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Announcements�
•  Homeworks 9 and 10 NOW Available�

–  HW 9 Due before Thanksgiving (Tue 11/22)�
•  Explore Binary Numbers and Gigapan�

–  HW 10 Due after Thanksgiving (Wed 11/30)�
•  Watch TED talks about TECHNOLOGY and write essay�

–  Have enough info to complete both�

•  Exam 2 graded and returned by Monday�

•  No lecture Wednesday before Thanksgiving �

Homework 9 �
Practice conversions with Tetris-like Game�

http://forums.cisco.com/CertCom/game/binary_game_page.htm �

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�
•  5 bits: 25 = 32 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 �
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Decision Tree for 0..31 �

>= 16?�

>=  8?�

>=  4?�

>=  2?�

>= 1?� > 3?�

 >= 6?�

>= 5?� >= 7?�

>= 12?�

>= 10?�

>= 9?� >= 13?�

>= 14?�

>= 13?� >= 15?�

>= 24?�

>= 20?�

>= 18?�

>= 17?� >= 19?�

 >= 22?�

>= 21?� >= 23?�

>= 28?�

>= 26?�

>= 25?� >= 27?�

>= 30?�

>= 29?� >= 31?�

How many questions needed to find answer between 0 and 31 (32 numbers)?�
If 0 represents “no” or “false” and 1 represents “yes” or “true” what do you �
notice about the answers?�

0 = no � 1 = yes �

What is the height of this tree? (i.e. how many questions?) �
"5 questions for 32 numbers; log2(32) = 5�

How many bits are needed to represent number between 0..31?�
"5 bits �

Secret Number Card Trick �

Can you figure out how it works?  Can you figure out how to implement it?�

Other Useful Units�
Bytes�

•  Collection of 8 bits: 1101 0011 �
•  How many different values represented in a byte?�

– 28 = 256 values�
•  Abbreviation: Use B for Bytes vs. b for bits�

Hexadecimal numbers�
•  Base-16 �
•  Why might hexadecimal numbers be useful?�

– Two hex digits per byte�
•  What characters should we use?�

– 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, a, b, c, d, e, f �
•  1101 0011 in hex is 0xd3 �

How does a computer…�
store words, pictures, sounds?�

UNIVERSITY of WISCONSIN-MADISON �
Computer Sciences Department �

CS 202: Introduction to Computation � Professor Andrea Arpaci-Dusseau �

""�



11/18/11	
  

3	
  

What kinds of data must �
bits represent?�

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

Numbers�
•  Unsigned integers, signed integers, floating point �

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�

Demo: Seurat or Paintballs?�
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How might represent picture?�

Assume black and white only�

How would you represent?�

What is the problem with this approach?�

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�
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Why Does Image File �
Look Like Garbage?�

GIF89a\264^B^G^B\367^@^@^@^@^E^@^@      ^@^@^S^@^@^Z^@^@#^@^@)^@^P^V^@^T^[^A^\#^A#+^B/
6^C;C^CGO^DQZ^D^g^E       ^[^Ejs^F^H^L^F^K^Q^F^L!^Fv^?^G\206\220^H\244\257        ^M^[    \261\274 �
^N^S^K^C^L^K^D^R^K^S^V^L^K^L^L^S$^L^T^Y^M^U)^Q^\!^R^U^[^R^Z^^^R^^+^R^_2^S $^X^F^S^Y^F^Z^Y)-^Y*;^Z+1^[^_%^]
^Z^W^]!,^^2@!6:!6D"*."9I#+0#:>$;A%    ^Z'BF(^Q$(/3(/;(/D)^N9)15)DS)EJ,4:,IM-JU."^W.',/%7$�
t^]>t<]t\212\217y^^@zL^K{T^W|Z#|_.~\226\232^?nY^?^?\204\205!E\205!K\205\237\243\210\242\246\212"I\213"G\214#T
\216\247\253\217\217\223\217\337\344\222$K\223$S\225_^Q\226/a\227,Z\227Ch\227Mo\230%N$�
^^L^Xn\335\302\210^S+V\312\327\257\343\276m^WK\236Ly\350\341\312\2303kf\373\270\263\200\310\232C\213^N}y
\264\351\323s\265z^^0\3401`\324\260c\343--\273\266\355\252\252;\263\336\335y\353\355\337\3$�
H{\254\265\313^B \201^B\316^Z\373,^D �
H \343\267^T\210\253\256^E\311\226+#\260\351n\253@^D\3576^P/\265\344\322\333^R\254\276\336v\353^\240\271T+
\255,\346Ze\211\274\366\213V^@�
\364Q\314\303^PG,q1T$^P\330^A^MOL\305^B^MLL\261\305^@^\\320\261\306 \213\354\260\307^R3`n^@"\243\2142^U*^G
\225\361\304*\3138s\312\346\356\373\245\302\344\375{\342\300C\212\270\353gy\362|U^@^L\37$�
\352-\211\343\273       \371\220x^]3\235o\211L\254J^Q^K\267\200\354\305o~_\304\241 �
1`C\306\365^P^A\201A@^P\317HD5 �
px9\364"\366X\247^R(\332\261\204 \314"PPbB\231\324J\203-\312#\244<\350^S^QZ^QaH\322#U\266\230\205.^RQ
{\304^S"\361\304x6\374a/\215k\234#\237\202^HG\323^Y�
\222q\244cJ\354HJ9)2'\202\264\225\370d^T0V\2522\225\270\252\342\301\360s\241SJ\205\221\326R\300^B
(\360EIZ^Rt7\364\230^E^X\2208^K\360P\230\304\344\2301^S(\311b^LS\227\274\364^X^D\336v\304:^B\315\$�
#\3118,\314M\254�
\301^K#0\20391v\326\260\214\252\233!\304\354I\377F\2175\200^A'\223^X?\341\330^@jv^O\233\255\244b^U^S
\232\316W^V^R4^V^\e8\3718N\236^Xr\226^VZOCQ^H\312\373Y\200s\340\222\247\324\372y?}^BS\201\224d$�
\320\324^A^N\260\200\224\252\260^A\216\212\300\255\352r\315\202)U\233@=%CC^H\260\241v\360\250\244T\321[1z
$t:^U)P\275_^E\300JUz\326\217^?L\323\352\331\270 �
L\257R@YYI^@b\357\267\200P\365\210,8E\345^\341\332G^L\302.\256^T\325`Q!\212\327?\226\262\263\232\225%_y
\323\324\277^^e\213\273k\336\357$^F3_\377Z\265i^@\255^UqH\275NZ\265\267\317\313\331^Ar\373\$�
\377,9\241\256\246r\266`\255\332\255V   \253^S\216\315B\303X\217\345\336\357gm\374p^\O0\247\262Dw\305qts
\214\327\351f\204\253\202^B.\206\364\207^]\333cJ\277\230^C\240^^<^?>\352^@S\237\330?\263.\$�
\261\250\307<%3\277x\315\265\255vn?1I\276\201x\317!\255\327\240\357\206\342\351>^R\315\345zhHA^M^B\310 �
\274\340^EO^A\316QsT^L^@|\3409\327'^G(\276^B^Th\300^BV\376-\307^G>\362]<\257\264\220^Uy\220yK\363\227\247i�

Bits not Valid ASCII Characters…�

Gigapan�

Stitch together hundreds of snapshots to create high-resolution scene�

Gigapan�
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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�

Announcements�
•  Next: Boolean logic (AND, OR, NOT) over Boolean 

Variables �

•  Homeworks 9 and 10 NOW Available�
–  HW 9 Due before Thanksgiving (Tue 11/22)�

•  Explore Binary Numbers and Gigapan�
–  HW 10 Due after Thanksgiving (Wed 11/30)�

•  Watch TED talks about TECHNOLOGY and write essay�
–  Have enough info to complete both�

•  Exam 2 graded and returned by Monday�

•  No lecture Wednesday before Thanksgiving �


