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Abstract

In wireless networks, due to the broadcast property of the medium, nearby links may interfere with each
other and cannot be used simultaneously over the same wireless channel. One way to overcome this limitation
is to assign different channels available in the system to those links. Given a graph G = (V, E), our goal is to
assign channels to links so that we can minimize the total number of conflicts while satisfying constraints on
the number of channels that can be used. For a pair of links, they are said to be conflicting if they are within
interference range of each other and the channels assigned to them are the same. We consider heterogenous
networks where each node can have a different constraint C,, on the number of wireless cards, which limits
the number of channels that edges incident to v can use. In addition, we have the constraint on the number
of channels that can be used in the network (denoted as C;). We present a semidefinite programming (SDP)
formulation for the problem, which provides a lowerbound on the optimal solution. We develop two rounding
algorithms based on the optimal solution to SDP. In addition, we present two other simple channel assignment
heuristics and conduct experimental evaluations of these algorithms. Our algorithms can be used for general
interference models including the two hop interference model and the protocol model.

1 Introduction

In wireless networks, due to the broadcast property of the medium, nearby links may interfere with each other
and cannot be used simultaneously over the same wireless channel. Consider the example shown in Figure 1.
When node A uses a link to B, the message will be broadcast to all the neighbors of A and therefore, the other
two links cannot be used over the same channel. One way to overcome this limitation is to utilize independent
channels (that can be used without interference) available in the system. If all links use the same channel in the
example shown in Figure 1, only one pair of nodes can communicate with each other at a time. However, if there
are three channels available in the network and each node is equipped with two wireless interface cards (so each
can use two channels), then we can assign a distinct channel to each link and there is no conflicts among links in
this channel assignment.

We consider the following CHANNEL ASSIGNMENT problem. We are given a graph G = (V, FE), and
constraints on the number of wireless cards C,, for all v, which limit the number of channels that edges incident
to v can use. In addition, we have the constraint on the number of channels available in the network (denoted as
C¢q). For a pair of edges, they are said to be conflicting if they are within interference range of each other and the
channels assigned to them are the same. Our goal is to assign channels to links so that we can minimize the total
number of conflicts while satisfying constraints on the number of channels that can be used. We focus on the
two-hop interference model where two edges within two hop distance can interfere with each other. (See Section
2.1 for the detailed description of interference models.)

The problem is NP-hard even for the homogeneous cases (C,, = k for all v) by a reduction from STRONG
EDGE COLORING PROBLEM (also called DISTANCE-2 EDGE COLORING) where the goal is to color edges with
minimum number of colors so that any two edges within distance two have distinct colors. The STRONG EDGE
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Figure 1: In this network, each node has two wireless interface cards (thus can use two independent channels)
and three channels are available in total. We can assign a distinct channel to each link as shown above. With the
above channel assignment, there is no conflict among edges.

COLORING problem has been studied extensively in the literature [1, 2, 3]. In our problem, coloring need not
be proper (two edges within two hop distance are allowed to use the same color) but the goal is to minimize the
number of such conflicts. In addition, each node has its local color constraint, which limits the number of colors
that can be used by the edges incident to the node. For example, if a node has two wireless cards (C, = 2), the
node can choose two colors and edges incident to the node should use only those two colors. We can show that it
is NP-hard even for the case where C),, = 1 or 2.

Many schemes have been proposed to exploit multiple channels for performance improvement in wireless
networks. In Multi-radio Unification Protocol (MUP) [4], each node statically assigns a channel to each interface
card, and when a node needs to transmit a packet, it checks the channel condition and uses the channel with
the best condition at that time. In this protocol, a node with C, interface cards, uses channels only from
{1,2,...,Cy} even when there are more available channels in the network. We presented [5] heuristics for
channel assignment in which the goal is to develop distributed algorithms which utilize multiple channels to
improve the network performance while maintaining the connectivity of the network. To make sure that the
network is connected, the heuristics first find a spanning subgraph and assign channels so that no edges in the
spanning subgraph are dropped. The performance of the heuristics is evaluated via ns-2 simulations. Berrett et
al. [2] give sequential and distributed approximation algorithms for channel assignment problem, using STRONG
EDGE COLORING. Their goal is to produce a conflict-free assignment using the minimum number of channels
or to maximize the number of edges colored when the limited number of channels are given. A number of
papers [6, 7, 8] consider the joint problem of channel assignment and routing, and propose centralized algorithms
that assign channels to links and find routing paths.

We have recently developed [9] algorithms for channel assignment to minimize the number of conflicts for
particular classes of networks, and provide theoretical analysis and approximation factors. The analysis was given
only in one-hop interference model (two edges incident to a vertex interfere with each other) and for restricted
cases such as homogeneous networks (C,, = k for all v) and semi-heterogenous networks (C, = 1 or k).

Contributions. In this paper, we consider the channel assignment problem in general settings. We consider
heterogenous networks where each node has different C,. We first present a semidefinite programming (SDP)
formulation of the problem, which provides a lowerbound on the optimal solution. The solution to SDP can be
solved optimally in polynomial time. We develop two rounding algorithms based on the optimal solution to SDP.
In addition, we present two other simple channel assignment heuristics and conduct experimental evaluations of
these algorithms. We focus on the two hop interference model but our algorithms can be extended to general
interference models including the protocol model.

2 Models and Definitions

2.1 Network and Interference Model
We represent a network as an undirected graph G = (V, E'), where V is a set of nodes, and E a set of links. Let
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Figure 2: Tllustration of one-hop and two-hop interference when the wireless link from S to 7" is used.

C¢ be the number of channels available in the system and C), be the number of network interface cards at node .
Without loss of generality, we assume Vv, C,, < C'¢. We assume that each network interface can operate only on
one channel at a given time and there is no interference between independent channels. Therefore, a node with
C, interface cards can use C,, independent channels without interference.

Consider the following two simplified interference models — one hop interference model and two hop
interference model. A node can use a single channel to communicate with only one neighbor node at a time.
and we represent such constraint using the one-hop interference model [10]. Therefore, an edge e interferes with
the following set of edges: I(e) = {¢|¢/ has a common endpoint v with e}. We assume that e ¢ I(e). For
example, in Figure 2, when node S sends a packet to node 7, all neighboring nodes of S and T (e.g., C, D,
J, K, and Q) cannot send data packets to S and 7" (shown in dashed lines). This one-hop interference model
is simple and uses only one-hop neighborhood information, but it sometimes does not capture the real wireless
communication environments. For example, a transmission from J to B may collide with the transmission from
S and T due to the broadcast property of the medium.

In the two-hop interference model [11], in addition to the constraint in the one-hop model, edge e cannot be
used if there exists an ongoing transmission over an edge ¢’ where either endpoint of e is a neighbor of either
endpoint of €’. That is, I(e) = {€’|e and ¢’ have a common endpoint or are adjacent to a common edge €”}. For
example, in Figure 2, I(e = (S,T)) = {€'|¢' is incident to C, D, J, S, T, K, and Q} (shown in dotted or dashed
lines). However, any edge in solid line (e.g., from G to L) can be used together with e = (S, T'). In this paper
we focus on channel assignment in the two-hop interference model. Even though we present the results based on
the two-hop interference model, our schemes can be extended to more general interference models including the
protocol model [12].

2.2 Problem Definition

We are given a graph G = (V, E) where v € V is a node in a wireless network and an edge e = (u,v) € F
represents a communication link between « and v. Each node v can use C, different channels and the total
number of channels that can be used in the network is C;. More formally, let E(v) be the edges incident to v
and c(e) be the color assigned to e. Then |Uec ) ¢(€)] < Cp and U, c(e)| < C. We focus on the two-hop
interference model discussed in Section 2.1. Therefore, for an edge e, its interference set I(e) is defined as {€’|e
and ¢’ have a common endpoint or are adjacent to a common edge e”, ¢’ # e}. Also we define I(eq, e3) to be 1 if
es € I(e1) and 0 otherwise. A pair of edges e; and ey is said to be conflicting if the two edges use the same color
and I(e1,e2) = 1. Let us define the conflict number (CF,(A)) of an edge e € E in a channel assignment A to
be the number of other edges that conflicts with e. In other words, for an edge e, C' F,(A) is the number of edges
in I(e) that use the same channel as e in assignment A. Our goal is to find a channel assignment that minimizes
the total number of conflicts, which is defined as

1
CFa(A) = 5 3 OF.(A). 2.1)
eck

In the remainder of this paper, we mean channels by colors and use edge coloring and channel assignment,
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Figure 3: Black node has £ interface cards and white nodes have only one interface card. (a) the solution in
NAIVE ALGORITHM. all links use channel 1. (b) optimal solution. each of k channels is used by the same
number of links.

interchangeably. We also use conflict and interference interchangeably.

3 Channel Assignment Algorithms

In this section, we describe several channel assignment algorithms. We first describe a simple heuristic and its
limitation, and present more sophisticated algorithms to overcome the limitation.

3.1 A Naive Algorithm

We consider the following simple algorithm for channel assignment (See Algorithm 1). For each node v with
C,, we allow the node to use channels {1,...,C,}. Therefore, an edge ¢ = (u,v) can use a channel from
{1,...,min(Cy, Cy)}. An edge chooses its channel greedily as follows. Let n(e,i) be the number of edges
using color i in B(e) where B(e) includes all edges in I(e) that have chosen their colors before e. Then e
chooses a channel with minimum value of n(e, ) from {1,... min(C,,C,)}. That is, whenever we choose a
color for an edge, we try to minimize the number of conflicts that are created.

Algorithm 1 NAIVE ALGORITHM
for each edge e = (u,v) do
S={1,...,min(Cy,Cy)}.
assign color ¢ € S with min value of n(e, c) to e.
end for

In homogeneous networks where C,, = k for all v, it has been shown that the number of conflicts given by
the algorithm in one hop interference model is at most (1 — )|E| more than the optimal [9]. Moreover, the
approximation ratio is (asymptotically) best possible unless P = N P. In more general settings, however, such
an approximation bound does not hold.

Note that in this algorithm the total number of different colors used may be much smaller than C. Consider
the example shown in Figure 3. The black node has k interface cards and all other nodes have only one interface.
In this case, NAIVE ALGORITHM ends up using the same color for all edges whereas in the optimal solution, we
can distribute edges evenly for each of k color.

In the following section, we describe GREEDY ALGORITHM, where we try to utilize all Cg colors available
in the network. The difficulties when we use more colors are in that it may not be possible to maintain the
connectivity of graph when each edge chooses its color only with local information.

3.2 Greedy Algorithm
To utilize more channels, we allow each edge to choose any channel from {1,...,C¢} as long as it satisfies the
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Figure 4: Black node has 2 interface cards and white nodes have only one interface card. (a) all links have to use
the same channel if we keep all edges. (b) If we assign channel 1 to node A and channel 2 to node B, then we
can reduce the number of conflicts significantly. Node A and B cannot communicate with each other directly as

there is no common channel. However, the two nodes can send/receive the message via other path from A and
B.

color constraints C,,. The algorithm works as follows (See Algorithm 2). When we decide a color for an edge,
we first find the set of colors that can be used for the edge. Let |.S,| be the number of colors that any edge in E(v)
is already using. If |S,| = C, and |S,| = C,, then edge e = (u, v) need to choose a color from S = S, N S,.
Otherwise if either of sets is tight, we choose the set as S. If we can add a new color to both of sets, e can use any
C¢ colors. Recall that n(e, 7) denotes the number of edges which are already using color 4 in I(e). As in NAIVE
ALGORITHM, we choose color ¢ with minimum 7 (e, ¢) for edge e. In case that S = (), we drop edge e (i.e., node
u an v cannot communicate with each other directly).

Algorithm 2 GREEDY ALGORITHM

for each edge e = (u,v) do
if |S,| = C, and |S,| = C, then

S =85,NSy.

else if | S,| = C, and |S,| < C,, then
S =25,

else if | S, | < C, and |S,| = C,, then
S =25,

else
S={L1,...,Cq}.

end if

if S = () then
drop edge e.

else

let ¢ € S be the color with min n(e, ¢).
assign color c to edge e.
add c to S, and S, if not included.
end if
end for

While the greedy approach may reduce the number of conflicts by utilizing more channels, the biggest
drawback of this algorithm is that it drops a significant number of edges. Since each edge chooses its color
greedily, some edges may end up being dropped when color sets of two endpoints are disjoint and an additional
color cannot be added due to color constraints. In fact, there are instances for which we can reduce the total



number of conflicts significantly by dropping just a few edges. Consider the example shown in Figure 4. If we
keep all the links, then the same channel need to be used by all links, but by just dropping the link from A and B,
we can reduce the number of conflicts significantly.

On the other hand, if an edge is dropped, then the pair of nodes will have to use another route to communicate
with each other, thus increasing the traffic. Therefore, dropping too many edges is not desirable, and more
importantly, the network should remain connected after dropping edges. As we can see in the experiments
(Section 4), GREEDY ALGORITHM drops 10 — 25% of edges in heterogenous cases and sometimes the network
is disconnected. This is because each edge chooses its color without global information. In the following section,
we introduce an SDP-based algorithm, where an edge chooses its color based on the optimal solution to SDP
relaxation of the channel assignment problem.

3.3 SDP-based Rounding Algorithm

We first formulate the problem as a vector programming and obtain an optimal solution by converting it to a
semidefinite programming (SDP). We obtain a channel assignment by rounding the solution to SDP. The rounding
algorithm is greedy in nature but as the solution is guided by an optimal solution to SDP, we found that the
rounded solution improves the performance while having less edges dropped than GREEDY ALGORITHM.

Semidefinite Programming Formulation: Consider the following vector programming (VP), which we can
convert to SDP and obtain an optimal solution in polynomial time. We have an m-dimensional unit vector X, for
each edge e and Y, for each node v (m < |V| + |E|). Let Cq = k.

VP:
1

min » 20 (E=1DXe, - X, +1) for I(er,e0) =1 (3.2)

€1,€2
|Xe| = 1 (3.3)
|Yv| = 1 (3.4)
Xe, - Xe, > ﬁ for I(e1,es) =1 (3.5)
Y, X, > T, for v,e where C, < k and e € E(v) (3.6)

where T, = CL,, . k];g“.

We can relate a solution of VP to a channel assignment as follows. Consider £ unit length vectors in m-
dimensional space such that for any pair of vectors v; and v;, the dot product of the vectors is —ﬁ. (It has
been shown that — ﬁ is the minimum possible value of the maximum of the dot products of k£ vectors [13, 14].)
Given an optimal channel assignment of the problem, we can map each channel to a vector v;. X, takes the
vector that corresponds to the channel of edge e.

Constraints (3.6) ensure that edges in F/(v) can have only C), colors. Let S, = {X;, Xo,..., X, } be the
vectors corresponding to channels used by edges in E(v). Let Y, = Zfz”l X/ ZZC:”1 X;|. In other words, Y, is
the vector which has the same distance to all vectors in S,,. Then
X x  1-9F 1L k=G,

|ZZC:U1X1'| |ZZC:U1Xi| |Z&J1Xi| k—1-

Y, - Xi=X;

Since |EiC:“1 Xi|= /¥ X Xi- X; = V/Cy — Cy(C, —1)/(k — 1), we have Constraints (3.6). For example,
let Cq = 3 and C,, = 2. A feasible channel assignment will correspond to choosing three vectors such that the
dot product of any pair is —%. Edges in F(v) for node v can use only two out of those three vectors since the dot
product of Y, and X, should be no greater than %



The objective function is exactly the same as the number of conflicts in the given channel assignment since
if X., = X, (e1 and e have the same color), it contributes one to the objective function, and 0 otherwise. Thus
the optimal solution of the VP gives a lower bound of the optimal solution for the channel assignment problem.

The above VP can be converted to a semidefinite programming (SDP) and solved in polynomial time (within
any desired precision) [15, 16, 17, 18, 19]. We use the optimal solution of SDP to compare the performance of
the channel assignment algorithms in Section 4. Given a solution for the SDP, we can find the solution to the
corresponding VP, using incomplete Cholesky decomposition [20].

Algorithm 3 SDP-COLORSET ALGORITHM
solve VP and obtain { X, Y, }.
randomly select & vectors (Let R = {ry, 79, -, 71} be the chosen vectors).
for each vertex v do
include C,, vectors with maximum r; - Y;, in S,,.
end for
for each edge ¢ do
S =85, Sy.
if S = () then
drop edge e.
else
choose the vector with maximum value of r; - X, from S.
assign color r; to edge e.
end if
end for

Rounding Algorithms: We now present our rounding algorithms. Given an optimal solution to VP, we round
the solution to C vectors to find a feasible channel assignment. We have to make sure that the constraints on
the number of colors used by v are satisfied. To round the solution, we select C; random vectors, denoted as
R = {r1,r2, - ,7c,}. Each random vector r; = (7;1,7i2,...7im) is selected by choosing each component
r;,; independently at random from a standard normal distribution N (0, 1).

We consider two rounding algorithms.

e SDP-COLORSET (Algorithm 3): We first choose C), closest vectors for each vertex v, and then assign
vectors to edges. For each vertex v, we choose a set S, C R such that |S,| = C, and r; - Y,, > rj - Y, for
any r; € Sy, 7; & Sy. Given sets S, we assign vectors to edges. For an edge e = (u,v), we choose the
closest vector r; from S,, S, (i.e., 5 - X, > rj - X, forany r; € S, (Sy). If S, (1S, is empty, then the
edge is dropped.

e SDP-GREEDY (Algorithm 4): We greedily choose vectors for each edge from R instead of choosing color
sets for nodes first. Unlike GREEDY ALGORITHM where we try to minimize the number of conflicts to be
created, we use the solution to SDP to pick a vector for each edge. That is, we find the closest vector r; to
X, in the set S of colors that can be used for the edge. As in GREEDY ALGORITHM, S is defined to be
Rif |S,| < Cy and |S,| < C,, and otherwise if either of sets is tight, we choose the set as S. If both are
tight, S = S, [\ Sy. The edge will be dropped when S is empty.

4 Experimental Results
4.1 Settings

Network graphs: We generated network graphs G = (V, F) as follows. We place nodes in 1000 by 1000 square



Algorithm 4 SDP-GREEDY ALGORITHM
solve VP and obtain { X, Y, }.
randomly select k vectors (Let R = {ry, 79, -, 71} be the chosen vectors).

for each edge e do
if |S,| = C, and |S,| = C,, then

S =8,N5Sy.

else if | S,| = C, and | S| < C), then
S =25,

else if | S, | < C, and |Sy| = C), then
S =25,

else
S =R.

end if

if S = () then
drop edge e.

else

choose the vector with maximum value of r; - X, from S.
assign color r; to edge e.
add r; to S, and S,, if not included.
end if
end for

area uniformly at random, and create an edge between two nodes if they are in transmission range (R;). That is, a
pair of nodes has a link between them if the distance is no greater than R;. We only use graphs that are connected.

Number of Channels: We vary the number of channels available in the network (C¢) from 2 to 8. For C,,, we
consider three different types of distributions. In addition, we restrict max C,, < 3 as it is unlikely that a node
has more than 3 interface cards in realistic settings.

e Homogeneous distribution: Every node v has the same number of interface cards. C, = k for all v. We
represent this distribution as h(l) where [ is max C,,.

e Uniform distribution: Node v can have different number of interface cards. We assign C,, uniformly at
random from {1, ..., max C, } for each node v. We represent this distribution as (/) where [ is max C,,.

e Proportional distribution: Each node has the number of interface cards proportional to its degree. We
consider C,, = [d, /2] and [d, /3] where d, is the degree of node v. That is, the network administrator
may assign more wireless cards to nodes with high degrees (hub nodes) to handle the network traffic. We
represent this distribution as p(!) where [ is either d,, /2 or d,, /3.

SDP-based Algorithm: We solve the semidefinite programming using SDPA solver [21]. Given an optimal
solution to SDP, we run each rounding algorithm 10 times and choose the best results among the solutions. When
we choose the best results, we first look at the number of edges dropped as we want to minimize the edges drops
and avoid the network partition, and then choose the solution with minimum conflicts among the solutions with
the least number of edge dropped.

4.2 Results
We present the experimental results mainly for the graphs generated with 25 nodes and 370 transmission range.



We randomly generated 3 instances for each C, distribution and present the average performance of them. The
characteristics of each graph are shown in Table 1 .

Instance || #edges | avgdegree | max degree | min degree | # possible conflicts
@O 82 6.56 11 2 1975
In 82 6.56 10 3 1730
(1) 78 6.24 9 1 1456

Table 1: Characteristics of network instances. The number of possible conflicts implies the number of pairs eq, e5 such that
I(el, 62) =1.

Number of conflicts: We first compare the number of conflicts. When different subset of edges are dropped in
channel assignments, we cannot directly compare the number of conflicts since the number of conflicts will
decrease as more edges are dropped. Therefore, we first consider the instances where no edge is dropped.
Figure 5 compares the ratio of the number of conflicts to the lowerbound that we obtained from SDP (3.2)-
(3.6). The figure includes the homogeneous distributions when Cz < 5, and the proportional distribution when
Cg = 5 and C, = d,/2. We found that GREEDY ALGORITHM and SDP-BASED ALGORITHMS outperform
NAIVE ALGORITHM. Moreover, the algorithms give solutions close to the optimal. Among three algorithms
(except NAIVE ALGORITHMS), SDP-GREEDY ALGORITHM maintains more edges than other algorithms for
most of instances. Figure 6 compares only NATVE ALGORITHM and SDP-GREEDY ALGORITHM for the cases
when SDP-GREEDY ALGORITHMS keep all edges (GREEDY ALGORITHM and SDP-COLORSET ALGORITHM
cannot be compared due to edge drops).
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Figure 5: The ratio of the number of conflicts to the lowerbound when no edge is dropped in all methods. (a, b) in x-axis
represents that C = a and the distribution of C, follows b.

Figure 8 - 10 in Appendix show the ratio of the number of conflicts to the lowerbound for all distributions
of C'y. The number of edges dropped is presented on top of the corresponding bar. In most of cases, GREEDY
ALGORITHM gives the lowest number of conflicts but it is mainly because the algorithm drops many edges. Note
that when the number of conflicts is reduced by dropping edges, it does not necessarily mean that the performance
is improved since if an edge is dropped, then the pair of nodes will have to use another route to communicate with
each other, thus increasing the traffic. The more accurate performance when edges are dropped would require
packet-level simulations (e.g., using ns-2).

Figure 7 shows the results with a wing graph as shown in Figure 3. As expected, the performance of SDP-
based Algorithms dramatically improves as the number of interface cards in the hub node (black node) increases
while the results for NAIVE ALGORITHM remains the same. The greedy algorithm shows the smaller number of
conflicts but it drops 33 % (8 out of 24) of edges.
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Figure 6: The ratio of the number of conflicts to the lowerbound: comparison of NAIVE ALGORITHMS and SDP-GREEDY
ALGORITHM. (a, b) in x-axis represents that C; = a and the distribution of C,, follows b.

Connectivity: We compare the number of edges dropped in Table 2. We include ‘N’ in parenthesis if the network
is disconnected. For all algorithms except NAIVE ALGORITHM, the number of edge dropped increases as Cg
increases or when the network is heterogenous. The greedy algorithm drops more edges than other algorithms
in general and sometimes the network is disconnected since in the algorithm each edge chooses its channel
only with local information. Among two SDP-based algorithms, more edges are dropped in SDP-COLORSET
ALGORITHM. This is because in SDP-COLORSET ALGORITHM, each node independently chooses its color
set without considering the information in the neighborhood (even though it is guided by the solution to SDP).
Therefore, as C¢ increases, the chances that the sets for two endpoints of an edge are disjoint increase.

1
250

200 +
140
100 1

Number of conflicts

a0 -
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Figure 7: The number of conflicts for the example shown in Figure 3. The number beside each point indicates the number
of edges dropped.

In GREEDY ALGORITHM, we had several cases where the network is disconnected especially when Cg > 5
and the distribution of C,, is heterogenous. For SDP-based Algorithm, we had only one instance disconnected
with SDP-COLORSET ALGORITHM while all solutions are connected in SDP-GREEDY ALGORITHM. In multi-
hop wireless networks, it may be acceptable to drop a subset of edges as communications can occur through other



Instance: I (ID) (II1)
Method: greedy SDP-CS  SDP-G | greedy SDP-CS SDP-G | greedy SDP-CS SDP-G
2,2) 0 0 0 0 0 0 0 0 0
Homo (3,3) 0 0 0 0 0 0 0 0 0
(5,3) 0 0 0 0 0 0 0 0 0
(8,3) 8 10 0 10 15 2 11 14 2
2,2) 11 0 0 9 0 0 11 0 0
. (3,3) 17(N) 0 0 8 0 0 12 0 0
Uniform ) 15 6 3 6 2 1| 1207 3 2
(8,3) 12 1 0 18 3 1 17 11 1
(5,dv/2) 1 0 0 0 0 0 0 1 0
Prop (5,dv/3) 6 3 1 5 12 4 8(N) 6 0
8,dv/2) 1 7 0 3 7 1 7 9 0
(8,dy/3) 9 13 8 5 18 7 8(N) 17(N) 6

Table 2: The number of edge dropped. We include ‘N’ in parenthesis if the network is disconnected. (a,b) in each row
represents that C¢ = a and the distribution of C), follows b.

paths. However, dropping too many edges is not desirable as it may increase the traffic in other links, and more
importantly, the network should remain connected after dropping edges.

Time and space requirements: NATVE and GREEDY ALGORITHM require O(|E|?) time and O(|V|-Cg + |E|)
memory space. SDP-BASED ALGORITHMS require O(Cgq - (|V| + |E|)) time except the time for solving
SDP and memory space proportional to the number of possible interference pairs (i.e., pairs of e;, es such that
I(e1,e2) = 1). The running time of SDP solver depends on the number of possible interference pairs and
the precision. In the desktop PC (with 2 Gigabyte memory and Intel Pentium IV 3.6GHz CPU), SDP-based
algorithms require the average of 20 minutes for the instances to obtain the optimal solution to SDP while all
other algorithms can be finished in less than one second. The SDP solver used more than 1.5 Gigabyte memory
when the number of possible interference pairs (i.e., pairs of eq, ey such that I(e1, e2) = 1) is around 2000.
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Figure 8: The average ratio of the number of conflicts to the lowerbound for homogeneous distribution. All nodes have the
same number of interface cards. (a, b) in x-axis represents that C¢ = a and the distribution of C,, follows b.



Figure 9: The average ratio of the number of conflicts to the lowerbound for uniform distribution. We assign C, to each
node uniformly at random from {1...3}. (a, b) in x-axis represents that C; = a and the distribution of C), follows b.
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Figure 10: The average ratio of the number of conflicts to the lowerbound for proportional distribution. Each node has C,
proportional to its degree. We have C,, = d,,/2 or C, = d,/3. (a,b) in x-axis represents that C; = a and the distribution
of C,, follows b.



