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Dominant Relationship Analysis using Dominant
Graph

Sandesh S Dhawale, Vijay R Ghorpade

Abstract: The importance of dominance and skyline aysis
has been well recognized in multi-criteria decisiomaking
applications. Most previous works study how to helgstmmers
find a set of “best” possible products from a poof given
products. Concept of dominance is used here for dpbusiness
analysis. In this paper five queries are proposediethare called
as dominant relationship queries. With the help dhese
dominant relationship queries product manufacturing
companies can create new profitable products, congproducts
and find some attributes of products for which procusatisfies
more number of customers. An indexing structure knovas
dominant graph is used here for implementing of dorant
relationship queries.

Index Terms: dominant relationship queries, dominagraph,
dominant relationship analysis.

I.INTRODUCTION

The concept of dominance has recently attracted mu

interest in answering preference queries. Heredneept of
dominance has extended for doing business analgsis
dominant graph.

Given an N-dimensional data set S, let D = D1,Dn be
the set of dimensions. Let p and gq be two datatpadim
dataset S. We then denote the values of p and q
dimension Di as pi and gi respectively.

A point p is said to dominate q if p is betterrtha equal
to q in all dimensions and is better than q ineatst one
dimension.

Given the concept of dominance, the skyline paimthe

dataset S are defined as those points which are not

dominated by any point in S. Skyline points arefulsi

answering preference queries. As an example, wsidena
set of six notebook as shown in Table 1, whers finree
are produced by manufacturer A and next three rr@uced
by manufacturer B. If we consider only weight anite
attribute then skyline as shown in figure 1 is A3 B4 and

Table 1 Product Manufacturers

Model | CPU | Memory | Hard | Weight | Price
(MHz) [ (Mb) | disk | (kg) [ ($)
(Gb)
Al 2 1024 40 2.6 2.5
A2 1.9 256 60 1.6 2.7
A3 1.9 512 60 2.2 2.2
B4 1.8 512 40 1.9 2.4
B5 1.9 1024 40 2.8 2.1
B6 1.8 768 50 1.7 2.8
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Figure 1 Notebooks and customer preferences
Relative to each notebook ,here are three typessibmers:

A.Dominated Customers:

As the name implies, these are customers who are
dominated by the notebook ,i.e., the notebook defin
satisfies their requirements. For example ,the dated

B5. The same concept can be easily extended to M@igstomers of notebook Al are C5, C6 ,C8 and CO9.

attribute such as CPU speed, memory size etc.

While the concept of dominance is very useful frtra
perspective of customers selecting the productyg like,
what is interesting to manufacturers is whetheir fh@ducts
are popular with customers compared to their coitqgpist
products. Referring again to Fig. 1, let C 1 ,C10 indicate
the preference of 10 customers in a survey in hiliey are
asked the weight of the notebook they are comftetaiith,
and the price they expect to pay for it.
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B.Dominating Customers:

These are customers who dominate the notebook,the.
notebook definitely does not satisfy their requiests. For
example, the dominating customer of notebook AQlis

C.Incomparable Customers:

These are customers who neither dominate nor are
dominated by the notebook. For example, C3 and @4 a
incomparable customers of notebook Al. Given any
notebook, the numbers of dominated and dominating
customers can be used as measurements to gauggobadw
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Dominant Relationship Analysis using Dominant Graph

Obviously, it is best to dominate as many custon@ss
possible while keeping the number of dominating@uers
minimal. From the above discussion, the usefulneks
analyzing the dominant relationships between prtsdaad

number of attributes D1, D2,...Dn.

IIl. RELATED WORK
In [1] Tom Brijs has proposed a model called as

customers is clear. For this purpose five queries apROFSET model for product assortment .This modedsta

introduced here. Queries are (1) Linear Optimizatguery

into account cross selling effect by using frequiéam set.

(2) Subspace Analysis Query (SAQ), (3) Comparativghe model helps retailers to improve stores image i

Dominant Query (CDQ), (4) Skyline Product Query (BP
(5) Skyline Subspace Query(SSQ). These querieshelmn
product manufacturing companies to create new tatué

customer’s mind and it also maximizes profit foreth
retailers. In [2] J. Y. Yao presents a study omlgpg
sensitivity analysis neural network model for partar area

products, compare products and find some attribofes in data mining. Here neural network models are iadfor
products for which product satisfies more number fiscovering underlying rules and from dataset, itigitg

customers. Dominant graph is used for implementiese
queries. Queries are called as dominant relatipriphéries.

This paper is organized as follows. Section 2 rafi
some important terms and makes some assumptiocisorse
3 presents related work. In section 4 detailed émgntation
of dominant relationship queries and dominant lyrép
given. Section 5 discusses observations and rasalysis.
Section 6 focuses on conclusion and future work.

I. BACKGROUND

This section defines some of the important teragitin
this paper. Some assumptions are also made here.

A.Concept of dominance

Suppose that we have two records r and r'. Wesagn
that r dominates r' if following conditions areiséd.
1) In every dimension the value of r must be gredten tor
equal to r' 2) There must be at least one dimensfare r is
greater than r'. Consider the following example.

Table 2 Table 3
X |y 8 y

r 10 20 r | 15| 20

r 5 20 r' 12 25

From the definition of dominance we can sayt th
Table 2 record r dominates r' and in Table 3 nongc
dominate the other record.

B.dominating( p, C, D"

If we are given an object p, a set of objectn@ a set
of dimensions D'c D then dominating( p, C, D) can be
defined as a set of objects in C which are domihatean
object p in subspace D'.

C.dominated( C, p, D"
If we are given an object p, a set of objecen@ a set

analysis is hence applied as optimization procetiurénd
most sensitive factors with respect to profit. 8 Martin
Ester has proposed algorithm for Customer-Orie@tadlog
Segmentation problem. Algorithm finds k catalogs
maximizing the number of distinct customers who ehat
least t interesting products in the catalog thakist to them.

In [4] K Wang has proposed a model in this papevknas
“Recommender”. This model uses collection of past
transactions to find which targeted products areremo
purchased with no targeted products and then d@mnetends
these products to customers whenever they buyargeted
products. In [5] Prithviraj Sen proposed cost-diresi
structured classifiers based on maximum entropycipies.
The classifier is a simple extension of 0/1-lossicdtired
classifiers using Bayes risk theory where the sesisitive
classification is obtained by minimizing the exmettost of
misclassification. Cost sensitive learning takestgosuch as
the misclassification cost ,into consideratiorislone of the
most active and important research areas in machine
learning, and it plays an important role in realridadata
mining applications. In [6], Ke Wang studied thelpem of
Maximal-Profit  Item Selection with  Cross-Selling
Considerations (MPIS). With the consideration @& thoss-
selling effect, MPIS is the problem of finding a eéJ items
such that the total profit from the item selectiis
maximized, where J is an input parameter. In [flgLZhu
extended the concept of dominance for businessysisal
from a microeconomic perspective. More specificalig
proposed a new form of analysis, called Dominant
Relationship Analysis (DRA) using data cube DADAjigh
aims to provide insight into the dominant relatitips
between products and potential buyers. In [8] LeuZ
investigated the intrinsic connection between togderies
and dominant relationships between records, anddbas
which, he proposed an efficient layer-based indgxin
structure ,Pareto-Based Dominant Graph (DG), tovans
top-k queries.

of dimensions D'c D then dominated( C, p, D') can be

defined as a set of objects in C which dominatelgect p
in subspace D'.

D.Assumption

Here it is assumed that there are two produtf

manufacturing companies A and B. A produces a $et
objects PA {A1,A2,...An} and B produces set of dlife
PB{B1, B2,...Bn}. Products and customer prefersnaee
represented by a point in n-dimensional space [ wwit
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IV. DOMINANT RELATIONSHIP ANALYSIS

The objective here is to build an analysis toolohhwill
help the product manufacturing companies in making
decision to increase business. The tool basicalhsist of
e queries (1) Linear Optimization Query(LOQ) (2)
ubspace Analysis Query(SAQ).
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(3) Comparative Dominant Query(CDQ) (4) Skylinegraph. Record 4 dominates records 6 and 1, record 3
product Query (SPQ) (5) Skyline Subspace Query(SSQ@ominates 5 and land record 11 dominatesl. Red&ids
These queries are called as dominant relationshgries and 1 are in second maximal layer of dominant grapird
(DRQs). All these queries are implemented usingiidant maximal layer of dominant graph contain record @ a0.
graph. This section discusses implementation ofidamt Record 2 is dominated by 6 and, 10 is dominated
graph and DRQs. by 5and 1.

Algorithm for Dominant Graph

A.Dominant Graph

Dominant graph shows dominant relationship between S i —— ——
. . . . put:- 1)Dominant graph of the database. i1) r=record to be inserted.

_records in _database _table. Dominant gra_ph is used I | ouiput- A recordto be inserted.
implementation of dominant relationship queries.

Maximal Layers:- Given a set S of records in a
multidimensional space, a record r in S that is ideted by

. . . . . 3.3159

no (._)thel’ records_ in S is said t-O be maX|maI. Thet fi 4. Allrecord Pi at first laver of DG that dominates r are collected to form the set P.
maximal layer L1 is the set of maximal points of S. 5. Do DFS search from each Pi to find the longest path L.

Dominant Graph:- Given a set S of records in a G-E;?fﬂ=!2!- g
. i . 7.Insertr into the (o~ aver o ;
multidimensional Space, S has k nonempty maxmyﬂrta 8.1f r dominatessome records Ci in the (n+1)thlaver of DG then

Li, i = 1,2,. . . n. The records r in ith maximalyér and 9. All the descendants records of Ci (including Ci) are collected to form the set 5.
10.Foreachrecord Oin S do

1 Ifrisnot dominated by any record in first layer of DG then
2.setn=0.

. . Qi
records r' in .(I 1)th layer form a bipartite grag;lh i=1. 1.0 degradadinto s nextlayer.
(n-1). There is a directed edge from r to r* iiif gind only if 12 Build parrent children relationship between O and records in cument nextlayer.
record r dominates r'. We call the directed edgpaent ii-g??a;]sogeOmzr%&geH?tAf?tiéﬂolmsﬂStheﬂ

. . © . . 4_Delete the directed & omAto Q.
chlld_ren relguonshlp - Al blpartlte_ graphs gi q@ned to 15. Build parrent children relationship between records innth layerandr.
obtain Dominate Graph The maximal layer Li is cdlith 16. Build parrent children relationship between records in r and n+2 th layer
layer of DG 17.Report the updated DG.

Consider the following database D which consistwig

) : . B.Li Optimizati
attributes X and Y. Dominant graph for database @l$o Inear Optimization Query

LOQ can help product manufacturing companies tigdes

shown. new products which satisfy most of the customer
Table 4 A database S references while remaining profitable.
ID X Y LOQ (L, C, D):- Given a plane, L, and a set of altge C,
00 1 563 in an N-dimensional space of D, we define LOQ(LD as
01 193 808 the aggregate magiominatindp, C, D|), where p is any
02 585 479 point in the plane L.

03 350 495
04 822 809
05 174 858
06 710 513

Linear Optimization Query

Customer
Data

07 | 303 | 14 —
08 91 364 Graoh o Set o_f pc-)imts on-p[ane
09 | 147 | 165 el Iy [P
10 | 100 | 800 (= —

11 | 351 | 810 *

Figure 3 Linear Optimization Query

Linear optimization query takes two inputs fromnisbe
first input is dominant graph which is built on tuser data,

=
LN the second input is plane L. After taking these imouts
_ : (;q from user linear optimization query finds the peinh plane
3 = *—‘\_.’ - L. points on the plane L are those points whichpaioditable
e N to company. Linear optimization query then detessithe

@ 7:??\} - point on plane L which dominates maximum custom8cs.

the output of the linear optimization query is bodf points
on plane L which dominate maximum customers.

Figure 2 Dominant Graph for database S

Dominant graph shows that 4, 3 and 11 are maximal
records as they are not dominated by any otherdsdo S.
Records 4, 3, 11 are in first maximal layer of coamt
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000 . Subspace analysis query takes dominant graph wkich

29001 e built on customer data and product configurations f

2000 1\ 5@ o selected subspace as input. After taking these inpats

o > Y e from user subspace analysis query computes number o
B i * . customers dominated by input product configuratand
S 2 number of customers dominating product configurati®o

2300{ @ S S the output of the subspace analysis query is nunaber

2200 | c.# customers dominated by input product configuratard

2100 RIZZED number of customers dominating product configuratio

2000 T T l

1.5 2 25 3

Welght Algorithm for Subspace Analysis Query

Figure 4 Plane L

Tnput:- a) C= A setof objects in N-dimensional space D.b) D" = A subspace of dimension D.
Above diagram shows set of customer preferences for |9Apointp.

weight and price attributes of laptop. Figure atdows a gggﬁﬁg‘;ﬁ:ﬂﬁﬁ%@mhypnm{pmubww'b)Nmmmb"m
plane L. Any point below this plane L is not prabte to

product manufacturing company. Points on plane & ar
profitable to company.

1. LetI1.I2.. Ik be dimensions in subspace D
2. Build dominant graph for each dimension in subspace D’ for dataset C.

3. Determine objects in C dominated by point p for dimension 11 12 Ik of subspace D*

4. LetS1,582...8k be the sets of objects dominated by pointp for the dimension 1. 12. Ik
respectively.

5: Determine objectsin C which are incomparable with point p for the dimensionI1 I2. Ik of
subspace D',

6.LetS1°,82° .8k’ be the sats of objects which are incomparable with point p for dimension
11.12,.. Ik respectively.

7. Objects in C which are dominated by p in subspace D’ are obtained by following equation.
{S1USTIN {S2U82°I .. N {SELSE ),

8. Objects in C which are dominating point p in subspace D” are obtained by following equation
C-({S1UBI°} N {8282 IN..N {8kusk ).

Algorithm for Linear Optimization Query

Input:- AplaneL.set of objects C.
Output:- Points onplane L which dominates maximum number of objects from C.

1. Start from the point (1.1 1) in N-dimensional space

2. Atany stage if the cell is at the bottom leftof plane L, iterate continually on its children
until we find the cell on the plane L.

3.Ifthe cellis on the plane L add it to the result cell set.

4. Obtain the cells fromresult cell set which dominate maximum number of objects from set
CusingLOQ Max Dominating function.

D.Comparative Dominant Query

CDQ can help product manufacturing companies to
identify customer preferences that are dominated by
products of both a company and it's competitor canyp
CDQ also helps to identify customer preferences #re
dominated by a company product and not by competito
company product.

gdominating(A, C, D):- Given two sets of objectaAd C
in an N-dimensional space of D, we define gdominta{iA,

C.Subspace Analysis Query ) ) C, D) as the set of objects in C which are domuhdig
SAQ can help product manufacturing companies 19;me object from A.

identify how many customer preferences are domihbgea CDQ- (A, B, C, D):- Given three sets of objecttie N -
company product in given subspace. SAQ also hedps §imensional space of D, we define CDQ- (A, B, C,d3)
identify how many customer preferences are dormigaé |gdominatingA, C, D - gdominatingB, C, D)|.

company product in given subspace. CDQN (A, B, C, D):- Given three sets of objects in the N

~ SAQ(p, C, D'):- Given a set of points C and a0@ _gimensional space of D, we define CD@, B, C, D)as:
in the N-dimensional space of D’,find:[dominatindp, C, | gdominating(A, C, D)) gdominating(B, C, D)

D)| and 2.|dominatedC,p,DOQ| where D'’cD.
\

Function LOQ Max Dominating (result cell set DG for set C)

1.Find the position of the cell in DG for set C.

2. Determine number of objects in set C are dominated by the cell

3.Repeatstep 1 and 2 foreach cell in result cell set.

4 Refurn the cells which dominate more objectsin set C than any other cell in result cell set.

Comparative Dominant Query
Data

Customer

Subspace Analysis Query

Data

Configuration
forghen

subspace

St

dominating product
configuration

Figure 5 Subspace Analysis Query

29

Number of customer b ) configurations only
umpa.mnve
preferences - Dominant
dominatad by d Coipda'.lu:; § Query Customer preferences
i ominate ypre lct ot : dominated by both
DB i i gy company’s product
Graph conﬂguratmn configurations and
Subspace competitor company’s
L product configurations
AHBWS\'S gcmpau(qr
Number of customer ompany's
Product ﬂuery product
preferences configuration

Customer preferences
dominated by
company’s product

Figure 6 Comparative Dominant Query
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Comparative dominant query takes three inputs froproducts.
user, they are dominant graph built on customeia,dat
company’'s product configurations and competitor
company’'s product configurations. Using these isput

Algorithm for Skyline Product Query

comparative dominant query computes number of cuests Input:2) Existing productable Te.b) Source tables of sub products T1, T2.... Tn.
dominated by company’s product configurations amehimer ik Doty e ori.

of Cl_JStom_erS dominateq by competitor company’s petsl 1. Build dominant graph for existing product dafaset Te.

configurations, once this is done query outputs emof 2. Generatenew product table Tp by using sub products in fables TL T2, Tk

customers dominated by both type of product condijons 3. Usingdominant graph for Te, find all productsin Tp whicharenot dominate by anyproduct in Te.

and number of customers dominated by company’systod | * Refumundoninated products from Tp
configurations and not by competitor company’s  picid
configurations.

Algorithm for Comparative Dominant Query

F. Skyline Subspace Query

SSQ can help product manufacturing companies @ fin
subspaces of a product where the given productois n
dominated by any customer preferences or any egisti
product in market.

Given a set C of customer preferences and a pamthe
N -dimensional space D. Subspace Skyline Querybzan
1. Take an object x fromsef A defined as determining all possible subspaces wheire p

1. Find the position of that object x in dominan graph. . .
3 Determine objectsin C which are dominated by the abject x. is not dominated by any customer preference.

4 Repeatsteps 1,2 3 foreachobjectinset A

Tnput:- Dominant graph for fhree sets ofobjects A B, C.
Output-a) Set of objeets in C which are dominated by some objects in A and not by any objectsin B. b) Set of
objectsin C which are dominated by some objects in A and some objectsin B.

5. Let 1 bethe set ofobjects in C whichare dominated by objecs in A. /
6. Takean objecty from set B. ] ]
7.Find the position of the objecty in dominant graph. C“;‘;’:” Skyline Subspace Query

§. Determine objects in C which are dominated by the abject y.
9. Repeat steps 6, 7.8 for eachabjectin setB.

10.Let 52 be the set of objects in Cwhich are dominated by objectsin B. ;
, i 5 & Dominant Attribute subsets
“CDQ(ABC D)_SISA Graph 3 where given product
12 CDQ“ (A« B.C D) =5l ‘n‘ S 52:!2;; configuration is not
Product Query dominated by any
. configuration customer preference
E.Skyline Product Query \ /
SPQ can help product manufacturing companies 1.

design products which are not dominated by anytiagis Figure 8 Skyline Subspace Query

product in market. Skyline subspace query takes two inputs from ther.us

Glyenaset Te of existing products in market,teofbest Inputs are dominant graph built on customer datd an
possible products is to be created from sourceetaBll, product configuration. From these two inputs subspa

T2,.Tn of sub products such that the newly cebate,ysis query computes subspaces where given grodu

products are not dominated by any existing prodiacte. configuration is not dominated by any customer hskiad

of subspaces are called as skyline subspaces. n8kyli

/ \ subspace query outputs skyline subspaces for gix@huct
Customer Skyline Product Query configuration.

Data

Algorithm for Skyline Subspace Query

Dominant

Graph i p— Input:-a) C: An N dimensions set of customer preference. b) A pointp.
— product @ Output:-Allthe subspaces where p is in skyline.
Sub product

Query
configurations

1. Create DG for each dimension in D for dataset C.

2. Take point p from dataset S.

3. Obtain the sets 81.82...8n such that each point in Si dominates p in the dimension Di.
4.1£51 M 82...N 8k =NULL then Point p is a skyline point in subspace {D1 D2... Dk}.
5.For all combinations of dimensions in D check whether p is in skyline or not.

required for
producing
skyline
products

Figure 7 Skyline Product Query
V.OBSERVATIONS AND RESULT ANALYSIS
To evaluate the efficiency and effectiveness of itaumt
graph and dominant relationship queries experimesmse
conducted. All algorithms implemented using Neatise®. 2
and oracle 10g database,

Two inputs are given to skyline product query fraser.
These inputs are dominant graph built on existingdpct
data and configurations of sub-products which aguired
for creating skyline products. Taking these two uitsp
skyline products query first creates new produntsnfsub
products configurations and then using dominanplyra
finds that which of the new products are not doneidaby
any of the existing products and outputs such a new

Published By
Blue Eyes Intelligence Enginee

. LU 1o, RN
& Sciences Publication Pvt. | 7 leuopews®

30



Dominant Relationship Analysis using Dominant Graph

and conducted experiments on PCs with different

. . . Subspace Skyline Query
conjurations such as dual core processor with 2GB
memory,i3 processor with 3GB memory and i5 processo ,/ﬁ
with 8GB memory. Experiments conducted on operating /f;/
systems like Windows 7 and Ubuntu 14.04. Experisient / : =
have also been conducted on different datasets. Z / |

A.Efficiency of DG computation

Here to analyze the performance of the algorithm fo o st |
computing dominant graph, the algorithm run on REs
different configurations such as dual core processith
2GB memory, i3 processor with 3GB memory and iSrigure 10 DRQ Analysis by Running Algorithms on PCs
processor with 8GB memory. All PCs are running ame with different configurations

operating system i.e. Windows 7. Figure 8-a shangime
for algorithm when number of attributes are fixed Aand
number of records are varied from 200 to 1000. feidi+b
shows runtime for algorithm when number of recdixed
to 1000 and number of attributes varied from 4.to 7

(d) Skvline Subspace Query

From figure 9 it can be observed that dominanttieahip
queries do exceedingly well when they are run anmaers
with i5 processors than low configuration computers
2)Measuring run time performance of dominant relatiop
queries by running them on different dataset.

Here we analyze performance of answering dominant

Dominant Graph Analysis Dominant Graph Analysis
| | relationship queries by running them on differeatadets
- such as a dataset for Smartphone’s, a datasetftod and a
f i / dataset for desktops. Figure 10 shows run timeqfeery
gl / o answering algorithms when numbers of attributesfiaes
’ g || "o e | +s to 7 and numbers of records are varied from 2Dt
|
! i " i Linear Optimization Query Subspace Analysis Query
(a) Varying records (b) Varying attributes |
£” o = /
Figure 9 Dominant Graph analysis Using PCs of i >
E,

Different configurations

From above figure it can be observed that algorifom | : |

dominant graph works remarkably well when it is aim = S
PCs with good hardware configuration.

(a) Linear Optimization Query (b) Subspace Analysis Query

B.Query answering performance
1) Measuring runtime performance of queries by rugnin Comparative Dominant Query Skyline Product Query
them on PCs with different configurations. : : _

Here to analyze the performance queries are ruR@a =,
with different configurations. While running algthmns for ~ '° J | | 3 /
queries, numbers of attributes are fixed to 7 amdbers of ~ *- .——// S : e
records are varied from 200 to 1000.

Linear Optimization Query Subspace Analysis Query — E—
(c) Comparative Dominant Query (d) Skyline Product Querv

Subspace Shyline Query

et B s

(a) Linear Optimization Query (b) Subspace Analysis Query

Comparative Dominant Query Skyline Product Query

Ristbes o raeris

(d)} Skvline Subspace Query

Figure 11 DRQ Analysis by Running Algorithms on
different dataset

Hmtae et Lomgrsd b,

(¢) Comparative Dominant Querv (d) Skvline Product Query
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From figure 10 it can be seen that almost all qsetake less
time for execution when they are run on a dataset f
desktop as compared to execution time requiredofber
two datasets.

VI. CONCLUSION AND FUTURE SCOPE

The analysis tool developed here is for product
manufacturing companies to increase their business.
Analysis tool can help manufacturing companies rea®
new profitable products which satisfy most of thustomer
preferences, to compare company's products with
Competitor Company’s product by checking how mafy o
them satisfy customer’s requirement and to and etubs
product's attributes that satisfy most of the custds
requirements.

This analysis tool consists of five types of querand
these queries are implemented using dominant graph.

From experiments conducted it can be noticed that t
performance of algorithm for computing dominantpiras
good when it is run on PC with descent configuratio

From experimental study we can also dominant
relationship queries also need PC with high coméiian for
having decent performance, so there is scope toowepthe
efficiency of algorithms for dominant relationstlgjperies.
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