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We bring performance research to practice.
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3 Things Make Your Websitem

6 Network lelays
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Why Do

Care About Web Performance?




Delay [#3«le1[<I*)'A : Rules of Thumb

Delay User Perception
O —100 ms Instant

100 — 300 ms  Small perceptible delay » Stay under 1000 ms to
300 — 1000 ms Machine is working keep users’ attention

1+ s Mental context switch

10+ s Task is abandoned

m |. Grigorik, High performance browser m Jakob Nielsen, Usability Engineering,
networking, O’Reilly Media, 2013 Morgan Kaufmann, 1994



You Heard The

amaZon 100 ms slower =P  =1% Conversion Rate

» Zalaﬂdo 100 ms faster =——»  +0.7% Revenue Per Session

Walmart 100 ms faster =—»  +1% Revenue

m Greg Linden. Make Data Useful. Stanford Shuhei Kagawa, Jeff Cybulski, David Martin Jones, et. m C. Crocker, A. Kulick, B. Ram. Real-User Monitoring at
Data Mining Class CS345A, 2006 al.. Loading Time Matters. Zalando Tech Blog, 2018 Walmart, SF & SV Web Performance Group, 2012.



http://glinden.blogspot.com/2006/12/slides-from-my-talk-at-stanford.html
https://jobs.zalando.com/tech/blog/loading-time-matters/
https://de.slideshare.net/devonauerswald/walmart-pagespeedslide

Load Time &@

Go From7sto2sloads =—» +80% Traffic

GO gle 500 ms Slower Loads  =—» -20% Traffic

[ )
P|ntereSt 40% Faster Loads —p  +15% SEO Traffic

Lucia Moses. How GQ Cut Its Webpage Marissa Mayer, Conference m Sam Meder, Vadim Antonoyv, Jeff Chang. Driving User Growth
Load Time By 80 Percent, Digiday, 2015. Keynote, Web 2.0, 2006 With Performance Improvements, Pinterest Blog, 2017



http://glinden.blogspot.com/2006/11/marissa-mayer-at-web-20.html
https://digiday.com/media/gq-com-cut-page-load-time-80-percent/
https://medium.com/pinterest-engineering/driving-user-growth-with-performance-improvements-cfc50dafadd7

Load Time & User|[Jglelele[=la]=13]e

FORRESTER® -80% load time —>»  +60% Session Length (Mobile)

OTTO -42% time to FCP  =—p  +25% Session Length

F\\
( +2s load time =——p  +103% Bounce Rate

Forrester. The Total Economic Impact ™ Lars Bognar. Mobile Speed Race der Otto Grou m Akamai. Akamai Online Retail Performance Report:
Of Accelerated Mobile Pages, 2017 Verbessert Mobile Ladezeiten, TWG, 2019 Milliseconds Are Critical, Akamai Blog, 2017



https://www.thinkwithgoogle.com/intl/de-de/insights/markteinblicke/mobile-speed-race-der-otto-group-verbessert-mobile-ladezeiten/
https://www.akamai.com/de/de/about/news/press/2017-press/akamai-releases-spring-2017-state-of-online-retail-performance-report.jsp
https://amp.dev/static/files/The_Total_Economic_Impact_Of_AMP.pdf

Load Time & Userkfeldfsiele1dle]a

. radware +500 ms network delay —> 4+26% peak frustration

AberdeenGroup #1's delay in response times =——»  -16% customer satisfaction

B |mperial Coll :
L’Eﬁf}.‘;‘ﬁ, oIedE +50% response time = -50% productivity

Tammy Everts. Mobile Web Stress: The Impact of Network Speed The Performance of Web Applications: Customers Are T. Goodman, R. Spence. The Effect of System Response Time
on Emotional Engagement and Brand Perception, Radware, 2013 Won or Lost in One Second, Aberdeen Group, 2008. on Interactive Computer Aided Problem Solving, ICL, 1978



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjpqqTL9JvlAhVBYVAKHRsHBJYQFjAAegQIABAC&url=https://headspin.io/resources/marketing/reports/5136-RR-performance-web-application.pdf&usg=AOvVaw2Wp2TwhMea0y8Zv5sCO57B
https://blog.radware.com/applicationdelivery/applicationaccelerationoptimization/2013/12/mobile-web-stress-the-impact-of-network-speed-on-emotional-engagement-and-brand-perception-report/
https://dl.acm.org/citation.cfm?id=807378

Summary: The IV EI Rl «Jelead Of Site Speed

Better
FORRESTER GO

Pinterest

Walmart OTTD
» zalando
Slower Faster
Aberdeen Group amazon
' radware

& Imperial College
&&¥p London

Google
((,_}

Worse



Page Speed

Money



Load Times



How Ryl R G Works

Website + Speed Kit JS
(Service Worker)

E Fast Requests Speed Kit
Cloud

~~~
_y

y
~~

T~ I Real-Time Sync
.. 3rd . ~‘= Origin
Parties G Backend




Background: KE g e=R " Meld CGl§

Network

HTTP
Requests

Service Worker

Requests,
Messages

Browser Tabs

Programmable Network Proxy, running as a
Background Process, without DOM Access.

Capabilities:

= Intercept & rewrite HTTP requests
= Cache data (CacheStorage)

= Store data (IndexDB)

= Respond offline or in slow network

= Sync data & handle push



How We Solved [efe]ed s (=X 0] o T=] {=1a]e{=
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invalidate
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How We Solved [efe]ed s (=X 0] o T=] {=1a]e{=

Automatic Browser
Cache Coherence

invalidate T

False-Positive e \K Hash- .
Rate: f = (1 — e"ﬁ) Functions: k= [ln(Z) ' (;)] =

With 20.000 entries and a 5% false positive rate: 11 Kbyte

E—
hﬁ ‘2‘71
ot 2

gy ™ Consistency: A-Atomicity, Read-Your-Writes, Monotonic
S Reads, Monotonic Writes, Causal Consistency

| S

~
Validat ’ D T3 Add to Server
Freirlrn?asi / \\ H \\ Cache Sketch
! !
! \ Compact Cache Sketch v %
Ol1]101111|= O|310]4]1




USP: HTML Caching With [»)Yslelsg]{ellz][eTei &

Browser Fast & e
(blocks marked Anonymous

by selector) —I—
O~ —— +

Replace
Dynamic Blocks

o
Slow & @4~ CHEEE Server
Personalized



In Action: Speed Ki

Built-in cache
coherence mechanism

Lower server time
(TTFB)

On-the-fly image

dnz cannect

zzl

html J

d Waterfalls

image
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& 1. wuw.decathlon.de
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i,

Accelerated
personalization

Accelerated 3rd

parties

HTTP/2

multiplexing

Network stack

L
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+ CDN caching
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This Talk = Teaser of Ongoing kydie)Y

Speedstudy.info

Mobile Site Speed and the
Impact on E-Commerce




Study ATy
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Implementation Evaluation Long-Term Effects
A/B-Tested Speedup Quantified On-Site Uplift Not Evaluated

— First Paint — Conversion Rate - SEORank
— Time to Interaction — Time on Site — Returning Visitors



S Timeline |

2019/Q2 2020/Qt

Today



How Does Speed

To Business Success Exactly?



O\TVE\A: Measuring Performance

Synthetic Tests Real-User Monitoring Log Analysis
m WebPagetest I Google Analytics ‘0' CrUX
@ mPulse .6. CDN Logs

@ Adobe Analytics E Server Logs

« User-centric metrics « Data from actual users « Readily available
X Only simulated X Complex to operate X Hardtointerpret




Measuring the Uplift — With ;i3 (&=

CDNs, Manual .
’ Speed Kit
Optimizations P !

= Only before-after = Measurable business
comparison impact through A/B
tests

Application Features




Measuring the Uplift — With ;i3 (&=

CDNs, Manuadl
Optimizations

@

= Only before-after
comparison

Speed Kit

A o
[ ]

s

= Statistically sound
split testing

= Clean measurement
of performance &
business uplifts

Application Features

.0
= Measurable business

impact through A/B
tests



Before
Speed Kit

S

] htips://baur.de

4l 1230 .\

Baur.de

7Y hitps://baur.de

BAUR App fir Android
Mode & Mobel Onlir hop
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Overall Performancel¥ddligd For Baur.de

M Original M Speed Kit

40000

30000

Median 1361 ms

Median 2087 ms

20000

# of page impressions

10000

2000 4000 6000 8000 10000

FCPinms

First Contentful Paint Histogram

*Histogram of first contentful paint on PDV pages compared between the two A/B test split groups



Without
Speed Kit

&

] stylefile.com 1

4l 1230 .\

Stylefile.com

Sale %

Stylefile x 757" =

Schuhe

Graffiti




Stylefile: I Uplift

User-Based + 1.9%

Conversion Rate

-

.ﬁ. Average Order + 3 8%

Value



Directions for

Prefetching & Click
Prediction

Anomaly detection on Real-
User Data

Content-based Staleness
Minimization

Dynamic Block Inference

Dual & Adaptive Bloom Filter

Vision-based

= Image Optimization
= Regression Testing
= Speed Metrics

Workload-based TTL
Estimation

Connection-Aware
Compression & Push



IR Measurel

Web Performance?



m-User Monitoring (RUM)

Collection Ingestion Analytics Reporting

;== Performance
Dashboard

o
Dashboard

SQL Interface

Real-Time
1 Alerting
Ad-hoc
. SQL SQL Interface
= Raw PI tracking = Materialized views saun |v= Custom
& meta data & aggregations o=§ Reporting

= Custom tracking = Historical data



Goal: Performance & Businessjigfife]g}=

Cloud Backend

Tracking .
Beacon
=

Browser

~ Timing AP

Qa Service Worker
o Unhandled Errors

(fa = u aYs = = sYs = = aYE = = &)

Time-to-First-Byte
First (Contentful) Paint

DOM Timer
First Input Delay

Performance

Session Length

Time on Site

First User Interaction
Bounce Rate

User
Engagement

N

Cart Size
Transactions
Conversion Rate
Revenue

Business KPIs

AN

Page Views & Sessions
Browser Distribution
JavaScript Errors
Caching Insights

QA Metadata

AN

y




How to[e)|[=ladthe Performance Data?

Browser

Cache

-

\_ Origin

~

'4

=

J

|
e

fastly
CDN

|

33

N

-

\J

Bagend

~

Pl Tracking

|
2

MongoD

B

J

Logging requests is not enough:
X User? Rendering? ...

X Browser cache (invisible)
X Origin requests (no logs)
\/ CDN requests

Solution: Tracking every PI
(page impression)



When to Send Data|=1Yelele1353?

navigationStart
redirectStart
redirectEnd

fetchStart
domainLookupStart

domainLookupEnd

I connectStart
(secureConnectionStart)
/ — connectEnd
. I . . requestStart
CIle & nCIV|gCItIOn 8(—— responseStart
click detection | / processing responsetnd

' ' gt ®EE
= e e e e
— Cmmm

m \; /IoadEventEnd
loadEventStart
domComplete
domContentLoaded
dominteractive
domLoading

unloadEnd

Philippe le Hegaret. Performance Timing Information: unloadStart
Part 1 — Navigation Timing, W3C Blog, 2012



https://www.w3.org/blog/2012/09/performance-timing-information/

of Data Beacons

I I I i
click & I navigation & ! ! I
lick detection | process ing i userinput
IL:...|

1. 1 for static info
(URL, user agent, session 1D, ...)

2. 1for timings
(TTFB, load time, FCP, ...)

3. O-nforevents
(first input, add-to-cart, ...)



Schema:m

1st Pl 2nd Pl
e Lo S
: Navigation Load Event Blec:cons | : Navigation
i Beacon Beacon f \, 1 Beacon
| L
I
N / N\

= Beacon Join 2 Pl: How do we handle events that come late?
= Simply wait 5 minutes?
=  Wait for next Pl or session timeout?

= 7

= How to resolve user agents?



Schema:m

______________________ N
User Agent Database \I
 Browsers
« Device type I

|

Navigation ¢ Load ¢ Events I

« URL, session ID, etc. - TTFB « Action

« Test group  Loadtime « Value I

[ ] [ ] ’
a - - - - - - I I S IS IS I DS B B B B B EaE e . — /

Aggregate events: collect all events per PI
Join 3 Collections: put together Pl from navigation/load/event beacons
Resolve User Agents: derive browser, device, etc. from UA string



Schema:m

Session 1 Session 2 Session
‘_1_\ A A
[ \ [
Landing Red Blue ~heckout Checkout
Page Shoes Shoes (reload)

a Count as @
conversion?
= Unique conversions: remove phantoms

= Session timeout after 30 minutes of inactivity




Schema:m

gl Il I I I I I I I I EDE B EEE B B S S S . _—
( Pl —] Unique Conversions

! « URL, timers, etc. e Conversion|ID

| |- Browser, OS, etc. « Earliest occurrence

1 | Conversion events, etc.

Aggregation by session ID: min, max, count, sum, avg, median, ...
Deduplicate Conversions: only 1st occurrence per conversion is valid




, MongoDB!

Indexing
Queries over non-indexed

attributes were infeasible

Scalability
Queries got slower with

increasing amounts of data

Ll

Runtime
Even with indexes in place,

queries could take 30+ min.

Complexity (Joins!)
MongoDB aggregation pipelines

become sophisticated quickly



Fixing My Life With




The ,,A” Stands for ,,J\\"Alome*

= Desperate attempt:
1. Dump MongoDB collection
2. Uploadto S3
3. Query with Athena

= Typical analysis:
mongo

.DB = 1equi-join

= 3 mio.Pls

= ~15+ min.



The ,,A“ Stands for ,,l:.\YAjome*

= Desperate attempt:
1. Dump MongoDB collection
2. Uploadgo S3
ith Athena

= Typical analysis:
=  1equi-join
= 3 mio.Pls

= ~15+ min.




The ,,A” Stands for ,,J\\"Alome*

“Despe#eieeettempt—:New best practice:

1.  Dump MongoDB collection
2. Uploadto S3
3. Query with Athena

a = Typical analysis:

v =  1equi-join
AWS = 3 mio.Pls
Athena

[- ~10 seconds ]




What's an ?

D

Athena

|
O
=
(D
wn
—
O

= Managed Presto: =  Pricing by scanned data volume:
= Interactive analytics with SQL —> Efficient storage formats!
= Heterogeneous datastores —> Partitioning or clustering!
= Petabyte-scale (Facebook) —> Careful query design!

m Raghav Sethi, Martin Traverso, Dain Sundstrom, David
Phillips et al.. Presto: SQL on Everything, ICDE 2019



https://research.fb.com/publications/presto-sql-on-everything/

Upgrqding OurPipeIine

( *_, |_>
E *

Athena Reporting
= Simplicity: Bagend

=  Everythingin one place
= Easy to access (SQL)
=  Scalability & efficiency:
= Hundreds of gigabytes scanned in a query

= Response time on the order of seconds



Schema[e\=E =)

Tracking [ Beacon ]

Aggregations [ User Agents H PI

Dashboard [ Uplift Over Time Windows ]




Schema[e\=E =)

Tracking [ Beacon ]

Aggregations [ User Agents H PI H Session }

_________________? ________ T____

Daily Aggregates ]

<

Q

(o

()

=

Q

ﬁ.

0

Q

<

()}

2

7]
)

O

Q

<

>

Q

«Q

®

«Q

Q

(ag

o

v
—
)

Dashboard Uplift Over Time Windows




Our [le1de1aW:Nale]\2d($ Tech Stack

QuickSight

Don‘t get me
Issues: started ...

¥ Many joins > slow queries
¥ 90 minutes discovery time

¥ No continuous dashboard
(daily materialization)



2020 Ll 1B NTa =W \ale[\2d[s Tech Stack

Benefits: Bagend

g sl ~
-~ \
r™ A
, K3,
— &Flmk .
v Elastic
Stream Stream Serving Real-Time
\Ingestion Joins & Aggregation Storage Doshboord)

Prototyping Engagement with AWS

V No legacy tech - stability & efficiency

“ Faster ingestion - Live performance charts

“ Fewer joins = faster analytics

SQL

)ﬂm



: NiA 9
Shiny & NewOld & Lame m

Tracking [ Beacon ]
[Stream ] [ User Agents H H Session }
[Mqteriqlized Viewlets } [1-Min. Aggregqtes}

________________!F _____________

Dashboard [ Uplift Over Time Windows J




Zero-LatencyVa\alel\"adles:

Amazon
DynamoDB

Order Events) etc. From User Agent)

Data Beacons

(collection)

(
|
l Unique Conversions UA Resolution
I (Remove Duplicate ﬁ (Derive Browser, Device,
I
|
Kinesis I
|
I

B ‘Il Normalization Pl Window Session Window Bucketing
E'Iﬂ - (Legacy Compatibility (Beacons to PI) (Pls to Session) (Histograms/Counts)

I & Validation) € 5 Min. €230 Min. 9 1Min.

elastic
1-Min

Invalid Beacons All Pls All Sessions
aggregates



Zero-LatencyV:Yale])\u el

Amazon
DynamoDB
(o= e e L e T
Unique Conversions UA Resolution =
(Remove Duplicate # (Derive Browser, Device, ©

Order Events)

e 3 din \ -~
Normalization
v. - (Legacy Compatibility

I & Validation)

etc. From User Agent)

Data Beacons

(collection) Kinesis

Pl Window
Beacons to PI)

S3

All Pls All Sessions

aggregates



Summary &




Speed Kit Optimizes|JleEafEl=yle

0 ffl\ooded‘Sefy’/e_ s (2] LQWLdten cy ’ [

Shop Backend

(unmodified
infrastructure)

m Speed Kit: A Polyglot & GDPR-Compliant Approach
For Caching Personalized Content, ICDE 2020.

Speed Kit -
(in user browser) -

1

!

P —

8 Fast

Customer

| Experience

I.l k




YellimE=Y3dlsle) fOor Web Performance

Speed Kit Users VS. Normal Users
) ° Tracking Tracking s
—) P ol
= Speed Kit enabled = Measurable uplift: = Speed Kit disabled
4+ Performance (no acceleration)

-+ User engagement
<+ Business success



Join & Learn More: K el==le [ d1le \VAI g} {’

THE LARGEST SYSTEMATIC STUDY OF

Mobile Site Speed and the
Impact on E-Commerce




{Te[o\VA LR NeTo[o M INsStantly?

Join the study!

Details & newsletter on

speedstudy.info

Felix Gessert felix.gessert@bagend.com
Wolfram Wingerath  wolle@bagend.com


awesome-study.info

