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Abstract— Mobility, channel error, and congestion are the main  alternate path can be found quickly in case the existing is
causes for packet loss in mobile ad hoc networks. Reducing proken. The tradeoff, as compared to single-path routing, is
packet loss typically involves congestion control operating on the myltiplied overhead due to concurrent maintenance of such

top of a mobility and failure adaptive routing protocol at the .
network layer. In the current designs, routing is not congestion- paths. Furthermore, the use of multiple paths does not balance

adaptive. Routing may let a congestion happen, which is detected routing load better than single-pathing unless we use a very
by congestion control, but dealing with congestion in this reactive large number of paths (which is costly and therefore infeasible)
manner results in longer delay and unnecessary packet loss [15].

and requires significant overhead if a new route is needed. . . . - .
This problem becomes more visible especially in large-scale There is another dimension for categorizing routing

transmission of heavy traffic such as multimedia data, where Protocols: congestion-adaptiverouting versus congestion-
congestion is more probable and the negative impact of packet unadaptiverouting. The existing routing protocols belong to
loss on the service quality is more of significance. We argue that the second group. In this paper, we propose a new routing
routing should not only be aware of but also be adaptive to nrotocol that belongs to the first group. We name the proposed
Cv?tt":vgmﬁogr%%gr'ggé_ln this paper, we propose a routing protocol 4,04 CRP Congestion-adaptiviouting Protocol).
Our motivation is that congestion is a dominant cause
I. INTRODUCTION for packet loss in MANETSs. Typically, reducing packet loss
o _ _ . involves congestion control running on top of a mobility and
Routing in mobile ad hoc networks (MANETS) is an im+ajjyre adaptive routing protocol at the network layer. Routing
portant problem in need of a solution that not only workfay let a congestion happen, which is later detected and
well with a small network, but also sustains efficiency andangled by congestion control. Congestion unawareness in

scalability as the network gets expanded and the applicatigfting in MANETs may lead to the following problems:
data gets transmitted in larger volume.

Different dimensions can be used to categorize routing®
algorithms in MANETSs:proactiverouting versuson-demand
routing, or single-pathrouting versusmulti-path routing. In
proactive protocols [2], [11], routes between every two nodes
are established in advance even though no transmission is
in demand. This is realized by a node periodically updating *
its neighbors with the routing information it has known thus
far, hoping that every node eventually has a consistent and
up-to-date global routing information for the entire network.
This approach is not suitable for large networks because®
many unused routes still need to be maintained and the
periodic updating may incur overwhelming processing and
communication overhead. The on-demand approach (e.g., [1],
[4], [7], [12]) is more efficient in that a route is discovered
only when needed for a transmission and released when the
transmission no longer takes place. However, when a link is
disconnected due to failure or node mobility, which occurs The above problems become more visible in large-scale
often in MANETS, the delay and overhead due to new routeansmission of traffic intensive data such as multimedia data,
establishment may be significant. To address this problewhere congestion is more probable and the negative impact
multiple paths to the destination may be used as in multf packet loss on the service quality is more of significance.
path routing protocols (e.g., [6], [8], [9], [13], [14]). An Unlike well-established networks such as the Internet, in such

Long delay It takes time for a congestion to be detected
by the congestion control mechanism. In severe conges-
tion situations, it may be better to use a new route. The
problem with an on-demand routing protocol is the delay
it takes to search for the new route.

High overheadIn case a new route is needed, it takes
processing and communication effort to discover it. If
multi-path routing is used, though an alternate route is
readily found, it takes effort to maintain multiple paths.
Many packet lossesMany packets may have already
been lost by the time a congestion is detected. A typical
congestion control solution will try to reduce the traffic
load, either by decreasing the sending rate at the sender
or dropping packets at the intermediate nodes or doing
both. The consequence is a high packet loss rate or a
small throughput at the receiver.




TABLE |

a dynamic network like a MANET, it is expensive, in terms of
PRIMARY ROUTING TABLE

time and overhead, to recover from a congestion. Our proposed

CRP protocol tries to prevent congestion from occurring in the[ Attribute | Description ]
first place and be adaptive should a congestion occur. Our dst destination
ns-2 [10] simulation results confirm that CRP significantly | hotpt ”eift ”Ofeton t?‘fhp”ma;Y route -
. . i op.status congestion status o e next primary nop
'mPrOYeS the packet loss rate and en_d to-end de'a}’ .Whl' prob probability to forward a packet to the primary link
enjoying small protocol overhead and high energy efficiency| bypassdst destination of the bypass route
as compared to AODV and DSR. bypasshop next node on the bypass route

The remainder of this paper is organized as follows. Next,| 2ypassstatus congestion staus of the bypass route

. . greenhop next node on the primary route that is green

we present the protocol details of CRP. We provide the[—greenmetric distance to greehop in hops

results of our performance study in Section Ill. The paper
is concluded in Section IV with pointers to our future work.

Il. CONGESTIONADAPTIVE ROUTING between the sender and the receiver. Nodes along this route

CRP is a congestion-adaptive unicast routing protocol f§f€ calledprimary nodes
MANETSs. Every node appearing on a route warns its previousEaCh node has two routing tables: primary table (denoted as
node when prone to be congested. The previous node ugekab) and bypass table (denoted @sl'ab). prTab is used
a “bypass” route for bypassing the potential congestion arkadirect packets on the primary route whileTab directs
to the first non-congested node on the primary route. Trafi@ckets on bypass routes. ThisT'ab = () for a node that
is split probabilistically over these two routes, primary anf0€s not appear on a bypass route of any connection. We
bypass, thus effectively lessening the chance of congestil§l revisit brT'ab later in subsection II-C. FoprTab, the
occurrence. CRP is on-demand and consists of the followiA§fibutes are described in Table I. An entry jmTab is
components: (1) Congestion monitoring, (2) Primary routéhique to a destination node. We denotezy ab[N, R] the
discovery, (3) Bypass discovery, (4) Traffic splitting an@ntry for destination? in the routing table of nodeV, and
congestion adaptivity, (5) Multi-path minimization, and (6p71ab[N, R].attr the value for attributettr.
Failure recovery. We present the details of these constituenti© reduce traffic due to primary route discovery and better

components in what follows. deal with congestion in the network, we employ two strategies.
_ o First, a REQ is dropped if arriving at a node with a "red”
A. Congestion Monitoring congestion status. Second, if a REQ for receikearrives at

When the number of packets coming to a node exceeddlodeN, this node may already have an entry fliras a
its carrying capacity, the node becomes congested and sté@glt of a previous connection establishment. In this case,
losing packets. A variety of metrics can be used for a nodiést needs to forward REQ torTab[N, R].hop — the next
to monitor congestion status. Chief among these are tRBmary node ofN towards destination?. Broadcasting is
percentage of all packets discarded for lack of buffer Spa(%/,()ided, and therefore we do not send too much traffic over
the average queue length, the number of packets timed 8ift network.
and retransmitted, the average packet delay, and the standaf@n receipt of a REP initiated by destinatidt) a node N
deviation of packet delay. In all cases, rising numbers indicads a new entry forz, or replaces the old entry with the
growing congestion. While any of these methods can woR€W one, intoprTab. The entry forR is removed if no data
with CRP in practice, we adopt the following simple metho@acket destined foR arrives orprT'ab[N, R].hop is not heard
as an example in the paper. A node periodically checks tRgafter a certain timeout period.
occupancy of its link-layer buffer. The congestion status is ,
determined based on the ratiobetween the the number ofC' Bypass Discovery
packets currently buffered to the buffer size. A node is said A node N periodically broadcasts a UDT (update) packet
to be “green” (i.e., far from congested), “yellow” (i.e., likelywith TTL = 1. The UDT packet containgV's congestion
congested), or “red” (very likely or already congested)-if status and a set of tupleddstinationR, next green nodé,
< 1/2,r € (1/2, 3/4], orr € (3/4, 1], respectively. As later distance to green node:], each for a destination appearing
discussed, a bypass is a path from a node taétst green in prTab[N]. This packet is created by ProcedureateUDT
node The next green node is the first “green” node at leashown in Figure 1. The purpose is that when a nddesceives

two hops away downstream on the primary route. a UDT packet from its next primary nod®,.,; regarding
i ) destinationR, N will be aware of the congestion status of
B. Primary Route Discovery N,...: and learn that the next green nodeisvhich ism hops

The sender discovers the route to the receiver in a simpl@ay on the primary route. This information is crucial in case
way. It broadcasts a REQ packet toward the receiver. Thebypass is needed. The primary table is updated accordingly
receiver responds to the first copy of REQ by sending backaa shown in ProceduneecvUDT in Figure 1. An exception
REP packet. The REP will traverse back the path that the REQplies to the node immediately before destinatibri~or this
previously followed. This path becomes tipeimary route nodeprTabl., R].green_hop = R, prTab[N, R].hop_status =



TABLE I
BYPASSROUTING TABLE

[ Attribute Description
dst final destination
bypasssrc start node of bypass route
hop next node on bypass route
status congestion status of bypass route

“green”, andprTab|., R].green_metric = 1. For every other
node, prTab|., R].green_hop is set to—2 initially, meaning
that this information is not yet available.

Procedure createUDT at nodé
output:packep = (s, set of [R, G, m])
s = current congestion status &f
for (each destinatiorR in prTab[N])
Nyeqt: NEXt primary node
if( Npezt 1S green ORN, ¢y IS R)

G = Nnemt
m=2
else

G = prTab|N, R].green_hop
m = prTab[N, R].green_metric + 1

Suppose that a nod& receives a UDT packet from its add [R, GG, m] to packetp
next primary nodeV,,..; (regarding a destinatioR). If N,,c.
is yellow or red, a congestion is likely ahead if data packets
continue to be forwarded on linK — N,,..:. Since CRP tries
to avoid congestion from occurring in the first pla¢eé,starts
to discover a bypass route toward no@e- the next green
node of N known from the UDT packet. The bypass search
is similar to primary route search except that: (1) the bypass
request packet's TLL is set to 2 m (m is the distance from
N to G on the primary route), and (2) the bypass request is
dropped if arriving at a node (neith&f nor GG) already present
on the primary route. Thus it is not costly to find a bypass and
the bypass is disjoint with the primary route, except that they
join at the end node& andG. It is possible that no bypass
is found due to the way the bypass request approachéds Fig. 1. Algorithms to determine the next green node
this case, we continue using the primary route. However, [3]
finds that the chance for a “short-cut” to exist from a node to
another on a route is significant. p = prTab|N, R].prob = 0.5 and follow bypass linkv" —

Aforementioned in subsection 1I-B, a node maintdin&ab prTab[N, R].bypass_hop with an equal chance (¢ p = 0.5).
- a bypass routing table to direct packets along bypass patHence, this traffic splitting effectively reduces the congestion
This table, whose attributes are described in Table Il. Eastatus at the next primary node.
entry in brTab is identified by a tuple{destination dst To adapt with congestion due to network dynamics, the
bypass sourcbypasssrc}. Similar to the primary routing table probability p is modified periodically based on congestion
prTab, an entry oforTab is removed if, after a certain timeoutstatus of the next primary node and the bypass route. The
period, no data packet corresponding to this entry arrives @vngestion status of a bypass is the accumulative status of
the next bypass node is not heard of. Bypass routing tabisery bypass nodes. For instance, in the bottom diagram of
are only used by bypass nodes. Figure 2, the status of the bypass route—~ X — Y — C

] . ) B is red. The basic idea is that we should increase the amount

D. Traffic Splitting and Congestion Adaptability of traffic on the primary link if the primary link leads to a

Now that the bypass at a node has been found, data packess congested node and reduce otherwise. The probability
coming to this node are not necessarily spread over the bypadgistment policy is described in Table III.
and the primary link. Indeed, as long as the next primary We now work on an example demonstrated by Figure 2,
node is not red, no packet is forwarded on the bypass. Thikere the bypass froml is A — X — Y — C, from B
is because the primary route is still far from congested alB — Y — Z — E, and fromD is D — W — F. We
we do not want to impose any unnecessary burden on ttart from the top diagram and suppose that nBdis aware
bypass nodes. We find bypass proactively as we can usefitC’ becoming red.B adjusts the probability to forward on
immediately if the next primary node becomes red (indicatinge primary link B — C to 0.5 — 0.5/2 = 0.25 because the
severe congestion). bypass congestion status is green. Similarly, if nédé&arns

Let us consider a nod® on the primary route from senderthat its bypass becomes yellow, it will change the probability
S to receiverR and assume that a bypass frévto the bypass to forward on linkD — E to 0.4 + 0.6/3 = 0.6. The new
destinationprTab[N, R].bypass_dst is currently maintained probability values are shown in the middle diagram. Now,
but unused. When the next primary node &f (i.e., node suppose that node becomes red and nodésandW remain
prTab[N, R].hop) first becomes red, incoming packets willgreen, the new probability values on link — B, B — C,
follow primary link N — prTab|N, R].hop with a probability and D — E, shown on the bottom diagram, are changed to

Procedure recvUDT at nod¥

input: packetp = (s, set of [R, G, m])

from: node N’

for (each destinatiorR in p)

if( N’ is the next primary node ol regardingR)

prTab|N, R].hop_status = s
prTab[N, R].green_hop = G
prTab[N, R].green_metric = m




F. Failure Recovery

A desirable routing protocol should gracefully and quickly
resume connectivity after a link breakage. CRP is able to
C becomes red: probabilities on. W becomes yellow: probabilities do .SO by taklng advantage Of.the bypass rO.Utes Currently
Jink BC and BY are adjusted l on link DE and DW are adjusted available. There are three main cases of failures and we
address them below. For ease of presentation, we consider
only one connection with sendér and receiverR. Figure 3
demonstrates these cases, where the bypass BdamB —

Y > DandfromAisA—-X —-Y —- Z — E.
Y becomes red: probabilities on* E and W remain green: probabilities on 1) A primary link fails (Figure 3(a)):When a primary link
link AB and AX are adjusted l DE and DW are adjusted fails, say link D — F, its initial node sends a DISC packet
L2 @205 005 2T (e L0, 10 upstream towards the sender along the primary route. DISC
records the nodes it visits. DISC stops at nodes that have a
@ bypass. If a node receives the DISC (ndgleand finds that its
bypass destination (nodR) is included in DISC, the bypass
cannot be used because it leads a node before the failed link.
Fig. 2. Examples of spliting probability being adjusted adaptively téN this case, DISC is further forwarded upstream. Eventually,
congestion DISC will stop at a node (nodel) with a bypass whose
destination (nodekr) is after the failed link, or DISC will
reach the sende$. In the latter case$ finds a new primary
0.8 + 0.2/4= 0.85 (because we assume naBds currently route to R as in subsection II-B. If the former case occurs,
yellow), 0.25+ 0.75/2= 0.625 (because we assume nade the bypass will be used as the primary route.
is currently green), and 0.6 0.4/2= 0.7, respectively. 2) A bypass link or bypass node fails (Figure 3(b)}his
Although a bypass and the primary route cannot includ@se is handled simply. The bypass node (nGji¢hat detects
more than two common nodes, we allow different bypadbis failure sends a BPBISC packet upstream along the
paths to share nodes. For instance, bypass node Figure bypass until it reaches a primary node (no#le The bypass
2 belongs to two bypass paths. The rationale is that enabliwgl be removed. Note that in Figure 3(b), the bypdss— Y
bypass paths to share nodes increases the chance to discevdp is not removed because the BBSC only visits nodes
a bypass. A bypass node may become too congested if it Haat correspond tddestinationR, bypass sourcel}.
to carry large loads of bypass traffic. This case is handled by3) A primary node fails (Figure 3(c))This case is consid-
our congestion adaptation explained above: this node will bged as a combination of the two cases above. If a primary
eventually removed. We will discuss this kind of problem imode detects this failure, e.g., node, it sends a DISC
the following subsection. upstream along the primary route. If a bypass node detects
this failure (nodeZ), it sends a BP®ISC upstream along

) o the bypass until reaching a primary node. When a primary
E. Multi-path Minimization node with a bypass (nodé) receives DISC, it waits a period
to see if a BPDISC is coming. If BPSDISC comes, the

To keep the protocol overhead small, CRP tries to mm'm'zb%/pass is removed and DISC will be forwarded upstream along

the use of multiple paths. IprTab[N, R].prob approaches : o L
1.0 (e.g., within a pre-defined threshold), this means tI%uEee primary route. From then onwards, it is handled similar to

@ O O
Red VYellow Green 1.0

However, it is possible that BPBISC comes late. In this
) dei ted. In thi h ; i 5se, it will be ignored, but the bypass that we just converted
primary node IS very congested. 1n this case, he primary fiy primary actually remains broken at the failed node. This

is disconnecied and the bypass becomes primary. In e|t$ flure will be detected and fixed shortly because another DISC

case, all the bypass nodes are informed of the decision arﬂ;l%ket will be sent back (from nod), as in Case 1
their routing tables are modified accordingly. ' ‘

To further reduce the use of multi-pathing and keep the
protocol simple, CRP does not allow a node to use more [1l. PERFORMANCESTUDY
than one bypass. Therefore, the bypass route discovery is
only initiated by a node if no bypass currently exists at this We implemented CRP using the Network Simulator Ns-2
node. The protocol overhead for using bypass is also reduaesision 2.27 [10] with the CMU Monarch wireless extensions.
because of short bypass lengths. A bypass connects to the fivst compared CRP to DSR and AODV, two of the most pop-
non-congested node after the congestion spot, which shoulduter MANET routing protocols. We present our observations
just a few hops downstream. in this section.

prTab[N, R].prob approaches zero, this means that the ne



TABLE Il
SPLITTING PROBABILITY ADJUSTMENT FOR CONGESTION ADAPTION

Congestion bypass status green | bypass status yellow | bypass status red
next primary node igreen | p:=p + (1—p)/4 p=p+(1-p)/3 |p=p+(1-p)/2
next primary node iyellow p unchanged p unchanged p=p+ (1—p)/4

next primary node ised p=p—(1-p)/2 p:=p— (1—p)/4 | find another bypass
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(c) Node E on primary route fails: A forwards DISC upstream .
B. Performance Metrics

Fig. 3. Failure recovery: Bypass froff is B — Y — D and fromA is We considered the following important metrics for the eval-
AmX=YV =28 uation: (1) Data Packet Delivery Rati(?) End-to-End Delay

(3) Normalized Routing Overhedthe ratio of the amount in
bytes of control packets transmitted to the amount in bytes
) ) of data received), and (4) Normalized Power Consumption

The network consisted of 50 nodes in a 1500r800m rect- (the ratio of the amount in bytes of both control and data

angular field. The radio model used was Lucent's WaveLAf,ckets transmitted to the amount in bytes of data received). A
radio interface whose nominal bit rate is 2Mbps and radigsjraple routing protocol should offer a small packet delivery

range 250m. The MAC layer was based on IEEE 802.11 DGhtjo, small end-to-end delay, small routing overhead, and low
(distributed coordination function). The interface queue at the,yer consumption.

MAC layer could hold 50 packets before they were sent out

to the physical link. The routing buffer at the network layef- Simulation Results

could store up to 64 data packets. The results were collected as average values over 10 runs of
We used the random waypoint mobility model [5]. [7}each simulation setting. In what follows, the numeric results

suggested that by setting the maximum node speed to 4rafe demonstrated in figures. The percentage improvement of

we could cover most mobility effects by just varying theCRP over DSR and AODV is summarized in Table IV.

pause period. Therefore, we used this maximum speed andror end-to-end delay, we computed the average, worse-case,

considered a highly mobile network by setting the pause periadd standard deviation values, which are shown in Figure 4,

to zero. Two simple ways can be used to illustrate differefigure 5, and Figure 6, respectively. In all of these measures,

traffic loads: (1) fix the packet rate and vary the number &RP outperformed DSR and AODV, especially when the

connections, or (2) fix the number of connections and vary thetwork traffic was heavily loaded. If we used DSR, every

packet rate. We employed the latter approach. Each simulatiteta packet carried the entire route information, thus making

run lasted 300 seconds, during which 20 connections wehe network severely congested. Consequently, DSR suffered

generated and remained open until the simulation ended. e worst delay.

each connection, the source generated 512-byte data packeODV would result in a less congested network because

at a constant bit rate (CBR). This rate was varied among 1,rigither data nor control packets need to include the entire

A. Simulation Configuration




TABLE IV
IMPROVEMENT OFCRPOVER DSRAND AODV: POSITIVE VALUES MEAN IMPROVEMENT. E.G., 39.28%MEANS 39.28%BETTER

Rate | over DSR | over AODV over DSR over AODV | over DSR| over AODV | over DSR| over AODV
Avg. delay | Avg. delay | Delivery ratio | Delivery ratio | Overhead| Overhead Energy Energy
1 28.57% 0% -2.8% -1.00% -15.3% 16.66% -6.7% -2.20%
5 73.39% -5.67% 12.24% -10.61% S77.77% 13.51% 37.88% -5.79%
10 69.98% 26.22% 42.04% -2.8% -31.57% 26.47% 48.54% 1.65%
20 68.93% 22.16% 78.51% 11.51% 0% 39.28% 57.08% 14.34%
40 75.17% 28.48% 118.37% 23.53% 50% 50% 62.08% 22.26%
Mobility pause 0 second Mobility pause 0 second
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) Fig. 6. Uniformity of end-to-end delay
Fig. 5. Worse-case end-to-end delay

. . . . Mobility pause 0 second
route information. However, when the traffic load was high,

AODV could not handle congestion. In contrast, CRP dis-

tributed traffic over the primary routes and bypass routes. 0.86
Congestion was better resolved and therefore CRP offered the 2
shortest end-to-end delay, on average and in the worst-case ﬂE 0.66
scenario. For instance, when the packet rate was higher than 10 ¢ 046
packets/s, CRP improved over AODV by 57.28% and 26.22% s
in the worst case and on the average delay, respectively. The & o026
improvement over DSR was even more significant (75.32% s 0.06
and 69.98%, respectively). An interesting observation was that ' . 5 10 20 40
the delay variation in CRP was less than that of DSR and Packet rate per source (packets/sec)
AODV (Figure 6), making CRP more suitable for multimedia e CRP _=_DSR —a _AODV
applications.
In regard of data packet delivery ratio (Figure 7), both
AODV and CRP performed better than DSR. Packets lost due Fig. 7. Data packet delivery ratio

to congestion in DSR were more than in the other protocols.

When the packet rate was small (1 or 5 packets/s), AODV

delivered a few more data packets than CRP. This was becaggg than AODV did in heavily loaded networks, but CRP

network load was not yet heavy. But if more data wergcurred less routing overhead (Figure 8). Especially, when

transmitted from the source, CRP delivered more successfutlye packet rate was 40 packets/s, while CRP delivered 23.53%

Indeed, CRP successfully delivered 11.51% and 23.53% men@re data than AODV did, the former incurred a normalized

data than AODV when the packet rate was 20 packets/s agishtrol overhead only half of AODV's. It is because, upon link

40 packets/s, respectively. The reason, again, was the abilitgakage, while AODV tried to establish a new route to the

of CRP to adapt to network congestion. destination by broadcasting a route request, CRP tried to make
It is important to notice that not only CRP delivered morese of an available bypass. Therefore, route requests were sent



Mobility pause 0 second

than dealing with it reactively. A key in CRP design is the
bypass concept. A bypass is a sub-path connecting a node
and the next non-congested node. If a node is aware of a

0.42 . . g .
o 07 N potential congestion ahead, it finds a bypass that will be used
8 /\ in case the congestion actually occurs or is about to. Part
g 032 V7N of the incoming traffic will be sent on the bypass, making
> 0% 7/ ~ the traffic coming to the potentially congested node less. The
5 - congestion may be avoided as a result. Because a bypass is
€ 017 g removed when the congestion is totally resolved, CRP does
§ 012 === <o not incur heavy overhead due to maintaining bypass paths.
0.07 T T T T The bypass maintenance cost is further reduced because a
1 5 10 20 40 bypass is typically short and a primary node can only create
Packet rate per source (packets/sec) at most one bypass. A short end-to-end delay is also provided
—+—CRP —=— DSR —a—AODV | by CRP. Indeed, since CRP makes the network less congested,
the queueing delay is less. Furthermore, since recovery of a
Fig. 8. Protocol Overhead link breakage is realized gracefully and quickly by making
use of the existing bypass paths, the delay due to new-route
establishment is also low.
Mobility pause 0 second Our future work will be focused on optimization techniques
for CRP and how different congestion predication and control
20.05 mechanisms cooperate with CRP to better reduce congestion
§ 1805 —— in MANETS.
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less often in CRP. One could argue that it costs some overhe
to maintain bypass paths in CRP. However, this overhead Is
kept small because of the way we minimize the use of multiple

paths as discussed in Section II-E. 8]

Energy efficiency is crucial to any MANET. AODV and
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loaded networks, when DSR consumed even greater power
(Figure 9). As mentioned earlier, CRP carried less contridp]
traffic. Therefore, the fact that CRP’s energy efficiency w ¢
higher than AODV'’s implies that CRP forwarded less data

traffic. Interestingly, the amount of data received in CRP wé¥]
higher. This convinced us that being adaptive to congestion
helps increase both the effectiveness and efficiency of routings]
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