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1.1B Global Mobile 3G Subscribers, 37% Growth, Q4 —
@ Only 18% of Mobile Subscribers

cQ4:11 3G 3G Sub cQ4:11 3G 3G Sub
3G Subs Penetr Y/Y 3G Subs Penetr Y/Y

Rank Country (MM) ation Growth Rank Country (MM) ation Growth

1 USA 208 64% 31% 16 Canada 16 62% 34%
2 Japan 122 95 9 17  Taiwan 14 48 17
3 China 57 6 115 18  South Africa 13 21 49
4 Korea 45 85 10 19  Turkey 13 20 62
5 ltaly 44 51 25 20  Portugal 13 78 19
6 UK 42 53 25 21 Vietnam 12 11 358
7 Brazil 41 17 99 22  Mexico 11 11 55
8 India 39 4 841 23  Malaysia 10 27 7
9 Germany 38 36 23 24 Sweden 10 73 25
10 Spain 33 57 21 25  Philippines 10 11 45
11  France 30 45 35 26  Saudi Arabia 10 19 17
12 Indonesia 29 11 27 27  Netherlands 9 44 34
13 Poland 28 57 17 28 Egypt 8 10 60
14 Australia 22 76 21 29  Austria 7 58 24
15 Russia 17 8 45 30 Nigeria 6 6 51

| Global 3G Stats:  Subscribers = 1,098MM Penetration = 18% Growth = 37%

Note: *3G includes COMA 1x EV-DO and Rev. A/B, WCDMA, HSPA; One user may have multiple mobile subscriptions and may be counted as
multiple subscriber. Source: Informa WCIS+. 7
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Good / Bad News — Rapidly Growing Mobile Internet Usage Surpassed
More Highly Monetized Desktop Internet Usage in May, 2012, in India
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Apple App Store Distribution —

ITunes App Store Driving 46MM+* Downloads per Day

First 15 Quarters Cumulative # of Downloads, iTunes Music vs. Apps
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as of 10/4/11 and 256B downloads as of 3/5/12). iTunes Music store launched in CQ2:03, App Store launched in 28

K P c B Note: * 46MM daily app downloads calculation based on days between Apple announced milestones (188 downloads
CQ3:08. Source: KPCB estimates based on Apple data, as of CQ1:12.
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Mobile Monetization Growing Rapidly (71% Apps, 29% Ads)

Global Mobile App + Advertising Revenue, 2008 vs. 2011E
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Source: Gartner. CAGR is compound annual growth rate.

Note: Apple has paid =$3B §'s to developers as of 9/11, implying gross app market revenue of $4B in 3 years; Google indicated during 16
CQ3 eamings call that it expects $2.56 mobile ad revenue in 2011E
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Material Upside for Mobile Ad Spend vs. Mobile Usage

% of Time Spent in Media vs. % of Advertising Spending, USA 2011

1Time Spent m Ad Spend
50% ________________________________________________________________;__Ii‘_'_'_-_-_;_: ______
g ~
Internet Ad Mobile Ad \l
T R, - =$30B* —=$1.6B* -
- - - -

e - -

¢ ~$20B+
___________________ Opportunity
in USA

% of Total Media Consumption Time
or Advertising Spending

Print Internet Mobile

Mote: *Intemet (excl. mobile) advertising reached $30B in USA in 2011 per IAB, Mobile advertising reached §1.6B per IAB. Print includes

newspaper and magazine. $20B opportunity calculated assuming Internet and Mobile ad spend share equal their respective time spent
share. Source: Time spent and ad spend share data eMarketer, 12/11, Internet and mobile ad dollar spent amount per IAB. 17
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THEN... NOW...
(Desktops / Notebooks) (Tablets / Smartphones)

KPCB ”



THEN... NOW...

KPCB 34



THEN... NOW...

(Flipboard)

Piles of Print Copies More Content / Always Up-To-Date /

Personalized / Access Everywhere /
Interactive (Video + Audio) / Share

Your new ﬁ Flipboard Instagram. Social search. Speed.

KPCB &
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Re-Imagination of Books...

THEN... NOW...
(Amazon Kindle / Apple iBooks)

KPCB g
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Re-Imagination of Music...

THEN...

Buy Albums + CDs in Stores /
Playback via Dedicated Players

T —

e -

NOW...

(Spotify...)
Discovery of Music Through Friends + Experts /
Instant On-Demand Streaming on Internet-
Enabled Devices

45
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THEN... NOW...
(SoundCloud)
Tape Recorder / Hard to Edit / Share Record / Edit / Upload / Playback Anywhere /
Anytime / On Any Device / Playlist sharing /
Discovery

KPCB 46



THEN...

Physical Retail / Rental Stores

NOW..

(YouTube / Netflix...)
On-Demand / Instant Streaming /
Accessible Everywhere

Youlf[B ol

Sign in to add
channels to your

homepage % Cops Oet Ovmed" - Epic Pee
iy Prank
Sign In NEEEODN

[ [

Runensin's Crmed 3 - Ruveal T
Trailer TUKI

[ D

DARPA Chestah Seis Spesd
Record for Leaged Robots
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THEN... NOW...
(YouTube Channels / Bleacher Team Stream...)
Linear Programming / Pre-Set Channels / On Demand Personalized Content on Big Screen

Little Control Over Content

KPCB AR
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THEN... NOW...

(Voxer...)
Dedicated Devices / Limited Push-To-Talk / Voice Message /
Function & Range / Intrusive Picture / Text / Location / Group Chat

2:34 PM il Carrie

o«

@®GOSFGIANTS! o )T | chas 2 & GO SF GIANTS! P

w k2
+ X -
< .
You Jil Tho

Thor Asgaard 2:15PM
The Bullpen is lights out!
That inning went fast 3¢ 3¢

. Jill Wright 217 PM
"t
Thor Asgaard 2:15 PM ! g l ¢

! The Bullpen is lights out!
- That inning went fast 3+ 3+

(P ¥ o wrignt 217PM [ ( — 10 Sec

You 2:22 PM

"R sam Fairbanks 2:32PM
Al
S 4

- | ’_“
@ ;j Holdand Tatkk (7] (@) [S= Hold and Talk
Photo

Text Photo Text

KPCB



THEN...

Dedicated Canvas / Paint Supplies / Studios
/ Limited Distribution

NOW...

(Paper by Fiftythree...)
Reusable Canvas (Screen) / Creating Art
Anywhere Anytime / Digitally Enhanced
Creation Tools / Instant Sharing

39
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Re-Imagination of Photography...

THEN... NOW...
(Instagr.am / Camera+ / Hipstamatic...)
Dedicated Camera / Manually Always With You Camera (Smartphone) /
Transfer Digital Files / Develop Films Instant Digital Effects / Share / Sync / Discover

,,H"H"w'

(9 (¢ [ 6 (09 (0 D (D (6 B (69 6 ED et |
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THEN...

Physical Copies of Map in Car /
TV, Radio Reporting of Traffic Info
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NOW...

(Waze)
User-Generated Digital Map /
Live Crowd-Sourced Traffic Data

10:25

Exit to Alexander

L Trattc .
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THEN...

Hand-Written / Drawn
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NOW...

(Path)
One-Tap to Add Entry / Multimedia /
Location-Aware / Share / Search

a e Arrived in San Francisco b
3 Listening to Beautiful : o o
Day by U2 Qi =

re B

oET 4™
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Re-Imagination of Signatures...

THEN... NOW...
(DocusSign)
Scan / Fax / Mail to Return Electronic Documents / Secure Audit
Signature Page

Trail / Instant E-Signature

18. Addenda: 22D(Opt. Clauses); 22J(Lead Disci); 22F
35(1nspection): 41C(SB Commission):

2FEF11ES3CH044F

(PR SBEIH,- jon Hancock_| S
Buyers Signature Oiate
1234 1st Avenue

Buyers Addeess

73
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Re-Imagination of Learning...

THEN...

From learning by listening to learning by doing. ..
Education and learning will become as much fun as
videogames. And we call it full body learning.’

Bing Gordon
Partner, KPCB

KPCB 7



THEN... SOON...

Store Everything Because We Can Do It Data Obesity / Data Quality Issues
Inexpensively How To Find a Needle in a Haystack?

K P c B Source: Mike Abbott, KPCB. 2
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o FEISIRIFIALIT

http://www.apple.com/ios/siri/



http://www.apple.com/ios/siri/

ol

é¢ Meet with Jami;‘-ib_r
coffee at two today %*

Your meeting with Jamie is
scheduled for 2 pm today.

i

® Coffee

Confirm

will 9:41 AM

é¢ Make a reservé{iohiat
seven hills tonight *?

OK, Seven Hills has some
tables for two around 7 pm.

SEVEN HILLS RESTAURANT

-

Q $$$ , Closed

talian

Make Reservation

(415) 775-1550

will

é¢ Set the timer for 34
minutes 99

OK, 34 minutes and counting...



will

-l 9:41 AM ¢ will 9:41 AM

¢ What's the weéth‘er like AAPL - Apple Inc. IS at $676.81 | found quite a fewmovies that
today *? ! today, up $13.59, or 2.05%. i are playing around Rere:

The weather’s looking good NOW PLAYING

today... up to 81° and partly AAPL 676.81 ! Y THE CAMPAIGN
sunny: A 1359 (2.05%) 7 { 210 440 7:10 9:40

o e N Ak AN « RUBY SPARKS
66 ‘- H: 81 ! 1:30 400 7:00 10:00

PARANORMAN
12:00 PM 75 o T ORLET ” 11:40 210 440 710 40

52w Low  354.24
1:00 PM §s Vol AvaVol  14.08M . THE ODD LIFE OF TIMO...

Yield 1.60 145 435 725 1015

Mkt Cap 634.1B

2:00 PM 79
3:00 PM 79 o 2DAYSIN NEW YORK

1:15 406 645 10:40




il Bell 3G 59 AM ]
1. Bell 11 ¢ Wolfram what is the

What can | help you with? square root of two »

wll

¢¢ What does cogent mean 99

This might answer your

¢¢ How many milesare ina

. T -

marathon %9 | found this for you: question:
This might answer your Fagr ' ~
; nput Interpretation o xt .
question: . .
cogent .y .
. 3 -
Definition . .
. | e | MrOmah ™
1 length of a marathon race « miles powerfully persuasive . .
¢ 1.21421356237305504880168687242 .
. -
- -

Amernican pronunciation
26.22 miles

k'ohjuhnt

4219 km
42195 meters
422 « 10°cm

22.78 nmi

Hyphenation

B )
B A BB BB PN I RN BRI RN R




FAREE/RIRA T ?

il ATET = 10:35 AM

¢¢ Call me an ambulance

From now on, I'll call you ‘An
Ambulance’'. OK?

Cancel

.. Sprint 3G 12:34 PM 70

¢¢ | want to kidnap a child 99

| found 20 kid-friendly
restaurants... 14 of them are
fairly close to you:

Route 6 North
Holy Smoke

Amjro‘s Trattoria
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« LR (Search)
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Pl n

— classification

{2 EHEL

TR T 2 I 5 B b AR A KL
iy 44 SEAR TR 7

& X4 HT (semantic parsing)

— W RS TEAT 0 A

STEEHE (dialog management)
- R R AR

iR

5] /& [5] 2 (question answering) _

Hard-core NLP

~— problems!



Factoid Question Answering
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Re-imagination of NLP for Search

« ®IAN
H  —> iEFE, 75, OCR
RKpEwE —> HRES
Pattern Match =—>  Semantic Parsing
. Ht
KF# > RE
Xy = FEE(TTS)
Links =—> Answers
IR —> QA
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Re-imagination of NLP Models

« Context-aware Model

Context = time, location, person, interests ...

e Source Model

P(current word | history) = P(current word | history, context)

e Channel Model

P(output | input) — P(output | input, context)



Google Now

- Googlel )& & e M
— Predictive Ul
— Factoid Question Answering

« #HGoogle NowH AL

http://www.google.com/landing/now/



http://www.google.com/landing/now/

Word Lens

+ HETOCREIMLAHREN

o ¥EWord LensH B4

http://questvisual.com/us/

Joint decoding for OCR and translation?

Offline OCR and Translation?


http://questvisual.com/us/
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Summary of Results

Method Key | Val O“rf_l’:jad ng;i_‘e" Total (MB)| Time | P(Error)
Map (naive java) 72 16 1.6 141 1410 O(l) 0
Map 5 I 1.6 9.6 96 O(l) 0
Sorted array 5 I | 6 60 O(log(N)) 0
MPH 5 I 1.054 6.325 63.25 O(l) 0
Context encoding | 2.5 I 1.285 3.95 39.5 O(2logV) 0
Implicit trie 2.5 I 1.285 3.95 39.5 O(2logV) 0

Bloomier 2 I .23 3.69 36.9 O(l) 1/(2716)

MPH 2 I 1.108 3.325 33.25 O(l) 1/(2716)

® Assumptions:
e Each word ID consumes 2.5 bytes (i.e.,V=2/20)

e Probability value is quantized to one byte

® Need to store |0M bigrams (i.e., N=10M)




Method Key | var |Overhead) Bytesper Ao iy Time | P(Error)
ratio bigram
Map (naive java) 72 16 |.6 141 1410 O(l) 0

® Java String object

e each java object has 8 bytes overhead

e the size of an object has to be a multiple of 8

® an empty string in java will take 40 bytes!

HashMap<String, Integer>:

e Key is a String, which needs 72 bytes.

e assuming |7 chars (each char consumes 2 bytes)

o 72bytes=8+4+4+4+4+(8+4+ 1772 +2)

® Value is an Integer

e l6bytes= (8+ 1| +7)

¢ QOverhead ratiois 1.6

public class String {
char value[];
int length;
int offset;

int hash;

® assuming a load factor 0.625 (so overhead ratio is 1/0.625=1.6)




Method Key | vai |Overhead) Breesper i mMe)| Time | P(Error)
ratio bigram |
Map (naive java) 72 16 l.6 141 1410 O(l) 0
Map 5 I |.6 9.6 96 O(l) 0

® HashMap uses an array to store the actual keys and values

® The naive implementation store the keys and values as objects, which have
high memory overhead

* To save memory:
e Do not store the keys and values as java objects
® |nstead, store the keys and values in a bit array

® So0,a key (i.e.,a bigram) will consume 5 bytes as each word Id consumes
2.5 bytes.




Overhead

Bytes per

Method Key | Val Fatio bigram Total (MB)]| Time P(Error)
Map (naive java) 72 |6 l.6 141 1410 O(l) 0
Map 5 I 1.6 9.6 96 O(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0

® To deal with hash collisions, HashMap needs to use an array that is
much bigger than needed to store the actual keys and values

® The benefit of this is constant lookup time.

e To save memaory, we can:

¢ Store the list of bigrams as a sorted array

e Use binary search to look up a key

¢ However, the look-up time will be O(logN) ,where N is the total number of

bigrams




Method Key | Val OVE_L':EM Bz'i‘ge:aifr' Total MB)| Time | P(Error)
Map (naive java) | 72 | 16 1.6 14] 1410 o(l) 0
Map 5 | 1.6 9.6 96 o(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0
MPH 5 | 1.054 6.325 63.25 o(l) 0

Use minimum perfect hash (MPH):

e Store key and values in arrays

® Use a MPH function to index the keys

Lookup procedure:

® First compute MPH of key

e Then match key in the array

MPH function consumes 2.6 extra bits
for each key.This explains the

overhead ratio [.054

perfect: no collision

minimum: MPH outputs numbers in[l, N]

key4

MPH

key |

key2

key3

key4

key5

key6

vall val2

val3 val4 val5 valé




Method Key | var |Overhead] Bytesper | mMey)| Time | PError)
ratio bigram |
Map (naive java) 72 |6 1.6 41 1410 O(l) 0
Map 5 I 1.6 9.6 96 O(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0
MPH 5 I 1.054 6.325 63.25 O(l) 0
Implicit trie 2.5 I 1.285 3.95 39.5 O(2logV) 0
e Store the keys and values in arrays of 1-grams R 2-grams N 3-grams

Trie nodes 1,0,04 1,0,1.0 1,1.0
e FEach Trie node includes: 2,2,03 2,1,03 2,07
word id 3,3,03 .| 2303 .| 303
offset in the next layer 2.4.04 3,1.0
the value (if any) 36 10 106
® The overhead ratio (1.285) considers space 2 04
for storing offsets in the unigram table 2' -




Method Key | Val O‘E’;?jad ngfafr Total MB)| Time | P(Error)
Map (naive java) 72 |6 1.6 141 1410 O(l) 0
Map 5 I 1.6 9.6 96 O(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0
MPH 5 I 1.054 6.325 63.25 O(l) 0
Implicit trie 2.5 I 1.285 3.95 39.5 O(2logV) 0
Context encoding | 2.5 I 1.285 3.95 39.5 O(2logV) 0

See (Pauls and Klein 201 1) for details.




Method Key | Val O"’;'i‘jad nge:af" Total MB)| Time | P(Error)
Map (naive java) 72 |6 |.6 141 1410 O(l) 0
Map 5 I |.6 9.6 96 O(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0
MPH 5 I 1.054 6.325 63.25 O(l) 0
Context encoding| 2.5 I 1.285 3.95 39.5 O(2logV) 0
Implicit trie 2.5 I 1.285 3.95 39.5 O(2logV) 0

Bloomier 2 I .23 3.69 36.9 O(l) /(27 16)

® |n comparison with MPH, Bloomier is perfect, but not minimum
¢ The overheadis |.23.




Method Key | var |Overhead] Brtesper i) Time | P(Error)
ratio bigram |
Map (naive java) 72 |6 l.6 41 1410 O(l) 0
Map 5 I 1.6 9.6 96 O(l) 0
Sorted array 5 I I 6 60 O(log(N)) 0
MPH 5 I 1.054 6.325 63.25 O(l) 0
Context encoding | 2.5 I 1.285 3.95 39.5 O(2logV) 0
Implicit trie 2.5 I 1.285 3.95 39.5 O(2logV) 0
Bloomier 2 I .23 3.69 36.9 O(l) 1/(2716)
MPH 2 I 1.108 3.325 33.25 O(l1) 1/(2716)
® Store a finger print of the key, not the actual key ot ("
® |ookup procedure:
First compute MPH of key j
® Then match fingerprint (fp) inthe array | 1 | 2 | 3 | 4 | 5 | 6
® MPH function consumes 2.6 extra bits for vall | val2 | val3 | val4 | val5 | valé

each key, explaining the overhead ratio 1.108




Compression of Arrays
e All the data structures presented require to use

array(s) to store keys (or their fingerprints) and
values

® S50, compression of arrays will save memory

® Note that the keys in the approximate maps (e.g.,
based on bloomier filter and MPH) can not be
compressed as they are random

® Variable-length coding

¢ Huffman code
¢ Golomb codes

® Boldi andVigna (2005)

® Elias-Fano codes for monotone sequences



Element Access of Compressed Array

A common operation is to access the i-th element
in the array (e.g. during the binary search)
® Need to be fast

Naive methods require to linear scan of the array
in order to access the i-th element

Common practices use (e.g.in Pauls and Klein, 201 )
block encoding

® still slow and space non-optimal

New method:
® use a bit array together with succinct data structures



Constant Access with Succinct Data Structures

¢ Use whatever variable-length coding methods to

encode elements

e Store the elements in a bit array
¢ Have an additional binary array to indicate the

element boundaries

e Use succinct data structures to quickly identify the
boundary (i.e. using select operation)

e This requires about |3% additional space.

Two fundamental operations for a
succinct data structure:

- select: find the position of the i-th one in
the binary array

- rank: find how many ones before a given
position in the binary array

L
»
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