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Measure user experience on the web.
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Why should you care?

Site speed improvement of just
0.1s

leads to an increase in conversion
rates & average order value

Google/55/Deloitte, Speed Impact study, EMEA and US, Oct-Nov 2019, n=37 brand sites analysed hourly over a 30 day period totalling 30.5m sessions.
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Milliseconds
make Millions



https://www2.deloitte.com/content/dam/Deloitte/ie/Documents/Consulting/Milliseconds_Make_Millions_report.pdf
https://www2.deloitte.com/ie/en/pages/consulting/articles/milliseconds-make-millions.html

Update in Google Search - May 2021

(
Home » Google Search Central > What's new > Google Search Central Elog Rate and review [b ql] Loading

Largest Contentful Paint (LCP)

Send feedback
T|m|ng for bringing page end feedbac Sv(:: tametiiy
experience to Google Search : s gt Pl ()
Vitals
Visual Stability
Tuesday, November 10, 2020 Cumulative Layout Shift (CLS)
8

This past May, we announced that page experience signals would be included in Google Search Search sugnals

ranking. These signals measure how users perceive the experience of interacting with a web Mobile Frien dly
page and contribute to our ongoing work to ensure people get the most helpful and enjoyable

experiences from the web. In the past several months, we've seen a median 70% increase in the

number of users engaging with Lighthouse and PageSpeed Insights, and many site owners using Safe Browsing
Search Console's Core Web Vitals report to identify opportunities for improvement.

for page
experience

HTTPS
Today we're announcing that the page experience signals in ranking will roll out in May 2021. The
new page experience signals combine Core Web Vitals with our existing search signals including

mobile-friendliness, safe-browsing, HTTPS-security, and intrusive interstitial guidelines. No Intrusive Interstitials

http://goo.gle/page-experience-timing
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http://goo.gle/page-experience-timing

Core Web Vitals

Providing unified guidance for quality signals that are essential to
delivering a great user experience on the web.
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Performance Metrics

First Paint RUM Core Web Vitals

Tl First Input Delay FCP
Time to first byte

Let us fOCUS Time to Interactive
First Contentful Paint on the user-centered core ., .ive Layout shit
metrics

FP
Speed Index

TTFB Total Blocking Time FID

TBT
Largest Contentful Paint RUM

LCP Real User Monitoring
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Prioritising the User Experience

Is it happening? Is it responsive?
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Largest Contentful Paint First Input Delay

Is it stable?

11:19 O = 91%M
O loremipsum.com ®

Lorem ipsum dolor sit amet,
consectetuer adipiscing elit.
Aenean commodo ligula eget dolor.
Aenean massa. Cum sociis natoque
penatibus et magnis dis parturient
montes, nascetur ridiculus mus.
Donec quam felis, ultricies nec,
pellentesque eu, pretium quis, sem.
Nulla consequat massa quis enim.
Donec pede justo, fringilla vel,
aliquet nec, vulputate eget, arcu. In
enim justo, rhoncus ut, imperdiet a,

e, s\

Cumulative Layout Shift



Tool Taxonomy and CRUX
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How to think about Lab vs. Field speed tools...

Taxonomy of Speed Tooling @ Google

Lab data Field data
(aka metrics from the lab) (aka metrics from the wild)
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Taxonomy of Speed Tooling @ Google

DevTools

. PageSpeed
Audit s Insights
Panel
CLI & PageSpeed —
Node.js Insights — o g:;ﬁboar q
LEGEND module | API =
W Powers
Lab
Field .’ Chrome UX
Report
Lab & Field f
: Chrome
Lighthouse
. . usage
Engine e
statistics
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p
How does CrUX work? ‘.

CrUX provides “field data” for top sites on the web. CrUX data is made public via a variety of
3 channels: BigQuery, PageSpeed Insights,

Field data is performance data collected from real
page loads users are experiencing in the wild. — Search Console, and other 1P & 3P products.

UKM data is anonymized, non-public URLs are filtered out and
0 2 URLs and origins with insufficient number of samples are removed.
c The end result is consumable, regularly updated data on how real-
world users experience sites on the web.

J ]
foo.com .8

5 Real-world user experience data (real devices, network conditions, etc) is
ar.com >< 'l' Xyz.org 1 .
collected from opted-in Chrome users as they browse the web, and
ﬁe. uploaded to Google’s URL Keyed Metrics service.
example.com AD
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Case Study
Vodafone A/B Testing AD Landing Pages

Optimizations for 50% of traffic via different traffic sources

e Image Optimization

e Server-side Rendering of critical HTML & Widget Optimization

31% +Q % +15% +11%

A 31% improvement in  Increase in total sales Uplift in the lead to Uplift in the cart to
LCP led to... visit rate visit rate
E3 Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Moﬁ.\\

0 vodafone

NESSUN COSTO DI ATTIVAZIONE

Scegli le Offerte Internet Casa

e scopri la Fibra fino a 1 Gigabit/s &
La connessione di casa potente, chiara e senza
vincoli

29 90¢

e INTERNET FINO A 1 GIGABIT % 6 ME
inclu

senza limiti

*Valide per offerte Fibra (# .
Maggior informazioni su possibili imitazion tecniche e geografiche
su Infotecnologie e coperturacomuni

Vuoi attivare l'offerta?

Parla gratuitamente con un nostro
consulente e trova la soluzione giusta per
te.




Speed Kit

Speaker Shuffle ‘ §

E3 Speed Kit

Sebastian
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Speed Kit

Speaker Shuffle

E3 Speed Kit
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Speed Kit

Real-User Monitoring

E3 Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 14



WHO WE ARE

We bring performance research to practice

30+ man-years of web Novel technology for caching

performance research at

dynamic data went into Bagend

University of Hamburg in 2014

7,000

$2.6 billion

customer websites are already in annual revenue runs with

using Speed Kit

E3 Speed Kit

Speed Kit

\J
i

Bagend launched Speed Kit as
the all-in-one page speed
platform in 2018

160 million

users per month benefit from
Speed Kit

Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring
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Real-User Monitoring (RUM)

The Basic Idea

Cloud Backend

Browser .
Tracking ~
Beacon
V\’
v

() Timing API
{5 Service Worker

o Unhandled Errors

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

I\

Page Views & Sessions
Browser Distribution
JavaScript Errors
Caching Insights

QA Metadata

I\
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Real-User Monitoring (RUM)

Industry Example

Collection Ingestion Analytics Reporting

. .| Performance
— Dashboard

|
Tracking o" -
(RUM) . S u ggshboord
= — —
O |
a— M g= .
i m Real-Time
UO’): g Alerting
v v v ]
= = o7 Ad-hoc
- SQL Interface
|
» Raw Pl tracking » Materialized views : - $§ Custom
& meta data & aggregations = Reporting
» Custom tracking » Historical data
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Real-User Monitoring (RUM)

Industry Example

Collection Ingestion Analytics Reporting

. .| Performance
— Dashboard

Tracking

ol ¢ : — on
RUM Om A DA Dk
( ) v ‘lg : S Dashboard
m— 9.
En :
é . 1 m Real-Time
Flink oF F) Alerting
. -
- Ad-hoc
- SQL SQL Interface
|
= Raw Pl tracking = Materialized views aun |v= Custom
& meta data & aggregations = Reporting

» Custom tracking » Historical data
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Real-User Monitoring (RUM)

Beaconnect: Continuous Processing

==

un

m-» ~ g
= > @ o

k|bar|a
’ Elasticsearch I

4 N Stream Stream Serving Real-Time
/ \Ingestion Joins & Aggregation Storage Doshbocrdj

Continuous Aggregation Pipeline
Key Topics:

V Continuous Aggregation
V Real-Time Reporting & Analytics

V Extreme Scalability

#] Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring



Real-User Monitoring (RUM)

Beaconnect: Continuous Processing

Stream
\ Ingestion
C FORWARD™*
Key TOpICS: There Must be a ]

Smarter (/Y #:5 *

V Continuous Aggregation e, |

V Real-Time Reporting & Analytics Folxesert Walfam Wingerth

“ EXtreme SCG'Gb”lty @ F. Gessert, W. Wingerath. Batching Was Yesterday: Real-Time

Tracking & Analysis For 100+ Million Visitors, Flink Forward (2021)
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https://www.youtube.com/watch?v=uE_SefMwt3M

Speed Kit

Analyzing Performance Data

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 19



Analyzing Performance Data

Split Testing for Web Performance

Speed Kit Users VS. Normal Users

aH Q‘ ' '0

- -

‘0‘ . 'I%cking. Qrccking . . " 0 \~
=) <=

» Speed Kit enabled = Measurable uplift: » Speed Kit disabled
<+ Performance (no acceleration)
=4 User engagement

+ .

W. Wingerath, B. Wollmer, M. Bestehorn, S. Succo, F. Bucklers, J. Domnik, F. Panse, E. Witt, A. Sener,
F. Gessert, N. Ritter. Beaconnect: Continuous Web Performance A/B-Testing at Scale. VLDB 2022
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https://wolle.science/publications/wingerath-2022-vldb-beaconnect.pdf

Analyzing Performance Data

Split Testing for Web Performance

Speed Kit Users VS. Normal Users
o & ' ’
[ -
‘0‘ Tracking Tracking " 0 \~
» Speed Kit enabled = Measurable uplift: » Speed Kit disabled
<+ Performance (no acceleration)

=4 User engagement

+ .

W. Wingerath, B. Wollmer, M. Bestehorn, S. Succo, F. Bucklers, J. Domnik, F. Panse, E. Witt, A. Sener,
F. Gessert, N. Ritter. Beaconnect: Continuous Web Performance A/B-Testing at Scale. VLDB 2022
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https://wolle.science/publications/wingerath-2022-vldb-beaconnect.pdf

Analyzing Performance Data

3 Levels of Aggregation

Partial Page Impressions (PPIs)
Enhanced Data Beacons

1-Min. Time Windows
Immediate Aggregates (Storage)

Arbitrary Time Windows
Real-Time Reporting (Dashboard Queries)

E3 Speed Kit

Time Browser Device Test Group First Contentful Paint (FCP)
11:05:04.578 Firefox Mobile | SpeedKit | 127ms
11:06:48.139 Chrome | Mobile | Original | 958ms
Browser Device Test Group First Contentful Paint (FCP)
Firefox | Mobile | SpeedKit | {200ms:1, 500ms: 2},
1:05 Firefox | Mobile | Original {600ms: 2, 800ms: 5}
Safari Desktop | Original | {1100ms: 1} B
(Firefox | Mobile | Speedkit | {200ms:3} 1
106 Chrome | Mobile | SpeedKit | {400ms: 2}
' Opera | Tablet | Original | {700ms:1,1300ms: 2}
Safari Desktop | Originall {600ms: 4, 900ms}
"05 Browser Device Test Group First Contentful Paint (FCP)
11'66 Firefox | Mobile | SpeedKit | {200ms: 4, 500ms: 2}*
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Analyzing Performance Data

Applying Dimension Filters: All Users

Original W Speed Kit B Good (= 1.8s) Needs improvement [l Poor (> 3.0s)
1299
1140
== Original [l Speed Kit
6%
w
oy
o
g 4%
o
o
£
]
&
o
0%
Desktop Mobile Overall 0 1,000 2,000 M 3,000 4,000
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Analyzing Performance Data

Applying Dimension Filters: Chrome

Original W Speed Kit B Good (= 1.8s) Needs improvement [l Poor (> 3.0s)
1671
1324
1123
== Original [l Speed Kit
6%
w
oy
o
@ 4%
o
(e X
£
[13]
&
o
0%
Desktop Mobile Overall 0 1,000 2,000 M 3,000 4,000
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Analyzing Performance Data

Applying Dimension Filters: Chrome, Product Pages

Original W Speed Kit B Good (= 1.8s) Needs improvement [l Poor (> 3.0s)
1919 1880 J
1320
== Original [l Speed Kit
6%
w
oy
o
@ 4%
o
(e X
£
[13]
&
o
0%
Desktop Mobile Overall 0 1,000 2,000 M 3,000 4,000
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Analyzing Performance Data

Applying Dimension Filters: Chrome

P,

Original

Original 54%
Lo 1671

1324

1123
== Original [l Speed Kit
6%

4%

2%

Page Impressions

T T T T T T T T T T T

0%

Desktop Mobile Overall 0 1,000 2,000

ms
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Analyzing Performance Data

Applying Dimension Filters: Chrome

P

Original

Original 54%
L 1671

2%

1123
== Original [l Speed Kit

4%

2%

Page Impressions

T T T T T T T T T T T

0%

Desktop Mobile Overall 0 1,000 2,000

ms
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B Poor (> 3.0s)

B Speed Kit B Good (=< 1.8s) Needs improvement
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Speed Kit

CruX vs. RUM

#] Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 27



RUM vs. CrUX

Why Google’s CrUX Data is a Black Box

E3 Speed Kit

CrUX Tracking Funnel

Only Chrome User

: reproducible
Filter 1 (Excluding WebView Experiences) with your RUM
I
Filter 2 Only Logged In Users
fiter (via Google Chrome Profile)
. . CrUX-Only Filter
Filter 3 O|:1Iy Users with Active Browser unreproducible
History Sync & no Passphrase with your RUM
. Only Users with Enabled
Filter 4 Usage Statistic Reporting
—
E S. Ferrlein, W. Wingerath, B. Wollmer. Why Google's CrUX Results Are Not
Reproducible With Your Real-User Monitoring. Bagend Tech Blog, 2022
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https://medium.baqend.com/498736f82493

Speed Kit

Wrapup

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 29



CrUX vs. RUM

Wrapup

Ccrux vs. RUM
Based on field data Based on field data
Public data Custom deployment
=> zero-effort => complex to operate
=> competitor data available => Just your own website
Fixed granularity Complete freedom
=> only by month / last 28 days => real-time / full detail
=> only fixed dimensions => custom dimensions
=> only (part of) Chrome users => all browsers

~

Neither gives you the full picture!
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Speed Kit

CruX + RUM!

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 31



Crux + RUM!

CrUX 28 Days Rolling Window: After(2 Days (7%)

Optimization Rollout
26 Days Not Optimized to 100% Page Impressions

e eaee
* 00 @
® 09
- "
o0 &
e 00

—— - — —— —
L]

After 2 Days of Optimization What Google Reports That Day

Two days after the 100% Rollout of “ Poor

an optimization, the Google CruX
28 Days Report still includes 26
days (93%) of not optimized
performance.

The 2 Days (7%) of optimized
performance can only impact the

overall result slightly. “
Good

Speed Kit

Looks good already!

Still looks bad!

What Google Aggregates In Its Report That Day
(But doesn't report in that detail) \

B I | IIIIIII I

.
93% Not Optimized 7% Optimized
(26 of 28 Days) (2 of 28 Days)
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Crux + RUM!

CrUX 28 Days Rolling Window: After 7 Days (25%)

Optimization Rollout
to 100% Page Impressions

" o
.333';2 . E. . .o
'!“:o-'. Il'-.sllg' o
.l

Looks better!

e e __
B

S
- e
see

L~

After 7 Days of Optimization What Google Reports That Day

One week after the 100% Rollout of B oo H] I II I I II I

an optimization, the Google CrUX
28 Days Report still includes 21
days (75%) of not optimized
performance.

The 7 Days (25%) of optimized

What Google Aggregates In Its Report That Day
(But doesn't report in that detail)

\
e
~

performance are still not N
dominant in the overall result. v
Good 75% Not Optimized
(21 of 28 Days)

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring

25% Optimized
(7 of 28 Days)
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Crux + RUM!

CrUX 28 Days Rolling Window: After 14 Days (50%)

Optimization Rollout
to 100% Page Impressions

1
1
s : : . * . . . . . .
s 1
. * 'I":'gllt“' cees, S oo
f!!':.-:"OlS.
I
After 14 Days of Optimization What Google Reports That Day What Google Aggregates In Its Report That Day
(But doesn't report in that detail)
Two weeks after the 100% Rollout 1o
of an optimization, the Google . I I I
CrUX 28 Days Report contains 75% .
14 days (50%) of not optimized '
and 14 Days (50%) of optimized o I
performance. 0%
From now on the impact of the N I )
optimization will be at least oo v M
; ; 00 50% Not Optimized 50% Optimized
dominant in the overall result. (14 of 28 Days) (14 of 28 Days)
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CruXx + RUM!

CrUX 28 Days Rolling Window: After 28 Days (100%)

After 28 Days of Optimization

Only when the page optimization
is live for 28 days (100%) the
effect will be fully reflected in the
Google CrUX 28 Days Report.

Optimization Rollout
to 100% Page Impressions

1
i
1
| . (] . . ® .
¢ MR - o ¢ 8 2. ., .
?!!':.-:'|O|3.o"'.ts=.o!'!.
| L ]
0 a7/02 14/02 21502
What Google Reports That Day What Google Aggregates In Its Report That Day
_ Poor (But doesn't report in that detail)
100%
75% I
------- 75%
50%
25%
0%
AN J
Y
Good 100% Optimized

(28 of 28 Days)
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Crux + RUM!

CrUX 28 Days Rolling Window: FCP CrUX Uplift Example

Before Optimization Sep 12022 13% Crux FCp
Before the rollout of the optimization, the CrUX API 2,301 ms
First Contentful Paint (FCP) of the last 28

Days is obtained from the CrUX APL. 28 Days

Not Optimized

7 Days after Optimization Sep 72022 Crux FCp
N CrUX API 2100 ms
After 7 Days of optimizations, the 28 Days

FCP reported by the CrUX APl is already

202 ms faster. 21 Days 7 Days
Not Optimized Optimized -202 ms
28 Days after Optimization Sep 28 2022 CruxFcp
FORECAST 75% 1495 ms
Extrapolated to 28 Days of Optimization
(7 Days Uplift * 4) the FCP is expected to
become 806 ms faster compared to the 5 i?rzgg’g
FCP before the optimization. 2 -806 ms

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring



CrUX + RUM!

Rank Your Score & Forecast With Competitors!

mindfactory.de LS
amazon.de [ek§3
lapstore.de kA
alternate.de [l
pearl.de ELES
mediamarkt.de [EE
euronics.de gk
caseking.de [GEE3
reichelt.de JE33
notebooksbilliger.de 3
cyberport.de EEE

conrad.de g5

Speed Kit

Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring
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Speed Kit

Speed Kit
Roadmap

Roadmap Features

#] Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring 38



Roadmap Features

Dashboard KPI Overview

Purpose
Simple overview of the technical Speed Kit KPIs

Approach

The dashboard will provide a view to display

the technical KPIs:

e See your current traffic usage and how
many cache hits you have

e See how the performance of your site
behaves at a single glance

£l Speed Kit

© Project1

& Overview

© updates

Q Developer

© Prewarming
© Cache Explorer
© settings

© Reportissue
& Help Center

© oid bashboard

Cache Hit Rate () Cache Hits/Day

90.9% 384,288

Requests/Second @

422,995

Points of Presence (PoPs): Traffic Distribution

19%

38%

® single PoP
® Multiple PoPs
® Planned new PoP

® Planned upgrade

Cached Assets

1.2M

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring
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Page Views/Month @

105,402,596

Origin TTFB

310ms
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Roadmap Features

Speed Analytics Dashboard

P u rpose First Contentful Paint
A simple overview of the main performance : B oo [ e mpent W e (90
metrics ; ongnal
Cumulative Layout Shift

B Gocd (50.10) [ Needs improvment [l Poor (> 0.25)
Approach |
An easy-to-use performance dashboard
based on monthly RUM datar: | orgest Contentiulpaint

W Good (s25s) [ Needsimprovment [l Poor (> 4.0s)

e Status quo and over time development of
core web vitals
e Drill-down by origin, device and page

typeS B Good (s 100ms) [ Needsimprovment [l Poor (> 300ms)

Original

First Input Delay

e Can be extended by SQL workbench for o
drill-downs '
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Roadmap Features

Speed Guard

Purpose

Detect performance issues with exact cause

and solution

Approach

1. Monitor performance and detect
anomalies

2. Find cause by automated dicing and
combining RUM and lab data

3. Suggest solution based on caused and
web performance best practices

Find
responsible
dimension

588 5 8 8§ §§

8§ §

Suggest

Solutions Find responsible point in time

in page load process

Find
responsible
artifacts

combine with
lab data

Speed Kit Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring
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Roadmap Features

Speed Advisor

Purpose
Suggested speed improvements beyond
Speed Kit

Approach

Speed Kit's real-user monitoring and

synthetic testing collect detailed speed data.

The advisor analyzes various dimensions
(e.g. browsers) and metrics (e.g. CLS) and
suggest applicable optimizations.

Website with Speed Kit Best Practice Database

Real-user Lab data (WPT Optimizations learned on
speed data & Lighthouse) 200M+ monthly users

Speed Advisor

Identify bottlenecks a Asses impact of a Suggest concrete

across website potential measures solutions

Actionable Insights

Example: Remove JavasScript lazy loading of banner image for users
coming from Google on page type “PDP” to reduce bad CLS by 23% overall

E Wolfram Wingerath, Felix Gessert, et al.: Speed Kit: A Polyglot & GDPR-
Compliant Approach For Caching Personalized Content, ICDE (2020).
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Bagend is Hiring

Join Bagend's Mission of Building a Faster Web

o o .

Product Integration Performance Engineering
Team Lead, Seniors & Juniors Seniors & Juniors

Fullstack Development Data Engineering

Seniors & Juniors Seniors & Juniors

www.speedkit.com/careers
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Crux + RUM!

Thanks!

E3 Speed Kit

research@bagend.com

bagend.com/publications

Let's Agree to Disagree: Why Google’s CrUX Results Are Not Reproducible With Your Real-User Monitoring
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