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Take-Away Messages

Review Assignment 3

Human senses are gullible
I Images, video, and audio are all about trickery

Compression: storing a lot of information in a little space
I So that it fits on your hard drive
I So that you can send it quickly across the network

Data mining: How you can get money / utility out of big data
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Question 1.1

select * from authors where year born % 100 = 82;
select * from authors where year born like ’%%82’;
select * from authors where (year born - 1982) % 100 = 0;

Doesn’t matter how as long as it’s a single query
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Question 1.2

select * from authors where year born % 100 = 82 and year died < 1900;
select * from authors where year born % 100 = 82 and year died between
’0000’ and ’1900’;
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Question 2.1

select count (*) from categories;
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Question 2.2

select count (*) as num books, category name from category map INNER
JOIN categories on categories.categoryID=category map.categoryID group
by category name order by num books desc limit 20;
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Question 2.3

select title from category map INNER JOIN books INNER JOIN categories
on categories.categoryID=category map.categoryID AND
category map.bookID=books.bookID where category name=”History”;

Can also restrict based on categoryID

People got tripped up by not specifying which categoryID is meant
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What’s in an image?

pixel A dot of a single color in an image

resolution How many dots are in in an image (e.g. 100 dpi = 100
dots per inch)

Once you get to the fundamental resolution, you can’t go any further
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Color

Color Wheel
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Color

HTML Color
#99FF66
#9999FF
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Color

LCD
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Color

Camera
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Is a picture worth a thousand words?

Megapixels

2, 048x1, 536 = 3, 145, 7283 MP
2, 560x1, 920 = 4, 915, 2005 MP
3, 264x2, 448 = 7, 990, 2728 MP
3, 648x2, 736 = 9, 980, 92810 MP

Each pixel has at least one byte

How many words would it take to match an image with 1024 x 768
resolution?
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Compression

Goal: represent the same information using fewer bits

Two basic types of data compression:
I Lossless: can reconstruct exactly
I Lossy: cant reconstruct, but looks the same

Two basic strategies:
I Reduce redundancy
I Throw away stu↵ that doesnt matter
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Run-Length Encoding

Opportunity:
I Large regions of a single color are common

Approach:
I Record # of consecutive pixels for each color

An example with text:

Run length

Sheep go baaaaaaaaaa and cows go moooooooooo
! Sheep go ba<10> and cows go mo<10>
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Using Dictionaries

Opportunity:
I Data often have shared substructure, e.g., patterns

Approach:
I Create a dictionary of commonly seen patterns
I Replace patterns with shorthand code

An example with text:

Dictionary

The rain in Spain falls mainly on the plain
! The r& % sp& falls m&ly on the & (& = ain, %=in)
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Palette Selection

Opportunity: No picture uses all 16 million colors

Approach:
I Select a palette of 256 colors
I Indicate which palette entry to use for each pixel
I Look up each color in the palette

What happens if there are more than 256 colors?

LBSC 690 (Boyd-Graber) Multi- and Social Media November 14, 2011 18 / 77



GIF and PNG

Both use limited pallette

GIF = Graphics Interchange Format
I Popularized by CompuServe
I GIF uses Lempel Ziv Welch compression
I Unisys owned patent (now expired)

PNG = Portable Network Graphics
I Protest against patent
I Handles some technical details better

GIF can be transparent

PNG can be alpha transparent (e.g. ghosting)

GIF can be animated
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Discrete Cosine Transform

Opportunity:
I Images can be approximated by a series of patterns
I Complex patterns require more information than simple patterns
I Humans can’t tell the di↵erence between high-frequency patterns

Approach:
I Break an image into little blocks (8 x 8)
I Represent each block in terms of basis images

This is JPEG = Joint Photographics Expert Group
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Raster vs. Vector Graphics

Raster images = bitmaps
I Actually describe the contents of the image

Vector images = composed of mathematical curves
I Describe how to draw the image
I Example: SVG (Scalable Vector Graphics)
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SVG Example

<?xml v e r s i o n=” 1 .0 ” s tanda lone=”no”?>
<!DOCTYPE svg PUBLIC ”�//W3C//DTD SVG 1.1//EN”

” h t t p : //www.w3 . org / Graph i c s /SVG/1.1/DTD/ svg11 . dtd ”>

<svg width=”100\%” he i g h t=”100\%” v e r s i o n=” 1 .1 ”

xmlns=” h t t p : //www.w3 . org /2000/ svg ”>

<path d=”M153 334

C153 334 151 334 151 334

C151 339 153 344 156 344

C164 344 171 339 171 334

C171 322 164 314 156 314

C142 314 131 322 131 334

C131 350 142 364 156 364

C175 364 191 350 191 334

C191 311 175 294 156 294

C131 294 111 311 111 334

C111 361 131 384 156 384

C186 384 211 361 211 334

C211 300 186 274 156 274”

s t y l e=” f i l l : w h i t e ; s t r o k e : r e d ; s t r ok e�w id th : 2 ”/>

</ svg>
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SVG

Raster Vector
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Defining SVG Shapes

Can move, continue, return (z), smooth path to, etc.

Like describing the moves of a pen

Can also describe how to color shapes, transparency, etc.
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Pitfalls

One of the most common pitfalls is going form vector to raster

Don’t do it if you can help it

If you must, make sure you have a very high resolution
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Basic Video Coding

Display a sequence of images . . .
I Fast enough to trick your eyes (At least 30 frames per second)

NTSC Video
I 60 “interlaced” half-frames/sec, 720x486

PAL Video
I 25 frames/sec, 720x576

HDTV
I 30 “progressive” full-frames/sec, 1280x720
I Or higher (depends on whom you ask)
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To Interlace or Not?

Interlacing: update all even lines of
pixels, update all odd lines of pixels

I Human vision is persistent
I TVs used to work by shooting

electrons at glass screen
I Phosphor glow takes a while to wear

o↵

Progressive
I Update all lines at once
I Consistent with how LCDs work
I Displaying on LCDs can cause

problems with deinterlacing (right)
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Video Example

Typical low-quality video:
I 640 x 480 pixel image
I 3 bytes per pixel (red, green, blue)
I 30 frames per second

Storage requirements:
I 26.4 MB/second!
I A CD-ROM would hold 25 seconds
I 30 minutes would require 46.3 GB

Some form of compression required!
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Video Compression

Opportunity: One frame looks very much like the next

Approach: Record only the pixels that change
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Frame Reconstruction

I frames provide complete image

P frames provide series of
updates to most recent I frame
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Embedding a video in a webpage

Option 1: Embed

<embed s r c=” i n t r o . swf ” h e i g h t=”200” width=”200”/>

The “embed” tag is unknown to HTML 4. Your page will not
validate correctly.

If the browser does not support Flash, your video will not play.

iPad and iPhone cannot display Flash videos.

If you convert the video to another format, it will still not play in all
browsers.
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Embedding a video in a webpage

Option 2: Object

<o b j e c t data=” i n t r o . swf ” h e i g h t=”200” width=”200”/>

If the browser does not support Flash, your video will not play.

iPad and iPhone cannot display Flash videos.

If you convert the video to another format, it will still not play in all
browsers.
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Embedding a video in a webpage

Option 3: Video

<v i d e o width=”320” h e i g h t=”240” c o n t r o l s=” c o n t r o l s ”>
<s ou r c e s r c=”movie .mp4” type=” v i d eo /mp4” />
<s ou r c e s r c=”movie . ogg” type=” v i d eo /ogg” />
<s ou r c e s r c=”movie .webm” type=” v i d eo /webm” />

Your b rowse r does not suppo r t the v i d eo tag .

</ v i d eo>

You must convert your videos to many di↵erent formats.

The “video” element does not work in older browsers.

The “video” element does not validate in HTML 4 and XHTML.
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Embedding a video in a webpage

Option 4: All of the above

<v i d e o width=”320” h e i g h t=”240” c o n t r o l s=” c o n t r o l s ”>
<s ou r c e s r c=”movie .mp4” type=” v i d eo /mp4” />
<s ou r c e s r c=”movie . ogg” type=” v i d eo /ogg” />
<s ou r c e s r c=”movie .webm” type=” v i d eo /webm” />

<o b j e c t data=”movie .mp4” width=”320” h e i g h t=”240”>
<embed s r c=”movie . swf ” width=”320” h e i g h t=”240”>
Your b rowse r does not suppo r t v i d eo

</ o b j e c t>
</ v i d eo>

You must convert your videos to many di↵erent formats

The video / embed element does not validate in HTML 4 and
XHTML (use DOCTYPE)

Falls back to object, then embed (older browsers)
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Embedding a video in a webpage

Option 5: Outsource
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Sound

What’s sound

How does hearing work

How does a speaker work

How does a microphone work

All vibrations and waves!
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Basic Audio Coding

Sample at twice the highest frequency (8 bits or 16 bits per sample)

Speech (0-4 kHz) requires 8 KB/s: Standard telephone channel (8-bit
samples)

Music (0-22 kHz) requires 172 KB/s: Standard for CD-quality audio
(16 bit samples)
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How do MP3s work?

Opportunity: The human ear cannot hear all frequencies at once, all
the time

Approach: Dont represent things that the human ear cannot hear

Aside: Encoding MP3s requires licensing a patent; unlike GIF, people
put up with this (But there are alternatives like OGG Vobis)
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Human Hearing Response

Experiment: Put a person in a quiet room. Raise level of tone at a given
frequency until just barely audible. Vary the frequency and plot the results.
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Frequency Masking

Experiment: Play 1kHz tone (masking tone) at fixed level (60 db). Play
test tone at a di↵erent level and raise level until just distinguishable. Vary
the frequency of the test tone and plot the threshold when it becomes
audible.

LBSC 690 (Boyd-Graber) Multi- and Social Media November 14, 2011 44 / 77



Temporal Masking

If we hear a loud sound, then it stops, it takes a while until we can hear a
soft tone at about the same frequency.
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MP3s: Psychoacoustic compression

Eliminate sounds below threshold of hearing

Eliminate sounds that are frequency masked

Eliminate sounds that are temporally masked

Eliminate stereo information for low frequencies
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Streaming Audio and Video

Simultaneously:
I Receive downloaded content in bu↵er
I Play current content of bu↵er
I Analogy: filling and draining a basin concurrently
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Data are everywhere.
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User ratings

Netflix: Movies You've Seen http://www.netflix.com/MoviesYouveSeen?lnkctr=yas_mrh&idx=71

1 of 2 2/1/08 3:02 PM

Suggestions (2314) Suggestions by Genre Rate Movies Rate Genres Movies You've Rated (115)

Based on your 115 movie ratings, this is the list of movies you've 
seen. As you discover movies on the website that you've seen, rate 
them and they will show up on this list. On this page, you may change 
the rating for any movie you've seen, and you may remove a movie 
from this list by clicking the 'Clear Rating' button.

Sort by > Star Rating

Jump to > 5 Stars

Sort By Title MPAA Genre Star Rating

Ikiru (1952) UR Foreign  

Junebug (2005) R Independent  

La Cage aux Folles (1979) R Comedy  

The Life Aquatic with Steve Zissou (2004) R Comedy  

Lock, Stock and Two Smoking Barrels (1998) R Action & 
Adventure

 

Lost in Translation (2003) R Drama  

Love and Death (1975) PG Comedy  

The Manchurian Candidate (1962) PG-13 Classics  

Memento (2000) R Thrillers  

Midnight Cowboy (1969) R Classics  

Mulholland Drive (2001) R Drama  

North by Northwest (1959) NR Classics  

The Philadelphia Story (1940) UR Classics  

Princess Mononoke (1997) PG-13 Anime & 
Animation

 

Reservoir Dogs (1992) R Thrillers  

Seinfeld: Seasons 1 & 2 (4-Disc Series) (1989) NR Television  

Sideways (2004)  
R Comedy  

The Station Agent (2003) R Independent  

Strangers on a Train: Special Edition (1951) PG Classics  

Strictly Ballroom (1992) PG Comedy  

 Movies, actors, directors, genres
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Purchase histories

FreshDirect - Your Account - Order Details https://www.freshdirect.com/your_account/order_details.jsp?orderId=...

1 of 2 2/1/08 2:59 PM

We're sorry that delivery timeslots are selling out quickly.
Please check available times in your area before you place your order.

Click here to log out

 

 

     
Your Orders

Reserve Delivery

DeliveryPass

Delivery Addresses

     
Payment Options

User Name, Password & Contact Information

President's Picks Newsletter

     
Reminder Service

Order # 2715577754       Status: Delivered    
Credit was issued for this order.

Time:                       

THU 01/03/08 
4 pm - 6 pm

Address:                   

Toni Gantz
21-13 46TH AVE
Long Island City, NY 11101

Phone: (646) 457-2038 
Alt Contact: 

Special delivery instructions:
please ring Gantz/Blei doorbell

Order Total:

$40.79 
Credit Card:                  

Toni L Gantz
MC - xxxxxx3946

Billing Address:

Toni L Gantz
21-13 46TH AVE
Long Island City, NY 11101

Click here to reorder items from this
order in Quickshop.

  

Quantity
Ordered/Delivered

 
Final

Weight
Unit
Price

Options
Price

Final
Price

 

 
Cheese

0.5/0.51 lb Cabot Vermont Cheddar 0.51 lb $7.99/lb  $4.07

 
Dairy

1/1 Friendship Lowfat Cottage Cheese (16oz) $2.89/ea  $2.89

1/1 Nature's Yoke Grade A Jumbo Brown Eggs (1 dozen) $1.49/ea  $1.49

1/1 Santa Barbara Hot Salsa, Fresh (16oz) $2.69/ea  $2.69

1/1 Stonyfield Farm Organic Lowfat Plain Yogurt (32oz) $3.59/ea  $3.59

 
Fruit

3/3 Anjou Pears (Farm Fresh, Med) 1.76 lb $2.49/lb  $4.38

2/2 Cantaloupe (Farm Fresh, Med) $2.00/ea  $4.00 S

 
Grocery

1/1 Fantastic World Foods Organic Whole Wheat Couscous
(12oz)

$1.99/ea  $1.99

1/1 Garden of Eatin' Blue Corn Chips (9oz) $2.49/ea  $2.49

1/1 Goya Low Sodium Chickpeas (15.5oz) $0.89/ea  $0.89

2/2 Marcal 2-Ply Paper Towels, 90ct (1ea) $1.09/ea  $2.18 T

1/1 Muir Glen Organic Tomato Paste (6oz) $0.99/ea  $0.99

1/1 Starkist Solid White Albacore Tuna in Spring Water
(6oz)

$1.89/ea  $1.89

 
Vegetables & Herbs
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Document collections
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Genomics
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Neuroscience
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Social networks

Figure 2: Link communities in US direct flight data detected by Online MMLC. Each segment is

less than 500 miles resulting in regional groups. Node sizes on top represent bridgeness, and on the

bottom, influence.

MMSB [4] is a Bayesian probabilistic model of network data. MMSB is a mixed membership

model. It associates each unit of observation with multiple clusters rather than a single cluster via a

membership probability vector. It assumes K communities and directed edges are placed indepen-

dently between node pairs with probabilities determined only by the pair’s community memberships.

Given the communities, the generative process defines a multinomial distribution over each node’s

3
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Data can help us solve problems.
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Will NetFlix user 493234 like Transformers?
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Will NetFlix user 493234 like Transformers?
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How do you know?

STAT 151B

Administrative
Info

Introduction

Ex: “Collaborative filtering” (the Netflix prize)

CS 277: Data Mining                                                                        Netflix Competition Overview                                                          Padhraic Smyth, UC Irvine: 8 

Ratings Data 

1 3 4 

3 5 5 

4 5 5 

3   

3 

2 ? ? 

? 

 2 1 ? 

3   ? 

1 

Test Data Set 
(most recent ratings) 

480,000 
users 

17,700 movies 
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Group these images into 3 groups
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Group many images and determine the number of groups
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Rank these images...

...according to relevance to instrument.

...according to relevance to machine
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Is this spam?

Subject: CHARITY.
Date: February 4, 2008 10:22:25 AM EST
To: undisclosed-recipients:;
Reply-To: s.polla@yahoo.fr

Dear Beloved,
My name is Mrs. Susan Polla, from ITALY. If you are a christian and
interested in charity please reply me at : (s.polla@yahoo.fr) for insight.
Respectfully,
Mrs Susan Polla.
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How about this one?

From: [snipped]
Subject: Superbowl?
Date: January 30, 2008 8:09:00 PM EST
To: jbg@cs.princeton.edu, [snipped]

Anyone interested in coming by to watch the game? Beer and pizza, I’d
imagine. If anyone wants, we could get together earlier, play a board game
or cards or roll up characters or something. Takers?
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When did the seizure begin?

STAT 151B

Administrative
Info

Introduction

Example: seizure prediction
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Where are the faces?

STAT 151B

Administrative
Info

Introduction

Example: face detection

!"#$%&''( )*+,-./0%1-%2,./%#34./001-56%7/8/.814-% ((

9:;/31</-8,=%$/0>=806%?$4@=/A%/8%,=B%CDE
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Data contain patterns

that can help us solve problems.
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Applications

Data mining: the study algorithms that find and exploit
patterns in data.

These algorithms draw on ideas from statistics and machine learning.

Applications include
I natural science (e.g., genomics, neuroscience)
I web technology (e.g., Google, NetFlix)
I finance (e.g., stock prediction)
I policy (e.g., predicting what intervention X will do)
I and many others
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Basic idea behind everything we will study

1 Collect or happen upon data.
2 Analyze it to find patterns.
3 Use those patterns to do something.

learning 

algorithm predictor 4.3 stars

Netflix: Movies You've Seen http://www.netflix.com/MoviesYouveSeen?lnkctr=yas_mrh&idx=71

1 of 2 2/1/08 3:02 PM

Suggestions (2314) Suggestions by Genre Rate Movies Rate Genres Movies You've Rated (115)

Based on your 115 movie ratings, this is the list of movies you've 
seen. As you discover movies on the website that you've seen, rate 
them and they will show up on this list. On this page, you may change 
the rating for any movie you've seen, and you may remove a movie 
from this list by clicking the 'Clear Rating' button.

Sort by > Star Rating

Jump to > 5 Stars

Sort By Title MPAA Genre Star Rating

Ikiru (1952) UR Foreign  

Junebug (2005) R Independent  

La Cage aux Folles (1979) R Comedy  

The Life Aquatic with Steve Zissou (2004) R Comedy  

Lock, Stock and Two Smoking Barrels (1998) R Action & 
Adventure

 

Lost in Translation (2003) R Drama  

Love and Death (1975) PG Comedy  

The Manchurian Candidate (1962) PG-13 Classics  

Memento (2000) R Thrillers  

Midnight Cowboy (1969) R Classics  

Mulholland Drive (2001) R Drama  

North by Northwest (1959) NR Classics  

The Philadelphia Story (1940) UR Classics  

Princess Mononoke (1997) PG-13 Anime & 
Animation

 

Reservoir Dogs (1992) R Thrillers  

Seinfeld: Seasons 1 & 2 (4-Disc Series) (1989) NR Television  

Sideways (2004)  
R Comedy  

The Station Agent (2003) R Independent  

Strangers on a Train: Special Edition (1951) PG Classics  

Strictly Ballroom (1992) PG Comedy  

 Movies, actors, directors, genres
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Supervised vs. unsupervised methods
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Supervised methods find patterns in fully observed data and then
try to predict something from partially observed data.

For example, we might observe a collection of emails that are
categorized into spam and not spam.

After learning something about them, we want to take new email and
automatically categorize it.
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Supervised vs. unsupervised methods

Unsupervised methods find hidden structure in data, structure
that we can never formally observe.
E.g., a museum has images of their collection that they want grouped
by similarity into 15 groups.
Unsupervised learning is more di�cult to evaluate than supervised
learning. But, these kinds of methods are widely used.
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Discrete vs. continuous methods
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Discrete methods manipulate a finite set of objects
I e.g., classification into one of 5 categories.

Continuous methods manipulate continuous values
I e.g.,prediction of the change of a stock price.
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One useful grouping

discrete continuous

supervised classification regression
unsupervised clustering dimensionality reduction
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Data representation

 Republican nominee 
George Bush said he felt 
nervous as he voted 
today in his adopted 
home state of Texas, 
where he ended... 

(

(From Chris Harrison's WikiViz)
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This is an art

A lot like compression

The more intuitively you can represent data, the better you can do
I Images: Closer to human perception (edges, features invariant to scale)
I Sound: Using frequency features (like JPGs)
I Text: Use syntax and chains of words “n-grams”

For more, take “Digging into Data” in the Spring

LBSC 690 (Boyd-Graber) Multi- and Social Media November 14, 2011 75 / 77



Outline

1 Assignment 3

2 Assignment 3

3 Photographic Data

4 Vector Graphics

5 Movies

6 Sound

7 Data Analysis

8 Recap
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Recap

Storing data smart (aka resorting to trickery) can improve e�ciency

Storing data smart can let you do cool stu↵ with data
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