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Motivation / Application

= Sharing multiple tasks in a family

= Event Management

Withdrawing/depositing
money at bank

Family members /

1% Y

Buying groceries at super shop Buying medicine at pharmacy

Generalized Group Trip Scheduling
(GGTS) Queries
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Generalized Group Trip Scheduling (GGTS) Queries
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Generalized Group Trip Scheduling (GGTS) Queries
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Generalized Group Trip Scheduling (GGTS) Queries

O Inputs:
= Source locations of nusers :s;, s,, S5, ..., S,
= Destination locations of nusers:d,, d,, d, ..., d
= mPOItypes:cy cy Cy .oy €y
= Expected no of people to visit those POI types : n,, n,, n,, .., n,, and
1 <n,<n, n = no of group members

n

O Output:
= Ntripsfornnoofusers, T, T,, Ts, ..., T

n

Here, T,={ py, P2, P3 - Py} : A set of POIs
and | T;| = 0-m

1 Objective:
= Minimize the Trip Overhead Distance for the group.




Generalized Group Trip Scheduling (GGTS) Queries

U Conditions:
= Each user may visit (0-m) number of of POI types.

= When a POI type ¢, is expected to be visited by n, number of users, where n,>1
then those n, users will visit the same POI location p’; of that type c; .

* TWZWUT,UT;..UT, ={py, Py, Pz v Pm }
and | T, UT,UT;..UT, |=m

* T'NnT,=Q@orT,nT;={py, Py, P3 - Pi}

n —_
= )1 l,=n;+n,+n;+..+n

n m




Related Works

O Algorithms for group trip planning queries*

= Consider a group of users to plan best possible trips.
= Ina GTP query, all users go through a same set of POls.

O Algorithms for group trip scheduling queries>.

= Consider a group of users to plan best possible trips so that one POI type is visited
by one and only one user and no POI type is visited by two different member.

We propose the first approach to evaluate GGTS queries
in spatial databases

1Lietal, 2005, 2Chenetal, 2008, 3Sharifzadeh et al, 2008
4*Hashem et al, 2013 >Jahan etal, 2017



System Architecture Overview

Location Based

Data Storage Service Provider Coordinator
(R-tree) of a user group
O Queries :

= n predefined source-destination pairs, m specific POI types and expected no of
people to visit that certain POI type.

 Data Storage :
= POl information is indexed using R-tree

U Location Based Service Provider :
= Retrieve POIs, compute and schedule trips and return the resultant trips to the
group coordinator



Research Challenge

O Finding appropriate set of POIs from Large POI Database.
= (California data set: About 87,635 POlIs of 63 different POI types, on average 1300
POIs for each type
= [fthe no of required POI type is 6, the number of possible set of POlIs :

i=1(No.of POIs for j th POl type); where,m = No.of required POI Type
=1300* 1300 *...* 1300
= (1300)° = 4.83 ™18 | Huge amount !!!!!!

U Efficiency of GGTS queries depends on

= Refinement of the search space

= Scheduling of the Trips
= Total Trip Distance is minimum.
=  When more than one member is expected to visit a POI type they visit the
same POI location of that type.



Thesis Goal

4 Introduction of a GGTS Query
L Refinement of the Search Space
 Scheduling of the Trips

U Experimentation with Real Data Set




Preliminaries
/ r = Dist (G, p,)

-1 Total Region

Known Region

Search Region

O Known Region : The region which has been already explored

0 Search Region : The region which we need to explore for the optimal solution



Optimal Approach

Find an initial POI set with respect to centroid G, which includes at least
one POI from each required POI type

v

Compute n trips from initial POI set that provide the minimum
aggregate overhead trip distance

Y

Compute search region <€

Update n scheduled trips

[

Is search region
included by
known region?

No

=>»! Find next nearest POI with respect to G




First Refinement Technique (Type Based)

» TripDist, : The current minimum trip distance of user u, among the scheduled trips

51+Sz+...+5n
S, =
n
d1+d2+...+dn
d. = -
Aggregate trip overhead
distance :
n . .
AggOvDist Yi=1 (TripDist) —
= — +maz {Dist(s;s;) + Dist(d;, d.)} +maz]" Dist(s; d;) ?—1 Dist (Si d, )
n; _ ’

O mellipses : ECI, Ecz’ e Ecm
= The foci of Ellipse E, are atS_.and d.
®  AggTripOvDist

n;

= Major axis of the ellipse : + max i, { Dist(s,, s )+ Dist(d.,d_) } +

max ., Dist(s;, d))



Retinement Technique (User Based)

» TripDist,: The current minimum trip distance of user u, among the scheduled trips
»  AggTripOvDist : The current minimum aggregate trip overhead distance of the group

Aggregate trip overhead distance:
‘1 (TripDist)) —
i=1 Dist (s, d;)

Q nellipses, £, E,, ..., E,

» The foci of Ellipse E are at s; and d
» Major axis of the ellipse : AggTripOvDist + Dist(s;, d.)



Combining Refinement techniques

* From Type based refinement techniques we find the search region for a
POI type c;: Ec,-

* From User based refinement techniques we find the search region:
E.VE,U ..UE,

U For any POI type c, the search region :

E, N(E,VE,U ..UE,)




Optimal Trip Scheduling

* Constructing a combination table
* Each row contains a possible combination of users visiting a certain sequence of POI
types satisfying all the conditions

uq: Cq1 2CyDCy
u,: 6196'2 éC;l,
us: C12C3 2C,

e Constructing an index table
e Each row contains a sequence of POl types a user might visit satisfying all the conditions
and the corresponding combination number that contains such a sequence

CqL 2Cy

Cq 2Cy,PCy

Cq 2C3 2Cy4

Cq 2Cyr2C3 2C,



Optimal Trip Scheduling

Construct the combination and index table

\2

Calculate the trip distances for each combination with initial POI set

v

Check with combinations in the combination table after the retrieval of a
POI p required POI type to update the trip distances




Retrieve Initial Set of POlIs

= The POIs are stored using R*-tree in the database
= Retrieve nearest POI from G incrementally

=  (G: Geometric centroid of all group members’ source and destination locations.

*° o2 Known Region

Figure: Initial known region after finding at least one POI of all required POI types

@ Centroid

® Sources

# Destinations
@® Banks

% Restaurants
B Supermarkets

® Shopping Malls
A Pharmacies

+Hospitals

Initial POI set:
PLPL P2 D3 P4}




Compute Initial Scheduled Trips

@ Centroid

® Sources

# Destinations
@® Banks

% Restaurants

B Supermarkets
® Shopping Malls
A Pharmacies
+Hospitals

Figure: Initial scheduled optimal routes
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Compute Search Region

@ Centroid

® Sources

# Destinations
@® Banks

% Restaurants

B Supermarkets
® Shopping Malls
A Pharmacies
+Hospitals

Search Region

Figure: Updated Search Region




Check Terminating Condition

N\

Terminate Algorithm ! :
‘5@“' ~Known Region
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Heuristic Approaches (TSH-GGTS)

Construct the combination and index table

\2

Calculate the trip distances for each combination with initial POI set

v

Update the combination table with best t combination for which trip distance
is minimum

v

Check with combination in the updated combination table after the retrieval of
a POl p of required POI type to update the best ten trip distances




Heuristic Approaches (SRH-GGTS)

Find at least one POI of all required POI types for each member

\2

Calculate the trip distances for each pattern with candidate POI set

v

Check with patterns in the pattern table after the retrieval of a POl p of
required POI type to update the trip distances




Experiment Setup

Data Set  Real data set [ California dataset |
- 87635 POIs with 63 POI types
- Road network : 21048 nodes with 21693 edge

Parameters The number of required POI types
The number of users of a group
 Thequery area

Measurement terms |*  Processing time
« I/0 access




Parameter Settings

Group size (n) 2,3,4,56 3
Number of POI types (m) 2,3,4,5,6 3
Query area (4) 50x50,100x100, 150x150, 100x100

(in sqg. units) 200x200, 250x250, 300x300
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Performance Analysis (Ettect of number of POI types m)
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Performance Analysis (Ettect of Query Area A)

iy
o
IS

RH-GGTS O-GGTS —a—
SH GisFS SRH-GGTS

in

=
o
W
B

-
o
W

iy
=]
8]

Processing Time (in sec)
/0 Qverhead

101 . . . .
s s 50 100 150 200 250 300
050 100 150 200 250 300 A

A
Processing time vs Area size |/O Overhead vs Area size

©Q
[+)]

TSH-GGTS &
SRH-GGTS

[(s]
I

o
i

Q
o

o
®

®
B

@
N
R

ey
34

e
(UK

il

[oe]
o

&
ol

Accuracy Levgl (in percentage)

B
ol

50 100

~
o]

150 200
A

Accuracy level of heuristic approaches with varying area size

300



Performance Summary

Optimal approach:

* Small parameter settings

Heuristic approaches:
* Large parameter settings

TSH-GGTS:
* Processing time 23299.64 times less than Optimal-GGTS
* Accuracy on average 92.95%

SRH-GGTS:

* Processing time 23330.07 times less than Optimal-GGTS
* Accuracy on average 77.26 %



Conclusions

* Introduce the first Generalized Group Trip Scheduling (GGTS) Queries in the spatial
database

* Develop algorithms to compute GGTS queries almost accurately and efficiently

* Perform extensive experiments using real and data sets
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