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Abstract—In this paper, we introduce the Meeting Point based
of Trip Plans (MPTPs) queries. Given a set of source locations
for a group of friends, and a set of trip plans for each group
member as a sequence of Categories-of-Interests (COIs) (e.g.,
restaurant), and finally a specific COI as a common destination
that all group members will gather together, in MPTPs queries
our goal is to find a Point-of-Interest (POI) from different COIs,
such that the aggregate travel distance for the group is minimized.
In this work, we considered two cases for aggregate function as
Sum and Max. For solving this query we propose an efficient
pruning technique for shrinking the search space. Our approach
contains three steps. In the first step, it prunes the search space
around the source locations. In the second step, it prunes the
search space around the centroid of source locations. Finally we
compute the intersection of all pruned areas as the final refined
search space. We prove that the POIs beyond the refined area
cannot be part of optimal answer set. The paper also covers an
extensive performance study of the proposed technique.

I. INTRODUCTION

In this paper, we focus on a new type of Location-Based-

Services as finding the Meeting Point for a group of friends

based on group’s trip plans, called Meeting Point Based on

Trip Plans (MPTP) queries. Given a set of source locations for

a group of friends, a set of travel plans indicating a sequence

of COIs that each group member/sub-group is interested to

visit, as well as a specific COI that all group members will

gather together as a common destination, a MPTPs query finds

a POI from different COIs, such that the aggregate traversed

distance by the group as Aggregate Group Travel Distance

(AGTD) is minimized.

Let us assume Figure 1, illustrating a scenario in which two

friends David and Jack who are currently at different places,

s1 and s2, respectively. They are willing to gather altogether at

a restaurant. But before meeting, David needs to refill his car

at a gas station, while Jack needs to withdraw money from an

ATM. They are interested to find a gas station, an ATM and

a restaurant (as a meeting point) which minimizes the total

traversed distance by the group.

Single-user Trip Planning (STP) queries ([1], [4], [8], [5]

and [7]) and group trip planning (GTP) queries ([3], [2], and

[6]) have been extensively studied in the literature. In the

former, given a single source location s and a destination d
and a sequence of COIs that the user is interested to visit,

the goal is to find a trip with smallest travel distance from s
to d passing at least one POI from each COI. On the other

Source location

Gas station

Restuarant

ATM

Figure 1: A sample MPTPs query

hand, given a set of source locations and destinations for a

group of users S = {s1, s2, .., sn} and D = {d1, d2, .., dn},

and a sequence of COIs that the group is interested to visit

altogether, then the goal of GTP queries is to find the group

trip from S to D passing at least one POI from each COI.

In [10], Yan et al. proposed Optimal Meeting Point (OMP)

queries. In an OPM query, given a set of source locations

Q on a road network, the OMP query returns the point

on a road network which minimizes the sum of network

distances to all points in Q. By proving that the set V ∪ Q,

in which V is the set of road network vertices, must contain

an OMP, the proposed base-line algorithm in [10] reduces the

search space to |V |+|Q|. In the second proposed approach

by Yan et al. the performance of base-line algorithm was

improved by applying convex-hull-based pruning techniques,

which shrinks the search space to a small region of the whole

road network. The third proposed algorithm in [10] is a greedy

based algorithm that finds a high-quality near optimal meeting

point in considerably less time.

The MPTPs queries can be considered as a combination of

STP, GTP and OMP queries. Even though each group member

has his/her trip plan, but finally they are supposed to meet

altogether at a POI as meeting point. Our goal in MPTPs

queries is to find a specific trip for each single user and a

meeting point, where the aggregate group travel distance is

minimized.

The efficiency of a MPTP algorithm depends on the number

of POIs that an algorithm needs to retrieve from the database

for computing the optimal meeting point for the group. In this

paper, we propose an efficient pruning-based technique based

on elliptical properties that prunes non-promising POIs from

search space. In summary, the contributions of the paper are

as follows:
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• We formalize MPTPs queries in road networks as a

combination of STP and GTP queries.

• We proposed efficient solutions for solving MPTPs

queries, considering two cases for aggregate function

as Sum and Max, based on pruning techniques which

shrink the search space into a smaller refined area.

• We provide a performance study of the proposed tech-

niques based on real road network data.
II. PROBLEM SETUP

In this work, the road network is modeled by an undirected

graph G = (V,E,W ), where V denotes the set of vertices

representing road junctions, and E denotes the set of edges

connecting vertices in V . Each edge in E is associated with a

positive real number w ∈ W that denotes the length of the road

segment represented by the edge. Let dn(., .) represents the

length of shortest path between to location in the graph road

network. In the following we present the formal definitions for

aggregate group travel distance and MPTPs.

Definition II.1. (Travel Distance) Let si is the source location

of i-th user in the group, denoted by ui. The travel distance for

ui for visiting the sequence of POIs Oi = 〈o1i , o2i , ..., o|Oi|
i 〉,

1 ≤ ∀j ≤ |Oi|, oji ∈ Cj
i , denoted by TD(Oi, si), is defined

as:

TD(Oi, si) = dn(si, o
1
i ) +

j=|Oi|−1∑

j=1

dn(o
j
i , o

j+1
i ) (1)

Definition II.2. (Aggregate Group Travel Distance) The ag-

gregate traversed distance by group is defined as:

AGTD = fn
i=1TD(Oi, si) (2)

where f as our aggregate function can be Sum or Max.

Definition II.3. (MPTPs Query) Given a set of source lo-

cations for a group of n friends {s1, ..., sn}, a common

destination as an unknown POI belonging to COI Cd, a set

of travel plans as {TP1, TP2, ..., TPn}, where each travel

plan is defined as a sequence of COIs 1 ≤ ∀i ≤ n, TPi =

〈C1
i , C

2
i , ..., C

|TPi|
i 〉, a MPTPs query returns a sequence of

POIs for each user as Oi = 〈o1i , o2i , ..., o|TPi|
i 〉, 1 ≤ ∀i ≤ n,

such that

1) 1 ≤ ∀j ≤ |TPi|-1, oji ∈ Cj
i ;

2) o
|TP1|
1 = o

|TP2|
2 = ... = o

|TPn|
n = od ∈ Cd, i.e., od is a

common destination;

3) AGTD is minimal.

[7], which answers a special case of the optimal route query

with a total order of the categories to be visited. The hybrid

solution first runs NNPSR to find a greedy route; then, it

extract the category of each point on the greedy route, and

runs R-LORD with this category sequence as input.
III. PROPOSED APPROACH

In this section we discuss our proposed approach based

on pruning techniques for processing MPTPs queries for

two aggregate functions Sum and Max. The key idea of

Algorithm 1: Processing MPTPs query
Input: S = {s1, ..., sn}, TP = 〈TP1, TP2, ..., TPn〉.
Output: The optimal group trip

1 Compute an initial group trip as GTcan

2 Gh ← The aggregate group travel distance of GTcan

3 i ← 1
4 while i ≤ n do
5 Ci ←− Circle(si, Gh)

6 A0 ←− ∩n
i=1Ci

7 Compute the centroid of source locations cs
8 if Aggregate function f is Sum then
9 A1 ←− Circle(cs, Gh/n)

10 else if Aggregate function f is Max then
11 A1 ←− Circle(cs, Gh)

12 Af = A0 ∩A1

13 Compute the set of all candidate group trips based on

POIs placing in Af

14 Return the optimal group trip

our approach is to retrieve an initial group trip from the

database using heuristics, and form a candidate group trip.

The aggregate group travel distance of new retrieved group

trip will be used for shrinking the search space in two steps.

Firstly, we prune the search space around each source location

and compute the intersection region of all pruned areas as A0.

Subsequently, we compute the centroid of all source location

cs, where the search space around cs will be pruned based on

the initial aggregate group travel distance. Assuming that A1

indicates the refined area around cs, we prove that all POIs

outside the region A0∩A1 cannot be part of optimal answer set

for both aggregate functions Sum and Max. In the following

we discuss our approach in four steps with details for two

aggregation functions Sum and Max. The pseudo-code of

our proposed approach for processing MPTPs queries for both

Sum and Max aggregate functions have been presented in

Algorithm 1.

Finding an initial solution. In the first step, we need to

find an initial solution. For finding the initial solution every

heuristic-based approach can be applied. In this paper, we

apply the NN-algorithm in paper [4]. For that, we start finding

a trip from source location s1 by iteratively applying Nearest

Neighbor queries [9], by considering the trip plan for first

group member as TP1. The last POI in the retrieved POIs

will be our candidate meeting point od. Then, for each pair

of source location si and destination od, (si, od), 2 ≤ i ≤ n,

and pre-defined travel plan TPi, 2 ≤ i ≤ n, we find an initial

trip for other group members. Consequently , an initial group

trip GTcan is formed. The aggregate group travel distance for

initially formed group trip denoted by Gh, will be used for

pruning the search space.

Pruning around the source locations. In this step, we

compute one circle Ci for each group member. The center

point of Ci is si, where the radius is defined based on
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initial aggregate group travel distance, Gh. After computing

the set Cer = {C1, C2, ..., Cn}, the intersection region of

all computed circles, A0=∩n
i=1Ci, is returned as the resulted

refined search space of this step. In Lemmas III.1 and III.2,

respectively for Sum and Max functions, we prove that POIs

outside A0 cannot be part of optimal answer set.

Lemma III.1. Let us assume the aggregate function be Sum.

Given Gh as an initial group travel distance, let Ci be a circle

defined for i-th user with source location si with radius Gh.

Then any POI outside A0 = ∩n
i=1Ci cannot be part of optimal

answer set.

Proof. Let oi be a POI placing outside of A0, then it would be

outside of at least one of the circles {C1, C2, ..., Cn}. Let Ci

be such a circle. Recalling that the radius of Ci equals to Gh,

then we can conclude the distance of oi from si is greater than

Gh. This means that the POI oi placing outside of intersection

region A0 would have total group travel distance greater than

Gh, thus it cannot be part of optimal answer set.

Lemma III.2. Let us assume the aggregate function be Max.

Given Gh as an initial group travel distance, let Ci be a circle

defined for i-th user with source location si with radius Gh.

Then any POI outside A0 = ∩n
i=1Ci cannot be part of optimal

answer set.

Proof. Let oi be a POI placing outside of A0, then it would

be outside of at least one of the circles {C1, C2, ..., Cn}. Let

Ci be such a circle. Recalling that the radius of Ci equals to

Gh, then we can conclude the distance of oi from si is greater

than Gh. This means that the lower bound for aggregate group

travel distance for POI oi would be greater than Gh, thus it

cannot be part of optimal answer set.

Pruning around the centroid of source locations. In this

step, we compute the geometric centroid of all source locations

as cs. Then we compute a circle A1, with the center cs, where

the radius of circle is Gh and Gh/n for Max and Sum
aggregate functions, respectively. In Lemmas III.3 and III.4,

we prove that any POI outside A1 cannot be part of optimal

answer set.

Lemma III.3. Let Gh be an initial aggregate group travel

distance, where the aggregate function is Sum. Let A1 be a

circle defined with center cs as the centroid of source locations

and with radius Gh/n. Then any POI outside A1 cannot be

part of optimal answer set.

Proof. Let oi as a POI placing outside A1. Then according to

paper [2], we have n × de(oi, cs) ≤ ∑n
i=1 d

e(oi, si), where

de(., .) indicates the Euclidean distance between two locations.

In the case that Gh/n < de(oi, cs), then we can conclude

Gh < n × de(oi, cs) ≤
∑n

i=1 d
e(oi, si). This means that the

total distance of oi from S = {s1, s2, ...sn} would be greater

than Gh. So, oi cannot be part of optimal group trip.

Lemma III.4. Let Gh as an initial group travel distance,

where the aggregate function is Max. Let A1 be a circle

defined with center cs as the centroid of source locations and

Table I: Parameters of Synthetic datasets.

Parameter Range Default

Query area radius 5, 10, 25, 50 10
Group size (n) 2,3,4 2
Dataset size 50, 100, 300, 500 300

with radius Gh. Then any POI outside A1 cannot be part of

optimal answer set.

Proof. Let oi as a POI placing outside A1. Then according to

paper [2], we have de(oi, cs) ≤ n
max
i=1

de(oi, si). In the case that

Gh < de(oi, cs), then we can conclude Gh ≤ n
max
i=1

de(oi, si).

This means that the aggregate group travel distance of oi from

S = {s1, s2, ...sn} would be greater than Gh. So, oi cannot

be part of optimal group trip.

Computing the final pruned area. After computing pruned

areas A0 and A1 respectively in steps 2 and 3, then the final

pruned area A0∩A1 will be returned as the final refined area.

Lemma III.5 illustrates this point that any POI outside this

area cannot be part of optimal group trip.

Lemma III.5. Any POI outside A0 ∩ A1 cannot be part of

optimal group trip.

Proof. Let oi as a POI placing outside A0 ∩ A1. Then it

would be outside of at lease A0 or A1. Then in the case

that the aggregate function is Sum (Max), then according

to Lemmas III.1 and III.3 (Lemmas III.2 and III.4) it cannot

be part of optimal group trip.

Computing the optimal group trip. In this step, we

compute all possible candidate group trips based on POIs

belonging to final refined area A0 ∩ A1. Among all possible

candidate trips, the group trip which incurs the smallest

aggregate group travel distance is returned as the final optimal

group trip.
IV. EXPERIMENTAL RESULTS

We evaluate the performance of our proposed approach, by

comparing the refined area size resulted from different pruning

techniques as A0, A1 and A0 ∩ A1. In our experiments, we

use the San Joaquin road network1 containing 18,263 vertices

and 23,874 edges. Furthermore, we randomly distribute the

Synthetics dataset(POIs) on the road network vertices. In our

experiments, we assume that all group members are interested

to visit a COI before gather altogether at a meeting point.

(a) Sum (b) Max

Figure 2: Effect of query area

1www.cs.fsu.edu/lifeifei/SpatialDataset.htm
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(a) Sum (b) Max

Figure 3: Effect of dataset size

(a) Sum (b) Max

Figure 4: Effect of group size

In the experiments, we varied the following parameters: (1)

the query area radius, (2) the group size n and (3) the dataset

size. Table I summarizes the parameter names, their ranges,

and default values. For each set of experiments, we vary the

value of one parameter, and fix the other parameters to their

default values. In our experiments, we randomly select a few

number vertices as group members’ source locations based

on the group size from a query area radius. The query area

is considered as a circle with a radius which is one of our

parameters under investigation. Table I shows our parameters

under investigation and their default values. In each set of

experiments, we run the experiment for 10 samples of MPTPs

queries and present the average result in terms of refined

area size as the total number of POIs belonging to refined area.

Effect of Query Area: Figure 2 illustrates the effect

of query area on the performance of refined areas A0, A1

and A0 ∩ A1. As this figure illustrates, in the case that the

aggregate function is Sum, then the pruned area A0 ∩ A1

nearly equals to A1. This means that pruning search space

around the centroid of source locations is much more

effective in comparison to refining search space based on the

intersection of pruned areas around the source locations. On

the other hand, our experimental results show that when the

aggregate function is Max, then A0 ∩ A1 almost equals to

A0. Assuming that the group size is n, then A0 returns the

intersection area of n circles with the radius Gh. On the other

hand, A1 returns a circle with radius Gh. Consequently, in

the case that the aggregate function is Max, then the pruning

search space based on the intersection region of pruned areas

around the source locations will result in a smaller refined

area. Our experimental results show that with the increase

of query area radius, then for both aggregate functions, the

number of examined POIs in all three refining techniques

increases.

Effect of dataset size: In this set of experiments, we vary

the dataset size from 50 to 500. Our experimental results

illustrated in Figure 3 show that with the increase of dataset

size then all refined search spaces A0, A1 and A0 ∩ A1

will contain higher number of POIs. We notice that for

aggregate function Sum, the refined space A0 ∩ A1 equals

to refined area A1. On the other hand, when the aggregate

function is Max, then the pruned area A0 ∩ A1 equals to

A0. Furthermore, our experimental results show that with the

increase of dataset size, then for both aggregate functions,

the number of examined POIs in all three refining techniques

increases.

Effect of group size: In this set of experiments, we vary the

group size as 2, 3 and 4. Our experimental results illustrated

in Figure 4 show that when the aggregate function is Max,

then the pruned area A0 contains fewer number of POIs

in comparison to A1. Furthermore our experimental results

show that with the increase of group size all pruned area in

A0, A1 and A0 ∩ A1 would contain higher number of POIs.

Furthermore we observe that with the increase of n, then the

gap between the number of POIs involved in pruned areas A0

and A1 increases.
V. CONCLUSION

In this paper, we introduced MPTPs queries, finding an

optimal meeting point for a group of friends based on group

members travel plans. The basic idea of our proposed approach

for processing MPTPs queries is to shrink the search space

around the source locations as well as the centroid of source

locations based on geometric properties of circles. Through

an extensive set of experiments we studied the performance

of our proposed pruning techniques applied in our proposed

approach for processing MPTPs queries.
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