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Related Work

I Some current related research works concerning
multi-radio, multi-channel, multi-hop wireless networks

I Jain et al. proposed a Carrier-Sense Multiple Access
(CSMA) protocol based on a modi cation of IEEE 802 :11;

I So et al. proposed a MAC protocol requiring only one
tranceiver per host;

I Bahl et al. presented a link-layer protocol called Slotted
Seeded Channel Hopping;

I Das et al. gave us two mixed integer linear programming
models for solving the xed channel assignment problem;
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Network System Models

I ConsiderasetV = fvy;vs;  ;vpgof n wireless nodes
distributed in a plane.

F = ff;f; ; fkg: Set of K orthogonal channels

I For each wireless node v;

Rt (vj): Transmission range

R (vi): Interference range

[(v;): Number of NICs of node v;

F(vi;j): Set of channels operable by the j"" NIC for node v;
F (vi): Set of channels which could be operated by node v;,

e F(Vi)= [ 1§ 1w)F (Vi)
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Network System Models

I ConsiderasetV = fvy;vs;  ;vpgof n wireless nodes
distributed in a plane.
1 F=ffy ; fkg: Set of K orthogonal channels
I For each wireless node v;
I Rt (vj): Transmission range
I Ri(vj): Interference range
i 1(v;j): Number of NICs of node v;
I F(vi;]): Set of channels operable by the j!" NIC for node v;
I F(vj): Set of channels which could be operated by node v;,

e F(vi)= [ 1§ wwF(vis))
I Foreachlinke =(u;v) 2 E
I F(e): Set of channels which can be operated by link e, ie:;
F(e)= F(u)\ F(v)
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Problem Formulation

Interference Model

I What is Interference: the communication is not successful
due to one or more simultaneous transmissions

I How bad is Interference?— theoretically, the worst case
could be no wireless device is able to transmit the packets
correctly

I Several different interference models

I RTS/CTS (Request-to-send/Clear-to-send)
I PrIM (Protocol Interferences Model)
1 fPrIM (Fixed Protocol Interferences Model)
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Interference Model

By assuming that each node v has a transmission radius Rt (v)
and an interference radius R,(v), three different models will be
studied:

)
(a) RTS-CTS (b) PrIModel (c) fPriM

Notice: the transmitter interference model (TxIM) and the
physical interference model measuring the actual SINR are not
used here.
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Transition Phenomena

Generally, it is well known that, given n nodes of set V
randomly deployed in a unit area region (square or disk)
and every node with transmission range ry, the unit disk
graph network G(V;r,) formed by V is connected with high
probability if nr,? logn.
Other networking parameters will affect the network
connectivity.

I the number of radios available for every node

I the number of channels operable by each radio
Assume there are k channels F available globally and
each radio will be able to operate on s channels randomly
selected from F. De ne graph G(V;r;s; k).
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Transition Phenomenon (Cntd.)

Assume each node has the same set of R radios, we
de ne Py.s.r as the probability that two nodes will have a
common channel.

Pk;S;R =1 S S

From YI, C.-W's result of "Probabilistic Aspects of Wireless
Ad Hoc Networks" we know that the network G(V; rn; s; k)
is connected with high probability only if

2

Pcsr N Iy logn
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Transition phenomena in wireless networks.
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Problems to be studied

I Channel Assignment for Connectivity
I Dene A(vi; k;f;) 2 f 0;1g as the channel allocation function
that whether the k™ NIC of node v; selects to operate on
channel f; or not.

I When channel assignment A is given, we de ne A(v;) =
{fiiA(vi; k;f;) = 1 for some NIC} as the channel selected by
some NICs of node v;.

I De ne communication graph Ga = (V;EY) induced from
original graph G = (V; E) by the channel assignment
method A as follows: E°contains a link e = (u; V) only if
e2 Eand A(u)\ A(v) 6
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A channel assignment A is valid if the communication graph Gp
is a connected graph. In this paper, we try to nd valid A using
as few channels as possible.
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Problems to be studied (Cntd.)

Channel Assignment for Throughput

I Concentrating on assigning channels to nodes such that
the resulting communication graph permits the maximum
number of simultaneous transmissions
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Our approaches

Complexity result

I Itis NP-complete to decide whether we have a channel
assignment that results in a connected network without
channel switching. (i:e: the number of assigned channels
to each node is no greater than its number of NICs)

I Reduced from a well known NP-Complete problem : To
decide whether a given graph G = (V; E) has a spanning
tree T whose maximum node degree is at most a given
integer D.
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NP-complete Proof

Given the graph G = (V; E) and integer D, we use the following
way to construct a channel assignment problem for a network
G%=(V%EY.

I V=VO2E=E%ndassumejEj=m

I each wireless node of V%has D radios.

I There are m channels in total, and each channel is

corresponding to an edge in G.
I The sets of channels on which a wireless node can

operate is the set of channels corresponding to all incident
edges of this node in G.
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NP-complete Proof

I Proof: Consider the following example (communication
graph), here G and G%are same.

edge “e" in Graph

"Channel" in Graph G'

Assume D = 3
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Our Approaches: Backbone based

Backbone-based approach (BBA)

I Centralized method VS. Dynamic method

I Main idea: Divide all wireless nodes into three groups:
Dominators, Dominatees, Connectors

Each node locally collects information of its neighbors,
typically 3 hops away.

Nodes rank themselves by ID, degree, the number of radios
available, etc.

Election through messages:{lamDominator, lamDominatee}
Actually, the dominator set is a maximal independent set
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I Some exiting localized methods
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I Steiner Tree Algorithm
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Our Approaches: Backbone based (Cntd.)

Backbone-based approach (BBA)

I Select connectors from the dominatee set to connect all
dominators, thus construct the backbone of the whole
network.

I Some exiting localized methods
I Give the dominatees high priority to become connectors if
they have more dominator neighbors.
I Steiner Tree Algorithm
I Our approach: Find shortest path between each pair of
dominators (at most 3 hops away), all dominatees existing
on these paths become connectors.
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Our Approaches: Backbone based (Cntd.)

Minimum Spanning Tree Backbone

I Weight of edge e = (u;V):
I Euclidean distance jju  Vjj

[ m here F (u) denotes the available channels of node
u.
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Our Approaches: Backbone based (Cntd.)

Minimum Spanning Tree Backbone
Algorithm:Spanning Tree for Local Neighborhood

1:vO0=;;E0=;
2: Collect all available channels which could be used by all links in E, and save these

is the channel which could be operated most by all links. Seti = 1.
> while i kdo
Find all links vpvq that can operate on channel ¢;, here v, and vq are from dif-
ferent connected components of graph G = (V;E9. The set of such links is
denoted as E;.

AW

5. for each link vpvq 2 E; do

6: Add vpvq to ECif vp and vq are from different connected components of G =
(V; EY), and update graph G accordingly.

7 Remove link vpvq from E;.

8: endfor

9: Update i = i+ 1.

10: end while
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Our Approaches: Backbone based (Cntd.)

Connect all dominatees to the backbone we constructed

I Build some sort of MST to connect one dominator with all
its dominatees.
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Our Approaches: Spanning Tree Based Approach

Main Idea:
I Global Minimum Spanning Tree

I Fewest channels to connect all nodes by choosing links
which lead to minimum incremental spanning tree.
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Our Approaches: Spanning Tree Based Approach

Algorithm:Minimum Incremental Spanning Tree Structure

1: V0= ;;E%=; and let c; be the channel that could be operated by
the most links.

2: Pick a random link v1v> with a common channel ¢;. Add v; and v,

to VO Let Cbe the set of channels assigned to nodes in V°so far.

while jE§<n 1do

4:  Pick a link v;v; such that either v; 62v°or v; 62v° or both, and
there is a common channel between v; and v; using channels
from C.
If no such link exists, nd a channel c that is used by the most
links with at least one end-nodes from V. V° Then pick a link
vivj such that either v; 62V°or v; 62V° or both, and it has a
common channel c. Let C= C[f cg.
Add link viv; to E%and VO = VO[f v;;vjg.

5: end while

w
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Assign Channels
I Given a structure H (Typically a connected spanning tree),
we considered the following two methods (Basic ideas)
I Find a channel, say c, that can be used by the greatest
number of unassigned links in H, then assign c to all these
links, repeat until H° (induced from H) is connected.
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Our Approaches (Cntd.)

Assign Channels

I Given a structure H (Typically a connected spanning tree),
we considered the following two methods (Basic ideas)

I Find a channel, say c, that can be used by the greatest
number of unassigned links in H, then assign c to all these
links, repeat until HC (induced from H) is connected.

I When the structure H is a tree, pick a leaf node v and
assign v and its parent node u a channel c that is mostly
used by link incident on u. Remove node v and its incident
links from tree H, repeat until H is empty.
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Simulation Results

S T T T
A — Backbone Based
oL N —— Spanning Tree Based

Minimum Number of Required Channels

L
0 11

5 (; 7 8 9 L
Number of Available Channels for Each Node

(a) Least number of channels needed for connectivity without
Channel switch, (BBA vs. STBA)
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(b) Number of Simultaneous Transmissions by BBA vs. STBA
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Simulation Results
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(c) Total pairs of interfered links under RTS/CTS model
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Summary

Summary

Studied Static Channel Assignment problem by statically
mapping a channel to each NIC of the nodes
I NP-Complete
I Methods resulting in a connected network by using as few
channels as possible

I Methods to assign channels such that the network will
support a large number of simultaneous transmissions
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Future works

I Design centralized and message ef cient distributed
algorithms such that they have a theoretically proven worst
case performance guarantee.
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Summary

Future works

I Design centralized and message ef cient distributed
algorithms such that they have a theoretically proven worst
case performance guarantee.

I Consider the related problems if we allow the channel
switching.

I Channel Union problems.
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Questions and Comments?
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