
The Trilogy Project
All things multi-path (and more)

Rolf Winter

NEC Labs Europe
(presenting work of many partners and individuals active in the project)

rolf.winter@nw.neclab.eu



ñIf a Clean Slate is the solution 

what was the problem?ò

van Jacobson, Stanford óClean Slateô Seminar 2006
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Todayôs Interneté

Áéis nowhere close to what it used to be when it was originally 

designed

ÁRunning over the Telephone System

ÁMiddlebox-free

ÁSmall and simple

Áéevolved into what it is today

ÁFor a (good) reason

ÁTomorrows Internet is already guaranteed to be different 

from todayôs

Áéis thought to be ossified, too feature rich (complex), lack 

key features (QoS), close to collapse, unmanageable, <add 

you favorite adjective about the Internet>

ÁDonôt Panic I used it this morning and it still works

If the Internet evolved in a bad ñdirectionò 

why canôt we evolve it in a better way? 

After all, we know it can evolve!
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What to evolve?
ÁEvolve the key components and key services the Internet 

provides
ÁBiggest potential impact
ÁHardest to change (in a radical fashion ïthere goes the 

clean slate)

ÁThe Internet fundamentally solves two key problems/provide 
two key functions
ÁReachability (how to get from A to B)
ÁResource Control (how to share the resource on the path 

from A to B)

ÁThe Internet is also the battle ground where parties fight over 
commercial and political interests
ÁDo not forget to look at the business and public policy side 

of things

If we want to change key components and

we can change them only slightly, will that

be enough?

5/12/20104



Of course(ish)
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Trilogy project - work areas

ÁMain theme is ñmulti-pathò (routing, congestion control)

ÁOther topics include:
ÁTraffic engineering
ÁRe-ECN
ÁLocator/ID split
ÁDDoS protection
ÁAddress sharing
ÁEconomic evaluation
Áé

ÁA key channel for output is the IETF
ÁGet feedback from the people that got us where we 

are
ÁGet it done, rather than (just) write it down
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Multi-path Routing
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Multi-path routing

ÁTodayôs Internet is inherently single path

ÁNot just routing

ÁñExceptionsò exist e.g. ECMP, BitTorrent some form 

of MPé

ÁMulti-path routing is goodé

Áéas is increases e.g. the reliability of the routing 

system

Áéas TE could be easier (more alternatives)

Áéas it creates larger resource pools (more later)

ÁThis has also been recognized by the IETF

ÁIDR has recently been re-chartered to also look into 

e.g. MP

Assuming multiple paths exists, 

which one to chose?
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Path diversity
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Step 1: Analyze the network

ÁUnderstand how much (and what kind of) path diversity the 

network does provide

ÁWe analyzed path diversity on the Internet

ÁLetôs have a look at multi-connectivity

ÁUsing multicast management messages to reveal router 

topological information at router level 

Ámore precise (and light-weight) than traceroute as e.g. 

backup links show up and it also captures L2 switches

Ámrinfo recursive probing scheme to get the largest 

connected component

ÁDaily data set contained 10000 routers and 100000 interfaces

ÁBorder router identification/mapping difficult
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mrinfo
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