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Abstract
Distributed Information Sharing (DISH) is a new collaborative 
approach to designing multichannel MAC protocols. It aids nodes 
in their decision making processes by compensating for their 
missing information via information sharing through neighboring 
nodes. This approach was recently shown to significantly boost the 
throughput of multichannel MAC protocols. However, a critical 
issue for ad hoc communication devices, viz. energy efficiency, 
has yet to be addressed. In this paper, we address this issue by 
developing simple solutions that reduce the energy consumption 
without compromising the throughput performance and meanwhile 
maximize cost efficiency. We propose two Optimization strategies: 
in-situ energy conscious DISH, which uses existing nodes only, and 
altruistic DISH, which requires additional nodes called altruists. On 
the other hand, our study also shows that in-situ energy conscious 
DISH is suitable only in certain limited scenarios.
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I. Introduction
Using multiple channels in communication is key to improving 
the quality of service for wireless networks, and multichannel 
MAC protocol design has thereby attracted substantial attention 
from the research community. Various design approaches have 
been proposed in the last decade or so, but most of them require 
either multiple radios or time synchronization. Recently, Luo et 
al. Proposed a distinct approach called Distributed Information 
SHaring (DISH), which uses a single radio but operates a 
synchronously. The authors designed a DISH-based protocol 
called CAM-MAC [2], in which neighboring nodes share control 
information with each sender-receiver pair to facilitate it to 
choose collision-free channels or to avoid busy receivers. DISH 
is essentially a form of node cooperation, but the key difference 
is that, in traditional cooperation, intermediate nodes help relay 
data for source and destination nodes, but DISH, on the other 
hand, only require. Control information to be sent. Therefore, the 
former can be called data-plane cooperation and the latter can be 
called control-plane cooperation.
This approach has been extensively evaluated in using the CAM-
MAC protocol. The results demonstrate significant throughput 
improvement compared to non-DISH-based protocols, including 
existing representative multichannel MAC protocols.
However, the issue of energy consumption was not considered in 
the prior work. This is a crucial issue as DISH is designed for ad 
hoc communication devices which are mostly battery powered. 
In this paper, for a quantitative understanding, we first conduct 
simulation to compare CAM-MAC with two protocols, Non-DISH 
and Non-DISH-psm where:

Non-DISH is CAM-MAC with the DISH element removed, • 
i.e., neighbors do not share information with senders and 
receivers who will hence make decisions on their own. 
Basically, this is a (traditional) non-cooperative protocol. 
Non-DISH-psm is Non-DISH using an ideal power saving • 
mode (psm), where each node switches on its radio only when 
sending/receiving its own packets, i.e., sleep when idle (no 

overhearing).
In this paper, we propose two Optimization strategies, in-situ 
energy conscious DISH and altruistic DISH, to address this issue. 
In the in-situ strategy, existing nodes rotate the responsibility of 
information sharing such that nodes without this responsibility can 
sleep when idle in order to save power. In the altruistic strategy, 
additional nodes called altruists are deployed to take over the 
responsibility of information sharing so that all the existing nodes 
can sleep when idle.

II. Background Work

A. Optimization Multichannel MAC Protocol
There are a few proposals on this new topic. In ad hoc networks, 
PSM-MMAC [56] lets nodes to choose to be awake or doze based 
on the estimated number of active links, queue length, and channel 
condition. TMMAC uses the 802.11 ATIM window like MMAC, 
but in addition to negotiating channels, it also negotiates time 
slots for nodes to sleep in.
In Wireless Sensor Networks (WSNs), MMSN was proposed 
to use multiple channels. However, energy saving is not one of 
its design goals, but is a natural and common consequence of 
using multiple channels (as interference is reduced). Also, when 
the number of channels is small, it can be seen from the paper 
that MMSN consumes more energy than single-channel CSMA. 
Chen et al. This propose another protocol for cluster-based WSN. 
The protocol is shown to be more energy efficient than MMSN 
by assuming (1) all cluster heads can directly communicate 
with each other and (2) there are many sink nodes and hence 
no single-sink bottleneck. The practicality of these assumptions 
can be questioned. CMAC, unlike MMSN and  which are both 
synchronous protocols, does not require time synchronization. 
However, it needs to assign every node a channel that does not 
overlap with any other node in 2-hop range. This means that for 
a network with a node density of, say, 10/r2, at least 126 channels 
are needed, which is generally not feasible.
Our work differs from existing work in the following:

Instead of proposing a protocol, we propose strategies which 1. 
can generally apply to a class of protocols (DISH based 
protocols)
We do not require multiple radios as in PSM-MMAC and 2. 
CMAC, nor time synchronization as in TMMAC, MMSN 
and [58], and
Our proposal can be used in both single-hop and multihop 3. 
networks, unlike PSMMMAC which supports WLAN 
only.

III. Optimization Strategies
The main challenge to achieving energy efficiency for DISH is that 
a prerequisite of information sharing is information gathering, a 
process that requires nodes to stay awake for overhearing, which 
presents a challenge for nodes to switch off radio when idle. The 
strategies we elaborate below meet this challenge and we also 
provide a qualitative analysis below.

A. In-Situ Energy Conscious DISH
In this strategy, all the existing nodes rotate the responsibility of 
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information sharing (i.e., cooperation) such that nodes without 
the responsibility can sleep when idle.
There are two methods to implement this strategy:

Probabilistic method: Each node decides whether to cooperate • 
or not according to a (static or dynamic) probability. This 
is similar to probabilistic flooding and probabilistic routing 
in ad hoc networks, and cluster-head rotating algorithms in 
sensor networks.
Voting method: nodes periodically vote or elect a subset of • 
nodes to cooperate.

An apparent advantage of the in-situ strategy is that it does not 
require additional nodes. On the other hand, a runtime probabilistic 
or voting mechanism must be introduced and must be (1) distributed, 
(2) fair (in terms of energy consumption), and (3) adaptive. These 
would introduce considerable complexity and overhead.
In summary, the complexity, overhead, and unreliability of in-situ 
energy conscious DISH would consume considerable resource and 
eventually negate its possible performance gain. Nonetheless, for 
a quantitative understanding, we still evaluate this strategy using 
a Genie In-Situ protocol  which establishes an upper bound for 
all such in-situ protocols.

B. Altruistic DISH
In this strategy, additional nodes called altruists are deployed to take 
over the responsibility of information sharing (i.e., cooperation) 
from the existing nodes, which we call peers to distinguish from 
altruists, so that peers can sleep when idle. Altruists are the same as 
peers in terms of hardware, but are different in terms of software: 
they solely cooperate and always stay awake.
An apparent drawback of this strategy is that it requires additional 
nodes. However, this is offset by substantive advantages.
First, it is very simple to implement the strategy. Second, unlike 
the in-situ strategy, this strategy does not have the multichannel 
broadcasting problem. Third, this strategy is robust to network 
dynamics. Fourth, since peers only carry data traffic and need 
not to cooperate.
Finally, unlike the in-situ strategy and the original DISH where 
cooperation is provided in an opportunistic manner- meaning 
that cooperative nodes are not always available, altruistic DISH 
provides cooperation in a guaranteed manner.

IV. Limitations
Altruistic DISH becomes less effective when there are only a few 
peers (compared to the number of channels) or traffic is light, in 
which case channel contention is very mild. For instance, Altruistic 
archives lower BMP than Non-DISH-psm in Fig. 5b at 10 nodes 
(five data channels) under low traffic, and similarly in Fig. 10 at 
two nodes. In such scenarios, in-situ energy conscious DISH could 
be a better choice as it is able to reduce cooperation by adapting 
to network dynamics.
Another limitation is that the four-way control channel handshake in 
the DISH protocols can incur more overhead than usual protocols. 
Although this can be largely offset by the cooperation gain, it is 
still desired to reduce the overhead. One effective way is to use 
packet train to amortize the overhead, which was also used by 
MMAC, SSCH, and WiFlex. We have adopted this technique in 
[55] for cognitive radio networks.

V. Future Work
An alternative method for altruistic DISH is to add one more radio 
on a few peers and let these additional radios act as altruists. This 
may further enhance the cost efficiency as the cost of a radio is 

much lower than the cost of a node. The trade-off is the need 
of designing a multi radio MAC protocol which, particularly, 
must coordinate the use of the control channel shared by the two 
collocated radios. As the hardware platform (TelosB) does not 
support multiple radios, this alternative method merits our future 
study that adopts a different platform.
Another alternative to prolong network lifetime is to add an extra 
battery to each existing node instead of adding altruists. This is 
simple but would present a challenge to the size of each node, 
be it a laptop, a mobile, or a PDA. Also, from the perspective 
of scalability, the additional cost (due to extra batteries) will 
increase linearly when the number of peers increases, whereas 
in the altruistic approach, the additional cost (due to extra nodes, 
i.e., altruists) remains constant.

VI. Conclusion
Distributed information sharing can significantly boost the 
system throughput for multichannel MAC protocols, but it also 
heightens the energy consumption due to its information sharing 
component (which subsumes information gathering). In this paper, 
we propose two Optimization strategies and conduct a comparative 
study on five protocols that differ in the usage of DISH and the 
strategies. Both of our simulations and test bed experiments show 
that altruistic DISH (1) is a very simple strategy which does not 
involve protocol redesign nor incur additional runtime overhead, 
(2) substantially reduces energy consumption while maintaining 
(sometimes even enhancing) the throughput benefit from DISH, 
and also (3) notably improves cost efficiency. The other strategy, 
in-situ energy conscious DISH, is suitable for applications with 
few nodes or light traffic, or those that preclude using additional 
nodes. The key reason for the success of altruistic DISH is twofold. 
First, using altruists as dedicated cooperative nodes provides 
cooperation in a guaranteed, as opposed to opportunistic, manner. 
Second, the use of altruists shifts the resource-consuming tasks 
(information gathering and sharing) from all nodes to only a few. 
Altruistic DISH clearly separates the data plane and the control 
plane: peers are solely responsible for forwarding data traffic 
and altruists are solely responsible for control plane cooperation, 
i.e., DISH.
This paper gives the first treatment on energy efficiency for 
cooperative multichannel MAC protocols. We believe that DISH 
is an approach worth exploring and that altruistic DISH is a simple 
yet effective strategy to implement DISH.
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