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Abstract

In daily life the need to find optimal routes between two points is critical, for example finding the shortest distance to the nearest
hospital. Internet based maps are now widely used for this purpose. Route search and optimal route queries are two important classes
of queries based on road network concept. Route search queries find the route according to the given constraints. The optimal route
queries find the optimum route from a set of specifications by a user. In road map queries, users have to give the specification of
starting point and ending point of their travelling with or without constraints. Some spatial features about the categories and the
different locations should be specified along with this. If the travelling constraints are given then it should be unique. These
constraints may be either total order or partial order. In this specification order there should be information about both starting point
and destination point of the travelling. The optimal route queries optimize the possible routes and give the optimal route that satisfies
all the constraints. This paper describes the survey on optimal route query processing, two categories namely optimal route query
processing and spatial search with categorical information have been considered, a discussion on technique for optimal route query
with constraints and without constraint is also included. The total order needs a specification of list of points and in the same order
that they should be visited but that is not required for partial order constraints. Finally this paper concludes with pros and cons of
different techniques under optimal route queries.
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1. INTRODUCTION
Query processing is the efficient retrieval of degi l g\fg i’a':gr:j'gge
information from the database system. The varidusses of ( Query
guery processing system are shown in the Fig 1r Rain decomposi [ >
steps are there in the query processing wheretfirse steps tion )
are executed in compile time and last one in timtime. The ZZ'(‘;";';”&' SytStIem
route queries obtain the route from the spatiala datth expression catalog
categorical information stored in the database. dpgmal Com < A
route queries find the optimal route from the givest of pile Othi‘rfi;iti f
information. The users have to give query starpogt and time on
some travelling rules or constraints [4], [7] alongth the Execution
database which contains the categorical informagioout the plan Database
road map. Various techniques are used for the psirg of v statistic:
route queries. The some of the techniques usedllirayrules \ Code
which are either total order or partial order amine other generation
without any specification. The given constraintsyrba either Generated
total order or partial order. code
: A 4
. . . . E:ml { Runtime
Optimal route query processing finds all the pdssiloutes query
and then optimizes these possible routes. For timatie executiol
gueries operate on the spatial data with catedorica
information [5], [8]. The goal is to find the optahroute from Query Main
the given queries. output database
v
In this paper, we discuss about various techniguegtimal

route queries. There are two main approaches: query
processing for optimal route [2], [3], [4], [7] amplieries that Fig-1: Various Phases of query processing system
operate on spatial data [5], [6], [8].
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The paper is organized as follows: section 2 pitsséme
problems in the optimal route queries. Section 3 &n
classifies the optimal route query processing dreddueries
related to spatial search with categorical infoiorat The
advantages and disadvantages of each scheme ae als
specified in this section.

2. PROBLEM STATEMENT

The optimal route query processing is mainly usethe road
network. The very first solution of the optimal tewquery is
based on the greedy strategy [1]. The first apgresc
considered only the end points. The later appraaaksed
some category sequences as the input for the dptooge
queries that is some of the constraints are coreide
Different types of constraints are combined witle tuery.
Apart from the optimal route query some of the gatial
information is needed to consider for better sundbngs and
facilities. For the effectiveness of some clustgriachniques
are also discussed. Most of the techniques haveations in
some particular area. The main problems are somthef
techniques may produce optimal route and othersAmbng
this some may consider constraints and others wftho
consider the constraints and these are the maiblgms to
consider.

3. OPTIMAL ROUTE QUERY PROCESSING IN
ROAD NETWORK

3.1 On Trip Planning Queries (TPQ) in Spatial
Database

On Trip Planning Queries [3] are the efficient aeract
solutions for the general optimal route queriesseA of point

of interest (POI) of different categories, startipgint and
destination point is given and TPQ [3] finds thestb&ip
starting from the specific source and will ends tre
destination through some POI. There are no ordered
constraints here in this method. The existence aftipte
choices per category is the main difficulty of théchnique
and for solving this some of the approximation téghes are
used.

Mainly two greedy algorithms are available with ttight
approximation ratios with respect to the total nemtof
categories. The first algorithm is the nearest gy
algorithm. This algorithm find the best trip by itiisg the
nearest neighbor of the last category to be addddleat have
not been visited at that particular moment. Theteothus
formed from source to destination point which isafied by
the user. The second one is the minimum distargerigim
which introduces a novel greedy algorithm and while
comparing with the first one this is having the téet
approximation bound [3]. This will find the set @értices
with minimum cost. In this paper the nearest neighb
algorithm is used to finds the better route stgriamd ending

at specific points. The advantages of the On Tignking
Queries include 1. Approximation ratio is high,Ninimum
cost for route finding. The disadvantage includedNa@ user
defined constraints in the TPQ.

3.2 The Optimal Sequenced Route (OSR) Query

The Optimal Sequenced Route Query [7] is a typBledrest
Neighbor query and it finds the optimal route ttairts from a
specific location and passed through a number pedy
location in some specific order. The shortest gatblem is
the basics of this technique. First of all the O@®blem is
transformed into a simple shortest path probleiharige planar
graph. For that the Dijkstra’s algorithm [7] is ds@he OSR
query is given with starting point, a set of intedate points
and the sequence of the locations. The weightedctdid

graph is constructed from the given network. Thartistg

point is connected to all the other vertices anel weight

assigned to each edge of graph is the distanceebatiwwo

end vertices. From this the optimal route of theRGfblery is
the route or set of points with minimum length. Tsfortest
path finding is by travelling from starting poirt &ll other

points and returning the minimum path length ansl igfidone
by the Dijkstra’s algorithm. But this classic Difkas's

algorithm is impractical due to the following reasoThe first
one is, in the real world dataset millions of pbhsiedges
have to be handles so the time complexity is vég.hThus

the complexity of the algorithm is also very huge.

To improve the problem occurred due to the Dijkstra
algorithm the range query can be used. Even theprtbblem
cannot be overcome. Therefore Light Optimal Routcdver
(LORD)[7] algorithm developed for handling OSR dgesr
This is an iterative and a light threshold basegof@hm,
which uses different thresholds to filter out theints that
cannot be the optimal route. The memory requirenfent
LORD is very much less than Dijkstra’s algorithnetéfore it
is named as light. First this algorithm generatesteof partial
sequenced routes in the opposite order. That im fthe
destination point to the starting point. Attach le@oint to the
recently added one and finally forms the optimaiteo

The next one is R-LORD [7] algorithm which is arhenced
version of LORD algorithm. It is based on R-treedah
calculated the threshold value more efficientlyisTib the first
correct solution for the optimal route queries widhal order
travelling rules. R-LORD uses the greedy algoritionfind the
optimal route and the threshold value. From the eatdgory,
finds the optimal points in the sequence and witthie
threshold distance to the query point. Iterativéhyds the
optimum route.

3.3 The Multi-Rule Partial Sequenced Route Query

The optimal route computation is purely based aedy [1]
solutions in the earlier stages. This uses two @gugres. The
first one is Nearest Neighbor Partial Sequenced td&Rou
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(NNPSR)[2] which works similar to greedy approadihis
will start from the query start point and find theint which is
nearest to the start point and forms the edge. Tisamy the
newly added point finds the nearest point and fattmesroute.
The final route will be optimal through this greedyproach.
That is it finds the best at that moment. The sdcapproach
will find all the nearest points from each and gveategory
and forms the route. This is also optimal routehwiit a
particular range.

Then another approach is the combination of NNP&GR R
LORD [7]. The NNPSR is used to obtain the greedyteo
From that it obtains the category of each and epeigt. This
total order of categories is the input of R-LORDndAit will

output the suboptimal routes.

4. SPATIAL SEARCH WITH CATEGORICAL
INFORMATION
4.1 Top-K spatial Preference Queries

The spatial preference query [8] is used to rark dhjects
from the feature qualities of the neighborhood ofsie
Generally Top-K spatial preference queries are userhnk
the spatial objects effectively. Different types alfjorithms
are used for this ranking. First one is a basedifgorithm
named simple probing algorithm and which applyirp t
spatial queries on feature dataset and calcul&esdbres for
every object. Thus the ranking is done. The incraale
computation techniques are used to optimize theplsim
probing algorithm and which minimizes the number of
computations of component scores.

A variant of simple probing algorithm [8] is theogip probing
algorithm and which computing the object scoresttie
particular leaf node repeatedly and thus reduced/@® cost.
Branch and Bound algorithm [8] is the enhanced igaref
group probing algorithm, which removes the entatger than
the leaf nodes in the object tree that cannot predoeetter
performance. For this a new method is used by attgs
feature trees and deriving upper bound scoreshiorentities.
The last one is feature join algorithm [8] whichrfpems over
the feature tree by multi-way join used to find t@up of
feature points and then search for the objectsgusiis

grouping.

4.2 Categorical Range Queries (CRQ) in Large
Databases

The categorical range queries [5] in the large lukzda are
handled through the paper. Mainly it is relatedhe spatial
data like geostationary information systems. Fi tichnique
a multi tree indent is used and which is associat#d an
effective way of categorical data and spatial infation. The
main concept is the augmentation [5] of categorigaints
with some information to accelerate the queries.

The technical parts are a new method for spati@ staucture
and R-Tree based on the query processing of CRQhken
context of large databases. The new method is cadpaith
two baseline algorithms. The first one is the ragulange
qguery [5] which handles the query for the particunge of
lower and upper boundary. The second one is thstieation
of R-Tree [5] which contains the nodes that arectdtegorical
attributes.

4.3 Query Processing in Spatial Network Databases

The query processing in spatial database [6] inipdiased
on Euclidean spaces. But in this paper a new acthite is
proposed in which the road network is separated fthe
datasets. To gather connectivity and location, sk-bdased
representation is used. For handling the dynamdatgs and
Euclidean queries the spatial entities are scoyezbme of the
corresponding spatial access methods. Based oralibee
architecture two techniques are developed which are
Euclidean restriction and network expansion. Thestmo
common spatial queries are the range search queeasest
neighbor queries, closest pair queries and distgjoae
queries. These are processed by using the abové&omesh
frameworks. By using the location information and
connectivity, the efficient pruning of the searcpase is
possible. Through this the traditional processirgthuds can
be expanded by the new algorithms. The query psigsn
the Spatial Network Databases (SNDB)[6] in effitiand this
paper introduces this advantage.

4.4 Optimal Route Query with Arbitrary Order
Constraints

The optimal route query considers the partial omterstraints
for finding the optimal route. The user wants toedfy
starting point, destination point and a set of taaly order
constraints [4]. This is different from the totalggienced rules.
The example for the partial order constraints isitwthe pub
before hotel”. Therefore any other categories oarinbluded
in between these two categories. But total orderthis
sequenced route conditions.

For considering the partial order constraints twitfecent
types of techniques are developed namely Backweadchk
and Forward search [4]. Both the methods will tHie same
inputs and will produce the same output. The bactiwaarch
algorithm finds the optimal route in the reversenmer that is
starting from the destination and ends at the queayting
point. This is similar to the R-LORD algorithm [Hirst select
the destination point and as per the partial secpamoute
find out all the possible edges to the second pasit. Then
find the optimum edge from these and attached ® th
destination. Then repeat the process until the ygatarting
point encountered.
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The second one is Forward search algorithm and hwhic
similar to the greedy algorithm [1]. First seletietquery
starting point and then find the nearest neighlmntpwhich
satisfies the given constraint. The process repaadsfinally
one optimal route is obtained. Then this forwarcircle
algorithm will use the backward search algorithnm the
backtracking process. This will eliminate the deitseof the
greedy algorithm. That is it eliminates some poittigt will
not be a part of the optimal route. Both the altpons find the
optimal routes and which satisfies all the givemtiphorder
constraints. The memory usage is reduced by usimges
pruning techniques. Thus the number of categories fthe
dataset is reduced and the memory usage will heceed

This paper which uses both the optimal route gpeogessing
in road network and the spatial search with caiegbr
information. Thus the methods used here is includebloth

the classifications. This technique solved the |enob of

optimal route query with partial order constraifts Another

advantage is that several sub routes also can tagnetd and
are optimal. Therefore in the real world applicateome of
the category points can be omitted to meet theqodat cost
or the time.

5. CONCLUSIONS

The optimal route queries find the optimal route &nis has
greater applications in the road network. The spatéarch
with categorical information is used to consider tiategorical
points to be visited with better facilities. Théti@ solution of

the optimal route query is based on the greedytisoluSome
of the techniques considered total order consgairtie recent
solutions of the optimal route query handle thdteaty order

constraints. All the methods will result in the ioml solutions
with the given the starting and destination poiBist many of

the techniques do not consider constraints. Somecamsider
the total order constraints and some others uspatml order
constraints. In future, some of the timing constisican be
included to the optimal route queries.
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