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The rise (and potentially fall) of mobile apps!

Huge market with millions of apps (iOS and Android)
The pros: native experience, OS integration

Users are clearly spending more time on Apps than on the Web

Share of Total Digital Time Spent: July 2016
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The rise (and potentially fall) of mobile apps!

However, users are using fewer apps (basically, they use five apps)
Still, an eco-system that will live for many-many years to come...
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Who are we?

. search engine [

e Microsoft — Bing — UX Features and Visual System el s Fangea:: porkst Sulicr-peas goonimibngeisene

* Search App o e
e Global Search (web documents)
e Local Search (location-based)

Microsoft Cor ParEtion — .

e Heavy focus on entertainment and browser features
 iOS and Android

e Currently in the en-* market only

e 5-star app™ (*changes rapidly though)




Characteristics of top search apps

Fundamentals
 Availability/Stability
e Agility
* |nstrumentation & Feedback
* Experimentation

* Performance
* Progressive Rendering
e Pre-Fetching and Pre-Rendering
e AMP (Accelerated Mobile Pages)
e Poor-Network Detection and Optimization

Differentiating Features

 Embedded Machine Learning (reading mode)
Discoverability and Distribution Models



Characteristics of top search apps

e Availability
* Memory management
e Crashes are directly related to reviews and customer feedback
e Reviews are directly related to ranking
e Ranking is directly related to downloads
e Shift paradigm to even more defensive techniques



Characteristics of top search apps

o Agility
e Design decisions:
e Server-driven (configs, flights, assets, experiences). Client changes are expensive
e JSON endpoint, shallow UX (swift/Java) driven by the server changes
* ON/OFF features toggle (server-side)
e Server-side changes: propagates in 5 min (7 data centers around the world)

Sounders lose Clint Dempsey for
remainder of 2016




Characteristics of top search apps

* Instrumentation
e Every single aspect: layout, clicks, dwell time, etc. (no specific user metric!)
e Always learn: learn fast, fail fast (also, good code != pleasant features)
e Options for instrumentation: custom or generic (e.g., localytics for iOS)



Characteristics of top search apps

e Feedback: app stores and custom
e Listen-Listen-Listen!!!
Filters List View Detailed View

Date Range: Last 7 Days Volume B sAT(0) [ DSAT(35) M Suggestion (0) Extracted Score
IMarket: m 10
Vertical: W .
H |
e e - - - - |
) [
Sentiment: 4. Jan 5. Jan 6. Jan 7. Jan 8. Jan 9. Jan 10. Jan
Status: All .
Subm Date S | Vertical Comment Query Repro Url:  Link
_ " Sentiment: DSAT
Page Region: Jan, 10 8:06 B opal | just wanted to ma... Market: en-us

Vertical: opal

Jan, 10 6:31 B opal idon't understand i...
Junk: m . Browser:  unknown

Jan, 10 5:27 H  opal How do | change t... Safe

User Query: Search:
Jan. 09 2059 W  opal All rewards points ... Query:

Comment: i . If I am searching for videos and | change my search parameters, the
Jan. 091514 /W | opal ™ Text: results shouldn't default back to web.

Keyword: Jan, 09 8:23 B opal Rewards for mobil. .. PermaLink Permalinkss
Jan, 09 812 opal Hello My rewards p..

v Advanced Filters L4l ScreenShot W Triage i Share / Debug = JSON

W History i@ Decryption
Select... v Jan 09455 W | opal \ideo won't turn to
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Characteristics of top search apps

Experimentation

100% * A/B test is the simplest controlled
) I
cors Qh_. o experiment
Users Users
( m e Users are selected randomly into
control and treatment (statistics)
Control: Treatment:
Existing Sys‘e’“J B Pt | * Best scientific way to prove )
H i.e., the changes in metrics are caused
{ Users interactions instrumented, by Changes |ntr0d Uced |n the
analyzed & compared
Y i treatment(s)

]

‘ Analyze at the end of the 1

experiment




Characteristics of top search apps

Example: True User Intents

Control

art of war jo)

54,900,000 RESULTS Anytime =

The Art of War - Wikipedia, the free encyclopedia
en.wikipedia.org/wikiThe_Art_of War ~

The Art of War is an ancient Chinese military treatise attributed to Sun Tzu, a
high-ranking military general, strategist and tactician. The text is

Themes - The 13 chapters - Chapter summary - Timeline - Historical annotations

Sun Tzu's Art of War
suntzusaid.com ¥

Side-by-side translation and commentary, cross references, and PDF and text downloads
of the full book

The Art of War Quotes by Sun Tzu - Goodreads
www.goodreads.com/work/quotes/3200649 ~

341 quotes from The Art of War: ‘Appear weak when you are strong, and strong when
you are weak.'

Art of War @ Amazon - Amazon.com: Online Shopping for ...
www.amazon.com/s?ie=UTF8&page=1&rh=i%3Aaps%2Ck%3AArt%200f%20war ~
10+ items - The War of Art: Break Through the Blocks and Win Your Inner Creative
Battles by Steven Pressfield and Shawn Coyne (Jan 11, 2012)

The Art of War Quotes - Refspace
refspace.com/quotes/The_Art_of War ~

For to win one hundred victories in one hundred battles is not the acme of skill. To subdue
the enemy without fighting is the acme of skill.

The Art of War - Summary. - Sun Tzu, Art

suntzuart com/art-of-war-summary v

The Art of War summary outlines several important themes Sun Tzu developed to
manage the endless opportunities created by ever-changing conditions around us

The Art of War - Facts & Summary - HISTORY.com

Rrt of War

The Art of War is an ancient Chinese military
treatise attributed to Sun Tzu, a high-ranking
military general, strategist and tactician. The text
is composed of 13 chapters, each of which is

devoted to one aspect of warfare. It is commo.._

en.wikipedia.org

w. walmar.co:

First published: 1913

Author: Sun Tzu

Series: Seven Military Classics

Genres: Philosophy - Military science - Treatise - Economics - Fiction -

Inspirational
Original language: Chinese

Read for free: Gutenberg
Read excerpt: OverDrive
Borrow ebook: San Jose Public Libra

Buy: Amazon

Related people

‘ P
TIRINA
Sun Tzu Miyamoto Lionel Giles  Luiz Felipe  Cao Cao
Author Musashi Scolari

Treatment

art of war jo

53,600,000 RESULTS Ay time =

War

The At of War i5.2n ancient Chinese mditany
treatise afirbuted 1 Sun Tru, & high-ranking
miltary peraral, sirategst and acician. The textis.
composed of 13 chaplers, each of which 5

deveied to ane aspect of wadare It 5 comma . +

en wikipgda g

Borrow

enwikipedia.orgiadciThe_Art_of War =

The Art of War is an ancsent Chinese miliary treatse attnbuted to Sun Tzu, a high-
ranking rilitary general, strateges! and tactician. Tha ted is compased of 13
Themes The 13 chapters - Chapler summary - Timaline - Histoncal annotations

Sun Tzu's Art of War
said com *

Sude-by-side translation and commentary, cross references, and PDF and text downioads
of the fuill book:

The Art of War Quotes by Sun Tzu - Goodreads

ww. goodreads comiwerkiquotes 3200645 =

127 quotes from The Am ol War: ‘Appaar weak when you are sirong, and shong when
VO 8 W

Art of War @ Amazon - Amazon.com: Online Shopping for ...
wiww amazen com's Te=UTFE8 page=18rh=i%1Aaps 62 Ck% 1AAN % 200 20war =
10+ dems - The War of Art: Break Through the Blacks and Win Your inner Creative
Battles by Steven Pressfield and Shawn Coyne (Jan 11, 2012)

First published: 1913
Author: Sun Tzu
Serbes: Seven Midary Classics

Genres: Philosophy - Miltary science - Treatise - Economics - Ficbon
Insparational

Original language: Chiness

Related people

Sun Tzu Miyamote  Luz Felipe Lionel Gles Jean Joseph
Author Muszshi Scolan Marie Amsat

People also search for

- A W<

The Prnce  The Book of The 48 Laws  The 33 On War
Frve Rings  of Power Stategie

Ciaia from ‘Wikipedia  Fresbase
Feedback

See results for

— The Art of War
2000 Film
The Art of War i a 2000 Amarican action film direcied by



Characteristics of top search apps

Example: True User Intents

Control

‘ art of war

The Art of War

The Art of War is an ancient Chinese military
treatise attributed to Sun Tzu, a high-ranking
military general, strategist and tactician. The text
is composed of 13 chapters, each of which is
devoted to one aspect of warfare_ It is commo... +

en.wikipedi

The Art of War |
high-ranking milital |, strategist and tac
Themes - The 13 chapters - Chapter summary - Ti

ttributed to Sun Tzu, a
xt is ...

rical annotations

Sun Tzu's Art of War
suntzusaid.com v

Side-by-side translation and commentary, cross references, and PD!
of the full book.

en.wikipedia.org

vaimart.com
First published: 1913
Author: Sun Tzu

The Art of War Quotes by Sun Tzu - Goodreads
www.goodreads.com/work/quotes/3200649 ~

341 quotes from The Art of War: ‘Appear weak when you are strong, and strong when
you are weak.'

Series: Seven Military Classics

. . uage: Chinese
Art of War @ Amazon - Amazon.com: Online Shopping for ...
www.amazon.com/s?ie=UTF8&page=18&rh=1%3Aaps%2Ck%3AArt%200f%20war ~
10+ items - The War of Art: Break Through the Blocks and Win Your Inner Creative
Battles by Steven Pressfield and Shawn Coyne (Jan 11, 2012)

Read for free: Gutenberg

Read excerpt: OverDrive
The Art of War Quotes - Refspace

rafenara ram/nuntae/Tha Art of War v

Borrow ebook: San Jose Public Library

* By modifying the position of the elements on the page
(closer/farther from the query box), intent can be
inferred through A/B experimentation

enres: Philosophy - Military - Treatise - E Fiction -

Treatment

art of war p

First published: 1913
Author: Sun Tru
Serbes: Seven Midary Classics

Genres: Philosophy - Miltary science - Treatise - Economics - Ficbon
Ingparational

Original language: Chiness

Related people

5 4
111
The Art of War - Wikipedia, the free encyclopedia ol
enwikipedia.ongsilkiThe_fn_of_War ~ o
The Art of War is an ancsent Chingse military freatse attnbuted to Sun Tzu, 3 high- Sun Tzu Miyamata Ll.z Fvalu:-e Lionel Gles  Jean JW
ranking military general, strateges! and tactician. The baxt is composed of 13 Author Muszshi Masie Amiot

Themes The 13 chapters - Chapler summary - Timeline - Histoncal annotations

Pm le also search for
Sun Tzu's Art of War P

i |.....4
suntZusasd Com * i
Sude-by-side translation and commentary, cross mferences, and POF and text downloads
of the full book &
EE e it = - —_ i

T Moo of  Whn BB E mee Whoo WA

AR

=) Intent: Read the book
» Intent: Wikipedia (read about the book)



Characteristics of top search apps

e Always experiment!
e Data-driven
e Majority (> 50%) of your traffic should be experiment
e Use experimentation to decide intent and subjective info, not to find bugs!

e Examples: _
e Order of the bubbles
e Heuristics such as for poor-network detection (sliding window) @ o o
e Colors/Fonts/Spacing/Padding i
e AMP (Accelerated Mobile P
(Accelerated Mobile Pages) iw .

000006



Embedded Machine Learning

The Reading Mode



Machine learning is everywhere now!

* From chat-bots to self-driving cars
* From server-side to client-side features

THE WALL STREET JOURNAL.

Home World U.S.  Politic my  Business Tech Markets Opinion Arts Life Real Estate

CIO JOURNAL.

The Year AheadqArtificial Intelligence Drives C10 Agendagl

Managing emerging technologies can help IT chiefs lead 'digital transformation’ efforts

By STEVEN NORTON
Jan 2, 2017 10:56 am ET

CIOs are putting a generation of cheaper and more powerful artificial intelligence to use
in a range of corporate applications, automating work that people have performed and



Reading mode

* Problem Statement: given an HTML page, which elements to keep and
which elements to throw away in order to maximize readability?

Reading Mode X

Al Gore heading out to stump
for Hillary Clinton

Provided by New York Dai \yN ews Former
U.S. Vice Pres\d nnnnn d environmental |
activist Al Gore is hitting the trail for Hillary.
- BRENDAN SMIALOWSK /AFP/Getty
Images

They're getting the gang back together.

Former Vice President Al Gore will hit the
trail for Hillai yCI' ton, the Daily News has
onfirmed, ri 1 ng h m with a family he's
\ ghd strained relationship with after
SSSSS g as Presldem Clinton's running mate.

Gore wﬂlbdp\ydthlptyt
d uade kpt \Ib Ifomvtg

e Typical superwsed machine Iearnmg problem:

Training data (laborious)

Features selection (images, videos, source, tags, etc.)

Select the machine learning model (Neural-Net, Decision Trees, Custom Clustering)
Training = Test = Repeat




Entity Extraction

» <header=>..</header

v <div class="row two-columns-fixed-rr ® Idea: find the grou ping Of tags

::before

v <section class="column that define an article, while

v<article class="module N N .
v <div id="storycontent d / I/
N eaoyeent Ignoring ads/social/etc.
¥ <div id="storytext

> <div id="js-ie-storytop" class="ie--storytop"” style="height: auto;">..</div ® S d f H dl

P <div ckass share-tools share-tools--floater" id="js-sharebar-floater" style="top: core rea er rlen y tags
h2>0PEC is finally agreeing to cut oil production.</h2 h' h d' H I h5

o igher (p, div, article,

P <div id="ie_column">.</div
p> 0il prices surged more than 5% in reaction. </p

o <lp e Score tags that contain large

- <o 22 bodies of text higher

> <p>.</p

: 1‘5 T e Penalize certain tags/phrases:
b/ddiiv class="storytimestamp'>.</div ad’ Share’ SOCiaI’ SidEbar

<!—/storytext—>

> <61y’ Class="foot">_</diy * Apply scoring over the DOM tree

/div
[ ] L]
<!— main —> I h h h Id )
div class="share-tools pull-left" id="js-sharebar-main fdiv (C USterlng Wlt t res o s
/article
P <div class="cnnoutbrain outbrain-recommended" id="js-outbrain-recommended">.</div



Performance Characteristics



Performance Characteristics

* App benefits: memory (but that can also be the problem...)

e Core ideas:
e Progressive Rendering (JSON - render above the “fold” = render the rest)
e Pre-fetch and Pre-render content
e Detect poor-network and adjust based on it
e “Perceived” performance (which is what users care....)



Content Prefetch - Design



Example-1: auto-suggest pre-fetch comparison

No pre-fetch With pre-fetch
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Example-2: related entities pre-fetch comparison

No pre-fetch With pre-fetch

m cruise 0O
©




Feature Principles

2> 617
* 2 target scenarios e
* Answer Autosuggest R |
e High confidence on user intent —— +
* Top 2 Related carousel’s first entity .
e Chance of clicking on first entity of top 2 related entity carousel is high
* Over 96% probability (for the carousel items) Greece

 Carousel count to pre-fetch = 2 ( server side configurable) o

e Can individually turn off different aspects =
e Autosuggest pre-fetch rtbem
* Related entities pre-fetch
* Entire pre-fetch feature




Pre-Fetch Principles

e Spin off a background thread to download (pre-fetched) content

* Determination of content to pre-fetch:

 Network considerations:
e Good network (heuristic)
e WiFi (data plan consideration)
e Not “in-private” mode (privacy consideration)

e Scenarios where the user will be likely to engage (heuristic-based)
e Server-configured




Pre-Fetch + Pre-Render

e Extra trick: pre-fetch and pre-render

* Pre-Render: set of Hidden WebViews (HWV)

 Upon pre-fetch, content is pre-render in one of the HWV
* On click, swap the views

* Pros:
e Speed (immediate)

e Cons:
 Memory pressure (potential “silent” crashes)
e Technical nuances (such as “sound”)
e Privacy (sharing cookies with “unseen” pages)



Detection and Optimizations
for Poor Networks



Motivation

* iOS apps in general are painful in slow/high-latency networks

* These poor networks are everywhere
e 3G with poor signal
e Public WiFi (bus/coffee shop/airport)
e Crowded environments

* If we could detect our network speed ...

e ... we could tailor our actions to improve the experience!
e Use less data & decrease load times



Demo

Dynamic Quality On Dynamic Quality Off
¢ «
gwe T r tyui1 op qwe r t'yui1 op




Core Concepts

e Goal: Detect all forms of slow connections

* |dea: Use past connections to predict future ones

* Requirement: Accomplish everything client side!
 How: Track latency, bandwidth, and failed connections
 How: Sliding window to smooth the detection



Detection for Poor Networks (iOS)
e A — dataTask.start() | — |
e B —first call of didReceiveData() AT T

e C—connection completed callback 0
-

e Latency is estimated by B— A e

e Bandwidth is estimated by size / (C - B)
e Store connection data in circular queue

# 9 6 7 3

Avg Latency: 0.668s
Latency 0.50s]1.02s]| 0.37s ] 0.78s

Bandwidth | 131k [ 035k | 208k | 154k Avg Bandwidth: 132k




Detection Considerations

 Existing solutions (FB’s Network Connection Class for Android)
e Should reset on network changes (ex: 3G -> WiFi)

e Tune circular queue size
e Too high -> fail to respond to changes
e Too low -> susceptible to noise in network

e Latency dependent on connection setup

* Doesn’t help cold queries
e Pre-fetch/Config/Instrumentation can warm the queue!

* Handle caching gracefully (ignore cached content in the calculation)



Optimizations for Poor Networks

e Based on network status, customize the actions:

e Reduce size of paginated entries (no pagination)

e Use lower quality images (gradually improve the quality)

e Change timeout/retry policy for requests (lower the bar)

e Stop requests from auxiliary features (such as “auto-suggest”)
Images Loading Time (400 ms latency, 50kbps)
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AMP Integration

AMP: Accelerated Mobile Pages




AMP: Accelerated Mobile Pages

e Subset of HTML heavily optimized for Mobile

e Light: restriction on libraries
* Open Source (Google, Microsoft, Other Companies)
e 80% faster (based on Bing App data)
* 40% adoption (en-us, based on Bing App data)

e http://blogs.bing.com/search/September-2016/| §
amp-open-source-effort

Harry Potter's house at 4 Privet Drive is up for

sale :




ln Summary...

e Apps ecosystem are being challenged, but it still in ascendance
 Fundamentals (availability, stability, agility, instrumentation) matters
e Performance is paramount — or else your app will be uninstalled...
 Machine Learning and Al must be part of your app

* Invest on discoverability, upselling and distribution models




