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Chapter Five — Part 2:
Database Design
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= Reports

= Queries

= Application programs
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* Must include all data necessary for users to perform
;obs
. Conta\n$ only that amount of data, and no more
" Deve\opsjrsLﬂy on users to:
= Tell them what to include
2. = Check data model
. = Verify correctness and completeness

Database Design

= Process of converting data model
. 'T’rgfsforms entities into tables
" Expresses rela’uonshlps
= Defines foreign keys > &
= Shows data colstramts e - B2 194?-% He constants
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E-R DIAGRAM (ERD)
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titi f to each
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ERD SYMBOLS & NOTATIONS
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Entities =
-~ Drawn as rectangles.

NAMES « Names fully capitalized.
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S *VisitID
*Date
Notes
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*Student uumber
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EMAIL STUDENT Hlirbtes <~ ) - ')J‘ v

mailNum : | Sam
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ERD SYMBOLS & NOTATIONS
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ERD SYMBOLS & NOTATIONS

STUDENT

*dtudent Number
T qtudent Name
HW1

2

idTerm
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Properties @

« Denoted with different bullet OFFICE_VISIT
shapes,
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Attribute Properties

udent Number
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BT 5R Nullifiable Attribute

S An instances of an entity
3 may have no value for this
Also denoles a attribute (e.g. students are

primary key. NOT required to have a
date of binh).

—
Required Attribute S | u/é/"

Each instances of an entity .
| must have a value of thjs— Spgh=e olo e
atiribufe (e.g. all students

must have a name)
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4
— STUDENT
o e R A
*Message HW1
*Student Number HW2 7’_0_’—“—’
MidTerm
R I t- [ M;@S
elationships | *“* &

p l/owe/r&éf
« Represented by lines
. ;‘:'l‘:::nﬁnslg :lrl‘miis_- . [===OFFICE VISIT ~ N/ i

always all lowercase. "VisitID Uiess CO,‘ ] Vj)
ot notation used to Flss MQS.
and Notes
- *Student Number
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: /ay,p NOTE: Not the total number of instances in the entity.

< This regard,showmany@tinpes in one Entity
2> \ \P e are related.to how many instances in the other
oY Entity in the relationship e




CARDINALITY

student Number
. Message
EmailNum| _Date " no(esonwvrdam? .&—
ol 2 o)
1 211/2007 | For g .
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,( . T 4 | 211772007 | will miss class Friday due to job conflict
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1:1 relationships |
> Single entity instance to single entity instance !

1:N (N:1) relationships

o One to many
o Single entity instance to many entity instances

» 'N:Mrelationships

o Manytomany
* Many entity instances to many entity instances
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PARTICIPATION

(a.k.a. Modality -or- Multiplicity)

g _T.he_ participation of an entity in a relationship
‘@\C_Wri alllor Only some)of the instances
of the entity are involved in the relationship

@wlrdpodkiom ot Uf}"(& R, WW

(a.k.a. Modality -or- Multiplicity)

participation: %
the instances are invorlveiipfthe}‘el,atignghip

o € Allof

\ &
ey
ation:

(«;Q, W"UQM . IKNOT allof the instances are involved in the relationship

In Other Words: every time an instance is added to an

entity, must an associated instance be
added to the related entity ?




All e-mails must have
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( M}&\g One and OLNLY One Zero or One
\ — -0
M ¢ ( = U?M
Only One Instance BUT (Onl &
y One Instance .
5\’ - Mandatory ) BUT Optional ) f/
U P
One or Many Zero or Many
- Y f”’”
(‘One or More Instance ( One or More Instance )
BUT Mandatory ) BUT Optional ) W
()_} e
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CROW’S FOOT NOTATION

P A
EMAIL STUDENT
*Student Number
Student Name
*Message HW1

*Student Number HW2
MidTerm

*EmailNum
I T
*Date L~V

OFFICE_VISIT
‘VisitID
‘Date
Notes
*Student Number
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L5 Normalization

* Process

= Converts table into{twoormore tables

* Changes from poorly structured to well-structured

* Data integrity problems R\

. leferent nt names for the same entity
L] Produces incorrect and mcons:stont information

" Resolve by e by ellmmatlng dupiicated d data
» Normalized tables
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Relational Database Design

* Designer creates €able for every éntity
ntity identifier becomes(primary keyof table

= (Attributes|of entity become columns)

= Tables(normalized\{o single theme <2 Htife &3 '
= Represent relationships between tables ’[Mjé;\;

= Add foreign key to one or more tables

<




What Is the Users’ Role?
wers' )\ 1o o

Need to review data model

Usess \W&\e/}fud«/
.
vEers )uJaﬂW/a

Final quiges as to what data should be contained
Determine how records are related to each other

Must insure that model reflects an accurate view of

business
Wervieam SAta Do
. » R s | = o Rewew
u)},l\')\LS QM,L/@Lﬂ . g Jsens) & e

| sl Rflcts 557 2
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s

Who Will Volunteer? o) BRI

4 Clh
(= Consultant creates data model
e 4 | = Based on interviews with users M’W
7Y | = Data model reviewed and approved
L. 7
3y S Database tables constructed :
Jl)? Y = Primary and foreign keys selected .~ Lo L)\“»f
b elakaabip |
beA e e

Q<o) . = Based on interviews
| Microsoft Access database created

G

= Forms and reports constructed Q
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. : B )\ .’ 3
Relationships indicated ibﬂf@
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DESIGNING AN E-R MODEL/DIAGRAM

The 7 Steps

e data.
draw them on your ER

\ \ge

Step 1: Collect & review ALL th
Step 2: Identity enﬁtiewubutes
s L OJW)QW derline them on your
i e
Step 3: Identify the ke and un er me
ep diagram \m» '( xC)F‘S /QV\MBW% ’ Cj—)‘s
de on the relationships ammmeweemhe—,
lemos’ﬂ% R

hips.
entities, including any attributes of the relations
Ko dedor Z

hip and add it
Step 5: Decide on the cardinality of each relations i =
to the diagram e wvoo Qg \ ﬁu\

Step 6: Decide on the participation of each entity in each
relationship and add if required. dogle (Oﬂ)

Step 7: Add the foreign keys of each relationship for each entity - ( M & oy
pairs and addfelationship attributes)if present. -ooltow|
c
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The Doctor’s Office

Requirements/Use Cases

1. Nurses work for the Doctor in the office.

2. Each Nurse works for (assigned to) a single Doctor.

3. Every Doctor has one or more Nurses working for (assigned) them.

4. Each Nurse has a first name, last name and amHg.Nurse's ID.

5. Each Doctor has a first name, last name anda @gug'noctor siD.

6. Only a Doctor can order a type of Test, but not all Doctors order Tests.
7. Each type of Test has a unique Test ID number and the name of Test.
8. If known, keep track of the hours per week worked by the Nurse.

9. We need to keep track of the date that any Test order was placed.




A \QSCCITY

Step 1: Collect & revi
the data. eview ALL Step 2: Identity entities & attributes draw
them on your ER diagram

—\

NURSE

DOCTOR TEST  onditie)) sosica

1. Nurses work for the Doctor in the off

2. Each Nurse works for (assigned to) a gingle
Doctor.

6. Only a Doctor can order a type of Test, but
not all Doctors order Tests.

AR STEP1&2

)
=

" Step 1: Collect & review ALL Step 2: |dentity entities & attributes draw

the data. them on your ER diagram
NURSE DOCTOR TEST Dl odes
nurse ID doctor 1D test ID |54
lastName lastName type _)M
firstName firstName Ap\))

4. Each Nurse has a first name, last name and a
unique Nurse's 1D,

5. Each Doctor has a first name, last name and a
unique Doctor’s 1D.

7. Each type of Test has a unique Test ID number and
the name of Test.




‘Q STEP 1& 2
Step 2: Identity entities & attributes draw

. i LL »
Step 1: t(lio":c:a& review A them on your ER diagram
e gala.
NURSE DOCTOR TEST
FNurseID -DoctorlD ‘TestID
LFirstName -LastName  TypeName
kLastName .FirstName

2

s
_ |
Step 3: Id >=1 C)

ntify the key attribute(s) and /a} /

{ivtes -
underline them on your diagram " bl
Pr ""”‘9 %@Jabs
\‘? §) NURSE DOCTOR — | 9>, 2>
\ ' urseID |-DoctorID: : = . 1 g
&\ VCA .FirstName .LastName "ieshln U“f}é -

" '\ )
QJ\X .LastName LFirstName TypeName <>
Mﬁp?ﬂ =

4. Each Nurse has a fi ;
¢ .,/\’Q/\)\y)\ as a first name, last name and a unique

Cli\a)\/"\') V\DA ‘

Nurse’s ID.

5. Each Doctor has a first name, last name and a unique
Doctor’s ID: e,

7. Each type of Test has a uni Test ID number and
the name of Test. %‘




Step 3: Identify the key attribute(s) and
underline them on your diagram

NURSE

-FirstName
.LastName

NurselD

|
Joctorll TestID
-LastName . T98eName
.FirstName P

a—ﬁfﬁk :
Sqﬁly(47ﬁckkﬁ¢5,ﬂ

Step 4: Decide on the relationships and draw lines between
the entities, including any attributes of the relationships.

NURSE works DOCTOR . TEST
o A orders
NgrseID for [|DoctorID TestID
.FirstName .LastName '?—_;ﬁ;;;_
.LastName .FirstName yP

1_Nurses work for the Doctor in the office.

6. Only a Doctor can order a type of Test, but not all
Doctors order Tests.
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NS st 4

Step 4: Decide on the relationships and draw lines b'etwegn
the entities, including any attributes of the relationships.

1

50 Cwoqi\/*\lrxi) o

NURSE bnira DOCTOR pore TEST
‘NurseID for [DoctorID orde TestID
.FirstName -LastName -__TypeName

LastName .FirstName
HoursPerWeek date

8. If known, keep track of the hours per week worked by
the Nurse.

9. We need fo keep track of the date that any Test order
was placed.

S

Step 5: Decide on the cardinality of each relationship and add

it to the diagram.
NURSE DOCTOR
.NurseID works for .DoctorID
.FirstName LLastName
.LastName «FirstName

HoursPerWeek

\

2. Each Nurse works for (assigned to) a
single Doctor.

3. Every Doctor has one or more Nurses

working for (assigned) them.

orders

TEST

'TestID
‘TypeName

(s

e
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NvrseO\ D l}ﬂ
Botor— ©
DA
. NURSE | $ [ DocTor
Fl.lr‘seID works for -:DoctorID
*F1rstName . LastN
+LastNam ‘ Nam
e FirstName

@ Works for (assigned to) a

= Doctor.

3. Every Doctor has one or more Nurses
working for (assigned) them.

orders

TEST

‘TestID
"TypeName

X Nwvee ) Condival

A
B, cardivaliky

l\—‘&‘ooc}““_)l @1

- NURSE DOCTOR
il wBoold
O\Q fe j . -NurselD T works for |DoctorID
be on e cﬂ)og .FirstName "l LastName
, ’ L1 .LastName FirstName
Si0e Cd? 4 )J@1J+@
) = ] &\ )
© WM MO\(M Sicke- fa
o>
TEST
= *TestID
' 2 Each Nurse works for (assijned to) a TypeName

single Doctor.
3. Every Doctor has one or more Nurses

working for (assigned) them.

T —————— T E——



HoursPerWeek

NURSE DOCTOR
.NurselD works for .DoctorID
FirstName *l.LastName
.LastName .FirstName

?

o
orders (MJ/M@S
5 cxy

4 CDDC/(-:'T‘
TEST et Yy
L 3ab g 5= Declec TestID
P B Tvpntare
Tt ) (e HLFY
cBO—7 ,
Uj_ r (\ (_)0 QJ/A_‘b/_\i
(V. ‘
Ooctor
|
( NURSE DOCTOR
.NurseID works for  LDoctorlID
Qi/ .FirstName -LastName
.LastName .FirstName
‘\D/ ?
\\ orders
( I 3 J tlw TEST
e "Q}&ﬂ 0 ' ‘TestID
"TypeName

but not all Doctors order Tests.

6. Only a Doctor can order a type of Test,

(notice the ambiguity — now common sense comes in to play ...)




HoursPerWeek

6. Only a Doctor can order a type of Test,
but not all Doctors order Tests.

NURSE DOCTOR
-NurselID works for , 'DoctorID
-FirstName - .LastName
-LastName i

-F%potﬂime

Nl

@ orders

A

TEST

‘TestID
"TypeName

Test can be ordered by different Doctors (e.g. both Dr. A and Dr. B

can order a MRI).

w

. Step 6: Decide on the participation of each entity in each

relationship and add if required.

v Q¥ 7Y NURSE

DOCTOR

.DoctorID

‘_jé) .NurseID works for
Nk LJJL\) | FirstName [

.LastName

-

.LastName
LFirstName

!

@ orders

A
TEST

*TestID
“TypeName
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STEP 6

2
‘?\\\‘\
" 1R

Step 6: Decide on the participation of each entity in each

relationship and add if required.

NURSE DOCTOR
‘NurselD works for .DoctorID
.FirstName "['LastName
.LastName .FirstName
TEST
~ : e rTestID
2. Each Nurse works for (assigned to) & TypeName
single Doctor.
3. Every Doctor haz one or more Nurses
working for (assigned) them.
W ahen
W\ 4 QoA
\
NURSE DOCTOR
NurseID - works for  LDbctorID
.FirstName [ % "'} LastName
-LastName -FirstName

- single Doctor.
3. Every Doctor has one or more Nurses
working for (assigned) them.

orders

TEST

‘TestID
*TypeName




