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Background and Goal

« Communication over intermittently connected links
— Message delivery over cyclic mobile node
— Application of Delay Tolerant Networks (DTN)
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* Proposal: Message Routing in DTNs
— where physical topology frequently changes
|.e., intermittent connectivity



Delay Tolerant Networks

 Message Delivery Scheme
— Hop-by-Hop Message Delivery

— End-to-End Asynchronous Communication

— Store-Carry-Forward
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Approach: Potential-Based Routing (PBR)
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Terminology

A set of nodes: N
A node: e N

: : Nodes that are within
A set of nelghbors. nbr (n) direct transmission range

A neighbor node: k e nbr (n)
Potential for destinationd atn: V*(n) e R
with explicit t : /9 (n,t)

The next hop nodes for destinationd at n ;

nexthop® (n)



<< TCTR >>
Next hop selection and message forwarding

Force at noden toward node K € nbr(Nn):
R (n)=V*(n)-V* (k)
Next hop nodes for destination d :
(VK e nbr(n) F2(n)< a)—> nexthop® (n) = @
Empty Set
(Hk e nbr(n) F2(n)> a)
k|F(n)= max F°(n)

— nexthop® (n) = max
jenbr (n

o : threshold (const.)



> a}—) nexthop® (n,t) =k,

{ka (nt)>F(nt) }/\ {ka (n,t)



<< TCTR >>
Potential-Field Computation

Definition by a recurrence formula
VInt+1) =Ve(nt)+D min ¥k t)-VI(nt)}+p

kenbr (n)

Boundary conditon  Vtvd e N,V°(d,t)=0
nitial conditon ~ ¥n,d € N,V ¢(n,0) =0

D:const. O0<D<<1
p:const. O<p<D



<< TCTR >>
Potential-Field Computation and Message Delivery (1/6)
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<< TCTR >>
Potential-Field Computation and Message Delivery (2/6)




<< TCTR >>
Potential-Field Computation and Message Delivery (3/6)
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<< TCTR >>
Potential-Field Computation and Message Delivery (4/6)
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<< TCTR >>
Potential-Field Computation and Message Delivery (5/6)

@

. V noé (n)
Potential-Field for n6

When connected by another link

Connected !



<< TCTR >>
Potential-Field Computation and Message Delivery (6/6)
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Features of TCTR

« Routing without global knowledge of topology.
— Potential-field computation

Vent+1) =Vvi(nt)+ D min V(K t)-Vi(nt)}+p

kenbr (n)

— Message forwarding (i.e., next hop selection)

(Hk e nbr(n) F(n)> a)
— nexthop® (n) = Kk | K (n) = max Fjd(n)}

jenbr (n)
 Message delivery is achieved totally relying on
neighbor information.

 Thus, TCTR is tolerant for topology changes.
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Prototype Implementation

Function Blocks in Node I Application
(Message Send / Receive)
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Message Delivery on Node Mobility

Experiment of Potential Computation and Message Delivery 4 > 1




Potential Computation & Message Delivery

1
\f5ﬂ

45  Message Delivery V(Na) sttt
e n, —n
3.9
3.0
2.5
2.0
1.5
1.0
0.5

A A N A N A A A e N A S N R R e e N e N A A A e AR N N N Y N e e A R N N N R A R b N e
B R R B B R B B R e B B R e R B B e e B R R O R R R R R R P

0.0

-0.5

0 200 400 600 800 1000 1200
Time[sec]



Outline

Introduction

Topology Change Tolerant Routing
— Next hop selection and message forwarding
— Potential-field computation

Prototype Implementation
Conclusion




Conclusion

« TCTR is tolerant for topology changes
— Routing without global knowledge of topology.

— Routing uses only neighbor status.
« Potential-field computation
Vent+1) =Vint)+D min V(K t)-Vint) |+ p

kenbr (n)
e Future work

— Various mobility pattern

— Multiple replica cases



