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Abstract

How to control the traffic congestion and improve the transmission capacity of
weighted network is of great importance in real world networks. In some weighted
networks, the weight is the geographic distance between nodes. The transmission
capacity of weighted network is investigated according to different node delivery
capability schemes. In the schemes that delivery capability of each node is
proportional to its degree and proportional to its strength, the transmission capacity
can be enhanced greatly after deleting some edges while the network integrity is still
maintained. Simulations show that deleting edges according to their original weight
is proved to be more effective. It is of great practical importance in designing the
network topological structure.
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1. Introduction

The network topological structure such as small-world effect [1] and scale-free
character [2] have been proved to have great influence on the traffic dynamics. To
enhance the transmission capacity of complex network, such as the Internet, the
power grid, and the airport networks is of great interest [3-6]. A basic assumption in
these studies is that the network is unweighted network where edges between nodes
are either present or not. Recently works reveal that many real world networks such
as the scientific collaboration networks [7], the world-wide airport network [8] and
the Internet [9] possess weighted feature that nodes interact with each other with
varying strength. Lots of models have been presented to describe those weighted
networks [10-12]. The BBV model [10], which is proposed to describe the weights
reinforcement phenomenon triggered by the addition of new nodes, is the most widely
used one.

Recent years have witnessed that enhancing the transmission capacity is gaining
more and more concern of researchers. Some focus on designing more effective
routing strategies [13-18] such as the Dijkstra shortest path [13] routing strategy, the
efficient path [14] routing strategy. The Dijkstra shortest path [13] routing strategy is
widely applied in lots of real world networks because its efficiency is the highest with
delivery time being equal to the shortest path length. In some weighted networks,
weights are statistical measures of tie strength which need to be reversed before
applying Dijkstra shortest path algorithm to identify the shortest paths. In some other
weighted networks, weights are the geographic distance which can directly apply the
Dijkstra shortest path algorithm. Others are interested in changing the network
topology structure [19-21] rather than designing routing strategies. It is proved that
kicking out some edges linking to nodes with large betweenness can enhance network
transmission capacity of scale-free networks[20].
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Based on the idea, in this paper, we investigate the impact of deleting some edges
in weighted networks on the transmission capacity. According to the different
definitions of edge weight, we test the efficiency of our deleting edges strategies by
checking the critical packet generating rate in three different node delivery capability
schemes.

This paper is organized as follows. In section 2 we describe the BBV weighted
network model, the traffic model and our deleting edges strategies, followed by the
experimental simulations in section 3. The conclusions are given in section 4.

2. Models

A weighted adjacency matrix W, whose elements w;; denote the weight of the
edge between node i and j, is often used to describe BBV weighted network. The
generating of BBV weighted networks is as follows:[8, 22]

1) Starting from N, nodes fully connected by edges with weight w,, a new
node is added at each time step. The newly added node will be connected to m
different previously existing nodes with equal weight w, for every edge,

choosing preferentially nodes according to the probabilityH:si/ZS, , Where
|

n—i

si is the node strength, s, =D W, .
j

2) The creation of edge connecting to node i will introduce variations of the
weight of the other edges linked to node i, which is set to be proportional to the
edge weights. If the total increase is ¢ (6;=6 for simplicity), we can get

W..
Wi = W + AW, = W, + 0% — (1)

i
The transmission model can be described as follows:

1) All the nodes can generate packets with addresses of destination, receive
packets and route the packets to their destinations according to the routing
strategy.

2) At each time step t, R packets are generated in the whole network and placed
at the end of the queue.

3) At the same time, the first C; packets at the top of the queue of each node i are
forwarded one step toward their destinations.

4) The packets are removed from the network when they reach their destinations.

We give our deleting edges strategies as follows:
1) Define the weight of the edge connecting nodes i and j, Wj, in different way
according to deleting edges strategies shown in Table 1.
Table 1. The Definition Weight W;; of Different Deleting Edges Strategies

DOW DDP DSP
Wij Wij ki*kj Si*Sj

In table 1, Wj is the definition weight which is different according to different
definition. wj is the original weight of the edge and s; is the strength of node i as
mentioned above. And k; is the degree of node i which is the neighbors number of
node i.
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2) Sort the edges by the definition weight Wj; in decreasing order and delete the
edge ranked first. If deleting an edge will cause the division of the whole
network, we will keep it and go to deal with the edge ranked next.

3) Recalculate the definition weight Wj; and repeat step 2 until all deletable edges
are deleted. (f is the fraction of deleted edges in all deletable edges. f.=0 means
no edges are deleted which is the original network. f,=1 means all deletable
edges are deleted which is n-m+1 edges are deleted.)

4) The Dijkstra shortest path routing strategy[13] is applied in the new network
with using the original edge weight directly.

We utilize the RAN deleting edges strategy, where edges are deleted randomly, to
check the validity of our strategies.

We also take advantage of the weighted betweenness b,; to estimate the possible
packets passing through node which is defined as [23, 24]

o)
b = ;—G(S,t) @)

o (s,1,t) is the number of paths under the given routing strategy between nodes s
and t that pass through node i and o (s,t) is the total number of paths under the given

routing strategy between node s and t.
In a weighted network with n nodes, a certain packet will pass through the node i

n
with probability b, /waj . The node i will receive R*b,, /(n*(n—1)) packets at
j=1
each time step. When the node i receives more packets than its delivery capability,
that is R*b,; /(n*(n—1)) >C. , network congestion occurs. So the critical packet

generating rate R, which can best reflect the transmission capacity of the network; is
R, =min(C, *n*(n-1)/b,;) (3)

In unweighted networks, it is often assumed that all nodes have same delivery
capability which is usually set as C;=1 for simplicity [14, 25] (CCON stands for this
scheme). And the node delivery capability is considered to be proportional to its
degree k; (CDEG stands for this scheme) [6]. In weighted networks, we consider the
other situation: the node delivery capability is proportional to its strength s; (CSTR
stands for this scheme).

3. Simulations and Analysis

At first, we investigate the validity of our deleting edges strategies by checking the
critical packet generating rate R, in three different node delivery capacity schemes in
BBV network with n=250, 6=4, m=4 and wy=1. Simulation results are shown in figure
1.

(a) CCON (b) CDEG (c) CSTR
Figure 1. R. VS f., n=250, 6=4, m=4, wy=1
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From figure 1, we can obtain that in the CCON scheme where all nodes have same
delivery capability, deleting edges will result in the decline of the transmission
capacity. However, when the node delivery capability is proportional to its degree or
its strength, deleting some edges will enhance the transmission capacity greatly
especially in the CSTR scheme. In the CDEG scheme, the maximum transmission
capacity of the DOW strategy is 59.81% greater than in the original network while the
DSP strategy and the DDP strategy is 48.06% and 40.62% correspondingly. In the
CSTR scheme, the maximum transmission capacity of the DOW strategy is 368.78%
greater than in the original network while the DSP strategy and the DDP strategy is
232.72% and 176.06% correspondingly. The maximum transmission capacity of the
DOW strategy is better than the other two strategies (13.64% higher than DDP and
7.94% higher than DSP in the CDEG scheme, 69.81% higher than DDP and 40.89%
higher than DSP in the CSTR scheme). The RAN deleting edges strategy cannot
enhance the transmission capacity.

Then we change the weight parameter ¢ to check the impact of the weight on the
critical packet generating rate Rc only in the CDEG scheme and the CSTR scheme
where the deleting edges strategies works well. Simulation results are shown in figure
2.
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(c) 5=16, CDEG (d) 5=16, CSTR
Figure 2. R; VS Fe, n=250, m=4, wy=1

Figure 2 also proves that deleting edges can enhance the transmission capacity in
the CDEG scheme and the CSTR scheme. The enhancement of three deleting edges
strategies on transmission capacity (the maximum the critical packet generating rate
of each strategies VS the original one where f,=0) are shown in table 2.

Table 2. The Enhancement of Three Deleting Edges Strategies

DSP DDP DOW
0=4, CDEG 40.62% 48.06% 59.81%
0=8, CDEG 52.56% 72.271% 86.74%
0=16, 59.76% 94.80% 109.23
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DSP DDP DOW
CDEG %

_ 176.06 232.72 368.78
0=4, CSTR % % %

_ 270.72 466.28 666.70
0=8, CSTR % % %

0=16, 358.15 842.78 1176.56

CSTR % % %

From table 2, we can obtain that the total increase weight 6 does affect the
efficiency of our strategies. In the CDEG scheme and the CSTR scheme, the greater
the weight ¢ is, the more effective our deleting edges strategies are, especially in the
CSTR scheme.

The influence of the newly added edge number m on our deleting edges strategies
is shown in figure 3.
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(a) CDEG (b) CSTR
Figure 3. R. VS f., n=250, 6=4, m=8, wy=1

Figure 3 present the efficiency of our strategies in the CDEG scheme and the
CSTR scheme as well. The enhancement of our strategies on transmission capacity is
75.05%, 103.53% and 146.29% in the CDEG scheme and 271.60%, 407.42% and
759.82% in the CSTR scheme which means the newly added edge number m also
affects the efficiency of our deleting edges strategies. Our strategies are more
effective when more edges are added.

Then we check the impact of the total node number n on our strategies. Simulation
results are shown in figure 4.
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Figure 4. R; VS Fe, n=500, 6=4, m=4, wy=1
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The enhancement of our strategies on transmission capacity is 39.78%, 48.26% and
60.02% in the CDEG scheme and 174.53%, 239.08% and 345.98% in the CSTR
scheme which means the total node number n almost does not affect the efficiency of
our deleting edges strategies.

From what has been mentioned above, we can come to the conclusion that in the
CCON scheme where nodes have same delivery capability, our deleting edges
strategies do not work. In the CDEG scheme and the CSTR scheme where the node
delivery capability is proportional to its degree and its strength correspondingly, our
deleting edges strategies can enhance the transmission capacity greatly especially in
the CSTR scheme. And deleting edges according to their original weight is the most
effective one.

The relationship between the average shortest lengths Lave and the total node
number n is reported in figure 6.
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Figure 5. LAVE VS N, A=4, M=4 and W0=1

Although after deleting 50% deletable edges, the average shortest length of our
strategies are higher than that of the original network, the small-world phenomenon

(Lave o< Inn) is still maintained. It means our deleting edges strategies are also of

great practical importance in the field of enhancing transmission capacity of real
world networks.

It is worth mentioning that deleting about half of deletable edges can enhance
transmission capacity, but if all deletable edges are deleted, the transmission capacity
will be reduced on the contrary.

4. Conclusions

Aiming at enhancing the transmission capacity of weighted networks, three
deleting edges strategies are proposed. We check the critical packet generating rate in
three different node delivery capability schemes after deleting some edges. If all
nodes have same delivery capability, our deleting edges strategies does not work.
However, when the node delivery capability is proportional to its degree or its
strength, our deleting edges strategies can enhance the transmission capacity greatly.
Both the total increase weight 6 and the newly added edge number m affect the
efficiency of our deleting edges strategies. Our strategies are more effective when
these two parameters are greater. The total node number n almost does not affect the
efficiency of our strategies. Deleting edges according to their original weight is the
most effective one while deleting edges randomly will not enhance the transmission
capability. The small-world phenomenon of average length is maintained while the
whole network integrity is still protected.
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