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Math. What good Is it?

Jdern society cannot exist without sophisticated mat

Chris Lomont
April 6, 2011, EMU




Chris Lomont

A Research Engineer at Cybernet Systems
I Ann Arbor

I Uses math from arithmetic level through PhD
coursework every day

Aalso computer science, physics

I Hired originally to do quantum computing
Awhere all three tie together very intricately

I Works on algorithms, security, robotics, image
processing, edge of technology ideas



Introduction

A Stereotyplcal questlon from beginning math
aludzRSyday aoKSYy gAfft L

A Take a common (yet sophisticated) piece of
modern technology: iIPhone

I Analyze places math is required to make it
I Math subjects colored inhold red

A Can do the same thing for all parts of modern life
I technology, economics, agriculture, medicine, politics



Sound to MP3s
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condensation rarefaction

A What is sound?
I Mechanics of sound

Pressure s

Figure 7

A How does the human ear work?
I Human range 2020,000 Hz A
I Decibelst measured energy
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http://upload.wikimedia.org/wikipedia/commons/b/bf/Tidens_naturl%C3%A6re_fig40.png

Recording Sound

ANeed 2620,000 Hz samples. | .

i NyquistShannon theorem: |~ =
ANeed to sample at twice the rate
Alnformation Theory (founded by Shannon)

I Thus need at least 40,000 samples per

second

A44.1 kHz for CDs, gives 22,050 top
frequency.



http://en.wikipedia.org/wiki/File:Claude_Elwood_Shannon_(1916-2001).jpg

How to store samples?

AaSOKI YAAaY YSI adz2Nsa adol
I Bit: Bnary digt: stores a 0 or 1 in a base 2 number.

I Digitized to 16 bits, represeqt =65536 values from
32768 to 32767, calleBulse Code I\/Iodulatlon PCM

Invented 1937). i
i Sometimes sampled at 20 bits. m
A Playback is reverse mechanism. ,
A Now ¢ how many bits to z &\j
store a 4 minute song in stereo? ;A
Atfhnime po 1 @T 0 oXyydy nbits

(arithmetic)



http://upload.wikimedia.org/wikipedia/commons/b/bf/Pcm.svg

What does it mean?

A 8 bits in a byte, so need 3386838000/8=42
million bytes, called 42 megabytes.

A CD holds 700 megabytes, which means
—  p Your minute songs, or a

little more than 1 hour of audio. . ‘
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http://en.wikipedia.org/wiki/File:CDlogo.svg

Compression

A At 42 MB per song, on your 16GB iPhone you could

only get 16000000000/42000000= 380 songs What
gives?

I Model human ear
A Some sounds cannot hear :
A Some sounds easier to hear than others:
A Two sounds at once, often cannot hear sc g
A Ears ringing from previous sound, can ignore later ones

I Throw most audio out

£ 2001 HowStuifWorks

A How do we get frequency information from audio?



Fourier Transforms

A Decompose a wave into frequency bands:
W6y % O ATOD OO b

i Note the® andw tell how much at frequency
a y Fodrier Analysis, Trlgonometry Analysis

f(t) F(w)
AAIIows removing pleces
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ACompressed to 128 kb/s VTN

gives 22 fold improvement i T
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Computer Science

(Math Aside #1)

i Lambda calculus: evolved out of Leibniz and H|Ibe§rt
j dzSa G A2y a OMCbOI'IQaU .

At f I OSa Fdzy RI YSY Ul
I GoOdel Incompleteness Theoreni(iq
I Halting Problem (Turing, 1986
A9GSNEGKAYI o0FasS us £t/
i . AYlINE BIAINR GRAYEZ Aada nQd
A Algorithms(Discrete Math it

i P=NP worth $1,000,000, finding a way to do NP prok
in P time worth billions of $ in applications. _

I Knuth books: createdTeXto format his
computer books, 3168 pages so far.



http://en.wikipedia.org/wiki/File:Alan_Turing_photo.jpg
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http://www.amazon.com/gp/product/images/0321751043/ref=dp_image_0?ie=UTF8&n=283155&s=books

Floating Point Numbers

A Computers work with approximations to real numbers,
usually called floatingpoint numbers

A Format: sign bit, exponent, mantissa

A Value is p) C

P& we 0 Qi |

Single Precision
s exp mantissa
d | |
—*H-—I I
Ind 32 bits
s exp mantissa
d |
—p-H- 11
I 64 bits
Double Precision
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FLOATING-POINT
NUMBERS

A Not gquite like real numbers



Floatingpoint error

A Many common rules fail:
I Associativitycanfaito (0w @ (O @ ®

I TE83says:
p pTI P pPT Correct
Incorrect
Jp T D Tl TH83 can work with numbers this small correctly
P P pT p T Reordering terms makes it correct

A Must understand how stored and what guarantees are
given by your platform to make programs
that R 2 yfaidin weird ways

I Numerical Analysis



