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Why latency kills
Database-as-a-Service

and how to overcome it

W-JAX 2012
Felix Gessert, Florian Bucklers
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Probleme: Latenz &

Skalierung




‘\ ___+e| Backend ]

HTMLS DBaaS Cloud
Killer App
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Cloudstack
n G’f;“e[
S3. SimpleDB, ... W LIIC
| S0I feure |
QL Azure ¥ Hatabase-as- 'Software-as-
Amazon RDS :
— Xeround | @-Se€rvice ~a-Service
iy b Platform-as-a-Service
4lheroku | J
S & -
Ag Infrastructure-as-a-Service
amazon

webservices* \
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Ein Beispiel

“YmongoHea

bietet an

‘ mongoDB

as-a-Service



1. Anmelden

Home AboutUs Pricing Sign Up Log In

The most powerful platform
for MongoDB hosting. Ever.

Whether you are just starting your exploration of MongoDB or you are looking for the best team to help
you manage and scale out a clustered MongoDB environment, MongoHQ provides the best team,
tools and options to help you grow.

Try it for Free!

An expert team. An innovative platform. Over § billion MongoDB operations processed every day.

@ Start Fast. Customer Success
We built MongoHQ for developers. Creating an account and

addinn a datahase takes less than A0 sernnds That wav voil can




2. DB starten

orestes

Collections

% Admir

Add Collection

Collections

collection name documents size

test_collection 39 8 KB



3. Killer App entwickeln

¢ = Connection('mongodb://orestes:BrotBrotlalex.mongohqg.com:10008/orestes")
obj = { "User"™ : "Felix", "message" : "Testing MongoDB", "test"™ : [1,2,3,4]1 }

c.orestes.test collection.insert (obj)

lwith timer:
c.orestes.test collection.find one( {"User":"rFelix" 1})
timer.show()
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4. Grubeln

Hohe Latenz
C:\Users\FelivAUr vpwuaviii=zavienyrrogrammierenyPython>python mongo.py
Duration: 113.999843597 ms

#l C\Windows\Systs

C:\Users\Felix\Dropbox\Unisachen\Programmieren\Python>




Dagegen Google

@l C\Windows\System32\cmd.exe . e s L_':' f= |_§:?-]

—

C:\Users\Felix\Dropbox\Unisachen\Programmieren\Python>ping google.de -

Ping wird ausgefiihrt fiir google.de [173.194.69.94] mit 32 Bytes Daten:
Antwort von 173.194.69.94: Bytes=32 Zeit=13ms TTL=44
Antwort von 173.194.69.94: Bytes=32 Zeit=13ms TTL=44
Antwort von 173.194.69.94: Bytes=32 Zeit=13ms TTL=44
gAntwort von 173.194.69.94: Bytes=32 Zeit=14ms TTL=44

Ping-Statistik flr 173.194.69.94:
Pakete: Gesendet = 4, Empfangen = 4, Uerloren = 0

(0% Verlust),
Ca. Zeitangaben in Millisek.:
Minimum = 13ms, Maximum = 14ms, Mittelwert =|13ms

Unverschamt
schnell




Wie macht Google das?

P N

Content Delivery Network
,Google Global Cache®

Y————» Backend




Was wenn...
auch
Datenbanken
die
Web-Caching
Intrastruktur

nutzen konnten '?
o
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Dazu musste...

Die Datenbank REST/HTTP sprechen

HTTP
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Dazu musste...

Web-Caching & Load-Balancing unterstiitzen

Web Cache ]-_>;*j
Web Cache I_*g
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Web Caching
,‘ g j Web-.Cache ) !Origin Server )




Web Caching

Expiration ,ZH Revalidation
Server bestimmt | | Etwaige Anderungen
JVerfallsdatum® erfragen
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Web Caches

Web Proxy
Cache

|| |5 Forward Proxy Peering S Reverse Proxy =
Cache
[ )|

:H__- = Cache
f )
(5 6 (5ﬁ Client Cache Server Cache ﬁl I II I II I
MDOO® T o B

Clients Server
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Load Balancing

In HW / SW

z.B. Amazon
ELB

Load Balancer




Uberall Caches

Mobile Browser
App App Browser Cache
. = = = i }
HTTP E Cache Cache CDN!

|
1
|
Web Cache — Web Cache :
—3 i
Load Balancing Web Cache \_JJ Web Cache !
. 1
i DBaa$S E
! laaS Cloud
HTTP I

5 i
i —— Web Cache E
I 1
i Analytics :

|



Uberall Latenz

Shop Shop
App Website

v i
i i
i Asynchrone E-Commerce i
I Tasks Daten E
|

| |
] Paa$ Cloud rmmeeo__1aaS Cloud}
[ g e e e |
: —— |
|

| |
! ERP Analvti I
E mye Private Cloud |
L ———— |



Orestes
Ein RESTful HTTP Layer fiir Datenbanken

/v Horizontale Skalierbarkeit

VL

Transparente und intuitive
» Datenbankschnittstelle

Unterstltzung von Polyglot
Persistence

Nutzung von Web
Standards

( )

Web Caching

\.

.

REST/HTTP

" Verschiedene |
| Backends
JSON

\. J




Orestes

Ein RESTful HTTP Layer fiir Datenbanken

>

—
'-

Webbasiertes Monitoring,
Deployment, Administrieren

Zugriff mit niedriger
Netzwerklatenz

Transaktionen und starke
Konsistenz als Option

i Web )
. Interface )
( CDNs& |
. Web Caches |
" ACID )
. Transactions )
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Gibt es das nicht schon?

Database-as-a-Service

SQL Azure Database.com Azure Tables
Amazon RDS S3 DynamoDB
Xeround SimpleDB MongoHQ
Probleme:

* Kein REST
* Hohe Latenz
* Schwere horizontale Skalierung
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Gﬁibt es das nicht schon?

NoSQL + REST API
CouchDB HBase Stargate SimpleDB
OrientDB S3 InfoGrid
Riak Azure Tables ArangoDB

Probleme:
 Hohe Latenz
 Web-Infrastruktur
* Transaktionen & Concurrency
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Gibt es das nicht schon?

prugrammable%

123 Database APIs:

GeoNames, Freebase and
Yahoo Query Language

Mai 2012
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Gibt es das nicht schon?

2'(%) 1% 2% 2%
prngrammable%

m REST

m SOAP

M JavaScript
B Andere
mGET

m POST

w XML-RPC

Probleme:
e Keine universelle API
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- Orestes: Ansatz

( L.gad-Balancing & w
Persistence Orestes Web-Cachin] Datenbank

‘ API Aufrufe — < | Wrapper
-

REST Protocol @

Database
Interface

REST Protocol
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REST Protokoll

Modell: Objektorientierte Persistenz
Java: JPA 2

factory = Persistence.createEntityManagerFactory(PU_NAME);
EntityManager em = factory.createEntityManager();
em.getTransaction().begin();

Coffee c = new Coffee();

c.setName(“Robusta Brasilian Premium.");

em.persist(todo);

em.getTransaction().commit();



/—/\_,

P
REST Protokoll

Modell: Objektorientierte Persistenz
Java: JPA 2

Query q = em.createQuery("select c from Coffee c");

List<Coffee> coffeelList = q.getResultlList();

for (Coffee c : coffeelist) {
System.out.println(c);

}
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REST Protokoll

| pA |

em.getTransaction().begin();

 REST |

> POST transaction

< 201 Created

< Location: /transaction/1




REST Protokoll

em.persist(coffee);
em.flush();

LPA |

> PUT /db/test.persistent/Coffee/1125899906869258

> Tf-Match: "2"

{
" objectInfo": {
"oid": "/db/test.persistent/Coffee/1125899906869258",
"class": "/db/test.persistent/Coffee",
"version": "2"
}’
"/db/test.persistent/Coffee": {
"caffeine": true,
"name": "Robusta Brasilian Selection",
"countryCode": 15,
"parent": null
}
}

| REST |




Ressourcen

Orestes server
o . . o | e e e o e om =
o | http://orestes.info |
data . ‘transactions
/db [ /transaction
v 1
! I
|
namespace running TA
/simulation.classes /8
: |
|
D !
o
class ’ changes
/Person /changeset

gl




namespace
/simulation.classes

class
/Person

gl

}

Ressourcen

" _objectInfo": {
"class": "/db/test.persistent/Coffee”,
"oid": "/db/test.persistent/Coffee/1128",
"version": "2"

}s

"/db/test.persistent/Coffee": {
"parent": "/db/test.persistent/Coffee/3917"
"caffeine": true,
"name": "Robusta Brasilian Selection",
"countryCode": 15,

}

( Database Object ]
§ )

Orestes server
________________ s
http://orestes.info |

r ___'"
& )
"o transactions

k /transaction

running TA

/8

5

1

changes
/changeset




Ressourcen

Orestes server
A O R S GO0 S R 00 PRSI o . S A 0 0 0 00 0 B S0 Gl G 05 -
o | http://orestes.info )

Metadaten

namespace _objectInfo": {

_transactions

t /transaction

( running TA

"class": "/db/test.persistent/Coff
"oid": "/db/test.persistent/Coffee/
"version": "2"

/simulation.classes

}s

Ressourcen

/8
|

™

class "/db/test.persistent/Coffee": {

/Person
"caffeine": true,

"name": "Robusta Brasilian Selection",

references "countryCode": 15,

el

"parent": "/db/test.persistent/Coffee/3917"

: changes
/changeset

/

changed

f

matched

L references H Database Object

HTTP
Interface

query

GET PUT POST DELETE



Beispiel

Lade die neuste Version eines Objektes

\

-
pm.makePersistent(obj) K

pm.getObjectById(id) %

pm.newQuery(qry) %

Java Data
Objects

(LD g

( ) 1

em.persist(obj) K .
JavaScript

em.createQuery(qgry,cls) % API —
‘(JavaScript)‘

Persistence API



HTTP

Co
Ne
GET /db/sim.classes/Person/2258
If-None-Match: "2"
Cache-Control: max-age=0 :>
Accept: application/json (

(W

Orestes Protokoll



GET /db/sim.classes/Person/2258
If-None-Match: "2"
Cache-Control: max-age=0
Accept: application/json

Orestes Protokoll

)

Content Delivery
Networks (CDNs)

Internet



Be

ispiel

09600
n/json

rotokoll

=3

HTTP

s

\,

Versant
Object
Database

N\

J

s

( Wrapper ) ( Wrapper )

db4o

N\

Database



Be

ispiel

very
JNSs)

D

“luster '

ot

200 0K

Cache-Control:public,
max-age=3600

Content-Type: application/json

ETag: "3"

JSON Object

Orestes Protokoll

=

HTTP
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Skalierung
Klassische Technik:
= Replikation
s h c\ﬂonl r |
: W Slave :
| Mastel= :



Skalierung

Klassische Technik:

Partitionierung (,Sharding®)

Shard 1
Shard 2

Peter

Shard 3




Skalierung: Web-Caches
. e

Cache ) (_Cache ) { Cache

Rephkatlon

Ca

( Cache »»( Cache )

( Cache ; ( Cache ) ( Cache)

— I Réplikatibn ] ) |
[ Replikation ] 6 und Sharding




Skalierung: Web-Caches

...machen es wie Datenbanken

.mongoDB é redis IVIl_.]SQRLM
N2 i» Cassandra S TIAK

nur ohne Cache Koharenz

und ohne eigene Logik



Aber...

App 7 Web Cache DB

Was ist mit ,,Stale Reads“?
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- Transaktionen

NoSQL Datenbanken:

,Iransaktionen sind zu

aufwendig® S

16.2% hand-coded
optimizations

16.3%
’ locking

\ 14.2% |atChing

34.6%

buffer manager

_________ useful work

[Stonebraker]|



Transaktionen in Orestes

Optimistische Transaktionen:
Kein Locking

Web Caches Stale Reads?

L > |\ I

Transaction T
l Read l Validation | Write l
Phase Phase Phase




Transaktionen in Orestes

Optimistische Transaktionen:
Kein Locking

Transaktionale Versionen
Start Operationen iberpriifen

e = Ll .

Lost Update &3  Dirty Read 3 Nonrepeatable Reads &3  Phantome @3
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Immer aktuell

Mit Bloom Filtern

ﬂlrge (obj)
App |« Cache \d/

1]
|
Iij8

ﬁ A
I\ [ \\
hashA (oid) 'l \\ hashB (oid) —= hashA (oid) ,’ A\ hashB(oid)
— \
] % / \
1 I \
! = ' \
1 1 Optimized (BloomFilter) | 4 Y
oji1|1J1]1] < o|]3]|1]14]1
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Implementierung

Bisher:

' [ Java JDO 4{ Orestes ' Orestes 4{» DB40O ]
' [JavaScrithPA% Orestes Orestes % VOD J

APIs REST DB
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Implementierung

In Arbeit:

F, ‘ _ ~ —G
l JPA ‘ Orestes =5 Orestes + Redis
JCache > Orestes Orestes § MongoDB
REST

APIs DB

Und Open-Source sobald wie moglich.
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Benchmark

API: JDO, Modell: Social Network, TCP vs Orestes

Web- Benchmark
Fronted Instance | e - N
Web- Benchmark| Squid g Versant
| Frontssy Instance Web S Object
Cache O || Database
°e — " )
Benchmark
Fronted Instance
Amazon EC2 < P o G Amazon EC2
Ireland California
165ms



Ergebnis

VOD (client cache)

-

M reads
 writes
M querys
® other (e.g. transactions)

N\

J

0 50 100 150
Time [s]

200 250

30.000 DB Objekte, 300 Ops, Lese/Schreib Verhaltnis 10/1



Ergebnis

Orestes (Squid 3 patched)

-

M reads
 writes
M querys
® other (e.g. transactions)

\_

J

0 50 100 150
Time [s]

200 250

30.000 DB Objekte, 300 Ops, Lese/Schreib Verhaltnis 10/1
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- Future Work

,Clientseitige Persistenz”

1

E : Browser / Device i
- HTML5 |=- E
i LocalStorage— App :
= e
1

N I ———— |

Orestes REST

T T i
: = :
| A i | :
1

] :
: DBaas Cloud i
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Zusammenfassung

DBaaS hat 2 besonders grofse Probleme:

Netzwerklatenz
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Zusammenfassung

DBaaS hat 2 besonders grofse Probleme:

Elastische Skalierung

W Load-

Orestes

Balancer
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Live-Demo

o try.orestes.info




Definition nach Edlich et al.

1. Nicht-relational

2. Im Design auf horizontale
Skalierbarkeit ausgelegt

3. Open-Source/offen
4. Schemalosigkeit
5. Unterstiitzung von Datenreplikation

6. Einfache (REST) API

7. Eventual Consistency

Ja
Ja (fiir Reads)

bald

Nein

bald

Ja

Ja (Web-Caches)

OrientDB

Orestes




