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Abstract— Recently, we have proposed an energy saving
Gossip-based Sleep Protoc@BSP) [1] for energy conserva-
tion in mobile ad hoc networks. A gossiping node employs
a random variable (p) to decide whether or not to enter a
sleep mode. Our observation is that in a well connected ad
hoc network there are usually many paths existing between
a source and a destination, so a percentage)(of the nodes
may be in an energy conserving sleep mode without losing
network connectivity. However, putting nodes into a sleep
mode may interrupt the ongoing traffic. This can result in
a long packet delay and a large packet loss rate. In this
paper, we extend GSP to consider the ongoing traffic before
changing the radio mode of a node. We term ifTraffic-aware
GSP (T-GSP) and show its advantages through simulation
studies.

Index Terms—energy efficiency, ad hoc network, gossiping,
sleep mode

I. INTRODUCTION

Reactive routing creates and maintains routes only
when desired by the source node. Therefore, it's also
known as on-demand, source-initiated, or demand-driven
routing [6]. When a node requires a route to a destination,
it initiates a route discovery process within the network,
typically, by some form of flooding. This process is
completed once a route is found or all possible route
permutations have been determined. Once a route has
been established, it is maintained by a route maintenance
procedure until either the route is no longer desired or the
destination becomes inaccessible. Compared to proactive
routing, reactive routing consumes far less bandwidth for
maintaining the routing tables at each node when only
a small subset of all available routes is in use at any
time, at the expense of high overhead and delay in setting
up the route. Proposed reactive routing protocols include
DSR [7], [8], AODV [9], and TORA [10]. A review of

In an ad hoc network, mobile nodes must cooperatgd hoc routing protocols is given in [6].

to dynamically establish routes using multihop wireless Since most mobile hosts are not connected to a power
links. There is no stationary infrastructure and each nod&upply and battery replacement is difficult, optimizing
acts as a router. A packet may have to be forwarde@nergy consumption in these networks has high priority.
by a sequence of nodes to reach its destination. Manfzonventional ad hoc routing protocols, as introduced
routing protocols have been proposed to solve the dyabove, require all nodes keep listening even if there is
namic multihop routing problem in ad hoc networks. o traffic or neighbor nodes are totally redundant for
There are two general classes of routing protocols foeach other. Obviously, this wastes energy and significantly
ad hoc networks, proactive routing and reactive routingreduces the lifetime of the nodes as well as the network’s.
Proactive routing protocols attempt to maintain consistentn this paper, we propose a method for improving the
up-to-date routing information from each node to everyenergy efficiency of ad hoc networks by employing a
other node in the network. Such protocols are termed@tatistical sleep mode while considering ongoing traffic.
proactive because they store route information before it can also be used in sensor networks, which can be seen
is needed. Proactive protocols suffer the disadvantage @ @ special case of ad hoc networks with lower mobility
additional control traffic that is needed to continually@nd a tighter energy budget. Our design has been driven
update stale routing entries. Some of the most populd®y the following three goals:

proactive protocols are DSDV [2], WRP [3], OLSR [4]

and FSR [5]. o Simplicity: mobile hosts may have limited comput-

ing capability and memory resources. Minimized
operation and information maintenance are required.
« Scalability: an ad hoc network could be composed
of a great number of nodes.
« Connectivity: network connectivity can keep the path

Based in part on “Traffic-aware Gossip-based Energy Conservation
for Wireless Ad Hoc and Sensor Network Routing”, by Xiaobing Hou,
David Tipper, and Shuju Wu which appeared in the Proceedings of the
IEEE Consumer Communications and Networking Conference (CCNC)
2006, January 2006C) 2006 IEEE.
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setup delay low. arrange the sleep mode of each node to conserve energy.

With these goals in mind, we propose the Traffic-awarédiowever, the high complexity and overhead are incurred.
Gossip-based Sleep Protocol (T-GSP), which is based on Flat schemes do not maintain the hierarchical structure.
the Gossip-based Sleep Protocol (GSP) proposed in [1PPAN [14] forms a multi-hop forwarding backbone to
It rand0m|y p|aces nodes in an energy saving S|eep moda'eserve the original Capacity of the network. Other nodes
for a random interval based on a random variable §0  can go to sleep more often to conserve their energy.
that the network lifetime can be prolonged. The novelty ofBackbone functionality is rotated among the nodes to
the T-GSP compared with the previous work (i.e., GSP)alance the energy consumption. Geographic Adaptive Fi-
is that it adjusts the variablep based on the ongoing delity (GAF) [15] conserves energy by identifying nodes
traffic to improve the network performance. equivalent from a routing perspective and turning off

By introducing a sleep mode into the network, the totalunnecessary nodes. The network is divided into grids so
energy consumption of the network can be reduced anthat all nodes in the adjacent grids can communicate with
the network lifetime can be prolonged. However, the sleegach other directly. At each point in time, only one node
mode may increase the length and the failure rate ofh €ach grid is active. GPS or other positioning system is
a path. Therefore, simulation is conducted to study théequired to get the location information for grid formation.
effect of T-GSP based on the network lifetime, throughputSparse Topology and Energy Management (STEM) [16]
and end-to-end delay. exploits a separate paging channel to wake up nodes to

The remainder of this paper is organized as follows!rade off setup latency for energy savings. A low duty
In section I, we present a brief review of current adcycle radio is used to reduce the energy consumption of
hoc and sensor network energy efficient routing protocolsthe paging channel. In the on-demand scheme from [17],
Section Il presents our Traffic-aware Gossip-based Sleeponnectivity is only maintained between pairs of senders
Protocol (T-GSP). Section IV presents the results of @nd receivers and along the route of data communication
simulation Study_ We conclude our work and point outand the nodes that do not carry any traffic can transit to

some possible future work in section V. power-save mode. The transition from power-save mode
to active mode is triggered by communication events such
Il. RELATED WORK as routing control messages or data packets. With the on-

Basicallv. th wo cl f fficient é;emand concept, more energy can be conserved, however,
h aS|cda Y, there a{e ko ca;sses 0 tenelrgy € |IC|e.n a pplications may face a long route setup delay.
0C and sensor network routing protocols employing a Recently the concept of applying results of percolation

sleep mode in the literature, cluster-based and flat. BOtnweory to the development of sleep protocols has been
of them achieve energy efficiency by employing diﬁeremadvocated [1] [18]. In [1] we incorporate percolation

topology management techniques. This section presentstﬁ\eory or gossiping, into the sleep mode concept in

brief review of these two classes of routing to provide 3, fashion such that it can be easily incorporated into

better understanding of the current research issues in thig) 001 24 hoc and sensor network routing proto-

area. cols and a simulation study is presented to evaluate it's

In cluster-based routing protocols, all nodes are 098 e tiveness. A similar idea is used in [18] to study the

Elzeg :cnto cluiterls V\f['th qpﬁ. nO(Ije tselt;cteg to b? CIUS(;erﬁetwork connectivity and coverage. In [19], we extended
cad Tor €ach cluster. IS cluster-héad receves daw . \york to consider the ongoing traffic before changing
packets from its members, aggregates them and transmﬁsrz

¢ data sink. | luster-based " tocol e radio mode of a node. In this paper, we provide a
0 a data sink. n some cluster-based routing protoco Sthorough development and evaluation of the use of traffic-

the cluster-head assigns TDMA slots to its members t ware gossiping in developing sleep modes and show

schedule the .communlcr_;mon gnd the sleep mode. L.owﬁow the proposed protocol allows one to better trade off
Engrgy Adaptive CIu.sterlng Hierarchy (LEACH) [.11] 'S network density for energy efficiency with local traffic
designed .for. proactw_e sensor .”e‘WO”‘S’ in which thﬁnformation. Specifically, in addition to the previous work,
nodes periodically ?’W'tCh on their SEnsors and transm|t\-Ne study the performance of the protocol in a partitioned
ters, sense the environment and transmit the data. NOdﬁ%twork under different sleep probability and mobility

con&mumcrate tW'tth th?'trh clulstetr-htra]adz d_|rectlyd ?nd th?evel. Compared with other techniques, the one proposed
randomized rotation of the cluster-heads is used to evenly, .. very simple and scalable.

distribute the energy load among the sensors. Thresh-
old sensitive Energy Efficient sensor Network protocol

(TEEN) [12] is designed for reactive networks, where

the nodes react immediately to sudden changes in the )

environment. Nodes sense the environment continuouslf}: Gossip-based Sleep Protocol (GSP)

but send the data to cluster-heads only when some prede-As mentioned in section I, the current ad hoc network
fined thresholds are reached. Adaptive Periodic Threstrouting protocols require all the nodes to be awake and
old sensitive Energy Efficient sensor Network protocolkeep listening. This wastes a lot of energy. The en-
(APTEEN) protocol [13] combines the features of theergy efficient routing protocols and topology management
above two protocols by modifying TEEN to make it sendschemes introduced in section Il increase the computing
periodic data. The cluster-based routing protocols cagomplexity and require extra overhead or equipment.

IIl. TRAFFIC-AWARE GOSSIPBASED SLEEP
PrRoTOCOL
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off/sleep on . .
\ N improves upon the energy consumption by schemes such
node 1 | | L, as Span and GAF by not requiring nodes to transmit and
‘l—i | receive additional network maintenance traffic. On the
node 2 | ! — other hand, GSP is expected to provide less improvement
| | ' of the network lifetime than other schemes due to the
node 3 > t .. . .
T 2T 3T limited knowledge of the network, which contributes to
(a) GSP1 the simplicity as we just mentioned. Therefore, GSP is
more suitable to the large low-cost network, which desires
I I low complexity to reduce the cost of every node as much
node 1 > .
as possible.
node 2 I:l >
node 3 | | L, B. Traffic-aware Gossip-based Sleep Protocol (T-GSP)

(b) GSP2 In GSP, putting nodes into a sleep mode may interrupt
the ongoing traffic. This may result in a longer packet

synchronous GSPya|ay and a higher packet loss rate, especially in a reactive
routing protocol, where the setup delay of a new path
is much longer than proactive protocols. Therefore, we

_propose the Traffic-aware Gossip-based Sleep Protocol

Therefore, we proposed a novel scheme termed Gossipr_gsp) to reduce the probability of breaking an active
based Sleep Protocol (GSP) in [1]. The core idea o

X o ommunication when employing the gossiping technique
the GSP is to employ probabilistic based sleep modes ) 4 node.

essentially, tossing a coin to decide whether or not a node The goal of T-GSP is to base energy management
should sleep for the next period. With a certain value Ofdecisions on traffic patterns in the network. By reacting

gossip sleep probability (i.e., gossip sleep probabilily to changes in these patterns, nodes that carry the traffic
and under certain topology density, the network is stillg,, 14 stay awake with a hi,gher probability while the
connected, thus works properly. other nodes can go to the sleep mode with the regular
The gossiping approach used here implements conceptssp sleep probability. We can see the key idea of T-
from percolation theory [20] [21]. In a static infinitt GSp s that transitions from active mode (i.e., send,
network (infinite nodes in an infinite space), if every link receive or idle mode) to sleep mode should be triggered
or node is open/active with probabiliy the network will by 5 |ack of active communication in addition to the
be grouped into clusters. We are interested in the size arlS{v)ssiping probability. The lack of active communication
the shape of the clusters psvaries from O to 1. Results s getermined by draffic timer, which is refreshed by
from percolation theory show that there exists a criticakhe transmission or reception of packets at a node. The
value p. > 0 such that in thesubcritical phase(when  eypiration of the timer of a node indicates that there may
p < pc), nodes form finite clusters almost surely; in thepe no traffic using this node.
supercritical phasgwhenp > p.), however, there exist & The value of the traffic timer can be determined by
unique infinite cluster almost surely. The fraction of nodesy,g type of packet received by a node. Different types
belonging to this infinite cluster determines the quality of ;¢ packets indicate different time intervals before the
the connectivity. To date, there is unfortunately no explicitincoming of data transmission. Therefore, integration with
expression of this fraction, nor gf.. However, we can 5 rqting protocol and understanding the semantics of the
obtain approximations via simulation, as shown in [1]. eceived packets can help to determine the timer values.
Two versions of GSP have been proposed in [1];The basic concepts in determining a timer value discussed
synchronous and asynchronous. With the synchronoug [17] can be employed in our scheme. The flooded
GSP or GSP1, all nodes decide their next sleep statgontrol packets provide a poor hints of data transmission.
at the same time and repeat this periodically. With theon the contrary, data packets usually indicate the possible
asynchronous GSP or GSP2, every node stays in a slegprival of more of the same type of packets. Additionally,
mode for a uniformly random time interval (i.egpssip  some special control packets, such as route reply packets
interval) and decides its next state independently. Fig. Jn reactive routing protocols and query packets in sensor
shows the radio mode switching in GSP1 and GSP2. Thgetworks, provide a good hint that subsequent packets will
asynchronous GSP generates more path failures, but figliow this route. Therefore, the timer should be set to a
removes the synchronization requirement. value on the order of the data packet interarrival time, or
Unlike other protocols using a sleep mode (e.g., clusterthe end-to-end delay between a source and a destination,
based schemes, SPAN and GAF), GSP is extremelwhichever is greater. Since the packet interarrival time
simple and requires almost no information, even fromvaries with traffic patterns, the timer value also varies with
immediate neighbors. The gossip sleep probabjlitis  traffic patterns. Integrated with GSP, this scheme expects a
purely dependent on the network density and can begossip interval [1] larger than the traffic timer value. This
configured before the deployment of the network. GSRan be easily achieved since a gossip interval smaller than

Fig. 1. Nodes switch on and off in GSP (GSP1:
GSP2: asynchronous GSP)
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TABLE | TABLE I
ENERGY CONSUMPTIONMODEL FORLUCENT IEEE 802.11 SIMULATION PARAMETERS
WAVELAN PC CARD WITH 2Mbps Parameters Values Parameters Values
Radio mode  Energy Consumption (W) Simulation time > 400sec Bandwidth 2Mb/s
Transmit 1307 Physical layer IEEE 802.11b  Max. speed 20m/s
Receive 0.967 MAC layer IEEE 802.11b Radio range  250m
Idle 0.844 Traffic model CBR/on-off Gossip interval 20sec
Sleep 0.066 Packet size 512bytes Traffic timer 1sec
Network size 100nodes CBR rate 5/10
Traffic nodes 10 on-off rate 10/20
Area size 1500 x 300m?  Pause time 0/inf.

data packet interarrival time and end-to-end delay is not
a good choice for GSP.

Before_ it trz_affic timer e>_<|_oires, a node ShOUId_ S_t_ayrandomly placed within 4500m x 300m area. The node
awake with a higher probability to reduce the poss'b'l'tymobility model is Random Waypoint [8], in which each

of breaking an active communication which is using thlsnode begins at a random position, picks a new random

nodde. Th(ha nodeslcarryir;g r|10 trafficbc%r'}. swiztcz:h bc\’/ sleep,sition to which to move, and moves there in a straight
mode with a regular GSP sleep probability [22]. We €@Mine at a random speed. Each node independently repeats

see that a node requires no information from other nodeg,;s henayior and the average degree of mobility is varied

in 'IC(;;SSIEh h . GSP d wi making each node remain stationary for a period called
i as the same properties as compared Wil ;se time before it moves to the next position. The

other schemes eg., SPAN and .GAF)’ €., they are.bot maller the pause time, the higher the average mobility.
extremely simple and require no information from nelgh-m our simulation, the maximum speed of the nodes is 20

bors. Similarly, they are bOth. expeCtEd to provide Ies%/s and the pause time is 0 second and infinity (i.e., static
|mprovemer_1t on the network lifetime than other SCheme?\etwork). Besides the transit nodes, there are 10 traffic
due to the limited knowledge of the network. nodes, which are the source and the sink of the traffic.
The major objective of T-GSP s to improve energy, o, jived CBR and exponential on-off traffic based on
efﬁugncy by puttmg some nodes in a sleep mode WhIIqJDP are studied. Each packet carries 512 bytes of data
consm_jermg ongoing traffic _thro_ugh a node to prevenE?anload, making the packet size 532 bytes including an IP
breaking an active communication. In order to e""f"“at eader. The average packet rates are 5 and 10 packets/sec
the perf_ormar)ce of T-GSP, we have conducted a dlscret'%r long-lived CBR traffic and 10 and 20 packets/sec for
event simulation based performance study. on-off traffic. Both the busy and idle intervals of the on-
off traffic follow an exponential distribution with a mean
IV. PERFORMANCEEVALUATION of 50 seconds.
A. Simulation model Our energy consumption model is based on Feeney
We utilized the ns-2 network simulator [23], with CMU and Nilsson’s measurements of an IEEE 802.11b Lucent
Monarch Project wireless and mobile ns-2 extensions, tyVaveLAN wireless network interface operating in an ad
study the characteristics of T-GSP. The distributed coor0C networking environment [24]. Their measurements
dination function (DCF) of IEEE 802.11(b) for wireless ar¢ summarized in Table I, where we can see the sleep
LANs is used as the MAC layer. The radio model isMode consumes only a tiny fraction of the energy of
similar to Lucent's WaveLAN, which is a shared mediathe other modes. Additional measurement values in the

radio with a nominal bit rate of 2Mb/sec and a nominalliterature evaluating other 802.11b vendor equipments
radio range of 250 meters. show similar energy consumption values.

T-GSP can be integrated with a number of routing pro- To make sure the traffic does not stop before the
tocols. Here, we use Dynamic Source Routing (DSR) [7]network dies, we give traffic nodes infinite energy. The
[8] as an example to describe how T-GSP works. Thdransit nodes have enough energy so that the DSR protocol
traffic timer value is set as 1 second and a node wilcan run for 400 seconds. Since all nodes in DSR keep
work for another 1 second with probability 1 after the listening even without traffic, they run out energy almost
gossip interval expires but the traffic timer doesn't. Otherat the same time. Also, to mitigate the effects from traffic
parameters of T-GSP are chosen to show the properties Bpdes, we make traffic nodes neither run T-GSP nor
GSP and they are not necessarily the optimal values. wierward traffic in DSR. However, traffic nodes do follow
use asynchronous GSP and uniformly distributed gossigfie same mobility model as transit nodes and maintain
intervals with an average of 20 seconds. The gossip sledpeir own connections as required by DSR. The above
probability varies from 0.7 to 0.9. Each data point isSimulation parameters are summarized in Table II.
an average of twenty runs with different random initial
number seeds. : .

The simulation results presented in this paper ar?' Simulation results
based on scenarios randomly generated by CMU ns- We evaluated three performance metrics defined as
2 extensions. We use 100 transit nodes and nodes afallows:
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« Packet delivery fraction: the ratio of the number of pair while the rest of the network is partitioned. This
packets delivered to the destination to those generonnectivity will be maintained until the mobility or the
ated by the traffic sources; failure of a node or link breaks it.

« End-to-end delay: the delay experienced by each We increase the sleep probability to 0.8 and 0.9 and
packet, including queuing delays, route discoveryrepeat the above simulation. The results of CBR traffic
delays, retransmission delays at the MAC layer andwith rate of 10pkt/s and on-off traffic with rate of 20pkt/s
the salvage process of DSR, and propagation delaygire shown in Fig. 14— 25. With these high sleep prob-

« Network lifetime: the simulation time that a fraction abilities, the network starts to get partitioned, especially
of transit nodes are alive and the network maintainsvhenp = 0.9. T-GSP’s feature of avoiding breaking an
an acceptable packet delivery fraction and end-to-endctive communication can be easily seen in Fig. 14 and 20
delay. when the network is static and the traffic is CBR. In

First, let's see the results when the sleep probabilitfhis case, the communication will not be stopped by the

is p = 0.7. In this case, the network connectivity can Mobility and idle intervals of the on-off traffic. Therefore,
be maintained. Fig. 2, 3, 5, and 6 show the packefr'GSP can provide greater improvements and maintain
delivery fraction and end-to-end delay of GSP and T-Nigh network performance. We can see that T-GSP needs
GSP in case of long-lived CBR traffic with respect to SOMe time to warm up at the beginning of the simulation
the simulation time. We monitor the metrics for everySince the network is partitioned and the initial delay is
50 seconds in the figures. We can see that the packtng. After about 400 seconds, the performance will drop
delivery fraction and end-to-end delay can be improvedlOWn since some nodes die due to overuse. Soon the T-
in both scenarios, i.e., highly mobile network and staticGSP warms up again and repeats this behavior with a
network. The improvement is more significant in case of dligher frequency due to the lower remaining battery lives.
static network. The reason is that the capacity of a statid € cycle of warmup, high performance, and drop in a
network is lower than a mobile network with the samestatic network with CBR traffic is the typical behavior
number of nodes [25] [26]. Therefore, a static network is°f @ sleep mode protocol if the network is partitioned,
more sensitive to the radio mode change introduced b§-9-» the on-demand scheme in [17]. Apparently, it's due

GSP and T-GSP is able to more closely keep its original® the fact that the paths in such scenarios will be used
capacity. until some nodes die and the long delay to find a new

Fig. 4 and 7 show that the network lifetime can path. With the mobility and the on-off process of the

be extended by both GSP and T-GSP. The cost of Ttraffic in other scenarios, the performance of T-GSP will
GSP is more energy consumption incurred by the nodegecrease, however, we still can easily see the significant
with traffic to forward. We can see that the nodes di¢MmProvements. _
more quickly with T-GSP than GSP. This cost is more Compared with the on-demand scheme in [17], T-GSP
significant in a static network. In a static network with has an extra parameter, i.e., the gossip sleep probability
T-GSP, a path is used until some of the nodes die. S¢ t0 adjust the network connectivity. We can easily make
nodes may be overused in this case. On the other hanH!€ nétwork connected or partitioned based on the appli-
mobility can break an active path and make the energ§tion requirements. A smahl will maintain the network
consumption more evenly distributed among all the nodesconnectivity and achieve the higher performance without
Fig. 8— 13 show the three performance metrics for GSPN€ 1ong initial delay. A large can prolong the network

and T-GSP in the case of exponential on-off UDP basedffétime more and make the T-GSP behave similarly as
traffic. We can see that similar results are achieved. Of'€ on-demand scheme. Unlike the on-demand scheme,

J-GSP doesn't need any information from the neighbors.
dherefore, T-GSP doesn’t reply on any control messages
at either routing layer or MAC layer.

course, since the on-off traffic incurs more path setup, it
packet delivery fraction and end-to-end delay performanc
is slightly lower than the one of long-lived CBR traffic.
It's worth noting that the lifetime of a static network is
relatively better than the one with long-lived CBR traffic.
Apparently, on-off traffic can reduce the overuse of a node
due to the switching of busy and idle intervals. The next In this paper, we present an extension of the GSP [1]
busy interval may use a different path from the previouso consider the ongoing traffic before changing the radio
one. mode of a node so that we can preserve the active
The above results taken together show that by includingommunications in the network. In T-GSP, transitions
local traffic information into the sleep mode protocol canfrom an active mode to a sleep mode are triggered by
improve the network performance. In addition, we expecpackets received besides the gossip interval in GSP. We
that T-GSP is able to provide even greater improvementsnplement a prototype of T-GSP in the ns-2 network
in some cases when the network is partitioned. As wesimulator. Simulation results show that T-GSP can signifi-
know, with the basic GSP, a large sleep probability maycantly improve the performance of GSP in terms of packet
result in a network partition breaking the communicationdelivery fraction and end-to-end delay for different traffic
in the network. However, the T-GSP can maintain thepatterns. The cost of more energy consumption compared
connectivity between an active source and destinatioto GSP is slight.

V. CONCLUSIONS ANDFUTURE WORK
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Further work is required to address various propertiegls] Y. Xu, J. Heildemann, and D. Estrin, “Geography-informed energy
of T-GSP. Firstly, we expect to find an adaptive traf- conservation for ad hoc routing,” iRroceeding Of ACM SIGMO-

fic timer. A fixed timer doesn't fit all traffic patterns. 4

BILE, 2001.
] C. Schurgers, V. Tsiatsis, S. Ganeriwal, and M. Srivastava, “Topol-

Secondly, an adaptive gossip sleep probability after the = ogy management for sensor networks: Exploiting latency and
traffic timer expires may better balance the cost of energy _ density,” inProceeding Of ACM MOBIHOC2002.

consumption and performance improvement. Of course,

17] R. Zheng and R. Kravets, “On-demand power management for ad
hoc networks,” inProceeding of IEEE INFOCOM2003.

this probability should also consider the traffic pattern in[1s] R. lyengar, K. Kar, and S. Banerjee, “Low-coordination topologies
the network. Last, T-GSP pays relatively more cost on the  for redundancy in sensor networks,” iRroceeding Of ACM

lifetime in a static network as shown in our simulations.

MOBIHOC, 2005.

Load balancing by rotating the active paths may improvélg] X. Hou, D. Tipper, and S. Wu, “Traffic-aware gossip-based energy

conservation for wireless ad hoc and sensor network routing,” in

the situation. Proceeding of IEEE Consumer Communications and Networking
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