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ABSTRACT

An ad hoc network consists of nodes with limited energy. Therefore, the data transmission can fail abruptly
due to lack of energy of transmitting node. A previous work PAMP proposed to build multiple low-energy
paths to support stable packet delivery exploiting the nodes with low energy. It has energy-reservation scheme
and multi-path selection scheme for stationary wireless ad hoc networks. In this paper, we propose an extended
version of PAMP'" by incorporating network coding opportunity in path selection process. The simulation
results show that our proposed scheme shows better packet delivery ratio and lower energy consumption

compared with PAMP and a legacy energy-aware multipath routing protocol REAR.
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checkNCOpportunity(RREQ p)
IF getNCOpp(p) == 1 AND getNCConf(p) == 0 THEN
/* the first case explained in IIL.1.Ct */
IF there is a flow whose next hop is prevHop(p)
THEN
setNCConf{(p)
/* network coding available path */
ELSE /* the second case explained in IIL.1.C} */
resetNCOpp(p)
ENDIF
ENDIF

IF getNCOpp(p) == 1 AND getNCConf == 0 THEN
/* the third case explained in IIL.1.C} */
IF there is a flow whose next hop is prevHop(p)
THEN

setNCOpp(p)
ENDIF

ENDIF
RETURN with p

T2l 9. F7b kT4 RREQE FAIHS o Az] 3
Fig. 9. The procedure when the intermediate node
receives a RREQ
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/* The RREQ LIST is divided into two parts: the first
part has the RREQs that represent network coding
possible paths and second part has the other RREQs */
/* put the newly received RREQ in the proper position
in RREQ LIST */
pushRREQ(receivedRREQ p)
FOR noNCptr = a RREQ in RREQ LIST DO
IF getNCConf(noNCptr) != TRUE THEN
BREAK
/* select the RREQ that lies at the boundary of the
first and second parts in RREQ LIST */
ENDIF
ENDFOR

IF getNCConf(p)==TRUE THEN
/* if NCConf of RREQ p is 1 */
FOR temp = a RREQ in RREQ LIST between the
head and noNCptr DO
IF E PATH(temp) < E PATH(p) THEN

BREAK
ENDIF
ENDFOR
ELSE
FOR temp = a RREQ in RREQ LIST between

noNCptr to the tail of the list DO
IF E_PATH(temp) < E_PATH(p) THEN
BREAK
ENDIF
ENDFOR
ENDIF

INSERT(p, temp)

/* put the received RREQ in front of temp RREQ
in the RREQ_LIST */
STOP

3% 10. EA-A]l|4] RREQE FAldE o) #=|34
Fig. 10. The procedure when the destination receives a
RREQ
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networkCoding()
p = dequeue()
/* fetch a packet p from the network interface queue */
FOR pt = a packet in the queue DO
IF nextHop(p) == prevHop(pt) AND
nextHop(pt) == prevHop(p) THEN

pt = pick()
/* pick out pt from the queue that is
network-codable with p */
p = doNetworkCoding(p, pt)
/* perform the random linear coding */
BREAK
ENDIF
ENDFOR
RETURN with p

T2 11, 22 2 Ee|A] dlefe] A A
Fig. 11. The data delivery procedure at the coding point
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recvPacket()
p = recv()
IF destination(p) is not itself THEN
/* if p is overheard packet */
put p at the tail of overhearing queue
ELSE
IF isNetworkCodedPacket(p) == true THEN
p = decodeNetworkCodedPacket(p)
/* call the decoding function to get an
innovative packet */
ENDIF
ENDIF
RETURN with p

decodeNetworkCodedPacket(codedPacket p)
uidl = getFirstCodedPacketUID(p)
uid2 = getSecondCodedPacketUID(p)
IF (overhearing queue is empty) THEN DO
wait Teoding
/* extract the packet ids coded in the packet */
FOR pt = a packet in the overhearing queue DO
/* if the id of the overheard packet is either
uidl or uid2, decoding is possible */
IF getUID(pt) == uidl OR
getUID(pt) == uid2 THEN
p = decoding(p, pt) /* perform decoding */
BREAK
ENDIF
ENDFOR
RETURN with p

T8 12, F7 wmeld Tlad Sal 9

Fig. 12. The decoding procedure at the intermediate
node
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