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1.1 Introduction to Information Systems



The combination of 
tools and people who 
come together to 
manage information
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The people who 
use and maintain 
the system

The rules and 
relationships  
between IS elements

The hardware and 
software that are 
in use in the IS

The information 
that fills the system 
as raw material

Elements of Information Systems



• Hardware includes 
telecommunications 

• Software includes 
apps, OS, and data 
base systems

Technology



Process is often 
embedded into 
software as well as 
being rules followed 
by people



Does not include 
the people who 
invent/create the 
software nor those 
who design and 
build the hardware

Information Systems



1.2 What is Information?



Information 
Data that has been 
organized and 
integrated. 
• Wisdom  
• Knowledge 
• Awareness 
• Understanding
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Data integrity is the 
overall completeness, 
accuracy and 
consistency of data. This 
can be indicated by the 
absence of alteration 
between two instances or 
between two updates of a 
data record, meaning 
data is intact and 
unchanged.



Data redundancy is a 
condition created 
within a database or 
data storage 
technology in which 
the same piece of 
data is held in two 
separate places.



• Data about other 
data - used to 
develop processes 
for IS

Meta-Data



• Information 
Systems are not 
Information 
technology.

Information



1.3 Key Elements of Information Systems



People 
Those who use 
and maintain the 
IS. 
The only part of 
the IS that can 
break the rules



Technology 
Hardware and 
software. 
The part that 
everyone 
recognizes as IT



Process 
The rules and 
relationships 
within the 
operation of the 
IS. Tell us how to 
use the system





Data 
The facts that your 
IS collects, stores, 
and analyzes to 
produce  
useful information



• All information 
systems use these 
4 elements but not 
all in the same way.

Information Systems



1.4 History of Information Systems



Analog - Uses a 
measurable factor 
(analog) to represent 
specific data 
Digital - Converts all 
data into digital bits



Analog Devices 

- Abacus, slide 
rule, or vinyl 
records 

- Limited ability to 
manipulate or 
store data



Slide Rule - Analog 
computer of 1950



Early Mainframe 
Computers 
Huge, slow, and 
expensive. 
No available software 
and 
Limited storage for 
data





Data 

The most common 
storage method was 
the Hollerith (IBM) 
punch card





Telecommunications 
The only way to 
manage complex 
connections 
between users was 
human operators



The history of IS is 
the increase in 
speed, storage, and 
the ability to 
exchange data 
across many users



1.5 Information Systems Today



All data is stored and 
manipulated digitally.   
Analog data from the 
real world (sounds, 
images, instrument 
readings) is converted 
to digital data.



Moore’s Law 
Computer processing 
speeds will increase 
at an exponential rate, 
doubling every 2 
years
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Modern Computers 
Fast, interconnected, 
and using standard 
software. 
Everything seems to 
be a computer today





Data Storage 
Storage density 
and speed also 
described by 
Moore’s law.  Most 
data on Earth 
stored in Info 
systems





Telecommunications 
Most young people 
in the US today have 
never used a rotary 
dial phone and 
seldom spoken to a 
telephone operator



Networking  
Ability to connect 
different elements of the 
IS continues to increase. 
• Wireless 
• Satellite 
• Broadband 
• The Internet





What looks amazing 
to us is commonplace 
to our children and 
primitive to our 
grandchildren



1.6 What We Mean by “Digital”



Digital data is 
expressed in Radix 2 - 
“Base 2” 
All data is a 1 or a 0 
People normally use 
base 10, because we 
have 10 fingers to 
count on.



100s  /  10s  /  1s 

   1         2         8 

(1x100) +(2x10)+(8x1)

The Number 128 in 
Base 10



          128s / 64s / 32s / 16s / 8s /4s / 2s / 1s 
             1       0       0       0      0     0     0     0 

128 Base 10 = 10000000 Base 2  

The Number 128 in Base 2



1       0       0       0      0      0      0     0

1 
0

1s and 0s are easy to describe electronically



Digital information 
can be easily stored 
and manipulated 
electronically.



Digital networks 
can process all 
kinds of data - 
sound, video, text, 
numbers, etc, 
because it can all 
be converted into 
strings of digital 
bits





• A single 1 or 0 = 1 Bit 
• 8 Bits = 1 Byte 
• 1 million Bytes = 1 Megabyte 
• 1 billion Bytes = 1 Gigabyte 
• 1 trillion Bytes = 1 Terabyte

1 Byte can describe 255 characters (11111111) 
 All letters, numbers, and punctuation in English



Digital information 
and information 
systems can be 
analyzed using 
Boolean Algebra
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2.1 What is a Computer?



The most basic definition 
is “A thing that adds and 
subtracts.”   
From addition comes 
multiplication.   
From subtraction comes 
division. 
And everything else 
follows.



Input/
Output

Central 
Processing 

Unit

Memory

Digital 
Logic

Inside a Digital Computer



Memory stores data 
and instructions 
(software)

The CPU executes 
instructions, one at 
a time

I/O moves raw data 
and instructions in 
and finished info out

The logic is a set of 
fixed instructions 
on how to operate

Inside a Digital Computer



Computers can be 
complex or simple but 
anything that can 
process data is a 
computer.

Digital Computers



Mainframes - Huge 
computers 
Desktops/PCs - Much 
smaller 
Tablets - Smaller still 
Laptops - Quite small 
Smart Phones - Real small 
Smart Watches - Tiny



Supercomputers - 
Really fast 
iPods, heart 
pacemakers, or smart 
refrigerators - Very 
specialized 
Hand calculators - Not 
very smart but still 
computers



2.2 How Does a Computer Operate?



A computer adds and 
subtracts digital 
strings of 1s and 0s. 
Software tells it when 
to add or subtract and 
what to do with the 
answer.



How A Computer Operates
Application 

Software Operating 
System

Compiler

CPU

Instructions Become Simpler



How A Computer Operates
Application 

Software Operating 
System

Compiler

CPU

Instructions Become More Complex



The sets of software 
break down complex 
human instructions 
into 1000s of simple 
machine steps.



Boolean Logic is 
used to design the 
CPU logic and test 
its functioning.  It 
allows any digital 
system to be 
described and 
analyzed.



Most computers run 
one step at a time, 
using a central clock 
that calls cadence and 
keeps all functions in 
step.  Speed up the 
clock and the computer 
runs faster (and hotter)



2.3 Types of Data Storage and Memory



Computers need 
memory to function.  
They must remember 
the software and the 
data it acts on. 

No memory, no IS



Random Access Memory (RAM) - Data can be 
stored and erased freely from any part of the 
memory 

Read Only Memory (ROM) - Data can be 
accessed from any part of the memory but 
cannot be changed or erased 

Sequential Memory - Data can only accessed in 
the order it was put in



RAM and ROM can be 
built into microchips 
for the CPU to use. 

They can also be built 
into disk drives if 
more space is needed



When a RAM chip 
inside a computer 
loses electrical power, 
it loses the data it is 
storing.  Disks and 
ROM chips do not.



Data storage 
technologies are 
compared based on 
speed of access, 
reliability/accuracy, 
and cost per byte of 
storage



Common Storage Types

The most common 
means of RAM storage 
is the magnetic hard 
drive 
• The difference 

between a desktop 
drive and a Flash drive 
is only physical size.



Server farms are huge 
arrays of large disk 
drives that store data 
for multiple users in 
networks





DVDs and other disks 
are not magnetic but 
they use the same 
disk approach 
because it allows for 
random access.  the 
reader can skip to any 
part of the disk as it 
spins



2.4 More About Memory and Storage



The more RAM you 
give a CPU, the faster 
it can run. 

It uses RAM as a 
scratch pad. If it 
doesn’t have enough 
RAM, it has to send 
data to the slower 
hard disk.



Most networks 
allow many users 
(computers) to 
share a large 
memory cache.   

This increases data 
integrity and lowers 
storage costs





Different storage 
devices need different 
driver software to 
operate.  This tells the 
CPU how to navigate 
the memory





When data is 
extremely valuable, 
it can be stored in 
multiple places.  

More data 
redundancy, but at 
a higher cost



The speed of access 
for a storage unit 
depends on the speed 
of the device itself, 
but also n the CPU 
architecture 
64 bit vs 32 bit



2.5 Telecommunications -  
How We Move Data



In the beginning, all telecommunications 
was voice…



All Long-Distance 
Computer 
Communications Went 
Over the Phone Lines





A device called a 
Modem is needed to 
convert digital pulses 
from a computer into 
a signal that can 
travel over phone 
lines



Modem - Modulation/Demodulation - Coverts 
data into different forms for different 
transmissions.

Cable  
Modem

Internet  
Modem

Computer  TV Cable

Internet



Data moves 
between computers 
in one place by 
wires

Ethernet



Common Telecomm 
Types

Coaxial cable (Coax) - 
Sends data as a radio 
signal through a 
special cable.  
Broadband capacity





Fiber Optics - Sends 
data as a pulse of light 
over cable made from 
ultra-pure glass.  Much 
higher bandwidth than 
coaxial cable.



Ethernet sends 
data as actual 
computer pulses - 
no modem 
required.   
Relatively fast but 
short range



Satellites send data as 
high frequency radio 
waves.  Fast and very 
long range but 
expensive and has time 
delays.



EDI is an early-stage protocol for exchanging 
data between computer systems. 

• Contains the same data as paper 
documents but can be transmitted much 
faster. 

• Designed only for transmission of data - 
does not support voice or other 
infrastructure.

Electronic Data Interchange



2.6 Telecommunications -  
Bandwidth



All electronic signals 
travel at the same 
speed - 186,000 
miles per second. 
No one can go faster 
than that in this 
universe.



If you don’t like 
this, take it up with 
him…



The reason some 
communications 
channels seem faster 
is that they have more 
bandwidth. 
They move more data 
in the same period of 
time, but they don’t 
move it faster.



Telephone Modem 
dial up - 56 Kilobits/
second 
ADSL Line - 4 
Megabits/second 
Ethernet - 10 
Megabits/second

Common Telecomm 
Speeds



WiFi 802.11b - 11 
Megabits/second 

WiFi 802.11g - 54 
Megabits/second 

WiFi 802.11n - 600 
Megabits/second



Fast Ethernet - 100 
Megabits/second 

100 Gigabit Ethernet 
(fiber) - 100 Gigabits/
second



Coaxial cable - Up to 
about 47 - 50 Megabits/
second.  Newer 
versions can go to 150 
megabits/second or 
more



Fiber Optics - 10 
Gigabits/second on a 
single strand.  More 
strands can be used to 
get more bandwidth



Actual choices 
between different 
communications 
technologies 
depend on cost 
and reliability as 
well as speed.



Streaming - The 
Biggest Bandwidth Hog

Streaming is the 
process of downloading 
live video, audio, or 
other data so that you 
can access the data 
before the entire file has 
downloaded



• 500 Kbps – lowest 
required speed for 
streaming 

• 1.5 Mbps – 
recommended 
speed for quality 
viewing

Streaming Speeds for 
Video Streams



• 3 Mbps – Standard 
Definition video 

• 5-8 Mbps – 720p and 
1080p High 
Definition 

• 25 Mbps – 4K Ultra 
High Definition



2.7 Wireless Technologies



Virtually all wireless 
technologies are radio 
waves, but the work 
differently, with 
different ranges and 
bandwidths/speeds



Bluetooth 

Short Range high 
speed wireless 
connection between 
devices



WiFi 802.11 

Medium Range high 
speed wireless 
connection between 
devices and users



Cellular 

Long Range high 
speed wireless 
connection between 
devices and users



Common Telecomm Speeds



Bluetooth

WiFi

Cellular



Wireless technologies 
have eroded wired 
options, even in 
buildings that have 
easy wire access.  



2.8 Input/Output Devices



Input Devices are 
things that get data 
into a computer. 
Output devices get 
data out of the 
computer for people 
to use.





Output Devices 
• Displays 
• Speakers 
• Printers 
• Headphones 
• Plotters 
• VR Headsets



Input Devices 
• Keyboards 
• Touchscreens 
• Microphones 
• Web cameras 
• Game controllers 
• Mouse controllers



Common Output 
Devices

Many printers have 
significant 
computing power 
of their own.



Input/Output devices 
convert between 
human 
communications and 
computer 
communications 



2.9 Networks and Connected 
Computers



One computer is a toy 
or a useful tool.  Hook 
a few up together, 
however, and you 
have a network.



Networks Connect People, Computers, 
Peripherals, Databases, and Other Networks



A network allows 
multiple users to 
share access to 
peripherals, data, 
Internet connections, 
or software



Wide Area Networks 
(WAN) 
• Connect users 

across a very wide 
area - national/
global



Local Area Networks 
(LAN) 
• Connect users in a 

local area.  A single 
company or office



Virtual Private Network 
(VPN)

A network built inside 
the existing Internet 
cloud





• Built by establishing 
secure/encrypted 
point to point 
connections within 
an existing PUBLIC 
network (The 
Internet)



• Allows secure 
communications 
over insecure public 
network 
connections 

• Only way to send 
confidential data 
over an open public 
network



Intranet - A network 
that is contained within 
a single enterprise 
Extranet - A network 
centered on a single 
enterprise but which 
has some allowance 
for public/outsider 
participation



The Internet is nothing 
more than a gigantic 
public network.  The 
ultimate WAN and the 
backbone of most 
WANs/VPNs



2.10 Servers and Routers



Servers and routers 
are two specialized 
pieces of information 
technology 
equipment that make 
most networks 
possible.



A router is a traffic 
control device, that 
routes messages 
and connections 
between different 
devices or 
addresses in a 
network

Wireless Router



A server is a special 
kind of computer 
that manages other 
computers’ access 
and actions in a 
network

Server Farm for a Large 
Network



Server

Router



Routers 

Can switch users 
between different 
communications 
channels or across 
the Internet



• May control access to 
printers, storage 
devices, or other 
peripherals on a 
network 

• May host specific 
pieces of software and 
provide them to user 
computers on request

What Do Servers Do?



• May track and 
manage access to 
network 
communications, 
including email, 
Internet, or VPN



• A server accepts 
commands from its 
clients - other 
computers on the 
network. It can act 
as a traffic cop, 
security guard, 
corporate memory, 
or switchboard 
operator



• Servers are used in 
all but the simplest 
networks



When you type a 
website URL into 
your browser, it tells 
a set of Internet 
routers to connect 
you to that specific 
website.



2.11 Network Architectures



Depending on the 
complexity of a 
network, it can be 
organized in different 
ways, called 
“Architectures”



A ring network is 
extremely simple.  
The user computers 
are connected into a 
ring and take turns 
exchanging 
information.  They 
need special 
software but no 
servers or routers



A Star network is 
more complex, 
with all the users 
connected 
together.  It needs 
a router but no 
server



More complex 
networks need 
servers and at 
least one router 
to function.  
Something has to 
manage the 
process of 
sharing data and 
access



- Wide Area Network (WAN) - A “network of 
networks”.  Good for connecting the network 
in a corporate HQ to the network of a sales 
office elsewhere in the state. 

- Local Area Network (LAN)- Connects the 
computers of users in the same organization/
same building or campus.

Larger Network Architectures



- A Virtual Private Network (VPN) acts like a LAN 
and can send confidential data over public 
network safely.  It is cheaper and more 
convenient than a WAN/LAN combination, but 
not any faster.

VPNs - The Network That Isn’t “Real”



Always design your 
network to be a 
simple as possible, 
but consider all the 
needs of the users, 
including growth for 
the future. 



2.12 Mobile Technologies



Your smart phone is 
just a small 
computer 
connected to a cell 
phone



Mobile technologies 
are generally 
software (apps) that 
are designed to 
support operations 
on a smart phone 
rather than a 
standard computer



Smart phones have 
their own operating 
systems but most are 
designed to work 
seamlessly with non-
mobile computer 
operating systems



While most smart 
phones can use 
WiFi wireless 
connections, the 
real power comes 
in moving data 
over a cell network



Bluetooth

WiFi

Cellular



Mobile applications 
are usually limited by 
available cell/WiFi 
bandwidth and the 
cost of cellular 
connections.  The 
power of the phone 
itself often exceeds 
the requirements.



2.13 Satellites and Microwaves



Satellites are the tool 
that allows us to 
connect networks 
globally and to reach 
users anywhere on 
Earth



Satellites circle the 
Earth at different 
heights, depending on 
their role.





A satellite that 
orbits the earth at 
23,000 miles above 
the equator takes 
24 hours to orbit 
and appears to 
stay in the same 
place in the sky.

23,000 miles

Geosynchronous Orbit



Geosynchronous Orbit 
- Communications 
satellites. They always 
face the same area of 
the Earth and Earth-
based antennas 
always point in the 
same direction.



• Dish TV services 
• WAN connections 

across very great 
distances 

• Internet/Voice 
connections from 
moving vehicles



The great distance 
between the Earth 
and geosynchronous 
orbit means there is 
always a time delay 
in communicating - 
Speed of Light



• 24 Satellites 
• Orbit at 12,500 

miles 
• Circles the 

Earth in about 
12 hours

GPS Satellites

12,500 miles



Microwaves are 
medium-frequency 
radio signals.  They 
are good in a straight 
line and can pass 
through most weather.  
Popular to connect 
LANs across cities or 
difficult terrain



2.14 RFID and GPS



RFID stands for Radio 
Frequency 
Identification.  It 
allows a computer to 
read a smart RIFD tag 
from a short distance



RFID tags do not 
need a power 
supply.  They 
receive power from 
the interrogator by 
radio wave



RFID tags are used 
in inventory 
management, credit 
card scans, toll 
booths, animal 
tracking, and 
identification for 
passports, etc



RFID tags cannot store 
data. They just repeat 
the number built into 
the RFID chip. 

Only useful across 
short distances





RFID interrogator sends 
powerful radio pulse to 
chip

RFID chip “echos” the pulse sending out a 
stream of radio waves that identify the chip

RFID  
interrogator 



RFID Technology is 
replacing older bar 
codes in some 
applications

RFID tags, like bar 
codes, are part of 
Input/Output 
devices for Info 
systems



• 24 Satellites 
• Orbit at 12,500 

miles 
• Circles the 

Earth in about 
12 hours

GPS Satellites

12,500 miles



The GPS receiver is 
passive.  It receives 
signals from each 
satellite and uses them 
to determine the 
receiver’s location on 
Earth, based on the 
distance from each 
satellite.





GPS tracking is 
usually only 
useful when 
matched with a 
Geographic 
Information 
System - a 
database of maps
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3.1 What is Software?



Software is the set of 
instructions for 
completing a specific 
task.  Software tells 
hardware what to do.



Directions from one 
place to another 
can be a form of 
software, telling a 
traveler when to 
turn and how far to 
go.



There are many 
different kinds of 
software in modern 
Information 
Systems, but all are 
created by 
programming



In modern IS, very 
basic bits of software 
are often created by 
more complex bits of 
software



Creating Software 
Involves Reducing a 
Task to its Simplest 
Parts
• You must 

understand each 
part completely 

• You must be able to 
describe it exactly



• You must 
understand the 
language your 
hardware uses 

• You must 
understand the other 
software and data 
that your software 
with work with



Symbiotic Relationship 
Without software, most 
hardware is useless.  
Without hardware, 
however, most 
software is pointless.  
Modern Info Systems 
need both



3.2 Primary Types of Software



Most Information 
Systems and 
computers use a 
number of different 
types of software



Each layer of software 
has a different 
function and 
communicates in 
specific ways

Hardware

Operating  
System

Applications

User



This is the human 
being
Software used to 
solve specific 
problems
Software that tells 
the computer how 
to be a computer

The part that finally 
does the real work Hardware

Operating  
System

Applications

User



Users (human beings) 
communicate to 
applications in 
common language 
and signals. Software 
talks to software 
digitally



Most Information 
System managers and 
users will be 
concerned only with 
applications and 
operating systems.  
Most of us don’t care 
about how software 
talks to hardware  



3.3 Operating Systems



Operating systems 
tell a computer how 
to be a computer. 
They handle 
interface between 
the computer 
hardware and 
application software Hardware

Operating  
System

Applications

User



Operating Systems 
handle things like 
storing data, 
organizing files, 
opening applications, 
and translating input 
and output commands. 
They provide security 
and communications.



Many Different 
Operating Systems for 
Different Computers, 
with Different 
Strengths



Macintosh Operating 
System (MAC OS) 
• First OS to successfully 

use a Graphic User 
Interface (GUI) 

• Based on the Unix OS for 
medium-sized mainframe 
computers 

• Apple also has an OS for 
mobile devices 



Microsoft Windows 
Operating System 
• Uses a GUI 

“borrowed” from 
Apple OS 

• The most popular PC/
Laptop OS on Earth 

• Microsoft also has an 
OS for mobile devices 



Open Source Linux Operating 
System 
• Open Source - Anyone is 

allowed to use it or modify it 
• Most popular with servers 

but increasingly used on 
PCs 

• Also used on other devices 
- TVs, Android phones, and 
dedicated controllers



Most modern PCs and 
laptops have the power 
to run several OS.   
You can run different 
versions of the same 
OS, proprietary and 
open source OS, or 
just a larger range of 
applications.  



But you cannot create  
multiple IP addresses 
for one computer



3.4 Software Applications



Applications tell a 
computer how to do 
something specific 
and useful. 
They handle 
interface between 
the operating system 
and the user. Hardware

Operating  
System

Applications

User



Applications let us do the 
things we want to do: 
• Create documents and 

files 
• Process images or 

music 
• Solve business or 

technical problems



• Build presentations 
• Play games 
• Organize data 
• Exchange email or 

communicate across a 
network or the Internet





Many Different 
Applications for 
Different Problems, 
with Different Strengths

Computer games 
Database managers 
MS Office products 
Mapping systems



Voice recognition/AI 
(Siri) 
Photoshop 
Calculators 
Music files



Applications may be 
developed by the 
same companies that 
develop OS, or by 
other programmers. 
Each application is 
designed to work with 
a specific OS.



Applications typically 
build data files with 
extenders - tags that 
show the file’s format.  
This helps the 
operating system 
understand what to do 
with the file.



.txt = Text File 

.doc = Office Document 

.mp3 = Music/Sound File 

.JPEG = Image File 

.pdf = Adobe Document File 

.ppt = Powerpoint File 

.xls = Excel Spreadsheet File



Applications are what 
we really want from 
our Info Systems.  
They do the things we 
want, while the other 
types of software let us 
run applications 



3.5 Common Office Applications



Office applications 
are used specifically 
to support offices.  
Typically these 
include: 
Spreadsheets 
Word Processors 
Presentation Apps 
Email Managers 
Databases

Hardware

Operating  
System

Applications

User





Just In Case You Have 
Never Heard of MS 
Office…

MS Word - Word 
processor.  Helps 
create/manage 
written documents 
and files



MS Excel - 
Spreadsheet.  Helps 
complete quantitative 
analysis and math/
accounting problems 
MS Office 
applications are 
designed to share 
files with each other. 



MS Powerpoint - 
Presentation application.  
Helps create/display 
visual presentations/
slide shows 
MS Access - Relational 
database.  Helps manage 
and organize large 
amounts of data



MS Outlook - Email 
application.  Helps 
manage and organize 
emailing - addresses and 
messages 
MS One Note - Document 
sharing application.  
Helps manage and share 
lspecific files with other 
users



There are other 
general office 
applications, including 
Keynote, by Apple.   
This presentation is 
done in Keynote.



We tend to use MS 
Office because 
everyone else does as 
well and that makes 
sharing files easier.  
Once we learn to use 
an office app, we tend 
to keep using it. 



3.6 Spreadsheets



Spreadsheets are 
office applications that 
deal with quantitative 
data and are popular 
in accounting, 
statistics, and 
mathematical analysis



Microsoft Excel is the 
Most Popular 
Spreadsheet on Earth 
Spreadsheets allow 
us to enter relative or 
absolute data, but 
also formulas and 
functions.







Absolute  
Value

Relative  
Value



Absolute  
Value

Relative  
Value



Functions are built in 
operations that expand 
formulas. 
Formulas are 
developed using 
functions as well as 
common math 
operations like add, 
subtract, multiply, or 
divide



Common Functions: 
Sum = “Add the numbers 
in this sequence and give 
the total” 

Average = “Take the 
mean average of the 
numbers in this 
sequence”



Count = “Tell me how 
many numbers are in 
this sequence”



Excel has hundreds of 
functions specific to 
finance, statistics, and 
other situations



Excel Common Math 
Operations: 
+ = “add” 
- = “subtract” 
* = “Multiply” 
/ = “divide” 
ˆ = “raise to the power 
of…”



Spreadsheets require 
quite a bit of practice 
to master but are one 
of the most important 
applications for 
quantitative analysis 
in most situations



3.7 Software Development



Large software 
packages are among 
the most complex and 
time-consuming 
things built by human 
beings. It helps to do 
it right. 



Multiple Approaches to Software Development



Software development 
is a set of approaches 
to produce 
instructions that will 
solve specific 
problems for many 
enterprises



Systems Development 
Lifecycle (SDLC)
1. Feasibility studies 

2. Requirements/
system analysis 

3. System design 

4. System 
implementation



5. System testing 
6. System installation 
7. Training 
8. Maintenance



Different systems 
spend more or less 
time in each phase, 
but all development 
projects follow the 
same basic steps



Systems Development 
Approaches 
Basic Versions

Linear (sequential) 
Repetitive (iterative) 
Prototyping



Rapid Application 
Development (RAD) 

Object-Oriented 
Programming (OOP) 
Approach



Linear approaches 
perform each step in 
perfect order, 
assuming all will work. 

Waterfall charts reflect 
tasks as descending 
operations that must 
be completed on time

Sequential/Waterfall 
Approaches





Iterative approaches 
perform each step 
repeatedly, until they 
get it right 
Prototyping involves 
working with the final 
users as the system is 
developed

Iterative/Prototyping 
Approaches



Developers 
share a version 
with users

Users give 
feedback to 
developers

Developers 
use that 
feedback to 
improve the 
system

Process 
repeats until 
users are 
satisfied

Prototyping



A variation on 
Prototyping that 
breaking the system 
into smaller pieces for 
separate design and 
makes maximum use 
of existing software 
that was designed for 
other systems

Rapid Application 
Development (RAD)



Developers 
share a version 
with users

Users give 
feedback to 
developers

Developers 
use that 
feedback to 
improve the 
system

Process 
repeats until 
users are 
satisfied

Prototyping



Different types of 
systems may be 
developed using 
different approaches. 
Understand the needs 
clearly before 
selecting an approach  



Transaction 
Processing System 
(TPS) - A system that 
collects, stores, 
processes, and 
retrieves data. Can be 
real-time processed 
or batch processed.



• Low tolerance for errors 
means the system 
should be designed 
iteratively.  A sequential 
system may only 
discover problems near 
the end. 

• Works best when users 
have lots of input



Data Management 
System - A system that 
collects, stores, and 
retrieves data. Can be 
real-time processed or 
batch processed.



• It may be difficult to test 
the system without a full 
complement of users and 
data, so sequential 
development may be the 
best choice. 

• Works best when 
requirements are VERY 
clearly defined by users



Designing a new 
information system 
can be complex.  If 
possible, break 
problems (and 
software solutions) 
into small pieces that 
can be worked in 
parallel



3.8 Common Software Development  
Processes



We need to look 
more deeply into 
how the SD lifecycle 
works and how it 
affects your choices 
of an approach to 
development



Systems Development Lifecycle (SDLC)
1. Feasibility studies 
2. Requirements/system analysis 
3. System design 
4. System implementation 
5. System testing 
6. System installation 
7. Training 
8. Maintenance



Feasibility and 
Requirements 
Users and 
managers have to 
decide exactly 
what the system 
must do. Often 
involves tradeoffs



Users compete 
and priorities must 
be set



Design 
Software developers 
develop a system that 
meets (They hope) 
requirements. In 
iterative approaches, 
users evaluate 
functionality here as 
well



Users and developers 
can confuse each 
other



Implementation and 
Testing 
The system gets set 
up and then tested 
before going “live”.  
Any errors made in 
development should 
appear here.

The team is usually 
under time pressure



The team is usually 
under time pressure



Installation and Training 
The system goes live 
and users are trained in 
how to use the new 
system. Some learn 
faster than others 
This is easier with 
iterative approaches



Maintenance 
The system operates 
and, over time, needs 
changes and upgrades. 
A well-designed 
system lasts longer 
Eventually it will need 
replacement and the 
process begins again



Maintenance does not 
include a complete 
rewrite.  Nothing lasts 
forever



Software and Info 
systems development 
is like constructing an 
office building.  It is 
complex, depends on 
the organization and 
mission, and requires 
experience



3.9 Coding and Common Software 
Languages



The choices you make 
in organizing the 
actual software design 
can be as important as 
which development 
approach you use



Object-Oriented 
Programming 
Approach
• Defines a system as 

a set of objects - 
things that have 
attributes



• Attributes are 
characteristics of 
objects 

• Objects may contain 
both data and 
instructions 
(operating 
functions)



Object - Oriented Programming

• Start Date 
• Salary 
• Education level

• Calculate seniority 
• Eligible for a raise? 
• Needs more training? 
• Due to work tomorrow?

Data

Instructions

Object = “Dan the Worker”

Attributes



Object Classes 
Objects can be part of 
one or more classes - 
groups of similar 
objects. 
Dan is part of the class 
of all workers, and of the 
class of workers who 
have a college degree



Once built, a class can 
be reused to build 
other objects. When 
Sally comes to work 
for us, she will have 
the same attributes as 
Dan



Object-Oriented 
Programming 
Approach
• Creation of objects 

that can be used for 
other applications. 

• You can have library 
of objects to choose 
from



• Can make complex 
systems easier to 
develop and 
implement



Software Languages

Human programmers 
always need a 
programming 
language. Computer 
CPUs cannot 
understand any code 
without translation





High level languages 
facilitate designing 
complex software 
more quickly. They do 
more work for the 
programmer 



Lower-level 
languages can take 
longer to use but 
allow for more detail 
and efficiency in 
coding. The 
programmer makes 
more decisions



3.10 Implementing New Software Tools



Once we have 
designed a new 
software tool or 
information system, 
we need to implement 
it into the 
organization



Implementation
• This is when we roll 

the new tool or 
system out and start 
letting users use it



• In many cases, we 
want to keep the old 
data but develop 
new transactions 
and instructions 

• Users often prefer 
new systems that 
look and feel like the 
old ones



Data that is retained 
from the old system is 
called “Legacy” data. 
Sometimes the new 
system has to 
integrate with older 
pieces of a legacy 
system as well.



Old Data -  
New Instructions 

Implementation 
often requires the 
conversion of old 
data files into new 
formats



The longer you have 
built up old files, the 
harder to convert them 
to new formats

Old Interim New



User Training 
We get used to the old 
way and can resist 
new tools.  Even 
extensive training 
does not eliminate 
user errors early on.  
Plan for resistance 



Non-technical users 
often struggle with 
very different software 
approaches



Cut Over 
How do you decide 
when to switch from 
the old to the new 
system?  If you leave 
the old one around, no 
one will use the new 
one.  But…



Cut over is a critical 
point of no return



System developers 
can have as many 
problems with 
implementation as 
with design. 
Always plan for the 
worst



3.11 Software Standards



Because many 
developers and 
users want to share 
data and use the 
same software, we 
need standards to 
keep things 
consistent



Proprietary Standards
• The standard and 

software is owned 
by someone and 
they control how it 
is used and by 
whom



• The standard may 
be freely shared 
with other 
developers but the 
software is seldom 
free



• Microsoft publishes 
development 
standards for 
programmers who 
want to write 
applications that run 
on the Windows OS



Open Source 
Software
• The software is 

available free to all 
users and each user 
can modify it as they 
choose. Users are 
often expected to 
share their 
modifications with 
others.



• The software is 
typically 
copyrighted but no 
licensing fees are 
required. 

• Linux is an open 
source OS.



Open Standards
• The standards (but 

not the software 
itself) are freely 
available to all 
users.



• Typically developed 
collaboratively 
using lots of public 
input. 

• Common in 
information 
exchange/
communication 
applications.



If you set up a WAN 
and give your 
suppliers access to 
your inventory 
database, you will 
have to give them 
standards to use 
when integrating their 
systems with yours



Without standards, it 
would be difficult to 
develop software that 
could be used by 
more than one 
enterprise.  



3.12 Software Methodologies



Choosing the right 
software languages is 
an important part of 
software design. The 
language you use 
depends on the task 
you face





Software Languages
• Structured Query 

Language (SQL) - 
High level tool for 
designing searches 
of existing 
databases. Useless 
for much else



• Java - Popular high 
level tool used in 
many applications, 
including for the 
Android OS 

• Java Script - (Not the 
same as Java) - Used 
in about 90% of the 
world’s websites



New

• Hyper Text Markup 
Language (HTML) - 
The basic language 
in designing 
websites. Lower 
level



New

• C++ - A very popular 
and powerful general 
purpose high level 
language. Gradually 
being phased out 

• ColdFusion (CFML) - 
A high-level language 
that translates 
commands into HTML



Data that is retained 
from the old system is 
called “Legacy” data.  
Sometimes the new 
system has to 
integrate with older 
pieces of a legacy 
system as well.



Legacy Software 
Languages
• Common Business 

Oriented Language 
(COBOL).  Ancient 
language designed for 
business applications. 
Still in use but not 
much. Last noticed 
during Y2K



• Formula Translation 
(FORTRAN) - Once 
popular general 
purpose language 
especially good for 
math/science 
applications



Choosing Software 
All about programmer 
time over efficiency.  
You can produce a 
Coldfusion website in 
half the time as 
HTML, but it may not 
operate and 
download as quickly



Set development 
priorities before 
picking a language



Most large 
information systems 
will use code in many 
different languages, 
depending on the 
need. One size does 
not fit all



3.13 Programming Concepts



It helps a lot to 
understand just a little 
bit about how 
programmers actually 
design and write code.





Logic and Flowcharts

Programming is a 
set of logical steps 
to solve a problem. 
A flowchart is a way 
to draw a picture of 
that logic.



Start

instruction1 
“Flip a coin”

Heads or tails?
tailsheads

Eat Lunch Skip Lunch



Sequential Logic
Follow each step in 
order, without any 
repetitions. All arrows 
point in the same 
direction. Simple and 
easy to follow



Looping Logic
You may repeat a step 
many times, until you 
get the answer you 
are looking for or 
until you reach a 
specified number



Keep  
repeating 
the step  
until the 
problem 
is solved



Compare 
two things 
and make a 
decision

Decision-Making Logic
Compare the results 
of an instruction and 
decide which way to 
go based on that 
comparison. Usually 
involves a math 
operation



Before we go, lets 
take a final look at the 
decisions made in a 
large software or info 
systems project



Fast Cheap

Good
Pick any two.   

You can’t have them all



Questions a Software 
Manager Asks
• How much will this 

cost? 
• Can I afford it? 
• How long will it 

take?



• What is the return 
on this investment 
(ROI)? 

• When will it reach 
the breakeven 
point?



It is always safe to 
assume you can buy 
the hardware and 
software you need.   
The uncertainty 
comes in the design 
and implementation



4. The Internet and the 
World Wide Web
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      Browser 
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4.5 Website Design 
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      the Web 
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4.10 The Internet of  
        Things



4.1 History of the Internet



The arrival of the 
Internet and World 
Wide Web has 
completely changed 
how Info systems 
work and are used. It 
helps to look at that 
history



The Internet began in 
1969 as an ARPA 
project to connect 
university, industrial, 
and government 
mainframe computers 
It was first called 
“ARPANET”





The Internet becomes 
the Internet
Other network efforts 
followed but each had 
its own communications 
code, called a 
“protocol”. Finally they 
were able to link using a 
protocol called TCP/IP



Dr Timothy 
Berners-Lee 
Research scientist 
at CERN laboratory 
in Switzerland



Dr. Berners-Lee 
invented the idea of a 
web site and a 
browser to help us 
navigate between 
these sites. The 
World Wide Web was 
born in 1991



1991

1992

1993

2017

WWW Created

1st Image uploaded

WWW declared free 
for all users

Incredible growth and 
change

Largest and most 
important network 
ever



Hyper Text Markup 
Language - HTML.  The 
software language that 
made the web possible 
It allows different 
computers with 
different software to 
navigate the same web 
pages



4.2 The World Wide Web and the 
Browser



A browser is a piece 
of software that 
allows you to navigate 
the WWW and display 
the contents of web 
pages using HTML



There are lots of 
browsers available 
today. They work 
differently but all 
accomplish the same 
basic things 
Firefox is an open 
source browser



Each web page has a 
unique address that the 
browser can find. 
This called a Uniform 
Resource Locator (URL).  
URLs are assigned and 
managed by a nonprofit 
agency called the Internet 
Corporation for Assigned 
Names and Numbers 
(ICANN)



As the Internet 
grew, it needed 
more organization.  
To begin with, we 
needed an address 
book, by 
neighborhood, for 
the routers to follow



.com - Commercial 
business 
.edu - Schools and 
education 
.gov - Government

Domain Names 



.org - Non-commercial 
organizations 
including charities 
.net - Networks and 
Internet Service 
Providers



As the Internet 
became international, 
we needed domain 
web extensions for 
each country 
(Except the USA)



Facebook’s Domain 
Name = facebook.com 
Facebook’s IP 
Address = 
69.63.176.13 
(One of them, anyway)

http://facebook.com


The browser tells the 
Internet server what URL it 
wants.

The Internet servers and 
routers direct the browser’s 
request to the specified web 
page

The webpage sends its 
HTML code back to the 
browser



Without browsers, the 
web would be 
unusable for most of 
us.  As the number of 
webpages and users 
expands, we need 
browsers more than 
ever and they need 
more capabilities



4.3 What Browsers Can Do for Us



Just in case you 
have never used a 
browser…



There are lots of 
browsers available 
today. They work 
differently but all 
accomplish the same 
basic things 
Firefox is an open 
source browser



The browser tells the 
Internet server what URL it 
wants.

The Internet servers and 
routers direct the browser’s 
request to the specified web 
page

The webpage sends its 
HTML code back to the 
browser



Once a webpage sends 
its data back to your 
browser, the browser 
translates HTML code 
into pictures and words



What your browser sees
<!DOCTYPE html>

<html>
<body>

<h1>My First Heading</h1>
<p>My first paragraph.</p>

</body>
</html>

My First Heading
My first paragraph.

What you see



Modern browsers can 
also: 
• Check security on 

sites and try to 
protect you 

• Remember where 
you have been and 
how you got there



• Decide the best way 
to display a webpage 

• Facilitate 
communications with 
a webpage



Most Americans today 
are probably familiar 
with at least one 
browser. Still, now 
you know a bit about 
what is behind it.



4.4 What is a Website?



I know you know what 
is a website. You 
almost certainly have 
visited them many 
many times.  But 
still…



Websites and 
webpages are sets of 
software that tell your 
browser how to 
display that code in a 
way you can 
understand



Multiple WebpagesOne Website
The webpage has 
a URL/Domain 
name but each 
page also has a 
URL location, so 
you can jump 
straight to that 
page.



The Hyperlink
Hyperlinks allow you 
to build connections 
between pages on the 
same website or 
different sites. Click 
and you’re there.





Dynamic websites (AKA 
Interactive) - Change 
frequently in response to 
visitor requests and 
interaction.  This is part 
of the Web 2.0 
development, moving 
away from standard 
websites.

Websites By Their 
Design 



Static websites - 
Change very little and 
show all visitors the 
same pages in the 
same format.  These 
are primarily used to 
give generic 
information or share 
photos, etc.



Portal Sites - Use 
Hyperlinks to provide 
access to multiple 
streams of data - news, 
sports, stocks, etc.  The 
data does not have to be 
on the portal site itself.

Websites By Their 
Roles 



E-commerce - 
Designed to sell 
something to 
someone. Usually has 
the ability to accept 
payment and schedule 
deliveries of product.



Now you really know 
what a website is.



4.5 Website Design



Designing a website 
can be like designing 
any other piece of 
software, but there are 
some particulars to 
remember  



When you design the 
site, remember that it 
can look different on 
different browsers and 
displays 
The rise of smart 
phones has generated 
the need for redesigned 
websites that look good 
on phone displays



1. Think about who 
will visit and why, 
and how you want 
their experience to 
be 

2. Purchase a domain 
name from ICANN

Designing a Website



3. Design the navigation 
structure. How will 
visitors move around 
your site? 

4. Design the style and 
select and upload 
graphics 

5. Test/verify the 
Hyperlinks!



Coding in HTML can 
be slow and boring 
There is software to 
help



WYSIWYG - 
Dreamweaver or 
Frontpage.  Offline 
editors that let you 
build the site like a 
Powerpoint slide, then 
upload as HTML



High Level languages 
- ColdFusion. Let you 
design and build the 
site with more human 
commands, then 
translates to HTML



Webpage design has 
evolved as fast as 
Internet technology 
since 1991. Just 
keeping up takes time, 
energy, and training



4.6 Other Creatures on the Web



As Web-based 
technologies have 
expanded, a number 
of interesting and 
unusual capabilities 
and tools have 
emerged



Voice over IP (VoIP) 
The ability to send 
digital voice signals 
across the Internet, 
instead of using 
Public Switched 
networks (The 
telephone 
companies)

VoIP

Skype 
Google Hangout

Only 
works with 
Digital



Bots 
Short for Robots, this 
is software that visits 
the Internet and tries 
to act like a person. 
Used to conduct 
searches and collect 
data on prices or 
other data



Cookies 
Software that a website 
places on your computer 
so that it can recognize it 
again.   
Lets the site treat you 
like a friend and 
remember where you are, 
but also good for spying 
on you.



The Internet has 
changed our lives and 
the economy and that 
change keeps coming.



4.7 Key Web Software Tools



A last look at some 
key points and tools 
about operating on 
the Web and across 
the Internet



The Internet is a 
“network of 
networks”.  It 
connects individual 
users and websites 
but it also links other 
networks



Intranet 
Pages

Both sets of pages 
work the same, 
but those in the 
Intranet cannot be 
reached from the 
outside. Only 
difference is 
restriction of 
access

Internet 
Pages



Access into the Intranet 
is blocked by a firewall

Intranet 
Pages



Search engines - 
Software tools that let 
you search for 
something across the 
Internet or within your 
Intranet

Some Other Tools 



Screen scrapers - 
Software tools that 
extract specific 
content from other 
webpages and display 
it for users



This list is far from 
complete, but these 
are things you will 
need to know.



4.8 Search Engines



Of course, you have 
used a search engine 
before, but here are 
some useful facts 
about how they really 
work



As the Internet 
gets bigger, we 
need better 
abilities to 
search for what 
we want.   
Search engines 
are the tools that 
do that.





Search engines work 
in different ways but 
all try to solve the 
same problem - where 
is the fact or 
connection I need 
online?



Yahoo was one of the 
earliest and most 
successful search 
engines but has been 
surpassed by Google. 
Yahoo originally used 
human beings to review 
each new website and 
post an index of what 
was on them





Modern search 
engines have rather 
secret search 
algorithms but 
virtually all use Web 
Bots to search the 
Internet and give us 
good search results



Search Engines 
• Google 
• Bing 
• Yahoo 
• Ask 
• AOL 
• WolframAlpha



• Baidu 
• Duckduckgo 
• WolframAlpha 
• Yandex 
• Webcrawler 
Baidu is Chinese and 
Yandex is Russian. 
Both use non-Latin 
alphabets



The World Wide Web 
is largely unusable 
without search 
engines, but many 
sites try to influence 
the engines for better 
coverage



4.9 Intranets and Cloud Computing



We hear about things 
being “on the cloud” 
but what does that 
really mean?



The Internet gave us 
the ability to share 
files between different 
computers using TCP/
IP - the Internet 
communication 
protocol



The “Cloud” is simply 
the hardware and 
software that is 
accessible through the 
Internet 
When someone says 
“My data is on the 
cloud”, they just mean 
it is stored on someone 
else’s server.





As a service 
The cloud as a 
concept means we 
can have software and 
hardware “as a 
service”. That means 
we rent it as we need 
it instead of buying 
our own.





As a Service 
• Software as a 

service - Allows us 
to rent someone 
else's copy of a 
software package to 
open a document.



• Hardware as a 
service - Allows us 
to store our data on 
someone else’s 
server, for a small 
fee.



• Platform as a 
service - Supports 
cloud-based 
application 
development and 
deployment.



The cloud concept 
has created business 
opportunities for 
those who want to sell 
hardware and 
software in little bits 
at a time



4.10 The Internet of Things



It is now possible for 
computer chips to use 
the Internet to 
exchange data 
without human beings 
and their computers 
being directly 
involved



The “Internet of 
Things” is the 
approach of 
connecting different 
devices together and 
letting them become 
“smart”





• My refrigerator could tell 
me when I am low on milk? 

• My house could decide to 
turn up the heat before I 
came home? 

• My car knew when it 
needed an oil change and 
scheduled it with the 
mechanic?

What If… 



These ideas have 
been around for years 
but current Internet 
technology is now 
making them possible



Hey Greg, You Need Milk 
My refrigerator would 
need: 
• An Internet connection 
• To know how much milk 

it had inside 
• Software that could 

connect to my home 
operating system



To make this work, we 
need not only Internet 
technologies, but 
smarter refrigerators.  
Watch for this ahead



5. Technology Applications



5.1 What is a  
      Database? 
5.2 Types of Databases 
5.3 Choosing the  
      Right Database  
5.4 Database  
      Programming  
      Tools 



5.5 How to Search  
      Your Database 
5.6 Data Warehousing  
      and Mining 
5.7 Enterprise-Wide  
      Data Systems



5.8 And More Enterprise  
      Systems 
5.9 Specialized Systems  
      – GIS and Experts 
5.10 Integrating Modern  
        Databases



5.1 What is a Database?



A database is where 
we store large 
amounts of 
organized data.



Databases live on 
hard drives but they 
also need access 
software that allows 
us to sort through 
the data effectively



Data can be stored 
on multiple servers. 
When they are 
physically separate, 
it is called a  
distributed database



Several databases 
can be linked so that 
data can be searched 
from each base 
seamlessly.  This is 
called an Integrated 
database



• The data must be 
organized to allow 
easy searching 

• The system needs to 
have good 
processes for 
collecting data as 
well as extracting it

The Useful Database 



• Users must have 
training and 
understanding on 
the database and its 
operation



Databases used to be 
stored on paper and now 
are in digital format but 
the logic is similar. Now 
it is just faster.



5.2 Types of Databases



There are many 
types of data and 
databases to store it.  
There are two 
versions, whoever, 
that are most 
important to 
understand



Hierarchical DB - A database that organizes 
data into rigid parent and child hierarchies.

Last Name      First Name       DOB               Salary         Gender 

Doe                 John                 10/2/2000        $25000         M 
Doe                 Jane                  4/7/1965         $65000         F 
Gardner          Greg                  21/7/1956       $50000         M



Hierarchical DB - A database that organizes 
data into rigid parent and child hierarchies.

Last Name      First Name       DOB               Salary         Gender 

Doe                 John                 10/2/2000        $25000         M 
Doe                 Jane                  4/7/1965         $65000         F 
Gardner          Greg                  21/7/1956       $50000         M

Record

Field



Hierarchical 
databases are rigid, 
hard to expand or 
integrate and seldom 
used anymore.  But 
lots of legacy 
databases out there



Employees Work  
groups Training Supervisor

ID #

ID #

SkillSkill

DOB

Education Promotion

Education

Seniority

Seniority

DOB

Bonus

Relational Database 



Relational databases 
are flexible and 
easier to expand or 
integrate.  They are 
the database type of 
choice today



Just because you are 
using a modern 
relational database, 
does not mean it will 
be compatible with 
all the other 
relational Dbs out 
there



5.3 Choosing the Right Database



Most databases are 
designed to store 
each piece of data in 
one place, allowing 
everyone to access it.



This means no data 
conflicts and 
efficient storage.  
It also means low 
data redundancy.



Redundant 
databases can have 
lower risk, but also: 
• Higher costs 
• Increased chance 

of data confliction



Databases hosted 
on the cloud may be 
lower cost but in-
house storage 
typically offers 
better security





Choosing the Right 
Database 

• Decide what is most 
important - cost, 
speed, security, or 
protection from loss



• Choose the database 
model that gives you 
all of what you most 
want and as much of 
everything else as 
possible 

• If you go to the cloud, 
pay attention to the 
security protocols. Not 
all clouds are the same



5.4 Database Programming Tools



We spend a lot of 
time deciding how to 
store data but we 
also need to think 
about how to get it 
back out and how to 
manage it 



• THE tool for 
searching relational 
databases

SQL - Structured 
Query Language   



• Uses intuitive human-
friendly commands 
that tell the database 
how to select the data 
you want and what to 
do with it 

• Used by virtually every 
modern database and 
database management 
package





All Employees

Non-supervisors

Females

Under 30

Drill-Down Analysis
Start with high-
level data then 
select lower-level 
details



Getting Data Out of 
the Database 
• Think about the format 

the data should come 
out in. 

• Is it easy to understand?  
Easy to read? 

• Use ad hoc reports as 
needed - drill downs



Database systems are 
generally standardized 
but you need to 
choose the approach 
that works best for 
your organization



5.5 How to Search Your Database



We have talked a lot 
about databases and 
how to organize and 
use them.  I want to 
take a few minutes to 
show you some 
examples of 
searching a database



Employees Work  
groups Training Supervisor

ID #

ID #

SkillSkill

DOB

Education Promotion

Education

Seniority

Seniority

DOB

Bonus

Relational Database 



Describing search 
logic gets easier with 
practice.  The first 
step is always to 
consider what you 
want to do with the 
data you extract



5.6 Data Warehousing and Mining



Data warehousing and 
data mining are two 
specific uses for 
databases popular 
with organizations 
today 



Data Warehousing



• Stores historical 
data 

• Used to support 
organizational 
decision-making, 
where lots of 
historical data is 
useful

The Data Warehouse   



• Should be integrated 
with current data as 
well, with a process 
for getting data into 
the warehouse as it 
is produced and 
used



Data Mining

• Algorithms for 
analyzing large 
amounts of data 
seeking hidden 
patterns and 
relationships



• Popular in 
marketing, but used 
in many areas 

• Driven by statistical 
analysis of 
quantitative data



Data Warehousing is 
about capturing and 
storing data that 
would otherwise be 
forgotten. 
Data mining is about 
finding gold in that 
data



5.7 Enterprise-Wide Data Systems



Enterprise-wide 
systems are 
databases and 
associated software 
that are scaled to 
serve entire large 
organizations 



Data Warehousing
Enterprise-wide 
systems are often 
organized around 
specific functions, 
like customer 
service, or specific 
decisions or needs 
in the organization 



• Designed to 
facilitate 
organizational 
learning

Knowledge 
Management Systems   



• Captures data and 
attempts to organize 
it around elements of 
knowledge versus 
simple data 

• Vague and poorly 
defined with little 
agreement on 
definitions



Enterprise Resource 
Planning (ERP)
• Data-centric 

systems that help 
automate and 
streamline back 
office operations 
and reduce use of 
resources



• Tend to be big and 
complex, with 
modules for each 
aspect of a business 

• Provides a 
centralized database 
for the organization 
and integrates 
processes



Enterprise-wide 
systems are databases 
but also provide heavy 
analysis and 
processing to support 
multiple decisions and 
operations across the 
enterprise



5.8 And More Enterprise Systems



Let’s look at some of 
the most common 
enterprise-wide 
systems. This is 
mostly just about 
learning names and 
descriptions



Customer Relationship 
Management (CRM)
• Collects and stores 

data on all 
customers and their 
history with the 
company



• Often helps organize 
contacts as well as 
orders. Who buys 
what and when 

• Gives employees in 
all departments a 
consistent view of the 
customer and focuses 
on customer retention





• Designed to 
facilitate decision-
making. Collects all 
the data judged to 
be relevant to a 
decision

Decision-Support 
Systems   



• Good for “what if” 
analysis and ad hoc 
decision-making 

• Often uses statistics/
math models 

• Doesn’t produce an 
optimal or best 
decision



Financial Management 
System
• Tracks money. Typically 

integrated with accounting 
systems and purchasing



• Captures data on 
spending and 
revenue to forecast 
cash flow and ROI on 
capital spending 

• Supports financial 
and investment 
decision-making



Someone is always 
developing a new 
enterprise system for 
a particular kind of 
organization or aspect 
of an organization. 
The concepts are 
usually the same but 
different letters 



5.9 Specialized Systems - 
GIS and Experts



GIS and Expert 
systems are two very 
specialized database 
systems that can be 
enormously useful for 
some enterprises



Geographic 
Information System 
(GIS) 
This is a database 
that stores 
everything with its 
location on a map. 



All data is integrated 
by location. This 
allows for 
management of 
shipping, finding 
customers, tracking 
floods or fires, and 
showing everything 
on a map 





• All records in the 
system have 
identified geographic 
locations

GIS



• The output is always 
in a graphic format - 
usually a map 

• May use GPS to 
provide location data 
but GPS is not part 
of the database



Google Maps is 
certainly the most 
famous GIS. 
The navigation 
system in your car is 
a combination of 
GPS and a GIS 
database





Expert Systems 
This is a database 
that tries to store 
data and emulate a 
human expert in a 
field



Expert Systems

• Tries to develop and 
store a detailed set 
of rules for how 
experts make 
decisions in the field



• Allows for forward 
and backward 
chaining, to explain 
the recommendation 
to skeptical humans  

• Most successful 
when the area of 
human expertise is 
narrow and deep



Many organizations 
never use either GIS 
or expert systems but 
those that do, often 
use them constantly.



5.10 Integrating Modern Databases



Databases become 
more useful as they 
are integrated, letting 
us search more widely 
and learn more from 
our searches



Geographic 
Information System 
is really useful when 
it is integrated with a 
GPS. Now you have 
your location and 
that of your 
destination



To integrate the 
modules of large ERP 
systems, you must pay 
attention to common 
threads of data.   
You also need good 
data management 
policies and processes



GIS



Most users love the 
idea of getting data 
out of a database but 
are less interested in 
putting their data in.   
To integrate, you will 
need a data cop.



Multiuser Database 
Management Systems
• Because relational 

databases must allow 
only one user at a time 
to access/change a 
piece of data, 
multiuser systems 
tend to increase the 
standardization of data



• They can also 
increase the access 
to and availability of 
data. Everyone can 
get to the same 
records from the 
entire organization



The best way to 
facilitate integration 
of databases is to 
plan for that when you 
first develop the 
database. Sooner or 
later, you will want 
them all together
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6.1 Business on the Internet



The Internet is a place 
for business.  
The .com domain 
extension for 
commercial 
businesses is the most 
common on the web



E-Commerce is the 
fastest-growing 
area of retailing in 
the world and 
some estimates 
predict 1 in 5 malls 
in the US will close 
in the next 10 years





Limitations of 
bandwidth, security, 
and trusted payment 
and delivery services 
have opened the door 
to increased business 
on the Web



6.2 Business and Competition



While the Internet is a 
great place for 
business, not all 
business models are 
working equally well.



For Internet  user 
service sites like 
social networking, 
search engines, and 
media sites, 
advertising remains 
as the primary 
source of revenue



• Subscriptions - 
Many people still 
resist paying for 
information access 
online. “Should be 
free”



• Advertising - Works 
for the most popular 
and sophisticated 
sites.  Others not so 
much 

• Retail sales are 
growing but profits 
are still limited



Disintermediation

Cutting out middlemen increases producer profits



Many businesses, 
including media, some 
social networks, and 
subscription services 
still struggle online



6.3 Common Business Internet 
Transactions



Let’s briefly look at 
some common things 
businesses and their 
customers do on the 
Internet and how they 
work



Credit card 
transactions are 
common but still 
present some 
aspect of risk of 
identity theft



• Auction sites need 
both secure 
payment methods 
and secure delivery 
to gain customers’ 
trust



• Sites often store 
customer 
information on/near 
their websites, 
making them targets 
for hacking



• Web retailers often 
work with delivery 
companies and sell 
merchandise on 
consignment, 
adding to their 
complexity



Crashing the Database
Airlines and other 
businesses that 
operate large 
interactive 
databases online 
MUST ensure that 
the systems can 
handle the traffic





• If you store customer 
data on/near your 
website, always have 
serious security 

• If you have a large 
online database, test 
it at massive loads 
and plan for rapid 
recovery



• When you design 
your online store, 
test the website to 
make sure it is 
compatible with all 
browsers



Most online 
businesses have 
stable operations with 
reasonable security 
and disaster recovery.  
But not all…



6.4 Threats and Opportunities Online



The WWW offers 
businesses some 
amazing opportunities 
but it can also be a 
scary place.  



• Disintermediation 
lets you lower costs 
to the customer but 
you also lose the 
services of those 
intermediaries



• The ability to reach a 
global audience means 
more opportunities for 
sales but more 
competition as well 

• If it is easier for your 
customers to find you, 
it is also easier for 
criminals to do the 
same thing



Intellectual Property
Software piracy is 
the most common 
way to have your 
intellectual 
property rights 
violated online



Hacked credit 
cards cause a loss 
of customer trust.  
If you are a bank, 
it’s even worse.



Online retailing and 
other businesses are 
growing and 
globalizing faster than 
any other element of 
business.  Staying out 
is not an option



6.5 The Likely Future of E-Commerce



No one knows the 
future but we can 
still make some 
educated guesses  



Can the Past Predict the Future?



• Increasing 
globalization and 
disintermediation 

• Increasingly 
effective law 
enforcement



• Expanded video and 
data offerings as 
bandwidths increase 

• Seamless 
integration into 
other aspects of our 
lives - “The Internet 
of things”



Two of the largest 
search engines are 
already 
international and 
China has the 
fastest-growing 
online retail scene 

Globalization





Disintermediation

Cutting out middlemen reduces customer costs

An ongoing opportunity to increase  
producers’ profits



Law Enforcement

As online business 
grows, the demand for 
laws and legal 
protection is 
expanding.  



Bandwidth
Better 
transmission 
technology 
means more 
bandwidth and 
the market will 
rise to fill that 
capacity 



E-Commerce and Life

Many of us will never 
shop the same way 
again
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7.1 Security and Risk



We depend on our IS, 
so when they go 
down, we face a 
challenge. The risks 
include human 
hacking but also 
natural disasters and 
failures 



So Plan For Them Instead

You Cannot Always Prevent Disasters



• Floods, fires, and 
other natural 
disasters 

• Long term power 
outages

Your Disaster Plan 
Should Include…



• Computer sabotage 
and Malware attacks 

• Equipment failures 
and technical 
mistakes 

Systems maintenance 
and upgrades are not 
part of a disaster plan



Backup Data
The biggest risk in a 
database is loss of 
data. The common 
response is to back it 
up several times  
Have 3 back ups, one 
of which is off site



Back Up Strategies
Disk drives can 
save data for about 
3 - 5 years.  Normal 
DVDs for a little 
more.  For long 
term storage, use 
archival optic disks



System Failure
For big public 
transaction systems, 
IS failure can mean 
business failure.  You 
need plans to prevent 
failure and to restore 
service



Identify alternate 
servers and cloud 
capacity that you 
can switch to in an 
emergency. Also 
have a reboot and 
restore plan 

System Failures



Sabotage and Malware
Sometimes the 
disaster is human in 
source. It can be an 
external attack or 
internal sabotage



Install the best 
security you can to 
prevent this, 
including internal 
processes that limit 
access for many 
users 

System Failures



You cannot predict or 
prevent most 
disasters so they will 
happen. Just be ready 



7.2 Malware, Piracy, and Encryption



The Internet can be a 
dangerous place, filled 
with people who want 
to hurt your system or 
steal from it 



He/She is Out There 
and You Will Meet 
Be Ready and Be a 
Hard Target



• Malware - Any piece 
of software designed 
to harm an IS or 
steal information 

• Hacker - Anyone 
who uses malware 
for illicit purposes

Hacker Vocabulary



• Encryption - The art 
and science of 
turning information 
into secret code 

• Social engineering - 
Targeting people as 
the weakest link in 
an Info system



Because there are so 
many ways to attack a 
system, we have a 
complex set of names 
for specific 
approaches to evil



• Worm - Malware that 
replicates itself 
repeatedly, using up 
system resources 

• Virus - Malware that can 
spread itself from 
computer to computer, 
usually through email or 
a website

Malware Vocabulary



• Denial of service attacks - 
Flooding a website or 
server with so many 
requests that it is 
overwhelmed and cannot 
function normally 

• Trojan Horse - Malware 
that looks like harmless 
or useful software but 
contains evil code



• Spyware - Any piece 
of software designed 
to steal information 

• Phishing - An attain 
through email where 
you are asked to 
click on an evil link

Malware Vocabulary



• Spear Phishing - A 
phishing attack that 
is very specific and 
aimed at a few or a 
single person



Trojan Horse

A funny graphic or 
useful app that also 
opens the doors to 
your system. I plant 
it somewhere and 
wait for an 
administrator to 
run it…



Encryption is the 
process of turning 
your information into 
secret code. Can’t get 
into it without the key 



Encryption
Encryption can 
make your 
information 
impossible to steal 
and your code 
impossible to hack. 
with out the key.



Ransomware is 
malware that 
allows a hacker to 
encrypt your data, 
then hold it for 
ransom

Ransomware



If you operate an 
Information system 
long enough, you will 
be attacked. Be ready 



7.3 Identity Theft - Who Are We?



Because we don’t 
meet each other face 
to face on the Internet, 
it can sometimes be 
hard to know exactly 
who we are talking to



Identity Theft 
Involves 
Impersonation 
Online 
Usually to steal 
someone’s money



• Social Security 
Number - The most 
valuable 

• Name, address, and 
telephone number 

• Date of Birth 
• Credit card and bank 

account information

Key Identity Information



A smart thief uses one 
piece of private info to 
get the next. Once he/
she has what they 
needs, he charges 
your card and borrows 
money in your name



Preventing Identity 
Theft
• Websites ask for the 

answers to security 
questions - things 
only you will likely 
know about yourself



• More devices and 
networks ask for 
biometric data 

• Better password 
protection



Thieves can 
sometimes find the 
answers to your 
questions on social 
media or through 
social engineering

Security Questions

?



Biometric Data

Info on your physical 
body - fingerprints, 
retina scans, or voice 
patterns. Absolutely 
unique to you



You have many 
passwords and they 
can be hard to 
remember.  They are 
best when they 
include numbers, 
letters, and special 
characters 



To avoid identity theft, 
be a hard target. 
Thieves will move on 
to someone more 
careless. 



7.4 Privacy and Social Media



Social media is a 
relatively new 
phenomenon and we 
don’t always 
understand it very 
well. It has absolutely 
changed how some 
people use the Internet 
and share information



Social Media is Just a 
Set of Websites 
It is how we use them 
that is important



The most likely 
negative consequence 
of using social media 
is the release of 
private information



If Linkedin tells me you 
are away on vacation, I 
know it’s a good time 
to rob your house

Privacy Problems



If Facebook shows me a 
photo of you and your 
dog Rex, I know the 
answer to one of your 
security questions on 
your bank website 
If Snapchat shows you 
posting from a given 
street corner, I know 
where to find you, for 
good or evil



Protecting Your Privacy
• Do not share 

information in 
completely public 
sites



• Be careful about 
posting files with 
private meta-data, 
including 
geographic locations 

• Ask friends and 
family to be careful 
about what they post 
as well



You are responsible 
for what you share. 
As with identity theft, 
be a hard target 



7.5 Intellectual Property Rights



Ideas and designs are 
considered 
“intellectual 
property”. This can 
include brands, logos, 
documents and 
pictures, as well as 
software





Protecting Your IP
• Patents are good for 

20 years, protect 
inventions, and 
cannot be renewed 

• Trademarks are good 
for 20 years, protect 
brands, and can be 
renewed indefinitely



• Copyrights are good 
for life of the author 
plus 70 years, 
protect original 
artistic work, and are 
not renewable



IP Protection for 
Software
• You can only patent 

software when the 
algorithm it codes is 
unique and offers 
unique benefits



• You can copyright 
code but it is easy to 
get around with 
small changes 

• Trademarks protect 
the brand behind 
software but not the 
software itself



Brands and Logos are Trademarked



A business can 
trademark its 
products by including 
the letters ™ in the 
name or offering a 
symbol 



A Trademark allows a 
business to identify 
and differentiate its 
brand.



7.6 Workforce Impacts



IS and IT have had 
enormous impacts on 
work and work forces 
today. All organizations 
are affected



E-Commerce Expands 
Demand for IT 
But Reduces Demand 
for Retail Workers





Demand for IT/IS 
Workers
• Most projected new 

jobs require IT/IS 
skills, even for non-
IS jobs



• Global 
communications 
allows easier 
outsourcing of US 
programming jobs 
overseas 

• Constant need for 
training and upgrade 
of IS skills



Global expansion of 
telecommunications 
and IS means global 
markets and 
competition for IS 
jobs and workers



Social Networks Have 
Changed How We 
Find Jobs 
And How Employers 
Choose Us



• It is perfectly ethical 
for a prospective 
employer to track 
your posts to and 
activities on social 
media



The future of work is 
changing as rapidly as 
the future of IS 



7.7 In and Out Sourcing



Organizations that 
lack in-house IS 
capabilities may 
need to out-source, 
but that has risks as 
well as opportunities



It All Starts With 
A Make or Buy 
Decision



Out-Sourcing 
Advantages
• Allows a company to 

focus on its core 
competencies 

• Can be more cost-
effective than doing 
some work in-house



• Brings in expertise 
on functions that a 
company does only 
occasionally



• Loss of control of 
functionality 

• Loss of control of 
critical in-house 
knowledge

Out-Sourcing IS Has 
Some Risks



• Compromise 
sensitive company 
data 

• Inability to easily 
sever the 
outsourcing 
relationship



When a company 
lacks an expert IS 
department, they may 
outsource system 
development as 
something they only 
do occasionally.





The decision to 
outsource or not is 
never easy



7.8 Jobs and Job Designs



So who works in IS?  
And what do they do?



IS Has Created 
New Jobs 

And Eliminated 
Others



IS management 
careers tend to 
separate into 
general and 
technical 
management

Systems Analyst

Sr. Systems Analyst

Functional 
or Area IS 
Manager

CIO

Sr Systems  
Specialist

Network/IT Manager



Current IS 
Management Jobs
• Chief Information 

Officer (CIO) - Head 
of all IS functions 
and personnel



• Network 
Administrator - Runs 
network operations, 
including security 
and databases 

• Database Manager/
Management IS (MIS) 
- Manages the data 
and databases



• Systems analyst - 
Solves IS problems 
and operates/
maintains IS

IS Technical Jobs



• Programmer - Codes 
specific software 

• Technical Support 
(Help Desk) - 
Provides technical 
assistance to users 
and managers



• Program Manager - 
Leads the 
development of 
specific IS projects. 
May be from the 
technical or general 
management track.

IS Project Jobs



• Systems Developer 
- Provides key 
technical support of 
projects at various 
levels of expertise.



All IS jobs and careers 
require constant 
training and skill 
refreshment.  learning 
never stops



7.9 Health and Ergonomics



Working in IS can be 
fun and exciting but it 
can also be painful 
and a bit dangerous



What Makes IS So 
Painful? 
Eye Strain, Carpal 
Tunnel, and Bad Backs



Ergonomics 
Incorporating human 
comfort, efficiency, 
and safety into the 
design of the human-
machine interface



Adapting the design of office 
furniture and computer 
hardware for comfort and the 
health of the worker 



• Design hardware 
and software to be 
easy to learn and 
use - intuitive

Beyond Ergonomics



• Pay attention to 
social aspects as 
well as physical and 
intellectual aspects 

• Job design and the 
environment are 
also important. Is 
this a relaxing and 
comfortable place to 
work?



We are constantly 
improving IS hardware 
and software, but we 
are stuck with the 
basic 1.0 model of 
human being



7.10 Artificial Intelligence - People 2.0?



Any concerns that 
computers will 
someday take over the 
world?  



Artificial Intelligence 
Computers That 
Can Duplicate Some 
Human Functions



We don’t know how 
we do many things 
so we can’t design 
systems to 
duplicate our 
abilities



Voice Recognition
• Good now for 

automated 
transcription and 
security/access 
control 

• Getting better for 
voicemail/customer 
service systems



• Good soon for 
computer input and 
interface (Siri) 

• Can still be confused 
by colds, accents, 
and slang



The Turing Test is 
the best idea we 
have on how we 
will know if we have 
really developed a 
self-aware AI



• Image recognition - 
If we had software 
that could recognize 
faces and other 
images, we could 
search the Internet 
more effectively

Other AI Challenges



• Learning without 
teaching - Can we 
develop software 
that can learn from 
experience without 
a human teacher?





AI is one of the most 
exciting and scary 
possibilities in IS, but 
no one knows what is 
coming next. or when.



7.11 Careers in IS Now and Tomorrow



We have looked at IS 
jobs and careers 
today. But what lies 
ahead for young 
people in the 
business?



Blurring Lines 
Between Tech 
and Management

Systems Analyst

Sr. Systems Analyst

Functional 
or Area IS 
Manager

CIO

Sr Systems  
Specialist

Network/IT Manager



Chief Technology 
Officer 
Recommends 
enterprise-wide 
upgrades of 
computer hardware 
in companies with 
large effective IT 
forces

Where Would you 
Put This Executive?

Systems Analyst

Sr. Systems Analyst

Functional 
or Area IS 
Manager

CIO

Sr Systems  
Specialist

Network/IT Manager



Current IS 
Management Jobs
• As programming 

languages become 
more powerful, we 
will need fewer 
coders and 
programmers



• As operating systems 
become more 
interchangeable, 
programmers will 
focus more on 
applications 

• As database designs 
standardize, we will 
see more integration



The future probably 
belongs to those who 
can think creatively 
and can integrate IS 
technologies to solve 
more complex 
problems


