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How big — How fast

How Dbig How fast

1 byte equals 1 second, how big is a:

1 Byte 1 second
1 Mega Byte 12 days
1 Giga Byte 34 years Speed of an eye blink is
1 Terra Byte 34,700 years 200-400 ms.
1 Peta Byte 34 million years In 1 eye-blink, Adform
o process 900,000 —
Adform has 270-370 million 1,700,000 bid requests

“years” of data



Global Infrastructure

9
Datacenters

1800+
Physical Servers

7-11 PB
HDFS Storage

2+ Mil
Kafka Messages
per Second

620+ Gbh/s
Traffic via core

11+ Mil
Aerospike Ops/S

3200+
Openstack VMs

1250+
Hyper-V VMs

130+ Gb/s
Incoming Network
Traffic

3,6+ Mil
Nginx Ops/S



Fast Data

device, geo, segments cookie_store
cookield = 826701826

Row store — Great for primary key queries

* Total data volume ~22 TeraBytes

AFTER

* Average query latency - 0.9 millisecond — e LR S

) . [ oo 2c | a iz | ¢
* Biggest set — 9 billion rows . aE
* ~11 million operations per second wi || w| |

INFO POLLING

PARTITION MAP PARTITION MAP PARTITION MAP
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AEROSPIKE

MULTICAST



Analytical Data

Scalable Column Store - Great for complex multi-filter queries

« Total data volume ~250 TeraBytes

« Average query latency 0.541 sec

* Biggest tables 100 billion rows @ V'E\
« 300 thousand reporting queries per day

* Ingest 6 billion rows per day

Q Ql Ql NQDS Ql Ql Ql
NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
NQDS NQDS NQDS NQDS NQDS NQDS NQDS NQDS NQDS 5/05/09
. . NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
aV rl Ce tl C kStO re NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
NYSE NYSE NYSE NYSE NYSE NYSE NYSE 5/06/09
Ql Ql Ql NQDS Ql Ql Ql
m ‘AAPL” 5/05/09
b O | _— P L — NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
Sy - NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
NQDS NQDS NQDS NQDS NQDS NQDS NQDS NQDS NQDS 5/06/09
¢ y NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
5/06/0 9 NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE NYSE
Q Q Q NQDS Q! Q Q

Column Store - Reads 3 columns



== - o= st Big Data — Data Lake
N '2"9 m.i (S ) ‘ Raw Data

EES 2 -3 3F For:
. : Analytical data

g I | u ; Extract Transform Load (ETL)
i LV
Ao | Large data volumes

Cold storage / data archiving
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Example: ~10 Peta Bytes client
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Digital Ad

vertising

=@ Stack Overflow X Peter

< C 100 @ stackoverflow.com/# Q% 518 « @ @ & :

S\\ Questions Jobs Documentation Tags Users O\ Search ’_ 207 @1 o1 C)a E'B B E

o - - - - e —
answers  views leader election. Please refresh 11 Typo in the title attribute of introduction
pach pache-flink  flink 9 jo kadsank 69 topic

0 0 4 Alogrithm improvement for geneating unary-bianry trees Favorite Tags edit

i i algorithm  motzkin-numbers  unary-binary-trees j0 Guy Coder 9,760

0 0 6 Find max overlap in list of lists Microsoft Azure § Microsoft

votes  answers views

i
| ks ol

python  list jo elcombato 108

Using binding and DataContext in UWP not working

c# data-binding uwp datacontext Maplestrip 3
Android download file from url
android get android-download-manager ked 1 ago Alex RED 53
CommonsXsdSchemaCollection and import statements
spring-ws ago gianluca 1

Can someone please explain how this works?fork(),sleep()

linux fork wait zombie-process jo Aarthi Vishwanathan 11

Can | use scrapy with Yelp API?

python api scrapy yelp i 1 min ago Billy Jhon 25
My first PIC32MX ISR not firing, code is hanging
mplab isr  pic32 ked 2 ago Chris 90

Rendering with many and small amunt of DOM operations

javascript  performance Fgoogle-chmme layout

go Jarostaw Rewers 153

Display Joomla Intro Article without <p> ta

Java, Nodejs, PHP, .NET

Get started in any language,

Free account

Jobs near you

Senior Python Engineer
Lystable 9 London, UK

£60K - £80K

python flask

Senior Technical Support Engineer
Ooyala London, UK

javascript  html

More jobs near London

Hot Network Questions

. Foreign key on PostgreSQL range bounds

Is| Are there any women in the top one hundred
chess players?




Real Time Biddings - Auction

Sell Side (supply) Buy Side (demand)

Q) | &

S

Ad Network - Demand Side Agency, Trade
rking for Sell Side Desk or In-house
(working fo Platform
i Platform teqm
a publisher) DSP
(SSP) (DSP)
Publisher OpenRTB >

‘ Sarver OpenRTB Client

. @ , Auction Service — Bidder Service

Publisher Advertiser
Ad Server Ad Server

adform Real Time Bidding (RTB) is the kernel of programmatic advertising
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Campaign reporting

Fast reports

* Real enough Time for the human
user

* Graphs and cards in the Ul
* Quick visual indicators

* Latency: <1 second

adform

Slow reports

* Periodic reporting
e.g Daily/Weekly/Monthly

» Statistical analysis

* Latency: 0.5 - 10 minutes

Welcome back, Thomas

Campaigns Line Items Creatives Dynamic Ads Audiences Reports
GoTo > GoTo > GoTo > GoTo » GoTo > GoTo >
For You
Alerts Favorite Reports Recents News
Line Item Delta is missing Banners 3 days before campaign o Report Name * Adform RTB Campaign 2018-12-04
start date
Report Name * Viewability Metric Updates
. Adform has updated viewability-related
® No Tags were created for Line Item Gamma 2 days before o Report Name * RTBLine Item Name metrics' calculation and the... read more
the start date
Report Name *
W i T Automoetive Audi
® Tags were rejected for Line Item Alpha m Report Name +* Support Help Center
Report Name +*
No Tags were created for Line ltem Gamma 3 days before o new_for_schedule
the start date Report Name *
Show All Show All GoTo > GoTo »
Campaigns and trends last week
Underdelivering Active Recently Finished Pending Campaigns - Campaigns - Campaigns - Campaigns -
Campaigns Campaigns C C Avg. View. Time Avg. eCPM Average CTR % Average COV %

3 12

View View

5 3 26.5.

2.5 (10%)

View View

18.130kx

1.4 (8%)

12.6%

T (149

0.234

0.01(7




Simplified Ad interaction scenario

Sell side Ad Serving Buy side
Vendor Event Collector 8 Aggregator
b T
A evel |tS eemtens ‘ | 3 | |
i | 2 emits view event i | i i
' ' > i ' '
'
i i 3 sawe event : i '
' ' ' '
1 1 4 ewent gata i 1
' ' > '
H H 5 campaign reporting :
- ]
R m kaM : ’
' '
epresen e value O e campaign a.K.a ivioney | |
i | 6 saved OK 0 0
' ' - ' '
|7 clicks onthe Ad | . ! 0 ' !
I I ' i ' '
- M | | 8 emits click event | . | |
° easure the etrectiveness of the campaign | | d | | |
. | | 9 sawe event . | |
I I ' '
| | 10 ewentdata | |
i | > i
1 - i 1 11 campaign reporting 0
° |nSIghtS about the consumer - Data Science | |
' '
' I T T
\ ' 12 saved OK . ;
' ' . ' '
' ' i i h ' '
' 13 watches the Ad ! J | ! | |
' ! ' '
i i 14 emits watch even g g 0 0
' ' - I ' '
I ' '
| i 15 sawe event ! ! !
' '
i i 16 evenfdata | i
' ' > '
'
; i 17 campaign reporting '
Peter i ' EEEE——
i i
o . I I
QA% 8188 6h 3 : ; 18_saved OK : |
1 1 - 1 1
’_ 207 8 “:@ B = E 19 wants to buy E i E 3 E E
N - - i i 20 emits vendor visit event h | i i
S I ' I ' '
I ' '
Typo in the title attribute of introduction E E 21 sawe event \ ' '
6 topic
kadsank 63 OpH E E 22 eerfitiela ri E
| | 23 campaign reporting !
Favorite Tags edit ' '
Guy Coder 8,7 ' '
| | 24 saved OK | |
» ' ' I T T ' '
Microsoft Azure d | | ¢ 25 redirects D | i i
elcombato 108 ! 0 ! ' '
' . ' I ' '
- 1 I ' 1 1 1
. ! 26 conversion ! ! ! ! !
Java, Nodejs, PHP, NET ! : i | | |
i ' I I '
Maplestrip Get started in any language. i 27_emitSICONVEEIGlEient - : ' '
| | | i i
' L ' I ' '
' ' I ' '
! ! 28 sawe event ! ! !
Alex RED 53 | i 29 evenfdata | i
' | > '
'
| | 30 campaign reporting '
7
i |
' ]
gianluca 1 ' '
Jobs near vou ! : 31_saved OK | i
' ' ' '
0 Senior Python Engineer |_ 32 confirmation | | | i i
I ' '
Aarthi Vishwanathan 11 Ly: L K | ! 0 ! ! o
£60K - £80K User Vendor Event Collector Event Datastore Aggregator Campaign Datastore




Event Collection

Event collector

Geo distributed Event Collectors

* Super simple web service API

EU London EU Frankfurt EU Dublin RU Moscow
] 1] 1] 1]

Event Collector Event Collector Event Collector Event Collector [ ] C O | | eC t S a p O rt I O n Of eve nts pe r G eo
’ location

~

Coe -~ CN Shanghai CN Bejing

Tl KT F F
C) Event Collector Event Collector

e ) * Feeds to the Campaign service

-

-
-

~

 Linear and elastic scalable

4
] Vi
Campaign service Cf

Ea

—

* No state

AR
/Southy

AU Sydney BR Sao Paulo
] ]
Event Collector Event Collector




Event Collection with Ad Event datastore

adform

Datastore acts as buffer

Lower latency for event collector instance

1-2 ms

Fewer Event collector instances
Adds reliability

Geo distributed Event Datastores

CN Shanghai
]

Event Collector

Event Datastore
Aerospike AP

EU London
] ~—
Event Collector Event Datastore
Aerospike AP

/’ CN Bejing
| ]
Event Collector

EU Frankfurt

Event Datastore
Aerospike AP

N—_—

~ NN

S~ aa Core ¥

] —_ 4
Event Collector Event Datastore
Aerospike AP
EU Dublin
=
Event Collector Event Datastore
Aerospike AP

H- Aerospike CP

Campaign Datastore

ﬁ—/n

RU Moscow

]
Event Collector

-
-

Event Datastore
Aerospike AP

]
Campaign service

S —— ) S

AU Sydney

< o
Event Datastore Event Collector
Aerospike AP

BR Sao Paulo

< ol
Event Datastore Event Collector
Aerospike AP




Real-time Aggregation and Reduction

Event collector

e Receives events

 \Writes to the local datastore with

Tag id
Event type (click, etc)

Timestamp

Aerospike Kafka Connector

e Publishes events to Kafka

adform

Publisher

Aggregator/Reducer

Receives event messages from the Kafka

topic

Maps the Tag to the Campaign/Execution Plan

Atomically Increments counters (etc) in the
data cube of the Campaign/Execution plan

Uses Aerospike CDT operations

Ad Event Aggregation and Reduction

Edge

Event Datastore
Aerospike AP I

Y

1]
Event Collector

Kafka connector

|

- - Kafka cluster ‘
; Core
| a
I Campaign service
|
|
x S—
- - - - - - -4
Aggregator/Reducer L _ _ _ _ _ _ _ > Campaign Datastore
Aerospike CP

17



Aerospike Complex Data Type Operations

Excution plan

id = b4f0936a-24f3-4dd6-87ee - bd13e9cd5d02
campaignid = 897ab8c3-e2d7-449d-067e -C6447d3f0e 89
advertiserld = 2808fdDa-5d55-4ech-B360-3ff886158cH
budget = 25000

start = 2018-11-10

end = 2018-12-16

Audience segment

Flights to Tenerife

Audience segment

Excution plan

Campaign

id = 897ab8c3-e2d7-440d-967e-c6447d3f0e 89

_| advertiserld = 2808fd0a-5d55- 4ech-836d- 3f886158cf
budget = 80000

start = 2018-11-1

end = 2018-12-26

id = 1ded89d9-af69-4cda-9574-99508d3b7asa

campaignld = 897abBc3-e2d7-449d-967e -c6447d3f0e89 [

advertiserld = 2808fdDa-5d55-4ech-836d- 3 886158cff
budget = 30000

start = 2018-11-1

end = 2018-11-30

-q__q___h"“‘“——_h

adform

Reporting I -7
data cube
clicks = 35891 [€ T °

views = 1458590
conversions = 879 -

Excution plan

it = b6eDfedd-8fd4-4147-8256- 24075bdbef58
campaignid = 897ab8c3-e2d7-449d-967e -C6447d3f0e 83
advertiserld = 2808fdDa-5d55-dech-B360-3ff 886158
budget = 15000

start = 2018-12-1

end = 2018-12-15

—a/ data cube

aggm'gaLK
- - *

Male
Age 25-34

Reporting

clicks = 17509
views = 67018
conversions = 5393

Reporting
data_guhe
clicks 15;!’
7| views =Naa4
COMVersions = 1%

> clicks = 6291

Audience segment

Football

- Reporting
1 data cube

views = 33671
conversions = 149

Audience segment

Womens shoes

CDT is like a “document”

* Atomic operation on a path to the data

element
e Latency < 1ms

e Durable

Example

Path:

campaign.execution-plan.data-cube.clicks

Operation: Increment (and read)



Aerospike datastore summary

User profile datastore Campaign datastore

Size: ~8-12 hillion records _ o
- e Size: 40-80 million records
Throughput: ~ 7 million / sec

Latency: ~0.9 ms * Throughput: ~2-3 hundred thousand / sec

CAP: Availability, Partitioning * Latency: ~0.9 ms

Uptime: 24/7/365 « CAP: Consistency, Partitioning

Events datastore

Size: 40-80 million records

Throughput: ~2-3 hundred thousand / sec
Latency: ~0.9 ms < E R O S P I K E
CAP: Availability, Partitioning
Uptime: 24/7/365

Note: Actual sizes vary seasonally
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Why Aerospike

Secret weapon: Aerospike
 8-9 million reads/s, 1-2 million writes

(Over all clusters)

* < 1ms latency to read profile

cassandra AEROSPIKE * ~9 billion cookies in 12 servers
(largest cluster)
v oo e son sy o * HA with redundancy
* Moved from Cassandra 5 years ago
- Easy to use

- Works as advertised

- Value for money

~150 servers = 12 (largest cluster)




Open source & Enterprise products

Open source != Free

* Modern escrow

 Fork the source repository
e Build it yourself

* Survive on your own

Enterprise is value for money

* Support

* Training

* Consulting

 Contractual obligation - A neck to choke
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