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Abstract  Topology mismatch between the overlay network and the underlying network is a
critical problem in the complex and unstable network environment. The topology mismatch
problem means that the virtual link between two nodes in the overlay network is not consistent
with the physical link in the underlying network. It will impose an extraordinary amount of
redundant traffic and affects both the scalability and the efficiency for Internet service. Resolving
the mismatch problem is the key to improving the efficiency of addressing, eliminating redundant
traffic, and reducing the end-to-end delay. With the continuous development of computer and
communication technologies, the Internet grows into a large scale by magnitude, the geographical
locations of the network nodes are widely distributed and the mobility of nodes and the dynamics

of networks are greatly increased. The mismatch problem is becoming increasingly serious in
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environments where the dynamic network nodes join, leave or fail frequently.

In order to solve the above problem, many researchers have investigated the overlay
construction approaches. Some of them tried to get location information in the underlying
network. When a new node joining in the overlay network, the neighbors would be selected
according to the location information. However, most approaches are with fatal drawbacks. On
the one hand, most of the existing approaches were lack of considering the hop as a major metric
with its impact on construction, maintenance and evaluation to reflect the topological similarity
and difference between global matching and local matching. On the other hand, few existing
approaches took full advantages of the heuristic rules based on the Triangle Inequality Violation
(TIV) by considering the topological consistency.

In this paper, we propose a Measurement-based Heuristic Topology Matching Optimization
Algorithm (MHTMOA) to alleviate the topology mismatch problem more effectively. The
proposed MHTMOA includes nodes joining, leaving and failure processing methods to maintain
one or more tree-based overlays. The main merits of MHTMOA include: (1) By utilizing the
network measurement technology to obtain the hop information of the nodes in the underlying
networks, it becomes easier to converge the nodes located in proximity positions by simply using
the edge triangular relations of the hop counts. (2) The neighboring set of a joining node has
higher accuracy by means of TIV awareness and heuristic selection rules, even though the
coarse-grained comparisons are used among hop counts. (3) The neighborhood relationships with
relatively high consistency can be remained even under a highly dynamic network environment.
Besides, the MHTMOA does not need to obtain the global information of the underlying
network, and it only needs to measure a part of network nodes on demand. The MHTMOA can
be used for centralized, distributed or hybrid deployment according to different application
requirements. The logical trees generated by different deployment methods turn out the same,
but the maintenance costs might be different. The long routing path in the overlay network would
be reduced with the TIV awareness, thus the MHTMOA is available to wide area networks.

For evaluation, the Latency Stretch (LS) is used to test the performance on mitigating
topology mismatch problem. Furthermore, we define two additional metrics, named Global
Topology Matching Ratio (GTMR) and Local Neighborhood Accuracy (LNA), to evaluate the
global and local topological consistency more accurately. The results show that MHTMOA
outperforms the state-of-the-art algorithms for topology matching optimization with respect to
GTMR , LNA and LS. The improvement of LS is up to 53% based on the evaluation.

Keywords  topology mismatch; overlay network; underlying network; network measurement;

triangle Inequality violation; latency stretch
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This paper proposes a Measurement-based Heuristic
Topology Matching Optimization Algorithm (MHTMOA) to
build an overlay to manage a large scale of edge devices
efficiently. The MHTMOA is the key to realizing
collaboration, integrated control and intelligent interaction
between the network elements of the SEA and the Cloud.
Based on the MHTMOA, a public SEA-Cloud TV service
would be built to support the construction of smart cloud
television industry chain. In the near future, the MHTMOA
would be used to the real applications in more scenarios such
as the fifth generation mobile communications system (5G)
and the information-centric networking (ICN) to implement

ultra-low latency and location-based services.





