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parts of the city’s road network. In many application scenarios, the
green/dotted path would be considered as a better alternative to the
shortest path, compared to the dashed/red path.

Existing literature has approached alternative routing from dif-
ferent perspectives. Notable works include methods which aim at
computing alternative routes either by incrementally building a set
of dissimilar paths [12] or by employing edge penalties [2]. The
proposed methods, though, typically give no guarantees regard-
ing the length of the alternative paths. Other approaches [1, 3,
5] first generate a large number of candidates and then, in a post-
processing step, consider a number of constraints and criteria in
order to determine the final alternative paths. However, in these
works alternatives are defined based solely on their individual sim-
ilarity to the shortest path, which results in alternative paths that are
very similar to each other and, hence, of limited interest to the user.

Contributions. In this paper, we focus on the problem of find-
ing k-Shortest Paths with Limited Overlap (k-SPwLO), previously
introduced in [6]. A k-SPwLO query aims at computing paths
that are (a) sufficiently dissimilar to each other (based on a user-
specified similarity threshold), and (b) as short as possible. In
[6], we presented the OnePass algorithm for processing k-SPwLO
queries. The algorithm outperforms a baseline solution which enu-
merates paths in increasing length order, but, in reality, OnePass
is not practical even for mid-sized road networks. To this end, we
propose MultiPass, an exact algorithm which extends and improves
OnePass by employing an additional pruning criterion. In contrast
to OnePass, which traverses the road network once and expands
only those paths that qualify the similarity constraint, MultiPass
traverses the network k�1 times, but examines and expands only
the most promising paths. Any path that cannot lead to a solution
is pruned. Our experimental analysis shows that MultiPass always
outperforms OnePass, and, in most cases, by a large margin.

Despite its significant performance advantage over OnePass, also
MultiPass cannot scale in practice for large road networks, a fact
that is backed by our extensive experimental evaluation. In this
spirit, we propose two approximate methods that trade result qual-
ity for efficiency. Our first approximate algorithm, OnePass+, em-
ploys the pruning power of MultiPass, but traverses the road net-
work only once, similar to OnePass. Thereby, OnePass+ may prune
some partial paths that, in a subsequent iteration, could become part
of an alternative path. Our second approximate algorithm, ESX,
computes alternative paths by incrementally removing edges from
the road network that belong to previously recommended paths, and
running shortest path queries on the updated network. Essentially,
ESX reduces the search for alternative paths to a set of shortest
path queries which require much less time to be processed. In our
extensive experimental evaluation, we show that the approximate
algorithm OnePass+ is significantly faster than the exact algorithm
MultiPass, while recommending alternative paths that are almost as
short as the alternatives in the exact k-SPwLO set. We also show
that ESX is the fastest algorithm and is scalable even for large road
networks (i.e., one million nodes) and large values of k.

Outline. The rest of the paper is organized as follows. Section 2
briefly discusses the related work on providing alternative paths. In
Section 3, we formally define the k-SPwLO problem and revisit our
evaluation methodology from [6]. In Section 4, we present Mul-
tiPass, a novel exact algorithm for processing k-SPwLO queries,
and conduct a preliminary experimental analysis comparing Multi-
Pass to OnePass. Next in Section 5, we investigate the approximate
evaluation of k-SPwLO. We first discuss a baseline method SVP+,
based on existing literature and then propose our approximate algo-

rithms OnePass+ and ESX. The results of our detailed experimental
evaluation are reported in Section 6. Finally, Section 7 concludes
the paper and points to future work.

2. RELATED WORK
A common approach for alternative routing is to first compute

a large set of candidate paths, then examine the candidate paths
with respect to a number of constraints (e.g., their length or the
nodes they cross) and determine the final result set. In [5], the au-
thors build two shortest path trees, one from the source and one
from the target, and then look for paths that appear in both trees
simultaneously, termed plateaus. This approach was revisited and
formally defined in [3] (where the concept of alternative graphs
has been introduced with the same functionality as the plateaus)
and further improved in [17]. Abraham et al. [1] introduced the
notion of single-via paths. The method runs Dijkstra’s algorithm
two times, once from the source s and once from the target t while
reversing the edges of the road network. Then, for each node n
apart from s and t, the algorithm constructs a single-via path by
concatenating the shortest path from s to n and the shortest path
from n to t. The algorithm evaluates each (simple) single-via path
by employing a set of user-defined constraints, i.e., length, local
optimality and stretch, and rejects all single-via paths that violate
these constraints. Compared to our k-SPwLO problem, none of the
aforementioned methods tackles the problem of computing multi-
ple alternative paths that are dissimilar to each other; in contrast,
the similarity only to the shortest path is considered.

Penalty-based methods generate a set of paths that are dissimi-
lar to the shortest path by adding a penalty on the weights of the
edges of the shortest path. For example, Akgun et. al. [2] pro-
pose a method which doubles the weight of each edge that lies on
the shortest path. The alternative paths are computed by repeatedly
running Dijkstra’s algorithm on the input road network, each time
with the updated weights. A similar approach is adopted in [14],
where the penalty is computed in terms of both the path overlap and
the total turning cost, i.e., how many times the user would have to
switch between roads when following a path. The main shortcom-
ing of penalty-based methods is that there is no intuition behind
the value of the penalty applied before each subsequent iteration.
In general, using a large penalty value would result in diverse but
possibly very long alternative paths. On the other hand, using a
small penalty value would require the algorithm to perform more
iterations in order to find the desired result. Even so, penalty-based
methods cannot provide a formal result set. Our last approximate
algorithm ESX can also be viewed as a penalty based method where
the penalty added to the weight of selected edges is +1.

To the best of our knowledge, the problem tackled in [12] is the
most similar to our k-SPwLO problem. The authors devise a so-
lution which extends Yen’s algorithm [24] to produce paths that
qualify a similarity constraint. In particular, given a source s and
a target t, starting from the shortest path, the algorithm produces
a set of candidate paths by modifying the previously found path.
Among the candidate paths, the algorithm chooses the one that is
most dissimilar to the previously found path and continues until
a sufficiently dissimilar path is found. Apparently, the algorithm
does not examine paths in length order but only based on their sim-
ilarity. Thus, it does not compute alternative paths that are as short
as possible, but only dissimilar. Naturally, a user finds more value
in paths that are also as short as possible.

Xie et. al. [23] define alternative shortest paths using edge avoid-
ance. Given the shortest path p(s!t) and an edge e on p, the alter-
native path is the shortest path from s to t which avoids edge e. To
compute alternative paths, they build upon the concept of distance
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