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Instructor Contact Information

• Email

– dbrandon@cbu.edu

• Phone

– 321-3615 (email is better)

• Office

– BU 302
• Check office door for current physical office hours

• Online courses may have all office hours online
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Canvas

• Canvas is now used for this course

• Whether this class is in-person, online, or 

hybrid:

– All submissions of assignments are to be 

submitted via Canvas

– Gradebook is in Canvas

• Canvas contains the syllabus page and the 

course policies page
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Canvas (con’t)
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Canvas (con’t)
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Syllabus in Canvas
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Textbook

Copyright Dan Brandon, PhD, PMP

Christian  Brothers University



CBU Follet Access Program
[https://www.cbu.edu/bookstore/follett-access-book-program/]

• Now all CBU class textbook rental and required supplies 
costs will now be included in a flat-rate "book fee" on your 
CBU bill so that you know in advance what your costs will 
be

• The Follett ACCESS Program delivers required materials 
for the courses for which you’re registered, making sure 
you’re prepared for the first day of class

• Students will be charged $23 per credit hour (Spring 2022 
rate) to cover all required course materials

• To make paying for the fee convenient, it can be included in 
any payment plan you choose

• Typically, students save money with the flat fee based on 
total credit hours!

https://www.cbu.edu/bookstore/follett-access-book-program
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcbu.us11.list-manage.com%2Ftrack%2Fclick%3Fu%3D1f1ab5bdb74014543243327d2%26id%3D9aabce2b33%26e%3D52b1990ec3&data=04%7C01%7Cdbrandon%40cbu.edu%7C29dcc88d991a460264b208d9b3568a88%7C8e01b9487f904068a737735638e01794%7C0%7C1%7C637738006576043835%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=THHURAtvHlK%2BsRyvkkECLNxrvnK5YMFXEmu3VMsSMUM%3D&reserved=0


CBU Follet Access Program
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Cengage Unlimited
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Cengage Unlimited (con’t)
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Cengage Unlimited (con’t)

• All that is required of the student for a Cengage Unlimited subscription is to 

come by the CBU bookstore and choose whether they would like a 4 month 

(119.99), a 12 month (179.99), or 24 month access (239.99)

• With this access, they will have every book Cengage has ever digitized, 

which is around 22,000 total titles and about 7800 that Follett currently uses 

across all US stores

• Even if they are not taking the course the book is being used for, they can still 

access that title

• All instructors need to do is adopt the book through the bookstore and on the 

Shelf Tag, it will print the prices for the New and Used Retail, New and Used 

Rental (If Applicable) the three tiers of Cengage Unlimited, and the eBook 

only price

Copyright - D. Brandon, Ph.D., PMP  

- Christian Brothers University



Cengage Unlimited eTextbooks
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Backups

• Students are 

responsible for 

backing up their 

files

• Losing a file (or an 

USB) is no excuse

• Office 365 

OneDrive

• Cloud Providers
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Cloud Backup & Sharing Sites
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Project
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Project Schedule

• Project Progress Reports

– Overview

– Design Review (ER) - after coverage 

of database design

– Physical Model

• Class Presentation & Files  

submittal- end of term
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Project Topics

• Perhaps CBU Related, or elsewhere if 

you can get sample data

• Types of previous projects:
– Student records

– Parking tickets

– Placement office

– Equipment inventory

– Library records

– Internship records

– Sports data (as long as different from example project)
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LABS & TOOLS
• Access

• PowerPoint

• Word

• Drawing tool(s)

– MS Visio

– ER Design Tool

– Web Based Drawing



Project Overview

• Topic

• Problem Statement

• Major Entities
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Design Review

• Requirements (info, queries/reports, …)

• Entity Attributes

– Major attributes

– Unique identifier(s)

• E-R Model



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

Course Project Deliverables

• Problem statement and requirements

• E-R Model (at least 3 entities)

• Database tables

• SQL Data Definition 

• SQL queries (at least 5 queries)

• Prototype (Access,  SQL Server, MySql)

See example project - link from course web page !
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Today’s Data World

• Ninety percent of all the data in the world was 

created within the last 2 years, according to 

IBM

• 70 percent of all new Science, Technology, 

Engineering and Math (STEM) jobs are in IT

• Mobile computing, “big data”, data analytics, 

and AI are prime growth areas

• “For now, the tech sector is where all the cool 

jobs are” – Bloomberg Business, 2019 
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Career Opportunities

• High demand and still low supply

• Internet database application

• Business systems reengineering

• Large databases & distributed systems

• Applications analysis, design, development

• Database administration

• Multidimensional data analysis (OLAP)

• Business changes - globalization

• Mobile computing database applications

• Data Scientist
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CNN Money



Median Hourly Wages - US Bureau of Labor Statistics

Home Care Aid 9.70

Retail Sales 10.33

Vet Assistant 12.34

Pharmacy Technician 14.02

Customer Service Rep 14.32

Auto Mechanic 14.69

Admin Assistant 16.74

Truck driver (heavy) 17.81

Accountant 19.42

Physical therapist assistant 19.82

Public school teacher 23.29

MRI technician 28.65

Account executive 28.82

Staff nurse (RN) 28.85

Dental Hygienist 30.26

Database Administrator 41.10
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Database Administrators
[Projected job growth rates from the U.S. Department of Labor's Occupational Outlook 

Handbook, 2012-13 edition. All salary information from the U.S. Department of Labor 

Occupational Employment and Wages data, May 2012]

• Projected Growth from 2010-2020:

– 31 percent, or 33,900 new jobs

• Salary:

– Median Annual Salary: $77,080

– Bottom 10% of Earners: $42,930

– Top 10% of Earners: $118,720*
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IT Jobs Most in Demand

Copyright Dan Brandon, PhP, PMP 39
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More Use of Data Today

• Easier, faster, more accurate data input

• Customer centric data entry

– EDI, Internet, Kiosk, Touch Tone, GPS

• Easier and more flexible data output (multimedia 
web pages)

• Integration with Internet & E-Commerce

• Integration with personal smartphone apps

• Business Intelligence (Data Analytics) from 
organized, cross references, filtered, and 
summarized data (OLAP, Data Warehousing and 
Data Mining)



• Data consists of raw facts 

– Not yet processed to reveal meaning to the end user

– Building blocks of information

– Example: a grade

• Information results from processing raw data to reveal 

meaning 

– Requires context

– Bedrock of knowledge 

– Should be accurate, relevant, and timely

– Example: the grades for a particular student and course

• Knowledge

– “Actionable”

– Example: students with higher grades get better job offers

Data versus Information



Data Hierarchy and Definitions
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Database Components

A Database “System” is made up of these three components.



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

Database Components (con’t)

• Distinguish between:

– Database

• data

• data about data (meta data)

– Database Management System (DBMS)

• manipulates data and meta data

– Database Applications

• uses data management system in communication with 

user (mainframe, PC, client-server, Internet type Ap’s)

• DBMS and Applications may be part of same product (or from 

same vendor)



Components of a Database System: 

Microsoft Access

Application Metadata

Data &

Metadata
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Database Application Components

• Tables – data arranged into tables

• Datasheets – a “view” of the data

• Application Metadata

– Forms - Input/edit data 

– Reports - Standard output from database 

– Queries - “Ad Hoc” output from database

• Programs and Procedures – process 
“transactions” and other procedural tasks 
generally without user intervention



Data in Tables (Access)
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Database Types (by Size)

Type Typical # of

Users

Typical

Size

Example

Personal 1 < 10 MB Small Business

Work Group < 25 < 100 MB Functional

Department

Enterprise Hundreds > 10 GB Corporate

Database

What don’t you have to be concerned with on personal databases ?
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Database Environments
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Database Definition

•Self describing

collection of integrated

information !
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Self Describing

• Meta data - data about data -
“schema”

• Data Dictionary & Domains

• Rules
• Constraints

• Triggers

• Procedures
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Integrated Information

• Database contents

– Data (file(s), 

records,fields,bytes,bits)

– Metadata (schema)

– Indexes, constraints, triggers

– Application metadata (forms, 

reports, queries)
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History of “Data”

• 4000 – 1200 BC Sumerians put records on stone

• 296 BC – Ptolemy collects data for Alexandrian library

• 200-0 BC – Paper invented in China

• 1450 – Guttenberg invents printing press

• 1879 – Frege founds discipline of modern math logic

• 1884 – Hollerith invents “punched-cards”

• 1937 – Turing presents concept of Turing Machine

• 1941 – Tarski formulates binary relations for computing

• 1951 – Univac invents magnetic tape

• 1956 – IBM invents first computer disk storage

• 1963 - American Airlines introduces SABRE system

• 2004 – SABRE goes “open source” (MySQL)
What is the advantage of writing on stone ?



American Stonehenge
• The Georgia Guidestones is a large granite monument in 

Georgia, USA

• In June 1979, an unknown person or persons under the 

pseudonym R. C. Christian hired Elberton Granite Finishing 

Company to build the structure

• A message clearly conveying a set of ten guidelines is inscribed 

on the structure in eight modern languages

• The purpose is to provide information about our civilization to 

those that follow us after the apocalypse

• The structure is sometimes referred to as an "American 

Stonehenge“

• The monument is 19 feet 3 inches (5.87 m) tall, made from six 

granite slabs weighing 237,746 pounds (107,840 kg) in all

• It was denounced as “Satanic” by a right-wing organization, 

and was blown up in July 2022

Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

http://en.wikipedia.org/wiki/Granite
http://en.wikipedia.org/wiki/Georgia_(U.S._state)
http://en.wikipedia.org/wiki/USA
http://en.wikipedia.org/wiki/Pseudonym
http://en.wikipedia.org/wiki/Stonehenge
//upload.wikimedia.org/wikipedia/commons/7/7e/Georgia_Guidestones_-_tavola_inglese_-_english_table.jpg
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History of “Databases”

• Data embedded in programs 

• Flat (sequential) files – 1950 - 1965

• Early databases of 1960’s:

– 1966 – IBM develops ISAM method

– 1968  - IBM develops IMS

• applications difficult to develop

• database were slow

• reliability was poor

• vulnerability to failure, and extent of failure
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History of “Databases” (con’t)
• Mid 1970’s databases were competitive to file 

systems

– 1970 - Codd introduces relational model

– 1971 – CODASYL started

– 1971 – Bayer & McCreight develop B-Trees

– 1972  - Boyce-Codd Normal Form

• Mid 1980’s database were superior to files

• Relational Extensions (OLAP, “Universal”)

• Object Oriented Data Bases

• Business Intelligence & Data Analytics

• Big Data (NoSQL), Blockchain, etc.
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The Relational Model

• E.F. Codd in 1970

• Model of logical database (API) not physical 

database

• Data is stored in an easy to understand manner -

tables

• Relationships implemented in an easy to see 

manner via values (early databases stored 

relationships directly via “pointers”)

• Queries could be written directly by users without 

regard for physical data structure
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Microsoft Access

• Microsoft Access is a low-end product 

intended for individual users and small 

workgroups

• MS Access tries to hide much of the 

underlying database technology from the user

• A good teaching tool

• A good strategy for beginners or for small 

organizations, but generally not for database 

professionals or large multi-user databases



MS Access in More Detail



Access ACE Engine (accdb)
• Access 2007 introduced an architectural change

• Prior to Access 2007, Access used the Microsoft Joint Engine Technology 

(JET) engine for its data storage and query processing (.mdb)

• Even though JET was generally accepted as part of Access, since Microsoft 

Windows 2000 it was included as part of the Windows operating system

• However, the JET engine is no longer distributed with the latest Microsoft 

Data Access Components (MDAC)

• As a result, Access 2007+ versions provide a new engine based on JET, which 

is known as the Microsoft Access Engine (ACE Engine)

• The ACE engine is fully backward-compatible with previous versions of the 

JET engines so that it reads and writes (.mdb) files from earlier Access 

versions

• Access 2007 also introduced a new default file format (.accdb) that supported 

many product improvements

• Because the ACE engine is not part of the Windows operating system, 

application users must have new Access versions (2007 or higher)
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LAN Database Access

• Through PC LAN file redirection (“mapped 

drives”), PC database products can be used 

on a LAN by many users (also for updates 

as long as the product supported some form 

of concurrence control such as record 

locking)

• The PC database file(s) are simply placed 

on a network drive
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Client Server Database Applications

• Application on a client PC talks to DBMS 

via “requests” for service

• Requests can be to update or retrieve data

• Requests are typically expressed in SQL, 

and sent over the network (LAN or WAN)

• Distinguish this from host (or mini 

computer DBMS) where the requests are 

handled on the same computer in “shared 

memory”



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

LAN Database Access vs Client/Server

• LAN Database access - database file(s) is on server 

machine, but data control (retrieve, filter, sort, 

lock,etc.) is still performed by each user on his PC

• Client/Server - database file(s) is on server and control 

is handled by DBMS on server; client simply makes 

request (typically via SQL) of his data needs - much 

more efficient

• Some systems like Microsoft Access can work both 

ways: the native Access database (Jet/ACE) can be 

placed on the LAN server, or Access can “front end” a 

client/server database such as SQL Server
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Distributed Database Processing

• In distributed database processing, there are 

multiple servers as well as multiple clients

• A request for service (group of SQL 

statements forming a “transaction”) can 

involve one or many of the servers

• The spreading of an organization’s data 

over multiple servers can involve various 

ways of splitting the data and also multiple 

copies of some data



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

• When is a database more 

appropriate than a 

spreadsheet for a problem ?
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Don’t look ahead !
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Spreadsheets vs Databases

• Spreadsheet

– smaller amounts of data

– little relationships among data

• Data

– a lot of data

– relationships between tables



The Key Characteristic of 

Databases: Related Tables
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Layered Database Concept

External Schema/Model (User View)
– User oriented description of part of the database

– The way in which a user or a program needs to view the 

data

Conceptual Schema/Model (Logical View)
– Machine, software and DBMS independent description 

of the total database

– Entities and their relationships

Internal Schema/Model (DBMS View)
– Description of the database (tables, record formats, 

keys, indexes, …)



Database Layers
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Can be multiple

external models

representing

needs of various

user groups.
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IT Focus at Each Layer

• External Schema (User View)

– User oriented description of part of the database

– The way in which a user or a program needs to view the data

– IT focus here is on requirements gathering and application 
design

• Conceptual Schema (Logical View)

– Machine, software and DBMS independent description of 
the total database

– IT focus here is on database design

• Internal Schema (DBMS View)

– Description of the physical database (tables, keys, indexes, 
…)

– IT focus here is on design of tables, keys, indices, etc.
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External Schema

Domains

Data Dictionary

User Views



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

Domains (kinds of attributes)  

Individual Names &Company Names

FID’s & SS #’s

Dates

Money

Phone Numbers

Towns

States

Zip Codes

Addresses

Company Codes

Should be Enterprise Wide and administered by Organization or Committee !

Display & Input/Validity

Some DBMS, like Access do

not have domains
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• How would you store a phone 

number in a database ???
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Don’t look ahead !
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Phone Number Definition

• How to store (data type)

– characters (10 bytes)

– decimal (4 bits per number, 5 bytes)

– long integer [binary] (4 bytes, unsigned)

• How to display

– (xxx) xxx-xxxx

– xxx.xxx.xxxx
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What happens when the 

domain is not 

enterprise wide ?
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Don’t look ahead !
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• Data format and display may be 

different for each different computer 

system

• This makes data transfer or data 

consolidation very difficult
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Data Dictionary

[each item in each file/table]

Data Item name &  aliases

Domain membership

– Data type: integer, decimal, real, character, time, date, 

timestamp, BLOB

– Format (display as, print as, prompt as)

– Maximum and Minimum lengths

Allowable values , ranges, constraints

Allow Nulls

Default value
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Why User/Application Views?

Application Program Requirements
– Application level independence

End User Query Requirements
– Table “joins”

– Interpretation of “codes”

Security Requirements
– Table “joins”

– Subset of data

– Restricted operations
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Conceptual Schema

Entities

Relationships
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Entities
An “entity’ is an  item (typically in the real world) about 

which we want to record data:

– person

– product

– department

The data associated with an entity is called its ‘attributes”

Attributes may be:

– Mandatory or optional

– single valued or multi-valued (age vs children)

– aggregate or simple (i.e.. telephone number)

– attribute may be part of defined domain
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Relationships
A Connection between Entities (of the same 

or different types)

Bi-directional

Given a unique name

May Have Attributes

Branching Factors (Cardinality)

Maximum Branching Factor

Minimum Branching Factor
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Branching Factors

Parents

Children

[2,2]

[0,N]
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The Database

• Table Arrangement of 

User Data

• Schema

• Application Metadata
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User Data

• Today usually represented in two 

dimensional arrays

• These 2D arrays are usually called tables, 

tuples, or relations

• Not all arrangements of data into tables are 

equally suited to the task of data 

management



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

What’s Wrong With This Arrangement ?

Student Name Student Phone Advisor Name Advisor Phone

Baker,Rex 232-8897 Parks 236-0098

Charles,Mary 232-0099 Parks 236-0098

Johnson,Beth 232-4498 Jones 236-0110

Scott,Glenn 232-4444 Parks 236-0098

Zylog,Frita 232-5588 Jones 236-0110
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Don’t look ahead !
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• Multiple “themes” in one table

• Duplicate info

• Have to make changes more than 

one place to change an advisor’s 

phone number

• Loose advisor data, if delete last 

student with that advisor
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“Normalized” Arrangement

Student Name Student Number Advisor

Baker, Rex 232-8897 Parks

Charles, Mary 232-0099 Parks

Johnson, Beth 232-4487 Jones

Scott, Glenn 232-4444 Parks

zylog, Frita 232-5588 Jones
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“Normalized” Arrangement 

(con’t)

Advisor Name Advisor Phone

Parks 236-0098

Jones 236-0110
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• Easier to maintain (i.e. change 

advisor phone)

• Less susceptible to “anomalies”
– Loosing advisor data

– Adding advisor without students yet

• However, need to join tables to 

produce some reports
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Database Schema

•Metadata

•Keys & Indexes

•Triggers/Procedures
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Metadata

• A modern database is self describing

• Data about data

• Most DBMS now store metadata in the 

same format as user data (i.e. tables)

• Metadata used by the DBMS for 

maintenance and integrity

• Users can typically access metadata just like 

user table (via built in tools)
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SysTables Table

Table Name Number of Columns Primary Key

Student 4 Student Number

Advisor 3 Advisor Name

Course 3 Catalog Number
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SysColumns Table

Column Name Table Name Data Type Length

Student Number Student Integer 4

First Name Student Text 20

Last Name Student Text 20

Major Student Text 15

Name Advisor Text 20

Phone Advisor Text 12
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Indexes

• Improve performance

– quick access to specified records

– sorting for queries and reports

• Primary organization - hashing with linked 

list (“Clustered Index”)

• Secondary indexes - B trees 

• Additional space

• Additional time for update operations
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User Data Table

Student Number First Name Last Name Major

100 James Baker Accounting

200 Mary Abernathy IT

300 Beth Jackson Accounting

400 Eldridge Johnson Finance

500 Chris Tufte Accounting

600 John Smathers IT

700 Michael Johnson Accounting
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LastName Index

Last Name Student Number

Abernathy 200

Baker 100

Jackson 300

Johnson 400, 700

Smathers 600

Tufte 500
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Major Index

Major Student Number

Accounting 100, 300, 500, 700

IT 200, 600

Marketing 500
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Triggers/Procedures

• Data manipulation functions stored 

in database

• Usually combination of multiple 

updates

• “Transactions”
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Application Metadata

• Definition of application components:

– views (queries)

– forms

– reports

– menus

– functions

• Not all DBMS have application metadata

• Not all store application metadata with 

database
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The Data Base Management 

System (DBMS) 
• Tools

• Run - Time Subsystem

• DBMS Engine

• Communications and Middleware 

Components
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Tools
• Design tools

– forms

– reports

– menus

• Languages (database script)

– Data Definition/Data Manipulation

– macros

– procedures/programs/modules

– language interfaces (C, COBOL, ...)

• DBA

– schema manipulation

– security

– performance

– physical aspects
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Run-time Subsystem

• Processes the application components 

that have been built with the tools

– Forms

– Reports

– Menus

• Combined with the DBMS for some 

products
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• What is the disadvantage to a 

product (such as Access) that 

combines the run time system with 

the DBMS (as opposed to creating 

separate .exe files) ?
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Don’t look ahead !
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• Have to purchase the full 

database product on each client 

to run the applications (forms, 

tables, queries, etc.) !



Database Personnel



Database Jobs
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Hands-On Guide to Relational Database 

Design by Michael J. Hernandez

Copyright Dan Brandon, PhD, PMP

Christian  Brothers University



Copyright Dan Brandon, PhD, PMP

Christian  Brothers University

Homework

• Read Textbook Chapter 1 

• Textbook Review Questions 1 thru 
10

– Submit answers via Canvas

• Textbook problems # 5 & 6

– Submit answers via Canvas

• Consider Project Topic
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