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ABSTRACT

With the widespread use of the Internet, electronic commerce (e-
commerce) becomes very popular and one of the most important fields. In
today's fast-changing era, it is extremely important to be able to respond
to the needs of customers or buyers in the most effective and timely
manner. So, most business websites make it easy to help both the
customer needs and business requirements. This system is implemented
as a shopping assistant system for searching laptop computers matched
with user preferences in a variety of several alternatives from seventeen
computer shops. An attractive theoretical additive utility function of
Multi-Attribute Utility Theory (MAUT) is used in order to evaluate

which laptop(s) performs best match with user preferences.
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CHAPTER 1
INTRODUCTION

Nowadays, most of the business companies use Internet to expand their
markets because the Internet gives them the opportunities to face the world and get
more benefits, such as increasing their consumers and becoming famous and known
to partners as well as other companies worldwide. Traditional menu-driven navigation
and key word search do not allow users to describe their intentions precisely. The
distinction between the physical world and the virtual world that will be blurred as
electronic presence for people, places and things becomes commonplace. Accessing
the virtual world from a desktop or laptop computer will partially give away to access
via a variety of mobile technologies. User context and preferences are vital
considerations for delivery of electronic content, services and support. The distributed
nature of the virtual world requires software to operate in a heterogeneous and
dynamic environment composed of many components that must communicate with
one another. In recent years, electronic commerce or e-commerce, the activity of
buying or selling of products over the Internet becomes very popular. Moreover, e-
commerce has changed the way companies distribute their products and services to
consumers. Consumers can buy personal computers, television sets and books from an
online store through the Internet. One of the popular examples of e-commerce is
online shopping that is the action or activity of buying goods or services online.
Online shopping has grown in popularity over the years because people find it
convenient and easy to buy various items comfortably from their office or home and
eliminates the need to wait in long lines or search from store to store for a particular
item. In shopping assistant systems, the buyers give their product preferences through
product attributes. Based on this, the shopping assistant systems suggest the best
products to the buyers. The proposed system will be developed for searching relevant
products based on users’ desired product characteristics and displaying the best match
product(s) to the users by comparing product information using Multi-Attribute

Utility Theory (MAUT).



1.1 Objectives of the Thesis

The major objectives of the thesis are as follows:

* To help users in searching required product information

* To provide the search of relevant products by giving user preferences through
product attributes

* To implement the shopping assistant system that reduces users’ effort and

searching time required to get the desired products

1.2 Related Work
Agent-Based Model for Shopping Assistant System was described in 2009.

Their system proposed shopping assistant agents as sale representatives for both
shoppers and stores to negotiate for desired products based on shopper preferences.
The main agent used in their system was buyer agent in order to help customers or
buyers in finding the products as they desire. Buyer agent will communicate with
other seller agents to complete the product selection phase [15]. The other author also
implemented the Agent-Based Online Shopping Assistant System as a shopping
assistant system using multi-agent technology. In buying products with multiple
attributes and multiple prices, the users might have difficulty in finding the right
product they want within their budget. Their shopping assistant system can find the
set of relevant items within the buyers’ budget [3]. By using online shopping system
over the Internet, users can save their time and effort. So, this thesis presents the
shopping assistant system for both customers and shops by using effective Multi-

Attribute Utility Theory (MAUT).



1.3 Organization of the Thesis

The thesis is composed of five chapters. The structure of the thesis is as
follows.

Chapter 1 is the introduction to the system and describes objectives, related
work and organization of the thesis.

Chapter 2 discusses the background theory of the system.

Chapter 3 presents one of the Multiple Criteria Decision Making methods
(MCDM), Multi-Attribute Utility Theory (MAUT) in detail.

Chapter 4 describes the design and the implementation of the proposed
system.

Chapter 5 concludes with the advantages, limitations and further extension of

the system.



CHAPTER 2
BACKGROUND THEORY OF THE SYSTEM

E-commerce has emerged as an important information technology tool to
business. Many companies and organizations have been using e-commerce as a
useful, helpful, and necessary trading tool in their daily business processes. Due to the
huge amount of information available on the Internet such that the difficulty to search
all shopping websites and compare their prices and services, the consumers
experience hard time in finding products or services they want. E-commerce provides
a lot of benefits to the online customers that they can buy so many products from
many online stores without any effort and they can just pick whatever they want from
products posted online. Therefore, shopping through online stores is gaining

popularity and acceptance among customers.

2.1 Different E-commerce Business Models

There are different business models in e-commerce. Some of the most popular

business models are as follows:

e Business to Business (B2B): B2B is when businesses sell to other
businesses. This is typical of stationery stores who sell office equipment in
bulk to businesses. Normally B2B companies provide a discounted rate per
unit if customers buy in bulk which it is great motivation for offices.

¢ Business to Consumer (B2C): B2C is the most commonly thought of
business model where merchants sell to consumers who buy a small amount
of product. A familiar example of the B2C model would be supermarkets
where consumers buy their shopping weekly but they wouldn’t normally
bulk buy anything.

e Consumer to Consumer (C2C): C2C is a relatively new business model
where consumers who previously bought something seek to resell this item
to another consumer. Through marketplaces like eBay and Craigslist, this

can be easy and quite lucrative for selling items.



2.2 Examples of E-commerce

There are many examples in e-commerce. Some of the most commonly used

examples are described below:

¢ Online Shopping: Buying and selling goods on the Internet is one of the
most popular examples of e-commerce. Sellers create storefronts that are
the online equivalents of retail outlets. Buyers browse and purchase
products with mouse clicks. Though Amazon.com is not the pioneer of
online shopping, it is arguably the most famous online shopping
destination.

e Electronic Payment: When buying goods online, there needs to be a
mechanism to pay online too. That is where payment processors and
payment gateways come into the picture. Electronic payment reduces the
inefficiency associated with writing and mailing checks. It also does away
with many of the safety issues that arise due to payment made in currency
notes.

e Online Auction: When thinking online auction like eBay, physical auction
predates online auction, but the Internet made auction accessible to a large
number of buyers and sellers. Online auction is an efficient mechanism for
price discovery. Many buyers find the auction shopping mechanism much
interesting than regular store front shopping.

e Internet Banking: Today it is possible to perform the entire gamut of
banking operations without visiting a physical bank branch. Interfacing of
websites with bank accounts and by extension credit cards is the biggest
driver of e-commerce.

e Online Ticketing: Air tickets, movie tickets, train tickets, play tickets,
tickets to sporting events and just about any kind of tickets can be booked
online. Online ticketing does away with the need to queue up at ticket

counters.

2.3 Online Shopping
One of the examples of e-commerce, online shopping is the process of buying
goods and services from merchants over the Internet. Since the emergence of the

World Wide Web, merchants have sought to sell their products to people who spend



time online. Shoppers can visit web stores from the comfort of their homes and shop
as they sit in front of the computers. Consumers can buy a huge variety of items from
online stores, and just about anything can be purchased from companies that provide
their products online. Books, clothing, household appliances, toys, hardware,
software, and health insurance are just some of the hundreds of products that
consumers can buy from an online store. Many people choose to shop online because
of the convenience. Online shopping also involves searching for items online via web
searches and by conducting online research. With online shopping, customers
purchase items from anywhere in the world via a digital platform. Online shopping is
also great for those who want to avoid stores and long line ups and for those who are

too busy to shop in traditional brick and mortar retail stores.

2.4 History of Online Shopping

Before the World Wide Web was created, Michael Aldrich developed a
system called Redifon's Office Revolution in March 1980, connecting sales
companies, suppliers, and customers together. Companies were able to order supplies
from suppliers and sell products to customers electronically, utilizing videotext
technology. It is considered as a major predecessor and influence on the development
of online shopping.

In 1994, several years after the launching of the World Wide Web, online
transaction systems including banking and shopping, started emerging. The first
shopping transactions were completed through Internet Shopping Network in 1994,
beginning the online shopping boom. Amazon.com and eBay launched their websites
in 1995, offering online shopping options for customers.

Many of the first online shopping websites utilized Intershop Online, an online
shopping software system, developed in 1995 by Intershop Communications AG. The
Intershop Online software allowed businesses to more easily add online shopping
capabilities, or e-commerce, on their website, with secure transactions for their

customers.



2.5 Shopping Assistant

Shopping assistant is the process of serving customers or buyers. The
capabilities of shopping assistant include: (1) helping the buyers decide what product
to buy, e.g., by listing what products of certain type are available, (2) finding the
specifications and reviews of them, (3) making recommendations and (4) comparison

shopping to find the best price for the desired product.

2.6 Characteristics of Shopping Assistant
To reduce the users’ effort of shopping around online stores, the system
should possess the following characteristics.

e Autonomy: In order to reduce for eliminating user intervention during
purchasing activity, the system should have autonomous transaction facilities.
It executes all the required activities of shopping for the user, generates the
shopping list and gathers product information from multiple stores on the
Internet.

o User Adaptability: User preference is changing all the time. The system
should reflect the up-to-date preferences of the users in an adaptation
mechanism.

e Multiple Store Server Access: The users require product information on
several stores, and place orders after comparing it. This shopping system
gathers item information from several stores and compares the learned facts

with multiple product characteristics based on user preferences of each item.

2.7 Features of Shopping Assistant

This is the central entity responsible for all kinds of information retrieval tasks
on the Internet. Shopping assistant interacts with different other assistants and entities
to retrieve information from different online stores. Some of the main features of
shopping assistant are described as follows;

e Specification of Items: Shoppers begin by indicating at least the general
category of merchandise they are interested in. These goals may be refined as
the task progresses. Shopping needs to enable the specification of goals at
various degrees of specificity. Before shoppers can make a selection, they

need to become educated about what is available. The proposed system can



aid by presenting various classes of offerings, reviews, demonstrations, etc.
Physical shopping can augment this by providing shoppers with a tour of the
locally available offerings. As shoppers learn what is available and examine
the offerings their preferences evolve, the system needs to enable shoppers to
refine their preferences over time.

Product Comparison: As shoppers begin to understand what they want and
what is available, they typically compile a list of candidates that will be
considered more carefully. The system should support the construction and
maintenance of such lists and facilitate the comparison of candidates within
the list according to various criteria.

Task Automation: The system needs not be restricted to providing the
shopper with information. Ideally the system should negotiate prices and
service options with retailers. Naturally, the shopping assistant system should
facilitate the transaction itself and it should be able to be used as a channel

through which product service can be delivered.



CHAPTER 3
MULTI-ATTRIBUTE UTILITY THEORY (MAUT)

Decision Making is the process of choosing the best option matched with
decision maker from all of the flexible alternatives. There are different decision
making methods. Some commonly used methods are:

e Multiple Criteria Decision Making (MCDM) Methods

e Paired Comparison Methods

3.1 Multiple Criteria Decision Making (MCDM)

Multiple Criteria Decision Making (MCDM) is the set of methods that
evaluate multiple conflicting criteria in decision making. Cost or price is one of the
main conflicting criteria. Some measure of quality is another criterion that is in
conflict with the cost or price. There are many MCDM methods. Some widely used

methods are:

e MAUT (Multi-Attribute Utility Theory)
¢ Simple Multi-Attribute Rating Technique (SMART)
e Weighted Sum Model (WSM)

In this system, MAUT is used to evaluate the best match product(s) based on

users’ request because it produces the product(s) with lower price and higher quality.

3.2 Multi-Attribute Utility Theory (MAUT)

Multi-Attribute Utility Theory (MAUT) is a normative method for the
evaluation of items involving multiple competing attributes. MAUT is one of the
Multiple Criteria Decision Making (MCDM) methods. It was introduced by Fishbum
(1965, 1970), Keeney (1969, 1971, 1973) and Raiffa (1969) who proposed a decision
making technique designed for taking decisions under risk. It is a decision-making
method used when the decision maker has to take multiple objectives into account. It
is also an evaluation method used by many systems for evaluating the interests and
preferences of the users and supporting them in configuring the desired product(s).
MAUT evaluates not just one user's but several users' preferences and it computes the

degree of interest (or utility) of the products regarding the user preferences. It allows



the decision makers to include any kind of attribute in the target system and to express
their preferences for these attributes

MAUT is especially a structured methodology designed to handle the tradeoffs
among incomparable and conflicting multiple objectives, captured by multiple
attributes. Example, better performance and lower price of computer. This method is
recommended when prospective alternatives must be evaluated to determine which
alternative(s) performs best.

The aim of MAUT is to help the decision makers who face very complex
problems choosing between the different possible alternatives, taking into account
their preferences. MAUT has been widely used in situations where the decision
making depends on multiple factors and the utility calculation of decision alternatives
is based on multiple attributes. Therefore, MAUT has been extensively used for
decision making of economic and financial like the application area of e-commerce.

There are different utility functions in Multi-Attribute Utility Theory
(MAUT). But most commonly used MAUT functions are: additive utility function

and multiplicative utility function.

3.2.1 Additive Utility Function
In additive utility function of MAUT, the overall utility of an alternative is
calculated by the weighted sums of its measures (i.e. evaluation criteria). It is

described by the following equation:
n
Ulxy, ..., %) = Z k,Us (x) 31
i=1

Where,
U(x1,...,Xn) = the overall utility score of each alternative
Ui(xi) = the utility function of the ith attribute
ki = the weight of the ith attribute
0 < U(x1,...,Xn), Ui(xi) <1

k1+ ...+kn =1

10



3.2.2 Multiplicative Utility Function
In multiplicative utility function of MAUT, the overall utility of an alternative
is achieved by multiplication of the utility factors for all attributes. It is described by

the following equation:

n

Uxy, o, %) = 172 ﬂ[1 + KU (x)] = 1 32

i=1
Where,
U(x1,...,Xn) = the overall utility score of each alternative
Ui(x;) = the utility function of the ith attribute
ki = the weight of the ith attribute

I = a scaling constant
0 <U(®x1,....Xn), Ui(xi) < 1

Ifki+ ... +ka<1thenI>0 Ifki+...+kp> 1 then -1<1<0

Among these functions, additive utility function will be used to find the best
match with user requirements in this system because it ignores attribute interaction

which is a situation in two or more attributes that act upon one another.

3.3 Processes of Multi-Attribute Utility Theory (MAUT)
The processes of Multi-Attribute Utility Theory involve five stages. The
processes are described as follows.
o Identify the attributes, which collectively describe the overall utility of all
relevant decision options.
o Identify the alternatives or options to calculate.
e Weight the attributes in terms of their importance.
e Transform the attribute scores, measured in different units, into commensurate
(similar measurable standard) units.
e Define aggregate utility function, which combines the transformed scores and

weights to measure the overall utility of each option.

11



3.4 Goals of MAUT

The basic goal of MAUT is to substitute information with an arbitrary measure
called utilities and it evaluates the best match product(s) by normalized utility
functions for attributes and by weights for expressing the relative importance of
attributes. And, the basic of MAUT is the use of utility functions. Through the use of
utility functions, the MAUT method converts numerical attribute scales to utility unit
scales. MAUT relies on the assumptions that the decision maker is rational (for
example, preferring more utility to less utility). Moreover, the decision maker also has
perfect knowledge and is consistent in his or her judgments. The goal of the decision
makers in this process is to maximize utility score because the alternative with the
highest utility score should be the best choice. That is the fundamental principle upon
which utility theory is based. So, utility functions of MAUT are computationally very
attractive because they provide easy and fast ways to extract the preferences of the

decision makers.

12



CHAPTER 4
SYSTEM DESIGN AND IMPLEMENTATION

This system is an implementation of shopping assistant system for buying
laptop computers. There are nine attributes specified in this system. They are
Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery, Price
and Brand. But eight attributes except Brand are used in calculation. In order to find
the user desired laptop, the proposed system develops seventeen computer shops,
ADT, ASIA TECH, CHAN MYAY, CITICOM, EASTERN, IDEALINK, KING
EMPIRE, KING POWER, KSW, KMD, LIFE MARK, MEDIA LINK, RIT,
TECHNOLAND, THA PYAY PWINT, TOP POWER AND UNIQUE. In this
system, the users have to provide their desired characteristics (preferences) to the
system. Then the list of relevant products based on user preferences are displayed to
the users. Among them, the best match product(s) are evaluated using Multi-Attribute
Utility Theory (MAUT). Therefore, the users can reduce searching time for shop by
shop and save effort to find the right product. The overall architecture of the proposed

shopping assistant system is described in Figure 4.1.

& hitp//www salescenter]l.com
'
User
g — hitp:/fwww.salegcenter? com

Diff asers @ User preference affordable price range, reqmred

processor, hard disk, RAM and so on.

Figure 4.1 Overview Architecture of the System

13



4.1 Process Flow of the System

The proposed system provides searching and retrieving laptop computers
based on user preferences and consists of the following processes. The users have to
enter the laptop attributes (user preferences) to the system. The system surfs around
the seventeen computer shops. When it gets the relevant laptops with user desired
characteristics from the shops, compares the laptop information using MAUT in order
to determine which laptop(s) is best match with user preferences. Finally, the best
match laptop(s) is displayed to the users. The process flow of the system is described
in Figure 4.2.

Start End

Display Best Match

Enter User Preferences
Item or Items to the User

Surf > Get relevant items with
ur User Preferences and
around the computer shops Compare Using MAUT
7'}
Shop Database

»
»

Figure 4.2 Process Flow of the System

14



4.2 System Implementation and User Interface
There are four main menu links in this system. They are Home page menu
link, About page menu link, Shop List page menu link and Search page menu link.

When clicking each menu link, the respective page will appear.

4.2.1 Home Page of the System

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home About Shop List Search

© 2022 Allrights reserved | Designed by AMK

Figure 4.3 Home Page of the System

When clicking "Home" page menu Link, "Home" page of the system will

appear as shown in Figure 4.3.

15



4.2.2 About Page of the System

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home About Shop List Search

© 2022 All rights reserved | Designed by AMK

Figure 4.4 About Page of the System

Figure 4.4 is "About" page of the system. This page presents about the system
that uses nine attributes and seventeen computer shops for searching the laptops that

the users want.

4.2.3 Shop List Page of the System

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home About shop List Search

SHOPS UNIQUE COMPUTER SALES AND SERVICE CENTER
AT No.| Imaze |Pr Generation [RAN| Hard Disk| Graphics Card | Screen Size |Battery| Price |Brand
ASIA TECH

1 _s Celeron - 4GB| s00cB 2 14 3 Cells | 388,500Ks [Lenovo
CHAMN MYAY
CITICOM 2 3 Celeron = 4GB| s00GB = 147 4 Cells [397,000Ks| Hp
EASTERN
et 3 s Celeron - 4GB| seocB = 14 4 Cells [397,500Ks| Asus
KNG ElSEIRE s s Celeron 5 4cB| seecB 5 14" 4 Cells |393,000Ks | Acer
KING POWER
=W 5 J Caleron = 4cB| soocB = 14 4 Cells |398,000Ks| Dell
KMD

6 s Celeron . 4cB| seecE s 156" | 4Cells [408,000Ks| Dan
LIFE MARK
MEDIA LINK 7 y Pentium . 4GB| seecB - 147 3 Cells [426,000Ks |Lenove
RIT

s y Pentium 5 acB| sooGB = 14 3 Cells [427,000Ka | Asus
TECHNCLAND
THA PYAY PWINT [ s Pentium = 4cB| s00GB 1GB 14" 3 Cells |442,000Ks |Lensve
TCOP POWER
UMIQUE 10 3 Pentium - 4GB S00GE 1GB 14" 3 Cells [443,000Ks | Asus

Figure 4.5 Product List of UNIQUE Computer Shop

16



Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home “About Shop List Search

SHOPS TECHNOLAND COMPUTER SALES AND SERVICE CENTER
ADT [No.| Image Procezzor| Generation | RAM| Hard Dizk| Graphics Card | Screen Size |Battery| Price Brand
ASIA TECH

3 ﬂ Celeren - 4GB S500GE - 11.67 4 Cells | 360,000Ks Hp
CHAN MYAY
cITIcoM 2 5 Celaron - 4GB | s500GB “ 14" 3 Cells | 387,000Ka |Lencvo
EASTERN

3 E Calaron - 4GB | s00GB " 14% 4 Calls | 395 000Ks| Acar
IDEALINK
KING. EMEIRE 3 s Celeron - 4cB| s00GB - 14 4 Calls [396,000Ks| Asus
KING POWER
oW 5 s Caleron = 4GB| 3500GB 2 14 4 Cells |397,000Ks| Dell
KMD

6 Caleron 4o 4GE| 500GE 5 14 4 Calls |397,500K=| Hp
LIFE MARK
MEDIA LINK 7 _E Celeron - 4GB | 500GE - 156" 4 Cells |405,000Ks| Acer
RIT

] ﬂ Celeron - 4GB | S00GB - 156" 4 Cells |407,000Ks| Dell
TECHNOLAND
THA EXEW EWINT, 9 s Pentium - 4cB| soecE - 116" |4Cells [415000Ks| Hp
TOP POWER
UNIQUE 10 s Pextium - 4GE| 3500GB - 14" 3 Cells |426,000Ka| Asus

Figure 4.6 Product List of TECHNOLAND Computer Shop

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home About ‘Shop List Search

SHOPS KMD COMPUTER SALES AND SERVICE CENTER
sad [N, Image Procezzor| Ceneration [RAN| Hard Disk| Graphics Card Sereen Size |Battery Price Brand
ASIA TECH

1 _E Celeron z acB| suoGB = 14" 3 Cells |388,500Ks | Asus
CHAN MYAY
CITICOM 2 j Celeron - 4GB S00GE - 14" 3 Cells |389,000Ks |Lencvo
EASTERN

3 s Celeron - s68| s00GB " 147 4 Cells |358,500Ks| Acer
IDEALINK
KINE SMEIRE 4 ﬂ Pentium - 468| s00GB - 14+ 4 Cells [436,000Ks| Acer
KING POWER
s 5 s Pentium = 4GB | s00CE = 156" 4 Cells |[447,000Ks| Hp
KMD

6 s Corei3 | 6mGen |4GB| s00GE = 156" 4 Cells | 567,000Ks| Hp
LIFE MARK
MEDIA LINK 7 s Core i3 6th Gen |4GB| S00GB 2GB 15.6" 2 Cells |577,000Ka| Asus
RIT

s s Coreid | TthGen |4GB| s00GB = 14+ 4 Cells |577,000Ks| Hp
TECHNCLAND
THA P VAV FWINT 9 s Coreid | 7TthGen |4GB| 500GB 2 14" 4 Cells [579,000Ks| Acer
TOP POWER
e 10 _s Coreid | 6hGem |4GB| 1TB - 156" 4 Cells | 585,000Ks| Dall

Figure 4.7 Product List of KMD Computer Shop
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Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Home . It Shop List Search

SHOPS CITICOM COMPUTER SALES AND SERVICE CENTER
L0 INo.| Image |Processor|Generation|RAM|Hard Disk| Graphics Card | Screen Size |Battery| Price |Brand
ASIA TECH

1 E Celeron = 26B| s00GB ~ 147 4 Cells |353,0008a| Asus
CHAN MYAY
CITICON 2 s Celeron - 4GB | 500GB - 16" 4 Cells |363,000Ks| Hp
EASTERN

- 4 - 4"

BEATINnG 3 'E Celeron ce| seoce 1 3 Cells |387,000Ks| Asus
JING EMEIRE 4 E Celeron - 4GB S00GB - 14" 3 Cells |388,000Ka | Lencvo
KING POWER
oW s s Celaron. = 4GB | sS00GB £ 147 3 Cells |385,000Ks| Hp
KMD

6 Calaron = 4GB | s00GE 4 14" 4 Calls |395,500Ks| Dell
LIFE MARK
MEDIA LINK 7 E Celeron - 4GB | s00GB - 14" 4 Cells |396,000Ks| Acer
BRIT

s E Caleron = 4GB | s00GB ¥ 156" 3 Cells |397,000Ka| Asus
TECHNCLAND
THA EYAY. PWINT s s Celaron = 4GB | s00cB = 15.6* 4 Cells |406,500Ks| Dell
TOP POWER
rIGlTE 10 E Pentium - 4GB | S00GB - 18" 4 Cells |[416,000Ks| Hp

Figure 4.8 Product List of CITICOM Computer Shop

In "Shop List" page, the product lists of seventeen computer shops are
displayed. Among these shops, the lists of four computer shops such as UNIQUE,
TECHNOLAND, KMD AND CITICOM are shown in Figure 4.5, Figure 4.6, Figure
4.7 and Figure 4.8.

4.2.4 Search Page of the System

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

Harme About Shop List Search

SELECT SPECIFICATION

- Processor
OCorei? O CoreisS O Coreild O Pentivem O Celeron
Choose Prioviny [[H Select ) ~ |*
- Generstion
O 7th Gen O &th Gen O Kon-dofined
Chooe Priosity (1€ Select 111 ]~
- mara
O8GA Maca O 2Ge
Cheowe Priority [ Selece 1) — ]~
= Hard Disk
OlTe [ S00GHB
Choore Priority |[{ Solecz ll) ~|*
= Geaphuies Card
OAaG8 [2G68 O 1G8 [ Mo Graphics
Choose Priority [[E Select 113 — ]~
- Screen Size
Oise DOir O2133 O21s
Choore Prioray [ Seloect 1) ~ |-
- Batiery
O&Cells Dacells O3Cells O Cells
Choose Priority [[{ Select il — ]~
- Price =
3 300,000Ks To SO0000Ks (O SO0000KS And Ao
Cheose Prioray [[HSclect 1) - | <

= Brand

Oasus Décer O Dell DMep Dlenovo [OM

© 2022 All rights reserved | Designed by AME

Figure 4.9 User Preferences Entry of the System
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When clicking "Search" page menu link, user preferences entry form will
appear as shown in Figure (4.9). The users have to provide their preferences as
illustrated in Figure (4.10) and Figure (4.17) and click the "Search" button. Then, the
list of relevant products will be described. Among these products, best match
product(s) will be evaluated using MAUT. Figure (4.11) and Figure (4.18) show

result data list of relevant products and best match product(s).

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

SELECT SPECIFICATION

= Processor
E Core i7 CorciS [ Coreild [ Pentivem [ Celeron
ChoowePrioray 2 ~]-
= Goreration

B2 7th Gen (1 6th Gen ([ Non-defined
Choase Priority |3 —~]-

- Frapa
MmaGa [ 4GB O 268
B S—
- Harel Dizk
B=1TE [ 500GH
Chease Priarity (=]~
= Graphics Card
mAGa 268 O iGe 0 No Graphics
Chosse Prioeay (4 =]~
iy

E=i1sss Ot 0O133 O11s

Choose Priority 2 ~]-
= Dattery

D& Cells Cacells 3 Cells 2 Cells
Choose Prisey (E—=)-
- Price

O 300.000Ks To SO0.000Ks @ SCO0O0Ks And Above
Choase Prieray -

= Brand
FlAsus [JAcer (O Deil [OHa Cllenouvs M

© 2023 All right= reserved | Designed by ARMK

Figure 4.10 User Preferences Entry (by choosing Processor as 1st Priority)

Figure 4.10 is the user preferences entry form that Processor is chosen as first
priority and the remaining attributes such as Generation, RAM etc. are chosen by their

desired priority.
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Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

CALCULATE RESULT

The followings are relevant laptops matched with user preferences received from 17 computer shops.

Laptop Shop Processor Generation | RAM | Hard Disk Graphics Card Screen Sive Battery Price Beand
L33 Technoland Caore i5 Fih Gen aGH aATa AGH 156~ 2 Cells B2 5, DO Asus
=27 Unigue Core i7 7ih Gon eGo aTe G0 156" 2 Calla FIGOO0ES A
s Ssis Tech Care 17 Fth Gen sGB 1Ta zGB 15.6” 2 Cells SA7.000Ks Asus
=5 Citicom Core i7 Fih Gon SGD ATo ZGD 156 Z Ceils FIH000Ks Aous
[E7) xpas Coee i7 Feh Gen sca 1Ta zGa 1% a" 2 Cetla 538 000K A

The followings are describing utiity walue of esch laptep relevant to user preferances,

Laptop Shops Processor | Generation | RAM | Hard Disk | Graphics Card | Screen Size | Bartery Price Brand | Ustity Values
w27 Unsigue Cora i7 7th Gon == iTe 2Ga 1507 Z oz | 936000k | A O PRI AR
[ET] Asi= Tech Core 7 Fth Gen =) iTe 2Ga 1550 2 Ceti= | 537000 | Asus 050612677
LZ5 Citicarm Corei? 7th Gen S50 ATH XG0 156" Z Cells IS0 A QPADISEET
Lis D Core i Fih Gen =) a7 2ca iz o 2 cetis | s3sc00ks | Ases OS0sI888D
L33 Technoland Core i 7th Gen &GO AT G i5&" 2 Cells B25 000Ks Asus O&I0O227F

Among them. iaptops from Unique. Asia Tech. Citicom match with user preferences. Moreover. they are cost effective when
comparing other laptops with the same specification and have good guality. Therefore, they are regarded a3 best match lapiops,

TOP THREE BEST MATCH LAPTOP(S)

Laptop Shops Frocerior Generation | RaM | Hard Dk Graphics Cand Screen Size | Battery Price Brand | Utility Valoes
[T Linaque Core o7 Fth Gen BGE LTE Z2GEa 1567 2 Cesils P36, DOO0Ks Asas C.P Ot 6263
[T MAzia Tech Coen i Fih Gen acD 1TE G0 15467 2 Colls | 937.000Ks Az CROLa26TT
== Caticom Core o7 Fih Gen SGH 1TE 2Ga 15487 2 Cells A8, OO Asars CPOEIBAET

© 2022 Al rights reserwed | Designed by AMK

Figure 4.11 Result Data (by choosing Processor as 1st Priority)

Figure 4.11 is the result data list of relevant products and best match
product(s) that Processor is chosen as first priority and the remaining attributes such

as Generation, RAM etc. are chosen by their desired priority.

O O lacalhosty! Juna 2022 DetailCa culation.aspdP 1 =UniquadiP2=Core iT&P3=Tth Gen&P4=EGBEP5=1TBSPo=2GBEPT=15.680u0t&PE=2 Cell:&PI=936,000Ks&P1 0=AsusBP 11=127 W% i:,’ =
For L7 From Unique
Peocassor = Core {7, Genseation = Tk Gen, RAM = 808, Hard Disk = 178, Graghics Cizd = 26B, Sereen Size = 15.6", Bustery =2 Cally Price = 036,000Ks, Brand= Auns
U Frice) = (936,000 - 2,500,000] £ (300,000 - 2,500,000)
= 1,364,000/ 2,200,000
=0.7106089
U Pracessor) =100 K (Procead) =01men
U (Generation) =10 K(Geoeratizz) =(.16566667
URAM =100 KRy =011
UHad Dik) =100 K (Hard D) = 3555556
U (Brapkics Card) =07 K (Grepbizs Caed) = 013885880
U (Sereen Size) =100 K (Sereen S} =019444444
T Battery) =00 K (Batery) =007
U Price) =0.TI0508 K (@ie) =008333333
1 (Processor, Generation, RAM, HerdDiek. Graphis Card, Screen. =k (Processor) * Uf (Processor) +k { eceratine) * U {Geerstion) + k (RAM) * U (RAM) *  (Berd Disk) U (Bard Dish) + k {Grapscs Card) * U (Graphics Card) + k (Sareen Sie) * U
Size, Battery, Price) (Sereen Size) * & (Battery) * U (Batery) + k (Priee) * U (Brize)
= (020020222 = L00)+ (016666667 x 1.0+ (.LILLLII T 1.00) 4 (004585556 = 1.00) + (013868080 . 0.70) + (0. 144444 = 1061 = (02777770 = .00 = (008333333 x 0. 7109000)
=0.22202202 + 016656667 ++ O LITITIE + 0.05555556 = 009722220 # QU1 S4H4 = D.00000000 + 003524242
= 050648464

Figure 4.12 Calculation of Utility Value for 1st Best Match Laptop

(by choosing Processor as 1st Priority)
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0 O localhost/1 June 2022, DetaiCalculation.aspiP1=Asia Tech&P2=Core iTRR3 = Tth Gen&PL=HGBAP5=1TBAPE=2CBAPT= 1564 quotaPs=2 Celish L1é w9 =
For LIS From Asia Tech
Processce = Cote i, Generation = Tth Gem, RAM = 5GB, Hard Disk = 1TB, Grapkics Card = 3G, Secten Size = 15.6", Battery = 2 Cell, Price = 937 000K, Brand = Ases
UPrice) = [37,000 2,500,000]/ 300,000 - 2,50,000]
=1,563,000/ 2,200,000
=(. 71045455
U (Frocessor) =10 K (Brovzssor) =(anunn
1 (Generation) =100 K (Generation) =0.16665667
URAM) =100 K(RAM) =011
U [Hard Dik) =100 X (Bard Dik) (05555556
1 (Geapkics Card) =03 K (Graghics Card) = 013885889
U (Sesean Size) =10 K {Sereen Size) =(1ou44
U (Batery) =00 X Battery) =008
U (Price) = 071045455 K (Price) =00833333
U rocesr, G, RAM, HindDi, g Ce, Seven =k (Prosse) U (Pt - (Geartion) U (et + £ (RAM) # U (RAM) + (o i) U (Hard Dik) k(e ) U (Gapic Cad) + L (See iz * U
Size, Battery, Price) (Screen Size) + k (Battery) * U {Bttery) = k (Price) * U (Price)

=(0.2000102x 1.00) = (016656667 x 1.00) = (011111111 x 1.00) + (003555556 x 1.00) = (0.13838889 % 0.70) = (0108445 x LO)+ (002777778 x 0.00)+ (0108333333 2 0.71043455)
=0 20200000 + 0.16566567 = = 011111111 = 0.08353556 + 009712202 = 0LLOH4444 + 000000000 - 003920454
=05064267

Figure 4.13 Calculation of Utility Value for 2nd Best Match Laptop

(by choosing Processor as 1st Priority)

Q O localost/! June 2022, DetalCaloulationaspi?1=Citicom&P2=Core T4P3=Tth GendiPd= BGR&RS=1TBAPE=2GBAPT=15 bliquon&Pa=2 ClsAP9=038 000Ks&P1 0=AsusdP 112125 wof =

Faor L25 From Citicom
Brocessos = Core i, Generaion = i Gen, RAM = §GB, Hard Disk = 1B, Grapkics Card = 2B, Screen Size = 1567, Btery = Cells, Prive = 338,000K(5, Brand = Asus
U Brice) = (35,000 - 2,500,000]/ [300.H0- 2500000]

=1,362,000/ 2,200,000

=0.71000000
U Processor) =1 K (Processor) =0nnn
U (Geaseation) =10 K (Geowration) =0.16566667
URAN -1 KEAM =011111411
1 (Hard Disk) =10 K (Hard Disk) =0185455%
U (Grapkdcs Card) =03 K (Graphics Card) =013588849
U (Sereen Size) =10 K (Sereen Size) =0194444
U Batery) =N K (Baren) =00277718
U Price) ={.71000000 K (Price) =008333353
U (Pracessor, Generation, RAM, HardDiske Graphics Card, Sereen = k (Processer) * U (Processar) + ) (Geneeatice) * U (Generation) = ke (RAM) * U (RAM) = k (Hard Disk) * U (Hasd Disk) = k (Grapkics Card) * U (Graphics Card) + k (Streen Size) *U
Size, Batery, Frice) (Screen Size) + K (Battery) * U (Batvery) + k (Frice) * U (Frice)

= (0-22222220 1,00} + (ILIG66657 5 .00+ (01111311 x 1.00)-+ (0 05555356 % 100+ 0,L3SB589 R 0.70)+ (0. IM4448 x 1,00) + (LO27TIT7E 5 .00) + (00333333 5 0,71000000)
= 0.2202720 ~ 016666567 ++ 11111111 + D5S55556 + 009TIZZ2 + 19444444 - 0.00000000 + 005916665
= 090658

Figure 4.14 Calculation of Utility Value for 3rd Best Match Laptop

(by choosing Processor as 1st Priority)

O D localhost/! June 2022/DetailCaleulation zs01 =KMORRP2=Core 7453 &P7=15680uotBPa=2 CellsiPI=938 000Ks&P10=AsusiP 11 =114 w 3 =
TFor Ll4 Frow K3ID
Peocesser = Cose i, Generation = Ttk Gen, RAM = §GB, Hard Disk = ITB, Geapkics Card = 2GB, Screes Size = 1567, Battery= I Cells, Price = 935,000, Brand = Asus
U (Brice) = [338,000 - 2,500,000] /{300,000 2.300,000]
= 1,362,000/ 220,000
={.T100H00
U [Processor) =10 K (Processee) =tnunn
1 (Generatios) =100 K (Generatioe) =(.16864667
DRAM) =100 KR =011
U (Hard Disk) =10 K (Hd Dik) =0.05355556
U (Grapkics Card) =00 K (Grpics Cd) =0.13038889
1 Sereen ize) =10 K (Sereen Size) = 01944444
U (Batery) =00 K (Better) =008
U (Price) ={.71000000 K(Pe) =(.08333333
U (Broceasar, Generation, RAM, HerdDisk, Greghica Card, Screta = & (Brecessor) * U (Processoe) + & (Geasratioc) * U (Geaeration) * k(RAM) * U(RAM) +& (Haré Dist) * U (Hard Disk) + & (Grapbics Cart) * U (Graphivs Cat) + (Soresn Size) * U
Size, Battry,Price) {Screen Size) + k (Butteey) * U (Batery) = k (Brice) * U (Price)

={0.22200002 x 1.00) + (0.1 6666667 x 1.00) = (01111111 x 1.00) + (005555556 x 1,00) = (013888880 x 0.70) = (010444444 x 100} = (M02777778 x 0.00) = (003333333 x 0.TL000000)
=0.20002120 - 016666467 ++ 011111110 + 008353556 = 009722220 + Q. IG4HH14 - 0,00000000 - 0.05516656
= {06589

Figure 4.15 Calculation of Utility Value for 4th Best Match Laptop

(by choosing Processor as 1st Priority)
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O O lacalhosty! luna 2022 DetailCa culation.aspxiP 1 =Tachneland&P2=Core 158P3=T1 EGRAPS=1TEAPE=4CBAPT= 1565 uotAPE=2 CellsuPU=245 000KBP10=hsusiiPt 1133 % %3 =
For L33 From Technoland
Brostsuor = Core i, Cenertion = Tt Gen, RAN = §GB, Hd Diak m 178, Graghics Cied w 4GB, Sezvee Size w 15,67, Batery m 2 Colls, Frice » §45,000K, Braod m Arus
U (Price) = (845,000 - 2,500,00] {300,000 - 2:500,000)
= 1,655,000/ 2200000
=0.752072%5
U (Processor) =075 K (Processer) =Qimn
U (Generaion) =100 K (Geoeratics) = 0116566667
URAM) =100 KRy =011
U Had Disk) =100 K (Hard Disk) =005335336
U (Graptics Card) =100 K (Gregtics Cd) =(.13688889
U (Sereen Size) =100 K (Serees Size) = 018044444
U Battery) =000 K(Bzter) =0027T77T8
U (Price) =0.75227173 K (Price) =008333333
U (Practssar, Genaration, RAM, Hardisk: Grapkics Card, Screen = k (Processor) * U (Processae) * k (Gezeratioe) * U (Genenation) + k (RAM) * U(RAM) * k (Hard Disk) * U (lard Disk) * k (Grapics Card) * U (Graphics Card) + k (Sereen Size) * U
dize, Battery, Price) (Sereen Size) * k (Battery) * U (Battery) * k (Price) * U (Price)
= (022222222 x 0.73) + (016666667 x 1.00) + (1111111 x 1 .00) + (003335356 x 1.00) + (013888889 x 1.00) + (Q.19:H4444 x 1.00) = (0.02777778 x 0.0) = (005333333 x 0.75227273)
=), GH6G66T + 016666667 ++ DLLILINNL + Q.05555556 + 013555389 + QLIRHHSH = 000000000 + 006268939
=0.50602173

Figure 4.16 Calculation of Utility Value for 5th Best Match Laptop

(by choosing Processor as 1st Priority)

Figure (4.12), Figure (4.13), Figure (4.14), Figure (4.15) and Figure (4.16)
present detailed calculation of each laptop received from each computer shop that
Processor is chosen as first priority and the remaining attributes such as Generation,

RAM etc. are chosen by their desired priority.
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Shopping Assistant System Using Multi-Attribute Utility Theory (IVLAUT)

SELECT SPECIFICATION

- Processoe
Bcorei?7 EBCoreis O Cormid O Pentiven O Celeren
Choowe Pricrty (4 -
- Genoration
27 Gen  Cleth Gen ) Non defined

Choase Priarny =]
- FLAr
meGo o 4ce O 2Ge
B =

= Mard Disk
=1Te O Zoocn
Chooss Pricsity -
- Graphscs Card
mach 26D O 1Ge 0 No Graphics
Choose erieney (L=
= Scroen Sioa
Bises Oi1sa 133 Oiles
Chesas ricsisy -
- Baticry
O & Cells 4 Cells 03 Cells B3 2 Cells

Choose rieny T
= Price =
D 300,000Ks To SO0000s D L OO0, 000K And Aborve
Chesns Pricsisy -
- Brand

Bacu: Dacer CODeAl Dhe Dienove DM

Figure 4.17 User Preferences Entry (by choosing Graphics Card as 1st Priority)

Figure 4.17 is the user preferences entry form that Graphics Card is chosen as
first priority and the remaining attributes such as Generation, RAM etc. are chosen by

their desired priority.

Shopping Assistant System Using Multi-Attribute Utility Theory (MAUT)

CALCULATE RESULT

The folliowings are relevant 3ptops matched with user preferences received from 17 computer Shops.

Laptop Shops Processor Generstion RAM Mard Disk Graphics Card Screen Sire Battery Price Brand
L33 Technoland Core 5 Fih Gen B8Ga iTa 2GAa 1567 2 Cells B35 OO0KS Amus
27 Unique Cove i7 Fih Gen aGH aTe GB 156 2 Cells FI5,000K Azus
s Asia Tech Core i7 Fih Gen Bca iTa zGAa 156" 2 Cells SIF.OOCKS e
[F=3 Citicom Core= 7 Fih Gen BGH aTe =GB 156 2 Cells S8 000K Azus
Lia chas Core i7 B sGD 1To ZGE 156 2 Colls S35 CO0K e

The followings are describing utiity value of each laptop relevant to user preferences.

Laptop Shops Processor Generation | RAM | Hard Dizk Graphics Card Screen Sixe Battory Price Brand Uslity Values
L33 Technaland Core iS5 Fin Gen =) iTe A4Ga 156" 2Ceils | Baso0o0ks | Asus OF7LOSSEE
27 Uniique Corai7 Fth Gon SSB TR 2GE IS4 ZColls | 836000Ks | Aseus 073452585
L1s Anea Tech Core 7 Fth Gen &58 iTe 2Ga 1567 2 Ceils | 5370008 | Asua 073239355
25 Citicarm Come i Teh Gen SC0 T8 2B iS& 2 Ceils | 2380006 | Asus CEFTrrrrr
L1s D Corei7 Fih Gen ) iTe 268 156" 2 cella | 938000k | Asa 07321ca2a

Among them, laptops from Technoland. Unique. Asia Tech match with user preferences. Moresver. they are cost effective when
COMParing omNer laplops with e Same Specificaton and have good quality. Therefore. they are regarced as best match laplops.

TOP THREE BEST MATCH LAPTOP(S)

Laprop Shepa Proceasor | Generstion | RAM | Hard Diak | Graphics Card | Sercen Sixre | Batrery Price Brasd | Uity Values
LI Technaland Core i Fth Gen BG0 iTe aAGD 156" 2 Cells BA5 000K Aaus 077108586
27 Ui Corei7 Tt Gen sca aTe 2Ga e Zc=ils | 9360006 | Asua OF3asesas
L1& As.a Tech Corei? 7th Gen &Ga iTe 2GB 156 2 Cells ST, 000Ks Asus 073249495

© 2022 All rights reserved | Designed by A8

Figure 4.18 Result Data (by choosing Graphics Card as 1st Priority)
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Figure 4.18 is the result data list of relevant products and best match
product(s) that Graphics Card is chosen as first priority and the remaining attributes

such as Generation, RAM etc. are chosen by their desired priority.

O 0 localnast/t Jure 2022 Detailalon sortPi=Technoland@P2 =Core i58P3= Tth Gen&P4=EGBAP = 1TEAPE=L0B&PT=15.68quotAPE=2 CellsAPI=845,000KsaP10=AsusEP 112133 B ﬁ EI
For L33 From Technoland
Brovessor = Core 1, Grascaticn = Tt Gez, RAM = §GB, Hard Disk = 1TB, Graphies Card = 4GB, Seceen Size = 156", Bamery =2 Celly, Prive = §43,000Ks, Brand = Asus
U (Price) = (543,000« 2,500,000) / [300,000 - 2,500,000)
=1,655,000/2.200,000
=050
U (Processar) =075 K (Peocersor) =[] 13535389
U (Gereratice) =100 K (Generatize) =010
URAM =10 KR B iz skets
U (Hard Disk) =10 K (Hard Dk =005
U (Graphics Card) =100 K (Grepies Cand) =p2mmm
T (Suveen Size) =10 K (Sereen Size) = 005559356
U Battery) =00 K Bategy) = 016863467
U (Brice) =075 K(ize) =031
U (Pracesser, Generatica, RAM, HasdDisk, Gragbics Card, Sereen =1k (Processor) * U (Frocessor) - k {Generation) * U {Geceration) + k (RAM) * URAM) < k (Bard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graghies Card) = ke (Sereen Size) ' U
Size, Batery, Prce) (Sczeen Size) + X (Battery) * U (Battery) * k (Price) * U (Prze)
= (0.13080858 x 0.75) = (0.1 544444 x 1.00) (008333333 x 1.00) + (0.00777778 x 1.00) = (02222222 x 1.00)+ (0.05535556 x 1.00) = (0.16686667 2 0.00) = (011111111 % 0.25227273)
= 010416657 + 010444444 == 008333333 = 002777778 + 0.0 02002  0.05359556 + 0.00000000 = 0.08358586
={.77108586

Figure 4.19 Calculation of Utility Value for 1st Best Match Laptop
(by choosing Graphics Card as 1st Priority)

O O locehost/? June 2022/DetaiCalculation.aspiPl = UniquelkF2= Core i75P3=Tih Genbl=8GR8PS= 1 TAPG=2685FT = 15.66qu0taPs=2 CallsiP3=336 SP10=AsushP =127 oA EI
For L7 From Unique
Processor = Care i7, Gecention = Tth Gen, RAM =8GB, Herd Disk = 1T8, Grephics Card = 238, Screen Size = 136", Bastery = 2 Cells, Price = 996, 100Ks, Brand = Asus
U (priee) = (956,000 - 2.500,000)  [300,000- 1.300,000]
=1,564,000 2200000
=0.71090%09
U (Precesser) =100 K (Processor) =(13535889
U (Geeeratice) =100 K (Genecatice) 2010444
URAM) =100 K{EAM) =(08333333
T (Hard Disk) =100 X (Hard Disk) =(0277TT78
U (Grapbics Casd) =070 K (Graphics Card) Y basbaii)
1 (Sevesa Size) =100 K (Sevesn Size) = 005353556
U Batery) =000 K (Brtey) =0,16666667
U (Price) =0.71090%09 X (Price) =01
U (Rracesser, Generatica, RAM, HasdDisk, Gragkics Card, Screen =k (Procestar) * U (Processer) +  (Generation]) * U (Geperation) + k (RAM) * U (RAM) +k (Hard Dick) * U (Hard Disk) + i (Grapbics Card) * U (Graghics Card) = & (Bereen Size) * U
Size, Battery, Frice) (Soreen Size) + k (Batery) * U (Battery) + k (Price) * U (Price)
= (013808580 1.00) # (DI9444444 x 1.00) + (008333333 £ 1.00) + Q02777778 x 100) + (0.22222322 £0.70) » (0.055358556 x 1.00) = (0.16566867 £ 0.00) = (011111111 £ 0.71090908)
= 013888889 = 015444434 = 5 0.0B333353 +0.02177778 + 013535335 + 005533536 = 0.00000000 = 007838550
=0.734HHS

Figure 4.20 Calculation of Utility Value for 2nd Best Match Laptop
(by choosing Graphics Card as 1st Priority)
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@ 0 localhost1 June 2022/Deta Caleulat 1=Asia TechBiP2=Core iTBiP3=Tth GenBiP4=BGBAPS=1TBAPE=2GBAPT = 15.68quot&F &P10=AsusBP11=L18 wof =
For L18 From Asia Tech
Booxasser =Core 17, Geastetion = 7th Gen, RAM =GB, Hard Disk = LTB, Grapkicy Card = 2B, Screen Size = 15.6", Battary = 1 Celly, Price =037.000Ks, Brand = Asus
U (Price) =[937,000 - 2,500,000 / [300,000- 2,500,000
= 1,563,000/ 2.200,000
= 0.71045435
U (Pracesser) =10 K (Processar) = 013885859
U (Generation) =10 K (Geverativn) ST
URAM) =M KRaM) = 008333333
U (Hard Dik) =M K (Hard Dick) =007
U (Graptics Card) =0 K (Graphics Card) =paenn
U (Sczen Size) =% K (Screen Size) =005555556
U (Batiery) =00 K (Bateen) ={.16656667
U (Brice) =0.71043438 K (Price) =04
U (Bracessor, Generation, RAM, HardDisk, Grapkics Card, Sereen =k (Frocessor) * U (Provessor) + k (Generation) * U (Generstiom) = k (RAM) * U (RAM) = k (Hard Diake) * U (Hard Disk) + kt (Gezptes Card) * U (Graphics Card) + k (Sereen Size)* U
Size,Batery,Price) (Seres S+ b (Bater) U Bty +k (Pric) U Peice)

= (013658859 1.00) + (010444444 5 1,001+ (DORI3ST33 x 100+ (DO2FTTFTE x 1.00) + (D22220222 x0.70) + (DO3545556 x L00) + (016666657 x 0.08) + (11111111 x0.78045435)
= 013858559 - CLI4HA4 ++0.0835313 + DLTTTITS + 15555355 + D05555556++ 0.00000000 + 007893939
07349405

Figure 4.21 Calculation of Utility Value for 3rd Best Match Laptop
(by choosing Graphics Card as 1st Priority)

O 0 lncalhost1 June 2022/ DetaiCalculation.aspxiP = Citicom&P2 = Core (T&P3=Tth GendiP4=ECEAPS = 1TBSPE=2GREPT= 1568 quotEPB=2 Cells&P9=938,000Ks8P10=Asus&P11=L25 8 'f,'? =
For L25 From Citicom
Procasser = Core 17, Generation = Tik Gen, RAM =5GB, Hard Disk = ITB, Graphics Card = 2GB, Screen Size = 13.6", Battery =2 Cells, Price = 935,000Ks, Brand = Asus
U Price) =[838,000 - 2,500,008]/ [300,000- 7,500,000]
= 1,562,000 2,200,000
=0I0000
U (Pracessor) =10 K {Processer) ={.13886480
U (Generatiot) =L K {Generation} = (. 194444
URAM) =10 KA = (0§
U (Hard Ditk) =10 K (Hard Ditk) =007
U (Grapkdcs Card) =00 K (Graghics Card) =Lnnan
U [Sereen Size) =10 K (Screen Size) ={.05335956
U Battery) =00 K {Batieny) ={. 16665667
U (Price) =000 K (Price) =L
U (Processar, Generation, AN, HardDusk, Graplies Card, Screen =k (Procesace) * U (Precessor) = k (Generation) * U [Generation) + k{RAM) * U (RAM) + k (Hlard Disk) * U (Hard Disk)+ k (Graphics Casd) * U (Graphics Card) = k {Screen Size) * U
Size, Batey, Price) (Soren Size)~ k (Batery)* U Batery)  k Prie)* U ice)

= (013880880 5 1.00) + (014444 £ 1.00) + (003333339 x LO0) +(QA2T17778 21 00) + (1222012 5 070) + {.05S55556 5 100+ (0.1666667 x 1.0 + {01011 x0.7000000E)
= (13850500 + 0,154 - D0G333333 + D.027TTT8 + 0.15355555 + Q03555556+ L0000 + 1.07868889
=(T3HH

Figure 4.22 Calculation of Utility Value for 4th Best Match Laptop
(by choosing Graphics Card as 1st Priority)
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QO D localhost/1 June 2022/Dete Calculatio naspiiP1=KMDEP2=Core (TRP3=Tth GendiP4=25088P5=17TB%PE=2CBAPT= | 565 quot&PE=2 CellsdP9 =938, 000Ks&P1 0=AsustiP 1 1=L14 w {3 =
For L14 From KMD
Procassor = Core {7, Generation = Ttk Gen, RAM = 8GB, Hasd Disk = ITB, Graghics Card = 2GB, Screen Size = 15,6, Battery = 2 Calls, Brice = 535,000, Brand = Asus
U Price) = (538,00 - 2,500,000] / [300,000.. 2,500,000)
=1,5624000) 2200 000
= 0.71000000
U Processar) =10 K (Provesser) =0.13438350
U (Generatior) =140 K (Gensraton) =144
U RAM) - 100 KR = B0BI3S
U (i Dik) =18 ¥ (Hand Dik) = LTI
U (Grapkics Card) =07 K(Graphics Cand) =famn
U (Sereen Bize) =100 K (Sereen Size) ={03555356
U (Batieey) -0 X (Battery) = 16865667
U Price) =0.71000000 K(Prios) =1
U (Pracessor, Generation, RAM, HardDisk:, Graphics Card, Screen = k (Processor) * U (Processar) = & (Seneration) * U (Generatior) & (RAM) * U{RAM) +k (Hard Disk) * U (Hard Disk) + & (Graphics Card) * U (Graphics Cand) + & (Sereen Size) * U
Size, Battery, rice) (Siereen Size) + k (Batery) * U (Battery) <k (Brice) * U (Brice)
= (013580880 x 1.00) + (0.1 0444444 2 1.00) + (008333333 = LOO} + (0.020777 78 x L00) + (0.20223 22 % 0.00) + (005555556 x L.00)+ (016666667 = 0.00) + (0. 11110100 . 0.7000006)
= 013858857 + 01446444 =+ 0.08333353 + 002777778 + 0.19555535 + 005955536 + 000000000 + 0.47584559
=0T

Figure 4.23 Calculation of Utility Value for 5th Best Match Laptop
(by choosing Graphics Card as 1st Priority)

Figure (4.19), Figure (4.20), Figure (4.21), Figure (4.22) and Figure (4.23)
present detailed calculation of each laptop received from each computer shop that
Graphics Card is chosen as first priority and the remaining attributes such as

Generation, RAM etc. are chosen by their desired priority.

4.3 Experimental Setting and Results
In Multi-Attribute Utility Theory (MAUT), weight values and utility values of

the attributes are needed to define.

4.3.1 Defining Weight Values of the Attributes

Rank Sum Weight Method is used to define the weight value of each attribute.

According to Rank Sum Weight Method,

_ 2(n+ 1-— ri) 4.1
P n(n+1)

Where,
ki = Weight of each attribute

ri = Rank of each attribute

n = Number of the attributes = 8
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The detailed information of the attributes and their types are shown in Table 4.1.

Table 4.1: Defining Attributes and Attribute Types

Attributes Attribute Types
Processor Core 17, Core 15, Core 13, Pentium, Celeron
Generation 7th Gen, 6th Gen, Other
RAM 8GB, 4GB, 2GB
Hard Disk 1TB, 500GB
Graphics Card 4GB, 2GB, 1GB, Other
Screen Size 15.6”7, 14”7, 13.37,11.6”
Battery 6 Cells, 4 Cells, 3 Cells, 2 Cells
Price Numeric Price Value
Brand Asus, Acer, Dell, Hp, Lenovo, Msi

4.3.2 Defining Utility Values of Each Attribute

The utility values of each attribute are needed to define. Processor,
Generation, RAM, Hard Disk, Graphics Card, Screen Size and Battery are qualitative
attributes. So, the utility value of such each qualitative attribute is defined between 0
and 1. The worst score on each attribute is defined as a utility value of 0, the best
score is defined as a utility value of 1 and the remaining scores are defined according
to their quality. The predefined utility values of processor used in this system are
described in Table 4.2, the utility values of generation are described in Table 4.3, the
utility values of RAM are shown in Table 4.4 and so forth. Finally the predefined

utility values of Battery are also shown in Table 4.8.

Table 4.2: Defining Utility Values of Processor

Processor
Attribute Types Utility Values
Core i7 1
Core i5 0.75
Core i3 0.50
Pentium 0.25
Celeron 0

27



Table 4.3: Defining Utility Values of Generation

Generation
Attribute Types Utility Values
7% Gen 1
6™ Gen 0.5
Other 0

Table 4.4: Defining Utility Values of RAM

RAM
Attribute Types Utility Values
8GB 1
4GB 0.5
2GB 0

Table 4.5: Defining Utility Values of Hard Disk

Hard Disk
Attribute Types Utility Values
1TB 1
500GB 0

Table 4.6: Defining Utility Values of Graphics Card

Graphics Card
Attribute Types Utility Values
4GB 1
2GB 0.70
1GB 0.35
Other 0
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Table 4.7: Defining Utility Values of Screen Size

Screen Size
Attribute Types Utility Values
15.6” 1
14” 0.70
13.37 0.35
11.6” 0

Table 4.8: Defining Utility Values of Battery

Battery
Attribute Types Utility Values
6 Cells 1
4 Cells 0.70
3 Cells 0.35
2 Cells 0

4.3.3 Defining Utility Values of Price

The utility values of Price are also needed to define in this system. Since price

is a quantitative attribute, the utility value of price can be computed as follow:

U(Pr _ x— Worst 42
(Price) = Best — Worst ’

Where,
x = Price defined in each shop
Worst = Maximum price defined in the system,

Best = Minimum price defined in the system
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In this system, the maximum price and minimum price are fixed such that the
value of Worst as 2,500,000Ks and Best as 300,000Ks. Moreover, the price must be
selected in this system because it has a significant effect on the buying behavior of
consumers because the higher a product is priced, the fewer units are sold.
Additionally, the price of a good is also determined by the point at which supply and
demand are equal to each other. Normally, the demand dictates the price. For (purely)
inelastic demand, the price is entirely set by demand and price is the dependent
variable.

Suppose that user wants the laptop with the following attributes based on the

following user preferences:

Processor = Core i7, Core 15, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB,
Graphics Card = 4GB, 2GB, Screen Size = 15.6”, Battery = 2 Cells, Brand = Asus and
Price = 500,000Ks & Above.

There are five relevant laptops that matched with user preferences received
from seventeen computer shops and the results sorted by ascending order of price are

shown in Table 4.9.

Table 4.9: Relevant Laptops with User Preferences

Laptop| Shops |Processor|Generation RAM|Hard Disk| Graphics Card |Screen Size|Battery Price (Ks) Brand
L33 |Technoland| Corei5 | 7thGen |8GB| 1TB 4GB 15.67 |2 Cells |845,000Ks| Asus
L27 | Unigque | Corei7 | 7thGen |8GB| 1TB 2GB 156" |2 Cells [936,000Ks| Asus
L18 | AsiaTech| Corzi7 | 7thGen |8GB ITB 2GB 156" |2 Cells [937,000Ks| Asus
L25 | Citicom | Coreif | 7thGen |8GB| 1TB 2GB 15.6" |2 Cells |938,000Ks| Asus
L4 | KMD | Corei7 | TthGen |8GB| 1TB 2GB 15.6” | 2 Cells 938,000Ks| Asus
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The followings are choosing priority of the attributes for the users who choose
Processor as first priority and the remaining attributes such as Generation, RAM etc.

as their desired priority.

Choosing Priority of the Attributes

If Priority of Processor => 1, Rank of Processor (or) rprocessor = 1

If Priority of Generation => 3, Rank of Generation (0r) rGeneration = 3
If Priority of RAM => 5, Rank of RAM (or) rram => 5

If Priority of Hard Disk => 7, Rank of Hard Disk (or) rHard pisk => 7

If Priority of Graphics Card => 4, Rank of Graphics Card (or) rGraphics = 4
If Priority of Screen Size => 2, Rank of Screen Size (or) rscreen Size = 2
If Priority of Battery => 8, Rank of Battery (or) rgattery = 8

If Priority of Price => 6, Rank of Price (or) rprice => 6

The followings are calculating weight values of the attributes for the users
who choose Processor as first priority and the remaining attributes such as

Generation, RAM etc. as their desired priority.

Calculating Weight Values of the Attributes
Weight of Processor =k (Processor) =2 (8+1—-1)/8(8+1)=0.22222222

Weight of Generation = k (Generation) =2 (8+1-3)/8(8+1)=0.16666667
Weight of RAM =k (RAM)=2(8+1-5)/8(8+1)=0.11111111

Weight of Hard Disk = k (Hard Disk) =2 (8 +1-7)/8 (8 +1)=0.05555556
Weight of Graphics Card = k (Graphics Card) =2 (8+1-4)/8(8+1)
=0.13888889

Weight of Screen Size = k (Screen Size) =2 (8+1-2)/8 (8 +1)=0.19444444
Weight of Battery = k (Battery) =2 (8+1-8)/8(8+1)=0.02777778

Weight of Price =k (Price)=2(8+1-6)/8(8+1)=0.08333333
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The followings are detailed calculation of each laptop received from each shop
for the users who choose Processor as first priority and the remaining attributes such

as Generation, RAM etc. as their desired priority.

For L33 From Technoland,
Processor = Core 15, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 4GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 845,000Ks, Brand =

Asus
U(Price)

= [845,000 —2,500,000] / [300,000 —2,500,000] = 1,655,000 / 2,200,000

=0.75227273

U(Processor) =0.75 k(Processor) =0.22222222
U(Generation) =1.00 k(Generation) =0.16666667
U(RAM) =1.00 k(RAM) =0.11111111
U(Hard Disk) =1.00 k(Hard Disk) =0.05555556
U(Graphics Card) =1.00 k(Graphics Card) =0.13888889
U(Screen Size) =1.00 k(Screen Size) =0.19444444
U(Battery) =0.00 k(Battery) =0.02777778
U(Price) =0.75227273 k(Price) =0.08333333

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)
=(0.22222222 * 0.75) + (0.16666667 * 1.00) + (0.11111111 * 1.00) + (0.05555556 *

1.00) + (0.13888889 * 1.00) + (0.19444444 * 1.00) + (0.02777778 * 0.00) +
(0.08333333 * 0.75227273)
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= 0.16666667 + 0.16666667 + 0.11111111 + 0.05555556 + 0.13888889 +
0.19444444 + 0.06268939

=0.89602273

The overall utility value of laptop number - L33 received from "Technoland"

computer shop is 0.89602273.

For L27 From Unique,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 936,000Ks, Brand =

Asus
U(Price)

=1936,000 — 2,500,000] / [300,000 —2,500,000] = 1,564,000 / 2,200,000

=0.71090909

U(Processor) =1.00 k(Processor) =0.22222222
U(Generation) =1.00 k(Generation) =0.16666667
URAM) =1.00 k(RAM) =0.11111111
U(Hard Disk) =1.00 k(Hard Disk) =0.05555556
U(Graphics Card) =0.70 k(Graphics Card) =0.13888889
U(Screen Size) =1.00 k(Screen Size) =0.19444444
U(Battery) =0.00 k(Battery) =0.02777778
U(Price) =0.71090909 k(Price) =0.08333333

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)
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= (0.22222222 * 1.00) + (0.16666667 * 1.00) + (0.11111111 * 1.00) + (0.05555556 *
1.00) + (0.13888889 * 0.70) + (0.19444444 * 1.00) + (0.02777778 * 0.00) +
(0.08333333 * 0.71090909)

= 0.22222222 + 0.16666667 + 0.11111111 + 0.05555556 + 0.09722222 +
0.19444444 + 0.05924242

=0.90646464

The overall utility value of laptop number - L27 received from "Unique"

computer shop is 0.90646464.

For L18 From Asia Tech,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 937,000Ks, Brand =

Asus.
U(Price)

=1937,000 - 2,500,000] / [300,000 —2,500,000] = 1,563,000 / 2,200,000

=0.71045455

U(Processor) =1.00 k(Processor) =0.22222222
U(Generation) =1.00 k(Generation) =0.16666667
U(RAM) =1.00 k(RAM) =0.11111111
U(Hard Disk) =1.00 k(Hard Disk) =0.05555556
U(Graphics Card) =0.70 k(Graphics Card) =0.13888889
U(Screen Size) =1.00 k(Screen Size) =0.19444444
U(Battery) =0.00 k(Battery) =0.02777778
U(Price) =0.71045455 k(Price) =0.08333333

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)
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= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

— (0.22222222 * 1.00) + (0.16666667 * 1.00) + (0.11111111 * 1.00) + (0.05555556 *
1.00) + (0.13888889 * 0.70) + (0.19444444 * 1.00) + (0.02777778 * 0.00) +
(0.08333333 * 0.71045455)

= 0.22222222 + 0.16666667 + 0.11111111 + 0.05555556 + 0.09722222 +
0.19444444 + 0.05920454

=0.90642677

The overall utility value of laptop number - L18 received from "Asia Tech"

computer shop is 0.90642677.

For L25 From Citicom,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 938,000Ks, Brand =

Asus.
U(Price)

=1[938,000 — 2,500,000] / [300,000 —2,500,000] = 1,562,000 / 2,200,000 = 0.71

U(Processor) =1.00 k(Processor) =0.22222222
U(Generation) =1.00 k(Generation) =0.16666667
URAM) =1.00 k(RAM) =0.11111111
U(Hard Disk) =1.00 k(Hard Disk) =0.05555556
U(Graphics Card) =0.70 k(Graphics Card) =0.13888889
U(Screen Size) =1.00 k(Screen Size) =0.19444444
U(Battery) =0.00 k(Battery) =0.02777778
U(Price) =0.71 k(Price) =0.08333333
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U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.22222222 * 1.00) + (0.16666667 * 1.00) + (0.11111111 * 1.00) + (0.05555556 *
1.00) + (0.13888889 * 0.70) + (0.19444444 * 1.00) + (0.02777778 * 0.00) +
(0.08333333 * 0.71)

= 0.22222222 + 0.16666667 + 0.11111111 + 0.05555556 + 0.09722222 +
0.19444444 + 0.05916666

=0.90638889

The overall utility value of laptop number - L25 received from "Citicom"

computer shop is 0.90638889.

For L14 From KMD,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 938,000Ks, Brand =

Asus.
U(Price)

=1[938,000 — 2,500,000] / [300,000 —2,500,000] = 1,562,000 / 2,200,000 = 0.71

U(Processor) =1.00 k(Processor) =0.22222222
U(Generation) =1.00 k(Generation) =0.16666667
U(RAM) =1.00 k(RAM) =0.11111111
U(Hard Disk) =1.00 k(Hard Disk) =0.05555556
U(Graphics Card) =0.70 k(Graphics Card) =0.13888889
U(Screen Size) =1.00 k(Screen Size) =0.19444444
U(Battery) =0.00 k(Battery) =0.02777778
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U(Price) =0.71 k(Price) =0.08333333

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.22222222 * 1.00) + (0.16666667 * 1.00) + (0.11111111 * 1.00) + (0.05555556 *
1.00) + (0.13888889 * 0.70) + (0.19444444 * 1.00) + (0.02777778 * 0.00) +
(0.08333333 * 0.71)

= 0.22222222 + 0.16666667 + 0.11111111 + 0.05555556 + 0.09722222 +
0.19444444 + 0.05916666

=10.90638889

The overall utility value of laptop number - L14 received from "KMD"
computer shop is 0.90638889.

By Calculating MAUT, the utility values of each laptop relevant to the user

preferences are sorted by descending order and described in Table 4.10.

Table 4.10: Relevant Laptops with Utility Values (Processor as 1st Priority)

Laptop| Shops (Processor| Generation| RAM Hard Disk| Graphics Card|Screen Size Battery| Price(Ks) Brand  Utility Values
L27 | Unique | Corei? | 7thGen |8GB| ITB 2GB 15.6" |2 Cells |936,000Ks| Asus | 0.90646464
L18 | AsiaTech | Corei7 | TthGen |8GB| 1TB 2GB 15.6" |2 Cells |937,000Ks| Asus | 0.90642677
L25 | Ciicom | Corei7 | 7thGen |8GB| 1TB 2GB 15.6" |2 Cells |938,000Ks| Asus | 0.90638889
L4 | KMD | Corei? | 7thGen |8GB| 1ITB 1GB 15.6” |2 Cells|938,000Ks| Asus | 0.90638889
L33 |Technoland| Corei§ | 7thGen |8GB| ITB 4GB 15.6” |2 Cells | 845,000Ks| Asus | 0.89602273
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In the proposed system, the top three best match laptops relevant to the user
preferences are displayed from seventeen computer shops. Since there can be many
best match laptops relevant to the user preferences with the same specification and
same price, the top three best match laptops are displayed in this system. These best
match laptops are shown in Table 4.11. According to the results in this table, the first
best match laptop is from “Unique”, the second is from “Asia Tech” and the third best
match relevant laptop is from “Cititcom” because because the higher the utility value,

the better the best match in MAUT.

Table 4.11: Top Three Best Match Laptop(s) (Processor as 1st Priority)

Laptop| Shops |Processor| Generation RAM ) Hard Disk| Graphics Card |Screen Size|Battery) Price(Ks) (Brand | Utility Values

L27 | Unique | Corei7 | 7thGen |8GB| 1TB 2GB 15.6” |2 Cells |936,000Ks| Asus | 0.90646464
L1§ | AsiaTech | Corei7 | 7thGen |8GB| 1TB 268 15.6" |2 Cells |937,000Ks| Asus | 0.90642677
L25 | Citicom | Corei? | 7thGen |8GB| 1TB 2GB 15.6” |2 Cells |938,000Ks| Asus | 0.90638889

The followings are choosing priority of the attributes for the users who choose
Graphics Card as first priority and the remaining attributes such as Generation, RAM

etc. as their desired priority.

Choosing Priority of the Attributes

If Priority of Processor => 4, Rank of Processor (or) rprocessor = 4

If Priority of Generation => 2, Rank of Generation (0r) rGeneration => 2
If Priority of RAM => 6, Rank of RAM (or) rram => 6

If Priority of Hard Disk => §, Rank of Hard Disk (or) rHard pisk = 8

If Priority of Graphics Card => 1, Rank of Graphics Card (0r) rGraphics => 1
If Priority of Screen Size => 7, Rank of Screen Size (or) rscreen Size = 7
If Priority of Battery => 3, Rank of Battery (or) rattery = 3

If Priority of Price => 5, Rank of Price (or) rprice => 5
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The followings are calculating weight values of the attributes for the users
who choose Graphics Card as first priority and the remaining attributes such as

Generation, RAM etc. as their desired priority.

Calculating Weight Values of the Attributes

Weight of Processor =k (Processor) =2 (8+1—-4)/8(8+1)=0.13888889
Weight of Generation =k (Generation) =2 (8+1-2)/8(8+1)=0.19444444
Weight of RAM =k (RAM)=2(8+1-6)/8(8+1)=0.08333333

Weight of Hard Disk = k (Hard Disk) =2 (8 +1-8)/8 (8+1)=0.02777778
Weight of Graphics Card = k (Graphics Card) =2 (8+1-1)/8(8+1)
=0.22222222

Weight of Screen Size = k (Screen Size) =2 (8+1-7)/8(8+1)=0.05555556
Weight of Battery = k (Battery) =2 (8+1-3)/8(8+1)=0.16666667

Weight of Price =k (Price)=2(8+1-5)/8(8+1)=0.11111111

The followings are detailed calculation of each laptop received from each shop
for the users who choose Graphics Card as first priority and the remaining attributes

such as Generation, RAM etc. as their desired priority.

For L33 From Technoland,

Processor = Core 15, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 4GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 845,000Ks, Brand =

Asus
U(Price)

= [845,000 - 2,500,000] / [300,000 —2,500,000] = 1,655,000 / 2,200,000

=0.75227273
U(Processor) =0.75 k(Processor) =0.13888889
U(Generation) =1.00 k(Generation) =0.19444444
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U(RAM) =1.00 k(RAM) =0.08333333

U(Hard Disk) =1.00 k(Hard Disk) =0.02777778
U(Graphics Card) =1.00 k(Graphics Card) =0.22222222
U(Screen Size) =1.00 k(Screen Size) =0.05555556
U(Battery) =0.00 k(Battery) =0.16666667
U(Price) =0.75227273 k(Price) =0.11111111

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

=k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.13888889 * 0.75) + (0.19444444 * 1.00) + (0.08333333 * 1.00) + (0.02777778 *
1.00) + (0.22222222 * 1.00) + (0.05555556 * 1.00) + (0.16666667 * 0.00) +
(0.11111111 * 0.75227273)

= 0.10416667 + 0.19444444 + 0.08333333 + 0.02777778 + 0.22222222 +
0.05555556 + 0.08358586

=0.77108586

The overall utility value of laptop number - L33 received from "Technoland"

computer shop is 0.77108586.

For L27 From Unique,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 936,000Ks, Brand =

Asus.
U(Price)
=[936,000 — 2,500,000] / [300,000 — 2,500,000] = 1,564,000 / 2,200,000

=0.71090909
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U(Processor) =1.00 k(Processor) =0.13888889
U(Generation) =1.00 k(Generation) =0.19444444
U(RAM) =1.00 k(RAM) =0.08333333
U(Hard Disk) =1.00 k(Hard Disk) =0.02777778
U(Graphics Card) =0.70 k(Graphics Card) =0.22222222
U(Screen Size) =1.00 k(Screen Size) =0.05555556
U(Battery) =0.00 k(Battery) =0.16666667
U(Price) =0.71090909 k(Price) =0.11111111

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.13888889 * 1.00) + (0.19444444 * 1.00) + (0.08333333 * 1.00) + (0.02777778 *
1.00) + (0.22222222 * 0.70) + (0.05555556 * 1.00) + (0.16666667 * 0.00) +
(0.11111111 * 0.71090909)

= 0.13888889 + 0.19444444 + 0.08333333 + 0.02777778 + 0.15555555 +
0.05555556 + 0.07898990

=0.73454545

The overall utility value of laptop number - L27 received from "Unique"

computer shop is 0. 73454545.

For L18 From Asia Tech,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 937,000Ks, Brand =

Asus.
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U(Price)

=[937,000 —2,500,000] / [300,000 — 2,500,000] = 1,563,000 / 2,200,000

=0.71045455

U(Processor) =1.00 k(Processor) =0.13888889
U(Generation) =1.00 k(Generation) =0.19444444
U(RAM) =1.00 k(RAM) =0.08333333
U(Hard Disk) =1.00 k(Hard Disk) =0.02777778
U(Graphics Card) =0.70 k(Graphics Card) =0.22222222
U(Screen Size) =1.00 k(Screen Size) =0.05555556
U(Battery) =0.00 k(Battery) =0.16666667
U(Price) =0.71045455 k(Price) =0.11111111

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.13888889 * 1.00) + (0.19444444 * 1.00) + (0.08333333 * 1.00) + (0.02777778 *
1.00) + (0.22222222 * 0.70) + (0.05555556 * 1.00) + (0.16666667 * 0.00) +
(0.11111111 * 0.71045455)

= 0.13888889 + 0.19444444 + 0.08333333 + 0.02777778 + 0.15555555 +
0.05555556 +0.07893939

=0.73449494

The overall utility value of laptop number - L18 received from "Asia Tech"

computer shop is 0.73449494.
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For L25 From Citicom,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 938,000Ks, Brand =

Asus.
U(Price)

=1[938,000 - 2,500,000] / [300,000 —2,500,000] = 1,562,000 / 2,200,000 = 0.71

U(Processor) =1.00 k(Processor) =0.13888889
U(Generation) =1.00 k(Generation) =0.19444444
U(RAM) =1.00 k(RAM) =0.08333333
U(Hard Disk) =1.00 k(Hard Disk) =0.02777778
U(Graphics Card) =0.70 k(Graphics Card) =0.22222222
U(Screen Size) =1.00 k(Screen Size) =0.05555556
U(Battery) =0.00 k(Battery) =0.16666667
U(Price) =0.71 k(Price) =0.11111111

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.13888889 * 1.00) + (0.19444444 * 1.00) + (0.08333333 * 1.00) + (0.02777778 *
1.00) + (0.22222222 * 0.70) + (0.05555556 * 1.00) + (0.16666667 * 0.00) +
(0.11111111 * 0.71)

= 0.13888889 + 0.19444444 + 0.08333333 + 0.02777778 + 0.15555555 +
0.05555556 + 0.07888889

= 0.73444444
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The overall utility value of laptop number - L25 received from "Citicom"

computer shop is 0.73444444.

For L14 From KMD,

Processor = Core 17, Generation = 7th Gen, RAM = 8GB, Hard Disk = 1TB, Graphics
Card = 2GB, Screen Size = 15.6”, Battery = 2 Cells, Price = 938,000Ks, Brand =

Asus.
U(Price)

=[938,000 —2,500,000] / [300,000 — 2,500,000] = 1,562,000 / 2,200,000 = 0.71

U(Processor) =1.00 k(Processor) =0.13888889
U(Generation) =1.00 k(Generation) =0.19444444
U(RAM) =1.00 k(RAM) =0.08333333
U(Hard Disk) =1.00 k(Hard Disk) =0.02777778
U(Graphics Card) =0.70 k(Graphics Card) =0.22222222
U(Screen Size) =1.00 k(Screen Size) =0.05555556
U(Battery) =0.00 k(Battery) =0.16666667
U(Price) =0.71 k(Price) =0.11111111

U (Processor, Generation, RAM, Hard Disk, Graphics Card, Screen Size, Battery,

Price)

= k (Processor) * U (Processor) + k (Generation) * U (Generation) + k (RAM) * U
(RAM) + k (Hard Disk) * U (Hard Disk) + k (Graphics Card) * U (Graphics Card) +
k (Screen Size) * U (Screen Size) + k (Battery) * U (Battery) + k (Price) * U (Price)

= (0.13888889 * 1.00) + (0.19444444 * 1.00) + (0.08333333 * 1.00) + (0.02777778 *

1.00) + (0.22222222 * 0.70) + (0.05555556 * 1.00) + (0.16666667 * 0.00) +
(0.11111111 * 0.71)

= 0.13888889 + 0.19444444 + 0.08333333 + 0.02777778 + 0.15555555 +
0.05555556 + 0.07888889
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= 0.73444444

The overall utility value of laptop number - L14 received from "KMD"
computer shop is 0.73444444.

By Calculating MAUT, the utility values of each laptop relevant to the user

preferences are sorted by descending order and described in Table 4.12.

Table 4.12: Relevant Laptops with Utility Values (Graphics Card as 1st Priority)

Laptop| Shops |Processor| Generation|RAM | Hard Disk| Graphics Card |Screen Size| Battery| Price(Ks)| Brand | Utility Values
L33 |Technolnd| Corei5 | 7thGen |8GB| 1TB 4GB 15.6” | 2 Cells |845,000Ks| Asus | 0.77108586
[27 | Unique | Corei7 | TthGen |8GB| 1TB 1GB 15.6" | 2 Cells |936,000Ks| Asus | 0.73454545
L1§ | AsiaTech | Corei7 | TthGen |8GB| 1TB 2GB 15.6" | 2 Cells |937,000Ks| Asus | 0.73449494
125 | Citicom | Corei7 | TthGen |8GB| 1TB 2GB 15.6” | 2 Cells |938,000Ks| Asus | 0.73444444
L4 | KMD | Corei7 | TthGen |8GB| 1TB 2GB 15.6” | 2 Cells |938,000Ks| Asus | 0.73444444

Since there can be many best match laptops relevant to the user preferences
with the same specification and same price, the top three best match laptops are
displayed in this system. These best match laptops are shown in Table 4.13.
According to the results in this table, the first best match laptop is from “Technoland”,
the second is from “Unique” and the third best match relevant laptop is from “Asia

Tech” because the higher the utility value, the better the best match in MAUT.

Table 4.13: Top Three Best Match Laptop(s) (Graphics Card as 1st Priority)

Laptop| Shops |Processor| Generation| RAM | Hard Disk| Graphics Card |Screen Size|Battery| Price(Ks)| Brand | Utility Values

L33 |Technolnd| CoreiS | 7hGen |8GB| 1TB 4GB 15.6" | 2 Cells |845,000Ks| Asus | 0.77108586
L27 | Unique | Corei7 | 7thGen |8GB| ITB 2GB 15.6” | 2 Cells |936,000Ks| Asus | 0.73454545
L1§ | AsiaTech | Corei7 | 7hGen |8GB| 1IB 26B 15.6" |2 Cells 937,000Ks| Asus | 0.73449404
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CHAPTER 5
CONCLUSION

Considering the multiple attributes of the shopping item and its various
parameters, the item information can be described in various ways and the
approximate cost of these items can be estimated. The proposed system is
implemented as a shopping assistant system for buying laptop computers. The
additive utility function of MAUT is used to evaluate the best match product(s) based
on user preferences. This system can assist human buyers by searching the products
according to their preferences within their budget. By using this, they can save time
and effort in searching required product information and are able to choose the best

match laptop(s) from the most suitable ones.

5.1 Advantages of the System

The implementation of this system is developed as a shopping assistant for
laptops. In buying products with multiple attributes and multiple prices, the users
might have difficulty in finding the right product they want within their budget. It
greatly reduces the browsing time and searching in the multiple online shops. For a
human user, it is difficult to find the right item store by store online. Shopping
assistant finds the set of the relevant products so the user can be able to select the

most suitable product to buy.

5.2 Limitations and Further Extension

The proposed system has some limitations such that users can only choose
predefined preferences for providing their desired products. This system can be
extended with Natural Language Processing for understanding user query rather than

predefined sets of attributes.
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