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Who am I?

Software QA Manager amazon /73
Amazon Digital Medid  amazon video

amazon
Micresoft
A Microsoft Experimentation Platform
cA
Culture Shift
« Services

« Data Driven



What is Online Controlled
Experimentation?



Online Controlled Experimentation, Simple Example

100%
Users

o A ﬁﬂﬁ B This is an “A/B" test
H ...the simplest example

Treatment:
Existing System
with Feature X

Control:

Existing System

« A and B are Variants
« As Control

\ Users interactions instrumented, /)
= analyzed & compared — o
« Bis Treatment

|

Analyzeatth_eendofthe i “....Sys-l-em WiTh FeO-I-UI’e X”

can be
Y. . Website with Different UX"
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...and What it’s Not.

Result is which
one he THINKS
he likes better

User KNOWS
he is in an
experiment

Opt-in
(biased population)

_ User Tries ALL the variants_
ey

/ it

k [ User’s goal IS the experiment




What makes a "controlled” experiment?

Nothing but the variants should influence the
results

« Variants run simultaneously

« Users do not know they ore% @
IN an experiment

« User assignment is random

and unbiased
....and Sticky

N



Why are controlled experiments trustworthy?

« Best scientific way to prove causality
o changes in metrics are caused by changes introduced in the treatment(s)

Oprah calls Amazon Kindle Sales

Kindle "her

new favorite
thing" I~ I
g B l l &I

q% Cf%@ e b Oe e e
23, 242 ’252 Qse Q’e Q‘S’e Qge fs"e "3,
00(9 006’ 008 00(9 006’ 008 008 006’ 006’

B Website A ® Website B
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Why are controlled experiments trustworthy?

« Best scientific way to prove causality
o changes in metrics are caused by changes introduced in the treatment(s)

Oprah calls Amazon Kindle Sales

Kindle "her
new favorite
thing"

B Website A ® Website B

e 9 )



Correlation Does not Imply Causation

Higher Kindle Sales correlate with ~ Amazon Kindle Sales

deployment of B
Did Website B cause the sales @
Increqases¢

B Website A ® Website B

U7 Quinn, et al, 1999

50
40 -
30 4
5 20

=1}
4

T 10 -

Do night-lights cause
near-sightedness in children?

mHearsighted Children

Nope. Near-sighted parents do

[Zadnik, et al, 2000]

o ]
b 0

Ja k]
o

Darkness Might light Foom Light
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x ki

A WEBCOMIC OF ROMANCE,
SARCASM, MATH, AND LANGUAGE.

Correlation
T USED T© THINK, THEN I TOOK A | | SOUNDS LIKE THE
CORRELATION IHF'UED STATISTICS CLAss. CLA'SS HELPED.
CAUSATION. Now I DON'T. WELL, HH‘\"EE

1

B

§i

http://xked.com/552/

b || |
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Employing Online
Experimentation



Where can Online Experimentation be used?

Y. .System with Feature X

can
“ | e Website

e Service

4

e Different UX

e Different functionality

e Vcurr/Vnext

e Platform Change/Upgrade

Feature X <




Platform for Online Experimentation

“design philosophy was governed
Platforms used Internally by data and data exclusively” -

) Douglas Bowman, Visual Design
amazoncom. Microsoft

Lead [Goodbye, Google, Mar 2009]

Weblab

I:K Google

Public Platforms

OO le Website Optimizer OMNITURE®
Goog === webtrends

o= A

Adobe

14



Nuts and Bolts of Online

Experimentation

1. Assign Treatment
2. Record Observation(s)

3. Analyze and Compare

15



&

An Experiment Architecture:

Assign Treatment
EX

Web Page
URL Does not change

Treatment Assignment
Using a Server Side Switch

Instead of a Web Page could be

Code Path
Service Selection

V-curr / V-next

- Switch
AlIBIC .

16




An Experiment Architecture:
Record Observation

@ 4 UUID, URL, link, click | .
 Server-side Observations

« Client-side Observations
« Require Instrumented Page

1. PR

\ ///.74 % ‘!“

EX

PR = Page Request
UUID = Unique User ID
RO = Record Observation

° 17 °



Analyze & Compare

| Detais & Refresh | 36 Edit 45 Copy
Expected Spit Actual Traffic Description:
c: C:Contrel  12.50% 17,420,461 unique users Test re-ordering of Nav menu items on MSN HP
T T1 12.50 % 17,422,129 unique users
TZ T2 12.50 % 17,414,591 unique users
T3 13 12.50 % 17,414,324 unique users
T4 T4 12.50 % 17,418,765 unique users
TS: 15 12.50 % 17,416,762 unique users
T6: T6 12.50 % 17,417,993 unique users
T 1 12.50 % 17,407,350 unique users
| Metrics &) Export T View Al Metrics 8 Excude Dates
Report: Final Repoct - Analysis for: 8/4/2009 thru 8/31/2009 Lastrefresh: 9/1/2009 1:00:00 AM
Excludes:  8/7/2009-8/10/2009 , 8/25/2005-8/26/2009 , 8/28/2009-8/25/2005
[mprovement of: T2over C -
Name ? C | PValue = %% Change | Signil. | | More Details
> . . - . |
R R L Bing Searches - Clicks
Bing Searches - Cicks (%) per User 74,787 468% 715680 4477% <0.001 33% Yes ~|| (%) perUser
Bing Searches - Clicks (al) par User 745,787 0.100 715,680 0.0%6 <0.001 434%  Yes Absobute change:  0.152%
Entertanment - COicks (3t) per User 1,176,979 S.020% 1,162,892 4.945% <0.001 1L53% Yes Confidence nterval:
1,176,979 0.157 1,162,892 0.158 0.007 L20% Yes <
o e 53 0000 15013  0.002 — Percentange:  339%
% Confidence nterval:
‘ Footar Search - Clicks (3¢) per User 14,475 0.087 % 13,103 0.072% <0.001 2061%  Yes (2.91 %, 3.87 %)
14,475 0.002 13,103 0.002 0.073 10.46% N ‘
P — ——— — —— — —

° 18



Analyze & Compare

Bing Searches - Clicks (all) per User (means)
59,823 888 uniqus users
0.1200
0.1000 /_/
. 0.0800
5
L
b
v
= 0.0600
~ 0.0400
0.0200
0,0000
8)6/2009 8/12/2009 8/18/2009 8J24/2009 8/30/2009
8/9/2009 /1542009 8j21j2009 8/27j2009
Date - (UTC-08:00) Pacific Teme (US & Coanada)
C: Control T2




Data Driven Decision
Making



Example: Amazon Shopping Cart Recs

« Amazon.com engineer had the idea of showing
recommendations based on cart ItEMS (creg Linden, Apr 2006

o Pro: cross-sell more items (increase average basket size)
o Con: distract people from checking out (reduce conversion)

« A marketing senior vice-president was dead set
ogoins’r If.

slmm rs Who B(thl Items i Your Sho [_r'_)mg Cart Also Bought
. ‘ MAKING
\smf OF
JAPANESE
N L
e Japanese in Mangaland Making Sense of any in Manga
2: Basic t.. (Paperback) 3: Interme... Japanese: What the... Volume 2: Bas..)
by Marc Bemabe (Paperback) by Marc (Paperback) by Jay (Paperback) by
Frfricicr: (6) $14.28 Bernabe Rubin Bernabe
Frirdeirds (2) $14.96 Yricioid; (29) $10.88 Yoirirink (1) $24.39
[ J 2] [ J



Introducing the HiPPO

« HighakicRmg feansonvsc@ponesident was dead set
against if.

« Highest Paid Person’s Opinion, ,
YA sClentific man ought to have no wishes, no affections, -

a mere heart of stone.” - Charles Darwin




Data Trumps Intuition

* Based on experiments with ExP at Microsoft

1/3 1/3
Positive Ideas No Statistical Negative ldeas
‘ Difference |

« Qur intuition is poor:
« 2/3rd of ideas do not improve the metric(s)
they were designed to improve

“It's amazing what you can see when you look*

Yogi Berra
° 23



A Different Way of Thinking

« Avoid the temptation to try and build optimal

features through extensive planning without early
testing.

* Try radicalideas. You may be surprised, especially if
“Che(]p”

l.e. Amazon.com shopping cart recs

° 24 °



Example: Microsoft Xbox Live

Goal: Sign More People up for Gold Subscriptions

- Foy o

http://www.xbox.com/en-US/live/joinlive.nhtm

Which has higher Gold
Sign-up...e2?

A. Control

B. Treatment- up 29.9%
C. Neither

e e 25 ®
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Example: Microsoft Xbox Marketplace

Goal: Increase Total Points Spent per User

http://marketplace.xbox.com/en-US

Which has higher
Points Spent...22¢

s ]\‘ l\, R

Messages

‘_‘ r”’ _ _ Show Your Style
2 '1 g m snwsheeicon E. None

Friends (23)
Friends Online (0)

T | s Promoted content up,
but at expense of others



http://marketplace.xbox.com/en-US
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Example: Microsoft Store

Goal: Increase Average Revenue per User
A

““1= Shopping Cart .]_., Shopping Cart http://store.microsoft.com/home.aspx

g oo & o Which increased

ReMove s Quantty: 1 o 2
LeMOY g::;v:!ry Options: nemove D:luverv Options: reve n U e ee e o
Ship 1t
Shipping Method |

a Shipping Method
UPS Ground - $0.00 (3.7 business days) B T t '. p 3 37
° : —_—
UPS 264 Day - $5.00 (2 business days) UPS Ground - $0.00 (}7 business days) . rea men U . (o]
UPS Next Day - $12.00 UPS 2nd Day - $5.00 (2 busness days)
UPS Next Day - $12.00

Subtotal: $399.99
Subtotal: $399.99

Tax: $38.00 Shipping: $0.00
Estimated Total: $437.99 i F

E-mail Cat to  Friend 'Checkout now

Enter Zp FOSTTTRESSOTAY
1 cakcute Tax: 38052 | Calculate Tax |

“Ched OW

27 e
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How Does This Apply to SQA?



Online Experimentation Used for SQA...

...or more specifically, Software Testing

* Meeting Business Requirements = Quality?
o Sure, But QA not often involved in User Experience testing

« Experimentation Platform enables Testing
in Production (TiP)

o Yes, | mean Software QA Testing



How Does This Apply to SQA?

Rapid Prototyping

*30



Test Early, Test Often

“To have a great idea, have a lot of them™ -- Thomas Edlison

“If you have to kiss a lot of frogs to find a prince, find more frogs
and kiss them faster and faster” -- Mike Moran, Do it Wrong Quickly

« Replace BUFT (Big UpFront Test) with “Smaller” Testing
and TiP

e ...and lteration



Rapid Prototyping to Reduce Test Cost

UpFront Test your web application or site for only @
subset (or one) browser

N
Release to only that subset of browsers

. Enabled by ExP
Evaluate results with real users )

Adjust and Add another browser

or
Abort



Rapid Prototyping

Bie S Release oops a \: i o,
15 >eaty BUFT “Safe” for Blige s e & m
e Everyone Scramble! /‘ ’\
Limit impact of potential problems

Release to
Big Scary Monitor & Ramp to
N > Smal Lt > Segfs‘z‘st o Fix > 100%

Saves you from having to BUFT if product is a dud

Big Scary Release to Move on to
New Code Small UFT seglrlr;:;t of Bad Idea 2 new idea

® 33



How Does This Apply to SQA?

Exposure Conftrol

©34



Rapid Prototyping utilizes Exposure Control

..to limit the Diversity of Users exposed to the code

—

Windows® @

Internet
Explorer8




Exposure Control to limit Diversity

« Ofther filters also
o ExP can do this.
« Location based on IP
* Time of day
o Amazon can do this
« Corporate daffiliation based on IP

« Stillrandom and unbiased.
o Exposure control only determines in or out.
o If in the experiment, then still random and unbiased.

° 36 °



Exposure Control to Limit Scale

i |

e,

]

(72

S I
n

0]

(72

§ 0

@ Day 1 Day 2 Day 3 Day 4 Roll-back

®m Dangerous New Deployment m Tried and True Released Version

Control how many users see your new and dangerous code



“Meet New People in 3-D”

[v-next is deployed to] a small subset of the
machines throwing the code live to its first few
custfomers

if there has been a statistically significant regression
then the revision is automatically rolled back.

If not, then it gets pushed to 100% of the cluster and monitored
in the same way for another five minutes.

This whole process is simple enough that it's implemented by a
handful of shell scripts.  Timothy Fitz, Feb 2009]

38 -


http://s95.photobucket.com/albums/l140/highmaintainence_chic/digitalsnackbox/?action=view&current=imvu-engel.jpg

Important Properties of Exposure Control

« Easy Ramp-up What makes a "controlled” experiment?
and Roll-back

« Variants run simultaneously
* Users do not know they are in an experiment

« Controlled
Experiment




How Does This Apply to SQA?

Monitoring and Measurement

® 40



Experiment Observations

* Website/UX Observations
o Client Side: Page View (PV), Click
o Server Side: Page Request (PR)

» Service Observations
o Client Side
« If there is a client, then client side results can indicate server side issues
o Server Side
« Service Latency
« Server performance (CPU, Memory) if variants on different servers
* Number of requests



Experiment Metrics

Compare means of your variant population

CIR per user

o CIR: % Users who Click on monitored link of those who had Page Views (PV) including that link
(impression)

ExP Xbox Gold Membership

o % of Users with PV on US Xbox JoinLive page who had a PV on Gold “congrats” page.

ExP Microsoft Store

o Mean Order Total ($) per User
o Observations can have data (e.g. Shopping Cart Total $)

Amazon Shopping Cart Reccomendations [¢]

o % users who purchase recco items of those who visit checkout, or
o Qqverage revenue per user

Google Website Optimizer

o Conversion Rate: % of users with PV on Page[A] or Page[B] who had a PV on Page[convert]

42



How Does This Apply to SQA?

Testing in Production (TiP)

® 43



Exposure control + Monitoring & Measurement = TiP

“Fire the Test team and put it in production...”¢

Even over here
QA guides what
to fest and how

Let’s try to
be in here

Leverage the long tail of production, but
be smart and mitigate risk.

° 44 °



Testing in Production (TiP)

TIP can be used with Services (includes Websites)

* Testing
o Functional and Non-Functional

 Production
o Data Center where V-curr runs
o Real world user fraffic

o 45



What is a Service?

* You conftrol the deployment independent of user action.
* You have direct monitoring access.

Deploy, Detect, Patch

“It is not the strongest of the species that survives, nor the most intelligent, but the one
most responsive to change.” - Charles Darwin

Examples:

o Google: All engineers have access to the production machines: *...deploy,
configure, monitor, debug, and maintain” [Google Talk, June 2007 @ 21:00]

o  Amazon: Apollo Deployment System, PMET Monitoring System - company wide
supported frameworks for all services.



T1P 1s Not New

amazon.com Hello, Seth Eliot. We have recommendations for you. (Not Seth?)

! Prime Seth's Amazon.com '/ Today's Deals Gifts & Wish Lists = Gift Cards Your Account | Help
Search € "\ cant Your Lists
Movies & TV Advanced Search Browse Genres Naw Releases Bestselars CVD & Blu-Ray Deals TV Shows Blu-Ray Vidao On Demand
Hﬂk Seth Efiot: This item is aligible for Amazon Prime. Click hare to tum on 1-Cick and make Prime even better far you., "

(With 1-Chick enabled, you can always use the regular shopping cart as well.)

RDD DVD Test ASIN 2 Slantings 1~

Format: ODVD Gﬂ Add to Cart ‘ l

No customer reviews yet. Be the first, or
Siann to tusn on 1-Click ordenng.

Lst Price: m P

%) . Add to Wish List v |

prce: $17.99 & eligible for free shipping with Amazon Prime

vou Save: $2.00 (10%) |  Add to Shopping List |
Temporarily out of stock. 3
Order now and we'll daliver when available, we'll e-mai you with an estimated Express Checkout with PayPhrase
delivery date as soon as we have more information, Your account will only be @ - @
charged when we ship the item. \
Ships from and sold by Amazon.com. Gift-wrap available. Your PayPhrases

Shar¢
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T1P 1s Not New

¥ tvent

Ertar your Cy and StateProvence o¢ Pestal Code
fiew! Search usng evant stant asd end dates

Vizards Play Network U
Search for WPN 2catons oening

Magic: The Gathering
Pre-Releases, Launch Parties, Game Cap
Fricas right Magic
Pre Tour Quakters
Grang Pru Traie
Nanonal Quatfiers
Otoar Mage: Everts

7 Dumgeons & Oragom
Encounters
Workdwige DD Game Day
¥ Oter DAD Events
Other Products

Start New Search

(SCETVP™
Ressits 1 . 2 of about 2

Renticon

15612 SE 126% S1(8.7 melen)
Renton, WA D250

Gt Duecons To Mars - From Mets

Rerton, WA 35057
Uniwd S1atey

' 1600 Ung 4 (11,8 mies)

e

Gt Drechions To Mare - From Mers

Events
Mama: Dusgetns & Dragens WPN. DED WPN-2010-02-20-Reaton
Format DAD WPN
£ Phone Namber: § (555) 8554654
CoorSnMor 10 KD@wlards COM  w—
[ Oste:22020%0

Other Events by this Location

Name: DED Encoumsts Usdeimountan
» Format DSD WPN
Phone Bumber: 1 (425 687-213%
Cooramaton: 5ran At a@nUds (OM e

Renton, WA 98057
Get Dractizns T Mere - From Hew

Add: Immunization

Type of immunization *

*=Required field

|- Select - -

MUMpS Virus vaccine

no vaccine administered

parainfluenza-3 virus vaccine

pertussis vaccine

plague vaccine

pneumococcal conjugate vaccine, polyvalent
pneumococcal polysaccharide vaccine

pneumococcal vaccineg, NOS

poliovirus vaccine, inactivated

poliovirus vaccine, live, oral

poliovirus vaccine, NOS

Q) fever vaccine

rabies immune globulin

rabies vaccine, for infradermal injection

rabies vaccine, for inframuscular injection

rabies vaccine, NOS

RESERVED - do not use

respiratory syncytial virus immune globulin, intfravenous
respiratory syncytial virus monoclonal antibody (palivizumab), intramuscular| &
rheumatic fever vaccine
Rift Valley fever vaccine
rotavirus vaccine, NOS
rotavirus, live, monovalent vaccine
rotavirus, live, pentavalent vaccine
rotavirus, live, tetravalent vaccine
rubella and mumps virus vaccine

meningococcal vaccine, NOS -

=

m



How Does This Apply to SQA?

Testing Services (not Websites)

® 49



How can we Experiment with Services?

@ 1 = APl Request
 From Client or Another Service in the Stack

4 = Service B Response
» Likely not visible to the user

* Microsoft ExP can do this
___ e So can Amazon WeblLab
Switch « Public Platforms Cannot
« Their “Switch" is Client-Side
JavaScript

° 50 °



Example: MSN HOPS

Goal: Increase Clicks on Page per User via Headline Optimization

Which has higher page clicks
per user...ee?
e AL Control - Editor Selected
i s B, Treatment —HOPS +2.8%
: " C. Neither

« and +7% to +28% increase in
clicks on modules per user

 but-0.3%to -2.2%
cannibalization elsewhere




Example: Amazon ordering pipeline

Amazon's ordering pipeline (checkout) systems were
migrated to a new platform.

Team had tested and was going to launch.

Quality advocates asked for a limited user test using
Exposure Control.

Five Launches and Five Experiments until A=B (showed
no difference.)

The cost had it launched initially to the 100% users could
have easily been in the millions of dollars of lost orders.

53



Example: Google Talk

Use an “Experimentation Framework™
Limit launch to

o Explicit People ta kg
o Just Googlers |
o Percent of all users

Noft just features, but it could be a new caching

scheme
[Google Talk, June 2007 @ 20:35]
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How Does This Apply to SQA?

Services TIP with Shadowing

®55



What is Shadowing?

TIP Technigue

Like ramp-up use real user data in real-time, but
mitigate risk by not exposing results to the user

The ultimate unbiased population assignment
Controlled experiment
A+B instead of A/B

56



Example: ExP RO Shadowing

RO = RecordObservation, a REST Service for client-
side observations.

Migrate to a new platform.

Send all observations to BOTH systems via dual
beacons.

Saw Differences - Fixed Bugs.

Controlled Experiment: both in same Data Center
o If not, then network infroduces bias

57



Example: USS Cooling System Shadowing

Based on steel alloy, input speed
and temperature, determine
number of laminar flows needed to
hit target tfemperature.

System A: A Human Operator
System B: An Adaptive Automation

B has no conftrol, just learn untfil
matches operator.

58 °



Example: Google Talk Shadowing

Google Talk Server provides Presence Status
o Billions of packets per day By g
Orkut integration N
o Started fetching presence without showing anything in Ul for
weeks before launch

o Ramp-up slowly from 1% of Orkut PVs

GMail chat integration:

o Users logged in/out: used this data to trigger presence status
changes w/o showing anything on the Ul

[Google Talk, June 2007 @ 9:00]

59



How Does This Apply to SQA?

The Power of Complex Measurements

® 40



TTG at Microsoft

Use of Experimentation Platform for Complex
Measurements

TTG =Time To Glass

o “PLT"” with a real population over all browsers and bandwidths
o Includes Browser Render Time

Calculate TTG from Observations
o Onload - PageRequest = TIG

Can analyze results by Browser, Region, etc
o But Correlation does not imply Causation

Better than monitoring tools like Gomez/Keynote

61



Form Tracking at Microsoft

Submit a form (or click a link) and send a beacon to
a tracking system and ExP.

Wait a fixed time or wait for calls to return or tfimeout
(OOB)

Experiment

o Variants: Different Wait Times, Fixed vs. OOB £
o Metric: % Data Lost per submit

Longer time should mean
Less Data Loss

Yes, but.....

62 °



Resources
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More Information

seth.eliotf@microsoft.com

Seth’s Blog: hitp://blogs.msdn.com/seliot/

EXP Website: hitp://exp-platform.com

64
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