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Distributed Data Management



5.0 Introduction and History

5.1 The First Generation

ïCentralized P2P

ïPure P2P

5.2 The Second  Generation

ïHybrid P2P
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5 Unstructured P2P Networks



ÅPeer To Peer (P2P) Systems

ïP2P systems have been popularized in 1999 by 

Napster for sharing MP3õs

ïBase Problem:  How can resources easily be shared 

within a highly volatile and decentralized network 

of independent and autonomous peers (nodes)?

ÅThere is an (potentially) large number of peers

ÅPeers may join or leave the network any time

ÅOnly rudimentary features necessary
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5.0 Peer-To -Peer Systems



ÅWhat can be shared?

ïInformation

ÅFile & document sharing

ïBandwidth

ÅLoad balancing

ÅShared bandwidth

ïStorage space

ÅDAS, NAS, SAN

ÅStorage networks

ïComputing Power

ÅHigh Performance Computing
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5.0 Peer-To -Peer Systems



ÅWhat is a P2P network?

ïA virtual overlay network for sharing resources

ÅVirtual and physical network are logically independent

ÅMostly IP based

ïUsually decentralized and self-organizing

ïPeers can transfer data directly without intermediate 

servers
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5.0 What is Peer-To -Peer?



ÅòVirtualósignaling network established via 

TCP connections between the peers

ÅCharacteristics of the overlay topology : 

ïcompletely independent from physical network

ïSeparate addressing and routing scheme

ïNo relation between physical network edges and 

overlay network edges

ïOverlay network can be seen as graph

ÅPeers as nodes

ÅConceptual connections as edges
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5.0 Overlay Networks
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5.0 Overlay Networks



ÅThe topology of the overlay network may show 

different properties

ïMay be centralized or decentralized

ïMay use strict structures or may be unstructured

ïMay be flat or be organized in hierachies

ïWe will use these properties later to classify P2P 

systems!

ÅIn this lecture only unstructured networks

ÅNext lecture: structured networks
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5.0 Overlay Networks



ÅP2P technology was enabled by various 

technological and social developments 

ïPerformance increase of home userõs personal 

computers

ÅWhen P2P system have been established in 1999, the 

average computing performance of a home PC was 

comparable to high end servers of the late 80s 

ïGeneral availability of high-speed internet 

ÅIn 1999, DSL connections have been introduced

ÅFlat rate models gained momentum 
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5.0 Towards P2P



ÅLate 1960s: Establishment of the ARPANET
ïòAdvanced Research Projects Agency Networkó
ÅBased on the concept of the òIntergalactic Computer Networkó 

of Prof. J.C.R. Licklider

ïFunded by DARPA
ÅShare computing resources and documents 

between US research facilities
ïThe rumor that ARPANET was build in order to control 

the military after a nuclear war is NOT true!

ïMost popular applications
ÅEmail (1971), FTP (1974) and TelNet (1969) Ą client/server 

model

ïCentral steering committee to organize the network

ïLater became òthe internet ó
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5.0 Towards P2P



Å1979: Development of the UseNet protocol

ïNewsgroup application to organize content

ïNewsgroup server network exhibits some P2P 
characteristics

ÅNo central server but a server network (compare to 
super-peer-networks)

ÅClients only communicate with a server which may reroute 
the requests to other servers

ïDifferent groups for different content

ÅInitially, only text messages

ÅLater: infamous BIN groups usually distributing
copyrighted music, software or movies
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5.0 Towards P2P



Å~1990 rush of the general public to join the 

Internet

ïThe WWW is invented at CERN by Tim-Berners Lee

ïCentrally hosted, interlinked websites are state-of-art

ÅIllegal file sharing using warez sitesé
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5.0 Towards P2P



ÅNortheastern University, Boston, June 1999

ïShawn Fanning (19) and Sean Parker (20) invent 

Napster

ÅProblem: Both liked to share music 

and software (for freeé)

ÅBut: warez sites, UseNet binary groups, and IRC bots were 

very painful to use

ïBad search, broken links, tiny retention caches, low bandwidth, etc..

ÅIdea: establish a system offering powerful search

capabilities , no broken links , and performance which 

increases with the number of users! 
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5.0 Towards P2P



ÅBasic Idea of Napster

ïUsers store music on their home PC s 

ïUsers connect to the Napster server and provide a 

list of all songs they currently have

ïUsers can query the Napster server for any song

ÅResult: a list of all users currently possessing that song

ïUser can download the song

directly from another user 

ÅPeer-to -Peer !
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5.0 Towards P2P
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5.0 Towards P2P



ÅNapster Inc. initially aimed at being a market 

place for digital music

ïLike iTunes today

ïNapster tried multiple times

to establish usage agreements 

with record labels, but they failed

ÅNo legal business model for selling single songs possible

ÅLabels felt threatened by Napsterõs fast growth

ÅNegotiations have been stopped by labels
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5.0 Towards P2P



ÅDecember 1999: 

ïRIAA files a lawsuit against Napster Inc .

ÅTarget of the RIAA: the central lookup server of Napster

ÅFebruary 2001: 

ï2.79 billion files exchanged via the 

Napster network per month

ÅJuly 2001: Napster Inc. is convicted

ïNapster has to stop the operation of the Napster server

ïNapster network breaks down

ïBUT: Already a number of promising successors available
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5.0 Towards P2P



ÅMay 2002: 
ïBertelsmann tries to buy Napster assets for $85 million

ïAmerican courts blocks the transaction and forces 
Napster to liquidate all assets 

ÅRoxio buys the logo and name in 
the bankruptcy auction 
ïRoxio owned an iTunes-like store called òpressplayó which 

was rebranded with the Napster cooperate design

ïLaunch of new Napster in October 2003 as a centralized 
paid-subscription service
ÅNot very successful because it launched shortly after iTunes and 

without hardware support

ïSold 2008 to BestBuy for $121M
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5.0 Towards P2P



ÅGenerally, the RIAA lawsuit is considered a big 
failure

ïNapster could have become an early iTunes, if labels 
had cooperated

ïThe lawsuit gave birth to an even more òdangerousó 
software: e.g., Gnutella

ÅOpen source

ÅFully decentralized
ïA Gnutella network cannot be shut down

ïNo company to sue, no servers to disconnect, é

ïP2P piracy became even stronger after Napster was 
convicted due to publicity
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5.0 Towards P2P



ÅThe òhotó years for P2P have been 1999-2008

ÅIn 2006, nearly 70% of all network traffic was 

attributed to P2P traffic 

ïNowadays, P2P traffic declines in favor of video 

streaming and social networks...
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5.0 P2P Development

Survey by/ƛǎŎƻΨнлмл



Å2013:

ïNetflix , Hulu, and Youtubeeat 50% of US Internet 

Downstream Traffic

ÅFile sharing via P2P is below 5.0%

ÅIn the UK, P2P is still around 20%
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5.0 P2P Development



Å2013
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5.0 P2P Development



Å2013
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5.0 P2P Development



ÅFirst generation peer-to-peer networks tried 

simple paradigms to build the network

ïCentralized directory model: 

all content listed in a central directory 

whose server also is used as a central 

point of connection

ïPure peer -to -peer model:  

there is no central authority, but 

peers do only connect to neighbors 

in the network

Distributed Data Management ςChristoph Lofi ςIfIS ςTU Braunschweig 24

5.1The First Generation


