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Learning Objectives

◼ Define a computer system, and describe its 

components

◼ Discuss the history of computer hardware and 

software

◼ Explain the factors distinguishing the computing 

power of computers

◼ Summarize computer operations

◼ Discuss the types of input, output, and memory 

devices

◼ Explain how computers are classified

◼ Describe the two major types of software

◼ List the generations of computer languages



Abacus
◼ Developed by the Chinese around 1200 AD

◼ Also called a counting frame, was in use in China, 

Russia, and Europe centuries before the adoption of the 

written Hindu–Arabic numeral system
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Sector
◼ Developed by Galileo about 1560

◼ Also called the military compass and could 

solve geometry and trigonometry problems 

also
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Napier’s Bones

◼ Developed by Scottish mathematician Jon 

Napier in 1617

◼ Also used by Isaac Newton for multiplication 

and division
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Slide Rule

◼ Developed by Anglican minister William 

Oughtred in 1632

◼ Used logarithms (adding the log of two numbers 

is the same as multiplying the numbers)
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Arithmometer
◼ First mass produced mechanical calculator 

patented by Charles Thomas in France in 1820
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Printing Adding Machine

◼ Invented by William Burrough’s in 1886

◼ Most popular with business people
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Printing Adding Machine (con’t)

◼ Portable version about 1930
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Von Neumann Machine

◼ The IAS machine was the first electronic computer to be 

built at the Institute for Advanced Study (IAS) in NJ in the 

1940’s

◼ It is sometimes called the von Neumann machine, since 

the paper describing its design was John von Neumann, 

a mathematics professor at both Princeton University
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Computer Hardware & Software
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◼How would you define a 

computer ?
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Thinking…

◼?
Don’t look ahead !
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What is a Computer?

◼A device (today, an electronic device) 

operating under the control of instructions 

(today, stored in its own memory), that 

can:

◼ Accept data (input)

◼ Process the data according to specified 

rules (process)

◼ Produce results (output)

◼ Store the results for future use (storage)
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Representation of Information by a 

Computing Agent

◼External Representation
[keyboard, monitor, printer]
◼ numbers

◼ letters

◼ signs,  decimal points, ...

◼ special symbols

◼ Images

◼ sounds

◼ videos



Internal Representation

◼A computer cannot store images 
and sounds directly

◼It cannot even store letters and 
symbols literally

◼It can only store numbers

◼In fact, it can only store 2 
numbers, 0 and 1 → a “bit”
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I/O Conversion



Numbers & Symbols

◼For a computer to record a number, it 

must express it in base-2

◼Or in other words, convert it from  base-

10 to base-2 (binary)

◼All other symbols, (characters, 

punctuation marks, etc.) are converted to 

a base-2 numeric value using a universal 

encoding scheme -- that encoding 

scheme is called ASCII



ASCII
◼ ASCII (ask-ee) Stands for American Standard Code 

for Information Interchange

◼ Each symbol or character that you can type from your 

keyboard is assigned a unique bit pattern called a 

“byte”:

◼ For example,        ’A' = 1000001    [decimal 65]

◼ And                        'a' = 1100001    [decimal 97]

◼ The original version of ASCII used 7 bits to represent 

each symbol -- therefore, 128 (27) unique symbols 

could be represented with this encoding scheme



EXTENDED ASCII

◼ Later, extended ASCII was created, it uses 8-
bits to store characters (8 bit bytes) --
therefore, 256 different combinations of 0’s 
and 1’s could be made

◼ The extended ASCII character set contains all 
the original 128 codes plus an additional 128

◼ It is by far the most commonly-used encoding 
scheme, now more commonly called UTF-8



CPU Processes a “Word” Each Clock Tick
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UNICODE

◼16 bit bytes

◼ASCII is a subset

◼Millions of characters

◼Represent symbolic languages also 
(Chinese)

◼Used in newer applications: JAVA, 
PHP & International Web 
Applications



Representing Numeric Values Internally 

◼ Even though ASCII codes exist for the numbers 
0-9, and decimal points, there is a better way to 
store numeric values than using the ASCII 
encoding scheme

◼ This is because using ASCII, 8-bits are used to 
store each individual symbol, therefore, the 
largest numeric value you could store in 8 bits is 
9

◼ Using basic binary numbers, the largest number
that could be stored in 8 bits is 255



Storing 100 as ASCII

◼8 bits for “1”

◼8 bits for “0”

◼8 bits for “0”



Base for Number Systems

◼ Base 10 (decimal)

◼ first position (rightmost) 10**0 = 1

◼ second position 10**1 = 10

◼ third position 10**2 = 100

◼ 101 = 1*1 + 0*10 + 1*100 (from right side)

◼ Base 2 (binary)

◼ first position (rightmost) 2**0 = 1

◼ second position 2**1 = 2

◼ third position 2**2 = 4

◼ 101 = 1*1 + 0*2 + 1*4  (5 in decimal)



BASE 10 BASE 2 (binary)

1                       00000001

2                       00000010

3                       00000011

4                       00000100

5                       00000101

6                       00000110

7                       00000111

8                       00001000

9                       00001001

10                       00001010

100 01100100

255                       11111111



Converting A Number From Base 2 To 

Base 10:
TAKE 00000111:

27 (128) = 0

26 ( 64) = 0

25 ( 32) = 0

24 ( 16) = 0

23 (  8) = 0

22 (  4) = 4

21 (  2) = 2

20 (  1) = 1
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TAKE 11000111:

27 (128) = 128

26 ( 64) = 64

25 ( 32) = 0

24 ( 16) = 0

23 (  8)  = 0

22 (  4) = 4

21 (  2)   = 2

20 (  1)    = 1

=       199



Exercise

◼Convert 01101101 to 

Decimal

◼Is it going to be an even 

or odd number?
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Don’t look ahead, until 

you have your answer !



TAKE 01101101:

27 (128) = 0

26 ( 64) = 64

25 ( 32) = 32

24 ( 16) = 0

23 (  8)  = 8

22 (  4) = 4

21 (  2)   = 0

20 (  1)    = 1

=       109



Converting From Base 10 To Base 2

◼ Take a number and subtract the highest power of 2 (2? ) 
that you can without resulting in a negative number

◼ Keep subtracting the highest 2? Until you get to 0
◼ Take 45

◼ Subtract 25 (32)  , since 26 is 64

◼ Get 13

◼ Subtract 23 (8)

◼ Get 5

◼ Subtract 22 (4)

◼ Get 1

◼ Subtract 20 (1)

◼ Get 0

◼ Answer: 00101101

◼ (A “1” in the 5th, 3th, 2nd and 0th positions)



Exercise

◼Convert 53 to binary
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◼ TAKE 53

◼ SUBTRACT 25 (32)

◼ GET 21

◼ SUBTRACT 24 (16)

◼ GET 5

◼ SUBTRACT 22 (4)

◼ GET 1

◼ SUBTRACT 20 (1)

◼ GET 0

◼ ANSWER: 00110101

◼ (A “1” IN THE 5TH, 4TH, 2ND AND 0TH 
POSITIONS)



Images, Music, Video Also Stored in 

Bits

• The Graphics Interchange 

Format (GIF) is a bitmap image 

format that was introduced by 

CompuServe in 1987

• The format supports up to 8 bits 

per pixel thus allowing a single 

image to reference a palette of 

up to 256 distinct colors; the 

colors are chosen from the 24-

bit RGB color space
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Color Representation
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MP3
• MPEG-1 or MPEG-2 Audio Layer III, more commonly 

referred to as MP3, is a patented digital audio 

encoding format using a form of lossy data 

compression

• It is a common audio format for consumer audio 

storage, as well as a de facto standard of digital audio 

compression for the transfer and playback of music on 

digital audio players

• An MP3 file that is created using the setting of 128 

kbit/s will result in a file that is about 11 times smaller 

than the CD file created from the original audio source
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MP3 (con’t)
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Digital Computers – Binary Devices

◼ Since computers work with 0’s and 1’s, they 

are constructed using devices with two stable 

states – such as on and off

◼ The original computers were mechanical

◼ The first digital computers used vacuum 

tubes then transistors

◼ When transistor radios first came out in the 

1950’s, one was proud to own an advanced 

transistor radio with five transistors
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Changes in Computing
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Transistors
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Transistors vs Neurons

◼ Today one typically owns more transistors then 

they have neurons in their brain (100 billion)

◼ PCs and laptops have about 40 billion transistors

◼ A SmartPhone has over 1 billion

◼ Modern cars may have billions

◼ TVs, and other appliances have millions of transistors each

◼ In total the average person may have 100’s of billion 

transistors

◼ Today for the price of a single gain of rice, one 

can buy over 100,000 transistors
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The Power of Computers

◼ Computers draw their power from three factors 

that far exceed human capacities

◼ Speed

◼ Accuracy

◼ Storage and retrieval capabilities

◼ Computer speed is measured as the number of 

instructions performed per second (MIPS)

• Millisecond: 1/1,000 of a second

• Microsecond:1/1,000,000 of a second

• Nanosecond:1/1,000,000,000 of a second

• Picosecond:1/1,000,000,000,000 of a second



Hardware “Generations”
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Computational Directions

Past Present Future

Input Data Documents Multimodal Data

Output Results Information Multimedia & 

Experiences

Processing Computations Information 

Extraction

Experience 

Processing

Devices Mainframe PC’s and Internet Mobile Devices

Applications Computing Info and 

Communication

Insights & 

Entertainment

User Level Trained Knowledge Workers All Humans

Interaction 

Mode

Command Line Windows Multimodal
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Univac (1960 – 1980)
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IBM Mainframes (1960 – 1995)
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1984 – IBM System 36
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1985 – IBM PC XT
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Sun Solaris Blade Server (2000+)

Copyright - Dan Brandon, Ph.D., PMP

53

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=LMvTuGtX4mJ3RM&tbnid=JnlImzAtqkr1hM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.tech.proact.co.uk%2Fsun%2Fsun_fire_b200x_blade_server.htm&ei=TntdUqCtCYrQyAHxpYHwDQ&bvm=bv.53899372,d.aWc&psig=AFQjCNFjIzN6gYa5nlrDwFjpMg4hSVXDLg&ust=1381944504221523


Server Racks
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What Does a Computer Do?

◼ Four basic operations compromise the 

information processing cycle

55

INPUT

PROCESS

OUTPUT

STORE



◼What are the hardware 

components of a 

Computer?
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Components of a Computer

◼The six primary components of a 

computer are input devices, the 

processor (control unit and 

arithmetic/logic unit), memory, output 

devices, storage devices, and 

communications devices

◼The processor, memory, and storage 

devices are typically housed in a box-

like case called the system unit
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Components of a Computer (con’t)
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Input Devices

◼An input device is any hardware 

component that allows you to enter data, 

programs, commands, and user responses 

into a computer
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◼What are some input 

devices ?
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Categories of Input Devices
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Common Input Devices

Scanner

Gamepad

Keyboard



QWERTY Keypad

◼ Why called QWERTY ?

◼ 1870s 

◼ Christipher Latham 

Sholes

◼ Misconception

◼ Designed to slow typist 

down

◼ Actually it was designed 

to prevent jams while 

typing at speed 



QWERTY Layout



DVORAK Keypad

◼ 1936 by Dr. August Dvorak

◼ Use less finger motion

◼ Increase typing rate & reduce errors

◼ Supported my all major operating systems

◼ Not commonly used



SWYPE

http://www.youtube.com/watch?v=mRUoWUhcRlE


iPhone Keyboard
[dynamic – can change with Ap/Form]



Input via Gestures
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◼What are some output 

devices ?
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Output Devices

◼ Output devices make the information 

resulting from processing available for use

◼ An impact printer prints by striking an inked 

ribbon against the paper

◼ Nonimpact printers form characters by means 

other than striking a ribbon against paper

◼ Inkjet

▪ Photo printers

◼ Laser
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Common Output Devices
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Printers

Plotter

Multifunction printer



3-D Printer
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Display Devices

◼ A display device is an 
output device that visually 
conveys text, graphics, and 
video information

◼ Monitor

◼ CRT (cathode ray 
tube)

◼ Flat panel monitor
▪ LCD (liquid crystal 

display)

◼ Now combined with 
“input” devices via 
“touch” screen 
technology

76



Foldable/Rollable Screens
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System Unit

◼ The system unit is a case that contains 

electronic components of the computer used to 

process data

◼ The processor (CPU) interprets and carries out 

the basic instructions that operate a computer

◼ Arithmetic/logic unit (ALU) & Control Unit

◼ Memory (RAM) consists of electronic 

components that temporarily stores instructions 

waiting to be executed by the processor, data 

needed by those instructions, and the results of 

processed data
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System Unit

79

PROCESSOR

ALU

CONTROL UNIT

MEMORY

STORAGE



Processor

(ALU, Control Unit, Registers)
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Motherboard
(processor, memory, device controllers & connections)
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CPU



CPU Machine Cycle

1. Retrieve: The control unit sends to RAM for the 

instructions and data it needs

2. Decode: CPU gets the instruction out of cache and 

examines it to see what to do

3. Execute: Does what the instruction says to do

4. Store: Sends the result of processing to RAM 



Multiprocessors

◼ A multiprocessor is a computer system 

having two or more processing units (multiple 

processors) each sharing main memory and 

peripherals, in order to simultaneously 

process programs
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Graphic Cards (parallel processing)

They are important because the CPU should not do 
complicated mathematical calculations on its own 
because it slows the computer's central processor

They are being used for gaming, Acrobat, Flash, 
Photoshop, 3D graphics, parallel computing, virtual 
reality, AI, etc.

Nvidia's GeForce RTX 2080 TI is a recent most 
potent GPU 
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A GigaFlop (or Gflop) is a billion FLOPS



Super Computers

◼ Cray Aurora (2020)

◼ Massive multiprocessors (vector processors)

◼ Vector processing built into newest computer 

languages such as R

◼ 1 quintillion floating point operations per second 

– five times faster than the fastest 

supercomputer today
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Storage: Memory and Storage Devices

◼Memory

◼RAM – Random Access 

Memory

◼ROM – Read Only memory

◼Virtual memory

◼Storage Devices
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ROM

◼ Also known as firmware because its 

programming is fully embedded into the 

ROM chips

◼ It is hardware and software

◼ It is an integrated circuit programmed with 

specific data when it is manufactured

◼ It is used mainly when computer is first 

“booted”



RAM

◼ Random Access Memory

◼ It is called main memory 

or primary memory or just 

memory

◼ RAM is temporary 
meaning that it stores info 
temporarily

◼ Once you turn your 
computer off, or reboot, 
the information contained 
in RAM chips is lost



Virtual Memory

◼ Virtual memory is a space on hardware which your 

computer uses as a backup when running low on RAM

◼ It allows one to use a portion of hard drive as though it 

were RAM

◼ Virtual memory is slow and inefficient compared to RAM

◼ Can RAM replace the usage of virtual memory?- YES

◼ The usage of Virtual memory can be reduced. Also, 

when one upgrades RAM, the computer works faster 

as most the data can be processed through the use of 

RAM and thus can reduce the use or eliminate the use 

of Virtual memory



More is better?

◼Does adding RAM increase the speed of 

the computer?

◼ More RAM can usually speed up the operations 

of the computer

◼ Because RAM reduces the number of times that 

the CPU has to access the hard disk drive- an 

operation that takes longer than reading data 

from or writing data to RAM

◼ More RAM means more memory meaning faster 

your PC runs



Common Storage Devices
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Also Tape



Storage 1980
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Storage Devices

◼ A storage device is used to store instructions, 

data, and information when they are not being 

used in memory

◼ Magnetic disks use magnetic particles to store 

items on a disk’s surface

◼ Formatting

◼ Track

◼ Sectors

◼ Portable storage medium
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Storage Devices

◼ A hard disk is a storage device that contains 

one or more inflexible, circular platters that 

magnetically store data, instructions, and 

information

◼ Head crash

◼ Backup
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Diskette or Floppy Disk

◼ A floppy disk is an inexpensive portable 

storage medium
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Optical Disc

◼ An optical disc is a 

portable storage 

medium that 

consists of a flat, 

round, portable disc 

made of metal, 

plastic, and lacquer 

that is written and 

read by a laser
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Magnetic Tape

◼ Tape is a magnetically coated ribbon of plastic 

housed in a tape cartridge

◼ Sequential access

◼ Tapes stored at 50 deg F can last for 30 years

99



Magnetic Tape (con’t)

◼ The latest 4.5 inch cartridge tapes can hold 

about 30 terabytes of data

◼ Most cloud services companies back up to 

magnetic tape, one local copy and one remote 

copy (such as at Iron Mountain)

◼ Iron Mountain uses 100 million 4.5 in tapes to 

hold data for its clients, and these are kept all 

over the world in over 200 warehouse and old 

mines
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Storage Improvements 

Date Capacity Cost per 

GB

Density 

Improvement

Cost

Improvemen

t

1956 5MB $10 million 1 1

1989 4GB $25,000 6000 400

2009 1 TB

(1000 GB,

1000000 

MB)

$0.15 100 million 75 million
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Storage Measures

◼ Bit – basic unit of memory [on/off or 0/1]

◼ Byte – generally 8 or 16 bits [one character]

◼ Kilobyte (KB) = 1000 bytes [1/2 page of text]

◼ Megabyte (MB) = 1 million bytes [500 pages]

◼ Gigabyte (GB) = 1 billion bytes [500 songs]

◼ Terabyte (TB) = 1 trillion bytes [200 hi-def 

films]

◼ And even higher →
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Memory Device Capacity

104(Solid State)



◼What is “raid” ?

Copyright - Dan Brandon, Ph.D., PMP
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◼?
Don’t look ahead !
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RAID

◼ Redundant Array of Independent Drives (or 
Disks), also known as Redundant Array of 
Inexpensive Drives (or Disks), (RAID) is an 
umbrella term for computer data storage 
schemes that divide and/or replicate data among 
multiple hard drives

◼ RAID is designed to provide increased data 
reliability and/or increased I/O (input/output) 
performance

◼ There are three key concepts in RAID: mirroring, the 
copying of data to more than one disk; striping, the 
splitting of data across more than one disk; and error 
correction, where redundant data is stored to allow 
problems to be detected and possibly fixed (known as 
fault tolerance)

http://www.youtube.com/watch?v=Y7vZ3ZWkNVA


RAID 6

◼ RAID 6 deploys two parity 
records to different disk 
drives (double parity) 
enabling two simultaneous 
disk drive failures in the 
same RAID group to be 
recovered.

◼ RAID 6 where parity 
updates are allocated 
separately across multiple 
disks, as well as RAID 5, 
are able to implement 
multiple write orders at the 
same time. This feature 
ensures higher performance 
when compared to RAID 4 
technology. 



SAN & NAS

◼ A storage area network (SAN) is an 
architecture to attach remote computer storage 
devices (such as disk arrays, tape libraries and 
optical jukeboxes) to servers in such a way 
that, to the operating system, the devices 
appear as locally attached

◼ By contrast to a SAN, network-attached 
storage (NAS) uses file-based protocols such 
as NFS or SMB/CIFS where it is clear that the 
storage is remote, and computers request a 
portion of an abstract file rather than a disk 
block

http://www.youtube.com/watch?v=8etR55Wz9Io


Flash (solid state) Memory

• Flash memory is an electronic (i.e. no moving 

parts) non-volatile computer storage device that 

can be electrically erased and reprogrammed

• In addition to being non-volatile, flash memory 

offers fast read access times, as fast as dynamic 

RAM, although not as fast as static RAM or ROM

• Its mechanical shock resistance helps explain its 

popularity over hard disks in portable devices; as 

does its high durability, being able to withstand 

high pressure, temperature, and immersion in 

water
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Flash (solid state) Memory (con’t)

◼ Samsung has started mass production on solid state 

drives (SSDs) that feature the company's sixth-

generation 256GB three-bit vertical NAND memory

◼ This means the drives come with an industry first 100 

layers of NAND cells, a writing speed of 450 

microseconds and a reading response time of 45 

microseconds

Copyright - Dan Brandon, Ph.D., PMP
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Flash (solid state) Memory (con’t)

◼ So which of the two is the better choice, SSD storage 

or HDD storage?

◼ There’s no straight-forward answer to this question; 

each buyer has different needs and you have to 

evaluate the decision based on those needs, your 

preferences, and of course budget

◼ Even though the price of SSDs has been falling, the 

price per gigabyte advantage is still strongly with 

HDDs

◼ Yet, if performance and fast bootup is your primary 

consideration and money is secondary, then SSD 

speed is the way to go

Copyright - Dan Brandon, Ph.D., PMP
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Tablet Computer
[input, output, processor all in one]
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Ports and Connectors

◼ Port – place on your 

system unit, monitor, 

or keyboard through 

which information 

and instructions flow 

to and from computer 

◼ Connector – the plug 

on the end of a wire 

that plugs into your 

device



Traditional Serial Ports

◼ PS/2 port – fits IBM PS/2 connectors (used 

for keyboards and mice)

◼ Digital Visual Interface (DVI) – the newest 

standard for connecting monitors

◼ Video Graphics Array (VGA) – an older 

type of port for monitors



Plug & Play

◼Some ports work with plug-and-play 

and hot-swap ports and devices

◼ Plug and play – operating system feature 

that finds and installs the driver for the 

device

◼ Hot swap – operating system feature that 

allows you to plug or unplug a device while 

the computer is running 



Newer Ports

◼ USB (universal serial bus) port – fits 

small, flat, plug-and-play, hot-swap USB 

connectors

◼ Firewire port (IEEE1394 or I-Link) – fits 

hot-swap, plug-and-play Firewire 

connectors 



Charging Ports/Cables
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Wireless Connections

◼ Infrared IR or IrDA (infrared data 

association) – uses red light to send 

and receive information

◼Bluetooth – transmits information as 

radio waves for a distance of 30 feet

◼WiFi (wireless fidelity) or IEEE 802.11 

– transmits information as radio waves 

for a distance of up to several miles 



Open Compute Project

◼ Huge IT companies such as Google and Amazon use 

millions of servers, but they design and manufacture most 

of it themselves

◼ Facebook initiated the “Open Compute Project” about 

2010

◼ The purpose is to lower data center costs by publishing 

designs for new hardware chips, motherboards, etc.

◼ This openness reduces the influence (and profitability) of 

the massive sales teams of the big IT hardware 

companies such as IBM, HP, Cisco, Oracle-Sun, etc.

◼ Bank of America runs 80% of its traffic thru open source 

hardware

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

Copyright - Dan Brandon, Ph.D., PMP

123

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=tOq-DT3X8VbHZM&tbnid=kkagyG3ODARSRM:&ved=0CAUQjRw&url=http%3A%2F%2Ftaif-alalmas.com%2FPage2%2FSoftware&ei=329cUoK8BIWMyAHYpIGgDg&bvm=bv.53899372,d.aWc&psig=AFQjCNEZGtJEIcmN4geflnyjKp3cV-MHCw&ust=1381876039992515


Software – Stored Instructions

◼ Originally computer instructions were 
embedded in hardware – only the data was 
stored in memory

◼ Computer program. The sequences of 
instructions for the computer, which comprise 
software

◼ Stored program concept. Modern hardware 
architecture in which stored software programs
are accessed and their instructions are 
executed (followed) in the computer’s CPU, 
one after another



Software Cost & Complexity

◼As time moves on, more 

and more of the cost of 

computers is in the 

software rather than in the 

hardware

◼As computers and software 

grows increasing more 

complex, there are ever 

increasing possibilities for 

errors 
Copyright - Dan Brandon, Ph.D., PMP
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Types of Software

◼ System software: The class of computer 
instructions that  serve primarily as an 
intermediary between computer hardware and 
the user or the application programs; provides 
important self-regulatory functions for computer 
systems

◼ Application software: The class of computer 
instructions that direct a computer system to 
perform specific processing activities and 
provide functionality for users



Systems Software

◼ System control programs: Software programs that 

control the use of the hardware, software, and data 

resources of a computer system

◼ Device drivers – control devices and translate external 

representation to internal representation

◼ Operating system: The main system control program, 

which:

◼ supervises the overall operations of the computer

◼ allocates CPU time and main memory to programs

◼ protects CPU

◼ optimizes resource utilization

◼ and provides an interface between the user and the hardware



Device Drivers



Functions of the Operating System

◼ Multitasking/ multiprogramming: The 
management of two or more tasks, or 
programs, running concurrently on the 
computer system (one CPU)

◼ Multithreading: A form of multitasking that 
runs multiple tasks within a single progam 
simultaneously

◼ Multiprocessing: simultaneous 
processing of more than one program by 
assigning them to different processors 
(multiple CPUs)

http://www.youtube.com/watch?v=NmgaC2nbXEs


Operating Systems

◼ Microsoft Windows

◼ XP, Vista

◼ Win 7

◼ Win 8

◼ Win 10

◼ Unix based

◼ IBM/AIX

◼ Apple/Mac: OS X, iOS

◼ Linux (Ubuntu, etc.)

◼ Android
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Ubuntu 12+

◼ Better than 

Windows?
◼ Free

◼ Faster

◼ Safer

◼ Smaller (2GB vs 

18GB)

◼ Can install with or 

without Windows



Server Virtualization

◼Virtualization is an abstraction layer that 
allows multiple virtual machines, with 
heterogeneous operating systems to 
run in isolation, side-by-side, on the 
same physical machine

◼Decoupling the physical hardware from 
the operating system

◼VMWare – first commercial use

http://www.youtube.com/watch?v=QVpNa3rEnpk


Virtualization (con’t)



Desktop Virtualization

• Desktop virtualization  , as a concept, separates a personal 

computer desktop environment from a physical machine using the 

client–server model of computing

• Many enterprise-level implementations of this technology store the 

resulting "virtualized" desktop on a remote central server, instead 

of on the local storage of a remote client; thus, when users work 

from their local machine, all of the programs, applications, 

processes, and data used are kept on the server and run centrally
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Desktop as a Service

[DAAS]
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Application Software

◼ Application software consists of programs 

designed to make users more productive and/or 

assist them with specific job or personal tasks

◼ Word processing

◼ Spreadsheet

◼ Database

◼ Presentation graphics

◼ Payroll

◼ Accounts payable

◼ Order entry
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Application Software

◼ Proprietary application software. Software 
that addresses a specific or unique business 
need for a company ; may be developed in-
house or may be commissioned from a software 
developer

◼ Contract software. Specific software programs 
developed for a particular company by a vendor

◼ Off-the-shelf application software. Software 
purchased, leased, or rented from a vendor that 
develops programs and sell them to many 
organizations; can be standard customizable



Vertical & Horizontal Market 

Software

◼ In order to protect their software from illegal 

distribution, vendors often rely on licensing: 

individual, site, active users, usage based

◼ Vertical market software – application 

software for a specific industry

◼ Patient-scheduling software

◼ Restaurant management software

◼ Horizontal market software – application 

software suitable for use in many industries

◼ Payroll, inventory, and billing 



Software Issues

◼Software defects (bugs)

◼Alien software (malware)

◼Software evaluation and selection

◼Software licensing

◼Development methodologies

◼Software upgrades

◼Open source software



Changes in Computing

Copyright - Dan Brandon, Ph.D., PMP

140



Programming Languages

◼ Machine Language: The lowest level 

programming language, composed of binary 

digits

◼ First-generation language (1GL): Machine 

language; the level of programming languages 

actually understood by CPU:

◼ Load (move data from memory to registers and 

back)

◼ Compare (compare data in registers: >, <, =)

◼ Jump (specify next instruction to execute)

◼ Add (add data in registers)



Basic Compute Instruction 

Formats

142



Assembly Language

◼ Assembly language: A lower-level 
programming language that is slightly more 
user-friendly than machine language

◼ Second-generation language (2GL):
Assembly language; requires that each 
statement be translated into machine 
language through use of on assembler

◼ Assembler: A system software program that 
translates an assembly language program into 
machine language



Early Instruction Set - 4 Bit Op Codes

• 0000 LOAD X CON(X) -> R

• 0001 STORE X R -> CON(X)

• 0010 MOVE (X,Y) CON(X) -> CON(Y)

• 0011 ADD X R + CON(X) -> R

• 0100 INCREMENT X CON(X) + 1 -> CON(X)

• 0101 SUBTRACT X R - CON(X) -> R

• 0110 COMPARE X COMPARE X TO R, SET CC

• 0111 COMPARE (X,Y) COMPARE CON(X) TO CON(Y)

• 1000 JUMP X GET NEXT INSTRUCTION FROM X

• 1001 JUMPGT X GET NEXT INSTRUCTION FROM X IF CC GT IS ON

• 1010 JUMPEQ X GET NEXT INSTRUCTION FROM X IF CC EQ IS ON

• 1011 JUMPLT X GET NEXT INSTRUCTION FROM X IF CC LT 

IS ON

• 1100 JUMPNEQ X GET NEXT INSTRUCTION FROM X IF CC EQ IS OFF

• 1101 IN X INPUT INTEGER, PLACE IN X

• 1110 OUT X OUTPUT CON(X)

• 1111 HALT STOP PROGRAM



Procedural Languages

◼ Procedural languages: User-oriented programming 
languages, which require programmers to specify 
step by step how the computer must accomplish a 
task

◼ Third-generation languages (3GLs): The first 
level of higher-level programming languages, 
which are closer to natural language and 
therefore easier for programmers to use (COBOL, 
FORTRAN, Pascal, C)

◼ net-salary = salary – taxes - benefits

◼ Compiler: Software program that translates an 
entire high-level program, called source code, into 
machine language code, called object code at once



Nonprocedural Languages

◼ Nonprocedural languages: A type of high-level 
language that enables user to specify the desired result 
without having to specify the detailed procedures needed 
for achieving the result

◼ Users specify WHAT they want not HOW to do it

◼ Fourth–generation languages (4GLs): A type of high-
level programming languages, which can be used by 
non-technical users to carry out specific functional tasks

◼ Fifth-generation languages

◼ Use artificial intelligence technologies

◼ Knowledge-based systems, natural language processing (NLP), 

visual programming, and a graphical approach to programming

◼ Designed to facilitate natural conversations between an individual 

and the computer



HTML & XML

◼ Hypertext markup language (HTML): The standard 
markup language used on the Web to create and 
recognize hypertext documents.

◼ Dynamic HTML/HTML5: lets users interact with the 
content of richly formatted pages without having to 
download additional content from the server.

◼ Cascading style sheet (CSS): An enhancement to 
HTML that adds page layout features to web 
documents.

◼ Extensible markup language (XML): A markup
language designed to improve the  functionality of web 
documents by  providing more flexible and adaptable 
data identification

◼ Separates content and format into different files



Object-oriented Programming (OOP) 

Languages

◼ Object- oriented programming (OOP) 
languages: Programming language that 
encapsulate a small amount of data with 
instructions about what to do with data

◼ Methods: In OOP, the instructions about what to do with 
encapsulated data objects

◼ Encapsulation: In OOP, the process of creating an 
object, and protecting its contents

◼ Reusability feature: Feature of object-oriented 
languages that allows classes created for one purpose to 
be used (or extended) in a different object-oriented 
program if desired



Modern Languages

◼ Java – Full object-oriented programming language

◼ JavaScript - scripting language that is especially 

suited for web development and is embedded into 

HTML

◼ PHP - scripting language that is especially suited for 

web development and runs on a web server, taking 

PHP code as its input and creating web pages as 

output

◼ R – language for statistics and data analytics; 

supports direct vector processing

◼ Others: C#, Python, Ruby, Objective C

http://www.youtube.com/watch?v=hVBNCX8SLNo


DOS Command Language

◼ Dan Gookin is an author who wrote the first “For 

Dummies” book

◼ His first book was DOS for Dummies which has sold 

hundreds of thousands of copies

◼ Windows for Dummies, asserted to be the best-selling 

computer book of all time, has sold more than 15 million 

copies

◼ He later wrote more dummies books and franchised the 

process inviting in more authors

◼ For Dummies books have sold over 350 million 

copies!

◼ See appendix for more on DOS commands
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DOS Command Language (con’t)
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Summary
◼ A computer can have many definitions

◼ Major developments in hardware have taken place over the past 

60 years

◼ Computers draw their power from speed, accuracy, and storage 

and retrieval capabilities

◼ Computers perform arithmetic, logical, and storage and retrieval 

operations

◼ Computers are classified based on cost, amount of speed, and 

sophistication

◼ To process data, a computer requires input, output, and memory 

devices

◼ Software is all the programs that run a computer system

◼ Computer languages include machine, assembly, high-level, 

fourth- and fifth- generation languages
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Homework
◼ Textbook Chapter 2

◼ Quiz on this lesson and that chapter

◼ Lesson appendices: DOS, UNIX, Qubit

◼ In Windows (see appendix for DOS commands) or MAC UNIX:
◼ In DOS command window, create a directory under C:\ with the same name as your CBU 

username plus “2” (i.e. jdoe2)

◼ Create a text file named “add.txt” containing your address and phone numbers and save it in 

that directory (you can use Wordpad or Notepad)

◼ In DOS, create a directory under jdoe2 called “temp”

◼ In DOS, move the text file from jdoe2 to temp

◼ In DOS, rename the file to “add2.txt”

◼ Print the DOS screen (Print-Screen [or ALT Print-Screen] Key), insert it in a Word document, 

and send that Word document to the instructor in an email

◼ Optional – Extra Credit - In Unix on student server (sheba.cbu.edu), do the 

same as above, except use a Unix editor, send the Unix screen of commands

◼ MAC users will need UNIX commands; click HERE for MAC video

◼ Continued -----------------------------------------------------------------→
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Homework (con’t)

◼ Individual technology presentations

◼Team Report 1
◼ Selection of Industry Area and team 

name and possibly logo
◼ Must be a new business and not an existing

business – the focus in this course is the
use of IT for a competitive advantage

◼ Mission and Vision Statements

◼ Specification of Product(s) and/or 
Service(s) and “value chain”
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Appendix

Windows/DOS Command Line



DOS

◼ The roots of the Windows command line lay in DOS, that 
antique operating system of the 1980s (DOS is gone now)

◼ Most old DOS programs lost Windows compatibility after the 
release of Windows 98

◼ Yet despite Windows' glorious graphical goodness, a wispy 
memory of text-based computer life still exists

◼ It's a program called CMD.EXE, and it appears in Windows 
as the command prompt window

◼ The command prompt to this day still serves as a useful 
alternative way to control your computer

◼ Indeed, there are some things you can do in the command 
prompt window that in Windows' graphical interface are 
tedious, slow, or almost impossible

◼ For Win 10+, there is an enhanced command interface -
PowerShell

http://www.youtube.com/watch?v=psRQQO5XoMI&feature=related


Starting Command Mode

◼ Text commands, while obscure, are 
potent. Armed with the right 
commands and the know-how to use 
them, you can, even today, fully 
control any Windows computer from 
your keyboard alone.

◼ The command prompt window isn't 
really text mode, not like the old days. 
Rather, it emulates text mode.

◼ In fact, over the years, Microsoft has 
continued to make the command 
prompt more and more powerful. 

◼ To begin the command prompt 
window:

◼ Click the Windows Start menu, 
click All Programs, choose the 
Accessories submenu, choose 
Command Prompt, et voila, you 
should be looking at a standard 
command prompt window.

◼ OR select RUN and type in CMD 
(or powershell in Win 10+)



Typing “command” or “powershell” into Search Box

[you may have a “run as administrator” option]
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DOS Command Window in Win 7+
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Open powershell here

in Win 10+



DOS Command Window (con’t)

◼ The command prompt window emulates the old full-
screen text mode of yesteryear in a small window on 
your screen

◼ Inside the window you should see 80 columns by 25 
rows of text; but you can resize that window

◼ A command prompt (which begins with C:\) indicates 
what directory you're currently in; and a blinking cursor 
shows you where to type your text

◼ What you type at that prompt are commands

◼ Type 
◼ VER

◼ and press Enter

◼ You should see text telling you the current version of 
your operating system
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Command Use

◼ There are many web DOS tutorials available, such as:

◼ http://terpconnect.umd.edu/~nsw/ench250/dostutor.htm

◼ Commands can be typed in uppercase or lowercase. Traditionally, DOS commands are 

written in ALL CAPS, as we're doing here, but you don't have to type them that way. 

◼ Anything you type is ignored until you press the Enter key. You can use the Backspace key 

to back up and erase. You can also use the left and right arrow keys to edit text. 

◼ You can quickly summon a previous DOS command by pressing the up arrow key. Pressing 

the up arrow key repeatedly pages back through the past several commands you've typed at 

the prompt. 

◼ The Cancel sequence in DOS is Ctrl+C. 

◼ Yes, the error messages are cryptic and useless. 

◼ To finish your DOS session, simply close the window. Or if you want to be completely texty 

about things, type EXIT to make the command prompt window go bye-bye, just like in the old 

days. 



DOS Command Window

◼ You can change the row count simply by resizing the window vertically with your mouse. 
However, the same can't be said for the horizontal axis. To change the command prompt 
window's column count, you need a DOS command, MODE:

◼ MODE CON COLS=90 LINES=30

◼ The above command sets the number of text columns (COLS) on the CON or "console" (another 
term for the command prompt window) to 90 and the number of rows or LINES to 30.

◼ Note, however, that setting the LINES value also affects the command prompt window's ability to 
scroll back through commands. Normally, the number of lines is set to 300, though the window is 
sized to show only 25 lines. When you reset the LINES value, the scroll-back buffer will be reset 
as well, so tread carefully if you think you're going to need to scroll back through your work.

◼ MODE is one of the most eclectic DOS commands, controlling the operating mode of a variety of 
devices. To see the current operating statistics for the console, type:

◼ MODE CON

◼ It's also possible to change the command prompt window's text and background colors, something 
old-time DOS users requested for years. Try this: 

◼ COLOR 1F

◼ The above command sets the background color to 1 (blue) and text color to F (bright white). There 
are 16 color combinations to choose from, as shown below.

◼ 0 = Black   1 = Blue   2 = Green 3 = Aqua   4 = Red   5 = Purple 6 = Yellow   7 = White   8 
= Gray 9 = Light blue
A = Light green   B = Light aqua C = Light red   D = Light purple E = Light yellow   F = 
Bright white

◼ The order is always background first, then text color -- so COLOR 3B creates an aqua background 
with light aqua text, COLOR D0 creates a light purple background with black text and so on.



Directories

◼ To use the command prompt effectively, we first need to review 
the concept of directories. 

◼ Microsoft made great efforts in the 1990s to change the old 
nomenclature from "directory" to "folder." For a GUI like Windows, 
that's OK, but the command prompt uses directories as DOS did.

◼ The prompt is configured to show you which directory you're 
currently using -- most of the time. If you're not sure, type 
◼ CD

◼ and hit Enter. 

◼ On my computer, the prompt 

◼ C:\Users\Dan>

◼ indicates that I'm currently using, or logged to, the directory Dan, 
a subdirectory of Users, a subdirectory of the root directory on 
drive C. 

◼ That means that commands issued affect only the files in the Dan 
directory, unless you specify an alternate pathname, which we 
discuss later.



Directories (con’t)

◼ To refer to or use files in another directory, you have two choices. First, you 
can change directories by specifying the full pathname to the files. For 
example:
◼ C:\WINDOWS\WEB\WALLPAPER\IMG10.JPG

◼ Or you can use the CD, change directory, command to log to that specific 
directory:
◼ CD \WINDOWS\WEB\WALLPAPER

◼ You'll see the command prompt changed to reflect the new location:
◼ C:\Windows\web\wallpaper>

◼ One can type
◼ CD \

◼ To get back o the root directory of the drive (i.e. C:)

◼ One can type
◼ CD ..

◼ To go back up the directory tree one level

◼ To make a new directory (under your current directory) named “newdir” use 
the MKDIR command (or MD command) [RD to remove a directory]:
◼ MKDIR newdir
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DOS & Unix

◼ If you're familiar with Unix, you'll note some similarities (and also many 
differences) between the way it handles directories and how DOS does things.

◼ First, DOS uses the backslash to separate paths. (DOS can use forward slashes, 
but their behavior is inconsistent, so it's safest to stick with the backslash.) 

◼ Second, typing CD by itself in DOS does not return you to your home directory; it 
only shows you where you currently are. In Windows, you must do that manually 
by entering the pathname as we discussed above, or use this trick:
◼ CD %USERPROFILE%

◼ In Windows, USERPROFILE is an environment variable representing your home 
directory. When used at the command prompt, environment variables must be 
enclosed in percent signs so that they expand properly.

◼ Finally, DOS and Windows handle separate storage devices as unique drive 
letters. So to use drive D in DOS, you must log to it by typing its drive letter and 
adding a colon:
◼ D:

◼ Drive D and other drives also have their own file system, which you can navigate 
by using the CD command. Each drive has a current directory, and to discover 
what it is, use the CD command followed by the drive letter and a colon:

◼ CD D:

◼ The above command reports the current directory on drive D.



Groups of Files

◼ One can name certain files with a special prefix or suffix -- files with images of 
one’s kids could all start with their names, for example, and files that pertain 
to a specific event like a birthday or holiday all use the same word as a suffix -
- for example, (jonah_filename_birthday).

◼ That naming system may do nothing in Windows, but in text mode, it allows 
you to easily gather specific files and treat them as a unit.

◼ Of course, clever naming isn't enough. To work with groups of files, you also 
need to know and use DOS's filename wild cards. There are two: ? for single 
characters and * for a group of characters.

◼ When you combine the wild cards to represent any character with consistent 
parts of a filename, you can then manipulate those specific files as a group.

◼ For example, say one has a folder full of 100 pictures. Some of them have the 
word "birthday" in the filename. To copy those birthday files to a USB flash 
drive using drive letter L, one can type the following command:
◼ COPY *BIRTHDAY* L:

◼ The COPY command above automatically plucks out or selects any file with 
the word BIRTHDAY in it, anywhere in that directory. The * represents any 
text, that is, any characters, before or after the word BIRTHDAY in the file, so 
it will select both (jonah_birthday) and (birthday_2006). And the L: represents 
drive L, the flash drive to which I'm copying the files. 



Creating Subdirectories and Moving Files to 

Them

◼ Here's another example, typical of  digital housekeeping. Say one has a huge directory for a project. 

It started out small, then grew a bunch of files. 

◼ To keep them organized, one can create separate folders for text, graphics and e-mails.

◼ Then use the MKDIR command to create new directories, actually subdirectories in the current 

directory, like so:

◼ MKDIR PICS

◼ The above command creates the subdirectory PICS -- a lot faster than summoning and naming a 

new folder in Windows. 

◼ The MOVE command is used to move files or folders:

MOVE filename destination_directory

◼ To move the image files into the PICS directory, use the following three commands:

◼ MOVE *.JPG PICS

MOVE *.TIF PICS

MOVE *.PNG PICS

◼ These three commands empty the current directory of its graphics files, all JPG, TIF and PNG 

images. The files are moved to the PICS directory, which is a subdirectory of whichever directory I'm 

currently logged to. 



Files

◼ Say you want to share a file. The environment 
variable for Windows' Public folder is named, 
logically, PUBLIC. To copy the movie file 
SIMON.WMV to that folder, use this command:
◼ COPY SIMON.WMV %PUBLIC%

◼ If SIMON.WMV isn't in the current folder, then you'll 
have to use CD to log to the proper folder and then 
issue the command, or stay where you are and 
specify a pathname to the file, like so:
◼ COPY VIDEOS\SIMON.WMV %PUBLIC%\VIDEOS

◼ Along with MOVE and COPY, DOS sports the 
ERASE (or DEL) and RENAME (REN) commands, 
which are used to remove and rename files, alone 
or in groups.



Copying Whole Directories

◼ On the macro level, there is the powerful ROBOCOPY utility, which comes standard 
with Vista and is available for download as part of the Windows Server 2003 
Resource Kit or the Windows NT Server 4.0 Resource Kit. 

◼ No, the ROBO in ROBOCOPY does not stand for robot. It stands for robust. Just as 
the old XCOPY DOS command was created to fix many of COPY's shortcomings, 
ROBOCOPY fixes the shortfalls of XCOPY, and makes it smarter. 

◼ Primarily, ROBOCOPY is a directory-copying (i.e., folder-copying) tool. It can even 
mirror a directory tree on a network computer, which can help you resume 
automatically after a network failure. It's a handy tool for any network administrator, 
as well as anyone who manually backs up his PC.

◼ The feature set for ROBOCOPY is pretty rich. To get a gander, use the /? switch to 
see the full list of options and parameters, or just type ROBOCOPY by itself. 

◼ Now let's take a look at a ROBOCOPY command: 

◼ ROBOCOPY . E:\DAN /MIR

◼ This command directs ROBOCOPY to duplicate, or mirror, the contents of the current 
directory (abbreviated by the dot) -- and all files and subdirectories in that directory --
to the directory DAN on drive E. All files will be copied. If the operation stops -- it will 
hang if a file is busy and try it back 1 million times unless you intervene -- you can 
resume it at any time simply by reissuing the ROBOCOPY command, which will pick 
up where it left off.

◼ Speaking of those million attempts, a good switch to employ with ROBOCOPY is /R:1. 
That sets the number of retries for busy files to one rather than the default 1 million. 
And that way the mirror process doesn't lag because some network service is 
accessing a log file.

http://www.microsoft.com/downloads/details.aspx?familyid=9d467a69-57ff-4ae7-96ee-b18c4790cffd&displaylang=en
http://www.microsoft.com/resources/documentation/windowsnt/4/server/reskit/en-us/reskt4u4/rku4list.mspx?mfr=true


File Associations

◼ One place where the command prompt really shows its muscle is with 
file associations, which Windows handles in only the most cursory way. 
(Windows makes a guess about which files should be associated with 
which programs by looking at the filename extension. That's it.) 

◼ To keep track of filename extensions and the programs associated with 
those extensions, Windows maintains a database (in the Registry). You 
can use the Registry to fish out various filename extensions and the 
programs associated with them, or you can use the command prompt, 
which works better.

◼ The two commands used for file associations are ASSOC and FTYPE.
◼ You need two commands because there are two steps to file association:

◼ The first step, handled by ASSOC, is to associate a filename extension with a file 
type.

◼ The second step, handled by FTYPE, is to associate the file type to the 
command that opens the file. 

◼ By itself, the ASSOC command lists every registered filename extension 
and the type of file it's registered to. The output scrolls by super fast. To get 
a full list, I recommend printing it or saving to disk and examining the list in 
Notepad. 

◼ To print the list, type:
◼ ASSOC > PRN 

◼ To view it in Notepad:
◼ ASSOC > ASSOC.TXT

NOTEPAD ASSOC.TXT



File Associations (con’)

◼ Each entry takes the format of
◼ .ext=type

◼ Where ext is the filename extension (complete with period), and type is the name of a 
file type. For example, to see how JPG files are registered, use this command:
◼ ASSOC .JPG

◼ This command directs ASSOC to output any files associated with the JPG extension. 
On my screen, I saw this output:
◼ .jpg=jpegfile

◼ Filenames ending in .JPG are associated with the JPEGFILE type. 

◼ As with ASSOC, the output from the FTYPE command is voluminous and scrolls by 
too quickly to see. You can redirect the output to a file and examine it in Notepad by 
issuing these two commands:
◼ FTYPE > FTYPE.TXT

NOTEPAD FTYPE.TXT

◼ The format for each line that FTYPE displays works like this:
◼ type=command

◼ where type is an associated file type that the ASSOC command outputs, and 
command is the command line instructions for opening the given type. Windows 
opens the file using batch file command line arguments, such as %1 for the filename 
to open, then %2 through %9 for any additional command-line arguments.

◼ You may also see various command-line switches specified in the command part of 
FTYPE's output. (This is how some of those so-called computer geniuses discover 
"secret" or "hidden" switches.)



File Associations (con’)

◼ As an example, you can see how Windows treats the JPEGFILE file type:
◼ FTYPE JPEGFILE

◼ On my computer, I see the following command for dealing with JPEGFILE 
types:
◼ %SYSTEMROOT%\SYSTEM32\RUNDLL32.EXE 

"%PROGRAMFILES%\WINDOWS PHOTO GALLERY\PHOTOVIEWER.DLL", 
IMAGEVIEW_FULLSCREEN %1 

◼ Remember: Full pathnames are used, so it's really just four items you see 
altogether. Initially, there's 
◼ %SYSTEMROOT%\SYSTEM32\RUNDLL32.EXE

◼ where %SYSTEMROOT% is a variable that expands to represent the location 
where you've installed Windows on your PC. The RUNDLL32.EXE program 
runs processes in Windows. In this case, it's running the Windows Photo 
Gallery Photo Viewer program:
◼ "%PROGRAMFILES%\WINDOWS PHOTO GALLERY\PHOTOVIEWER.DLL", 

◼ %PROGRAMFILES% is a variable that expands to equal the location where 
you've installed programs on your PC. That's followed by the pathname to the 
PhotoViewer DLL, which must be enclosed in double quotes because it 
contains spaces. 
◼ IMAGEVIEW_FULLSCREEN %1

◼ ImageView_Fullscreen is an option for the PhotoViewer program. It's followed 
by %1, which represents the name of the JPEG file.



Changing Default File Associations

◼ You can use the ASSOC and FTYPE combination to change assignments for 
any type of file. Of course, you'll first need to know the full pathname to the file 
to run, plus any options required to load a file and properly process the 
information.

◼ As an example, here's how you would setup the LOG filename extension to be 
opened by Notepad:

◼ ASSOC .LOG=LOGFILE
◼ This command associates the LOG filename extension with the LOGFILE type. 

Now you need to direct Windows to use Notepad when it opens LOG files. First, 
a cheat: See how Notepad is opened for text files, which are the TXTFILE type:

◼ FTYPE TXTFILE
◼ You should see something like:
◼ TXTFILE=%SYSTEMROOT%\SYSTEM32\

NOTEPAD.EXE %1
◼ Now type:

◼ FTYPE LOGFILE=%SYSTEMROOT%\
SYSTEM32\NOTEPAD.EXE %1

◼ You're using the same command used to open a TXTFILE, but in this case it's a 
LOG file you're opening. Another way to do this is to associate LOG with 
TXTFILE: 
◼ ASSOC .LOG=TXTFILE

◼ But either way ends up with the same result: Notepad is run and it opens the file.



Printing and Files

◼ Another thing the command prompt can do that Windows can't is print the 
contents of a folder, a list of files, their names, sizes and dates. This is 
actually a function of the DIR command, which lists the contents of a 
directory:
◼ DIR

◼ In Windows, directory (or folder) information is displayed graphically. You 
can use the Details mode to see the kind of information that the DIR 
command displays, but you still can neither print nor easily cut and paste 
that list within Windows. Yet using the command prompt, it's possible --
providing that you have a printer connected directly to your PC's printer 
port, also called the LPT1 port. Here's the command: 
◼ DIR > PRN

◼ The > (greater than) symbol redirects the output of the DIR command to the 
PRN device, your PC's default printer. Ensure that your printer is attached 
to the computer and ready to print, then press the Enter key. 

◼ If the page doesn't eject from the printer, then try this useful command:
◼ ECHO ^L > PRN

◼ Note that you create the ^L character by pressing Ctrl+L on the keyboard; 
don't type the character ^ and then an L, which doesn't work. The ECHO 
command displays the "Control-L" character, but because the > command 
redirects output, the ^L is "displayed" on the printer, which ejects a page.



Printing and Files (con’t)

◼ There are two alternatives if you don't have a printer connected directly to your PC's printer port (for instance, 
if your printer is connected via a USB cable or is on your network). The first is to send the DIR command's 
output to a file, a file you can later open and print from within Windows. Let's call the file DIRLIST.TXT. When 
you type:

◼ DIR > DIRLIST.TXT

◼ the above command redirects the DIR command's output to DIRLIST.TXT, which is created in the same 
directory. You can then use Notepad to print the file by issuing this command:

◼ NOTEPAD /P DIRLIST.TXT

◼ The command opens Notepad, loads the file DIRLIST.TXT, prints the file (thanks to the /P switch), then 
closes Notepad back up. A final command is required to remove the DIRLIST.TXT file:

◼ DEL DIRLIST.TXT

◼ There is no confirmation; the file is removed by the DEL command. (Also, it cannot be recovered from the 
Recycle Bin.)

◼ The second alternative is available to Windows Vista users only. With Windows Vista, Microsoft added a slew 
of new DOS commands, including a new filter: CLIP. The CLIP filter is used at the command prompt to send 
information to the Windows clipboard. Once there, the text generated by the command prompt can be pasted 
into any Windows application that accepts text. 

◼ So in Vista, the alternative for printing a list of files works like this:

◼ DIR | CLIP

◼ The above command uses the pipe character (found above the backslash key on your keyboard) to send the 
output of the DIR command to the Windows clipboard. You can then use the Ctrl+V, or Paste, command to 
paste the file listing into any application that accepts text, such as Notepad or Microsoft Word



DOS Command Summary
[http://en.wikipedia.org/wiki/List_of_MS-DOS_commands]

• COPY 

• PURPOSE Creates a copy of a file. 

• SYNTAX COPY input output

• MOVE 

• PURPOSE Moves a file from one location to another. 

• SYNTAX MOVE input output

• REN

• PURPOSE Renames a file

• SYNTAX REN input output

• DIR 

• PURPOSE Displays the contents of the current directory. 

• SYNTAX DIR

• /P causes DOS to pause after filling a complete screen. 

• /W causes DOS to list files across the width of the screen. 

• ERASE 

• PURPOSE Deletes DOS disk files. 

• SYNTAX ERASE file path

• MKDIR 

• PURPOSE Creates a new disk directory. 

• SYNTAX MKDIR directory

• RMDIR 

• PURPOSE Removes a disk directory. 

• SYNTAX RMDIR directory

• TYPE 

• PURPOSE Display the contents of a file on the screen. 

• SYNTAX TYPE file path 
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Windows PowerShell

◼ The Command Prompt is essentially just a legacy 

environment carried forward in Windows—an environment 

that copies all of the various DOS commands you would 

find on an old DOS system

◼ It is limited, can’t access many Windows system 

administration features, and is more difficult to compose 

complex scripts with

◼ PowerShell is a new environment for Windows 10+ 

system administrators that allows them to use a more 

modern command-line (Unix like) environment to manage 

Windows

◼ PowerShell is more complicated than DOS Command, but 

much more powerful
Copyright - Dan Brandon, Ph.D., PMP
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PowerShell (con’t)

◼ Many common Command Prompt commands—from ipconfig to cd —work in the 

PowerShell environment

◼ This is because PowerShell contains “aliases” that point these old commands at the 

appropriate new cmdlets, running the new cmdlets when you type the old 

commands

◼ As an example, see the commands below:

◼ Change a Directory
◼ •DOS:  cd

◼ •PowerShell:  Set-Location

◼ List Files in a Directory
◼ •DOS:  dir

◼ •PowerShell:  Get-ChildItem

◼ Rename a File
◼ •DOS:  rename

◼ •PowerShell:  Rename-Item

◼ To see if a DOS command has an alias, you can use the Get-Alias cmdlet

◼ For example, typing  Get-Alias cd shows you that  cd is actually running the  Set-Location 

cmdlet

Copyright - Dan Brandon, Ph.D., PMP
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Basic Unix Commands
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Download the Putty Telnet Client (Unix Terminal 

Emulator) [www.putty.org]

Install on Desktop
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Putty (con’t)

• Putty is one of those single file executables 

that does not require “installation” nor 

Administrative privileges

• Students can simply download and save on 

their “AD” desktop and execute from there

• Another URL below for the download page:

•

• http://www.chiark.greenend.org.uk/~sgtatham

/putty/download.html
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Log onto Student Server
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Common Unix Commands

◼ ls --- lists your files 

ls -l --- lists your files in 'long format', which contains lots of useful 

information, e.g. the exact size of the file, who owns the file and 

who has the right to look at it, and when it was last modified. 

ls -a --- lists all files, including the ones whose filenames begin in a 

dot, which you do not always want to see. There are many more 

options, for example to list files by size, by date, recursively etc. 

◼ more filename --- shows the first part of a file, just as much as will 

fit on one screen. Just hit the space bar to see more or q to quit.  

◼ cat filename --- lists the contents of a file

◼ pico filename --- is an editor that lets you create and edit a file 



◼ mv filename1 filename2 --- moves a file (i.e. gives it a different name, or 

moves it into a different directory (see below) 

◼ cp filename1 filename2 --- copies a file 

◼ rm filename --- removes a file. It is wise to use the option rm -i, which will 

ask you for confirmation before actually deleting anything. 

◼ diff filename1 filename2 --- compares files, and shows where they differ 

◼ wc filename --- tells you how many lines, words, and characters there are in 

a file 

◼ chmod options filename --- lets you change the read, write, and execute 

permissions on your files. The default is that only you can look at them and 

change them, but you may sometimes want to change these permissions. 

For example, chmod o+r filename will make the file readable for everyone, 

and chmod o-r filename will make it unreadable for others again. Note that 

for someone to be able to actually look at the file the directories it is in need 

to be at least executable. 



◼ mkdir dirname --- make a new directory 

◼ cd dirname --- change directory. You basically 'go' to 

another directory, and you will see the files in that 

directory when you do 'ls'. You always start out in 

your 'home directory', and you can get back there by 

typing 'cd' without arguments. 'cd ..' will get you one 

level up from your current position. You don't have to 

walk along step by step - you can make big leaps or 

avoid walking around by specifying pathnames. 

◼ pwd --- tells you where you currently are. 



Pico Usage

◼ Original File Creation:

◼ pico

◼ Type in file contents

◼ ^O

◼ specify file name (i.e. Hello.java)

◼ ^X

◼ Editing File:

◼ pico filename



http://www.cbu.edu/ietc/faq/picofaq.html



Nano Editor

◼ Nano is a simple text based editor (does not 

use mouse)

◼ You can run nano in two ways

◼ To open nano with an empty buffer, just type in 

“nano” at the command prompt

◼ You can also use the following syntax:

◼ nano /path/to/filename

◼ Nano will follow the path and open that file if it 

exists; if it does not exist, it’ll start a new buffer 

with that filename in that directory

Copyright – Dan Brandon
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Nano Editor (con’t)
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Nano Commands
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Nano Commands (con’t)

Copyright – Dan Brandon



UNIX Command Summary
[http://www.math.utah.edu/lab/unix/unix-commands.html]

• cat --- for creating and displaying short files 

• chmod --- change permissions 

• cd --- change directory 

• cp --- for copying files 

• date --- display date 

• echo --- echo argument 

• ftp --- connect to a remote machine to download or upload files 

• grep --- search file 

• head --- display first part of file 

• ls --- see what files you have 

• lpr --- standard print command (see also print ) 

• more --- use to read files 

• mkdir --- create directory 

• mv --- for moving and renaming files 

• ncftp --- especially good for downloading files via anonymous ftp. 

• print --- custom print command (see also lpr ) 

• pwd --- find out what directory you are in 

• rm --- remove a file 

• rmdir --- remove directory 

• rsh --- remote shell 

• setenv --- set an environment variable 

• sort --- sort file 

• tail --- display last part of file 

• tar --- create an archive, add or extract files 

• telnet --- log in to another machine 

• wc --- count characters, words, lines 
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https://images.idgesg.net/assets/2019/04/ie_nw_linux_cheat2

0sheet_spring202019.pdf

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

Qubit



Google’s Sycamore

◼ In OCT 2019 Google claimed that it's achieved quantum 

supremacy -- marking a major milestone in computing research 

and Google's research paper has now been published in the 

scientific journal Nature

◼ Quantum supremacy is a big deal, because it encapsulates the 

ability of quantum computers to solve problems that current 

technology couldn't even begin to attempt

◼ Google's paper explains how its 53-bit quantum computer --

named Sycamore -- took just 200 seconds to perform a 

calculation that would have taken the world's fastest 

supercomputer 10,000 years

◼ In theory, this capability opens a lot of doors to future 

technologies, such as designing better batteries and medicine, 

or minimizing emissions from farming chemicals

Copyright - Dan Brandon, Ph.D., PMP

198

https://www.nature.com/articles/s41586-019-1666-5
https://www.engadget.com/2019/10/21/nvidias-egx-supercomputer-tech-can-crunch-1-6-terabytes-a-secon/
https://www.engadget.com/2019/09/30/aluminum-batteries-now-more-practical/


◼ It could also help to advance existing technologies such as 

machine learning

◼ However, Sycamore's feat has almost no practical use at this 

stage -- it was designed simply to show that a quantum 

computer could perform as expected

◼ Nonetheless, it's an important first step towards a technology 

that could have a major impact on our lives -- even if that's still 

some years away

◼ In an interview with MIT Technology Review, Google CEO 

Sundar Pichai likened the experiment to the first flight by the 

Wright Brothers

◼ "The first plane flew only for 12 seconds, and so there is no 

practical application of that," he said. "But it showed the possibility 

that a plane could fly."

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

◼ In quantum computing, a qubit or quantum 

bit (sometimes qbit) is a unit of quantum information—

the quantum analogue of the classical bit

◼ A qubit is a two-state quantum-mechanical system, such 

as the polarization of a single photon: here the two 

states are vertical polarization and horizontal polarization

◼ In a classical system, a bit would have to be in one state 

or the other

◼ However, quantum mechanics allows the qubit to be in a 

superposition of both states at the same time, a property 

that is fundamental to quantum computing



Bit vs Qubit

◼ The bit is the basic unit of information; it is used to represent information by 
computers

◼ Regardless of its physical realization, a bit has two possible states typically 
thought of as 0 and 1, but more generally—and according to applications—
interpretable as true and false

◼ An analogy to this is a light switch—its off position can be thought of as 0 
and its on position as 1

◼ A qubit has a few similarities to a classical bit, but is overall very different

◼ There are two possible outcomes for the measurement of a qubit—usually 0 
and 1, like a bit; however the state of a qubit can also be a superposition of 
both

◼ It is possible to fully encode one bit in one qubit; however, a qubit can hold 
even more information, e.g. up to two bits using superdense coding

◼ For a system of n components, a complete description of its state in 
classical physics requires only n bits, whereas in quantum physics it 
requires 2n−1 complex numbers



Qubit States

◼ The two states in which a qubit may be 

measured are known as basis states (or basis 

vectors)

◼ As is the tradition with any sort of quantum 

states, they are represented by Dirac—or "bra–

ket"—notation

◼ This means that the two computational basis 

states are conventionally written as |0⟩ and |1⟩

◼ Pronounced "ket 0" and "ket 1"



Qubit States (con’t)



Qubit States (con’t)



Qubit States (con’t)

◼ The possible states for a single 

qubit can be visualized using a 

Bloch sphere

◼ Represented on such a sphere, a 

classical bit could only be at the 

"North Pole" or the "South Pole", in 

the locations where |0⟩ and |1⟩ are 

respectively

◼ The rest of the surface of the 

sphere is inaccessible to a classical 

bit, but a pure qubit state can be 

represented by any point on the 

surface



Qubit States (con’t)

◼ For example, the pure qubit state 

◼ would lie on the equator of the sphere, on the positive y axis.

◼ The surface of the sphere is a two-dimensional space, which 
represents the state space of the pure qubit states. This state 
space has two local degrees of freedom.

◼ It is possible to put the qubit in a mixed state, a statistical 
combination of different pure states

◼ Mixed states can be represented by points inside the Bloch 
sphere

◼ A mixed qubit state has three degrees of freedom: the angles ϕ  
and θ, as well as the length r of the vector that represents the 
mixed state



Qubit Operations

◼ There are various kinds of physical operations that can be 
performed on pure qubit states:
◼ A quantum logic gate can operate on a qubit: mathematically 

speaking, the qubit undergoes a unitary transformation -
unitary transformations correspond to rotations of the qubit 
vector in the Bloch sphere

◼ Standard basis measurement is an operation in which 
information is gained about the state of the qubit

◼ The result of the measurement will be either |0⟩, with 
probability |α| 2 or |1⟩, with probability |β| 2

◼ Measurement of the state of the qubit alters the values of α 
and β, for instance, if the result of the measurement is |0⟩, 
α is changed to 1 (up to phase) and β is changed to 0

◼ Note that a measurement of a qubit state entangled with 
another quantum system transforms a pure state into a 
mixed state



Entanglement

◼ An important distinguishing feature between a qubit and 

a classical bit is that multiple qubits can exhibit quantum 

entanglement

◼ Entanglement is a nonlocal property that allows a set of 

qubits to express higher correlation than is possible in 

classical systems

◼ Take, for example, two entangled qubits in the Bell state

◼ In this state, called an equal superposition, there are 

equal probabilities of measuring either |00⟩ or |11⟩ , as

https://en.wikipedia.org/wiki/Bell_state


Entanglement (con’t)

◼ Imagine that these two entangled qubits are separated, with one each 

given to Alice and Bob

◼ Alice makes a measurement of her qubit, obtaining—with equal 

probabilities—either |0⟩ or |1⟩

◼ Because of the qubits' entanglement, Bob must now get exactly the 

same measurement as Alice; i.e., if she measures a |0⟩, Bob must 

measure the same, as |00⟩ is the only state where Alice's qubit is a |0    

◼ Entanglement also allows multiple states (such as the Bell state 

mentioned above) to be acted on simultaneously, unlike classical bits 

that can only have one value at a time

◼ Entanglement is a necessary ingredient of any quantum computation 

that cannot be done efficiently on a classical computer

◼ Many of the successes of quantum computation and communication, 

such as quantum teleportation and superdense coding, make use of 

entanglement, suggesting that entanglement is a resource that is unique 

to quantum computation



Physical Implementations



Computation Usage

◼ Faster computation, more operations in 

parallel

◼ Faster data communications – sending the 

same number of pulses along the wire or fiber 

optic cable – but each pulse has more 

information (a qubit instead of a bit)

◼ In 2017 Oak Ridge Lab (ORNL) in TN 

transferred 1.67 bits per qubit over a fiber 

optic cable
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