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a b s t r a c t

Shortest path (or least travel time path) identification has been actively studied for direct
application to road networks. In addition, the processing of time-dependent shortest-path
queries, which use past traffic data to compute the speed variations of road segments, has
been investigated in order to incorporate speed variations over time. However, speed infor-
mation pre-computed from static past traffic data is often invalid because road traffic is
inherently dynamic.

This paper addresses a new problem in processing a Dynamic Time-Dependent Shortest
Path (DTDSP) query, which considers the current road status without assuming pre-deter-
mined speed patterns on roads. By dynamically adjusting the speed patterns of roads
instead of fixing them based on past traffic data, the recommended paths, which reflect
the current road status, are more effective in distributing the road traffic and thus reducing
the travel time.

To process DTDSP queries, we first propose a Continuous Piece-wise Linear Speed Pat-
tern (CPLSP) model to compute the vehicle speed patterns, which is more flexible and real-
istic than previously adopted piece-wise constant speed pattern models. Using
dynamically computed CPLSPs, we process a DTDSP query in two phases: (1) the least tra-
vel time path is found for the query and (2) the speed patterns of the following vehicles,
which are affected by the participation of the new vehicle on the road network, are
updated. We propose efficient algorithms for finding the least travel time path of a new
query (vehicle) and for updating the speed patterns of the existing vehicles. Experiments
on real data sets show that our query processing algorithms effectively distribute road traf-
fic, and thus, significantly reduce both global and individual travel times.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

Identifying the shortest path is important for its direct application to road networks. When commuting or traveling, we
want to minimize the time spent on roads. The shortest path query abstracts this natural demand and has been actively
studied. The most basic approach is to find the path with the shortest length based on a map. This corresponds to the
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classical shortest path query [8,11,3,10,25,1,2,26,12,15,14,20,21,13,19,22]. However, this approach does not recommend
good paths, particularly during rush hour or holiday seasons, since it assumes that every road segment has a constant
driving speed.

To reflect real road network conditions, variants of the shortest path query have been proposed. If travelers utilize the
future speed pattern of each road segment over time along with a map, they can find a better path, i.e., the least travel time
path. This setting corresponds to the time-dependent shortest path query [7,18,17,23]. Moreover, when the starting time can
be chosen flexibly within a certain range, travelers may also want to know the best starting time that results in the least
travel time. This is a time-dependent shortest path with starting time range query [18,5,6,16,9]. However, these queries as-
sume that future speed patterns are pre-determined from the past traffic data. Such speed patterns are easily invalidated as
more vehicles request the shortest paths. During the pre-computation phase, a high speed is likely assigned to uncrowded
road segments. These road segments tend to be frequently included in the shortest path selection. The chosen road segments
then become crowded, and their speeds will decrease.

This paper addresses a new problem (or new query) of finding the least travel time path dynamically by considering the
current road status without assuming pre-determined speed patterns on the roads. We call this a Dynamic Time-Dependent
Shortest Path (DTDSP) query. Its main difference from existing time-dependent shortest path queries is that, instead of fixing
the speed patterns of roads based on past traffic data, the speed patterns are adjusted dynamically as new vehicles set up
their paths. Thus, the recommended routes, reflecting the current road status, are better in distributing the road traffic
and thus reducing the travel time.

A DTDSP query is applicable to a server–client path recommendation system. When a client such as an autonomous car
requests the best path from the source to destination starting at a specific time, the server system monitors the traffic con-
dition from a holistic view and recommends the best path. This kind of scenario is frequently illustrated in many science-
fiction movies.

To process a DTDSP query, we first propose a Continuous Piece-wise Linear Speed Pattern (CPLSP) model to compute the
vehicle speed patterns. The CPLSP model is more flexible and realistic than previously adopted piece-wise constant speed
pattern models [23]. We dynamically compute a CPLSP based on the maximum speed limit and the safe distance between
two successive vehicles. These assumptions are reasonable owing to the advances of a vehicle-to-vehicle (V2V) communi-
cation system [24] and an autonomous cruise control system.1

Based on dynamically computed CPLSPs, we process a DTDSP query in two phases. The first phase is finding the least
travel time path for the query. We propose an efficient path finding algorithm that exploits a novel admissible heuristic esti-
mator based on landmarks. The second phase is updating the speed patterns of the following vehicles that are affected by the
participation of a new vehicle on the road network. After computing the least travel time path of the current query in the first
phase, the speed patterns that constitute the path are registered in the road network. Newly registered speed patterns of the
current query may cut into the existing speed patterns of the past queries. As illustrated in Example 1, these affected speed
patterns of past queries should be updated, and their paths may also be re-calculated.

Fig. 1. Algorithms for DTDSP.

1 http://en.wikipedia.org/wiki/Autonomous_cruise_control_system.
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