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AbstractAbstract

This is a discussion of Delay Tolerant This is a discussion of Delay Tolerant 
Networking (DTN) background, Networking (DTN) background, 
specifically the subset of DTN known specifically the subset of DTN known 
as Interplanetary Networking as well as Interplanetary Networking as well 
the debate between modifying existing the debate between modifying existing 
internet protocols and developing a internet protocols and developing a 
whole new architecture for the whole new architecture for the 
Interplanetary Internet.Interplanetary Internet.
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OutlineOutline
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What is a DTN?What is a DTN?

Delay Tolerant Network (in this case)Delay Tolerant Network (in this case)
Variety of possible scenariosVariety of possible scenarios
We are interested in Interplanetary We are interested in Interplanetary 
LinksLinks
Delays are the speedDelays are the speed--ofof--light delayslight delays
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What kind of Delays?What kind of Delays?

More than a disruptionMore than a disruption
Long delaysLong delays

88--40min RTT to Mars [4]40min RTT to Mars [4]
6060--90min RTT to Jupiter [4]90min RTT to Jupiter [4]
140140--180min RTT to Saturn [4]180min RTT to Saturn [4]

Unpredictable delaysUnpredictable delays
Immutable for the foreseeable futureImmutable for the foreseeable future
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Delay & TodayDelay & Today’’s Internets Internet

Delay indicates an abnormal conditionDelay indicates an abnormal condition
Network congestionNetwork congestion
Busy serverBusy server
No distinctionNo distinction

Used for selfUsed for self--clockingclocking
No adaptation to delays above a fixed No adaptation to delays above a fixed 
timeout (typically <1min)timeout (typically <1min)
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Adapting the Internet to Adapting the Internet to 
SpaceSpace

TCP Timeouts can be made longerTCP Timeouts can be made longer
Successful TCP/IP sessions established Successful TCP/IP sessions established 
between Shuttle and Earth in 2003 [3]between Shuttle and Earth in 2003 [3]
Telnet, FTP, SSH, and SCP usedTelnet, FTP, SSH, and SCP used
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RationaleRationale

Internet architecture very successfulInternet architecture very successful
EndEnd--toto--end model a key part of end model a key part of 
successsuccess
Want to support current applicationsWant to support current applications
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Terrestrial vs. InterplanetaryTerrestrial vs. Interplanetary

EarthEarth’’s s 
InternetInternet

Interplanetary Interplanetary 
LinksLinks

ConnectivityConnectivity Strongly Strongly 
ConnectedConnected

EpisodicEpisodic

Error Rate [4]Error Rate [4] 1010--1515 –– 5x105x10--33 1010--99 –– 1010--11

CostCost ~$1000 per ~$1000 per 
monthmonth

~$6000 per ~$6000 per 
hour [4]hour [4]
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TCPsTCPs Defining Defining 
CharacteristicsCharacteristics

Slow StartSlow Start
Exponential BackExponential Back--offoff
TimerTimer--based control loopbased control loop

Short delay Short delay Self clocksSelf clocks
Long delay Long delay Assumes lossAssumes loss

Loss, Corruption, Delay all treated Loss, Corruption, Delay all treated 
alikealike
No adaptationNo adaptation
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TCP Throughput 1TCP Throughput 1

Source: [4]
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TCP Throughput 2TCP Throughput 2

Source: [4]
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TCP Throughput 3TCP Throughput 3

Source: [4]
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Applications: FTP 1Applications: FTP 1

Relatively Simple Relatively Simple 
App.App.
8 RTT minimum 8 RTT minimum 
before file transfer before file transfer 
beginsbegins
1 1 –– 5 hrs for mars 5 hrs for mars 
RTTRTT

Source: [4]
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Applications: FTP 2Applications: FTP 2

Source: [4]
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Applications: SMTPApplications: SMTP

Email model best suited to Email model best suited to 
interplanetary environmentinterplanetary environment
However SMTP uses timeoutsHowever SMTP uses timeouts

~5 minutes~5 minutes
Not adaptiveNot adaptive

Results comparable to FTP testsResults comparable to FTP tests
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ConclusionsConclusions

The Internet (TCP) was not designed The Internet (TCP) was not designed 
for delay tolerancefor delay tolerance
It could be modifiedIt could be modified
Applications and ultimately users Applications and ultimately users 
would still not be delay tolerantwould still not be delay tolerant
Therefore there is little reason to Therefore there is little reason to 
modify itmodify it
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