i - { | 5 L b S e
i y 2 1 g - i 1 +

L hs S |

v k. sy 2 Yt X ] § Bt P w .- i !
. # de winkel van on'sgallemaa{;z VO Al RS TR
. e " ."1 § ' ..r : i ol ! -h.é b L ! s ’-" o 2 o .E-" -n-::L
: 4 W el o At NERREE A TS S Wil R R R T e R I =h BV



Introduction
Bol.com

* Personalization
Measuring 1.0

* Limitations
Measuring 2.0

* What do we really want
* What is possible
Stream Processing
* Design

* Implementation

* Operations



Niels Basjes

nbasjes@bol.com
@nielsbasjes

https://github.com/nielsbasjes

TU-Delft Computer Science
Nyenrode Business School

Software developer
Research Scientist (NLR)
Infra Architect (NLR)
WebAnalytics Architect
Lead IT Architect (Bol.com)

Contributor Apache Hadoop,
Pig, HBase, Storm, Flink, ...

Committer Apache Avro
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for sale customers
> 40 million in catalog > 27 million visits per
— month—

Hadoop in production
pageviews/ye since 2010
) ar — —
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Happy
customers

Change the website to
fit the needs of the

visitor

bol.com



Search Suggestions

Verkopen Zakelijk Fotoservice 2 Welkom Niels + Bestelstatus Lijstjes Klantenservice -

b°|.c°m@ fifth el Alle artikelenv | Zoeken

Loeksuggesties
Kies een categorie R Sl S Tot 50% op dekbedovertrekken Dag- & weekaanbiedingen

Boeken fifth elementin Dvd 20 euro, gratis retourneren en 30 dagen bedenktijd*

Muziek, Film & Games Aiitterlmestiho

fifth element blu ray

Computer & Elektronica >
fifth elephant i ons hebt besteld? Daarom geven we je graag een cadeau. Profiteer direct van
Speelgoed fifth estate
middelen, babyvoeding 2de hands en artikelen van externe verkopers. Bekijk de volledige
Baby & Kind Bidimea

fifth essence

Mooi & Gezond

Populaire zoekresultaten

The Fifth Element - Luc Besson
Dvd | 1 disk
Fifth Element - Charlie Creed-Miles
Blu-ray | 1 disk
a0t 60%
Tuin & Klussen kO rtl ﬂ g

Computerdeals
kortingen op veel
2 PC artikelen

Sieraden & Accessoires

Sport & Vrije tijd

Wonen & Koken

50% korting
Op was- en
g8 schoonmaakmiddelen

Dier

olden

Aanbiedingen




. . sondg term
Personalizatio hlgtory

Verkopen Zakelijk Fotoservice 2 Welkom Niels + Besfelstatus Lijstjes Klantenservice -

bOI.com@ ‘ Alle artikelenv | Zoeken 0
Browsing histe

Kies een categorie Frisse Start Beste van 2015 iot 50% op dekbedovertrek/ .en Dag- & weekaanbiedingen
Boeken Gratis verzending vanaf 20 euro, gratis retourneren en 3§ dagen bedenktijd*
Muziek, Film & Games

e Purchase hiskor
“ Wist je dat je al n¥eer j ?D c®E9ag @n cadeau. Profiteer direct van

Speelgoed € 7,50 korting bij bol.com.

Bij besteding boven €7.50. M.u.v. Nederlandse boeken, geneesmiddelen, babyvoeding 2de hands en J n van externe verko

Baby & Kind actievoorwaarden.

N A -t 7T, N S

Sieraden & Accessoires Eﬁﬁ?&f?jéms
Sport & Vrije tijd & PCartikelen

Wonen & Koken 1 tot 60%

Tuin & Klussen a e ko rtl N g

Dier 50% korting
op was- en

2
{
schoonmaakmiddelen
Cadeaubonnen P o _

Aanbiedingen

| Aannn




Based on
Measuring 1.0

We have some issues
here...

bol.com



Measurements are...

- too old.
* Available once every 24 hours.
* S0 personalization is a ‘day behind’.

Je bekeek Ook interessant:

Thunderbirds Are Go Thundf_'rbirds - De Ultieme Thimderbirds Are Co Thunderbirds 2004
-1 Collectie £18.99 € 14,99
£13,99

Useless Inspiration:

| was interested in this
YESTERDAY bol.com




Data relevance decay

=

Value of the data

i"l Agé_ of the data

bol.com




Measurements are...

done using JavaScript ...

<script type="text/javascript”>
if(typeof(s)=="undefined'){s = {};s.t = function(){};}

var link = document.querySelector && document.querySelector('link[rel:
link && link.href; if (canonical) { s.prop3 = canonical; s.eVar26 = 'I
s.eVard=unescape( 'ps43');

s.pageName=unescape('\/nl\/index.html");

.eVar3=unescape('main');

.prop2=unescape( ‘'Home");

.propl8=unescape('0"');

.propl=unescape('main:algemeen’);

.prop29=unescape( 'VqeYkQpid@IAAELXnY8AAAb4 ") ;

.eVarl2=unescape('not logged in');

.prop25=unescape( 'niet ssl');

.prop50=unescape('\/nl\/");

.eVar5l=unescape( 'www.bol.com,DESKTOP");

.
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Measurements are...

 Heavy on clients
* Everything is javascript
* We cannot measure “Everything”.
* Sometimes we run out of eVars.
* No personalized banners.
- Unclear/unspecified/complicated.
* Errors because eVars get ‘reused’ over time.

bol.com



Measurements are...

* Incomplete/Inaccurate.
* JavaScript is sometimes slow
* Everything goes on the URL

s.products=unescape(';1001004007516
421;;;;evar3=books]|
evar7=1001004007516421 Pluk van de
Petteflet|evar35= 171|evar41=KI11200|
evar47=B|evar9=New');

\‘h-ﬂ‘

bol.com




All special deals page

http://www.bol.com/nl/aanbiedingen/index.html

¥ ot

iedi ! | .
De allerbeste aanbiedingen! i vind i teuk JEIC R DI T m

Dagaanbieding! A e tinp e Weekaanbiedingen!

dagaanbieding in je mail

Je hebt nog 13 uur, 36 minuten, 43 seconden

Je hebt nog 4 dagen, 13 uur, 36 minuten, 43 seconden

ekaanbiedingen

Aquaplay draagbare Waterbaan Aqualock 616 -
Waterbaan

. i : Dead Or Alive (3DS) 2033
Prachtige draagbare waterbaan van Aquaplay. Dirigeer jouw € 9 99
bootjes door de kanalen en sluizen. Leer spelenderwijs hoe (3 reviews) 5

Mintendo 305 Je bespaart: 670!

water beweegt.

‘u"andaag.vnm?EB:EID uur besteld, + =
margen in huis.

€ 29,%

Je bespaart: 40%!

vandaag voor 23:00 uur Electrolux UltraCaptic S
besteld, morgen in huis. Stofzuiger €1 79,DD
i : Zakloos | Hepa | 1400 W | Je bespaart: 53%!
+ In winkelwagentje J Stofzuiger | 1400 W S
(7 reviews) } Lees reviews Vandaag voor 23:00 uur besteld,
Waterbaan | 88 cm | 3-6jaar | 3- 6 jaar | Waterbaan margen in huis.

De draagbare Agualock 616 is een van de bestsellers van
AquaPlay. Neem de draagbare Agualock 616 waterwereld

Cam Smith _ 1in Tha | mnaly 7 on



s.products=unescape(';1004004011338840; ;;;evar3=|evar8=1004004011338840_Dead or Alive|evar35=170|evar47=EGAME|evar9=New |evar27=not
scarcitly, ;9200000018376017; ; ; ;evar3=|evar8=9200000018376017_Electrolux UltraCaptic UCALLFLOOR Stofzuiger|evar35=160|evar47=HH|evar
9=New|ev| \27=not scarcity, ;9200000023965194; ;;;evar3=|evar8=9200000023965194_In The Lonely Hour (Deluxe Edition)|evar35=174|evar47=

POP | evar w|evar27=nof\scarcity, ; 000003024617 ";!e =|evargz9200000030746471_Billepdoekjes Lotion __24x72 stuks|evar35=160|
evar47=B| var9=New | npt s , @ 0 1 313{6ae
t|evar35: var47=PERAU | r9=Ne af27=n h 7 192 0

ar3 1@: 320! 00 0343916 _ @ etooth-speaker - Zwar
10695€ DA e

cinema s¢ 35=183|evar47=HNT | evar9=New|evar27=not scarcity, ;9200
ogy | evar3 ar47=DVDMO | evar9=New|evar27=not scarcity, ;920000002
r47=EBOO} New|evar27=not scarcity, ;9200000009380504; ;;;evar3
skoolbarl 0D8 47cm - Groen|evar35=160|evar47=KTH|evar9=New|
8319 _Acer Duo - Dual Sim - Zwart| =160 | evar47=MOBPHON
re= 2 2 efpparaat + 9 stuk

A 07 Nautica Yacht Cl
r§9200000024802093
. Ol vgir3=|evar8=9200000
or |evar35=160|evar47=8PH|evar9=New|evar27=not showrll ; 920000002616563
47=B|evar9=New|evar27=not scarcity, ;92000000203386%; ;;;evar3=|evar8
Bronzer |evar35=170|evar47=BPH|evar9=New|evar27=not hown, ; 9200000008
All-in-One Printer|evar35=160|evar47=PCACCE|evar9=New|evar27=not sca
s Senseo Viva Caf\u@OE9 HD7825\/70 - Blauw|evar35=150|evar47=KIT|eva
00000020099724_ Just One Evil Act|evar35=170|evar47:9K|evar9=hMe
394_Katy Perry Killer Queen for Women - 30 ml - Eallde Parfi
;evar3=|evar8=9200000010152983_Pelgrim PKVO85WIT Taladmode
002756012; ; ; ;evar3=|evar8=9200000002756012_Curver [f€obin P (t)‘
t shown, ;9200000010562035; ; ; ;evar3=|evar8=920000001562035_|
evar9=New|evar27=not scarcity, ;9200000026525667; ;; ®var3=|evar8=9200

R

Wi TR

Q. /D«

Request-URI Too Long

i bolpxll.gif 7AQB=18&ndh=1&i=7%2F7%2F2014%20... 414 o
pst | _ GET - Zwart|ev
ar: || tracking/s45251220294740 Fequest-LIRI Too Long wk - Backpa
ck 9063_D-Link
DC>-bzzzL - Llioua vamera SUvvu - Netwerkcamera |eva o=lvbvuj|evar4s=°rLALLE|evarvy=Newj|evar<s=not scarcicy, , JYYUULOU /3540, ,; , ;evar3= | e

0_Berthoud Green power- Elektr
3=|evar8=9200000010740892_Nutr
scarcity, ;9200000020478011;;;;

che onkruidbestrijder|evar35=160]|evar47=PGT |evar9=|
ird P15 Tropical Onderhoudsvoeder Papegaaienvoer
ar3=|evar8=9200000020478011_Iiyama ProlLite GB277

ar27=not scarcity, ;9200
ar35=160|evar47=PGT|e
itor|evar35=173|ev

ara7=N var27=not scarcity, ;9200000021950688; ;;;evar3=|eyar2=9 0 R A5NL8.1n0
- Laptop r35=160|evar47=NTB|evar9=New|ev t scarcity, ;920000 kup Plus
Slim 1 SB 3.0 Mobiele harde schijf (zwart)|evar35=170]|evar47=DAT |e
var8=92 00027266545 _Packard Bell iMedia S A3621 - Desktop|evar35=1 I 550908; ;

|evar8=1004004013550908_Aquaplay draagbare Waterbaan AquaLock 616 - Waterbaan|evar35=160|evar47=TOYS|evar9=New|evar27=not s

bol.com@ 16



O...

things need to change

V)

bol.com



Business goal

We want to be able to know
and process everything
about our webshop

NOW

Because we want to be able to
assist our visitors

NOW

bol.com




Business goal

 While the visitor is still on the site
* Respond to what they have done so far.
* Last months/year
* Within seconds after the ‘click’.

- Batches multiple times per day
* Search suggestions
* Search rank
« Recommendations

bol.com




Measuring 2.0

g £,
E ™ bol.com



It's really all about...

- Measuring
* Better
* Processing
* Faster
* Applications
* More relevant

bol.com



Goals of “Measuring 2.0"

- Measure everything of our website

* All interactions (also AJAX) AM
, _ BITIE
* All channels (also mobile, email, ..
« All countries NOU GEwoopy
. All details ALLES
* All visitors (also Googlebot) S
- More reliable data ~Iye

 Lowest possible load on the client
- Lowest possible latency (< 1 second)

\‘h-ﬂ‘

bol.com



Goals of “Measuring 2.0"

 Developer
* Easy to build
* Easy to validate
* Test automation
* Business {
* Always measure everything
* Data is “independent”
* New questions are allowed

bol.com




Goals of “Measuring 2.0"

* Privacy

* Personal Data Protection Act
* Wet bescherming persoonsgegevens

* No profiling beyond 2 years
* Security
* Avoid storing “login” info.
* Business
* Do “profiling” on everything
* For many years (>2)




Measure everything

Pluk van de Petteflet

Herziene Editie.Mu Met Nieuwe lllustraties

Auteur: Annie M.G. Schmidt | 39 reviews | Stel eenvraag m Favoriet || 8

1555
Annie M.G. Schmidt

Je bespaart 15%

& FiepWestendorp
Pl k Vandaag voor 23:00 uur besteld, morgen in huis
u @ i en levertijd
van de Petteflet

Querido

Verkoop door bol.com
Gratis verzending vanaf 20 euro
30 dagen bedenktijd en gratis retourneren
Ophalen bij een bol.com afhaalpunt mogelijk
Dag en nacht klantenservice
Cadeautje? Laat hetvoor je inpakken en bezorgen

+ In winkelwagentje Zet op verlanglijstje
!naere ver!opers"”
Tweedehands

vanaf€ 11,95

‘_AJ Inkijkexemplaar

Bindwijze: Hardcover

» Bekijk en vergelijk alle verkopers
9

vanaf € 16,

Samenvatting f Anderen bekeken ook: \
T | (e ———
Pluk had een klein rood ; . __Ja Jip en Janneke : s Floddertje
kraanwagentje. Hij reed ermee g :“"'EM'G'S"'“‘"" i" ip -'."I:' Annie M.G. ertie  Fiep Westendor
i =l Janneke o,y = €1595
door de hele stad en zocht naar 'b e €c25m9'5t d
een huis om in te wonen. Afen to 4 Biffopde hoogre @ @ }
stopte hij. En dan vroeg hij aan de X M e
Co-auteur: Fiep Westendar G
mensen: 'Weet u niet een huis £ & lﬂ tharria
\voor me?" Uitgever: Querido Kinderboek
Schmids y Schmidy !
Uiteindelijk vindt hij wat: het Nederlands it idieren Otje x5 Querida
torentje van de Petteflet. Daar 200 peginals dobyaking e Hindshosk
i K i Querido Kinderboek €15,95 £ 3
maakt hij kennis met de ) 2=
april 2010
@ Stampertjes, mevrouw Helderder,
bo‘.cm Aagje en Zaza, maar ook met » Alle productspecificaties
andere dieren als Dollie, Langhors]
J B B oo e e allca e bevars Shias: Tand avnandd: B ER | |




Cause and
Effect

is what really interests us

v l'{; *
;G?' - bol.com



Our usecases

 Banner optimization
* Look / Search [] Next page better banner
- A/B testing
* Show feature [] Use [] Buy product
- Search Suggestions
* Search [] Find [] Choose [] Buy product
* Attribution modeling
* Show ad [] Click [] Buy product

bol.com




Behavioral analytics

e Cause and effect
* Action: We show something
e Reaction: To click or not to click




The “measurement”

ffect on  maHOOK
entity  —Hook 2

g Effect’
g,
= Effect
bol.com®




How do we
measure?

bol.com



bol.c

How can we measure?

~ - SRl ) -
+ Technical
performance.

+ All visitors
- Not “what has been

+ Technical
performance.

+ All visitors

- Only "URLS’, no
details.

-F hat has been

i—egﬂént cide B + All details: what and
why
performance + All visitors

- Slow & Unreliable - Not “what has been

- Limited details
—_\‘.'A‘ e s

A N i Ve O




bol.c

Hybrid approach

oo

User

We measure everything

serverside
(unless it really cannot be measured that
way)

If we need to measure
clientside then it must be as
lightweight as possible.

-F What has been
seen.
+ Client side

AAnA T~ =

+ All details: what and

why
+ All visitors
- Not “what has been

performance
- Slow & Unreliable

- Limited details

\ . . B
- {'ﬂ‘ - - \/ ':I el W ﬂ\

/e G S



Processing
the data

bol.com



Reguirements

* Online:

* Near real-time (< 1 second)

* Have long history available

* Seamless integration history + real-time
* Offline:

* Incremental batch jobs during the day

* Have long history available

bol.com




Lambda Architecture

- Basic idea:
* Batch tools are good at ‘a lot of data’
* Realtime tools are good at ‘low latency’
« Lambda Architecture:
 Combine the two at query time. reime views can be ascarses

once the data they contain s
/mmmmmmmm

Cut boundary at
a millisecond.



Many batches per day

Joining the pieces becomes very hard

1)
'/

\

i 00{00

bol.com



Sessionized
Lambda
Architecture

by Niels Basjes (Bol.com)

bol.com



Sessionized Lambda Architecture

Extension of the Lambda Architecture

- Bounded event streams
* that stay together
* Queries take time
* and multiple can overlap
* Service orientation
* because it is part of a bigger thing

bol.com




Focus on Visits

* Browsers
* The software installed on a computer
- Sessions
e Start: Visit website
* End: Close browser
* Can last for days ... weeks ... !
* Device is ‘suspended’
* Visits
e Start: Visit website
* End:
* 30 minutes idle
* max 12 hours active

bol.com




Processing
Architecture

v l'{; *
;G?. 3 bol.com



Measuring 2.0

“‘IlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.' ngh Speed event

J K
' Sessionizer ' stream
(Apache Kafka)

y (Files on Hadoop
Complet S
ed visits
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“Full” Sessionized Lambda

Application
¥ Applicatio
: n
Views)

R t
' Sessionizer |

Active

Query
Boundar

Complet S ¢ Appl:\ca

ed visits Views

L
t"
llllllllllllllllll"""""'lllllll"'

L
4]
'llllllllllll||lllllllllllllllllmMﬁn“
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1Cyber Attack

Privacy vs
Profiling

bol.com



Privacy protection

Identifiable data may not be
used for profiling for more
than 2 years *)

e
p —
@
My wording & understanding, I’'m no lawyer. bol.com



ldentifiable data

(Groups of) data elements that can
identify a single person

In the clickstream:
 IP Address
« Customer number
* After logging in
 Unique browser ID
« Random value in cookie
* Visitor can clean this

bol.com




Long term “profiling”?

“Looking for behavior patterns”

* Query pattern:
« GROUP BY ${Customerld}

* Same result
* GROUP BY ENCRYPT(${Customerld})
« GROUP BY HASH(${Customerid})
« GROUP BY HA${CustomerId}—SALTED)

" Hash collissions

are not important

bol.com




Our solution

- Data in motion (streaming)
* |dentifiable & Anonymous
» Kafka expires after 4 weeks
- Data in rest (files on disk)
* |dentifiable
* Delete files after 2 years
* Anonymous
 Hash with yearly secret salt.
* So only ‘group by’ within a specific year

bol.com




What can we analyze?

We can analyze the exact behavior of
* Named individuals

* In the last 24 months.
- Anonymous individuals

* per year for many years.

bol.com







Implementation design

o S Sessionizer =
2 2 D)
= -]
pa S|P =1
0 —h
Q © D
= g o
(0]

N HTML Measure
endpomt 5 Ve

N 4

4 Browser N
T
_|
=<
I_

Measuring 2.0
\ JavaScript J

paziwluouy



2014: First prototype




Apache Storm

- Stream processing
* Low latency
* Many users

5 STORM




Challenges

TopologyBuilder builder = new TopologyBuilder();
builder.setSpout("words", new TestbordSpout(), 1@8);
builder.setBolt("exclaiml", new ExclamationBolt(), 3)

i Hard to prOgram .shuffleGrouping("words");
. builder.setBolt("exclaim2", new ExclamationBolt(), 2)
¢ Unfrlendly API .shuffleGrouping(“"exclaiml™);

- “Atleastonce” S VEraesoen-
* Need “Exactly once”? J
* Trident [] Micro batches
* No more low latency
- Storm is stateless
» State is an application problem... []
* No recovery of state after failure
* Run on an existing cluster?
* | never got it to run on Yarn (in 2014!).

bol.com




Spark Streaming ?

- What about Spark Streaming?
* Micro batches
* Too much latency

Spor‘I’(Y

Lightning-Fast Cluster Computing




Apache Flink




Apache Flink

* Low latency
- Exactly once

* With recovery after failure
* Runs on Yarn

bol.com




Flink supports our goals

* Manages state in the framework
* and saves it in case of failure
* CheckPoints & SavePoints
* Windows
* The basic component for ‘visits’
« “Event time”
* A ‘time out’ is based on the events.

bol.com




Challenges

* Running on Kerberos secured cluster
* | fixed that for HBase (FLINK-2977)
* |t dies after 173.5 hours
* common problem on secured Yarn
* Delegation Tokens problem (HDFS-9276 ?)
- My “Windows” are too big to fit in memory.
* Only keep the visit ‘state’ in memory
* Persist the events in HBase
 TODO: Evaluate RocksDB
- Exactly once
* Not on Kafka output!

bol.com



Assign Visitld?

* Window
* Only releases the records after “PURGE"
* Realtime stream?
 Custom operator
* Must handle everything manually

bol.com




Assign Visitld Operator

\ |
Wt[ﬁ - ) lT T
aterma xpire “or- -M &

ks Visit S e
Z

HBase
“Sensitive”

Assign Anonymi

Events

Visitld ze

Kafka
“Sensitive



Implementation

e Caveats
* An operator has only 1 type of output
 Watermarks are essential for Windows

I
:

i) 53132’
1

]
1901641017 1z§ &0 915 T4-T8

Watermarks trigger window evaluation.




Hbase
“Sensitive”

Ended Visits

Anonymi

Events A=

/ De-Mux Events

v

Visitld

Kaftka
Keep EoV events: “Sensitive
useful for "

bol.com




Debugging watermarks

- Watermarks are
* The core of building Windows
* Tricky to get right
* Input data is ‘messy’
* You can get a second ‘same window’
- So

* Need debugging for the combination of
watermarks & events.

bol.com




Evolution In
streaming
data

Because requirements
change over time.

bol.com



Persisting data

« Define Schema in: Apache AVRO

 Nice schema language (IDL) ?’g
- Generates Java classes m y

« Supports schema evolution

 Persist in files: Apache Parquet
« Compresses well
« Great on read use cases
« Write straight from Avro classes.
* See o.a.parquet.avro.AvroParquetWriter

bol.com




Persisting data

 Stream: Apache Kafka
« High throughput low latency event pipe
 Persists records for a few weeks
« Requires the record to be a byte[]

 Question:
 How to serialize record into bytel[]?

bol.com




Persisting data

« Apache AVRO
« Standard byte[] for the record.
 Needs the original Schema on read !!

 What if the Schema changes ???
- Kafka keeps the events for weeks

« AVRO-1704 (Work in progress)
« Serialize record to a “Message” bytel]
« schema fingerprint (hash)
* pluggable schema ‘database’

bol.com




This Is no hype

Thursday March 27t 2014

A Thuiswinkel

‘a2 all o
N N W

Bol.com was elected as the
'‘Best webshop of the Netherlands'

During the last year bol.com made
great steps forwards by successfully
applying customer profiling and
BigData.
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www.bol.com/banen
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