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Abstract

Many large-scale applications require the transfer of big data over high-performance networks for remote operations.
Such requirements call for a fast bandwidth scheduling solution to discover feasible and efficient reservation options in
network environments with time-varying bandwidths. We formulate a generic problem of Bandwidth Scheduling with
Two Node-Disjoint Paths (BS-2NDP) to support big data transfer. In BS-2NDP, we further consider two different
types of paths: i) two fixed paths with fixed bandwidth (2FPFB), and ii) two fixed paths with variable bandwidth
(2FPVB). We prove that both 2FPFB and 2FPVB are NP-complete, and design a heuristic approach for each of them.
We implement and evaluate these scheduling algorithms in both simulated and real-life networks. Extensive results show
that the proposed heuristics achieve a close-to-optimal performance in small-scale networks, and significantly outperform

other heuristic approaches in large-scale networks.
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1. Introduction

Many large-scale applications in various domains such
as e-science, e-business, and social media are now produc-
ing large amounts of data on a daily basis, which must
be transferred over wide geographical areas for various re-
mote operations [2, 3]. Typical examples include next-
generation computational sciences where large simulation
datasets produced on supercomputers are shared by a dis-
tributed team of scientists for collaborative visualization
and analysis. Fast and reliable data transfer has become
a critical task to ensure the success of these applications.
Unfortunately, the sheer volume of data generated in such
applications has gone far beyond the capability of tradi-
tional shared IP networks. In recent years, high-performance
networks (HPNs) that provision dedicated channels through
bandwidth reservation have emerged as a promising so-
lution and their significance has been well recognized in
broad science and network research communities [4, 5, 6].

As the central function unit of a generalized control
plane for provisioning dedicated channels in HPNs, the
bandwidth scheduler computes appropriate network paths
and allocates link bandwidths to meet specific user re-
quests based on network topology and bandwidth avail-
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ability. To meet the unprecedented requirement of big
data movement, it is a natural extension from single-path
to multi-path transfer, which is generally more effective in
terms of throughput, robustness, load balance, and con-
gestion reduction. However, multi-path routing also intro-
duces some extra overhead to both the control plane and
the data plane of a network [7].

The complexity of multi-path routing varies depend-
ing on the type and number of constraints, and many of
these routing problems are NP-complete. Several studies
have shown that the Multiple Constrained Path (MCP)
problems are generally NP-complete and hence are not
solvable in polynomial time [8, 9]. Furthermore, finding
disjoint paths with a single constraint is also an NP-hard
problem [10, 11, 12]. Multiple paths usually have an addi-
tional constraint to be link-disjoint or node-disjoint. Node-
disjoint paths are usually harder to find but provide more
robustness in case of node failures. The two-path routing
problem with reliability consideration is NP-hard in the
strong sense, as opposed to the ordinary NP-completeness
of the single-path problem [13].

In this paper, we formulate a generic problem of Band-
width Scheduling with Two Node-Disjoint Paths (BS-
2NDP) to support big data transfer. In BS-2NDP, we
further consider two different types of paths: i) two fixed
paths with fixed bandwidth (2FPFB), and ii) two fixed
paths with variable bandwidth (2FPVB). We prove that
both 2FPFB and 2FPVB are NP-complete, and propose
a heuristic approach for each of them. We implement and
evaluate these algorithms in both simulated and real-life
networks. Extensive results show that the proposed heuris-
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