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Where we are

« Phase 1: SQL
 Phase 2: Database Design

 Phase 3: Database-Intensive Applications



Reminders

SECOND EDITION

« Homework: assigned chapters from design book

: : Beginning
« Reading quiz at start of class D
atabase
* Next midterm exam: Wednesday, March 9th Design

From Novice to Professional

Apress




Heads-up

« Phase 2: Participation points to include in-class exercises.
 Phase 3: Build a cool database app in groups of 2-3.
Start thinking of ideas now.

Project guidelines will be discussed on 03/21.



Key Concepts

A data model is a collection of concepts for describing data.

A schema describes the structure of the data for a given
data model.



Diversity of Data

Structured Semi-Structured Unstructured

Relational Documents Plain Text
Database XML Media

Formatted Tagged
Messages Text/Media




NoSQL Systems
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Design Process

Phase 1: Requirements Analysis
Phase 2: Conceptual Modeling
Phase 3: Physical Modeling

Phase 4: Normalization

Wiew 1 View 2

f
\ !
i

Conceptual Schema

Note: Iteration is key throughout the process, especially between phases 1 - 2 and phases 3 - 4.



Basic Constructs

Entity = an object of interest
Attribute = property of an entity

Relationship = association between one or more entities

Relationship types:
* one-to-one:

* one-to-many:

* many-to-one:

* many-to-many:



Advanced Constructs

* Supertypes
PEryp CUSTOMER
« Subtypes
CORPORATE INDIVIDUAL
CUSTOMER CUSTOMER
We will study hierarchies next week. 3
2
CUSTOMER

CONTACT




Diagram Notation

« ER diagraming tools use Chen’s crow-foot notation

 UML class notation used by our book

Know how to read both notations; use only one type per diagram.



| prospect_dimension ¥
! prospect_id INT{11)

<+ name VARCHAR{45)

2 tide VARCHAR{45)

» streat VARCHAR(45)

 city VARCHAR{45)

+ state CHAR(Z)

+ postal_code VARCHAR(10)

» banner_id VARCHAR{45)

: partner_dimension ¥

| partner_jd INT[11)

2 name VARCHAR(45)

 address VARCHAR{45)

* city VARCHAR{45)

 state CHAR(2)

# postal_code VARCHAR{10)

2 phone VARCHAR{10)

» partnership_status CHAR{10])
| 3

University Example: vl

A

: campaign_membership_dimension ¥

¥ campaign_id INT{11)
¥ prospect_id INT[11)

»

:lmlih-!t_m_his"

% prospect_id INT(11)

“» partner_id INT[11)

> term_code INT(11)

“» program_code INT[11)

# camipaign_membsrship CHAR(1)

* date_inguiry DATE

» date_special_svent DATE
» date_open_housa DATE
» date_partner_gvent DATE
» date_app_start DATE

* date_app_submit DATE

+ date_app_review DATE

» date_offer DATE

» date_deny DATE

+ date_confirm DATE

+ date_enroll DATE

* date_withdraw DWTE

» date_readmit DATE

» date_rollover DATE

# status_key INT{11)

: program_dimension ¥
| program_code INT{11)

* name VARCHAR(30)

+ school CHAR(2)

# concentration_code CHAR(2)

» college_code CHAR(Z)

» degree_code CHAR[E)

* level_code CHAR{1)

+ credit_hours INT{11)

| term_dimension ¥
! term_code INT[11}

» semester CHAR(1)
»year INT(11)

+ start_date DATE



Recruitment Schema

) student_dimension ¥

student_id INT{11]
effective_date DATE
name VARCHAR{45)

tithe VARCHAR(45)

street VARCHAR(45)

Gty VARCHAR{45)

state CHAR(Z)
postal_code VARCHAR{10)
sxpirstion_dste DATE

maost_reoent_wrion CHAR{LE)

|

niversity Example: v

j event_type v
swent_code INT{11)
ewent_value VARCHAR{3D)

| 3

" | campaign_membership_dimension ¥

¥ =mpaign_id INT{11}

! student_id INT(11]
has_responded CHAR(1)
espose_date DETE

(T—————H

— <

m——————— — o4

j application_facts v

! studert_id INT{11]

! term_cods INT{11}

¥ progmm_code INT(11]
app id INT
date_app_start DATE
dste_spp_submit DATE
date_zpp_review DATE
date_offer DATE
date_deny DATE
date_canfirm DATE

! student_id INT{11)
! term_ood= INT{11)

! progmm_code INT(11)
¥ event_type_key INT{11]
event_type_date DATE

app id INT
@mpaign_id INT{11}

# acoount_id INT

j account_dimension ¥
acoount_id INT
scoount_name WARCHAR(45)

_ account_type CHAR(1)
| recruitment_tacks ¥

+
|
=

~] partner_dimension ¥
partner_id INT(11]
name VARCHAR{45)
address VARCHAR(45)
dty VARCHAR(45)
state CHAR(2)

b ————H

postal_code VARCHAR(10)
phans VARCHAR(10)
territory VARCHAR{IS)

b

parnership status CHAR{10)

@ acoount_id INT

"

j account_change_factks

sffective_dat= DATE

S — 4

Ty

j processing_status ¥
status_code INT{11}

status_walus VARCHAR(30)
[ 3

¥

~| term_dimension ¥
term_code INT{11)
semester CHAR(1)
year INT{11)
start date DATE

expired_date DATE
most_reent_wersion CHAR{10)




University Example: v2

Enrollment Schema

~| student_dimension ¥
student_id INT{11)
effzctive_datz DATE
name VARCHAR{4E)

title VARCHAR[45] "] enroliment_change_fads ¥
street VARCHAR(45) ! student_id INT(11)
Gty VARCHAR(45) H jt | dass_id INT(11) _| enroliment_status ¥
state CHAR(Z) ! enmolimert_status_key INT{11} L . status_code INT]11)
posta|_code VARCHAR(10) ¥ term_aode INT(11) r " status_valus VARCHAR(30)
Emnner_id VAR CHAR(45) r————— —I< | effedive_dat= DATE b
expirztion_date DATE : expired_date DATE
mast_reent_wersion CHAR(LE) I »>
> |
|
I "] course_dimension ¥
I mourse_cods CHAR(10)
I aourse_name VARCHAR{3D]
T -———H
"] term_dimension ¥ 7 class_dimension ¥ | credit_hours INT{11}
term_code TNT{11) dass_id INT{11) _! wllege_cod= CHAR(Z) .
semester CHAR(1) aourse_code CHAR{10)
year INT{11] - instructor_id CHAR{20)
start date DATE ¥ term_code INT{11) ==

~ | instructor_dimension ¥
instructor_id CHAR(2D)
name VARCHAR(3D]
tithe INT{11)

—_——— strest VARCHAR(3D)

state CHAR(Z)

postal code VARCHAR(10)




University Example: v2

Description of Data Model:
This document contains some explanatory notes for the Recruitment and Enrollment schema diagrams.

Entities of Note:

-A Student in this data model is defined as anyone who expresses an interest in attending the university.
It doesn’t have to be someone who is enrolled in a course. We are adopting a broad definition of a
student in order to reuse the same Student Dimension table across the entire lifecycle of a Student.

-A record in the Recruitment Fact table represents a single occurrence of a recruiting event. An event is
defined as a event type, event date pair. The type of event is specified by the event_type key field,
which links to a separate lookup table Event Type that contains a list of valid event types. Examples
include: inquiries, open houses, partner events, etc.

-A record in the Application Fact table represents an instance of an application. An application cycle has
several important milestones, such as app start, app submit, app confirm, app accept, etc. The presence
of a date value indicates that the application has reached that particular milestone. For example, if an
application has a value for date_confirmed, but no value for date_enrolled, this means that the applicant
has not yet enrolled. Note that the precise enrollment history of a student is captured in the separate
Enrollment_Change_Facts.

-A record in the Enrollment_Change_Facts table represents a class enrollment status change pertaining
to a student, program, and term. Examples of a status changes include adding, dropping and
withdrawing from a class.

-A Class is a unigue instance of a Course. More precisely, it represents the relationship between a
course, instructor and a term. Therefore, students are enrolled in classes and instructors also teach
classes. For these reasons, an Enrollment _Change Fact record links to a Class, not a Course.



HR Example: v1

Employee

Organizational
Unit
Org Unit ID

Org Unit Type Code
Org Unit Name
Parent Org Unit ID

Employee ID
Employee Tax ID
Employee Full Name
Employee Birth Date

Employee
Job o}

Organizational
Unit Type

Org Unit Type Code
Org Unit Type Description

Employee ID
Pay Grade Code
Job Title

H—a4 Pay Rate

Org Unit ID
Begin Date
End Date

Pay
Grade

Pay Grade Code
Pay Frequency Code
Minimum Pay Rate
Maximum Pay Rate




HR Example: v2

Organizational
Unit Organizational
Org Unit ID Unit Type
Org Unit Type Code Org Uniit Type Code
Org UnitName ™| Org Unit Type Description
Parent Org Unit ID

Employee
Job 4
le Employee ID Grode
e Pay Grade Code
i Pay Grade Code
Union Employee ID Job Tite Pay :
Union ID Employee Tox ID Pay Rofe | Poy Frequency Code
i Employee Full Nome ; Minimum Pay Rate
o Same : Org Unit ID ot
Local Number Employee Birth Date Begin Date i ay
End Date
Union Employee
Membership Training e -
Employee ID Employee ID R e
Union ID Training Course ID
Begin Date Completion Date :zm
o e Rating Code
Rating Text




HR Example: v3

Employee Employee Department

e e
Given Name Department

Middle Name End Date | Department ID

Family Name w qdDepartment ID (FK) pb ,. e

Birth Date Department Role Code
Tax |dentifier Change User ID

Depariment ID (FK) Change Reason Code
Change Timestamp

Employee
Name
History

Employee ID (FK)
Effective Date

End Date

Given Name

Middle Name

Family Name
Change User ID
Change Reason Code

Change Timestamp




Payroll Example: vl

Employee
Paycheck

Employee ID

Pay Period ID
Gross Pay Amount
Net Pay Amount

Paycheck
Deduction

Employee ID

Pay Period ID
Deduction Type Code
Deduction Amount
Deduction Comment




Payroll Example: v2

Pay

Grade

Pay Grade Code
Pary Frequency Code
Minimum Pay Rate
Maximum Pay Rate

Employee

Job
Employee Employee ID

Pay Grade Code
Employee ID Jeb Title
Employee Tox ID H———a4 Pay Rate
Employee Full Name Begin Date
Employee Birth Date End Date
Employee Pary
Perycheck Period
Employee ID Pay Period ID
Pay Period ID ho—«| Begin Date
Gross Pay Amount End Date
Met Pay Amount Check Date
Paycheck
Deduction

Deduction
Employee ID Type
Pay Period ID

Deduction Type Code

Deduction Type Code Bo—
Deduction Amount
Deduction Comment

Deduction Type Description




Product Catalog Example: v1

Product Line
Product Product Line ID
Product ID Product Line Nome
Product Nome |
Product Description o
List Price
Product Line 1D {FK)
# Product Line Code
Recorded Music 2 Food Product
Product ID (FK) Product ID (FK) Product ID (FK) Product ID (FK)
Gorment Type No Music Category ISBN Colorie Count
Size P Lobel Nome Edition Number Size
Color Scheme Nome Artist Nome Publisher UPC
Production Year Publication Year ik
Running Time Poge Count
Song List l
Author
Pmdu.ac:::::)' Aot ' ',.Dl
A D #0 PO——+] ‘Author Birth Dote
Disploy Order Number Author Biography Text




Product Catalog Example: v2

Product Line Property Type
Product Line ID Property Type ID
Product Line Name Property Name

I ps Property Data Type
¥
Product ID Applicability
Product Name Property Type ID (FK)
Product Description Product Line ID (FK)
List Price
Product Line ID (FK)
¥
Product
Property Value 2
Product Property ID
¢ Product ID (FK)
Property Type ID (FK)
Display Order Number
PropertyValue




Product Catalog Example: v2

Product Line
Prod. Line ID | Prod. Line Desc.
101 Apparel
104 Food Products

Property Type Applicability
Property Type Prod. Line ID Prop. Type ID
Prop. Type ID | Prop. Name Prop. Data Type 101 P10001
P10001 Size String 101 P10005
P10005 Garment Type Name | String 104 P10001
P10012 Calorie Count Integer 104 P10012
Product

Prod. ID Prod. Nome  Prod. Description List Price Prod. Line ID

1254678 | ComfoSteer Glove | Men's leather driving glove 22991101

3549076 | CalDry Apricots | Dried California apricots 3.25| 104

Product Property Value

Prod. Prop. ID | Prod. ID Prop. Type ID | Display Order Num. | Prop. Value

33341461 | 1254678 | P1000! Lorge

77303926 | 3549076 | P10001 6oz

2

86743573 | 1254678 | P10005 1 | Men’s gloves
1
2

96901490 | 3549076 | P10012 110




Hockey Example

PlayoffRound ] [ HockeyGama | GameScores
id Id i
teamiid roundid team1Score
1 team2id H =] starTime = teamZscore
startTime description
endTime teamlld
roumdium teamld
RoundStats [ HockeyTeam | HochkeyTeamPlayer
id id H id
numShutouts Name hockeyTeamld
goalLeaderld lago SEE firstName
assistLeaderd ’ lastame
penaliyLeaderld jerseyMum
plusMinusLeaderld position
TaceafisWonLeaderd
sogLeaderld
Liser Usernfo
O id = id
LGN firstName
_.‘l( password lastName
UserStatsPicks I i emall
i o round1Points
rouidd roundZPoints
goalLeaderld round3Points
assistLeaderld rounddPoints
= penaltyLeaderid UserScorePicks
plusMinusleaderid id
faceoffsWonLeaderid hockeyGameld L —
sagleaderid teamlscore
mumShutouts teamscore
userld userld




Salesforce Data Model

The entity relationship diagrams (ERDs) for standard Salesforce objects in this section illustrate important relationships between objects.
The available ERDs are:

Sales Objects—includes accounts, contacts, opportunities, leads, campaigns, and other related objects
Task and Event Objects—includes tasks and events and their related objects

Support Objects—includes cases and solutions and their related objects

Salesforce Knowledge Objects—includes view and vote statistics, article versions, and other related objects
Document, Note, and Attachment Objects—includes documents, notes, and attachments and their related objects
User, Sharing, and Permission Objects—includes users, profiles, and roles

Profile and Permission Objects—includes users, profiles, permission sets, and related permission objects
Record Type Objects—includes record types and business processes and their related objects

Product and Schedule Objects—includes opportunities, products, and schedules

Sharing and Team Selling Objects—includes account teams, opportunity teams, and sharing objects
Customizable Forecasting Objects—includes forecasts and related objects

Forecasts Objects—includes objects for Collaborative Forecasts.

Territory Management—includes territories and related objects

Process Objects—includes approval processes and related objects

Content Objects—includes content and libraries and their related objects

Chatter Feed Objects—includes objects related to feeds

Work.com Badge and Reward Objects—includes badge and reward objects

Work.com Feedback and Performance Cycle Objects—includes feedback and performance cycle objects

Reference: http://tinyurl.com/z6t6qs4



Salesforce Sales Schema

G
e FarinarRole
CasaStatus Id
tatus. | Contactid Id
Id o
—— O Assetie ReverseRole
Accounild
S ——— L] O] Racord Typald
RevarsaFarmerid
fsaelid ] Annat
I Accountld Farinar
Ancountid Ome] 1d
Contact = Accountld
ConfractContaciRala RepartsTold Id l | let
A CCOUNLF rom b —{ e
i Acoountld —Contactld ACCOUNTE — Acoaunt Tor Ecp;ﬁ:::ﬁm
Contractld Deparssiald ;2 y \coounTold—Oq 4 coountTold
B y—Contact!d
— e RecordTypaild Parentld Parenthccountld
AccounContactRole x
Drwniarld E O |
c Il RecordTypakd
e Accountld
Accountld Comntacthi
Cantractid OpportunityStage
l ActivatedByld s s " i
Customer Signedid croun id
Cremerid o Aesounild
RecordTypeld foer
StalusCoda Contractid O Accountld StageName
Accountld
Contractld | Opportunityld
Opportunityld
Contactld
uobald ———pe| Guateld 1 Opportunity
StatusCods S =Opportunityld -
T Contiacild O] Accountld
Contracld —Opportunityld
Pricebook2id
Quole Ownarld
Caontractld ————————— R d Typeald
onirae I s p————Opportunityld Smﬂaﬁ:
Contraciid O pportunit yCompatiton
Opportunityld
I
Sﬂ Opportunityld
Campaign DpporiunilyContaciRala =8 Oppartunityld
Id Id
Ownearld Contactid
RacordTypeld Opportunityid

Reference: http://tinyurl.

com/z6t6qs4



Salesforce Data Dictionary

Object
CampaignMemberStatus

CampaignOwnerSharingRule

CampaignShare

CampaignTag

(Case

CaseArticle

CaseComment
CaseContactRole

CaseFeed

CaseHistory

CaseMilestone

CaseOwnerSharingRule

Description
A status value associated with a Campaign.

Represents the rules for sharing a Campaign with User records other than the
oWner.

Represents a list of access levels to a Campaign along with an explanation of the
access level. For example, if you have access to a record because you own it, the
Access Level value is Full and Reason for Access value is owner.

Associates a word or short phrase with a Campaign.
A customer issue such as a customer’s feedback, problem, or question.

Represents the association between a Case and a KnowledgeArticle. This object
is available in APl version 20.0 and later.

A comment that provides additional information about the associated Case.
The role that a given Contact plays on a Case.

Represents a single feed item in the feed displayed on the detail page for a case
record. This object is available in APl version 18.0 and later.

Historical information about changes that have been made to the associated Case.

Represents a milestone (required step in a customer support process) on a Case.
This object is available in API version 18.0 and later.

A rule that grants access to a case to users other than the owner.

Reference: http://tinyurl.com/z6t6qs4



Design Tips

Tip 1. Clearly state the database requirements: what data and
updates go into the database and what data and queries come out of
the database.

Tip 2. Best order of modeling: 1-entities, 2-relationships, 3-attributes
and 4-user views.

Tip 3. Keep ER diagram to one page. Accompany diagram with
descriptions, assumptions and explanation in supporting a document.

Tip 4. Interact frequently with end-users.



In-Class Exercise

Goal: Design a schema for a Personal Time Assistant.

A Personal Time Assistant is a database that solves the
problem of time-management by helping us track our time
commitments and making sure that they happen.

High-level system requirements:
1. Represents every type of commitment that competes for your time.

2. Represents temporal scope of a commitment. For example: “I intend
to ride my bike for 2-3 hours sometime this weekend”.

3. Schedules tasks (and other commitment types) and monitors their
progress until they get done.

4. Corrects common mistakes (e.g. procrastination and over-estimating
future availability).



Homework for Next Time

 Read chapters 4 and 5 from the Beginning Database Design book

« Exercises at the end of chapters



Resources & References

Lots of common entity types (e.g. Customer, Product, Event, etc.):
http://schema.org

ER diagramming tools: MySQL Workbench and LucidChart

Survey paper: J. Hellerstein and M. Stonebraker. "What Goes Around
Comes Around” in Readings in Database Systems, 2004.

Supplemental book: Andy Oppel’s Data Modeling A Beginner’'s Guide
(2009).



http://schema.org/

