transaction_Type at a time.

2) This ERD refers to a Credit Card Receipt; revisions would be necessary to depict a cash transaction.
3) Card_Type refers to Visa, MasterCard, American Express, Discover, etc.
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Alternative Two: 15b

Problem & Exercise 15b
Monthly Statement of Visa Credit Card Account ERD - first draft

ACCOUNT . TXN_CATEGORY
AccountNo TRANSACTION Is_Assigned | IxnCat -
CreditLine TxnlD >0——H— TxnCatDescription
CashAdvLimit Incurs TxnDate
AcctStatus —H—7o0< PostDate
BillingCycleDays TxnType
BillingCycleDate TxnAmount S>o— | CHG TO_CATEGORY
ExpDate s Provided ChgToCatCode o
CurrentBalance y - ChgToCatDescription

Owns

CUSTOMER MERCHANT
CustNo MerchantNo
Name (Last, MI, First) MerchantName
Address MerchantAddress

(Street, City, State, Zip) Paid_to ., |(Street, City, State, Zip)
Phone ™| MerchantPhone
ApprovalDate MerchantTxnText
MerchantApprovalDate

Notes:
1)
2)
3)
4)
5)

TxnType refers to Purchase, Cash Advance, Payment, or Adjustment.

CHG_TO_CATEGORY refers to Finance Charge Categories (e.g., StandardPurchase or StandardCashAdv).
TXN_CATEGORY refers to Spending Categories (e.g., Merchandise, Services, Auto Rental, etc.).
AcctStatus refers to Active, Inactive, Closed, Overdue.
MerchantTxnText refers to the text shown as part of the TxnDescription; if this value is NULL, then

the business rule is to show MerchantName, MerchantCity, MerchantState as part of the Transaction
Description information on the Monthly Summary.
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Alternative Two: 15¢

Do you find the same entities, attributes, and relationships in the two ERDs you developed for
parts a and b? What differences do you find in modeling the same data entities, attributes, and
relationships between the two ERDs? Can you combine the two ERDs into one ERD for which
the original two are subsets? Do you encounter any issues in trying to combine the ERDs?
Suggest some issues that might arise if two different data modelers had independently developed
the two data models.

Yes, when comparing the ERDs in part a and part b, MERCHANT appears to be the same
entity in both data models. Additionally, since it is known that the physical Receipt
document that was used to generate the part a ERD is actually one of the transactions that
is shown on the Visa Monthly Statement, there are common attributes between RECEIPT
(part @) and TRANSACTION (part b), although different names have been used in the
data models. Additionally, the CC_Account_No from RECEIPT (in part a) is equivalent
to the AccountNo from ACCOUNT (in part b).

The two ERDs could be combined into one ERD, however, there would need to be
decisions made about how the data that crosses organizational boundaries are maintained
in different organization’s databases. For instance, the Receipt No on the Merchant’s
receipts for purchases at the Merchant are relevant to the Merchant’s internal accounting
records and may not be of use to the Credit Card Company’s reporting to its account
cardholders. Likewise, the Credit Card Company needs to track the date that a particular
account transaction is posted to the account, and this level of data is most likely not of
interest to the Merchant.

Aside from this larger issue, there are some minor naming issues that will need to be
overcome if the data models are combined. Even though the MERCHANT entities are
the same, standardization on names for the attributes needs to be resolved (e.g.,
Merchant_ID vs. MerchantNo; Merchant_Name vs. MerchantName, etc.). Additionally,
the business usage of Transactions versus Receipt language needs to be sorted out.

If two different data modelers had developed these ERDs, there would likely be even
more variance in how the names of Entities, Attributes, and Relationships would have
been established. It’s also possible that the different data modelers would not recognize
that the RECEIPT and TRANSACTION entities are similar, if they did not share the
sample data from each separate user view with each other.



Chapter 3

Alternative Two: 15d

How might you use data naming and definition standards to overcome the issues you identified in

part c?

Naming and definition standards could be used to develop common Classes [e.qg.,
Number (No), Credit Card (CC), Date (Date), Address (Addr), Transaction (Txn),

Description (Desc)] and Qualifiers [Post, Transaction, Activity, BillingCycle], as well as

how attribute names will be noted (i.e., Account_No vs. AccountNo).

Alternative Three: 15a

Problem & Exercise 15a
Cash Register Credit Card Receipt ERD - first draft

STORE
Store_No RECEIPT
Store_Name Issues Receipt_No
Store_Addr Date
- Ll 1
(Street, City, State, Zip) | < Time
Store_Phone Register_No
- Transaction_Type
Cashier
Line_ltems_Subtotal
Total_Tax
Purchase_Total
CC_Charge_Amount
CC_Account_No
Card_Type
Auth_Code
ITEM
ltem_No
Item_Desc _
Item_Size H o _ Line_Item
Item_SubSize Line_ltem_SeqgNo
Item_Color :
Item_Price Quantity
Subtotal

Notes:

1)
2)
3)

4)
5)

Transaction_Type refers to Sale or Refund; a RECEIPT has only 1 Transaction_Type at a time.

This ERD refers to a Credit Card Receipt; revisions would be necessary to depict a cash transaction.
Cashier refers to the first name of the Cashier and is assumed to be unique. An alternative design would
be to use a Cashier_Number and provide a relationship to a CASHIER entity.

Card_Type refers to Visa or MasterCard.

Line_Item_SegNo is a partial identifier of the Line_ltem associative entity; Receipt_No and Item_No will
be needed to provide a full identifier for each Line_Item instance.
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Alternative Three: 15b

Problem & Exercise 15b
Monthly Statement of Visa Credit Card Account ERD - first draft

ACCOUNT _ TXN_CATEGORY
AccouniNo TRANSACTION Is_Assigned [IxnCatCode
CreditLine TxnlD >0—H— TxnCatDescription
CashAdvLimit Incurs TxnDate
AcctStatus —H—o0< PostDate
BillingCycleDays TxnType
BillingCycleDate TxnAmount >o— #| CHG TO_CATEGORY
ExpDate s Provided ChgToCatCode
CurrentBalance y - ChgToCatDescription

Owns

CUSTOMER MERCHANT
CustNo MerchantNo
Name (Last, M, FirSt) MerchantName
Address MerchantAddress

(Street, City, State, Zip) Paid to |(Street, City, State, Zip)
Phone ™ MerchantPhone
ApprovalDate MerchantTxnText
MerchantApprovalDate

Notes:
1) TxnType refers to Purchase, Cash Advance, Payment, or Adjustment.
2) CHG_TO_CATEGORY refers to Finance Charge Categories (e.g., StandardPurchase or StandardCashAdv).
3) TXN_CATEGORY refers to Spending Categories (e.g., Merchandise, Services, Auto Rental, etc.).

4
5)

AcctStatus refers to Active, Inactive, Closed, Overdue.

MerchantTxnText refers to the text shown as part of the TxnDescription; if this value is NULL, then
the business rule is to show MerchantName, MerchantCity, MerchantState as part of the Transaction
Description information on the Monthly Summary.

Alternative Three: 15¢

Do you find the same entities, attributes, and relationships in the two ERDs you developed for
parts a and b? What differences do you find in modeling the same data entities, attributes, and
relationships between the two ERDs? Can you combine the two ERDs into one ERD for which
the original two are subsets? Do you encounter any issues in trying to combine the ERDs?
Suggest some issues that might arise if two different data modelers had independently developed
the two data models.

The Cash Register Credit Card Receipt ERD was developed from a user view of the
Customer purchasing items from a Store, and reflects the entities and attributes present on
that user view and sample data available in the actual user document. This data model
will provide the Customer with a receipt including details of what was purchased, the
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quantity of the item purchased, the price for each item purchased, as well as tax and the
total charge to the credit card account. From the Store’s perspective, this data model
provides tracking of the Cashier and Register related to the overall sales transaction, as
well as credit card processing information (e.g., type of card, charge amount, card account
number, and authorization code), and information related to management of the Store’s
inventory (e.g., item information and quantities).

The Monthly Statement of a Visa Credit Card Account ERD was developed from a user
view sent to the Account Owner of the Visa Credit Card and reflects the entities and
attributes present in the data on the sample document. This data model serves both the
Account Owner by providing details of all transactions posted against the Credit Card
Account, and also the Visa Credit Card Company by providing transaction charges for
both customers and merchants served.

When these two ERDs are reviewed, it does not appear that any entities, attributes, or
relationships are named the same which seems to indicate that none of these are the same
between the two ERDs. However, since both the receipt and the monthly statement are
for my own purchases with a credit card, it is known that some of the data underlying
both of these data models is the same, although different names have been used. For
instance, the monthly statement shows a listing of individual credit card receipts.
Although in this case, the individual receipt shows more detail that is shown on the
monthly statement, it can be seen that the underlying data is the same. The STORE entity
in part a is actually equivalent to the MERCHANT entity in part b. The
CC_Charge_Amount, Date (from RECEIPT) in part a is the same as the TxnAmount,
TxnDate (from TRANSACTION) in part b. Finally, the CC_Account_No (from
RECEIPT) in part a is equivalent to the AccountNo (from ACCOUNT) in part b.

Although it is technically feasible to combine these two ERDs into one ERD, it would not
be advisable due to the difference in the level of detail captured (e.g., Store Inventory
Management data in part a) in the two models and due to the different purposes (and
ultimate end users) of the data. Naming standards would also have to be developed to
accomplish the merging of the data models. If two data modelers had developed these
ERDs, it is unlikely that the common underlying data would have been identified.

Alternative Three: 15d
How might you use data naming and definition standards to overcome the issues you identified in
part c?

Naming and definition standards could be used to develop common Classes [e.g.,
Number (No), Credit Card (CC), Date (Date), Address (Addr), Transaction (Txn),
Description (Desc)] and Qualifiers [Post, Transaction, Activity, BillingCycle], as well as
how attribute names will be noted (i.e., Account_No vs. AccountNo). However, these
standards would not address the level of detail and purpose issues identified earlier as
issues in merging the ERDs.
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16. Projects, Inc. ERD

Date_Last_Meeting

- VENDOR
DDEP;\RTI:‘HE\INT - o VendorID
Departiment IName
L g partment Name [=s- iiys, Fom Vendor Name
one Address
SKILL T
SkillNo

Description

Belongs_To

Emp_Skill —
| i
PROJECT EMPLOYEE
ProjNo EmpNo | ] :
EstCost Name Date_Married
Title
T DOB
Is_manried_to
Works_At

LOCATION
city
State
Population

Notes:

e We assume that a Vendor will be tracked in our database even if they have not
participated in a Buys_From relationship with a department, hence, the 0:M cardinality
next to Department in the diagram. This permits the tracking of a VVendor in our database
prior to the first transaction with us.

e We assume that we may set up a department in our company that may not yet have
employees assigned to it; thus, the 0:M cardinality next to Employee on the Belongs_To
relationship between Employee and Department.

Classes: Number (No), Identifier (ID), Date

Qualifiers: Married, Of_Birth, Last meeting



17. Stillwater Antiques ERD

Chapter 3

Cominission
Selling Price
Sales Tax
Diate Sold

X

ITEN
Item MNo
Description
Aslang Price
Condition
Comments

¥

=old to

Bought from

&

CLIENT

Client No

Client Name
Client Address

Purchase Cost
Condition
Date Purchased

91
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18. H.I. Topi School of Business ERD

Modern Database Management, Ninth Edition

Cotritnent

;

STUDENT
Student_No
Student Namne
Current Mame
Current Address
Country of Birth
Country  Citizenship
{Major}

Attends

EVENT
Fvent ID
Ewent Location
Ewent Date
Ewent Twpe
Event Title

Ivlakes

O

CONTACT
Contact_Type
Contact_Date
Contact_Info

Mote: Contact type refers to matl, email, telephone, fas, or personal discussion.
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19. PVFC ERD

FRODUCT
Product No
Froduct Desc

Cost
b

Is Comprised of | _ _ |Product_Quantity

TTzed to_malke zed by
3 —
i %

COMPONENT
Component_No Cowp_Quantity
Comp Desc
Unit_of Measure

I Used in

MNote: & COLPOMNEMNT tmay be used to make O PRODUCTs, as a COMPOMNENT may be a raw material
that iz not used inumediately in maldng a PRODUCT,
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20. Emerging Electric ERD

CUSTOMER.
Customer_ID
Customer Naime
Customer Addr
(Street, City, State, ZipCode)
Telephone

Notes:

S ocated ir— ]

1y A BATE may be for one, none, or many LOCATIONz.
2) A LOCATION may have multiple CUSTOWER.:.
3 A CUSTOMEE. may own multiple LOCATIONs.

21. STUDENT and ADVISORs ERD

STUDENT
StudentID
Name
Major

b

Semester o | ]
Year Assigned

Modern Database Management, Ninth Edition

LOCATION
Location _ID
Location_Type
Location_Addr
{Street, City, State, ZipCode)

[z Charged

REGISTRATION
Semester
Year

y

ADVISOR
| .Mh.lS_D_l_IL"A . )

Name
Department

b

Tine of Day

i
EATE
Eate Class
Eate Per ITWH

COURSE
CourseID
Title
Credits
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22. In Figure 3-22, we have the following associative entities:

Does_business_in: between SALES_TERRITORY and CUSTOMER
Although this entity has no attributes and no independent meaning, it is the only way that
Visio can represent the M:N relationship between SALES_TERRITORY and CUSTOMER.

Order_Line: between PRODUCT and ORDER
This relationship has an attribute: Ordered_Quantity that reflects the amount of product on
each line of the order by the customer. It has independent meaning on the Customer’s Order.

Uses: between PRODUCT and RAW MATERIALS
This relationship has one attribute, Goes_into_quantity. It also may have independent
meaning, although there is no obvious independent identifier.

Supplies: between RAW MATERIALS and VENDOR
Since there is an attribute on this entity and it can have independent meaning, it might be a
good candidate to convert to an associative entity.

Produced_in: between WORK CENTER and PRODUCT:
Although this entity has no attributes and no independent meaning, it is the only way that
Visio can represent the M:N relationship between WORK_CENTER and PRODUCT.

Works_in: between WORK CENTER and EMPLOYEE
Although this entity has no attributes and no independent meaning, it is the only way that
Visio can represent the M:N relationship between WORK_CENTER and EMPLOYEE.

Has_Skill: between EMPLOYEE and SKILL
Although this entity has no attributes and no independent meaning, it is the only way that
Visio can represent the M:N relationship between SKILL and EMPLOYEE.

There are so many associative entities because there are many M:N relationships that have
independent meaning and because Visio’s templates cannot represent M:N relationships.
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23. Wally’s Wonderful World of Wallcoverings ERD:

ENPLOYEE DEPENDENT
Emp_ID N
ame
Fmp_Name 0
E{WJ_AII‘IT: ) s T ATIES :)é Relationship
(Street, City, State, ZipCode) Age
Emp Phone
Emp Title
Fmp Salary
{Emp_Skill}
Emp Age
Fmp_Hire Date
W Consists_o
Employs
T ITEM
BERANCH Item ID
Branch_No Item Desc
Branch_Loc Item_Trype
(Address, City, State, ZipCode) |._, e , AItem_Pattern
Square_Footage ul | ™~Item_Color
- u Item_Size
LL|
Y
ORDER Containg—
Serves Order Date
Credit_Auth_Status
CUSTONMER
Cust_[D ¥
Cust_Name H
Cust_Street Addr
Cust_City
Cust_State ACCOUNT

Cust_Zip Code
Cust_Phone

Cust_DOB
Cust_Primary_Language

Note:

s

Account_No
Account_Type
Account_Balance
Last Payment Date
Last Payment Armount

The question does not indicate that there is a quantity for the Contains or Consists_of relationships.




24. Peck and Paw ERD:

ATTORNEY
Attorney 1D
Attormey Name
Attorney Str Addr
Attorney_City
Attorney State
Attorney Zip Code
{Bar}

{ Specialty}

Azzignment

CLIENT

Client_ID

Client Name
Client Sty Addr
Clhient City
Client State
Client Zip Code
Client Phone
Client DOB

CASE
Case_ID
Case Type
Case Desc

COURT
Cowt ID
Court_Name
Cowrt_City
Court_State
Cowrt_Zip Code

Presides ower

JUDGE
Judge 1D
Judge Name
Years in Practice
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25.

EMPLOYEE COURSE
Employee_ID COURSE_COMPLETION u |Cowrse_ID
Employee_Name (...) t Date_Completed " |Course_Title
Birth Date {Topic}

Notification

Date_of Notification
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26. a. The address attributes of employee, customer, and vendor do not currently contain the street, city,
or state.

Does Business_In
SALESPERSON SALES_TERRITORY — —
LL L1
PK | Salesperson_ID +--§'§’3'§5___H PK |Territory ID Tt <
Salesperson_LMName Territory_Name
Salesperson_M|
Salesperson_FName
Salesperson_Telephone
Salesperson_Fax CUSTOMER
PK | Customer ID
PRODUCT_LINE
- Customer_Name
Ch3 P&E #26a PK | Product Line 1D Customer_Street
i i Customer_Ci
(Composite {kt?rlbutes:! Product_Line_Name Cusmmer_sgm
Suggested Visio Solution " P -
T ostal_Code
i pa
1 Submits
1
! K
{Includes ORDER
1
: PK | Order_ID
1
H Order_Date
A Customer_|D
PRODUCT x
PK |P D M
" Order_line
Product_Description [T
Product_Finish
VENDOR t Pri
E:Jgﬁi[d[in;c?n Ordered_CQuantity
PK |Vendor ID - - Product_|D
Vendor_ Name ;i 1
Vendor Street
Vendor_City CEEE *
Vendor_State Produced_In
Vendor_Fip
Goes_into_Quantity
Y
Sl RAW_MATERIAL i
PK |Material 1D WORK_CENTER
" . | Ll
Supply_Unit_Price P T Material Name PK |Work Center ID
Slatndard_CUSt Work_Center_Location
Unit_of Measure
Is_supervised_by EMPLOYEE
SKILL Has_Skill r —OSPK | Employee ID 1
— =0 Employee LMName
PK ISkl |4 ~e Supervises Employee_MI H O] Works_In
Employee:FName
i Employee_Street
>0 H Employee_City
Employee_State
Employes_Zip
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26b. There could be more than 1 product finish for a product, which could affect the price.

Does Business In
SALESPERSON SALES_TERRITORY — —
PK | Salesperson ID Serves PK |Territory ID H <
$--=2m2t H
Salesperson_LName Territory_Name
Salesperson_MI
Salesperson_FMame
Salesperson_Telephone
Salesperson_Fax CUSTOMER
Note: CUSTOMER entity may PK  Lustomer 1D
Ch3 P&E #26h also have multivalued attributes Customer Name
ultivalue riputes ustomer_Street
(M Itl I d Att lb t ) for Address {B.g., SthTa, EI"’TO} C s
Suggested Visio Solution Customer_City
Customer_State
Postal_Code
=
PRODUCT FINISH PRODUCT LINE ?.S”bm"s
PK |Product Finish PK |Product Line ID ORDER
PK |Product ID
Product_Line_Name PK |Qrder_ID
Standard Price T
v T Order_Date
+ : Includes Customer_ID
E A F
| ____ProvidedIn __________ H- CROPUET p—
PK | Product ID H er_ine
VENDOR Product Description
1 1 Ordered_Cuantity
PK | Vendor ID T T Product_ID
Vendor_MName ;;
Vendor_Street +
Vendor_City Uses M
Vendor_State Froduced_In
Vendor_Zip
Goes_into_Quantity
'
Supplies RAW_MATERIAL i
PK | Material ID WORK_CENTER
" . | Ll
Supply_Unit_Price P H Material Name PK |Work Center ID
Sletndard_cost Work_Center_Location
Unit_of Measure
Is_supervised_by EMPLOYEE
SKILL Has_Skill r —O9PK | Emplovee ID -
— —OH Employes LMName
PK | Skl —H—O Supervises Employee_ M| H o< Works_In
Emplnyee:FNama
i Employes_Street
PO H Emplayee_City
Employes State
Employea Zip
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26¢. Yes, this would be possible. For example, a customer could have more than 1 address.

27.

is_charged

ACCOUNT EXPENSE

A

L)

A

REPORT
Production_Date
Signoff Date

OFFICER

Suggestions for Field Exercises

1.

The intent of this exercise is to have your students gain some exposure to standards in the
business world. This is a good opportunity for your students to learn the benefits of
enforcing naming standards, whether for E-R models or for programming code. If
standards do not exist in the organization, have your students come up with some
guidelines for naming standards. If standards do exist, your students should ask the
database or systems analyst for an opportunity to review these standards to see if they are
consistent and uniform.

You may choose to use the same organizations for this field exercise that were used in
Field Exercise 4 in Chapter 1, or instead choose different organizations. It is likely that
some of your students may have contacts in suitable organizations. The main difference
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that students are likely to find in a manufacturing company (compared to a service
company) is the complexity encountered in modeling a product structure (or bill of
materials). This often results in a recursive unary relationship, which is described in this
chapter.

This field exercise can be performed in conjunction with Exercise 2 above. Most
organizations will probably have examples of each of these types of relationships. Be on
the alert to discover ternary relationships that are mistakenly modeled as multiple binary
relationships.

This field exercise can be combined with Exercise 3 above. It is quite likely the
organization will be using E-R notations that are different from the text, but students
should be able accommodate different notations with some explanation.

We suggest you combine this with Exercise 4 (and perhaps Exercise 3) above. If time-
dependent data is apparent in the models, you might ask, for example, how the
organization tracks customer sales over time.

Students should build a table to compare features of all products.

Project Case

Case Questions

1.

Mountain View Community Hospital (MVCH) would want to use ER modeling to
understand its data requirements because this approach will provide a pictorial depiction
of MVCH’s business rules about data and how it is managed in the organization. The ER
model provides a representation of these rules so they can be unambiguously understood
by system developers and end users. The hospital might also want to model their
requirements using the object-oriented model (see later chapter in text). Other possible
diagrams might be data flow diagrams (DFD), state-transition diagrams, or use case
diagrams.

No; Mountain View Community Hospital is an instance of the entity type HOSPITAL.
Since there is only one instance, there is no need to model the HOSPITAL entity type.

a. BED may be a weak entity because it appears to require a Care_Center_ID attribute
(per case description). MVCH may have a business rule requiring a BED to be
assigned to a CARE_CENTER in order for the system to track the BED.

b. There are no multivalued attributes.

c. Between PATIENT and PHYSICIAN there are two relationships: refers and admits.
Between EMPLOYEE and CARE_CENTER there are two relationships:
has_assigned and nurse_in_charge.
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At this stage in our understanding of E-R diagrams, we simply diagram the relationship
(called Is_assigned) between PATIENT and BED as an optional 0-1 relationship. In
Chapter 4 we will learn how to model the subtypes of PATIENT (IN PATIENT and OUT
PATIENT) and then create a mandatory relationship between IN PATIENT and BED.

The only reason to split ITEM into two separate entities would be to track the use of
reusable items. In other words, once an item is purchased and can be reused, one might
want to see how frequently an item is used. In this case, one might wish to record the
item serial number (or assign a number) and then see specifically how that item was used.
However, | still think that it would be of merit to track reusable items in the general
sense. For example, you might want to know that you have 100 forceps in stock. If one
gets damaged and is thrown away, the inventory is reduced. Once the inventory reaches a
certain level, more forceps can be ordered.

| would take a look at all user views by examining reports and screens from any existing
systems. | would then compare these to the data model and make a determination of
whether this data model will support the system’s generation of reports and screens.

Case Exercises

1.

Some other questions we might like to ask are the following:

a. Should we model pharmaceutical items separately from ITEM since such items
are prescribed by a physician for a patient?
b. Is there a need to maintain a historical record of a patient’s relationship with the

hospital? If so, how can this be modeled in the E-R diagram?

C. Need we model the various subtypes of EMPLOYEE (nurses, staff, physicians,
etc.)?

d. Is there a need to model the relationship with other persons such as volunteers and
donors?

You should ask your students to develop additional questions.
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2.
Hows Worked
CARE CENTER - ) Has assiomed s EMPL OYEE
Care Cemnter ID ulk ras_assig Emp_No
Care Ceniter Name Emp Mame
=] Hirse it char ge—————————
Is part of
/ ARSESSMENT \
BED Vislt ID
Bed No '\F%S%I_D.ate
Foom Mo glm_T’-mt:
L] Commet
"™ Patient, Weight
Patient BP
Patient poise
Is_Assigned Qﬁnt_temper e j
PATIENT PHYSICIAN
MRN . ,|Phosician 1D
Patient Mame -0 Amite ™| Physician_Mame
S R efers H
—H— PHYSICIAN DX —H—
Diagnosis_Date
Diagnosis Time
DIAGNOSRIS
Diagnosis_Code
Diagnosis_Name
ITEM CONSURFPTION ORDER
Consume Date Onder ID
Consume_Time Omler Date
Consume_Qty Order Time
[Totdl Cost] -
Treatment Date
+ Treatment Time
T Consists_of Bemilts
ITEM
Liem Do ™
Item_Desc
Ttem Unit Cost Treatment Code
m_tni_tes Treatment Mame
MNotes:

17 An EMPLOYEE moay serve as awse in charge for 0, 1, or many CARE CEMTERs.
2y Vistt 1D is urigue (swrogate) identifier for ASSEISMENT.
3 Comments attribute for AS33EZSMENT iz used to record reasons for visit & symptom s,

3. No. The entity type ITEM has a Unit-Cost attribute, but has no provision to represent a unit cost per

day, which would be required for items such as in-room TVs.
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4.
Howrs_Worked
CARE CENTER |, J Has assione e EMFL OYEE
Care Center ID ul ras_assign Emp Do
Cate Center Mame Emp Mame
) Murse_inn charge H
[s_part of
( ASSESSMENT \
EFD Visit 1D
Bed ID Vist Date
— Vistt_Time
(Foom._INo, Bed MNo) — Comments
Patient Weight
Patient HF
Patient_pnidse
Is_Assigned Qient_t&mperamre j
PATIENT PHY SICIAN
MRN . . |Physician_ID
Patient_MName o0 Akmits T Physician_Mame
e Fefers H
—H— PHYSICIAN DX —H
Diagnosis_Daite
Diagnosis_Time

ITEM_CONSUMFTION

Consume_Date
Consume_Time
Consume_Qny
[Total Cost)

I'TEM
Liem No
liem Desc
Ttem Unit Cost

Motes:

DIAGNOSIS

Diagnosis_Code
Diagnosis Name

ORDER
Onler ID

Onler Date
Order Time

Treament Date
Treatment Time
Results

TREATMENT
Treatment Code
Treatment_Mame

1y A0 EMPLOYEE m ay setwe as aMurse in charge for 0, 1, of many CARE CENTERs.

2y Visit ID 15 wmcgue (surrogate) idertifier for AS3ESEMENT.

30 Comments attribute for ASZESSMENT is used to rec ord reasons for wisit & symptom s,

4y Bed ID is sutrogate o omposite identifer for BED, it is show i as a partial identifier as Care Center ID wil he
fieeded to complete the urigue iderdifier and Cate Center ID will be added in a later design step.
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5.
Hows Wotked
|
CARE CENTER P Has_assigned e EMPLOYEE
Care Center ID Emp No
Care Certer Mame E—Nurse_in_charge—ﬂ— Emp_Name
T onteined in
i
ROOM Clostains BED f ASSESSMENT \
Room T o oef B2 Visit_ID
" (Bed_Ne, Vist_Diate
Care_Uenter 1) Wizt Time
Corments
=5 [z Assigned Patent Weight
Fatent BF
f Fatent pulse
5 @nt_tempemture /
PATIENT
MREN B . u
Patient_Mame fdmits n
ITEM BILLING -
Start Date
End Date —H— Fawl) Refers H
—H—

ITEM_C ONSUMPTI O
Consume Date
Consume _Time
Consume _Qty
[Totd_Cost]

ORDER
Onder ID

Oxder Date
Order Time

PHY SICIAN DX
Diagnosis Date
Diagnosis_Time

PHY SICIAN
Physician_ID
FPhysician_Mame

DIAGNOSIS

Diagnesis Code
Diagnoesis Mame

Treatmerd Date
Treatmerd Time
Fesults

T 7T Consists of
ITEM
, |Lem T TREATMENT
T—|liem_Desc

Treatmeni_Code

Item_Unit_Cost Treatmeni Mame

DMotes:

1) A0 EMPLOYEE moay setve as alMwrse in charge for 0, 1, ot many CARE CENTERs.

2 Visit ID d2 vedoue (surogate) iderdifier for ASSEIEMENT.

3 Comments attritate for ASSEISMENT is used to record reasons for wisit & symptom s,
4) Bed ID iz surrogate comoposite identifer for BED it is shown as a partial identifier as Foom_ Mo will be
tieeded to complete the urdgue idertifier and Room Mo will be added i a later design step.
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6.  Yes. Anycombination of patient and treatment has multiple physicians who perform that
treatment.

7. Yes. The model records the date, time, and results for each treatment occurrence
performed by a physician on behalf of a patient.
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Project Assignments

P1.
FACILITY
Include H Facility 1D H
Facility Mame
Hows Worked
|
CARE CENTER o135 assigne d——e EMPLOYEE
Care Center ID B Emp _No
Care Center MName Pt ——————urse_in_c it gg=—————————]Emp_Name
+ SCHEDULE
| Contained_in Schedule_ID
Sched Begin
ROOM Clontains BED ASSESSMENT Sched End
Room [ g - O Bed ID Visit_ID
" (Bed e, Vist_Date
Care_Center_ID) Visit_Time
Cornents
Is_Assigned Patent Weight
Patent BF
: Patent pulse
S Patent temperature
PATIENT PHY SICIAN
MREN - _ u ician |
Patient_Mame it T |Physician_Name
ITEM_BILLING -
Atart Drat
T B0 Flefer H

End Date
Cost

Dia;

ITEM_CONSURPTION

Consume_Date

Consume_Time ORDER

Consume_Qty Omnler ID

[Tota_Cost] Orxder Date
Order Time

PHYSICIAN DX
Diagnosis Date

gnosis_Time

DIAGNORIS

Diagnosis Code
Diagnosis Mame

Notes:

ITEM
Liem Do
Tl
—{ltem_Desc 4 Treatm ent Date
Item_Unit_Cost Treatment Tine
Results
Consists_of
Vends :’f;m OR TREATMENT DIAGNOSTIC_UMIT | Mairtains
e —— P Treatment_Code Unit_ID
Arediment LO@e FEoe——P e form s——H— =222 D
Yendor_Name Hupplies Treatmeni MName Unit_Name

17 An EMPLOYEE moay serve as aMwrse_in charge for 0, 1, of many CARE_CEMNTERSs.
2) Visit 1D is urdgue (surrogate) idertifier for ASSESSMENT.
3 Comments attribute for ASSESSMENT iz used to record reasons for visit & swnptom s,
4y Bed 1D is surrogate composite identifer for BED; it is shown as a partial identfier as Room_Mo will be

needed to complete the urigue idertifier and Room No will be added i a later design step.
5 ADIAGHOSTIC_UNIT performs one to mary TREATMWMENT 5, A TREATMENT is performed by 1| DIAGNOSTIC _TTHIT.
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A FACILITY can contain one or more CARE_CENTERS or may contain no CARE_CENTERS. A
CARE_CENTER is part of one and only one FACILITY.

A FACILITY may maintain one or more DIAGNOSTIC UNITS or may maintain no DIAGNOSTIC
UNITS. A DIAGNOSTIC UNIT is part of only one FACILITY.

A CARE_CENTER has many EMPLOYEES. Each CARE_CENTER has one EMPLOYEE assigned as a
nurse_in_charge. Each EMPLOYEE may work for one or more CARE_CENTERS.

A CARE_CENTER will contain one or more ROOMs. Each ROOM is contained in only one
CARE_CENTER.

A ROOM may contain one or more beds or may contain no BEDS, A BED is contained in only
one ROOM.

A DIAGNOSTIC_UNIT performs one or more TREATMENTS. A TREATMENT is performed by
only one DIAGNOSTIC UNIT.

A BED is assigned to one patient or no patients. A PATIENT is assigned to one BED or no BEDS.

A PHYSICIAN admits one or more PATIENTS or admits no PATIENTS. A PATIENT is admitted by
only one PHYSICIAN.

A PHYSICIAN may refer one or more PATIENTS or may refer no PATIENTS. A PATIENT must be
referred by one PHYSICIAN.

A PATIENT may consume many ITEMS or may consume no ITEMS. An ITEM is consumed by one or
more PATIENTS or may be consumed by no PATIENTS.

An ITEM is supplied by one or more VENDORS. A VENDOR may supply one or more items or
may supply no ITEMS.

A PHYSICIAN may write one or more ORDERS or may write no ORDERS for one PATIENT. An
ORDER is written by one PHYSICIAN.

An ORDER may consist of one or more ITEMS or no ITEMS. An ITEM may be part of one or more
ORDERS or may be part of no ORDERS.

An ORDER may consist of one or more TREATMENTS or no TREATMENTS. A TREATMENT may be
part of one or more ORDERS.

A PHYSICIAN may complete one or more DIAGNOSES for one or more PATIENTS. A DIAGNOSIS is
completed for one PATIENT by one PHYSICIAN.

A VENDOR may supply one or more ITEMs. Each ITEM may be supplied by more than one VENDOR.

An EMPLOYEE completes one, none, or many ASSESSMENTS of a PATIENT. Each PATIENT may
have one or many ASSESSMENTS over time at this hospital.

A FACILITY may prepare multiple staffing schedules for its PHYSICIANs. Each SCHEDULE instance is
for a single FACILITY and a single PHYSICIAN. A PHYSICIAN may have zero, one, or many
SCHEDULEs.
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P3. [Sample questions are listed below; student answers may vary]

@+rooo0ow

How is patient billing done?

What reporting requirements does the administration have?

Should there be a distinction between a diagnostic test, a procedure, and a treatment?
Can a physician choose which diagnostic unit to use for a test?

How will we handle referrals by physicians who are not on staff?

How will medical records be modeled?

Should the relationship between patient and bed contain a start and end date?



