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ABSTRACT

This research aimed to study approaches for data storage in NoSQL databases and
compare the query performance between relational databases and NoSQL databases for
an information system. The case study involved the asset dataset of the Information
Technology Service Center, Chiang Mai University. The relational database used in the
study was MySQL, which stores data in tables consisting of rows and columns. The NoSQL
database used was MongoDB, which stores data as documents with field-value pairs. PHP
was used to develop a web application for testing. The researcher designed query
commands and developed a web application to evaluate the query performance between
the two types of databases.The initial results indicated that querying asset data using the
relational database was faster than using the NoSQL database. However, the results from
both databases were accurate and consistent, yielding 100% correctness. The slower
performance of the NoSQL database was attributed to its data structure. When converted
from a relational database, data in the NoSQL database was stored as a Referenced
Document across separate collections. This required the use of functions to join data from
multiple collections, leading to increased processing time and slower query performance.
Further analysis was conducted to confirm that NoSQL databases could handle large-scale
data more efficiently than relational databases. A larger sample database containing

employee and salary data, with a data size 100 times larger than the asset dataset, was
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used for additional testing. The results demonstrated that, for queries involving a single
table or a single collection, both with and without conditions, NoSQL databases
outperformed relational databases in query performance. To apply NoSQL databases
effectively in future asset management systems, it is recommended to modify the data
structure from Referenced Document to Embedded Document. This structure consolidates
all related information within a single document, allowing for faster query processing.
Additionally, the application code should be adjusted to support and manage NoSQL

databases efficiently.
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Aanuduiusiulisefulusuuusvesnse 2 f3 gudeyaniierauszneusienismaie’
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1) dnlassawestoyaiuduvesnsiafvoyaluguuuuvesmssiifinnuduiusiy
Tngdafiuduwaiuazmodudl

2) dumuauarmasanwesieyaiuduiiedunielilunsimuamudiugues
Poyalinnuasann lawn nisivueddudn (Primary Key) uazfiduan (Foreign Key)

3) dudnnsteyafiudiuvosidsilidinnstudeyaiiiuduiineglugiudeyalaeiinim
ﬁiﬁ’ﬂumﬁmmaﬁugm%;ﬂaﬁa SQL (Structured Query Language)

Customer Relation
customer,.no first_name last_name. ‘ province
101 - Jeff - Johnson ‘ Chiangrai
Py Kby 1| 102 Rick Forbis ‘ Phuket le—| Row or Record
103 Susan Connor ‘ Lampang

Column or Attribute Data Field

Figure 1 Example of the relationship of the Customer table in a relational database
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distudos luvasfigiudeya NoSQL gneenuuusLiiesessu Big Data Ingiamnz

- enuslumsithdsteyasuiunnn prudeyaideduiusiddds sal Tumsdhfedoyads
o1adudounazimndoyaivnalngvdolifimsasedviegrammnzan Tuvagiigiudona NosQL
sziiheeyauuuouing 1y Key-Value Fufaninlunsaifilsifmnuduiusssninedeoya

- anwansnsalunsvenesi grudeyaidsduiudinvenslaenmaiiuninensliiugsvines

o daiidedrimdlodoyaivunanfinanndu luvmsiigiudoya NoSQL  sesfunsvensuuy
nszae Taganansaiudnesiienstannisdaiusasnisussanana

ns3eildgudena NoSQL Ussuamgiuteyalonans (Document Database) fifin1sdaifiu
Foyaiduuuy JSON (JavaScript Object Notation) Inelassasnenisiivteyasziudeyaluguuuy
Ya3RE-A1 (Key-Value) grutiosa NoSQL UszLamiléiun MongoDB CouchDB ifiusiy

{

fm————————
1

“id”: “1237, T p Key: Value

_________

“name”: “John Simsan”,
« I »
email: “john@exam.com

}

Figure 2 JSON data sample

3.MongoDB

MongoDB [7, 8] ifugudieya NoSQL Ussiamguteyatenansiugiudeyadilsidamuduniug
ddlessadns snernguteyadsdiiug uesdumaluladfigniauntuieliamsodansiudeya
fflnalng Wugudeyailiminensveneiosios msdsznanarildmniiuaziinnudangu
Tunsldraninsadnnldlumsdanuleyavesssuuasaumenige wu uweundinduld lnelaswesng
Y9431UveYa MongoDB Uszneusiy

Avalandu (Collection) wienguienansiiufiiususiudendatuusivais fendm
adetumsluguteyadsduiududliassaisnsdaiutoyafinesh

fonAuuui (Document) vidatonansiudeyafiuguiiivtoyalusuuuy BSON (Binary
JSON) guuuunsitsateyaluunisuuuuniaves JSON usaziendiuusiluneaianduenadl
Tassasefiunnsinedu

flad-en (Field-Value) \HuduvasdoyaiugiulufonAuuuy doyaazifiuluguuuy BSON
adneuredilugudeyaiBediiug U 3 uandassairsnisifiudeyaves MongoDB Tne MongoDB
annsafiutoyaldilusuuvuresdenfunui 019158 wieenfisdvosfionAnuusi (Amay  of

Document)
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- N { |

na
ag { |
ge na t
he 28 name: “Lisa”
g8 : !
h he age: 16,
1 gender: “Female”,
height: 170
I
i Collection
\ / lpmmmmmm \ .
| name: “Lisa”, I Field: Value
Database \zpr1e———’
gender: “Female”,
height: 170
}
Document

Figure 3 Data structure of MongoDB [7]

nsimualassadrdennuduiudvosionfnuuily  MongoDB  Huanunsasuun
lassassnonAnuwilaidu 2 wuude

1) fenAauvinuuilai (Embedded Document) WufendauwsifAudeyaiieitesvie
fmnudfusiulilufionfuuwiiiontu Weuldfunisifudeyaiiinannisideules Join) msie
vanusenduusiuesgutoyaisduiiusidnsnefu Tng Embedded Document @nsnsaLiu
Foyaitanuduiusiuluvatesuuvuitu fiad 019158 Wielfudeyauuuienarsdeuriu (Nested
Document) wazanansanfiudeyaiifinnusdeutuld imngdmiudeyaiilivdsusasion Tof
voamafudeyalugiuuuiifoniadnfedoys wu nssuriedoudeyarilinmni idesndeya
iaqazgndaivlilufiondnuwiifen deidedenisudladeyarildtuilesandoyaiiiiuiiang
d1diou maufludstoudlotoyaidrdouiunansi nsmunarmdiiudvesiondamsianuse
fsual#fauuy One-to-one o One-to-many #8819 Embedded Document uansazu 4

{
_id: <Objectld1>,
student; “Eddy”,

info;_{
gender; “Male”, > Embedded sub-document
age: 20
b
study: {
course:_“Computer Graphics”, Embedded sub-document
credit: 3

}

Figure 4 Structure of Embedded Document [7]
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2) fenfaluuviLuug1sds (Referenced Document) iufienduvidiiudeyadiieitos
weneenanfufuneaantudaszuazionleaiusefde1sds (Referenced Key) 1u ID uay
ansaltAgesdaiioglufendasurivis ledonlesdeyaludidndenfusindadidafediu
forromsutladoyaausaudlufodifoniomnindeyaliditu daidefenisiudoyadoudy
vanefiiiiolidoyaduiudiu mnlassairensifvdeyaiinnududeou nmseruteyaszsldtiag
iesanndiosvihnisifeudeyaainnansnsatandy nisivuaruduiusvesfonduuvianansa
Amualmdukuy One-to-many #me81a Referenced Document LLamﬁ\‘igUVi 5

info document

{
_id: <Objectld2>,
student_id: <Objectld1>,
gender: _“Male”,
student document study: 20
: }
_id: <Objectid1>,
student: “Eddy” % |
! {

|

study document

_id: <Objectld3>,

ha  student id: <Objectld1>,
course;_“Computer Graphics”,
credit: 3

Figure 5 Structure of Referenced Document [7]
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1.NT8ULWIAR

sruuUImMsiamsagiaeivesdninuinisweluladasaumauminedododdudiduszuy
fignitmuntudiotisutaumsznuveadiuihinuiaganmsauimsdndeyanssusiniglu
sl duluegnaiiuszaviamm szuviimsudmsianisteyalasligrudeyaideduiusdnis
TauszuunuintuudazUdoyasieg wu Toyansine Jeyanisiiniensine Jeyadsyifnis
\ndeudnsngusiazgniuiinivlugudeyaifsnnniu ilvigudeyaivnalvgdudos S
ToyafiiUinasnnotvdmarensiiniedoyanazdmareuszaianlunsdudu nsdudusile
Hrawadldinausznanauniu fafufsfinishgudoya NosoL Afiauanasalunisdanisiy
Foyadifivunslug) nmsdafuteyalidudusesimunguuuunioussinnvesdeya nsdududeya
vhlssings uazdugudeyailininensveaeietios smeasaiiousuldiussuuunugiudeya
dusiug

2 Sunounisiudiua

2.1 mfaFouatedioflilumsifoussnouse soniuag uazeniauwnd duielud

1) MySQL [9] Wuszuudanmsgudeyaideduiusasdinm sal lunsdanisiudeyauas
gnihanlflumsnaaeuussansnmmsaududeyanesdudild fe 14.14 Distrib 5.7.17
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2) Navicat [10] ulusunsuiflddmivuimsdnmsgudeyadeduiug Tuildde mysaL 3
dnuwagmsldoudunsiindadenshauiudld fiedesdlossg Adededanisiuteya Tusunsy
duTusunsuiiselidmsuinmsteyaiioglugiutoya MysQL Tumsimussuamsaumesineg
melumiaenu sudsszuuuinaianisasfusilasaglilusunsuilunisddmdnfionnaoy
UszavBnmmsaududoyaues MySQL Lasdudld Ae 8.2.19

3) MongoDB duszuudanisgiudeoya NoSQL Usziangiudeyalenansdsldniw
MongoDB Query Language [11] Tun1sdnnisivteyanazgninanldlunisnageudsed@nsninns

dududoya osTuly Ae 4.0.11
9) Studio 3T [12] ihlusunsuilédmivuimsdansgiutosa NosQL Tufitfe MongoDB
fidnwaznsldnudunsfindadensiauiudld fiedesilesisy fiesdedanistudeya uazdl
wdnaflefihesensutasdeyaningrudoyadeduiudlifugudoya NosoL Tasaglilusunsuil
lunisuvasdeyansdnmiangiudeya MysQl snfvlugiudeya MongoDB waz@dididaile
e UUsAnEnwnnsauAudeyares MongoDB Lestuilld e 2022.2.0
5 PHP unmwildiauniuueundeduiionaaesuSeuiisuussansnmnisdudy
Yoyansfamiszminagrudeyaifeduiug [13] Augruteua NoSQL [14] nestuild fe 7.4.27
6) \n3esnauinoslindadmivldsasaiiu Web Application Server wazRnRasEUUle
Tunisvaaeudnu 1 1ndesdlasiiseasBeaded
- yiheUszaananane: AMD Ryzen 5 2500U with Radeon Vega Mobile Gfx 2.00 GHz
- MhwAUImAN: 8 GB (7.55 GB usable)
- s¥UUUf)URn1S: Windows 10
- Web Application Server: Internet Information Services (IIS) 129594 10.0.19041.1
2.2 msdawoudeyauazuiaeyaiitoldlunismaaey
nsdmeutoyaililumavaaeuazsdsugutoa 2 yaded
i 1 1 Hudeyanstasiniiveglugudeyaideduiusdsldssuuinnsgrudeya MysQL Tu
msifuiufinuazdanisivdieya waggrudoyaildlunsvaaeuiieodn asset Usznoudioniss
vanemsndaiuteyansinsisnegifinuduiusiulifeiunansdaguil 6 uazsegstoya
asfarifiiulumssuanaiagui 7
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=44 127.00.1 Al Tltharede = _ i
o DR AT Tltbartde locaton = !
i OF 5} asset E _]tbbvl_hbd:‘\g -{IA--""--._ Row/Record 1
! P q':':;:s H 1 theommittee i --""‘--..__*
I .\t.:.:. e E ?] thwithdraw_artice = Mame Type Length
! S Bvents i thwithdraw_form = nt 0
I : =31 Queries : it trdepartment I oroup_id int
i . ' Tufacdty ! arde_id varchar 30
|| [SRwos Moy {42 Table gy
: | & Badups i Ll d L articde_no varchar 20
e = Tltrhardware I resource_id nt 0
: 3 T trlocation ! broject_id nt 0
Tltrperson - artce_name  varchar 200
Database Tlproject ! artde serid  varchar 255
Tltrresource I artide brand  varchar 150
1 Tl trsection } artide_model  varchar 150
' Tltrsignature } artide_size varchar 100
""""""""""" artide_color varchae 50

Figure 6 Relational database MySQL named asset used for testing

id |oroup_id|artide _id

[a'bde_no Irm:ce_ld Ipro)ed_ld Iutde_num

|artide_serial|artide_brand|artide_model

87 7 51.74400010001.0251028 1132065 2 0 aawineas HP dc5700 smal Form Factor
88 1 51.71100040003.0247001 1132071 2 0 quad

89 8 51.67200050006.0248001 1132108 2 0 nagwneidlaled

90 7 51.74400100001.0249001 1132113 2 0 HP Laserjet 2605 dn Printer

91 7 51.74400100001.0250001 1132146 2 0 Printer HP 2600n Color Laserjet

92 7 51.74400010001.0251002 1132168 2 0 Printer hp laserjet m3035xs mfp

93 7 51.74400010001.0251001 1132171 2 0 Scanjet HP 5590

Figure 7 Example of asset data stored in the relational database table of MySQL

il 2 1udeyansfnusiignuuasmingruteyaideduiué MysQL selusunsy Studio 3T
Trfeglugunuuvasgiudoya NosQL dddszuudnmsgiudeya MongoDB lunsifuduiinuasianis
futeya wazgudeyaitlilumsvaasuiiiedn asset_mongo Usznousheneatandusing 1udas
wenani wasidenlosnauduiusfusendensds Ineadenddailffe Primary Key w3e Foreign
Key TumsnsvesguteyaiBsduriusiiuies uansdegui 8 uazfognsdoyanidamifiivlunoaaaduy
LAnaFagUT 9
yaneivg: yndenfunyiaed id Sadufignaisdulaesrluifuas s

v
o o

signriu
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Database '_- M < Quickstart X | tharticle X

V [direct] ~ [

B od B 127.00.1 flocalhost27017) > asset_mongo > @ tharticle G-I -A-RB
v (5] asset_mongo E] - d SV
o o P 55 Visual Query Builder
S Conections (1) Collection .
| 5 [ tharticke N Py Sort () L
R tharticle_location \\
Slap Limit

» B tharticle_location_trash
[ thbill_lading
Ef thcommittee
[ifh thwithdraw_article

Paesun | QuenyCode  Explsin
.

oY - | | [ <] Documents 1050 | & BB R EHE SSONView ~| £

» B tbwithdraw_form 1 F H A
Ef trdepartment 2 : NumberInt(l), :
s BB trfaculty : NumberInt(1), -
» ony trgroup 4 1d" : NusberInt{l), :
kR trhardware € ‘ 3 l, M :
» BB trlocation . 7 : rint(2), -
» B trperson : B i Nv-ber.lnt(e), :
B et |- b i 4= Document
» k) tresource . . e i
GB trsection : o :
EB trsignature I o™= ’, 1
Views (0) : 1SODate("2002-85-02T17:00:00.000+0000"), i
te” : null,
GridF$ Buckets (0)  NumberInt(0), !
System (0) v : NumberInt(@), ! \

" 1 NumberInt(1), "_id" : NumberInt(2), ¥_id"™ : NumberInt(3),
: NumberInt(1), "id" : NumberInt(2), " + NumberInt(3),
i i ¢ NumberInt(6), id™ : NumberInt(7),
" "00. 02ee000000 . BRRRRA: i "00.00000000000 .. 00R00A3",

NumberInt(1), "group_i
00 . 22000EAA000 . 2ORRRRA] "article

"1005443", "article_no" : "1005445", 1005446" ,
"resource_1i : NumberInt(2), "resource_id" : NumberInt(2), : NumberInt(2),
"project_id" : NumberInt(@), "project_id" : NumberInt(8), "project_id" : NumberInt(@),
"article_name” : "levh", "article_name” : " nof" “article_name"” : “wiowmanfiumot”,
"article_serial” : "", "article_serial” “article_serial” : "",
¥ } }

Figure 9 Example of asset data stored in the NoSQL collection of MongoDB

Tnemsuasteyaitelsiligudeyayail 2 felusinsu Studio 3T a¢1438Ms Import deya
ngudeya MySQL uazulasiidudoya BSON thivadlugiudeya MongoDB wiseisenindunis
¥ SQL Migration fie (lun1sthedesanngudeyassuuvildugsguteyadnszuunis fedoyad
gnédneandagmudeya MongoDB dziidnuaumeaarduwiniuiuduiunsne S9maumendauwiviniu
fusuuunlugiudoya MysQL udsdifonsstereainniuuasidoyafindeutu lasidunou
nsudasdayadisl

1) Waldemlusunsy Studio 3T adnfi Connect szUsInglaezdon Connection Manager
1%nanTl localhost:27017 Liteilieusiagiudaya MongoDB s Port 27017 faguil 10
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B sw 5
File Edit Database Collection Index Document GridFS View Help
— T — . w =7=1 1 ag = - Y
| — i ( B =
. == B e =5 g L= & oo 5 Y B
Connect Collection IntelliShell SQL  Aggregate Map-Reduce Compare Schema Reschema Tasks Export Import  Data Masking
Sqilkh Open Connections {(Ct + aA < Quickstart
~ ;% localhost:27017 [direct]
> & admin [ connection Manager X ~
> & config
= =B e = s - (S
> £ local = al
G e 2 Em = B s
New Connection  New Group Edit Delete  Clone Import Export To URI
Click here to filtegggnnections 1 match
Name DB Server Security Last Accessed  Shorteut
Es localhost:270... 5 hours ago

Figure 10 Connecting to use MongoDB database in Studio 3T

2) a¥1egudeya MongoDB #ldlunsnegeu laeadnwini localhost:27017 AzUsINGLIY
indn?l Add Database fagu#l 11 uazAstogudayadn asset_mongonaguil 12

_Search Open-dignections (Ctri+| @A ¢ | qujekstart

[~ T Tocalhost27017 [direct]
> & admin Server Info 3 -
> & config

> £ local E Open IntelliShell Ctrl+L Udlo 3T U|t|mate

Current Operations

Open Value Search

. Keep the features you need
Add Database...

Copy Name Ctrl+Alt+C

Figure 11 Creating MongoDB database use for testing

Search Open Connections (Ctrl+| @A < Quickstart

v [ localhost:27017 [direct]

= [3 Add Database 3¢
> = admin
4 E? config Database Name
> = local
@ i assel_mcmgo ate
d, to

Figure 12 Set the name of the MongoDB database to asset mongo

3) AdnvNTigIutenate asset mongo azUsnguy WiAdndl SQL Migration uazSQL ->
MongoDB Migration te¥11n13 Import ayaann MySQL lUga MongoDB fis3udl 13
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~ 5§ locally
> B aoW

-27017 [direct]

> 5 asset_mongo

> & config
> B local

Q) Open Value Search

Copy Database Ctrl+C ~
Copy All Collections/Views/Buckets

wave Studio 3T Ultimat

Export Collections... U O a e

Import Collections.. days. Keep the features you need, to

SQL Migration SQL - MongoDB Migration

Drop Database Deleta MongoDB — 5QL Migration

Add Collection... )

Figure 13 Importing data from MySQL to MongoDB

4) PANWAU Overview wazAANNads Click here to connect to a server... U1y

lpavdan SQL Connection Manager livinnisasansitenseludsgiudaya MySQL Taeadnd
New Connection AU 14

~ [ localhost:27017 [direct]
> & admin
> £ config
> & local
> (=) asset.mongo

A < | Quickstart x | Migration From SQL X

B save task [ Save task as.. | (3) Schedule Run migration || Run selected units [ Show tutorial

Migration From SQL tutorial x | Overview

Source SQL connection: Click here to connect to a server .,

[ saL Connection Manager X
=@ 7 T =
New Connection  New Group Import
0 matches
Name DB Server Security

Last Accessed ‘

Figure 14 Creating the new connection to MySQL for data migration

5) %Ui'}ﬂglﬂ@xﬁ@ﬂ New SQL Connection Iﬁﬁuﬁﬁaga Host, Username, Password Wag
531 Database 99 MySQL #83n15 Import Feyas18's MongoDB W1 Port 3306 lufiigiutoya
flay Import 99 asset  udInAndilu Save AsgURl 15 (A) awUsInglaszdion SQL Connection
Manage Tiadnidenil 127.0.0.1:3306 \ileldeusioludagudoya MySQL udandndilu OK fagud

15 (B)
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n New 5QL Connection

3¢

27001 & saL Connection Manager X

m e New Connection  New Group Edit  Delete  Clone Import  Export  ToURI

P —— 1 match
EQRSerealvpel MySOL Seiver = Name DB Server Security Last Accessed
e 127.001 127.0.0.1:3306 root @ 127.0.0.1:3306 moments ago

Host: 127.001 Port: 3306

Username: root

Password: ~~ essesses ®

Database: asset

i » | oK Cancel
Test Connection ) Cancel
(A) (B)
Figure 15 (A) Saving the database to import data (B) Connecting to MySQL
A o = ' 1% Yo & a a 1Y) =
6) Wevhmsensieguteya MySQL ladu5a adind Add from source table faguil 16
Search Open Connections (Ctri+| aA < Quickstart * | Migration From SQL %
v [ localhost:27017 [direct] =
> 2 admin E Save task B Save task as... | @Schedule | > Run migration ;¥ Run selected units [l show tutorial

2 EB config Migration From SQL tutorial X | Overview
> 2 local

> = asset_mongo

7) azUsnglaezden Select table to import liadnidanm1snafisiaanis Import Tufitla

Source SQL connection: & root [E5 127001 & asset (disconnect)
Target MongoDB connection E‘g (unnamed connection) (Switch connection)

Source table / query Add from source table

)|+ Add from source table - Add from custom SQL query - Add from Hackolade file | /7 Mappings T

Target collection

Figure 16 Adding the tables to import data

Wonessiauaieglugiutdeyaie asset udandniivu OK fsgun 17
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n Select tables to import O X

Type here to filter SQL Tables

Show: All ~

v (5 asset

v | TABLE
E tharticle
E tbarticle_location
[ tharticle_location_trash
R, tbbill_lading
@ tbcommittee
[T towithdraw_article
E thwithdraw_form
[ trdepaniment h
ﬁ triaculty
P trgroup
ﬁ trhardware

trlocation

T trperson

PR troeniect

o ] o

Figure 17 Select all tables from asset database to import into asset_ mongo database

8) TUsunsu Studio 3T AzuanwmITIVmLAigNFeNIINgIUTeYaTe asset Y8 MySQL
INUUATNT Run migration teghevse Import Jayadszud 18

Search Open Connections (Ctri+| @A < Quickstart X | Migration From SQL % l

v [@ localhost27017 [direct]

> £ admin B save task [ save task as... | (2) Schedule | [ Run migration (%} Run selected units Show tutorial
> & config Migration From SOL tutorial x | Overview U Mg Eton: |

> B local

> & asset_mongo

Source SQL connection: & root I_E.“g 127.00.1 @ asset :Qusconnetg)
Target MongoDB connection E‘g (unnamed connection) (Switch connection

~+ Add from source table —+ Add from custom SQL query — Add from Hackolade file | /% Wappings il Re

Source table / query Target database Target collection Insertion mode

B assettbarticle asset_mongo tharticle Overwrite documents with se
@ assettbarticle_location asset_mongo tharticle_location Overwrite documents with sz

Figure 18 Importing data from MySQL database to MongoDB database

9) Wsunsu Studio 3T 23 Import msskazdeyasiieg faunangiudeya asset 11
1ilugudeya asset_mongo AUt 19
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Search Open Connections (Ctrl+
v & localhost:27017 [direct]
> £ admin
~ 5 asset_ mongo
v [ Collections (17)
> [z tbarticle
> E@ tbarticle_location
> [ tbarticle location trash
> & tbbill_lading
> [E& tbcommittee
> [ tbwithdraw_article
> & tbwithdraw_form
> [E& trdepartment
> [ trfaculty
> [ trgroup
> [?g trhardware
> [_% trlocation
> [ trperson

> & trorniact

A< Quickstart x | tbarticle

F‘@ (localhost:27017) >@ asset_mongo > [z tbarticle

Query v {} IE‘
Projection | {} Sort |{}
Skip Limit

Result  Query Code | Explain

e — ﬁ| 50 ~| | Documents 1to 50

"_id"™ : NumberInt(1),
"id" : NumberInt(1),

1
2
3
4 "group_id" : NumberInt(1),

5 "article_id" "'08 . 20000000000 . 600PREA1" ,
6

7

8

9

5]

: "1005443",

. id" : NumberInt(2),
-~ id™ : NumberInt(®),

"article_name" : "Tuwh",

"article_serial" : "",

SkERER

bro-w-Bbh
> v & £} Visual Query Builder

il

JSON View ~ 161

Figure 19 Database and collections imported from asset database into asset_mongo database

wifiuindoyayed 1 WuteyansinsiniiveglugutoyaiBsduiuddenisooniuunstaus
a¥A1519923in15a379 Primary Key 3o Foreign Key iieldidaulosauduiusseninemsns wu
article_id 1fiu Primary Key v057 tharticle fatfuilodesiayadi 1 gnudasmnifuioyayad 2 uaz
iueglugiudioya NosQL reatanduiignuannisussneulusmeddénddlaednlulii 1wy article id
HuRdgrdilunsaiandu tharticle Liielfidoulosmudiniusssnintsnoaiandu tnodoyaund 2 4
azgnuiasliegluguuuures Referenced Document

2.3 Mseenuuumdailonnasulsyansamnsdusu

PAfelFidenmuazaoaianduiithunldlunsmaaouldun Yeyansius doyaniaidn

o

9

Asfue Toyarlin/dauanidue uardoyatioanuifiiniunnuaIiu LanInInised 1

Table 1 Displays the tables and collections used for testing of MySQL and MongoDB databases

respectively

MySQL Database (asset)

MongoDB Database (asset_mongo)

Table Data stored Rows Collection Data stored Documents
tbarticle Asset 6,025 tbarticle Asset 6,025
tharticle location  Asset withdrawal 17,066 tharticle location Asset withdrawal 17,066
trperson Asset owner 125 trperson Asset owner 125
trlocation Asset location 97 trlocation Asset location 97

vhnseenuuuidaiieliinrnanialunisdududeyanngiudoya MySQL sentw SQL
LLazaaﬂLLUWT']%’@Lﬁai%i’ﬂmmL%’ﬂuﬂwﬁuﬁu%’auamﬂmu%’aua MongoDB éh&lmm MongoDB
Query Language Fregerduandlunsd 2 lunselvesgiudoua MongoDB Lummﬂmauaﬂmm%
fihumeseuts 4 Aoaiandiy LUuﬁuauawlﬂmmﬂﬂ'mmawauamﬂmswﬂumuﬁuaua MySQL o
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Wunswasiieyan 1 mndidu 1 reaiardu uaztoyailsimlaseieienAsmsiiduuy Referenced
Document Bsftanfauuvidiisadostuazgnuenifudaszaniu dufulunsdvaasuiidosdinns
L%msﬁaaﬂaiwdwﬂaaLaﬂ%ﬁﬂﬁ%ﬁqﬁﬁu aggregate LWEJL‘?JI@NIEN%@M@ (et aggregate 14
dmdumsUsznanaiioiusdeyalidunguieiiu 1wy msvmasin msmeads Wusu)

Table 2 Displays examples of SQL Language commands and MongoDB Query Language

commands designed for testing

SQL Language command
for MySQL

MongoDB Query Language command

for MongoDB

SELECT * FROM tbarticle location

db.tbarticle_location.find({})

SELECT * FROM tbarticle
WHERE amount money > 2000

db.tbarticle.find({ "amount_money": { Sgt: "2000" }})

SELECT tbarticle.article id,
tharticle.amount_money,
tharticle.article_name,
tharticle_location.move_date
FROM tbarticle
INNER JOIN tbarticle_location

ON tbarticle.article no =

tharticle location.article_no

db.tharticle.aggregate([

{ Slookup: { from: "tbarticle_location",
localField: "article_no",
foreignField: "articleno”,
as: "articlelocation" }},

{ Sunwind: "Sarticlelocation" },

{ Sproject: { "article_no™: 1,
"article_id": 1,

"amount_money": 1,
‘article_name": 1,

won

"move_date": "Sarticlelocation.move_date" }}

)

2.4 mswadukaUnalTuNenaaauUsEansAwasausu
ARdeliinisiauiiveeundinduitassiieldmageuusedninmnisduAudeyangiud

NF1UTYA asset Ve MySQL wazgutaya asset_mongo 483 MongoDB Iaeldimauazaeatandu
mudlananlilumsied 1 InsadnaduasiintoulunisduAulusuwuuves Drop-down list
InsuanadudndeniteraglunisAuniiumiineenaguil 20 uazgui 21
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C  © 127.0.0.1/asset/data/search/mysq

search1.php C  © 127.0.0.1/asset/data/search/mysq
dududayangitun (MySQL) duAudayanstui (MysQL)
AUMIINGTSIO tharticle Oauus:uiny v
dquasgion 5
amufido .
KR -
(A) (B)

Figure 20 Web application for asset data retrieval from MySQL database

(A) Retrieval from 1 table (B) Retrieval from 4 tables with conditions

C @ 1270.0.1/asset/data/search/mongodb

search1.php C O 127.00.1/asset/data, a
FuAudayanssitunl (MongoDB) duAudiayansAturi (MongoDB)
: Oouus:utu &
WqQuasgiin -
amufido v
=R -
(A) (B)

Figure 21 Web application for asset_mongo data retrieval from MongoDB database

(A) Retrieval from 1 collection (B) Retrieval from 4 collections with conditions

2.5 NMINAFDULAENNTTIUTINYRUANTAUAY
NINAFDUKAZNNITIUTINTBYaNTAUAUIINg ILTaYaaeUsenNagldIBnsAell
1) Gudinantunisidamdusazidsildeanuuuliludniu 10 afwuazmanadey

2) Yuiinnanlunisdududeyariuiukeundindunuieuluildimunl idudnau 10 A
wagmARdY
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NAN13IY
naflaannsnageulSeuiieulseansninnisduaudeyaseninegiudeya MySQL uaz
MongoDB a1nAdauazanniiukenmwaiadududisil

Table 3 Displays a comparison of search speed using commands of MySQL and MongoDB

databases (in seconds)

Retrieve data from Commands and conditions MySQL(s) MongoDB (s)
1 Table / 1 Collection Search for all asset 0.06 0.00
withdrawals
1 Table / 1 Collection Search for all assets with a 0.03 0.00
with 1 condition price higher than 2000 Baht
Join Search for all asset 12.62 0.80
2 Tables / 2 Collections  withdrawals, displaying asset
code, asset key, amount, asset
description, and withdrawal
date
Join Search for all assets located in 0.91 19.60
3 Tables / 3 Collections  the Grand Meeting Room (201),
with 1 condition displaying asset code, asset
key, asset description, and
location
Join Search for all stool chairs 0.11 92.85

3 Tables / 3 Collections
with 2 conditions

located in the ITSC Corner
room, displaying asset code,
asset key, asset description,
and location
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Search for data using commmands

100
20
80
70
60
50
40

Time (s)

30
20
10

1 table 1 table 2 tables joined 3 tables joined 3 tables joined
1 collection 1 collection 2 collections joined 3 collections joined 3 collections joined
with 1 condition with 1 condition with 2 conditions

MySQL (s) es==MongoDB (s)

Figure 22 Line graph comparing search time using commands between MySQL and MongoDB
databases

Table 4 Displays a comparison of search speed from web applications of MySQL and
MongoDB databases (in seconds)

Retrieve data from Conditions MySQL(s) MongoDB (s)
1 Table / 1 Collection  Search for all asset data 0.08 0.13
- Condition 1: Search for assets 0.66 29.78
purchased in fiscal year 2560
- Condition 2: All assets 0.42 2.19
Join managed by Mr. Wichai
4 Tables / 4 Collections - Condition 3: Search for assets 0.03 0.35
Selectable conditions** purchased in fiscal year 2556
and located in LAB A
- Condition 4: Search for assets 1.16 12.30

purchased in fiscal year 2562
managed by Mr. Phanom

“* lunsnageudvelaimuaieululagdonain Drop-down list Tuiuweundiedu
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Search for data from web applications

35

30

25

20

Time (s)

15

10

1 table 4 tables joined 4 tables joined 4 tables joined 4 tables joined
1 collection 4 collections joined 4 collections joined 4 collections joined 4 collections joined
with conditionl with condition2 with condition3 with conditiond4
MySQL (s) MongoDB (s)

Figure 23 Line graph comparing search time from web applications between MySQL and

MongoDB databases

othdeyaiildainamsedl 3 uazmaad 4 saaduusunfingmdudesui 22 wagguil 23
AudU asiituiUsEavsnmnsdusudeyangiuriaingiudeya MysQL ldnatlunishunmuaz
waneralisInINIINIsAUIEgIutaya MongoDB Waunnnsdl

iesandeyangfamifiunlflunismeasuiivsinudeyalududliunin waziiledu
mMsfigatiigudoya NoSQL awnsadansiuteyafitivunlnyldfuazmsiouvieduudoyas
Issnisa §Asedslihmameaeudisndulnglfnniilnansedisgudoua (Sample Database) 3
\Hugrudeyaiifivuindeutrslngdmsvldlunsmaasuainiivlesives datacharmer/test db
(https://github.com/datacharmer/test_db) uagyitn1suiasdayaaingiudeya MysQL ulilu
MongoDB Feyaitnaaeuldun deyaniinnu wasteyaiudeuninmu Sslumsmaaeuazld 2 maa
uaz 2 ABALAAT UansiInSIT 5

Table 5 Displays additional tables and collections used for testing of MySQL and MongoDB

databases
MySQLDatabase (employees) MongoDB Database (employees mongo)
Table Data stored Rows Table Data stored ~ Documents
employees Employee 300,024 employees Employee 300,024
salaries Emp. salary 2,844,047  salaries Emp. salary 2,844,047
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TngnsnegeulziSouiisulamen1sduAudoyadnn 1 a9 way 1 Aealanduy viauwuy Ll
Houluwazuuuiifeuln HanMsvdeUANUSTumsAuAueyaTnmMaranAeaEed employees
way salaries memdauuldiitoulowuud 1 Souly wazuuud 2 Jeula audidu Tnewiutudin
nanlunsiufursusazidadusiuau 10 adt uasmeadsvosatlunisduiy nadnduans
31971 6

Table 6 Displays a comparison of search speed using commands from the employees database

of MySQL and theemployees _mongo database of MongoDB (in seconds)

Retrieve data from Commands and conditions MySQL(s) MongoDB (s)
1 Table / 1 Collecti
) abe 9, ecton Search for all employee data 0.35 0.01
with no condition
1 Table / 1 Collection .
Search for all employee salaries 2.19 0.02

with no condition

1 Table / 1 Collection  Search for employee data with

. . ) 1.79 0.02
with 1 condition salaries greater than 60000

Search for employee data with
salaries greater than 50000 but 1.92 0.00
less than 80000

1 Table / 1 Collection
with2conditions

Search for data using commands

2.50
2.00
< 150
]
£
~  1.00
0.50
0.00
1 table 1 collection 1table 1 collection 1 table 1 collection 1table 1 collection
(from employees) (from salaries) with 1 condition with 2 conditions
(from salaries) (from salaries)
e My S QL MongoDB

Figure 24 Line graph comparing search time using commands from the employees database

of MySQL and the employees mongo database of MongoDB
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othdeyafildainmed 6 maaduunugiinsidussguil 24 asfiuinnisdududeya
Tnglanzain 1 M9 way 1 Aeaianty fawuuldfideulwuazuuuiidouls wuinisdumdoya
9ngrudioya MongoDB lnandumiiinirgiudeya MysQL nnnsdl Tnsasiiuindlevsanm
foyaiidumimndunaldlumsdumiesBalosas

anUELazaTUNANTITY
MnMTeniRanaIsuifisulssavBammsAudutoyassniagiudeyarisaosUssam
wandliifiuinfausigrutona NoSQL azansntiedansivtoyafiivunlngléd msideunionis
dududayarilasiag wilildmneanuinesausaudasoyanngiudeyadsduiusundugu
foya NoSQL udnnunuszgndlitussuumsaumaiieWssuuasaumaduannsoliuinisesng

a

fuszavsamlsluiui luns@nwmuinguuuunsléddafierdirdstoyavesgrudeyaidaduius
FeIBn1aiteunisardaareusransamlunindidedoya drelididedoyaldsiniaiy
donadeiuamAdeves v ms wiwes [1] wazazwiuinaunsaihgnudeya NosQL mldunugiudeya
Bedaius wazviouimdueundieduiadusruuasaumeaiignsedtuiielilumavnaeuld usd
UszAvisamm Tumsududeyavesgiudeya NosL lunsdliifimsidendeyaseninmoaanduiising
fmuaieuly msrumaezihldtiniigrudeyaiBeduius aenadostunuidoves endun Fuihge
[4] wsiumnsinsarnaAdenes ugesl ynswase wag wsvuwa IseRus (5] Fawanismaasnyin
sruteya NosQL  Tdarlunisfumdeyaiiiinin esanldgrudeyaiilassairadunuy
Embedded Document aghslsfnumsdudutoyasmemdsuazdudutoyanivueundiaduan
sudeyadaduiusiazgiudona NosQL nadnsiildannsdududeyavesasamaluladiiunnsng
fu sindlsiuadndfignioausiudiuazmseiu 100% aenadosiunidoves sum fisnasiefa [3]
nuAteilldAnwuumddumsdafiuloyavesguteya NosQL ddassadamsdaiuioya
fidnvarunnssaingudoyaidsduius lnenmsdaivteyavesgudeyadeduiusezld MysaL
Fafisuuuulumsdaifiuiuiueu deyaazgriiulflumsis fimsimussiinvestoyafiuvuou Teya
uiazmssUsEneufBumLaraodil MadeulsteyasminwmaasldiBnndenmsnsiifiany
dniusiudsnetu luwariimsdaiudeyavesgudieya NoSQL 9:14 MongoDB dsisuuuiumsdniiv
flsiuviueu medniAvtoyalisndudosrimunguiunieussmestoya deyatzgniAuliluncaiandy
uazlundazaealantuarysznaudefenduuy deaztfvdeyaluguuuuues Field-Value lag

W

aunsawIeuiieulassadanisdaivieyavegiudeyarisaocssnnaanisied 7
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Table 7 Compares the structure of data storage between relational databases and NoSQL

databases
Relational Database (MySQL) NoSQL Database (MongoDB)
Database Database
Table Collection
Row/Record Document/Object
Column Field/Key
Table Join Embedded Document,

Referenced Document (with aggregate function)

nawisuifisulsyavsammnusilumsiudutoyaresmiidedasoasuléh medudu
Tayadmiussvvasaunansafnwidletisyatoyaniima arugiudoyalBaduius o
UszansameanuiilunsdvAuii$iniinmsdvdusiogiudeya  NoSQL  Feawgiiviali
Uszansnmmsiududeyasisgiudasa NosQL Aumdeyalddinin Weananlaswaiinsdniu
YoyangAnsilugrudaya NosQL fulannanguteyaidsduriusilassadrsfiondumsidunuy
Referenced Document dstioyafiierdasiugnueniivluneaianduiiiudassaniunazidonles
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tbarticle

{
"_id": Objectld(™),
“article_id": "A123",
“article_name": "Computer”,
“article_brand": "Dell"

}

tbarticle _location

{
"_id": Objectid(™),
"article_id": "A123",
"move_date™ "2024-01-01°,
“location_id": "101%,
"withdrawer_id": "1"

}

trlocation

{
" id": Objectid("),
"location_id": "101",
"location_name": "Main Office”

!

(A)

db.tbarticle_location.aggregate([

{
Slookup: {
from: "trlocation”,
localField: "location_id",
foreignField: "_id",
as: "location”
}
}
Smatch: {
“location.location_name": "Main Office" }
L
{
$lookup: {

from: "tbarticle",
localField: "article_id",
foreignField: "article_id",
as: "article”
}
}
)

(B)

Figure 25 (A) Referenced Document (B) MongoDB query commands

tbarticle

{
" id": Objectld(™),
“article_id": "A123",
"article_name": "Computer”,
"article_brand": "Dell",
“locations": [
f
‘move_date": "2024-01-01",
"location”: {
"location_id": “101”
"location_name": "Main Office"
}
}
]
}

(A)

db.tbarticle.find({
“locations.location.location_name": "Main Office"

)

(B)

Figure 26 (A) Embedded Document (B) MongoDB query command
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