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5 Unstructured P2P Networks

5.0 Introduction and History

5.1 The First Generation
I Centralized P2P
I Pure P2P

5.2 The Second Generation
I Hybrid P2P
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@ 5.0 Peer-To-Peer Systems

A Peer

0 PeerlP2P) Systems

I P2P systems have been popularized in 1999 by
Napster f or sharing MP30s

I BaseProblem: Howcanresources easilpe shared
within a highlyolatile anddecentralized network
of iIndependent andautonomous peers (nodes)?

AThere is an (potentiallyjarge number of peers
APeers mayoin or leave the network any time
AOnly rudimentary features necessary
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@ 5.0 Peer-To-Peer Systems

T ———

o

A What can be shared? AR
I Information '
AFile & document sharing
I Bandwidth

ALoad balancing
A Shared bandwidth

| Storage space
ADAS, NAS, SAN
A Storage networks

I Computing Power
AHigh Performance Computing
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@ 5.0What Is Peer-To -Peer?

A What is a P2P network?

I Avirtual overlay network for sharing resources

AVirtual andphysical network arelogically independent
AMostly IP based

I Usuallydecentralized andself-organizing

I Peers can transfer datéirectly without intermediate
servers
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5.0 Overlay Networks

Ao Vi r tsigaaling network established via
TCP connections between the peers

A Characteristics of th@verlay topology
I completelyindependent from physical network
| Separateaddressing androuting scheme

I No relation betweenphysical network edges and
overlay network edges

I Overlay network can be seen gsaph
APeers asodes
AConceptual connections asiges
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@ 5.0 Overlay Networks
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@ 5.0 Overlay Networks

A Thetopology of the overlay network may show
different properties
I May becentralized or decentralized
I May use stricstructures or may beunstructured
I Maybeflat or be organized imierachies

I We will use these properties later tolassify P2P

systems
Aln this lecture onlyunstructured networks
ANext lecture: structured networks
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() 5.0Towards P2P Demlm

A P2P technology was enabled by various
technological and social developments

I Performance increase o f home uUuser(
computers

AWhen 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

I General availability dfigh-speed internet
Aln 1999, DSL connections have been introducqi
AFlat rate models gained momentum
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@ 5.0 Towards P2P Demllli

A Late1960s: Establishment of thARPANET

I OAdvancedResearchProjects AgencyNetwo r k 6

ABased on the concept of the
of Prof. J.C.R.icklider

I Funded by DARPA

F
A Share computing resources and documents L s
between USesearch facilities

i The rumor that ARPANET was build in order to contrc
the military after a nuclear war is NOT true!

I Most popular applications

AEmail (1971) FTP (1974) andlelNet (1969)A client/server
model

I Central steering committee to organize the network
iLat er Iheiotermated 0O
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@ 5.0 Towards P2P I)ef

A 1979: Development of thdJseNet protocol
I Newsgroup application to organize content

I Newsgroup server network exhibits some P2P
characteristics

ANo central server buta server network (compare to
superpeernetworks)

AClients only communicate with a server which may rerout
the requests to other servers

I Different groups for different content |~
Alnitially, only text messages ] /---

\
ALater: infamou®IN groups usually distributing /%
copyrighted music, software or movies g/.ili.\-'
2
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5.0 Towards P2P Degy

A ~1990 rush of the general public to join the
Internet
I The WWW is invented at CERN by ThBerners Lee

i Centrally hosted, interlinked websites are statkart
Al'l' l egal file sharing usi n;¢
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@ 5.0 Towards P2P De[

A Northeastern University, Boston, June 1999

I Shawn Fanning (19) and Sean Parker (20) invent
Napster

AProblem: Both liked to share music napsterm
and software (for freee)

ABut: warez sites, UseNet binary groups, and IRC bots wer
very painful to use
I Bad search, broken links, tiny retention caches, low bandwidth, et
Aldea: establish a system offering powestsrch
capabilities , no broken links , andperformance which
Increases with the number of users!
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5.0 Towards P2P

A Basic Idea of Napster
I Users store music on theinome PC s

I Users connect to theNapster server and provide a
list of all songs they currently have

I Users carguery the Napster server for any song
AResult: a list of all users currently possessing that song

I User can download the song
directly from another user

A Peer-to -Peer!

Distributed Data Managemert Christoph Lof¢ IfIS¢ TU Braunschweig 14



@ 5.0 Towards P2P

Dery,

® Napster v2.0 BETA 7 =l
File  Actions Help
) Home | El Chat | & Library | &, Search | Hat List | & Transfer @ Discover | (3} Help |

Filenarme: I File Size I User | Status I Speed I Progress I Rate I Tirne Left I :I

4} Comedy - Maclean & Maclean - The Gross Manual (14 Swe Fire Jo... 299,200 of 2,220,560 Ikl Dowrloading... Unkniown . 13 % 506 ks 00:08:13

4} [Comedy] Maclean & Maclean - Johnnw Marnijuana Seed .mp3 270,048 of 7,381,800 mirbirir Dowrloading.. Cable I 3% B.50 ks 001813

Il Comedy - Maclean & Maclean - The Gross Manual (14 Sure Fire Jo.. 539,936 of 2,220,560 big_bsng_  Downloading... Cable 7.33kds 000343

4} Maclean and Maclean - Bowser and Blue.mp3 5,606,005 adie_m Getting Info...

IL andrews Sisters - Little Toot.mp3 976,392 of 8528129 Fdphartor_...  Downloading... sl 414k 003250

L 785 CHILDREN'S STORY RECORD - LITTLE TOOT.mp3 83,512 of 5,840,561 dude way  Downloading.. 14.4 110 ks 01:26:59

!} Disney Parks Toontown-Little Toot.mp3 B4 603 of 2,354,537 hittermerbitter Dovrloading... Cable 2% 1.28 ks 00:23:.47

L Maclean & Maclean - Little Toot MP3 12,288 of 602,112 FaSDJFLEL.. Dowrloading... Cable k] 024 kds 00:41:33

dL Disney Parks ToontownLittle T oat.mp3 185,648 of 2,354 597 Creanol Dowrloading... BEK, 582 ks 00 06:12

@ taclean & Maclean - Little Toot.mp3 210,944 of 832,683 stearch Dowrloading... B6K. - 24% 4.44 ks 000231

4} Big Timy Little & Mickey Finn - Toot Toot Tootsi.mp3 40,128 of 2,338,844 albeart3 Dowrloading... Cable 1% 1.89 ks 00:25:08

dL Comedy - Maclean & Maclean - Little Toat mp3 B.916 of 852,698 catalina21 36 Downloading... DsL 0.55 ks 00 26:45

@ Brenda Lee - Toot Toot Tootsie Goodbye [Little Miss Dynamite, CD... 44,368 of 2,250,710 ange[3333 Downloading... Unkmown 1% 1.10kds 00:33.26

4} taclean & MacLean - Litde T oot [edit]. mp3 115,600 of 1,180,444 123412341 ... Dowrloading... 14.4 I 0% 4 B8 ks 00:03:47

4}- Maclean & Maclean - Little Toat.mp3 882 688 raybaudus Getting Info...

Filename | File Size | Jzer | Statuz | Speed | Frogress | Fiate | Tirme Left |

AF Crosby, Stills, Mash And Young - Ohio.Mp3 27250080 3709495 cybemooss Uploading... BEK 1.55 ks 00:10:33

1} lollipop lust kill - jesus chiysler mp3 3333433 45tringMF File Complete!

‘i} Simpzons - The Life OF Homer Simpson.mp3 1,408,976 of 2,756,736 anldude&? Uploading... BEK. 51% 1.45 ks 00:15:30

1? Fear Factary - Cars.mp3 3921141 tubbedbird File Comnplete!

1} Comedy - Richard Pryor - Mew Miggers. mp3 3.736.451 tubbedbird File Complete!

‘i} Unknown - Mopar [Chiysler) 440 B-pak V8 race-buit - real men don't... 863,043 TYLERSEX... File Complete!

‘i} Comedy - Jerky Baovs - Fanning My Balle.mp3 B75.840 of 1,784 264 tubbedbird Uploading... 14.4 38 % 733 ks 000231

1} Ben Stiller & Andy Dick - Can'we Get It Together Again.mp3 1,230,600 fluidpockets... Waiting...

Clear Firizhed

Cancel

|0n|ine (Faifkdfrdvbfvoy): Sharing 2703 Files,

|Current|v 526,589 files (2,246 gigabytes) available in 5,411 libraries.
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@ 5.0 Towards P2P Demll]ﬁ

A Napster Inc. initially aimed at beingraarket
place for digital music e

i Like iTunes today ) /\/\

I Napster tried multiple times | :
to establishusage agreements A
with record labels, but they failed:-====

00 NovO0O Jan01 Mar01 May 01 Julol Sep 01

ANo legal business model for selling single songs possible
ALabels felt thirfastgiovemmed by
ANegotiations have been stopped by labels
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@ 5.0 Towards P2P Demllli

A December1999:

I RIAA files a lawsuit against Napster Inc .
A Target of the RIAA: theentral lookup server of Napster

A February2001:

I 2.79 billion files exchanged via the
Napsternetwork per month

A July2001: Napster Inc. isonvicted b
I Napster has to stop the operation of the Napster server
I Napster networkbreaks down
I BUT:Alreadya number of promising successors availabls
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(D) 5.0 Towards P2P DGIOHK

h_A
A May 2002: B MG

BERTELSMANN

i Bertelsmann tries to buy Napster assets for $85 million

I American courts blocks the transaction and forces
Napster toliquidate all assets é
®

A Roxio buys the logo and name in
the bankruptcy auction

I RoxioownedaniTunes i ke st pressplagc awH
was rebranded with the Napster cooperate design

I Launch of new Napster i@ctober 2003 as a centralized
paidsubscription service

A Not very successful because it launched shortly after iTunes at
without hardware support

i Sold 2008 to BestBuy for $121M

Distributed Data Managemert Christoph Lof¢ IfIS¢ TU Braunschweig 18



@ 5.0 Towards P2P Demlm

A Generally, the RIAA lawsuit is considered a big

fallure

I Napster could have become an early iTunes, if label
had cooperated

I The | awsuit gave Dbirth
software: e.gGnutella
AOpen source

AFullydecentralized
I A Gnutella networkcannot be shut down
I No company to sue,

IMOREHEUS
I P2Ppiracy became evestronger after Napster was
convicted due topublicity
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(7D) 5.0 P2P Development Demlm

AThedo hot 6 fgr@2Prhave been 199908

A In 2006, nearly 70% of all network traffic was
attributed to P2P traffic

I Nowadays, P2P traffic declines in favor of video
streaming and social networks...

OOOOO

VVVVV

OOOOOOOOOOOOOOOO
TTTTTTTTTTTTTTTTT

EEEEEEEEEEEE

Surveyby/ A & O 2 YEE
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@ 5.0 P2P Development

A 2013:;

I Netflix , Hulu, androutubeeat 50% of US Internet
Downstream Traffic

AFile sharing via P2P is below 5.0%
Aln the UK, P2P is still around 20%
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@ 5.0 P2P Development

A 2013

Peak Period Traffic Composition
(North America, Fixed Access)

100% -
90%
80%
» )
20% Outside Top 5
B Gaming
60% Marketplaces
50% W Storage
m Tunneling
40%
® Filesharing

30% m Web Browsing

20% ® Real-Time Entertainment

10% -

Upstream T Downstream - Aggregate msandVine

Figure 1 - Peak Period Aggregate Traffic Composition - North America, Fixed Access
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@ 5.0 P2P Development

A 2013

Upstream Downstream Aggregate

Rank Application Share Application Share Application Share
1 BitTorrent 36.35% | MHetflix 31.62% | Netflix 28.18%
2 HTTP 6.03% | YouTube 18.69% | YouTube 16.78%
3 S50 5.87% | HTTP 9.74% | HTTP 9.26%
4 MNetflix 4.44% | BitTorrent 4.05% | BitTorrent 7.39%
5 YouTube 3.63% | iTunes 3.27% | iTunes 2.91%
[ Skype | 2.76% | MPEG - Other 2.60% | S5L 2.54%
7 QvoD 2.55% | 55L 2.05% | MPEG - Other 2.32%
8 Facebook 1.54% | Amazon Video 1.61% | Amazon Video 1.48%
g FaceTime . 1.44% | Facebook 1.31% | Facebook 1.34%
10 | Dropbox 1.39% | Hulu 1.29% | Hulu 1.15%

. 66.00% 76.23% 73.35%

Jsandvine

Table 2 - Top 10 Peak Period Applications - Morth America, Fixed Access
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5.1The First Generation

A First generation peerto-peer networks tried
simple paradigms to build the network

I Centralized directory model:
all content listed in a central directory
whose server also is used as a central
point of connection

I Pure peer-to-peer model.
there is no central authority, but
peers do only connect to neighbors
In the network
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