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Dealing with Change
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ÅNetworks need to be highly reliable
ïTo avoid service disruptions

ÅOperators need to deal with change
ïInstall, maintain, upgrade, or decommission equipment

ïDeploy new services

ïManage resource usage (CPU, bandwidth) 

ÅButé change causes disruption
ïForcing a tradeoff



Why is Change so Hard?

ÅRoot cause is the monolithic view of a router 

(Hardware, software, and links as one entity)

3



Why is Change so Hard?

ÅRoot cause is the monolithic view of a router 

(Hardware, software, and links as one entity)

4

Revisit the design to make 

dealing with change easier



Our Approach: Grafting

ÅIn nature: take from one, merge into another
ïPlants, skin, tissue

ÅRouter Grafting
ïTo break the monolithic view

ïFocus on moving link (and corresponding BGP session)
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Why Move Links?
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Planned Maintenance
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ÅShut down router toé
ïReplace power supply

ïUpgrade to new model

ïContract network

ÅAdd router toé
ïExpand network



Planned Maintenance

ÅCould migrate links to other routers
ïAway from router being shutdown, or

ïTo router being added (or brought back up)
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Customer Requests a Feature

Network has mixture of routers from different vendors

* Rehome customer to router with needed feature
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Traffic Management

Typical traffic engineering: 

* adjust routing protocol parameters based on traffic

Congested link
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Traffic Management

Insteadé

* Rehome customer to change traffic matrix
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Understanding the Disruption (today)
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delete neighbor 1.2.3.4

1) Reconfigure old router, remove old link

2) Add new link link, configure new router

3)
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Understanding the Disruption (today)
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1) Reconfigure old router, remove old link

2) Add new link link, configure new router

3) Establish new BGP session (exchange routes)

Downtime (Minutes)



Router Grafting: Breaking up the router
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Send state

Move link



Router Grafting: Breaking up the router
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Router Grafting enables this breaking apart 

a router (splitting/merging).



Not Just State Transfer
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Migrate session

AS100

AS200 AS400

AS300



Not Just State Transfer
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Migrate session

AS100

AS200 AS400

AS300

The topology changes
(Need to re-run decision processes)



Goals

ÅRouting and forwarding should not be disrupted
ïData packets are not dropped

ïRouting protocol adjacencies do not go down

ïAll route announcements are received

ÅChange should be transparent
ïNeighboring routers/operators should not be involved

ïRedesign the routers not the protocols
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Challenge: Protocol Layers
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ÅUnplugging cable would be disruptive

Remote 

end-point

Migrate-from

Migrate-to
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mi

ÅUnplugging cable would be disruptive

ÅLinks are not physical wires
ïSwitchover in nanoseconds

Remote 

end-point

Migrate-from

Migrate-to
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Physical Link
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ÅIP address is an identifier in BGP

ÅChanging it would require neighbor to reconfigure
ïNot transparent

ïAlso has impact on TCP (later)
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Changing IP Address
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