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1 Th b f i li k i ll1 The number of peering links is small1 The number of peering links is small1. The number of peering links is smallp g
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R l t b d l ti• Regulator based solution• Regulator-based solutionRegulator based solutiong
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L l blLegal problems– Legal problemsLegal problemsg p



U th d l i th l t ti ld• Use methodology in the last section could• Use methodology in the last section couldUse methodology in the last section could gy
t t ti l h l ft th t h kget potential helpers; after that checkget potential helpers; after that checkget potential helpers; after that, checkget potential helpers; after that, check 

th i il bilit i l ki ltheir availability using looking glasstheir availability using looking glasstheir availability using looking glass y g g g
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# f l ki l it# of looking glass sites– # of looking glass sites# of looking glass sites g g
I f th d hInference method may have error– Inference method may have errorInference method may have errory
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IXPan IXPan IXPan IXPan IXP
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R i MAC l• Run in MAC layer• Run in MAC layerRun in MAC layery
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 i  th   IXPare in the same IXPare in the same IXP

2) are in same AS with buyer but 2) are in same AS with buyer but 2) are in same AS with buyer but 
are known in the same IXPare known in the same IXPare known in the same IXP



QQuery• Query• QueryQueryy
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controlling pathcontrolling pathcontrolling path.g p

A ailabilit check• Availability check• Availability checkAvailability checky
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specific networks in the queriesspecific networks in the queriesspecific networks in the queries.specific networks in the queries.

R l• Reply• ReplyReply p y
O l il bl h l d l t thOnly available helpers send a reply to the– Only available helpers send a reply to theOnly available helpers send a reply to the y p p y
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P id i t f f th• Provide any one interface from the• Provide any one interface from theProvide any one interface from the o de a y o e e ace o e
f ll ifollowingfollowingfollowingg

Sh i bShow ip bgp– Show ip bgpShow ip bgpp gp
Ping– Ping– PingPing 
traceroute– traceroutetraceroute



Like BGP e sho ld gi e selection• Like BGP we should give selection• Like BGP, we should give selectionLike BGP, we should give selection , g
f d t diff t t kfreedom to different networksfreedom to different networksfreedom to different networks
It i t i i t f k d• It is not main points of our work and we• It is not main points of our work, and weIt is not main points of our work, and we p ,
j t i 3 ibl d l i djust give 3 possible usage models in orderjust give 3 possible usage models in orderjust give 3 possible usage models in order j g p g
to pro ide some insightsto provide some insightsto provide some insightsto provide some insightsp g

F bid d lFree bid model– Free bid modelFree bid model
Broker based model– Broker-based model– Broker-based modelBroker based model
D bl i d lDouble auction model– Double auction modelDouble auction model



Keep the list of a ailable helpers in each• Keep the list of available helpers in each• Keep the list of available helpers in eachKeep the list of available helpers in each p p
i di id l t kindividual networkindividual networkindividual network
S l t ith it f• Select one with its own preference• Select one with its own preferenceSelect one with its own preferencep
P t l f th• Pre agreement may apply for the• Pre-agreement may apply for thePre-agreement may apply for thePre agreement may apply for the 

l ti hi & irelationship & pricerelationship & pricerelationship & pricep p
Lik BGP d lik h i b t• Like BGP and like mechanisms between• Like BGP and like mechanisms between• Like BGP and like mechanisms betweenLike BGP and like mechanisms between 

i liairlinesairlinesairlines 



C tl b d idth ll t• Currently bandwidth sells at coarse• Currently bandwidth sells at coarseCurrently, bandwidth sells at coarse y,
l it 1G 2 5G 10Ggranularity e g 1G 2 5G 10Ggranularity e g 1G 2 5G 10Ggranularity, e.g., 1G, 2.5G, 10Gg y, g , , ,

A b k t b l liti f• A broker agent buys large qualities of• A broker agent buys large qualities ofA broker agent buys large qualities of g y g q
b d idth f h l d ll it ibandwidth from helpers and resell it in abandwidth from helpers and resell it in abandwidth from helpers and resell it in a p

fl iblmore flexible waymore flexible waymore flexible way.y
The broker o n mone from trading– The broker own money from trading– The broker own money from tradingThe broker own money from trading
th b b lthe buyer can save money by always– the buyer can save money by alwaysthe buyer can save money by always y y y y
h i l b d idthchoosing a larger bandwidthchoosing a larger bandwidthchoosing a larger bandwidthg g

the provider save cost to build agreement– the provider save cost to build agreement– the provider save cost to build agreement e p o de sa e cos o bu d ag ee e
ith l b f bwith large number of buyerswith large number of buyerswith large number of buyersg y



Like a stock market• Like a stock market• Like a stock market…Like a stock market…
H l d b bid i diff t IXP• Helpers and buyers bid in different IXP• Helpers and buyers bid in different IXPHelpers and buyers bid in different IXP e pe s a d buye s b d d e e

ith diff t iwith different priceswith different prices.with different prices.p
Th b d idth i diff t IXP diff t• The bandwidth in different IXP = different• The bandwidth in different IXP = differentThe bandwidth in different IXP = differentThe bandwidth in different IXP  different 
t kstockstockstock 



U i i ti li k• Using existing link• Using existing linkUsing existing linkUs g e s g
Addi li k• Adding a new link• Adding a new linkAdding a new linkg



b1 t t it h l 1• b1 wanna connect to its helper a1• b1 wanna connect to its helper a1 p
through c2through c2.through c2.

• c2 should be b1’s customer or• c2 should be b1 s customer orc2 should be b1 s customer or 
i i llpeer originallypeer originallyp g y

A t ll b1 i 2• Actually b1 are using c2 as a• Actually, b1 are using c2 as a y, g
direct helper instead of a1direct helper instead of a1direct helper instead of a1
Just modify the relationship of• Just modify the relationship ofJust modify the relationship of 
b1 2 t ilb1c2 temporarilyb1c2 temporarily.p y
2 t t t ifi• c2 exports some route to specific• c2 exports some route to specific p p

network from a1 to b1network from a1 to b1network from a1 to b1.
Current link bandwidth may not• Current link bandwidth may notCurrent link bandwidth may not y
b ffi i tbe sufficientbe sufficient
Ch i ff t h i h l• Chain effect when using helpers• Chain effect when using helpers C a e ect e us g e pe s
hops awayhops awayhops awayy



• By adding a1b1 we connect b1• By adding a1b1, we connect b1By adding a1b1, we connect b1 
t it h l 1to its helper a1to its helper a1.p
N d l fi ti f• Need manual configuration for• Need manual configuration for g
direct interconnection modeldirect interconnection model –direct interconnection model 
lslowslow

I t d li k d• Introduce new links and• Introduce new links and 
bandwidthbandwidthbandwidth

• A full provider customer link may• A full provider-customer link mayA full provider customer link may 
ff t i ti t ffi bitaffect existing traffic a bitaffect existing traffic a bit.g
tti t ti l• setting a temporary partial• setting a temporary partial g p y p

provider customer link where onlyprovider-customer link where onlyprovider customer link where only 
t t ifi t k iroutes to specific network isroutes to specific network is p

exported ?exported ?exported ?



B h h d ff i i ffiBoth two methods may affect existing traffic• Both two methods may affect existing traffic• Both two methods may affect existing trafficBoth two methods may affect existing trafficy g
C id d j• Consider response speed as major• Consider response speed as majorConsider response speed as major p p j
selection criterionselection criterionselection criterionselection criterion 
Di t I t ti i d d t• Direct Interconnection is recommended to• Direct Interconnection is recommended toDirect Interconnection is recommended to 
use the existing link if possibleuse the existing link if possibleuse the existing link if possibleuse the existing link if possibleg p
E h b d i t ti i• Exchange based interconnection is• Exchange-based interconnection isExchange based interconnection is c a ge based e co ec o s

d d t dd li k b it hrecommended to add new links by switchrecommended to add new links by switchrecommended to add new links by switch y
fi ticonfigurationconfigurationconfiguration.g



T i th k N t th t l thTaiwan earthquake recovery • Note that less thanTaiwan earthquake recovery • Note that less thanq y Note that less than 
on AS7473 AS4143 AS24077 40% il bl h lon AS7473, AS4143, AS24077 40% available helperson AS7473,  AS4143,  AS24077 40% available helpers40% available helpers 

can recover all thecan recover all thecan recover all the ca eco e a t e
t ffi f th thtraffic of these threetraffic of these threetraffic of these three 
ASASesASesASes.



• Internet disaster response is an important and• Internet disaster response is an important andInternet disaster response is an important and p p
ti l ipractical issuepractical issuepractical issue 

• Existing recovery process is manual slow and• Existing recovery process is manual slow andExisting recovery process is manual, slow and g y p ,
i ffi i tinefficientinefficientinefficient

• We propose a systemized solution including the• We propose a systemized solution including theWe propose a systemized solution including the p p y g
hit t i ti t lrecovery architecture communication protocolrecovery architecture, communication protocol,recovery architecture, communication protocol, y

reconnection building strategy as well as thereconnection-building strategy as well as thereconnection-building strategy as well as the g gy
ll ti h iresource allocation mechanismsresource allocation mechanismsresource allocation mechanisms 

We simulate an evaluation during the after math• We simulate an evaluation during the after-math• We simulate an evaluation during the after-math g
i f th t T i th k tscenario of the recent Taiwan earthquake toscenario of the recent Taiwan earthquake toscenario of the recent Taiwan earthquake to q

d t t th ff ti f d idemonstrate the effectiveness of our designdemonstrate the effectiveness of our design de o st ate t e e ect e ess o ou des g
Th i d l id li• The common issues and several guidelines can• The common issues and several guidelines canThe common issues and several guidelines can g
di t th f t d l t f I t t di tdirect the future development of Internet disasterdirect the future development of Internet disaster d ect t e utu e de e op e t o te et d saste
recoveryrecoveryrecovery y
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