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Lecture 8:!
How does a computer…!

store words, pictures, sounds?!

UNIVERSITY of WISCONSIN-MADISON!
Computer Sciences Department!

CS 202!
Introduction to Computation!

Professor Andrea Arpaci-Dusseau!
Fall 2010!

""!

Power of Doubling!
Inventor of chess so 

pleased king, given 
any prize!

Cleverly asked: !
•  for 1st square of chess 

board, 1 grain!
•  2nd square, 2 grains!
•  3rd square, 4 grains,!
•  So forth…64 squares!

Impossible to deliver 
promise!!

263 grains on final square!
264-1 grains on board!
18,446,744,073,709,551,615 grains!
Wheat: 80 times harvest all arable land!
Rice Total volume: 37 km3!

461,168,602,000 metric tons!

Why does this matter?!
Adding 1 bit doubles amount can be represented!

•  1 bit: 2 numbers (0, 1)!
•  2 bits: 4 numbers (00, 01, 10, 11)!
•  3 bits: 8 numbers (000, 001, 010, 011, 100, 101, 110, 

111)!
•  4 bits: 24 = 16 numbers!
•  …!
•  8 bits = 28 = 256!
•  …!
•  16 bits: 216 = 65536!
•  32 bits: 232 = 4,294,967,296!
•  64 bits: 264 = 18,446,744,073,709,551,616!

Secret Number Card Trick!

Can you figure out how it works?  Can you figure out how to implement it?!
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What kinds of data must !
bits represent?!

Logical: True, False!
•  Straight-forward: Two states!
•  True: 1, False: 0!

Numbers !
•  Signed, unsigned, integers, floating point, complex, rational, 

irrational, …!
Text!

•  Characters, words, strings, …!
Images!

•  Pixels, colors, shapes, movies …!
Sound!
Instructions!

Representing Letters, Words, 
Strings in Binary?!

How would you do it???!

Representing Letters!
Simplest approach: Associate each letter with 

binary number (table shows decimal numbers)!

If saw in computer memory: 8 5 12 12 15 (but in binary), how would you !
decode (or translate from computer to human)?!

hello!
How would you encode (translate from human to computer): scratch!

"19 3 18 1 20 3 8!
How many bits are needed for this simple encoding?!

Round up to nearest power of two!
32 = 25 Need 5 bits!

Problems with using only 5 bits?!
Need extra characters for capitals, punctuation, spaces, etc.!

ASCII: American Standard Code for Information Interchange!
8 bits; how many different characters?!

"28 = 256!

ASCII!
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Representing Pictures!

Picture looks smooth – looks analog!

Picture: Zooming In!

Picture: Zooming In More!!

Pixel: Small square short for “Picture-Element”!
We’ve transformed analog information into digital!

How might represent picture?!

Assume black and white only!

How would you represent?!

What is the problem with this approach?!
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Problems with Naïve Approach?!

Requires many bits to represent large pictures!
•  Consumes a lot of storage (memory, disk)!
•  Consumes a lot of time to transmit (fax, network)!

Important: Millions of pixels on modern displays!

How can we use fewer bits? !
General technique: Compression!

•  Lossless: loses no information!
•  Lossy: throws away info that humans (hopefully) 

can’t detect anyways!

Run-Length Compression!

Run-length encoding!
•  Record length of each run of white then black pixels!
•  Lossless or lossy?!

More Complications?!
Length is represented with binary number!

•  Assume 8 bit binary number!
Problem?!

•  Cannot record lengths that don’t fit in 8 bits!!
What is the maximum length that can be 

recorded?!
•  28-1 = 255!

How can we represent run of 500 black pixels?!
•  0 255 0 245!

How would you represent colors?!
–  Examples:  JPEG, TIFF, PNG, GIF, BMP (See Reading!)!

Demo: Seurat or Paintballs?!
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Representing Sound with Binary!

Sound is analog information: continuous sinusoidal waveform!
Amplitude (height): loudness!
Frequency (1/period) : pitch!

•  Humans can hear sounds in range 20-20,000 Hz!

How would you represent?  How would you transform analog into digital?!

Digital representation of music!

How would you store less information to represent this sound?!
"Sample less frequently (fewer points)!
"Use fewer bits to represent each sample!

Sample wave at fixed 
points in time!

Record amplitude at 
those points!

Today’s Summary!
Today’s topics !

•  Text: ASCII code maps letters/symbols to numbers!
•  Translate analog to digital!
•  Images: Represent color of each pixel!

– Use run-length encoding to compress size!
•  Sound: Sample amplitude of sound wave!

Reading:!
•  Pages 130-151 of “Invitation to Computer Science”!

Announcements!
–  Homework 3: Decision tree for interative story; extend!!

•  Due before class Friday!
–  Grades for HW1 and HW2 posted through Learn@UW !


