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ALB
ALBT
BE
BLFI
BPMR
DD
DPMR
EAF
ED
EDDD
GMR
HI

IH

LFI
MDD
ODCP
OPP
PCDD
PR

PS

Adaptive Load-Balancing

Adaptive Load-Balancing with Threshold
Best Effort

Broadcast Limited Forward Improvement
Braided Proactive Mutltipath Routing
Directed Diffusion

Disjoint Proactive Mutltipath Routing
Energy Aware Forwarding

Exploratory Data

Energy Efficient Differenciated Directed Diffusion
Greedy Mutipath Routing

Hybrid Improvement

Inhibit

Limited Forward Improvement

Multipath Directed Diffusion
On-Demand Clustering Protocol
One-Phase Pull

Passive Clustered Directed Diffusion
Positive Reinforcement

Positive reinforcement already Sent



SMR
SPMR
TPP
TTL
ULB
VS

Random Delay Improvement
Random Forward Improvement

Real Time

Simple Multipath Routing

Shared Proactive Mutltipath Routing
Two-Phase Pull

Time to Live

Uniform Load-Balancing

Virtual Sink
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! Data-Centric

2 End to end

* Hop by hop

* Attribute tuples
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' Aggregation

* Collaborative

? Caching

* Gradient filter

> geographic energy aware routing
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' Logging
* Nested Query
? Opportunistic data aggregation
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! Greedy
? On-tree incremental cost message
? Nested query
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' Receiver initiated

* Energy Aware

’ Two-Phase Pull (TPP)

* Geographic Energy-Aware Routing
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! Push Diffusion
* One-Phase Pull (OPP)
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* Base Station
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Static Clustering g0 110
LEACH 932 1312
Direct 217 458
1 MTE 15 843
Static Clustering 106 240
LEACH 1848 2608
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INTEREST Packet
Fived Attribuies
JinklD
Application Coneexe (eg key type, operator, value )
ISeghium
Flow-id
Vi rialle Astribuies

TTL {only for BT traghic)
PreviousHoplD
PreviousHopEnergy
Meighbor fafomotion Tabie Updote Flag
RT-gradient_UpdateF Lag (RUF)
BE-gradient_UpdateF lag (BUF)
radh

HopCount (HZ)
PreviousNFE
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Neighbor Information Entry

[ Hode # ] = [ Sink # ] =% [ Weighbor # ]
Neighbor Arribires

Neigbor ID

Enercgy

I5e il

BreakageF lag
RT-gradient and BE-gracdient

RT_HopCount
BT _MPE

BE_HopCount
EE_MPE

Lowesi-Laten cp-gradient
ETE_Delay (onlp for traditiona DD filter)
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Infermediate Node Handles Tnterest Packet with BUF Set
Stepl: Get Infromation from Interest Packet

Sinkify the identifer of the sink node

ISegNurm: mterest Sequence Mumber

FTEL. time to live, only used by BT waffic

PreviousHoplD the wdentifer of the previows hop nods

RUF: RT-gradient_UpdateF lag

BUF: BE-gradient_UpdateFlag

HopConnt. hop count of the path fom smk 10 fhis node.

PreviousWPE: he Minirmim-Fath- Energy of the path from sk to previous hop node

step 2 : Find NIE in NIT according o PreviousHoplD

NIT: Heigbhot Information Tatle
MIE: Meghbor Informstaon Entry

Step 3: In the NIE, update gradient for best-effort traffic

Step 4 : Decide whether the interest should be broadcast or not , and update the BE Flow Entry
CarrentMPE! the Min-Path-Energy of the path from sink to thes node The path traverges the previous-hop node
MexMPE: maximn MPE among all the previous-hop nodes. [1's updated based on CurrentMPE
HC with MaxMPE: hop count of the path snth MaxDPE.

Pote: Mo FE and BT with_MacWPE are hest gradients for BE traffic in the history of armiving interest packets =

CrurrentMPE = mingSell Energy, PreviousMFE);
Case I: "First time to receive the iterest with new SikID or Flow-id or ISeqNue"™:
MoaxMFE = CurrentMPE;  HC with_MoxMPE = HepCounly NextHopNode = this node
™ Update BE flow endry*/
Case BE-1. "CurreriMFPE = Mo FE"
MaxhFE = CurrentMPE: HC with iacMPE = HopCatmt; NewtHopNode = this node
= Update BE flow entry*f B
Case BE-2: "(CurrentMFE == Mocld PEM:&iHop Covnt < HC with Moo PE)
HC with_MaxMFPE = HopCunl; NextHapNade = this node
™ Update BE fow antep*f

Step 5: If one of the above three cases happens, update the interest packet and broadeast it

[10] BE G315 b (ile 0 8 5,55 5 o2 5801 VY IS5
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Intermediate Node Handles Interest Packet with RUF Set
Stepl: Get Infromation from Interest Packet
Step 2 Find NIE in NIT accor -:Iing to PreviousHopID
Step 3 : In the MIE, update gradient for real-time traffic
Step 4 : Decide whether the interest should be broadeast or not , and update the 88 Fioy Entry

Al H O rimarriem hop counl samong all the presions-hop nodes
MPE with MinHC: CurrentMPE of the path with MinHC
Fhlote: MMHC and MFE with MiHCare best gradients Tor BT traffic in the history of armving nterest packets *f

CurrentdFE = minfSelf Energy, FreviousMFE);
Case £ “First time fo eoeive the inferest with new FinklD or Flow-id or [SegMam®:
MinH = Hop ot MEPE with_MinHC = CurnentdPE;
f* Usdate RT flow entrp!
Case Ri=1 ; "HopCound < MinHCO™:
MinHC = Hop oty MPE with MnHC = ChrremtdPE;
* Undate RT flow entry*
Cuse RT2 :  “(HopCoest == MinHC)E&(CrurrertMPE > CurrettidPE with MinHC)™:
FE with MnHC = CurreitMFE;
1* Updesia RT flow anfrp®!

Step 5: If one of the ahove three cases happens, update the interest packet and broadcast it.
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RT-Repair Mechanism

Afin AL MAmznwrn Hop Count Peer Node the node whose hop-count 15 equal to MinHC +1
PeerTiansmision Flag: set in the data packes when an mtermedsate node foremand if to s peer node
AN feilable Hegghbor, includes: (1) MmHC neighbior, (3) peer neighbor

LW, Those who do not belong to AMs are desmed as unevailable Hesghbors

HEAE Mumber of U HAN Pumber of AM

TFReg Flag Interesi Flooding Request Flag

If the pformation feadback from MAC Laye rindicates the nect hop node fails to transmit BT datn packet
Step 1o Ser it az brealnge neighbor;
Step 2: /*Determines possible ANs fo eveure ra logp™/
If (PeerTransmesionFlag == 1), Az = {MinHC neighbors )
I* data packet & sent by 5 peer noae™
Elge AN = {MinHC neighbors) || {peer neighbors )
Step 3: [f (HAN == 0)
Drop BT data packet, flocd Sreaiage Nofification Packet inmed mtely.
Else
Find the best nedt hop node among ANs;
If (RAN == [} Set IFRegFlag @1 the RT daix packer header;
A (the next iap & o peer node) Set FeerTrarsmissionFlag n BT dota packert header;
Retransmit the ozt data packet.

[10] RT 315 55 oLk e o VYT
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75 Dizjont Proactive (Improved) o 07 infainfa o 3 45 3.5 4.2
75 Disjont Proactive (Improved) 50 : 0.7 infainfa 4] 3 52 39 36
75 Disjont Proactive (Improved) o 1 2 infa o 3 34 3.1 5
75 Braided Prosctive 4} 1 nfai 2 1 3 36 3.7 5.2
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75 Braided Proactive o 1 2 2 1.2 3 3.4 3.1 7
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100 | Disjont Proactive (Improved) 50 1 infa:infa 4] 4.6 6.6 5B 2
130 | Disjont Proactive (Improved) o 07 infainfa o 4.4 2.6 6.5 3
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200 Greedy o 1 nfainfa o 154 | 154 | 154 1
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Abstract

Directed diffusion (DD) is a data-centric routing protocol, based on purely local
interactions between individual network nodes. This protocol uses application-specific
context for aggregation and data dissemination. Therefore it can be completely matched
to our application requirements in a large distributed sensor network. So, many works
have been recently done to improve the energy efficiency of this protocol.

In this paper, an extension to DD is presented in order to construct multiple paths
between sinks and sources. Using this method, load-balancing is implemented to increase
the life-time of the sensor nodes, collaborating in the routing process. Our routing
protocol, MDD (Multi-path directed diffusion) can produce more than one disjoint or
braided paths and spread the data collected in the sources, properly between them
according to their length and remaining energy. In this way, efficient load balancing has
been implemented. Our protocol simulation results show that through using MDD, the
lifetime of network connections between sources and sinks will be increased and interest
flooding rate can be reduced which is proved to be an expensive operation.

DD, uses mechanisms such as data aggregation and in-network processing to
suppress the additional data overhead however there is no guarantee that paths from
nearby sources join after a few hops. In cases where sensed event is spread
geographically, the probability of such combination is reduced. Another problem arises
in presence of many sources nodes near a single event. In DD for path construction, each
source floods a distinct exploratory data (ED) through the network, thus a significant
amount of network energy is consumed for flooding ED packets although it is not
neccesary for each source to repeat this procedure separately.

The ODCP protocol is proposed to address these two problems: late-aggregation
and distinct ED-flooding. In our local clustering protocol, early aggregation and limited
ED-flooding can be achieved by using a virtual sink (VS) near the sources which plays
the role of sink node and broadcasts local interest messages. Therefore the data packets
are sent initially to the VS node and then routed toward destination. Although in
simulations we did not consider the improvements gained by early-aggregation, the
results show that using this method, connection life-time between source and sink will be
increased significantly (up to three times better than directed diffusion).

Keywords

wireless Sensor networks, multipath routing, on-demand clustering, energy
efficiency
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