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Audience

» Software engineers /architects
» Event stream processing

» Distributed systems
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Features

> of offers (tens per second)
» Up to subscriptions
» Complex conditions

> latency (seconds)



Motivation



Customer subscriptions

10



Customer subscriptions

> notification delays (minutes)

10



Customer subscriptions

> notification delays (minutes)

> subscription modifications

10



Customer subscriptions

> notification delays (minutes)
> subscription modifications
» Notifications

» email, SMS, push, pigeons, owls, etc.
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Non-functional requirements

» Scalability by
» millions

» Scalability by
» tens-hundreds per second

> tolerance
» hodes, network, data centers
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Data model

» Event:

mark: "FORD"
model; "MONDEQO"
year: "2010-2016"

» Subscription:
mark=FORD&model=FOCUS&model=MONDEO&year=2015
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Matching events in a content-based subscription system

MK Aguilera, RE Strom, DC Sturman, M Astley... - Proceedings of the ..., 1999 - dl.acm.org

... Pre-processing makes sense in most pub/sub environments, where subscriptions tend to change
infrequently ... know, there are no other algorithms for the matching problem with sub-linear time ...
The content-based subscription systems that have been de- veloped so far have not ...
Lutupyerea: 800 TMoxomwme ctatek  Bee sepowu c1atew (18) Uwtuposats CoxpaHuts

An efficient multicast protocol for content-based publish-subscribe systems
G Banavar, T Chandra, B Mukherjee... - Distributed ..., 1999 - ieeexplore.iess org

«. pub/sub. In a companion paper [2] we present an efficient solution to the matching problem for
these systems. There are two straightforward approaches to solving the multicasting problem

for content-based systems: (1) The match-first approach, where the event is first matched ...
Uutupyerca: 670 Moxomue ctatek  Bee sepcun ctatew (17) Uwtuposats CoxpaHuts

Efficient event routing in content-based publish-subscribe service networks
F Cao, JP Singh - ... . Twenty-third AnnualJoint Conference of the ..., 2004 - ieeexplore.ieee.org

.. itis expected to he difficult to form only a few greups to mateh ever server's ... not been
comprehensive comparison and evaluation of different event routing schemes for content-based
pub-sub network. ... In ideal multicast, each event is sent to matching sewers through IP multicast ...
Lutupyerca: 168 TMoxoxwue ctatel  Bee seponw c1atew (12) Lwtuposate CoxpaHuts
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A better way

Commonalities:
» mark=FORD&model=FOCUS
> mark=FORD&year=2010

> year=2010&price_from=500000

Data structures
> BDD
> DAG
> Search tree

» Indices

21



S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016

S2: year_from=2010&year_to=2012 _
$3: mark=FORD&model=MONDEO



S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012
S3: mark=FORD&model=MONDEO 190}

mark

FORD




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year to=2012
S3: mark=FORD&model=MONDEO

( FOCUS MONDEO




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012
S3: mark=FORD&model=MONDEO




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012
S3: mark=FORD&model=MONDEO

root

{

mark year
2010-2012
FORD ) ( (52) )
P H
model +
FOCUS MONDEO>

N

ri

yearﬁ é year

2016

(3

(S1)

)




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

(

FORD

I
model;r

2010-2012
(52)

{

FOCUS

MONDEO
(S3)

kY

F i

year 5 E year

2016

(E

(81)




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

model

2010-2012
(S2)

{

FOCUS

MONDEO
(S3)

D

N\

VA

yearé! E year

2016

(K

(8D




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

mark: "FORD"

model: "MONDEQO"
year: "2016"

{}

model

2010-2012
(S2)

{

FOCUS

MONDEO
(S3)

D

N\

VA

yearé! E year

2016
(81)

(K




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

mark: "FORD"

model: "MONDEQO"
year: "2016"

{}

|
model

2010-2012
(S2)

{

FOCUS

MONDEO
(S3)

D

N\

VA

yearé! E year

2016
(8D

(K

)




S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

mark: "FORD"

model: "MONDEQ"
year: "2016"

S P

Subscriptions
{S3}

2010-2012
(S2)

MONDEO
(S3)

yearé! E year

(K

)




i e L e i

S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016

S2: year_from=2010&year_to=2012
S3: mark=FORD&model=MONDEO

mark: "FORD"

year: "2016"

model: "MONDEOQO"

2010-2012
(82)

Subscriptions
{S3, S1}

S T Gl o LT Gl =2




i e L e i

S1: mark=FORD&model=FOCUS&model=MONDEO&year=2016
S2: year_from=2010&year_to=2012

S3: mark=FORD&model=MONDEO

mark: "FORD"

model: "MONDEQ'
year: "2016"

Subscriptions
{S3, S1}

S T Gl o LT Gl =2

model

year

2010-2012
(82)

{

FOCUS

MONDEO
(S3)

D

N\

VA

yearg E year

2016
(81)

(K

)




Architecture



Subscriptions system
API
Notifier

triggered
ﬁl subscrlptlogs

Matcher

documen




APl
Notifier

CRUD
triggered
|ﬁ% su bscriptioas .

Matcher

documen




I
I
|
|
I
I
I
|
I
|
:
I
I
|
|
|

Subscriptions system
API
Notifier

e e o e e S e i ot e s i e e i i it

CRUD
/l;é subscnptlgns

Storage
A
Matcher

documen




Architecture

Matcher



documen




event

saurce

Instance N
Filter tree

broadcaster

N A

event
souree

broadcaster

e

Filter tree[™

broadcaster




event

source

event

source

[ e 1
[ H ——a 1
e 12 1
[N —_ [
= 1w P (.
[ 1Y [T | 1
I 1 £ s i 1
| A= 1 g I | |
_M [ “ﬂ {1
i 1 = 1
2 1= | 2| I8 E
i
__.Mu “ 8 j e " 1
1 |- | |
| i .M I | 1
I 1 a “ J =1
i 1 T 11
i 1 0 I |
I 1 I |1
i 1 ! =1
i “ | “
i
1 1 Lk “ |
i " .
| 1 - -1
I ]
i ]
1 ]
) 1
1)  mmmmmmmmmebeb e e ]
I ~ !
o [ -
I
vl i 1
c I i ]
= [ i 1
" - I 1 1
c |8 14 by |
B =t I
w I 1 1
5 I 1 1
= i 1 1
s | [
8. I 1 “
O I 1 1
I i |
I 1 |
[ 1 ]
! 1
L | ]
|___ i
I
i S e e e S |
i 1
i ]
1 ]
i ]
_ i |
i
| SN 0. W |
o 2 o
i ]
i I [l | 1
e 5 i |
i =
H | v - o I i
i 1 = | = I 1
L L E
1 I 1
i I = | i
1 I o I | |
i I =] I | 1
I I = I | 1
i I = I | 1
i I 1 1 |
I 1 ! 1 1
1 1 I | 1
B i b
i [
1 I |
i o s 1
i ]
7




event

saurce

event

Source

e
o ———a
w1z “
3 —=
= 1@ o !
J g _m |
1 £ s |
= 1 g I |
@ | = 1= |
e a | L |
U 1 £ 2 1= |
- - —
m | A |
= 1 - > |
B[ |
i 21 1 g
1 o " 1
| |
i [ |
i |
: h |
— |
ANAA _
e o o s
A I e
= i1
= I 1
g “ !
wl
= o 4 i
s =
] [ 1
" I 1
g i
= I i
: I 1
8. I 1
=N |
I 1
_ |
i
/R S )
1
| \
I
i
i
1 —_———
i
| =AY
- g ﬂ_
i I [l |
i | @ L o |
A T "
I I
i 1 = _M I
o L _
i
I I 5 |
B = . |
i
1 I = I |
i | a i |
1 I i |
I 1 ! 1
g i |
“ 1 L} J
1 I
I e N —— ¥
]




event event
sourece source

_____________________________________________________________ N

Matcher Cluster!
I

Insta Instance 2|

Y

broadcaster | broadeaster

_________ T, o v i
Filter tree SEEEEET

|
N
I -

Instance N

)

Filter tree

I
|
|
|
|
|
|
|
|
I
I
|
|
[}

e




event event
souree source

__________________________________________________________________ N

Matcher Cluster!
I

! Instal Instance 25

i Y 1
i | broadcaster | | broadcaster | 5 | broadcaster |
1 1
1

S
Filter tree[™ : %
<
B [

Instance N

Filter tree

v ¥\
L

JERP R —




Resilience

0]



Resilience

» Subscriptions =>

0]



Resilience

» Subscriptions =>

» Token =responsibility

0]



Resilience

» Subscriptions =>
» Token =responsibility

» Nodes tokens

0]
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Scala

s Functional & concise

» Persistent data structures for matching tree
( )

> No need for synchronization

» Property-based testing (matching algorithm)

Thttp: / /www.scalacheck.org
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Akka

> ACtOors (events)
> ak ka—r'emoting (networking)
» protobuf (serialization)

» ak ka—Tsm (aggregation)
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Zookeeper

s Exclusive token
acquirement

» Service discovery

http: / /zookeeper.apache.org
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» No extra load
» All on 3 nodes x 2 DC
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» No extra load
» All on 3 nodes x 2 DC

> subs — 1G heap
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300K subscriptions in production

Event matching on cluster
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300K subscriptions stress testing (cluster)

Events matching throughput
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150K subscriptions stress testing (node)

Events matching throughput
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