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Introductjon

° Routing protocols used in wired hetworks cannot
be directly applied to ad hoc wirejess networks
— Highly dynamic topology
— No infrastructure for centralized administration
— Bandwidth constrained
— Energy constrained

° For the above reasons, we need to design new
routing protocols for ad hoc networks

=2009/12/23
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Issues in Designing a Routing Protocol

° Mobility:
— Ad hoc is highly dynamic due tg the movement of nodes
— Node movement causes frequent path breaks

— The path repair in wired network has sjow convergence
° Bandwidth Constraint:

— Wireless has less bandwidth dye to the limited radio band:

Less data rate and difficult to Mmaintain topology
information

— Frequent change of topology causes more overhead of
topology maintenance

— Target: Bandwidth Optimization and design topology
update mechanism with |ess overhead

009/12/23
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Issues In Designing @ Routing Protocol

rone shared broadcast radio channel:
e time varying characteristics in terms
of link capacity and link-error probability
— Target: Interact with MAC layer to find better-quality link
_ Hidden terminal problem causes packet collision
— Target: Find routes through better quality links and find
path with less congestion
. Hidden and exposed terminal problems
_ RTS-CTS control packet cannot ensure collision free, see
Fig. 7.2
« Resource Constraints:
_ Limited battery life and limited processing power

— Target: optimally manage these resources

e Error-p
— Wireless links hav

=2009/12/23
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Characteristics of an ldeal Routing Protocol

for Ad Hoc

 Fully distributed
o Adaptive to frequent topology changes

e Minimum connection setup time is desired

e |Localized

— global maintenance involves a huge state propagation
control overhead

» Loop free and free from stale routes
o Packet collision must seldom happen

(SHpAatsnn)

=2009/12/23

Scanned with CamScanner



Characteristics of an Ideal Routing Protocol

for Ad Hoc (cont))

. Converge to optimal route quickly
« Optimally use scarce resource
—Bandwidth, Computing power,"memory, and battery

» Remote parts of the network must not cause updates
in the topology information maintained by this node

» Provide quality of service and support for time-
sensitive traffic

=2009/12/23 n7
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Classifications ©f-Reuting Protocols

. Routing protocol can be broadly classified into four
categories : |

B
— Routing information update mechanism {f::— SR i . B9 = 1 e

— Use of temporal information for routing _ gu: skaws ob s U €24

Palt S¥osuwd 7~
flor toPolegy Fubuaa Sharud OO e

— Routing topology < uisimicar topsiens ‘

aye . H = b R“”"\"*'
— Utilization of specific resource <Z:‘;l::¢_, Rouking -

o These classification is not mutually exclusive

=2009/12/23
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Based on the Routing Information Update

Mechanism

e Proactive or table-driven routing protocols
— Maintain routing information in the routing table
— Routing information is flooded in the whole network
— Runs path-finding algorithm with the routing table
o Reactive or on-demand routing protocols
— Obtain the necessary path while required
 Hybrid routing protocols
— In the zone of given node : use table-driven
— Out of the zone of given node : use on-demand

=2009/12/23
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Based on the Use of Temporal Information

— for Routing —

o Using past temporal information
— Past status of the links or

— the status of links at the time of routing to make routing
decision

* Using future temporal information
— Expected future status of the links to make decision
— Node lifetime is also included

° Ex: remaining battery charge, prediction of location,
and link availability

=2009/12/23
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. Basedon the Routing Topology |

* Flat topology routing Protocols ,
_-Flat addressing scheme similar to|EEE 802.3 LANs |
— Globally uniqueaddressing mechanism for nodes
» Hierarchical topology routing protocols
— 1ogical hierarchy
—:Associated addressing scheme: |

— May based an geographical inforration or hop dista‘j&nce -

CIZUIC 14, Clay>IICALIONS 01 10Ul

e ——————————— e\
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Based on the Lﬂjﬂmmcj\‘\b\ipg;iﬁ_cj_e_spgmg_

e Power-aware routing
— Minimize consumption of resoyrce
° Ex: Battery power

_* Geographical information assisted routing

— Improve the routing performance
— Reduce control overhead

12
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Classifications of Routing Protocol:

Routing Protocols for
Ad o Wireless Networks

(1)

Based on . :
Based on Topology the Usc of Temporal ‘B”“! on Miscellancous
Information Orzanization o . Routing Information Classifications Based on
B Information for Routing Update Mechani e B
¢ Mechanism Utilization of Specific Resources

| |

) Table-Driven On-Demand . Pah ch.[mil)n Pat Sflcclion Flal Hicerarchi , R Routing Using Routing with
(Proactive) (Rexctive) L Hyivid l.5|‘ng J Usmg Routing L ;{rm :'ml tl‘\\tfv.\‘.\'ﬂn Geogrphica El‘ﬁcicnl"
Past History Prediction < outing Routing Information Flooding

rosu\' 16] ‘rusuv 16] EDAR[17) DSDV [6) FORP'[16) —DSR [10] GSR 18] PAR |25) LAR[13]

r—\\’RP 17 —AODV |11} 7RP(18) WRP(7) RABR [28) —AODV|11] SR 123

—CGSR[8) ’—,\BRIHJ ZHLS [19) STAR[9] LBR[29] —ABR [14] 1SR 23] TableDrives On-Demand
;L-smkm l:-ss,\115| DSR [10] —SSA[13) o o

—OLSR[21] Lroaruo; AODV(I1] L FORP 16} L) f

—FSR (23 PLBR 20 FSR [23) LPLBR [20] LR 21 —PLBR(0]

HSR (23] HSR (23]
—GSR 4] GSR [24] J
13

Figure 7.4, Classifications of routir
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Table-Driven Routing Protocols
On-Demand Routing Protocols

Hybrid Routing Protocols

Routing protocol With Efficient Flooding

Mechanisms
Hierarchical Routing Protocols

Power-Aware Routing Protocols

Scanned with CamScanner
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Table-DriveN Routing Protocols

» We introduce these outing protocols:
— Destination Sequenced Distance-Vector Routing

Protocol (DSDV)
— Wireless Routing Protocol (WRP)
— Cluster-Head Gateway Switch Routing Protocol (CGSR)

— Source-Tree Adaptive Routing Protocol (STAR)

Scanned with CamScanner
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DSDV (Cont.)

» Exchange table betWeen neighbors at regular time
interval
» Two types of table Updates
— Incremental update
* Takes a single netwerk data packet unit (NDPU)
— When no significant change in the local topology
— Full dumps update
* Takes multiple NDPUs:
— When local topology changes significantly
— Or incremental updates require more than a NDPU

Scanned with CamScanner
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DSDV (Cont.) o

* Table updates aré initiated by the destination with
the new sequenceé NUMber which is always greater

than the previous ON€
» Single link break cause propagation of table update
information to the whole network

— With odd sequence
 The changed node informs neighbors about new
shortest path while receiving the table update

® u
Takle Mauwtinance us DsoVv
L‘t\bﬂ wibh

message D Eath nale e ges V24 e ?\ouh.m’ﬂ“m i demle

Sexy . NO from  Orkoy nedes and
l(;- O vdta jo dAla, mona

mait Azgant
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Destinationt

15
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(b) Routing table for Node 1

(a) Topology graph of the network

Figure 7.5. Route establishment in DSDV
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DSDV (Cont.

DDV (Cont,)

° Advantages:

— Route setup process is very fast

— Make the existing Wired network protocol apply to ad
hoc network with fewer modifications

~° Disadvantages:

— Excessive control overhead during high mobility

— Node must wait for a table update message initiated by
the destination node

e Cause stale routing information at nodes

33

Scanned with CamScanner

21



On-demand Routing Protocol

Unlike the table-driven Fouting protocols, on-
demand routing protocols execyte the path-finding
process and exchange routing information only when
a path is required by a node to communicate with a

destination.
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On-demand ROUting Protocol

Dynamic Source Routing Protocol (DSR)

Ad Hoc On-demand Distance-Vector Routing Protocol
(AODV)

Temporally Ordered Algorithm (TORA)
Location-Aided Routing (LAR)
Associativity-Based Routing(ABR)

Signal Stability-Based Adaptive Routing Protocol (SSA)
Flow-Oriented Routing Protocol (FORP)

34
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Dynamic Source Routing protocol (DSR)

° Beacon-less: no hello packet
° Routing cache
° DSR contains two phases

— Route Discovery (find a path)

° Flooding RouteRequest with TTL from source
° Response RouteReply by destination

— If an forwarding node has a route to the destination in its
route cache, it sends a RouteREply to the source

— Route Maintenance (maintain a path)
° RouteError

35
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Routing Discovery

SourcelD

Dcstinulionl D

N Network Link

&)

RouteRequest

_ RouteReply

Pathl: 1-2-3-7-9-13-15
Path2: 1-5-4-12-15
Path3: 1-6-10-11-14-15

Figure 7.10. Route establishment in DSR.
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Routing Maintain

Dcslinulionl D

L)

— NG T Network Link

B

Selected Path

RoutelError

R

Broken Link

SourcelD

Figure 7.11. Route maintenance in DSR.
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Dynamic Source Routing Protocol

° Advantage
— No need to updating the routing tables

— Intermediate nodes are able to utilize the Route Cache
information efficiently to reduce the control overhead

— There are no “hello” messages needed (beacon-less) -
° Disadvantage

— The Route Maintenance protocol does not locally repair a
broken link

— There is always a small time delay at the begin of a new
connection

38
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Ad Hoc On-demand Distance-Vector

Routing-Protocol (AODV)

—_—

° Every node has a routing table. When a node knows a
route to the destination, it sends a route reply to the

source node
* The major difference between DSR and AODV
— DSR uses source routing in which a data packet carries the
complete path to traversed.

— AOQODV stores the next-hop information corresponding to each
flow for data packet transmission.

° Message types
— Route Requests (RREQs)
— Route Replies (RREPs)
— Route Errors (RERRs).

39
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AODV

° RouteRenuest packet carries:
— SrelD, DestID, DestSeqNum, BcastID, and TTL

— DestSegNum indicates the freshness of the route is
accepted

~ An intermediate nor'c receives a RouteRequest packet. It
either forwards it or prepares a RouteReply if it has a valid
route to the destination

/e RouteReplypacket:

— A node rceives RouteReply packet will record the
informfréion as the next hop toward the destination

o AODV dées not repair a broken path locally
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Destinag:
lemjnonll) ;

Network Link

\/

RouteReply

RouteRequest
Cached Route: 14-15

Pathl: 1-5-10-14-15
Path2: 1-5-4-12-15

SourcelD

Figure 7.12. Route establishment in AODV.
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“Figure 7.13. Route maintenance in AODV.
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AODV

Advantage

— Establish on demand

— Destination sequences are used to find the latest path to
destination

— The connection setup delay is [ess
Disadvantage

— Intermediate node can lead to inconsistent route
— Beacon-base

— Heavy control overhead
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