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Overview
Customer(CustomerID, Name, Address, ...)
alesPerson(| D, Name, )
Order(OrderID, OrderDate, CustomerID, EmployeelD, ... ) g
Orderltem(OrderID, ltemID, Quantity, Price, ... ) v
Item(ltem D, Description, ListPrice, ...)
User views Conceptual Implementation Physical
of data. data model. (relational) data
data model. storage.
Class diagram List of nicely-  Indexes and
that shows behaved storage
business tables. Use methods to
entities, data normaliza- improve

relationships, tion to derive  performance.
and rules. list.
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The Need for Design o

» Goal: To produce an information system that
adds value for user

OReduce costs

Qincrease sales/revenue

QProvide competitive advantage
» Objective: To understand system

aTo improve it

QTo communicate with users and IT staff
» Methodology: Build models of system
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Designing Systems

» Designs model existing & proposed systems
QProvide picture or representation of reality
aSimplification
aSomeone should be able to read your design

(model) and describe features of actual system.

» You build models by talking with users
Qldentify processes
Qldentify objects
QDetermine current problems and future needs
QCollect user documents (views)

» Break complex systems into pieces and levels
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Design Stages RIC

> Initiation »> Physical Design
0 Scope QTable definitions
QFeasibility QApplication development
QO Cost & Time estimates v Queries
» Requirements Analysis v Forms
OUser Views & Needs v Reports
v Forms v Application
v'Reports integration
QProcesses & Events aData storage
QObjects & Attributes Q Security
» Conceptual Design QProcedures
QO Models » Implementation
v Data flow diagram QTraining
v Entity Relationships OPurchases

v Objects QData conversion

QO User feedback Qlnstallation
» Evaluation & Review

6 Copyig 2010 Sy ost. Allighs e




RORWICH

RORWICH

Initial Steps of Design Entities/Classes
i Customer Name
1. Identify exact goals of system. CusiomeriD
Talk with users to identify basic forms and LgstName “—— Properties
reports. FirstName
. . Phone
3. Identify data items to be stored. Address
4. Design classes (tables) and relationships. City
. . . State
5. Identify any business constraints. 2IP Code
6. Verify design matches business rules. Add
Customer Methods
Delete (optional for database)
Customer
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Definitions Unified Modeling Language "E

» Relational database: A collection of tables.

» Table: collection of columns (attributes) describing an entity.
Individual objects stored as rows of data in table.

» Property (attribute): characteristic or descriptor of class or
entity.

» Every table has primary key.
QThe smallest set of columns that uniquely identifies any row
QPrimary keys can span more than one column (concatenated
keys)
O We often create primary key to insure uniqueness (e.g.,
CustomerID, Product#, . . .) called surrogate key.

Primary key Properties Class: Employee
Rows/Objects EmployeeA

EmgloyeelD'TaxpayerE LastName FirstName HomePhone  Address

(UML)

A relatively new method to design systems.
Contains several types of diagrams:

Contains several types of diagrams:

Class diagram Shows the static model of things that exist and their
relationships.
Use case diagram Shows how actors will use the functionality of the system.
Sequence diagram Represents an interaction or set of messages exchanged
among objects. Specifically shows interaction over time.
Collaboration diagram Shows the interaction and links among objects. Does not show
time as a separate dimension. It is a process diagram.
Statechart diagrams Shows the sequence of states that an object goes through
during its lifetime in response to stimuli.
Implementation diagrams | Shows the structure of the code or of the run-time modules.

12512 888-22-5552 Cartom Abdul (603) 323-9893 252 South Street The class diagram is most important for database design.
15293 222-55-3737 Venetiaan Roland (804) 888-6667 937 Paramaribo Lane
22343 293-87-4343 Johnson  John (703) 222-9384 234 Main Street
29387 837-36-2933 Stenheim Susan  (410)330-9837 8934 W. Maple
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Definitions Associations
Entity: Something in real world that we wish to describe » General » Objects related to objects
or track.. . . ) QOne-to-one 1:1 QAN employee can work
Cl D t f tity, that lud t
ass: escription of an entity, that includes its ) in onlv one department
attributes (properties) and behavior (methods). 0 One-to-many ™M) M )é P
Object: One instance of class with specific data. QMany-to-many  (M:N) Q anﬁ/ epartmedr]ftfs can
Property: A characteristic or descriptor of class or entity. > Relationships represent Word on many different
Method: A function that is performed by class. business rules products
Association: A relationship between two or more classes. » Objects related to

Pet Store Examples

Entity: Customer, Merchandise, Sales
Class: Customer, Merchandise, Sale
Object: Joe Jones, Premium Cat Food, Sale #32

Property:  LastName, Description, SaleDate
Method: AddCustomer, Updatelnventory, ComputeTotal
Association: Each Sale can have only one Customer.
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aSometimes common-
sense

QSometimes unique to an
organization

» Users often know current
relationships, rarely future

ot o
* * *
o [ [
p >

<sent to places » erforms
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properties

OAn employee can have
only one name

QMany employees can
have same last name




Class Diagram

Customer

» Class/Entity (box)

> Association/Relationship Bt
Qlines
Q Minimum 0.+
v'0: optional @a
v'1: required 0..*
a Maximum
v Arrows
V1, M L’
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Sample Association Rules

(Multiplicity)

» An order must have exactly 1

RORWICH

Customer

customer, 1.1
01..1 Minimumof1l _——
aO1..1 Maximumofl

» And at least one item.
a1l..* Minimum of 1 0.7
Q1l..* Maximum many Order
» An item can show up on no 0..*
orders or many orders.
ao0..* Optional (0)
Q0..* Maximum many 1..%
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N-ary Associations N A iation E 1
-ary Association Example
» Associations can connect more than two classes. Employee | [EmBloveelD [ Name
f Al 11 Joe Jones
» Associations can become classes. Employee Name 12 Maria Rio
QEvents
ProductID | T, Na
OMany-to-many ! Aszz2 [ X3z | Corveric
DNeed to keep data 1 A5411 B17 Camaro
0 . *
» Example has two many-to-many relationships. Component L Product
QWe know which components go into each CompID ProductiD
product. Type Type
A Name : Name
OWe know which employees worked on product. ;
. . . CompID | Type | Name
> We need to expand relationships to show which 563 W52 | Wheel Assembly EmployeelD | Compld | ProductiD
employees installed which components into each i MI3 | Mirror EmployeelD| |7 563 73222
: oor hinge ;
product. 883 33 | Trank binge g?on;ﬂlctt)l b H f;i ﬁgﬁf
QEach assembly entry lists one employee, one 588 Lot ] ook bondle 1 872 Asa11
component, and one product. Multiplicity is defined as number of items }Z ;Sg ﬁigﬁﬁ
ElBy appearing on many assembly rows, many—to— that could appear if other N-1 objects 12 888 A3222
many relationships can still exist. are fixed. Almost always “many.” 12 883 Abdl
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Association Details: Association Details:
Aggregation Composition
Bicycle Wheels Bicycle
Size 1 built from P2 | Rims Size
Model Type Spokes Model Type
Sale Item
% contains Px L
SaleDate .~ | Description 1| crank Wheels
Employee Cost
ItemID
Weight Crank
Aggregation: Sale consists of set of Items being sold.
Two ways to Stem Stem
display ItemID
composition. Weight
Size
Composition: aggregation where components become new object.
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Association Details:
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L]
. e Inheritance
Generalization
» Class Definition— Class name Accounts
Animal encapsma[ion AccountID
DateBorn Properties | CustomeriD
Name QClass N_ame P DateOpened
Gender QProperties Vethod ﬂl@lﬁ-ﬁlﬁﬂ-ﬁopenmcoum
ethods
Clolor' QO Methods CloseAccount
ListPrice > Inheritance Relationships
{disjoint} QGeneric classes Inheritance
QFocus on d_lﬁerences ISavings Accounts| Checking Accountg
Mammal Fish Spider QPolymorphism InterestRate MinimumBalance
LitterSize FreshWater Venomous 0 Most existing DBMS Overdrafts
TailLength ScaleCondition| Habitat do not handle inheritance
Claws Paylnterest BillOverdraftFees
CIoseA{ccount
Polymorphism/
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Association Detalils:
Reflexive Relationship

\ 4manages

‘ On-Road ‘ ‘ Off-Road ‘ worker |

Multiple Parents

Vehicle

Human ‘

‘ Motorized ‘ ‘ Powered

0..1
----- - Employee manager

Bicycle

A reflexive relationship is an association from one class back to itself.

In this example, an employee can also be manager of other employees.
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Defining Packages for High- ¢ PetStore Overview Class
Level Views Diagram
* *
1 1
] Purchase | Sell 1
: Animals Animals ; * | Animal | *
v ; Purchasg
v . . e v 1 1 1
Supplier > Employee Customer - 1= 1
. . , Supplier ’Employee'—{ Sale HCustomer|
| 1 1 +
i : :
77777 Purchase e Sell Merchandisdg
Merchandise Merchandise * | Purchase | *

*
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Pet Store

Class Diagram:
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L]
Access Data Types (Domain)
Faimal » Text
Arimalirder Gﬂ:jm"m AnimalID - Eixed | h 1 4K b
b e / tame , [Faerima Q Fixed lengt to 6 ytes
E:D.E:'\;n" e = (4] B | e O Variable length  1to 2 G bytes
Enpenaern: |2 Sitegery Regsared » Memo/Note
Erploes Color .
Suppler —L Ce— LstPrice Customer » Date/Time 8 bytesJan 1, 100 to Dec 31, 9999
i oy Frmsime \ e P > Objects/Raw binary
Contacthame CitylD | Phone SalelD Firstame .
%;d;& Zpnce %‘:EE;; \\g et 5;;‘&;: Q Any type of data supported by machine
w0 e | | b oy | Lot 2] i Q Pictures, sound, video . ..
Pepulation 1230 szﬂziased S0
Pepulation 1830 Category
E::"“J‘;’Z Salekem
Longitude Orderfern Merchandise iale:g
Tmhandze | /] FONumber | - ™1 li’:;? on - Dir:mrty
= s =
OrderDate Cost L| category
ReceiveDate =
Supplier|D
= | EmployeeiD ||
Shipping Cazt | =
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Data Types (cont’d) Data Type Sizes
. Al SQL S Oracl
> Numerlc Text T::Iess ChQaI‘ — C;a;\:Re
fixed Memo varchar VARCHAR2
DByte 1 byte 0 to 255 variable nchar, nvarchar NVARCHAR2
OBoolean 2 bytes True or False Unicode text
Qlinteger 2 bytes -32,768 to 32,767 (no decimal points) Ném:b?z'sn-t ) Byte tinyint INTEGER
yte its nteger smallin
QLong 4 bytes -2,147,483,648 to 2,147,483,647 Integer (16 bits) | Long int INTEGER
L . Long (32 bits) NA bigint NUMBER(38,0)
(no decimal points) (64 bits) NA decimal(p,s) NUMBER(p,s)
. Fixed precision Float real NUMBER, FLOAT
QFloating 4 bytes 1.401298E-45 to 3.402823E38 Float Double float NUMBER
Double Currency money NUMBER(38,4)
QODouble 8 bytes 4.94065645841247E-324 to Currency Yes/No bit INTEGER
1.79769313486232E308 DYf5;$° o pH o
ate/Time ate/Time atetime
QCurrency 8 bytes -922,377,203,685,477.5808 to Interval NA iSnTearl\l/dalalyeelL\Te INTERVAL YEAR ...
922,377,203,685,477.5807 Image OLE Object | image LONG RAW, BLOB
AutoNumber AutoNumber | Identity SEQUENCES
rowguidcol ROWID
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Computed Attributes Event Examples
) . » Business Event
Denote computed values with preceding slash (/). X
Qltem is sold.
QO Decrease Inventory count.
» Data Event
Employee
Name Qlnventory drops below preset level.
PatEOfBifth QOrder more inventory.
AQE -oooooh {Age = Today - DateOfBirth}
Phone » User EvenF .
QUser clicks on icon.
QSend purchase order to supplier.
Trigger
ON (QuantityOnHand < 100)
THEN Notify Purchasing
Manager
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Event Triggers M_,Eiﬁ.‘..
» Business Process: Ship » Object: Inventory
Product QProperty: Current
QTrigger: Inventory Inventory.
Change QFunction: Update
Q Executes Inventory.

function/trigger in

: QTrigger: On Update, call
Inventory object. 99 p

Analyze function.

> Prc‘cess: Analyze Inventory

Order Inventory QFunction: Determine
need to reorder.

ShipOrder]—LSubtract(Prodrg ooy >

Quysold) ™ | Ahalyze Q[Trigger: Generate new
ée 1.1 Analyze |grder.
~ (Product) !
111
Purchase | / Reorder
(Product,
i?é.eorder quantity)

Design Importance: Large "E

Projects

» Design is harder on large projects.
QCommunication with multiple users.
QCommunication between IT workers.
ONeed to divide project into pieces for teams.
aFinding data/components.
astaff turnover--retraining.

» Need to monitor design process.
QScheduling.
QEvaluation.

> Build systems that can be modified later.
ODocumentation.

OCommunication/underlying assumptions and
model.
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Large Projects

» Project Teams » Project planning

QDivide work software

QFit pieces together QO Schedules

QO Evaluate progress QGantt charts
» CASE tools

» Standards
QDesign
QTemplates
QActions
QEvents
QObjects

v'Naming
convention

v'Properties

» Groupware tools
QTrack changes
QDocument work
QTrack revisions
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CASE Tools

> Computer-Aided > Examples
Software Engineering QO Rational Rose
QDiagrams (linked) QSterling
QO Data Dictionary v COOL: Dat
O Teamwork v'COOL: Jex (UML)
QPrototyping QOracle
v'Forms QIBM
v'Reports

v'Sample data
QCode generation
QOReverse Engineering
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Rolling Thunder: Top-Level

Sales  |[---------o > Bicycle [-----------1 Assembly
= H P
““{Employee

LOCALION  fr-mmmmmmmm oo -4 Purchasing
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Rolling Thunder: Sales

Customer 1.1 Bicycle::Bicycle
CustomerID — .
Phone 1.1 BicyclelD
FirstName 0..%|
LastName CustomerID
StorelD
Address L | =tere
ZipCode :
CitylD
BalanceDue
Retail Store
Customer StorelD
Transaction StoreName
CustomerID Phone
TransactionDate | ContactFirstName
EmployeelD ContactLastName
Amount Address
Description ZipCode
Reference CitylD
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L] L] L]
Rolling Thunder: Bicycle Rolling Thunder: Assembly
Component
ModelType Bicycle BicycleTubeUsed Bicycle::BikePart: L Com or"n)entID
1.1 . icycleTubeUse icycle::BikeParts p GroupComponents,
ModelType 1 genalNuTDber *I serialNumber SerialNumber ManufacturerlD GrouplD
Description ustomerl Pr Number
p 0--* | ModelType TubelD ComponentID o+ oductNumbe ComponentID
PaintiD Quantity ‘ Road
Paint 0.-* | Framesize Category
PaintiD L1 OrderDate Length
StartDat Height
ColorName srﬁpD;: Wid%h Groupo
gg:giatsytle ShipEmployee D_escr_iption GroupID
FrameAssembler BikeParts ListPrice GroupName
Datelntroduced Painter - EstimatedCost y
i i Construction SerialNumber B BikeType
DateDiscontinued ons QuantityOnHand
WaterBottleBrazeOn ComponentID ity
CustomName SubstitutelD
- - - ComponentName
LetterStylelD Location Bicycle:: 11 | TubeMaterial 1.1 [ ComponentName
StorelD ; .

LetterStyle |, | - r‘n’;eloyeem Quantity BicycleTubeUsed TubelD AssemblyOrder
LetterStylelD TopTube Datelnstalled SerialNumber Material Description
Description ChainStay EmployeelD TubelD Description

Quantity Diameter
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Rolling Thunder: Purchasing Rolling Thunder: Location
PurchaseOrder | 1. 1| Manufacturer |, Sales:: Employee::
PurchaselD ManufactureriD Customer 1 City B Employee
EmployeelD ManufacturerName [; 1 CustomerID “~f CityID EmployeelD
ManufacturerID " ContactName e 0.. 1...1§ ZipCode 1.1 =
TotalList - Phone CitylD City CitylD
S_hippingCost A_ddress I State
Discount Zl_pCOde | AreaCode
OrderDate CitylD Population1990,
ReceiveDate BalanceDue Sales- Population1980 .
AmountDue A Purchasing::
RetailStore Country Manufact
ManufacturerTrans storelD Latitude anutacturer
*
ManufacturerID - o= Longitude ManufacturerID
Purchaseltem TransactionDate A - citylD 0. =
ssembly:: ty L1 CitylD
1..*% Reference
PurchaselD EmployeelD Component StateTaxRate
ComponentID Amount 1.1 0...1 S
PricePaid 0..* b ount ComponentID tate
Quantity escription 5| ManufactureriD TaxRate
QuantityReceived " | ProductNumber
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4 wu\l_f H — - Syt BikeTubes sz::lp TuveNateral
! > Customerto ompora
Rolling Thunder: Employee S s v P B L | e
e s Lo |y L2 Tl Yo Besron
e Empmrenio e P
Cityl StartDate Roundness
Sancedue Shiponte Vodeisize Weigh
Sifhoss
- - Employee 0...* worker Painier Paint | e BikeParts Consrscion
Bicycle: EmployeelD — Construction TopTuse [ Component
Bicycle TaxpayerlD - Cosamn Coane Totargn 10— Vemacurenn |||
- L ?Ny 1.1 Purchasing:: CustomerTrans T N SioundCeaarce St Mandactuerd SromCompon
SerialNumber astName Employeeld SeaTubonngle Quanity
FirstName PurchaseOrder e’ TopTube DateDisconin - Sl ey b1 S o
- s Cransiay eyee o
EmployeelD HomePhone A PurchaselD ot Headubosnge e
ShipEmployee Address o - Reference UstPrice Leersye Weight
FrameAssembler ZipCode g o+ EmployeelD Fieied Employee Ceersoe Purchasetem Bescrpton Componentiame
Painter CityID gl Stipprice Emoloyeen Descripton Purchaseld Caimaedcost | L Componeniiame
DateHired Componentlist LasiName Componentid H sosambiyord
Fraame
DateReleased HomePhone E— Quanty
- " Home? vaniyReceived
Bicycle:: CurrentManager |01 | ancode Parcased
BikeParts SalaryGrade manager Reaistore ga(e;"‘e » Empioyeed
ichlease
SerialNumber Salary Sored Curenans e cost Manufacturer ManufacturerTrans
i ustomer Dis L] ManufactureriD
ComponentID Title i B ot uanmenrer Tamsacionote
N o+ WorkArea Raress " Spbode Wokhrea oo Frone émn:\
EmployeelD = Gy St haess Reterince
Popanonissn Sammcedue
StteTaate Coutyy
— Congiude . .
a . e Rolling Thunder Combined
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Rolling Thunder: Combined
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Application Design

NORWICH

Photo

3 AnimallD 4
Simon

Categary Dog

Breed [ ]
EZEE

B

LsPice [ w1748 |

Mame

DateBarm
Gender
Fegistered

Colar

ImageFle [

ImageHeight
Imagetwidth

Record: 14 4 2 b | rue#] of 131 4 |

» Simple form based on one table (Animal).

» But also need lookup tables for Category and Breed.

43 ST — 44 ST —
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REQUIRED HOMEWORK (1) ™ : REQUIRED HOMEWORK (2) ™ :
By Sunday 7 Feb 2010 at 23:59 . o
. » Answer question 10 (15 pts) by indicating A
>Read all of Chapter 2 in the text or E for attributes or entities as described in
» Complete Review Questions 1-10 yourself for practice the question.
> For exercises using Dr Post’s computer-based » For 10 points each, COMPLETE one of
training these sets:
Dhttp://WWV\./.|errvp.ost.com/DBDe5|qn o 011-14 (Sally’s Pet Store)
DE%B” AdmitCode is (write itin; all 015-17 (Rolling Thunder Bicycles)
> Design the database tables required to support the Q18-20 (Corner Med)
situations described in the following problems in (Complete one or two other sets for a up to
Chapter 2 USING THE DBDesign System online 20 extra pts)
AOComplete problems 1 & 3 online (10 points each)
» Answer question 9 (18 pts) in writing and explain your
reasoning for every answer by articulating
assumptions. Provide minimum and maximum values "
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DISCUSSION
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