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ABSTRACT

Many smartphones, nowadays, use GPS to detect the loca-
tion of the user, and can use the Internet to interact with re-
mote location-based services. These two capabilities support
online navigation that incorporates search. In this demo
we presents WISER—a system for Web-based Interactive
Search en Route. In the system, users perform route search
by providing (1) a target location, and (2) search terms that
specify types of geographic entities to be visited. The task
is to find a route that minimizes the travel distance from
the initial location of the user to the target, via entities of
the specified types. However, planning a route under condi-
tions of uncertainty requires the system to take into account
the possibility that some visited entities will not satisfy the
search requirements, so that the route may need to go via
several entities of the same type. In an interactive search,
the user provides feedback regarding her satisfaction with
entities she visits during the travel, and the system changes
the route, in real time, accordingly. The goal is to use the
interaction for computing a route that is more effective than
a route that is computed in a non-interactive fashion.

Categories and Subject Descriptors

H.3.5 [Information Storage and Retrieval]: Online In-
formation Services— Web-based services

General Terms
Algorithms, Design

Keywords
Route Search, Path Planning, Navigation, Android

1. INTRODUCTION

The recent rapid growth in the popularity of smartphones,
and other mobile devices, with an embedded GPS sensor,
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initiated a change in the way ordinary users carry out nav-
igation tasks. Increasingly, navigation applications are re-
placing traditional printed maps. However, current appli-
cations are typically designed for tasks such as presenting
a map, searching for an address (local search) or finding a
route between two locations. Such applications are inca-
pable of dealing with complex route-planning tasks where
the route should go via several types of entities.

EXAMPLE 1.1. A user, Alice, is attending a conference
abroad, and she wishes to plan a route from the conference
center (her current location), to her hotel. Along the way,
she wants to (1) stop by an ATM to withdraw cash, (2) go by
a toy store to buy some gifts for her children, and (3) stop at
a vegetarian restaurant for eating dinner. She can conduct
ordinary local searches using her smartphone. This will aid
her in locating some nearby ATMs, toy stores and vegetar-
ian restaurants. However, combining these search results to
create an effective route—from her current location to her
destination—is a difficult task.

A route search, such as the one in Example 1.1, is spec-
ified by a query that contains (1) a start location (usually
the location of the user, given by the GPS), (2) a target lo-
cation, and (3) a set of search terms specifying the types of
geographical entities to be visited. The task is to compute
a route that begins at the starting location, arrives at the
target location, and goes via the geographical entities that
are specified by the search terms. In many scenarios, it is
also desired to specify constraints on the order by which the
entities should be visited. For instance, in Example 1.1, Al-
ice may desire to eat only after completing her other tasks.
Several papers have shown how to formulate route-search
queries and how to answer them effectively, in such cases,
yet, without taking uncertainty into account (see [1, 2, 9]).

Uncertainty in route search means that only upon arrival
at the entity the user knows whether the entity satisfies her.
For instance, in Example 1.1, upon arrival at the toy store,
Alice may discover that the cash-register lines are too long,
the store is closed, the toys are not what she was looking for,
or that the geographic entity was incorrectly deemed a toy
store. She may also find out that, on her way, she passed
close to some other potential stores; however, now there are
no more toy stores nearby. Hence, finding an alternative
toy store may now require heading back to previously vis-
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ited locations or proceeding farther away from her current
position, thus lengthening her travel distance.

One way to deal with uncertainty, is by assigning relevance
scores to objects of the dataset so that the score of each
entity indicates how relevant is the entity to the search terms
specified in the query. Answering a route-search query then
becomes an issue of achieving a proper trade-off between
choosing a route that is as short as possible to one that
passes via the most highly-ranked objects [3, 6, 7].

The recent ubiquitousness of smartphones that contain a
GPS sensor and also have a constant (or highly frequent) In-
ternet connection, supports a more advanced approach for
dealing with uncertainty. Instead of providing, in advance,
a pre-calculated static route, the system can gradually con-
struct the route while interacting with the user. We refer to
such process as interactive route search [4, 5].

An interactive route search starts as an ordinary route
search and continues as an iterative process where each travel
from the current location to an entity is considered as a step.
In each step of the search, a route to the next geographical
entity to be visited is provided. The user travels along the
provided route, and upon arrival at the entity she provides
feedback to the system, indicating whether the entity satis-
fies her. The feedback is used to indicate whether additional
objects of the same type still need to be visited.

The database over which interactive route search is con-
ducted is a probabilistic database where a success probability
is assigned to each entity. The success probability specifies
how likely it is that the entity satisfies the search require-
ments specified by the search terms. Thus, instead of hav-
ing two competing goals as in the non-interactive case, i.e.,
finding the shortest route versus finding the route with the
highest success probability, in the interactive case, the goal
is merely to find the route that is as short as possible in prac-
tice. Hence, constructing an effective route involves taking
into account the possibility that some objects will not satisfy
the user, and constructing the route such that in case of a
negative feedback there will be relevant alternative entities
along some route toward the target. Note that before the
travel starts, there can be many alternative routes and the
one that is actually traveled is constructed according to the
feedbacks. For instance, consider in Example 1.1 the case
where Alice arrives at a toy store. If Alice is satisfied, the
route continues without stopping at additional stores. Oth-
erwise, the next steps of the route will be computed while
taking into account the need to visit another toy store.

The concept of interactive route search and algorithms to
answer route search queries were presented in [4, 5]. In this
paper, we illustrate an actual implementation of interactive
route search. The demo illustrates the simplicity of the in-
teraction, and shows that such search can be done efficiently,
effectively and in a scalable fashion, over real data.

2. ROUTE SEARCH QUERIES

In this section we briefly present route-search queries and
the interactive search process. A route search query is for-
mulated using an Android application, as depicted in Fig-
ure 1. The start location s, namely source, is the location
of the user. The target location t, namely destination, is
specified by providing an appropriate address. The types of
entities to be visited are referred to as stops. Each stop is
defined by inserting keywords such as “ATM”, “shoe store”
and “vegetarian restaurant”. Order constraints specify limi-
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Figure 1: The query of Example 1.1 issued using the
Android application.

tations on the order by which entities should be visited. Af-
ter the insertion of terms to define a stop, a spatial search is
conducted to discover potential entities along possible routes
to the target. Each discovered entity is assigned a probabil-
ity of success and the entities are depicted as circles. Entities
of each type of stops are depicted using a different color.

Traveling along the route is an iterative process. An initial
route is provided to the user and at each stop the user pro-
vides a feedback. A positive feedback for an entity of type
T means that there is no need to visit additional entities of
type T', whereas a negative feedback requires visiting addi-
tional entities of type T'. After each negative feedback, the
route is reevaluated and depicted, as illustrated in Figure 2.

Although in each step of the travel only a single entity
should be provided to the user, the system depicts a com-
plete route because the evaluation of the route takes into ac-
count the need to visit additional entities later in the travel.

Computing the route whose expected travel distance is
the shortest is an NP-hard problem. Thus, several heuris-
tics where presented in [5]. We illustrate in this demo the
Oriented-Greedy Heuristic whose computation is the most
efficient among the Heuristics of [5]. In the Oriented-Greedy
Heuristic, the next entity in each step is chosen while con-
sidering all the following aims. (1) The direction to the next
entity is as close as possible to the direction of the target,
in order not to go “backwards”. (2) The entity is as close as
possible to the current location, to prevent going too much
forward and then going back. (3) The probability of success
of the entity is as high as possible, to avoid visiting many
entities that fail satisfying the user. (4) Order constraints
are satisfied. A complete route to the target via the desired
entities is computed in a greedy fashion while taking into
account these four aims.

3. SYSTEM DESIGN

WISER is designed as a client server application. The
client is an Android application that implements the user
interface and uses the Google Maps API for depicting the
map, potential stops and the computed route. The server
tier accesses the geographical data and performs the query
evaluation, initially and after each feedback. Instead of stor-
ing and accessing the geographical data on the server itself,
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(a) Before feedback

Figure 2: An interaction with the system:
(c) change of the route after the feedback.

which introduces a significant amount of unnecessary com-
plexity, the server is a mashup that utilizes several Web
services. The server is implemented using the .NET Frame-
work and is deployed on a Windows IIS Web server. The
system architecture is presented in Figure 3.

There are several reasons to using a client-server architec-
ture. First, this allows the server to collect feedbacks from
various users in order to gather statistical data—this data is
used for calculating the success probabilities of entities and
can be used for various tasks such as query auto-completion
and query suggestions. Second, this facilitates updates be-
cause it spears the need to access a large number of end-user
devices. Thus, changes that are not related to the user in-
terface do not require updating the client.

3.1 The Client

The client interacts with the user to receive a query, re-
ceive feedbacks and present search results. It interacts with
the GPS to receive information about the location of the
user and it interacts with the server for query evaluation.
The communication between the client and the server is al-
ways initiated by the client and the messages are sent in
XML format. The information being sent by the client to
the server is shown in Table 1.

[ Description

Values |

Start and destination locations
List of potential stops
along with their probabilities

Route boundaries

Stop-description-1(s1)

List of potential stops
along with their probabilities

(8615 851)

Stop-description-n (sn)

Order constraint-1

Order constraint-m (Sipms Sjm)

Table 1: Data that the client sends to the server.

Upon arrival at a stop, the application requests a feedback
from the user. If the feedback is negative (no satisfaction), a
new route is computed. This is done by sending a new query
to the server in the format presented in Table 1. In the new
query, the start location is set to be the current user loca-
tion, stops that were already been visited are removed from
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Figure 3: System architecture

the corresponding list of potential stops, stops whose type
has been satisfied are removed, and any order constraint that
refers to a satisfied stop type is removed. Note that, sending
a full updated query to the server every time the user is un-
satisfied, allows the server to remain stateless. This provides
a scalable alternative to a server that maintains a state for
every user query after each feedback. This approach also
facilitates evaluation in a distributed manner where at dif-
ferent times, computation is performed by different servers.
Positive responses are sent asynchronously to the server for
updating the statistical data.

3.2 The Server

The server provides the necessary functionality in the form
of Web services, as explained next.

3.2.1 Address and Local Search Service (ALSS)

ALSS uses a mashup of Web services to retrieve rele-
vant points of interest (potential stops). This Web service
receives a string which represents search terms or an ad-
dress. It uses the MapQuest Geocoding Web service (see
http://www.mapquestapi.com/geocoding/) to determine if
the string is an address.

When search terms are provided, it is important to limit
the search to an area defined by the start location s and the
target location ¢t. Otherwise, discovered entities will be too
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Search region
inside ellipse

Figure 4: The search region, for s and ¢.

far to be relevant. The server uses the Yahoo! Local Search
Web service (http://developer.yahoo.com/search/local
/V3/localSearch.html) which can find the k most-relevant
entities, with respect to the given search terms, in a circular
area whose center is p and whose radius is r. However,
the search region of a route-search query is defined as all
the objects contained in a bounding ellipse whose two foci
are the start and target locations of the query [5]. Since
the Yahoo! API does not support retrieval restricted to an
elliptical area, the system conducts the retrieval restricted
to a circular area, where the center point is the middle of
the line that connects s and ¢, and the radius is the larger
axis of the ellipse. This provides a bounding circle for the
search region, as depicted in Figure 4. Yet, some of the
retrieved objects may lay outside the elliptical search region
and are, hence, discarded. Thus, to have a sufficient number
of entities, redundant entities are retrieved, as follows. Let
a = mgq-05-dp(s,t) and b = myp - 0.5 - di(s,t) denote the
two axes of the ellipse. The distance dj (s, t) is the haversine
distance between s to t, and mgq,mp (set in the demo to
1.1, 0.55, respectively) represent the magnification ratios for
the two axes. Note that m, > 1 allows a route to move in
the opposite direction of the destination or progress further
ahead from the destination.

Hence, to solve the problem described above, we assume
that, on the average, only % search results will be
inside the ellipse. That is, if we desire k search results to
be inside the search region, we need to request, at least,
K= 7;'7“;’ k= Z—Z -k (k and K are respectively set to 10 and
20 in the demo) from the Yahoo! API and filter out those
that are not within the search region. The entities within
the search region are referred to as the points-of-interest.

The success probabilities of points-of-interest are assigned
to the entities based on their order in the search result. That
is, if an entity e; precedes an entity ez in the result, then
the probability assigned to e; is higher than that of es. The
assigned probabilities are constructed in the range [0.4,0.9]
using the distribution function e~V — (1 — p;,), where
v = -l = 0.9, pp = 04, n, = 10, and 1 <
i < 10 is the position of the entity in the search result.
This represents a behavior that is similar to the well known
“long tail” phenomenon in search. In a real system, the
probabilities should be calculated based on entity types and
user profiling, as well.

3.2.2  Query Processing

The query-processing Web service computes the routes.
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It receives data in the format described in Table 1. In order
to run the Oriented-Greedy algorithm (see Section 2), the
distances between every pair of points-of-interests needs to
be determined. This distance is calculated using the haver-
sine distance [8]. The reason we use the haversine distance
instead of the network distances, is that the road network
information is not available to the application, and using
another Web service for this task is inefficient, because the
service would be called for every pair of points of interest.
The haversine distance is both easy to calculate and main-
tains a reasonable proportion to the actual network distance.
Once the route is calculated, it is returned to the caller.

3.2.3 Process User Feedback

The user-feedback Web service receives a location, cor-
responding search terms and a boolean feedback specifying
whether the user was satisfied with the stop. This data is
asynchronously stored and serves as statistical data.

4. DEMONSTRATION

The demonstration presents WISER using an Android em-
ulator. We show how route search queries are formulated,
with and without order constraints, and how a resulting
route is displayed. In addition, we show the manner by
which a user provides feedback after visiting the stops. The
demonstration illustrates the effectiveness and the efficiency
of the approach

Our demonstration presents typical system usages. A
video that illustrates such use is available via the follow-
ing link: http://www.youtube.com/watch?v=f-aXXKvVPXM.
In this video, we show a query with start location in the city
of Mountain View, and a destination in the city of Santa
Clara. Three stops are specified: at a gas station, at a
restaurant and at a bank. Two order constraints are added
to indicate that the restaurant should be visited last. The
example shows the way user feedback is handled.
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