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KANOKWAN KHWANTHONG: TRAFFIC EVALUATION OF ONLINE-STREAMING
APPLICATIONS ON LIMITED BANDWIDTH ENVIRONMENT. THESIS ADVISOR: ASST.
PROF. CHITAPONG WECHTAISONG, Ph.D., 92 PP.

Keyword: Video streaming/Bandwidth management/Quality of experience/Quality of

service/Mean opinion score/Resolution

The entry of the Internet world, video streaming services have grown in
popularity, as have faster internet speeds. This allows users to access content and
watch any show, anywhere at any time. Users can select the programs that they are
interested in and want to watch on their own. Video streaming is currently the most
bandwidth-intensive Internet service. It's a problem because bandwidth is a limited
resource. If there isn't enough available bandwidth on the network. This refers to a
narrow channel width for transmitting and receiving data. When data transmission is
increased, it produces network congestion and lower data rates. This may result in
buffering and lagging as well as a reduction in video resolution and quality. The service
may take a long time to load or may not work at all. To effectively control the use of
bandwidth resources. The researchers proposed the idea of analyzing several elements
that affect network utilization to evaluate the traffic of online streaming apps in
bandwidth-constrained scenarios. Compare and evaluate the traffic of three popular
streaming services in Thailand: Disney Plus, Netflix, and YouTube, to demonstrate how
bandwidth control affects traffic. It also considers video resolution and quality, as well
as the potential that users will be able to watch online video in a bandwidth-
constrained environment. It assesses overall customer satisfaction or quality of
experience with real-time video network services. The findings of this study will serve
as a guide for managing available bandwidth resources to the user's advantage. This

guarantees that enough bandwidth is available to operate other services.
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USnAd95unIsumazIulIenne1994

1 o
2.1 na1un
luunfiazna g uuaznuideNinerteeiuszuuLAIaY18AoNNILADS wavyn
Wslapea TCP/IP AldlunisdeansiiunIevieduneside n1sdnnisuuudiniluaiediy
a 13 a wa a A | = Y fa €
ARNILMETUNTEUUUHURNSAUND 1aTesile WonderShaper 7ildlumsdnnisuuuding n1s
ansudfleosulal AmuazBenvaddfle N1STANITLAZAIVANAMNINNITIIUINISLATYY
(QoS) msdanuamUszaunsaluesildau (QoF) uazIsuiteuanuideninerdesiunis
oA TinesAToUveIUINITERsSIAALe WaginUseaniainvesnunmUssaunisal

Aldau

=] 1 a -4
2.2 STUUASU18ARNNIADS (Computer Network)
2.2.1 A32U18ADUNILADS
LA3DUIUABUNILADS AD LASOUIBNNTADANTINSANUIANSENINIABURILADS
° & | A £ A W vy a ¥ 1Y) v a
uunudasnnseulugeusdeiulaglidenais wazamnsouaniUisutoyaiuldegied
Uszdndam denansdildnisilieusoszninvgunsalreaimesaiegluesetisazlddeniu

anawnilavisedaliane fedrnaletiepauiamesniianiuire dumesids (Internet) Fadu

SEUULATBVIABUNILABDSTLTDUABAUNILAN

2.2.2 aafUsENOUNUgIUTRILATETY
nsfineufnesazideusetuduedotisld dolosduseneuiiugiudedeluil
1. poufiwed ogetios 2 LAdeq
2. finidanidn vie NIC (Network Interface Card) unidafideudniutos
suvoinveneNfiumes duugadeuroszninnenfiunesuazieietng
3. donansdmiunsiudsdeya udseenlaaesuszian
4. Fenanannanienm (Physical Media) 1y anedyan aedyandiiud
fewlua3atie 1w anglaudnidea (Coaxial Cable) anerindeadn (Twisted Pairs) wazanele

wAaas (Fiber Optic) Wudu



5. d onaneldansy (Wireless Media) 19y ﬂa“'u"iwq (Radio Wave) d'gyay1u
lalasvan (Microwave) 8unsnisn (Infrared) aafiey (Satellite) ugys (Bluetooth) slusiu

6. gunsaldmiunsiudoyainietny W §U (Hub) @ind (Switch) L51vilnes
(Router) 1Jugu

7. Wslaaoa (Protocol) TusTnaaatduntunii meufianes 194 oansiun1u
wieteneuRumesfiaansodeasiuldiusuiuiigedd " wielusinneaiiientiu 1w
OSl, TCP/IP, IPX/SPX 1lusiu

8. sruuduanisiaiev iy nie NOS (Network Operating System)
szuuUfiRnisinietasdusiiaesdamaiisadumsldnueiovievesiltudazau vie
Jushdansuazauaunslininensineg veanietne svuuUjiiniseietefiuditen
WU Microsoft Windows Server, Sun Solaris. ag Red Hat Linux Sun Wudu

A1987191A3 01808199187 LaNI0IAUTENBUN UFIUTBLATBUNY Aakandlu

~
IUN 2.1
Server
NOS
Protocol NIC Protocol
. ; Media
Media Switch ]
Media
NOS : P o
e B &S < »
PC1 Media Switch Router Others Network Internet

JUN 2.1 2eAUsENOUIUEIUTDLATEUNY

2.2.3 UITLANYDITTUUIATDUIEABUNAADTUUIAINIUIANNTAAAS
fldvuran1emenduinae ww3ednsanuisawtseanlaiduaiulseinn Ao
L5 0918 098 U (Local Area Network : LAN) 1AS 09 1852A ULl o9 w5 o1as 0y 1auuy
(Metropolitan Area Network : MAN) uag 1A30U18UI1IUN319 (Wide Area Network: WAN)

Fauandlugui 2.2



WAN

100km, 1000km (Country, Continent)

MAN

10km (City)

LAN

10m, 100m, 1km
(Room, Building, Campus)

JUN 2.2 uanslszianvennietie 3 Usean

2.2.3.1 A3U1NB90U visawAsav1uau (Local Area Network : LAN)
<, a | a & a ~ = oA P | v a
JusUuvuiasevigaeuiiamesvlianis aiaunn 9 w3ediesed
LAN iJupsruszneu ta3ev18 LAN oratdulasudiasov1suuudne s 1wy nsifeude
ABLAILABTUNINNTN 2 LASsmgaaduqa winllaulsneuiiunesluson 9 wsee tudu
LAN fawmsatesseglnanasounguivunluusanuay o wittdy udin LAN szanunsoleusa
' & & 1 P 9] Y o~ | | ¢ v | P
Ao nes way gunsaling 9 ivanesesdluiasetny wigunsalagdesegnielueiaisi
anunsaweslesiuliiudaewinty Tneliszegliiiu 1 Alawns W Ui, senilediney,
1558w, 159974, 1saneuia Wudy wmalulad LAN dvateuseinn w3y
Ethernet, ATM, Token Ring, FDDI \{usiu Inetlagtiugunsaldmiuiasetis LAN Snnswmu

Tvisaasunisiwausanuuliane (Wireless LAN 158 WLAN) wazld Wi-Fi @asnula

2.2.3.2 1A39U1952AULNDY W3aLATaYNBLUY (Metropolitan Area Network :

MAN)
) A 1 a é’l’ a oA A 1 L3 a 4
JunIevieiiaseupquituiiauinlvg Mideudegunsaineuiiines

& a 1 & A a a a v oA v a |

LA DY1BADNNILADST bUTZUN UT LU UL aLl 99nT auT auand il odlnalAee Lau
UMINYIRY USEN N30 99AnTIne S3uU MAN TdiTaunainsadng LAN Adus 2 L1ASe9187u
luiagsnsenans derndyaavesszuu MAN agldaelouiias Jagdulanmunlvssuy

MAN



naneiduaiednalsaiense WMAN (Wireless Metropolitan Area Network) 1@ nalulad

WiMax @slgn1sdstoyameniululasim

2.2.3.3 S2UUAS0918UIIIUNING %IDLAT9U181IU (Wide Area Network :

WAN)

Hunsideuloasetns LAN s 2 wndetretuludnliieiulusses
filnannn q W Fruusena dregraedetis WAN Taun umediin Jedumesidaieodu
\30te WAN 7ilngifianludaqiu iafetnslnsdnyifiugiu w3e PSTN (Public Switch
Telephone Network), s5UuLATU18i900 (Mobile Broadband) ﬁmamquﬁaﬂgﬂﬂimm
szuulA3eYIBdyaIAATiBN uasiA3etevessuIANIEnady ATM naluladidaeyly
Uszinn WAN 1w n15i81ganedunesiile (Leased Line), 1nalulad ISDN (Integrated
Service Digital Network) inalulag ADSL (Asmmetric Digital Subscriber Line) @neiatda,

aelnuas Taunenisidanu w3evneaiiou (Virtual Private Network - VPN) 1usiy

2.3 yaluslamaa TCP/IP

Tslnmoa (Protocol) e Forwuansadennaslunisdeaisseninemeudiames wie
aedeasildidu nw nanslunisdeassenitsrenfiamesaeiu nsikiesnouiames
fignidenleatuliluszuvazaunsafadefiomstuldiiy Snduasdesdimsdoans

Transmission Control Protocol (TCP) wag Internet Protocol (IP) 4 915 #n 520131
TCP/IP \Jugpveslusinaeaiigldlunisdearsiuaietodumefidn Tnefifnguszasd
dielraunsalddeasandunistmedeisluswatenicld wazamnsandunieiiozds
Foyaluliedlaesnlufi fausHnlussninmsennazriuniedefisitdam Tuslnnoafdns
yidumedulunsdsiudeyaluidsaemals

yoluslanoaiildsunsimumndusd 1960 Fagnlfifuafausnlueiotts ARPANET
Femoulgenenisideussluilandurotiedunesidn ik TCP/P Wuflseusuetis

N19veauadagiu
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AN 2.1 wEAINISUSeUBUTULUSIAARaTEINGLUUDN9DY OSI way TCP/IP

OSI| Reference Model TCP/IP
7 Application
FTP, Telnet, HTTP, SMTP, SNMP, DNS,
6 Presentation Application
etc.

5 Session
q Transport Transport TCP UDP

ICMP, IGMP
3 Network Internet ARP, RARP

IP
2 Data Link Network
Not Specified

1 Physical Access

9INAN997 2.1 WARLUUE1983 OSI Model (Open Systems Interconnection Model)
penuuulaarng ISO (International Organization for Standardization) Ll eLdun1nsgu
Tumsianadetenisdearsteyauazaeuiiunes Tnsuvadutuionun 7 du ldud du
nenIn (Physical Layer) dufeasiiousedeya (Data Link Layer) fufioansmunieiete

(Network Layer) Fudeansiietdsdeya (Transport Layer) Yudoa1sniunumvtiisiedeans

1%
£y =)

(Session Layer) %ua'aaﬂiﬁ%aumj”azﬂa (Presentation Layer) LLam?gu?i'amimwizqﬂﬁ
(Application Layer) Genisudadududuiteliiesonsdilainusasduiinnuddyerisls
wazduusTuetslsseninedu wuusieda osl andulufinisuvsnsyhauveddsinnes
sonidutuy mnedmsuldelunenmsieasseninneuinesluesetne

UBNINEANTIT 2.1 UAnILUUSeBY TCP/IP avuvadu ¢ 9u loud fudrdandetne
(Network Access) Fudeanssunesiila (Internet Layer) %uﬁyamiﬁﬂdﬂéﬂjmﬂa (Transport
Layer) LLam‘?’ju?iamimiﬂizqﬂm‘ (Application Layer) 9g1i1u31uUU81989 TCP/IP WU1n1s
vaureduslanoasandutu Wudsasuuuusieds osl walufifnisiaueieiiany
LANANLATAILNAINRANLVBITLUUADNRIADS LALSYUULATBYY NBBNLUY TCP/IP 1Ju

v a

Fuqilariuegiumsdinaulavesfoonuuy fedu wuudads Tep/P Wudfifioumnnninlunis
Wldldauass
Huves TCP/IP ustagtudviindissdl
1. Fuddaedetns (Network Access)
TuslnmeadmiumsnuaunisdoaslutuiidudsilifinsdmvuaseasBonetng

& Y A o A Y% S A [ ) «:4' 9] a
LWJUNINNNS Mu’W]Maﬂﬂaﬂq'ﬁﬁuéll@llua'ﬂqﬂsﬁuaaa'ﬁ IP ll']LLa')a\‘ivL‘USQIMUWVﬁguvLﬂULaUVI'NLﬂu
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Fogansrugsuiasihnulumenduiu Aesudeyasnanedeasudrasliiulusunsuly
Fudedais egnelsinin yaluslnnea TCP/IP arunsaldladuilaisananedssnm wu
Ethernet, ATM, X.25, Frame Relay, PPP, SLIP Wag ISDN Wuduy

<

2. Judoansduwmesiin (Internet Layer)

N15719uluT U gy 9IUAR 18 UT U Network Layer Tulluuai989 OSI Model
lUslameananiivianuluduil fie IP (intermet Protocol) AniiAumdun1asz I Sunagy
a1 Ingldunneiaalod (IP Address)

mnewavledl (P Address) Aatavfivanilegianzvasinuanislaaniogluasouie

s a1

FITIROUNIADT kALt INBs g UNIEUUATEUNY

mneiatlofvosusiazedosiiegluiaietneifeatuagsedlisniu egrdlsfinulean
wilsoaziimnsavlofildunnimdaawmuneild Feo1aedisglowilunsdanissdne
WU 159iwes e g Wuduy

Hagtulusinaeaiilinueglueiornsdumedidnanduneitu 4 viodonduq 1
Pva Fslunestudmneadlefisfivnin 32 9n Wosmnavgiuaes 32 dadufuaniion
wazgnronsans Aaudiodunmsie mnearlefiedemdeulieglusuuuufionnduea
(Dotted Decimal Notation) Aie tdeuusnidu 4 nauq az 8 On usaznguazdudieya
n¥nidliulanavuaewensagnduliduaugiuau iendasadaudlfionauiedim
isamiulagldgadududon ieminmuneavledndwargvaudidunsudannan
LAV IUEDS 8 Un ﬁﬂﬁ?mamgmauLwiazﬁa%agjiwd’m 0 fi1 255 Wszaziunelavlofi
gNAIILagsEnIng 0.0.0.0 4 255.255.255.255

3. %’uﬁamﬁﬁwda%’mﬂa (Transport Layer)

Asviauludud 9svauadeiu Transport Layer luwuug1ed s OSI Model

TusTamealuduil 1w

=

3.1 TCP (Transmission Control Protocol) mﬂuuumsﬁlammw Connection-

Y
i

Oriented @93giin13a319n1510 ausiosenineaesilavisgduazssunounisdedaya waziile
1Y 1Y < Y @ a dl' ! a 14 [ ! (] & ado v
Sudslayalasaudinazenidnmaensie TCP Insnsiaasulwilaimnuininnndndaluds
Uanenatudulunuaduignissnuiidunisdtesnyn fdiudeyafivaniuasuiuasiiany
1 & A (% ! ¥ | = 1 IS

UdeiagumaziazUseiuinteyadidslatgniutueu TCP insnalnalunisnsivaeu
Joianan 4013 flow control wagnsiuiinlasudeya waziinsiudsianiinisagymeves

Joya uay TCP gnldaruiu HTTP, HTTPs, FTP, SMTP uag Telnet
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3.2 UDP (User Datagram Protocol) figuiuunisaawuu Connectionless fialyiiinig
afrmadeudeiuinissUasnaneuds lnsteyaszgndseenlulaesiuil wazaanisi
isestanemazlifudoyastnagniesasudnu mnzdmiunisiudsdoyauuy broadcast
war multicast UDP azldaiuisasudseiuladndeyassgndsdsateniamioly wasly
Sesdiduteya UDP fmsnsanasunssudsteyauuuiiugtuviniulaeld checksums UDP
gnldaruiu DNS, DHCP, TFTP, SNMP, RIP, uaz VolP dafwas UDP fa vina1usania $g
nuazduszansninuinnan TCP

4. %guﬁamﬁmsﬂizqﬂﬁ (Application Layer)
nsheuvestudasdunisdildnineinssrezlng (Remote Access) warnITuas
nsldminens (Resource Sharing) Wslnmoalutud aun

4.1 HTTP (Hyper Text Transfer Protocol): TddmSunissudslvaiuimaseninaiv
UsTIesuas USRS

4.2 SMTP (Simple Mail Transfer Protocol): T@11sun155ua19Luaseninaua
1 BINL0S

4.3 POP (Post Office Protocol): Tdmsunisanulranduaainuallisnies

4.4 IMAP (Internet Message Access Protocol): ldmsunisanulvandiuasiniua
@53

4.5 FTP (File Transfer Protocol): lodmsuaneloulnaseninglaad

4.6 Telnet: [dmsun1sdanduinldlsadsseslng

2.4 wuunInY (Bandwidth)
2.4.1 AMURUIYVDILUUAIAT
LuUAInY (Bandwidth) fie Usunaunissudsdaganisdumesiils Tneviluazin
WJuniheg Smmeiunil (bps: bit per second) A191 Bandwidth 1AnNMInA55IA989 Band

ANUNED AAUAINUD Az Width ANU18HIAIUNIN 9L UL BUIAITE 2 A1UNSINAY

' '
= U a

Bandwidth wUai1 ANNIN9UeLauAR AL FINADIYELUIITEIIIIRAUS YL IMAIIND
A o Ay Y & ' =~
aeaanazaudiaanldlutomisweinisdeans
wuudIandunuimaddglun1sninunaus AT AMAINTRINISLIT BUA D
Suwmeiidn wuuainvnguielidnsnisareleudeyasitu Fmuneanuitgldauise
ailuanuazsUlnaningd ansuile wazviesivlasiasinazduseans nnunndu agelsh
auwuuaind lndouiuanusidumeside Anusiduneside vuneds snsnideyagn
aneleusenitvgunsalvadliiudumeside Turaeiivuuding nuiedis AUVBINIS

d' oA v
LSU@NW@LWEJO']EJIQUGU@&I“EW
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Tnevialvagiauuudinilasldnisnageunnuss Jeaziwindiuiudoyad
ansadnglourunsideussluszegiiainivuen nsiadenauanieiuluiuegivdade
AeUTENNT TIUDIUTEANVDINSITRNAD SrevrnesenigldAuEsnes wagduiugly

YUATUY

2.4.2 N1FIANITWUUAINY (Bandwidth Management)
N13TANITUUUALAY (Bandwidth Management) L unsgulun1sAsId0U
AIUAY waziiuysednsamnislduuuninriveansediy ieliuwilaimineinsieIedieas

gnidegneliuseaninmuazUsedving Ivanedsuazmailalunsdanisuuuning Jausazds
Iy A Y Ao aa <& o w Y fa e v 1
Alidefwardaidesnaiull FBnsmludmsumsdanisuuuaion laun:

12

1. NSTAATSLUUA A (Bandwidth allocation) W UNITHUIUUR NI 31 D

eCe_

o w ]

senigldvisalaUnaintusine muaNufeINskara1RuANE Ay oeElY

2. M3MUANYIIALULATRY (Bandwidth throttling) 1A Badaadunisadn
Fuuuudinsiadlidmivgunsaiviaweunaiatuunsesis Yeadulalwlduuudiaviaunn
Aulvuagyiliiadetonedn Fsanunsavldlaonisdsrdadiinuuusing (Bandwidth
limits) 3elaenisiienvrasmssudilayadingunsaivseieuniiaduuisedi

3. AUAMBILINS (QoS) Wuyavesmeluladuarlusianeaiitielifuassuy
w3etiedndfuAudfyemTiinUIaUsEnn (WU Fewseddle) wiledsdule il
wilaTueundiaduiifinnuddydenistdauiivuudiarifismeuazUsednsnmues

'
v A [y

wsetelasun1susulinunzan QoS vinulasimunszauaudAgyiuanasiuliiun
sliinUszaneneg arntusednassuuusinvianudu Weldmsiinfidasumnud oyaa
IisunmsuiRiduimumienswiinfifdfuanuddgsiind

4. MamuauMIavemsiinuuaieie (Traffic shaping) laen1swiaaam
vidonlasuiinifin iletestuniuuesauariilaiuuudinvignldegaiuszansam

5. M3nseUuiniAn (Packet dropping) entestunsAnuenuiiniAndeyaiiie
anAUKedRvaATeY BLar o ugUnsalnTaneundinduuisegeldivlduuuainviuin
Al

6. NMIATIVABULUUAIAN (Bandwidth monitoring) Ine@nmiunisldenuiaetie
uarssyueUndiatuuasdliflduuudinigs itofiardaniminenaeietneldftuuassey

Ugymenulszansaniienainau
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7. Waau1anud (Load balancing) teatasiunisnszarensailnlnwing dulu
¥ = 1 ﬁ' ¥ 1 U o A 1 4 1 = a a

a9 wunawaserisioliuuladmineinsieieviegnldeteldusednsanuas
Usgnsnmssasediglasunisusulmmungau

8. NMIINUNUKUUAIAN (Bandwidth planning) LunsuUszifiugUuuunssuds
Tayalnsarnewardeninuanisldeu WwermnuaduukuuaIannsnduiesesiuniiy
Aeansiesevislulagiuuazeuinn

9. MstfiuUszdnSamiaIevie (Network optimization) 10un1sssyuaz e
Jaymuseansamuueiedie wieliwuladminensiasetiegnldegraluseaninm uaz
Usganinmesednglasumsusulimunzaudmsuglduazueundintuviaun

. . < a 2

10. N19319uKUANY (Capacity planning) LJUN1TUILLIUAIIUABINITAIIUY

wn3evludagiunareuinnvetasdns walviwilaimsneinseiedislasunisusuauin

PEIMINFANNENBUANBIAIADINITNgI AR UL UaslY

2.4.2.1 1A39989INALULIAN WonderShaper

WonderShaper Tusknsuassausglevuussvinmdsdmniussuuliuinnis
Linux Y289 L9a111509 A1 UANKAEIAN1TNTITRULAIATATRYElA sonwuuNlA

° Y d' ! A & 1 o o v a <
maudunalenseniedneniwuultasuagliary WonderShaper loszuunisdnaauiin
Aauagnisasnegusiaiienivnunisiavemsiiniiwasedny il ldaunsaniuay
A5B9S auABlAs 0 ele WonderShaper lasunisesnuwuutnlildanudtenayil
hgnsainSeuienhgligldusunsasrniasetisldedimsinsiuasdienis awnsaldiie
TNl UUAINT UL UNALATUIANIE NIDINA1AUAIILAIAYIBINIINTANA S
USELANANS LU NSVIBIIU Dla M3NSanstinle kavilednassiuuninilidennassiu
Tnenssainanuslunsduivanuazaiuilvangsan wasaiuauaLwaensgaydewin
WWalunsifisureia3ene awnsanvuadadiineslsunanuuniniad lriudumesie
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TAimunziuvawmaniz 1nesiuuwds WonderShaper 1uiniasdionfiuminiuiwazBnngudsly

fuegraunsnaglusyuudiinig Linux lnslanzegedslunidauaszuuinseviguasyly
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n5lH91u WonderShaper glidniuseszydevesdumosinainiote
fifasnsdanisuazianiannialunissuinanuazaniilvangsaadmiuumes ety
\Aosile WonderShaper azdhianslduuudinvivesdumesinedunuamiaisey
yngldeanssriamsliuuudinsive sumesimaiaietnede "etho"
Fu 1 wnzdaredund (Mbps) dmsusanissulnanuazanaiivan Iildmdweluil:
sudo WonderShaper eth0 1,000 1,000

U2
v A [

mdiatarnusilunssulnanuazailnanvesdumesiney etho 157 1,000 Aladnse
3unfl (Kbps) Jafteuiiiu 1 Mbps

wnglRansdadiuanuddgyveanisivdseyanisvieniumile
ma%’uﬁﬁayjaﬂizmw?ﬁu TR derelui:

sudo WonderShaper eth0 1,000 100

fdeisiannuilunssulnanuazandlvanvesdumedive etho 139 1,000 Kbps
dmsun1seulnan waz 100 Kbps @nsun1sanailvan F3nsanamdlvanasiiazdagy
mnuddesmssuddoyansvieaiu msnzlnevilunsvesiuifgtesiunisniivan

11nnINseUlvian

2.5 szuudfuan1saynd (Linux)

s

dund (Linux) Aa sgUuUuinis (Operating System) wuvging (Unix) Ingldaund
¢ . & ¢ ° ] Y] = M A A a a ¢

masiua (Linux kernel) lWugudnaiwinusiunulauiiuazinsotiodu Suusniundgn
a5199ulae Linus Torvalds lutw.e. 2534 lagldszuuduiRnig MINIX Badussuuufifnag
wuvgiindiduduwuu Ing Torvalds lilawaundyndlidussuuuiRnig winmuilvaynd
=t = & A 8 A v oA o a 1w s ¢ o
Juwisaaesilla (Kemel) Seliniindnlunisinsenue1sawis (Hardware) wagdnass
NINYINTVBITEUU (Resources Management) it delaiifiganadanisgnirluldaulag
ANl Tugaeaaifeaiy Richard Stallman fnedelasinisny (GNU) d9msfaviangiag
WanssuulJuanisiieliidurenduisias (Free software) lnaszuuufufinisvedlase
m3ny Uszneulume adalusunsu (Libraries) aaxlmiaes (Compiler) Tsunsuunludeniny
(Text Editor) wagidonszuvging (Shel) Jsasmdonusdruiiiunesivadedainmnsony
lolsdauysal Stallman Fslatendundinesiuaniiauilag Torvalds inldunu awilviaundgn
= Vi < a wva d' ! [ v 4 v = ! a 4
Senldnduszuuuianmslunan egralsimudraglvignaesaisazisendn ssuuny/aund
(GNU/Linux systems) uagndsaintudundiiivlasunatedunislussuuljuiRnisnlasu

Anuflgugegaludagiu
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dundgneenuuuanliidureniuisias (Free software) wazwensuislainugeosa
(Open source software) na19de Wuszvufinauansagviotldavesdyndluldau,
wily, wazwaninglasdnaas lasqianunsadiddanuazidnsiuiauile esanmsiiu
gordurslamugesad Fliiomgiuanulaonsuannsonsiaaeunayseydedindly
Tanldt Sevinlidyndiianuiatios anudangu uazanuuasndsinninssuudfiannsdue

dundfanstatu (Linux distribution) #3e Aalns Wunsdnunanavesszuuduanig

a 6

dund lnensuszuuluRnIsaundunuusaLaz it anAwI WU IUA199 T3l 1y
dAnnelld, lusunsudansing, Wsunsudmsugunils-flanas, Wsunsuiuusiwes
& v ° va ca I a wa a ¢ o & o ] A a o o

Jusu viayndaalnsilussuudfuanisdunduuvdniagunsonldau Wefnnsuduny
wlideauSunsmsefnnagandwisiiuae asnsaldaulaiui vinlugldldnuldazain &
ynddalnsuegulasuniseanuuuindmnsunisidanuily Tuvaenuisgulasunisusuuasli
WIHNZAUNS I URNIZIY N1SHARTRRTIAY N1SIVENIINTFA1EAS BIpANUUanfBUDa

o~ ' ° v P = a &a Ql' o v v ‘:4' a fa
3oy vy ldanunsaidendundAalnsinssiunnudesnisiauniign dundaalnseen

HJoy Tewn Ubuntu, Debian, Fedora wag CentOS tumu

2.6 N13aR3NIALD (Video streaming)

nsansudaleduisnsdsidemimlem Bumesiauvuiivalnl densansudale
Homiloazgnanidlnanduaniudeyaogwialios unuingamilvanianunnoufiaisy
i Fatneliipanunsniugilelsviuil nlifesselinillnanidlevianun aunsadsile
ansud dlneldlusinaaan 199 1w HTTP Live Streaming (HLS), Dynamic Adaptive
Streaming over HTTP (DASH) wag Real-Time Messaging Protocol (RTMP) Tslnaeawmani
waileniilosenudinudng uiediusiag s‘z’fngﬂﬁqiﬂé’ﬂqﬂﬂiaﬁmm@@ wuuisealn
Mnsuedonduinlevugunsnivasprenuniudumariioadwaniuiflessedaiiies
nsansuinlelddmsuieundinduiivainvanes sadesenisan W i 917 uwazaewasH
AADAIUUINNTIALENIUANADINTT LU Netflix, Disney+, Amazon Prime Video, Hulu uag
§u 9 Snunane msansdleldsunudenindulutasifdiniun eswinnsdeuss

a s 1 1 1

Sumesilamnuiigenlegegrsunsvaauasnisldgunsalnnmiisdud msunisuilan

Y

aa o =~ |

aa ¥ = aa o dy aa
Fdte lngsiuuainisansuifleduisnasainuazdangulunisuiaueidoniflonis
Suwmeiidn inbiguuanunsofuraioniifleldnuanudeinisuaziuuisealnl lidnezey

Plnuaruugunsallafenuidentd
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fa & @ 9 o a aal d‘ [~ o o a 2 QII
wuudInviidudadeddglunisansuifle WesnduiinuauSuadeyaiawise
AINIUNITIBUFRDLATOUIY B4 LIANALIATNTS INTUIUBUUAIANALE1MSUNISARTUIALEB19
deadonunMwazUsyaninmveinleaniuisegraunn Jadenvilvkuudianiieidesiu
a aa v 1
ASERSLARLD LA

1. Aunwddle (Video quality): 3nuiuwuuaiIavinidlidmiunisansuinleazdwasie

aa ca  ca £ va a = £ a = &
ﬂmﬂqwm@ﬁﬂﬂia LL‘U‘U@'J@I‘VI‘Wq@%usﬁjﬂiﬁﬂmiamﬂﬁuﬂ']waﬂmu UI31YaglagalINY U N9

9 Y
[

= o X Y adas sa e o i , Yaas o 5
FRUMITIVTUTY waENTASNENATY wuuAIAnTdININe1RdNalAledAmA NeNae Tne
finwa NMsUalou uaznmRagudu

2. msUies (Buffering): wuumianbiiiiesmesivdmaliiinnisiwmes Favziintu
= o ao Y - - o 1% A a vy 9 s o
dieansuinleventinsvisengaiieliausan1iilvanteyaiiuiula n1sivnesenar
Tiwusdnngnnia osndunistndamedssaunisalnssusuuazenavinigyuunaing
aulaluiiomla

3. auels (Latency): wuumiavidsdsaanaiaels faduanuaidisswingiantuiin
FlouazlIaNLanIuuni1evee e LIakHsgenvdwaliiinnua1tIseninudeduas
Ate hlvusgaunisaimssurumaamaulaas

4. NMIARSULUY Adaptive Bitrate (ABR): LilatiuUsz@nSninnisan3uifloniuuuue
Iviiled usn1sansuInlednagldnisansuuuy Adaptive Bitrate (ABR) BsazuUSudnisnuas
ansuflenuteulunIevievead N1sansy ABR anunsatlgliwilainansuinlevsiaule

' = v oA = ! = <3
a8 1S wENe widReulvveaesatngazisuluiny

5. AULBEAUDNLATEUNY (Network congestion): WuuAIATD1AlASUNANTENUANAIL
LagAYDAATEYNY Feo1inTuLila lvaneaune eI wlon g IR uvS aillalasease
WuguAsetelonosivan ANUAUAIIDLATOTIUBIIANA AL ULAINNANAILAL D1VEINAND

AMNNLAYUTEANEAINYBINTANSLIALE

2.7 AUAzLB8AYa9IALa (Video resolution) wazansidgndaunin (Aspect

ratio)
ANALLRYNYDIINLD (Video resolution) u1eDe F1UIURNEa (Pixel) NUSENaUIALD

lunsazn1nvsewsy (frame) A3finkea (Pixel) 1131nA9T Picture NuUadnguaIm wazen

11 Element fiwdainesnusznau lnsfiniea wianeds udendians Auszneuduiioasnanim

a =

wnwaidnwuziduiudmd on lunisuanswaninuuniivensuimes viegunsal

Siannsefinddus Anwadiuiuunazsssrenududunuiueunazuuing Jelumiieainy
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azdenlinveseylugukuy ANUNTIE x ANEY (width x height) Fegaiy Falenday
azldun 1920x1080 #3993 1ANALLdYA 1080p MN18HT AIIUNING 1920 AinLea X

a1 aa

ALE 1080 Ainkwa Inefinwausazynazdrmdnuandisiusenty finwaludvuinidnuin
Feagluriaslulasiuns (Micrometer) vietiaanit Ineviluudiangnvesauliaunsauen
ANNUANFNSYRIRNEALS WaNIINTTLUTWNTUTANUITALARININKULANAATAY (zoom out)

L DLAASNNLYALARLA?

a

S aa N v 9 4 aal 44' aa = v

nsansaIatevseItesiumNazBunvatinle luisewesnuIWIalensofiylday
195U puawidunvedinleasinanannudnuiasanuaudnvenwintengldaslasu lng
UNALAIAIINALIDEAYDIIALOALIN LT UL BAUNINUALAIINFIVDINNANTY FaAY
avldunaavyilinmveinledanuasideauwaranuaudng iy uilunanfeiiunsiig
ANawLBEAveInlar e lndveinlelvaTusiy waznisiawinleniininuasidengs
o1avihlinsidndiadflenudumesidndias wazdaaiansanmuaunsavesgunsalfldiau
aa Y P 9 a saa ¢ s saa 2 ¢
FAleiy insgdedldszuunauiunesndniinranazeaninnisnidaiuaunsagwmsegunsal
aunsninundiauaasalunsuaninalntenas weliaunsouansnainleliogvauysol
wuuiinunmazaude ey deudonAnuazidunveddnleNviigay WewInnsansy
aa o = Iy 2 = I a ¢ & cag v
IAleNUILURYTUAINSTIVRINTToNADBUDTILN tavAduaINNT0vedUnsali Idan3y
Feile vATelde1vdesannuaidunvelinteaielianunsaaniuislelalagliidnis
nszAnUsaAvAzIEaWIate lnevhluudianuazidunvedinlenidundeulullagiude 1080p
way 4K

Bn3dRdIUNIN (Aspect ratio) FiB 8n51dIUTBIAIINNTI (Width) wazAINES (Height)
Y9I MM3IALe Laguandluguvesdndiu AauniunuAun e Ut LAz RNy
ANNGIBEATUNAT B8 INIYU BT IHAAIUNIN 16:9 MUIEHEIIAUNTIVOININNTBIALE
Ju 16 mise uazanugadu 9 mie vise 1.78:1 Tugduuudndiu

gnsdndruninilanudrdylunisidentdunaniesuvsegunsalnmunzaulunis

A aa Py g e o | o d'

LAAIHAN NI DIALE TUNITITNANDUANIZINTIEIUNN 16:9 AanslunITen 2.2 1nee
Judnsduwnmildivedaunsnaglunsadaazuanuainlefiseinisaiuasidongsly
U2y InefiAnsngadu HD (High definition) 720p MiflAvuaziden 1280x720 Ainiea vise
Full HD 1080p MAUAZLEEA 19201080 WA WNNZEIMTUNTLAAINAIALDUUNLNADT
fanundnglutag 14 83 21 17 uenaniddasidiunin 16:9 Todusgrsunsvarglunsans
Fnlevulnannesuooulall WU YouTube, Netflix, Amazon Prime Video, Disney+ Lazdue)
a 1 I3 = Yo | v aay aa a ° i
Snunune egnelsiaumndnislddnsiaiunin 16:9 Auidlefndaiuazidunninia HD

720p 9navilinmllandamieununsldonsidrunniluunzauiuaNuazdentueg A9t
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o

nsidenlidnsidrunmiluanzauiuauazideaveinloidudsdfn g lilanndinudn

LAYAIYINTY

AITNT 2.2 AT NUANIAUAZLDEATDNIALOLUSRTIEIUNIN 16:9 199

4 L wweenuaziden ..
YaAuazden . ANTIEIN N A183UY
Qumireiinia)
144p 256x144 16:9 A manTildaule
ANATNEN usSUUTERUAINY
240p 426x240 16:9 wanzaufunsgrueUnsaind
YUIALEN
AAINUIUNAT wAgaAL
360p 640x360 16:9 .
YA NELEN
AMAINUTUNANDIAUAING Lo
432p 768x432 16:9 B P
Tildslvunlugau
AN RLALINEANTUNSY
480p 854x480 16:9 . L
HugUnSadvuAENfnans
AMNTNR wazmnzauiunisg
540p 960x540 16:9 , o
NIUUNTUVNTUINNGTN
AN HD waziinzauiunis
720p 1280x720 16:9 | s |
arugUnIainiivwalvg
AMAIN Full HD MRigmdms
1080p 1920x1080 16:9 (A |
Anlenduuinlg
AUAIW Quad HD (QHD)
1440p 2560x1440 16:9 L |
dusuinlendaualng
AN 4K Ultra HD 7177ian
2160p 3840x2160 16:9

0w aay aa I
dmiuinlenilvunlvgjgn
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2.8 AMNNTIUINTS (Quality of Service)

ANINATTIAUTNIS (Quality of Service : QoS) NUNBFINITIANITUAZAIUANAMAN
yosuUinsiieteniouinmsdumediin ielinisdeansuaznsldanmuinsidulegaed
UstAnEamuaziadiosnm msld Qos Freviliiedetevidouinsdumesidnanansadadns
msldauuazimuadwuanuddguesdoya vilinsdeansuazmsldnuuinshiinanu
a1t vidoanavgldon uenainil Qos Sueantlymnisgapdedeyanarenuliades
voudetneviouinig lvEldnulisulsraunsaimslfnuiuasinun gty

[y

QoS Junisvamsuazaruaunslidnunineinsveunsetiaiiieliusnisiesetiauuy

a

fUsgansnnuaziinunmEdn n1slgeu QoS drfyuntunsansuinle (Video streaming)

9 Y

Ws1EIMsansifledesnisnisdadeyauuusaliles (Continuous data flow) NflAsedes

o

wazsiawies fatunsdans Qos islwsruvansidilevholdedramnzans adudedfay
Tumstuinisansainle

QoS muANKAzInNININeNsIATetElaefivuadtuaNudAydmTuUTEteya
lATNEUULASeYNY QoS LiNUsEANEATMAS Y18 BN1TInNsuUUAT LAz T mundEy
mnuddydmiuleUnaladuiifeanisminensunnniiweunaindudug Paelvigauassuy
anunsaUiumsseeiaiets klsuuufiaiiidegsemisuounaiadusineg sgramngay s

wanaluguin 3

Bandwidth without QoS

Audio Traffic (VoIP, Audio Conference, etc.)

Video Traffic (Video Streaming, Game, Video call, etc.)

Other Traffic (Web, E-mail, File Transfer, etc.)

Bandwidth with QoS

Audio Traffic (VolP, Audio Conference, etc.)

Video Traffic (Video Streaming, Game, Video call, etc.)

Other Traffic (Web, E-mail, File Transfer, etc.)

JUT 2.3 Wisuilsunsidanuesevienlifingld Qos dadduanudidyveswinindeya

wariinsdnddiuanudAguesiinindeya
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<, aa vy A Y] Y a
QoS tWuwmaluladNelvdauaiaTotngausndnn1swarAuANANINNITIIUINS LY
A 1 Yy ada 1 [ Q’lj
P399 1ARATA9Y) Fadl:

1. Packet Prioritization: 1Jun1sdna1suaudfyrouininfiniuaiodns Tagv

nsfvuASIAUAMUEIAYTOILANIARM NS NYUENTITU anfegnaau N5lE9IU VoIP

Yy o w i 19 a IR = 19 = = | Y
wsainudrfygenitnistdaudumeiidamly weldnsdearsdusliiimsavaaviesn
k)

2. Bandwidth Limitation: {un1sdianmislanunuumeviluiedetis lnariwuanisld
NuULUUAIAvesdazwaUNaIATunTeIdY Fetvanlyninisldaunuuainvilagly
wanzanviliieSotneinualauazdsmansenuionunIwnsiu3nIg

3. QoS Protocol: Wuluslaaeaiildlunisdeasseninaaiedigiiisnvunninugifgy

o w < [ A 1 v 1 v A 1 (%
wazaRuveIwininluA3Ior1e taenisld QoS Protocol Azt liaTavunaINITaiAnIg
LAEAIUANAMATNAITITUTNITIANINT Y Taedl QoS Protocol nanauuuwy DiffServ
(Differentiated Services), MPLS (Multiprotocol Label Switchingc) hag RSVP (Resource
Reservation Protocol) Fausaziuuazianuwuznsldnuuazanaiunsafiuanaieiuly

QoS fivangnsilinesnaunsainuacldiieaiunulastiuUssanianiasamunn
Y9IUSN15LAS0U18UT DU NISB UWBS LA T ULNTENAUAILA BINTTVBILAALUS NS
wdimesnanylaun

1. wuuAIAY (Bandwidth) As AI1uNI1998390sd oaidutadedAgyiiaziivun
AusaINdstayaluesevis Jsazimualiaitisausosudsdayalaivils

2. Y3uauanu (Throughput) fle USunadeyafianunsadaruaistiglalumitenan
wile Fegniundudiiaussdnsamaennietie ArUTuauiigaansinasayiel
UsgAnsamgauazanunsadsdoyaliisn

3. A1ua1d1 (Delay) fio nanfildlunisdsdayaandumsludalatenig Fegnihunduy
MinaunmueIUIng e Delay fAduanvinaseriedusyaniamgiazaiunsod
Toyalaog1959n152

4. AunseIunsyae Uitter) As Anuwdsusiwvesianildlunisdsdayaindunialy
felanenne Beaziinaseauaiosnmuesnisaeansuuuiiealnl Tngen Jitter NenAagyinl
nsaeansilululdedesuiunaz Soalngd

@ @ = a v [ 1 A 1

5. NIPEYMLVBIUANLAR (Packet Loss) Aa n1sgeyidedaualunsdedayaniuiniatng
= o ] = a a 9 9] i Ao &
FadlnasoruatesnnuazUseansamlunisldauvesyldan lage Packet Loss M1M1Aay
linsaeasidulilspgresuiuasisualng

a =] = 1 . . < = N ag v

LA30330MT1980ULAT0UNY (Network monitoring tools) LTulATeslanltnsiageuLay
AATIENNITVINUTDUATVIY LABAINITANTIVADUAN UL VI UN TR AT DTN NTIVEBY
U5¥ANENMUBATEUIY ATIAOUAMUUABANHTDAATEVIY FANITRUNTAIATOUIETIEIY
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(%
Y

M1399 2.3 Wisuilguinsesdiensivdeu Aneikasfnwiaunimmsiiusnisiasedns

GERRED)

ANB5U"Y

31A1

Wireshark

SolarWinds Network

Performance

PRTG Network Monitor

NetFlow Analyzer

Zabbix

Cisco Prime

Infrastructure

HP Network Node

Manager

Microsoft System

Center

WuAs09ilans19aulazitATIZiNIsVInaIues
w30Y1e InefllUanansansIaaeuLarATIZinTg
defoyaluinsevieliogiazidon wilddiflaidunis
ATIVADULALLRITZIINT LY IULAT U ULUUDA LU
WunTe9iions19a0ULazIATIZRNITIIIUVD
39918 TeeNAHaNTUNITRTIvERULALLENTETINNS
T uesorieagraduszuy
WunTeilons19a0ukazImsIzin1S9NI9IUTe9

A Aa ) o
39318 tngPARINTUNITNTIVFRULAZLENSETINS
¥ uesatreegraduszuy IU8IN15HTIEBU
ANNEDEIVRATS YD AEgUNTalATEUY
I3 A A A & Y} v A
Wum309lotAs1esikasdnnisnIsieeauLA3 ey
1AgNTHINTUN1TNTIVEBULALIATIEANITITIU
LASDUE SAIUDINITATIVFBULUUAINNVDIATDUNY
WuLASe9ilanI19dulazIATIZNNITVIN YD

= f aa ) a ¢
LA30%918 RENTHINTUNIINTIVFDULBLIATILINT
19 UASTE FIUDINNTNTIVFBUADIULUD
L@SNeILAzgUNIAIATEYI TINAINITUIUFDUY
HouainsatielunsamAnauRanaTn
Wuedestlenldlun1sinnisesetie Cisco el
HAUALAIEUIEANITAMTIUAAT QOS UarATITEBY
Uszansnnvaaniavigls
= A A A a ¢
Wumsestlonlglunisnsiadauwasiasie
Usganinmveunietny HP delviauaiaseing
aunsaaageukazuilatymilueiotnsls
Juesesdlonldlunsdnnisuasaiunuasevieves
Microsoft ¥3glviEaualATaigaUTanTINEOULAL
unlateymiluasedigla

Free

$2,995

€1,600

$1,295

Free

$1,995

$1,799

$1,323
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2.9 AunwUszaun1salvaslldany (Quality of Experience)

AanMUsTAUN SRl L1 (Quality of Experience, Qo) tutnasein1sinauiig
wolauavuszaninmvewldaulunislduinisvseneunaiadusiieg Qok st nitddey
lunsusudenaunnnaganuianelavesdldan lnan1siawasUseidiu QoE arunsavile
Tngldiadosilonnag 1wy wuvasunugldanu msdwsgideyansldau vienslimalulad
f9 Lt TAazIiATIZiNaYes QoF waziausuuIMIUsuUTsRan muAldulusunan

ns¥anuamUszaunisalvesldau (Qof) vesuinisansuifleidudddayiign
iesnildnusiniianumenisigaionauninnisansuifle ns¥a QoE vesudnnsandu
Sloanunsavildlaeldwasasneg wail:

1. mnuendnvesifle: msinmnuaudnvesiflefigndseuisgldsm lnesnainany
avldgavesdnle sruunsiudn uazUsednsamueuniene

2. availumsinanidle: msiananfildlunisnanimledledldnudengidle lnaia
MNMNIFIveNATeTNY UarUszAvEamYeATasiudyy Al

3. mMaduwiaesnisaniniale: nisfadwuaueiaiinisaniiifledumavielaudnuas
e s tnndiunuedsiiadefionarnlunisdstona

4. rrndrlunisidevluvsedoundu: myiarnusilumsideuluviedeunduluiile
Tnefnanarmdulvavediale Wegldnuinsideuviedoundu

5. ALEdesvesd I n1TinAuEdssuesdygrulunisaninifale aginaan
AL daussesdya uuarAIETusTe IS Towse

6. AuAIFss: nstanmnmdssigldauldsu Wy mnudaauvendes msazviou
e vsenTsiiaLdessunIu

Mean Opinion Score (MOS) tJu3gn1sinnmunindszaunisaivessideu (Qok) Tu
uInsansuiale lag MOS azlviAzuuunmuaInsInvesUIMsansuinloandldau ngli
fldnulviasuuudioust 1 8 5 Tnefinnumnedsil

5: AMAINANIN (Excellent)

4: AAMA (Good)

3: AunUIUNae (Fair)

2: Aaun A (Poor)

1: AAMKELIN (Bad)

N353 MOS aunsavilalaenisaeunugldauriukuuasunumssnsageunsly
a3t TngldinasinsussifiuaunmilingaufuidazUssinnvesudnsansiiale n1sin

MOS Judsnsianmunnifianudunisensuluisnisdeans Wneddeflusowasanudila
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AIUANTEEEMY T899 Huawei VDSL Router fiu PC based Router N5g8zUssin 2 Lums

1A Yaa a ] ¢ s a X = S0 v a
wagluilidd sinuanaseninegunsal widiaruaululaiae Ao Tusudldauuing
Buwmesilatnuuesliu3nig 3BB fae Package BuwesilinAdansa 100 Mbps L{8491nN13
TdBuwmesidatiu gliusnmsaglinmiuvuuminalidugdld 1gldesldsuanusdumnesiie
M5991% Package 7130 Fawand1991nUsnIsdumesiinanuiigdmivesdnsilideslduys

s  sw s A a s & v =~ s sa & & s
bUUAINANUBDIANTDU © DUNDIUAUIUITUNITUYILUUAINALUL 100 - 1000 518 10 WOIA
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Weru waglutisnafauldauaietisdiuiunin azdwalinisidanudumesidadiunng

Ya v v

Haa NS 7 laAemus 8 unesdaldnuladilinsimiu Package Mg oR398TAA13LS7

Y

Bumesifnlaliies 53 - 55 Mbps 1y

v

3.3 N1333UIINVBYA

o 1% Yoo v o 2 . o P

TUABUN1ITIVTINToYAlEITNIIANTULTNLAR LUU Passive Sniffing lagldinTasile
Wireshark yhaulagnisnisandudeyangndslvinaiglueieis lneyadeyanavunlasy
mstuiiniuesetnedumesidn 388

o S g oz a a a aa a

Toya a noulduiniiaaieviganuinisaniuialesendouluusvinalng 3

4 ] U = ¥ a aa b ] % I

wwanasy dwmiunsfinwinisiivuansuinle wasiSeuiisunaudnueae:

1. Disney+ ; Wiinina 49 Un/\Rau

2. Netflix ; wnNINSLen 419 Un/siou

3. YouTube ; witnunansiden 159 uin/ifau

Avinidevinnisneasainduniiniineseviglugisnia 19.00 - 23.00 w. vosTuE1N 26
flunau 2565 tosanidudiwiainiinisldnueiatieuinian (Peak time) luuszmealve
1381 Peak time veaMsansudfleann Disney+ Netflix kar YouTube 2zagluyiaia 19.00
- 23.00 u. vosiueni-ans lneduarfidinsldaudumesidauiniian Tugiwaandude
naNAUNSINYIUnTeraudNSeY el ldnuesuladiiniian wWu n1sgwids
paulall nsawnuesulal WienslTnULEUNBIATUA1IY T0199zaNaRUTEANENTNYDS
LA39YNY AT UNITIATIENRAEATIFEDVYTEANT AN VR LATY 8% IIaN N5 T
\A3RUEINTgAdz Y el ARaTEUUAT O EEINTATATIwkar UTEIl uUSEANS Aues
\wsednglannTu

v v < A & - D) = d a %
n1sanduniiniiniasevreduaunsaidenliiaiasdenielusunsuiimvunzaules

ya o N

vanvats e Iseidenldaulusunsy Wireshark lunsdnduuaziiasziuiiniAnves
iP3ete 1esnansaiiesginaznsivasuyvieievislsvainvans lid1ezdunis
ATvEeUNsLdeNsevesgUnsallueietng MsnsIaaeunsieansTesUeUNAIATUs1eY Y3
N13ATIVEBULALIATILNSIANALATEY Y ausauanstayauuuisvalv duasianstoyg
wuun il ldausiunmsiuvesnisdendeuaznisd eansluinsedeliog 19 aay
wonNil Wireshark anunsanadlnanuasldendlans lifialdanelag vy
sAde 19 UsunIL Wireshark dnduufinifnlaed3doid1snialonnuinisia 3
518115 vuduusilees Google Chrome dananlumssusausazsiensidunai 600 Jund
(v3e 10 ud) uazmaneassimuaeulalildnalunsidivledanely 60 Fui (M3e 1

= 1 a I aa 1% Ay v v @ < < & o a 3 a J
W) feusuaudate deyaiilaninmsdnduwiiniiailaziluiiesesinuninuinissiely
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v
3.4 YUNDUNITATUUIY
AINAa9eaNWU 2 @7 Ao N1SNARDINTITINURUULNIIAALUUAINN LazN1TNAaDY

RALULATAY F95TauUuFIndif ¢ Mbps 2 Mbps 1 Mbps 512 Kbps way 256 Kbps 34

wioslenlalun1sdanisuuuminviasedne Tu Linux e WonderShaper

3.4.1 n1sAnduuAniin (Packet Capturing)

YA v o

AIdenameaesnnnsdlldddawuudian Tnesuanduninianisansuie
9] & ¢ . ) a ar I a & v W & & a oA
WUl Disney+ wazsuraidlailuszaziign 10 Wil a1ndudnduuiniinnsansuLile
v & ¢ . o aa < A o Y v oo @ =
Wasuiuled Netflix uazsurainloldusgeziian 10 Wil nasntudnduwiniansanIa
dodwiules YouTube wazsusuidlailuszaziian 10 undl vinisnaassd lagdiie
WUUAIANY 4 Mbps, 2 Mbps, 1 Mbps, 512 Kbps tag 256 Kops AMua1fu wazaadgivinnis
v W 3

I3 = Yy & & a aa Ya o Y va & ¢ & I s A
anduusiniie ialilawiniiaanizansuiale d3delataiuled uiusiiwes niewey

NALATUDUNINUALE

3.4.2 MsnseuAnLAn (Packet Filtering)
a 2 ¢ & ¢ ¢ a v 4 o |

nsUaIUles LIuus1iwes visoloUnaeduduriaun on1adivantdeyminis
SudawdiniAnAldinendeesivansuinle wio1aliaiuisaianleviaun WedaInn1ssudalin
< a X vyyw A oMoy A 1V .8 _ ¢ & ¢ s a A o o
Wnaunsaiadulaannraswnasnlula@euseduivled Bulusiwes nSawaUunandun
gnUaly fellu Arsiinsnsesuinifalaeineatesivansuinle winsnsesuiniindadinang
a a & @ av v P | 2 @ o & ad aa v
\Aeion99enTosiniNaflifesnisume win1snseswiinindipaduisnmeifuasgndes
TunsanduwdinuisiieluilaniniAaenIzansuinle nN1snsawinfnalusavinlalaeldem
N304 (Filter) Mitngdesniulusinavatazaautdoulusiee 1w IP address, Port number,
Protocol, waziiiniiniiion (Payload)

& & XY = < & o o v 1) a

Asnsaaiininlaeldfiinsas IP address bianNIaawNNLARNALA eIV UANT Y
3A1e Disney+ Netflix wag YouTube lasfidunausiail

1. sﬁé’am IP address 84 Disney+ Netflix hag YouTube Tagle Command
Prompt %38 Terminal 98353uuU{uRNs lneldrds ping mudelamuvasveiuled

2. @90 Filter WiiNLARTAL source IP address %39 destination IP address 1¥u
IP address 484 Netflix, Disney+ %38 YouTube A1U71FDINTT

neunseslinAnnuImsAaflaannisanduniniindulugidu Public IP
address #lA5Un191n Content Delivery Network (CDN) Al 1ulasu3nisiug asuandlu

A15199 3.1 3.2 waE 3.3 1Ay CDN A8 58UUNISNTLINYNISYNIUVDNTS WIS 7 d91n
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Suleduazidomdoya THtugldmuiidmegfimansvesiadldios ielfanunsadndademn
wazdoyaliogrmniinnmsdsouionain Server CON flaglndftgn U3nsaniaiale
74 3 919013 wRUIVElFwiUled Request FoyarinuiaTatne CON unufiag Request
WG saosudn Wevhlildnuamsoddsfuniflons 4 kudunedidnléifBay

Disney+, Netflix way YouTube 19 CDN w03u5n150199 Tun1sdmiivuay
wantedlevndmiugldan il

1. Netflix: 14 CON vasd09i3071 Open Connect #a18ussuu CON ndnves
Netflix fldamlunsdafiuuazuandieidom venanidalduinns AWS CloudFront dafiu
13M3 CDN w83 Amazon Web Services (AWS) titonandrerilonlsitugldanluginailsl
fiB$nlnosves Netflix Tuudimdy

2. Disney+: 19 CDN @83 Amazon Web Services (AWS) lunsdaiunaguanane
o ImaLﬁyam%Qﬂﬁ’mﬁuuu Amazon S3 (Simple Storage Service) wagld Amazon
CloudFront Lﬁ@LLﬁ]ﬂﬁi?ﬂLﬂf@MﬂﬁﬁUEﬁ%ﬂ’m wonanni Disney+ 514 CON vowa18USTw
W 1991 CON v89us ¥ Cloudflare, Fastly, Akamai, JasTel LLﬁSU%‘I‘:}JVIgu‘] Wi DL
UsrAvsnmmsdaiivuazuandreidenilstugldanlunng gline

3. YouTube: 19 CDN w03 Google fidadn Google Global Cache (GGC) Fadu
52UU CDN 983 Google fifdsnasfiandsogiialan Tasszuy GGC aztndomitldsums
FarAvlfuun3 eadsinesdiunatsves YouTube (YouTube data center) 11dnfvuy
Bieslutssmaveadldau Tuifagtu Google IddndaaTos 66C Tunansanuiily
Uszwelne laun nyawmumues giin aynsusinig wasdeslml vibigldanuaunsodiia
domldegnemniiuasiinunings uanaini YouTube 514 CON vasmansusm gy 19
47U CDN ¥8eU3¥W Cloudflare, Fastly, Akamai, JasTel uazutnauy

é’aﬁguuaﬂmﬂvi’wmsmamﬁmﬁm IP address 984 Server Disney+ Netflix Lae

YouTube W& §3d8agyiinsnsauiinifia IP address Alisuanain CON e
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$15197 3.1 @9 Public IP address 71 kA SUN1INAITANTULRALAAN1TANST LI ALV

Disney+

IP Address

Internet service provider: ISP

104.16.18.94
110.164.11.169
110.164.11.184
110.164.11.35
110.164.11.89
110.164.2.57
110.164.21.32
110.164.21.58
110.164.29.120
110.164.29.145
110.164.29.161
110.164.29.209
110.164.29.235
110.164.29.81
110.164.29.97
110.164.3.246
142.250.80.99
151.101.2.217
167.179.254.18
172.217.166.131
172.217.174.163
172.217.24.174
172.217.27.227
216.58.196.14
216.58.203.67
216.58.221.202
61.91.1.228

CloudFlare Inc., San Francisco, US
Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, Surat Thani
Goosgle LLC, Mountain View, US
Fastly, San Francisco, US

JasTel Network, BKK

Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
True Internet Corporation Co. Ltd., BKK
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A15799 3.2 Laad Public IP address AlasuLnaInMsanduuiiainnIsansainlovas Netflix

IP Address

Internet service provider: ISP

110.164.3.246
110.164.30.18
110.164.30.21
142.250.199.35
172.217.166.131
172.217.174.170
216.58.196.42
216.58.221.206
23.42.146.206
34.246.130.175
34.252.28.38
45.57.90.1
52.214.181.141
52.214.33.123
52.51.207.105
54.155.246.232
54.246.79.9

Triple T Internet PCL, Surat Thani

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Google LLC, Mountain View, US

Goosgle LLC, Mountain View, US

Google LLC, Mountain View, US

Google LLC, Mountain View, US

Google LLC, Mountain View, US

Akamai Technologies Inc., BKK

Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
Netflix Streaming Services Inc., Wilmington, US

Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
Amazon Data Services Ireland Limited, Dublin, Ireland (IE)

Amazon Data Services Ireland Limited, Dublin, Ireland (IE)
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#15197 3.3 WaAd Public IP address 71 lASUNIINAITANTUBRALAANITANS NI A LDV

YouTube

IP Address

Internet service provider: ISP

103.16.204.13
103.16.204.17
104.16.19.94
110.164.10.17
110.164.11.43
110.164.19.76
110.164.19.79
110.164.3.246
110.164.6.209
110.164.8.79
151.101.2.217
167.179.254.18
172.217.13.195
172.217.194.156
172.217.27.227
216.58.203.65
216.58.203.78
35.186.224.25
35.206.118.237
40.91.80.89
43.245.145.142
52.109.12.18
52.114.77.33
52.137.110.235
52.184.216.226
61.91.1.228
96.17.244.66

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

CloudFlare Inc., San Francisco, US
Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Triple T Internet PCL, Surat Thani
Triple T Internet PCL, BKK

Triple T Internet PCL, BKK

Fastly, San Francisco, US

JasTel Network, BKK

Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Google LLC, Mountain View, US
Goosgle LLC, Mountain View, US
Goosgle LLC, Kansas City, US

Google LLC, Council Bluffs, US
Microsoft Corporation, Quincy, US
Triple T Internet PCL, BKK

Microsoft Corporation, Washington, US
Microsoft Corporation, Dublin, Ireland (IE)
Microsoft Corporation, Quincy, US
Microsoft Corporation, Boydton, US
True Internet Corporation Co. Ltd., BKK

Akamai Technologies Inc., BKK
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3.4.3 MFAATIERAUNINUINITVBUATDUIY (QOS)
ndandnduuiinfinuaznsesuiniinugds thieyaufinifniléiinsizsinisiva
YBRATEVIY SNBUTNITITNUATUIY LagtIuIATIEIAMAINUTNISVLATEYE (QOS)
M1ULIMIFIU TIPHON fiusznoume Usuau (Throughput) Aua1n (Delay) Nsgeyve

YaIANLAR (Packet Loss) kazAmNNNTEIUNsEIe (itter)

3.4.4 msussiiuaun Iy sTaun1salvasgldanu (QoE)

HviIdevimmaaesinaunmyszaunsaiveglieu (Qok) Tnglingusiegng
fdrsussfiudetin@nvinasdadindne dninivimnssumans sminedemalulad
q3un3 S1uausiavin 25 au SiwAwe $1UIU 8 AU waswEnds S1uIU 17 Au Togsening
20 &4 27 B Taefigidrsmnmsussiiutmueligunsaineuiinneslaaoudifisuaiondien
(Wintja ASUS TUF Gaming FX504 Series fifintiae 15.6 fluazauaziBen 1920 x 1080
fina) Lileqiloniflenagiinisussidu vhmsvaasdutasan 19.00 - 23.00 u. ve3¥u
@57 2 ey 2565 (NGuA19E1NAYIY 3 AU waztwands 9 aw) uagiuenfingdl 17
WU 2565 (NAUAIREINAYIY 5 AN Wazinavdle 8 Aw) §Idelvindudiagrasursuansy
FAle Disney+ Netflix uay YouTube \Uusgeziial 10 Wil uazlingudiegndlinsuuuaiiy
Anwtu (MOS) Tnefinnsaniladefidmanoniienelovesdldon luidderuautanes
3o lnsinananuandenvesiale mnuslunsinaniledeldnudengisle ns

{ @ 1

A aa = o | a = v ~ I
ansuInloaznavsolaudnvaziausell Janguategsaunsolvnzuuuauianelalaniy

q

[

Auganass lnsldaziuuaingldnudundn Wneazuuy MOS aveglugae 1 8 5 lag

ARBEYDIAZLIYL MOS diiwansitussaunsalfldnuinnnings

3.5 MINATUIUSNSATadnEuAL LI
Haguunsldaudumesidnnateidudiund sludiausedriiu deuimsdiniv
Suweddefiogunn fadnunisfinu fumnutudie fegradu madewihuosulal n1sie
vosgaulay masiilvandeya flunas g3le uwasiduinad 1Hudu Taglunuidedaulalud
Uimsansainlenigldeudumesideavlouarldnusuauann dWethaniamnufieeloves
Uszaunsali{ldaudiineussansawlunsdsdoyaveaindedienienmainuinisues

LAS8Y
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3.6 #avinamnmnslHu3Ns (QoS)

nsiaguamuinsludsiuna xR arsaudyui i sadeevaisusznisves
UFNI9LAT 8V MIUUIATFIU TIPHON (Telecommunications and Internet Protocol
Harmonization Over Networks) 1 uanasgrunianaluladd eansidosd waund ulne
TIPHON daifluesdnsiiansfalunmsaranassunsiemaidsuasimnssuaiotisdeas
dmiunsieasidusiuszuy IP (Intemet Protocol) Tag TIPHON finguszasAlitolinig
deansidssiuszu IP faunmniloutunisdoaaidewiuasandus (Ciruit-switched
networks) Aiflmnaadiosuasiaiiosnmgs Inedinnsimusanasgiunisldauy QoS (Quality
of Service) fiusznause Usunawnu (Throughput) Auand (Delay) NTAUMIBVRILTN

1fin (Packet Loss) wazmunszaunsze itter)
3.6.1 U3u1au91u (Throughput)
Y3 fie A1aise (8ms) sesnisanslowdoyanidussd@niain Jeiadu

A 1 a = o oA A I Ql'
Tnsiedundl (bps) AdvtiuagruIavyUsinanuianseglunsem 3.4

M3199 3.4 UanaAAviliagranavyuInnnE

Category Throughput Index
Bad < 338 Kbps 0
Poor 338 - 700 Kbps 1
Fair 700 — 1200 Kbps 2
Good 1200 -2100 Kbps 3

Excellent > 2100 Kbps a4

msﬁwmmﬁwaaﬂ%mmmu AINANUNT:
Accepted Packet

Throughput (byte/sec) = (1)

Duration

Throughput (byte/sec) x 0.8
100000

Throughput (Mbps) = (2
1ng

Throughput (Mbps) A9 USiaiu e lnzdn/Aui

Throughput (byte/sec) fin Usunaau wuae lud/Aui

Accepted packet fi dnuauuiiniiniignas wie Tu

Duration fg niawlglunisdsdeya mite Jund
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3.6.2 AMNa1Y1 (Delay)
AMNATT (11aTLKe) AB AAINISAUNNTRILANLARIINAuUNITlUTIUa1enI

| v o 1 v PN
ﬂ']ﬂﬂjﬂLLﬁ%WiJ'ﬂ@M%ﬂ?']ﬂJaqsﬁqLLaﬂﬂag’iu@qiqﬂw 35

M13199 3.5 UanaAAYiagriIAvyALa1E

Category Delay Index
Poor > 450 ms 1
Medium 300 - 450 ms 2
Good 150 - 300 ms 3
Perfect < 150 ms aq

ASATUINAIYBIAINUAITT IINFUNS:
Total Delay (3)

Delay =

Total number of received packets

lny

Delay fis Aaman41 n3sniandldlunisdsdoyaaindunsludsatonia wiae
fadIui

Total Delay Ao wasamvesafildluntsdsnasiudoyavosufinifnianun e
fadIui

Total number of received packets #io S1uruniniAnfignddlugalaenisuazlfsu

ne5udnsa

3.6.3 N1SEYMIBVBILANLNAG (Packet Loss)

<

nsaagvetiiniie Wumsdwesiesueteulaivansdvaunininigey
WeNamLn 019AnTWHDI1INNNTTURLLATAINKETAUUATOUY ANAYTUALHNIAVYNTT

= < [ =
QEIQJ,L?{EJLLWﬂLLaGNE]QIUGﬂTNV] 3.6
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191971 3.6 wARIAIAYTILAL MIANLNT AR VDILAINAN

Category Packet Loss Index
Poor > 25% 1
Medium 15 - 25% 2
Good 3-15% 3
Perfect 0-3% aq

MIAUINABINTFYMEVDILTNLAR INAUNS:

Number of sent packets—Number of received packets

Packet Loss = ( ) X 100% (4)

Number of sent packets
lny
& s 2 ¢ o O % 4 o <
Packet Loss fig wWaslidudvasdiuiuuiininanagyviglunisdileya niodnuiuuin
Andiliifegauatenng mihaduesidud (%)
Number of sent packets Aog1WAULANNATIGNATRONIINAUNI
Number of received packets Aadnuiuuiinfinfignaslugsateniuazldsulag

A5udnsa

3.6.4 A2IUNTEIUNTZNE (Jitter)
AMUNTLIUNTEINY AD AURUNIUVBIDNIIAUAITIIINBATDUNY ANUNTEIY
~ & W P v o | o & a aa P W o
N5¢21830 T UM NSRS ULUAIUBIANLAN T I ULATEYIY wazialulad v (ms) Anedl

LAgVNIAMYANUNTEIUNTENEUARIBYlUA1TIN 3.7

AN 3.7 LLamméﬁ’%ﬁLLawmwyjmmﬂimuﬂimw

Category Jitter Index
Poor 125 -225ms 1
Medium 75-125ms 2
Good 0-75ms 3
Perfect 0 ms 4

ANSATUIUANYDIAINNTLIUNTLINY INAUANT:
Total Variance Delay (5)

Jitter =

Number of received packets—1
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el

Total Variance Delay = (Delay, — Delay,) + (Delay; — Delay,) + -+ +
(Delay, — Delay 1)) (6)
1ng

Jitter Al AIUNTIUNTEIE YUY TadIW

Total Variance Delay & Arauudsusiuvasgrsnafildlunissuuiings dadua
ANULANANYBITINIANTERINNTFURANIARAAZED Wi Tadiui

Number of received packets fie SruauufinAnfignasludaaromauazldiulag
A5udnsa

yane: lugnstasiuidnmiduuindailés weude 1 luduaae
Dumsng Jitter gndelasanuunndslunaissnituiniiniignddudaatonis lag

FUIUATINANULANAIITIAR UL TR NUIULRNLAR AV A U ILIUAS AT UTEMI L ANLAR

[%
v =2

2 & o ¢ @ o o v o o ¢ % o o A 9 v
FAUUUINUIULWNALAANINUAAU 1 ANUUIINDIUIIUIULANLARVNNUAAU 1 LTWI&UQ@?LW@IM

Aaen Jitter laagagnsias

L2

3.7 fPianmunndszaunsaivasflieiu (QoF)
3.7.1 AzUUUANAALILLAAY (Mean Opinion Score: MOS)
Tumsinnunmidsmieiflefenzuuuanufniiuiade (MOS) muaInTgIL
TU-T P.800 uag ITU-T P.910 Aualaganavin1sd oansseninsuseine (Intemational
Telecommunication Union - Telecommunication Standardization Sector : ITU-T) @
Afei81989 MOS w04 ITU-T P.910 Alddmiunsinguamiflefigndaituiaiods
InsauunAuuuy 1P 1o MOS aziidnadsegsyming 1 fis 5 lngamnmsgugsanazidu 5 uas

ARIIUAMIEnazdy 1 A3 3.8

15197 3.8 wandpzkuUAUAIURAsTIBUAUALTanelave e lH

MOS Quality Impairment
5 Excellent Imperceptible
il Good Perceptible but not annoying
3 Fair Slightly annoying
2 Poor Annoying

1 Bad Very annoying
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NAN1S3LaLdAUSIUNE

4.1 na1un

Nnmquiuazndnnisiigadestunmsianisuuudiavluedetny wisiwelunsld
YauszAnsanvesdyna wadafifoidesdunisussiuuasinsilsesansamusnis
Fusneg veaedote wararwiimelavewlden ddldnamliudluuniiiiun danfuluun
fhgndmismanisussdumssudsdoyavesivleinisaniiifloosulal uasnauieudioy
UseAnSnInUINIsaUIeY YadATeUN AuNNNIgIL TIPHON ﬁgdmii’mmmwﬂizaumifﬂ
youldany (QoF) Tngldnzuuunnudndaiuides (MOS) Ailldeusnisia3etne uaznsine

FATIEARUUMANTLLNZE NS UNTaRS IRl NS 1UTL VLU RN sansuifleaaulay

[ v W < < 3 < I3 = 1
4.2 Nﬁﬂ']i‘]/lﬂaa\‘lmaﬂcﬂaiﬂiiﬁﬂaaﬂ']ﬂﬂ']iﬂﬂQ‘ULL‘WﬂLﬂﬂ‘VI\'i 3 L'JUI"ZWI ﬂiml&l
Y] da ¢ =
Qo"lﬂﬂLLU‘lJﬂ'JﬂVI HazN159AUSIIHNANITNAADS
v W < I3 = | a A ad vl I3 A v v v &

INNISANTULNALAALATDVUIBUINNTANS IR Lovaane 3 uladluuniindd Fdetiay
] I a 9 A v oW 2 & oA v o I ¢
JunsiiurauarUssdiunatoyanisvnael Wednduwinfinnisassudiodvuns 3 Vuled
Wuszeziian 10 i leeldias 09ila Wireshark hagyiin1snsadwiniie IP address 9
WNevpeiuan3uinle Disney+ Netflix Lag YouTube Wa1 HANISNAGBIAIAISIIN 4.1 4.2
way 4.3 wanadeyauininaluslaneavesdnsinisaniluaniildsuainnmsdnduuininues
1 < P a0 sa ¢ ° < 2 o
74 3 15 Uled NIl U1 anUUAIn9 Laslun1T199E AR UIULANLA AT Inue (Total
number of packets) YU1AY83%oYA (Data size) 931130171 MaA (Download rate) wag
Weasiwunnisltaulusleaea (Protocol usage)

(3 l

Nutelvhranisaaesteyalusinaealnenisanduuiinfiana 3 Vuled nsdllidiin

[

fa ¢ a 1 a & ~ 1 =3 & A & [
BUUATIANLNEIDY LAY INTIUU LuaammmaznulsﬁmL@@ﬂi‘ﬁﬂﬂ@ﬂaamuaaﬂuaﬂwmmaz

Y

AMUFINIsTRIIUlYd Lazliinazyinn1smeasensalusAaLUUAIAN SeNIHINAALUUG
a o‘q" 1 1 % < [ a [y}
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P B ' 2 o v & sd v gy o A vaw & 2
FawiniindulngjazidunsiudeyanniuledndildundunIewesidowintuy (witniin
dnlnggnanlnanliesanlasudeyann@snnesveaivlsdnvaaeuniudumesidnll
Faunsesiulaaoud) §Idelldduinanlag (wWinadulnantesiiesnnlifinsdsloyasnn

winslraeusludugsninesvesivladinaaau)

d' v (3 [ L aAv Yo v v (] 3
M3 4.1 LLﬂﬂQGU’e]HaLL‘WﬂLﬂﬁiﬂﬂmﬂBasU’eN’eJG]5’]ﬂ’]i(ﬂ’]’J‘lﬁﬂaﬂﬂlﬂiUfﬂ’mﬂ’ﬁ@ﬂ‘ﬂULL‘WﬂLﬂGl

v 3Ulwd Disney+ nsallaldinuuuming

Protocol Total number of Data size Download Protocol
packets (Mbyte) rate (Mbps) usage (%)
UDP 35 0.0053830 0.0000718 0.0019152
TCP 64104 92.6841920 1.2357892 32.9757209
SSLv2 786 1.1492170 0.0153229 0.4088751
TLSv1.2 136 0.0590360 0.0007871 0.0210042
TLSv1.3 128104 186.8177070 2.4909028 66.4670904
QuUIC 712 0.3498130 0.0046642 0.1244585
ICMP 5 0.0004700 0.0000063 0.0001672
DNS 11 0.0017750 0.0000237 0.0006315
HTTP/XML 1 0.0003850 0.0000051 0.0001370
Total 193894 281.0679780 3.7475730 100.0000000

1AM 41 wanadeyauiinifnluslnneavesdnsnisanilnaniléfuainnisen
Juuinifie dunalddniuled Disney+ Tluslanea TLSVL.3 waz TCP lunisnsyatedoya
wsrzciuled Disney+ finsldauluslaaea TLSVI.3 innitan Asudu 66.47% fiduuudin
Aevanun 128104 wiinifin vuiavesdeyauszana 187 Mbyte Shan1samiivanyszanas
2.491 Mbps uaziin1sldelusinnea TCP soawn Amdu 32.98% fswauniinifinavuen
64104 wiiniia vuAvesteyaUszua 93 Mbyte 8n51n15ATINIaAUsEL 1.236 Mbps
wazdinsldauluslanea UDP SSLv2 TLSV1.2 wazduq egiludution 1Jules Disney+ 19
lUslamoa TLS (TLS: Transport Layer Security) Lﬁa%’ﬂmmmﬂaamﬁ’wm%’a%aﬁLﬁumq
seuiaeTessnsuazgunsaiflden Taeldon TLSv1.3 fudunesdudranves TLS Tng

Jonvadlusinnea TLS Aoaunsaiusesinunaznsinsviavesdeyala demunzdmsunis

d9a157A29N15ANUUADANY YU NISANASANITA N1TT15LLIU WATANTEI DL BUIN
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4 IS

ndudesdimanivay wag Vivled Disney+ Tiluslanea TCP avupunssudsdoyasening

1 o o =

afugf5u welduaniufsudeyaseninaiu illesrinlusinaea TCP dadumnzauiunis

D X

J a v 1 A A = 14 I 1 - @ a o 1 o
AL UUNABINITAINUUIYBOD LLﬂS?LIﬂ’]i@li’]’fﬂﬁ@Ui‘ViLLUIﬂ’ﬂ‘ﬂﬂLLWﬂLﬂGW]T’Uﬂﬁ\i‘lﬂ‘ﬂ\‘i

o A

Yatenau Wuluanudisunandaamuidun19dienni Sanuisdnsunisansuinle way

Y

& a v Vs v Y = = o 1 = a v
Wemidesnslvdldansadifldlagldinisdnseviegaydudeoya

= v 2 & 9 Y v v o & &
M1317 4.2 wanadayauwiinialuslnneaveadnsinisntlnaafilasuainnsanduwiine

vaudulad Netflix nsailidAawuusIan

Total number of Data size Download Protocol
Protocol

packets (Mbyte) rate (Mbps) usage (%)

UDP 39 0.0073130 0.0000978 0.0052808
TCP 66688 96.5377520 1.2904693 69.7104536
SSLv2 129 0.1891140 0.0025280 0.1365603
TLSv1.2 28 0.0152800 0.0002043 0.0110338
TLSv1.3 28966 41.5938360 0.5560060 30.0351429
QUIC 263 0.1397500 0.0018681 0.1009143
ICMP 1 0.0001390 0.0000019 0.0001004

DNS 6 0.0007120 0.0000095 0.0005141
Total 96120 138.4838960 1.8511848 100.0000000

1M 42 wansdoyauiinifnluslnnoavesdninisaniilnaniléfuannisen
Fuuinifin wudnduled Netflix finisldaulusianea TCP mniige Andu 69.719% e
LR ALRTT anun 66688 witnifAn YIAveIToyaUTEIIN 96 Mbyte 8951150131 lnan
Uszanad 1.2905 Mbps wagiinsidaulusinaea TLSV1.3 sesasun Anvdu 30.04% fiduau
WAL RT LA 28966 winLin YUIAVRITBLAUTEUIM 42 Mbyte 8n510115A13U Inan
Uszanay 0.556 Mbps waziilusinaea UDP SSLv2 TLSV1.2 uwagdu agiludiutey 210
a9z uld T Tulesd Netflix Ilustanea TCP wag TLSv1.3 lunisnsvaiedaya
Wit uled Disney+ Tnedldlusianea TLSVL.3 iefiuanudasnselunisdeans
sEuianieausidisuazgUunsalilfon wagldluslnaea TCP muaumsiudsdeyaszmine

darffuglSu wielduaniudeuteyaseninaiu

Y
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= v 2 & 9 Y v v o & a
M13197 4.3 wanadeyauiiniialuslnaeavednsinisntlvanfilasuainnsanduwiinge

vaudulad YouTube nsallusndnnuuaing

Total number of Data size Download Protocol
Protocol
packets (Mbyte) rate (Mbps) usage (%)
UDP 169720 234.4681660 3.1365877 99.7960878
TCP 433 0.2408270 0.0032217 0.1025026
TLSv1.2 25 0.0062170 0.0000832 0.0026461
TLSv1.3 172 0.1647110 0.0022034 0.0701055
QUIC 53 0.0664990 0.0008896 0.0283038
DNS 2 0.0004210 0.0000056 0.0001792
HTTP/XML 1 0.0004110 0.0000055 0.0001749
Total 170406 234.9472520 3.1429967 100.0000000

d' £ @ <3 (Y av vo [

1NM15199 4.3 wanstayawiiniialislaneavasdnsinisaiiivanfilasuainnisen
JuuwAnin wudndules YouTube dnsldauluslamea UDP uiniige Anvdu 99.80% il
FwukRnianviun 169720 wiinfin vuiavestayadssunn 234 Mbyte §n51n15A19
anusyuna 3.137 Mbps wazilluslnaea TCP TLSvV1.2 TLSV1.3 uavdus egidudiuiley
Tupnssdeyauiniinlusinreassiivindlusianeadusey mszlilennassil YouTube 14
Tslaaea UDP Tunisdsteyaiile nisldnulusinreaduediuteuluwagnisinvuadilag
L4 Taeun@iuds YouTube agldluslanea HTTP lunsdfeyaiflenuiuiusriwes uagld
Tslamoa TCP wian13d0a13555nin9 U@ 591083uazLA3 09ABNTIMBS VRN 1Y uiaInNn1s
naapensdlil YouTube 14 UDP lunisdsdayadle tleswindesnisanudilunisdsdeyags
Y v 2 o & v oA o oo 2 < s
LarANaIsatun1sTansteyaunainiigely asulaiudedniuwiniinvesivled

YouTube wuinauledilustanea UDP Tunisnszanedeyadsiign

4.3 NanN1INAaIINIINITANIULRAAINNITANIULNNLAANS 3 LAulad nsall

IINARUUAIAN KAZNTUIMNALUUAINN BALNITBAUTIUNANITNAADY

AgUN 4.1 4.2 uazy 4.3 wanansenIINsANYlnanisuiussegandvuiules
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— Unlimited esees 4 Mbps 2 Mbps 1 Mhbps 512 Khps == - 256 Kbps

=

Throughput (Mbps)

a [ =l (% v < 6 . Al 1o o
JUT 4.1 wamansmensinsansdlvaaiieuiuszeziandivaivled Disney+ nidllddanin

[

LUUAIAN LAZINNABUUAIAN

a (% 6° = [ v < I3 .
91N3U7 4.1 wanansmensin1sallvan WisunuszeziandvuIules Disney+

o w s

nSAUIIAARUUAIAN LazdINALUUAIANT 4 Mbps 2 Mbps 1 Mbps 512 Kbps Way 256
Kbps 10151180 51n15A e nu kg9 60 AU9Usn awiuIngnsIn1sattes

[ 1 Y & I3 N o & [ a I
11n wsziudaanlunisidiivled wazlidnsinisanulnanuinu wasan 60 Ui

Wasnnisuivuinle annsnaziunsaldsidawuuaing Turae 60-290 Au1d J9wsn

'
=

n3AUlrangs P9g98A09 6.044 Mbps LagndiaIn 290 Jui wuinAdnsin1sadtlvan

Y 5|

Y

anad LANdIINtuAITATINIsANULBaANTULazanasddUnUlUauNIAza Ml vantase

seITALUUATAYIT 4 Mbps WuIluge 60-320 Tunil ddnsinsanidlvanganeula

]

'
[ =

AT Pag9an 3.861 Mbps Wagnaaan 320 Ui wudnAdnsn1sailvananas NSl

=)}

v IS o w

ARUUATAYT 2 Mbps WuITtugae 60-370 Juri H8nsNsanilvangauieviiadadnin
Fegegn 1.946 Mbps Wagnaann 370 Fui wudimdnsinisauluananas nsadfnkuud
Fa%T 1 Mbps wuitmaeansIukiiaLiatugie 60-600 Uil idunsngnsIn1satlivang

NeUnnTIA Fagegn 0.973 Mbps NSETIALULAIATNT 512 Kbps Wuinluya 60-460

a a =2

U B939an 0.488 Mbps Wagnaaan 460 Ju1i wudiAmdnsn1satlvananas nsdives

NTINAARUUAIANT 256 Kbps wua1maenn1sdumiintAnluaae 60-600 3unil Lduns 19l

'
L2 =

gn31N1sAtlvanguieuialndnin Fegegn 0.2491 Mbps 31NN guuldtndiA1ng
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nsantilvanazana Wekldednawuuiiniauses ) Wewndns1inialelasunisuSuli
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seeand Mbps = =32 Mbps 1 Mbps = « 512Kbps = «256Kbps

Throughput (Mbps)

Time (s)

JUN 4.2 wanansindnsinsaniluaniieuiusseziiandivuivled Netflix nsdlddnin

o w £a (3

LUUAIAN LAZIINALUUAIAN

9n3UN 4.2 uanensmdgnsinisaallnan Weuiuszezand1vuiuled Netflix nsdl
liddauuuaing wagdianuuAInyifi 4 Mbps 2 Mbps 1 Mbps 512 Kbps wag 256 Kbps
HaRA5UITNTINITANUIMEA UL 60 Furdwsadurisatlunisiaiuled wadnsd
& & I3 . @ | Y] wa = & ° v
n13auvangs insziiuled Netflix azuansitogslagdnlulf vauzidangiilont vily
9244781 60 ‘f3m‘ﬁﬁﬁﬂﬂimnﬁiwam%gauuﬁd%ﬁ Netflix A28 kazidnsIn1sALanuIn
FUDNATI 189910 60 FUN 1D UTITUIALD AINNFINLLTAUIINTRIUTIAALUUAIAN

1939 60-130 W91 wudddnsnsnnItlnangs Fegeaana 6.736 Mbps uaznasaIn 130

a a

AU WUIAERIINNTANULARARAY NTEINNALUUAIATIA 4 Mbps WuITlut9 60-100

'
2 = =

Ui f8nsnsaidlunangufouiielindiin Tagean 3.892 Mbps hagndaain 100 Fund

% fa L3

NUI1IABATINITANULANAABY ASEITINALUUAIANYA 2 Mbps WUIluL 60-230 Ju?

A o o o

gnsIMIallvanguioudielndin easan 1.946 Mbps Wagndann 230 Jur¥ wuien

9R311130NUIMENANAY EIUNTUIINALUUAIANT 1 Mbps 512 Kbps wag 256 Kops WUl

IS o w =

AAEAN1ITURANAATEYI 60-600 W7 LdUNTINSRIINIIATIINAngLioudslindiin T

g3an 0.973 Mbps 0.488 Mbps uaz 0.2681 Mbps a1xadu nnswliiuladninednsinig
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adlnanazanas WekIdedndawuuninviaiiesq eswndasdnialelasunisuiuly

s o o
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— Unlimited  seesad 4 Mbps 2 Mbps 1Mbps = - 512Kbps == -256Kbps

Throughput {Mbps)

JUN 4.3 uansnsmdnsinisanilvanisuivszeznandivaivles YouTube nsdllyl

[

TINALUUNINY WALINNALUUAIAN

93UT 4.3 wanansandnsinisanadlunan wWiesuduszesandivaivled YouTube

o w <.

nsallIAARULAIAY wagdINALUUAINTY 4 Mbps 2 Mbps 1 Mbps 512 Kbps kag 256
Kbps tlefiansansnsinisanidlvaanuinlugag 60 Auniinsn aviiuindnsin1saniites

< 1 Y = 3 Y & & [ a =
11n wszidudawanlunsidivled waziidnsinisaniuluanuintu wdsan 60 1w
Wosndudnwaiale 9nnsidaziwinsaldddawuudian Ture 60-150 Jund wuind

805 INIANULVaNg s B989aA09 6.588 Mbps Uagnaia N 150 Fuil wuinA1dnsIn1sanILl

(% a

Iananas NTANIAALULATAYT 4 Mbps Wutuge 60-240 Fu9l Tansin1sailvangs

'
[ =

HoUtNTAIAR Feasan 3.840 Mbps LaERasaIn 240 U9 HUIAIERTINITAILLRARARAS

Y Gy

SEHTITARUUATAYIT 2 Mbps WuIluye 60-330 il d8ns1nsandlnanguiouis

]

o =

UnA1in Fegean 1.930 Mbps kagnata1n 330 Ful nunAgnsinsanillnananas Nl
FATALUUAIAYIA 1 Mbps 512 Kbps uag 256 Kbps wuinaennisduwiaialugie 60-600
Junii dunsmsanmInndivangaiouisdndin Tsgean 0.972 Mbps 0.487 Mbps
way 0.2465 Mbps aua19u annsviuladninaidnsinisaniilvanavanas Lﬁa@:’iﬁ“fa
Ffnuudiaviaadony ewndnsdninleldsunmsusulimunsandmiusuuiiniifisas
yhlvsmsnsdstoyanas

agUlfinanguil 4.1 4.2 wag 4.3 nywinsallaidrdauuudindt uazdiauuudingi 4
Mbps N31M89511150 17U IManY9UINALES INsI8I1sEULiinIsallvanteyainlely

Frausnegusmuiielinisiawinlesulaegnesn i lnednisanilmandeyaluyiusnil
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Humswieudeyaifleifioliszuuannsaduialesolulfedsieiilos uazannstvlnesi
Antulurasfiduinle nsamidlnandeyaiflelutausnifiusnmnmslfouuuudinies
szuuiianida yilinsddifauuudinyid 2 Mbps 1 Mbps 512 Mbps waz 256 Mbps b
ansasesunsidnuldegraduuszansam osanlifiauamnsalunisniiidlvan
Toyainlosneanuiigamelutasusnvesnsiauiale anstimesvesinleluvneiniig

Iandayainleluyiusneg

4.4 wan1sNAaRUSeUgUN1IsITmes QoS NSMILUINNALUUAINN waznsal

INARUUATINN LaZNI5BAUTIENANITNAGDY

NAANS8IN1TIANIEMES QoS laun USuass1u (Throughput) ANaNET (Delay)
Msgayvneasuiiniiin (Packet Loss) uagaaunszaunszane (itter) laainnisanduuiiniia
fidvihdeyauiinAnifaldundunmmsiiines Throughput lagldgmsmmandinaansss
wandluaun1si (1) wag (2) Mndudsufisumnimesuinisvonaiotiemuunigiu
TIPHON fauanslumsnsdl 3.4 nsduiaminisdwmes Delay lngldansniadnmansea
wansluaunsil (3) Mndulioudisunsdinosuimsveseiateniuanmsgiu TIPHON &
wandly 13799 3.5 Msfuammmiees Jitter Ineldansmandamansdauansluaunns
7l (@ PnfuvBsudisunninesuinisvenadetienuuinsgiu TIPHON fuuandlunisng
7136 wagmsiurammnsiwes Packet Loss Ineldgnsmsadinenansfauandluaunisy
(5) uag (6) MMbuUTuITisunIivesuNITBNATDUINILLIATFIL TIPHON Hauandly

AN 3.7

4.4.1 wan1sneaalSeulfisunisimes QoS veuiulad Disney+ nsailaidnnm
KUUAINY KAZNTUINARUUAINN LAZNITBAUIIUNANITNAADS
namssuuINTSnesiadvesiuled Disney+ lngldgnsnndamaniay

wanslunsned 4.4 ieFoudisunisdnes QoS auuInTgIu TIPHON vo4Liuled
Disney+ wuinnsdlidinuuudiniuazidiauuudiasifi 4 Mbps, 2 Mbps, 1 Mbps, 512
Kbps wag 256 Kbps W1s1iltees Delay wag Packet Loss %agﬂuumwgﬁ Excellent (890
Bo) drumisifiiaes Jitter oglunuinvyil Good (#) wazwisnfites Throughput nsdllal
Ffiauuuiinvivariauuuiiavial 4 Mbps agﬂ,wm@mgﬁ Excellent n3disnfinuuusinidi
2 Mops agluninnyil Good nsdldinuuudiayifi 1 Mbps aglumuavs#l Fair (weld)
N3 AUUUATAYIT 512 Kbps a&ﬂwmmmﬁ Poor (137 uarnsdisiauuudiamii 256

Kbps oglunnnmyil Bad (1e)
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A5197 4.4 wansnsiuSeuiisunidmes QoS uuiuled Disney+ nsadllaidrinuwuuning

WALNSEINNALUUNINN

Throughput Delay Jitter Packet Loss
Bandwidth  Value Value Value Value
Category Category Category Category
(Mbps) (ms) (ms) (%)

Unlimited 37476  Excellent 3.0945 Excellent 0.00001158 Good Excellent
4Mbps 23092 Excellent 5.0145 Excellent 0.00002473 Good
2Mbps 1.3217 Good 8.7075  Excellent 0.00008817 Good

0

0 Excellent

0
1Mbps 0.8483 Fair 13.4558  Excellent 0.00027137 Good 0 Excellent

0

0

Excellent
512Kbps 0.3788 Poor 28.5143  Excellent 0.00114552 Good Excellent

256Kbps 0.2286 Bad 40.4896  Excellent 0.00324510 Good Excellent

4.4.2 wan1naasuUIsuliisunisniitnes QoS vautiulyd Netflix nsailsidnina
KUUAIAY LAZNIUIINAUULAINN LAZN15aAUTIINANITNAADY
NansFwIMmIlne eave e S Ules Netflix lngldansnisndinmaniaz

wandlumsned 4.5 1etTsuiiisumsdines QoS Muu1nssIu TIPHON vautiuled
Disney+ Wu3Nsa LS LU nwagsdawuuA3avidl 4 Mbps, 2 Mbps, 1 Mbps, 512
Kbps wag 256 Kbps w1518ltees Delay wag Packet Loss %aeﬂwmwzﬂ"ﬁ' Excellent @7u
wisdimes Jitter aglumuiamil Good uavms1ilmes Throughput nsdllaisAauuusding
nazdiauUUAInsiA 4 Mbps oglumuinvy#i Good nsdls iauuuAIesii 2 Mbps wag 1
Mbps aeflumuiems#l Fair n3disrinuuusdngid 512 Kops eglunuinmydl Poor uaznsdl
SrinuuUuRIAYil 256 Kbps agluvsiemyil Bad

asNT 4.5 wansmswSeuidisumsiiees Qos uwiuled Netflix nsdlddriauuusion

WALNTMANNALUUAINN

Throughput Delay Jitter Packet Loss

Bandwidth  Value Value Value Value

Category Category Category Category
(Mbps) (ms) (ms) (%)

Unlimited ~ 1.8512 Good 6.2262  Excellent 0.12245194 Good 0 Excellent
4Mbps 1.2185 Good 9.32498 Excellent 0.00074190 Good 0 Excellent
2Mbps 1.1158 Fair 10.3121  Excellent 0.00010046 Good 0 Excellent
1Mbps 0.9575 Fair 11.9180 Excellent 0.00023909 Good 0 Excellent
512Kbps 0.4872 Poor 225606 Excellent 0.00006804 Good 0 Excellent
256Kbps 0.2435 Bad 41.3984 Excellent 0.00261367 Good 0 Excellent
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4.4.3 wanisneasulSsuifisunisndines QoS vauduled YouTube nsdilddnin
KUUAIAN LAZNTUINARUUAINN LAZNITaAUTIBNANITNAADY
Nan1sAWInIMIN T Tmessaveniules YouTube Tneldi3ules Disney+

wuinsdlidiuuudaiuaz s fauuudingii 4 Mbps, 2 Mbpsgnsnsadinaansazuand
Tuan51991 4.6 WewSeufisunsdnes QoS M1111M551 TIPHON 989, 1 Mbps, 512 Kbps
uaz 256 Kbps 151ilme3 Delay waz Packet Loss azagluvsnemyil Excellent Wis1ilnes
Jitter og/lumananyifi Good wagm1s1iiimed Throughput n3dliid1inuuudinsiazdiin
LUUAIAYTl 4 Mops aglumnanfl Excellent nsdd1iauuudiayi 2 Mops egluvsanamy
i Good nsdldiALUUAIAYA 1 Mbps aglunuinuaf Fair nsdld1iauuudiayi 512 Kops

agluniIanyil Poor waznsdldfnuuuaIang 256 Kops aglunuinvyf Bad

A5 4.6 WaARINITLUSUTEUNITIINDS QoS vuiules YouTube nsallusndnnuuain

WALNSEIINIALUUNINN

Throughput Delay Jitter Packet Loss

Bandwidth  Value Value Value Value

Category Category Category Category
(Mbps) (ms) (ms) (%)

Unlimited ~ 3.1430  Excellent  3.5094  Excellent 0.00042019 Good 0 Excellent
4Mbps 2.8298 Excellent 3.8897 Excellent 0.00001718 Good 0 Excellent
2Mbps 1.4468 Good 7.4826  Excellent 0.00007181 Good 0 Excellent
1Mbps 0.8956 Fair 10.9136  Excellent 0.00019741 Good 0 Excellent

512Kbps 0.4473 Poor 20.8043  Excellent 0.00074415 Good 0 Excellent

256Kbps 0.2363 Bad 355902 Excellent 0.00252173 Good 0 Excellent

s

RAITUUNUALANIZNIFITROS Throughput LnsrzdavuIanywisiines
AU HAANSIABSINNANTIT 4.7 auiiuinnsdlludiiauuuning LagnsaidiiawuunIng
7 a Mbps Viulad Disney+ wag YouTube fignsinisanvlnanadsuinninivles Netflix

1 14 aal =3 I3 . ¥ fa 3 1 U 1

110 waneInsidrsniatevuIuled Disney+ wag YouTube Tduuuminvininninn1ssuas
Tayadateuuivled Netflix lunsdnwiiinuindedndauuudiniadain ¢ Mbps lu 2
Mbps tiuled Disney+ wag YouTube fdnsinrsaniluanaduanasussuuasin dau
Auled Netflix n138AaLULAIAYT 4 Mbps Waz 2 Mbps fonsinisanillvanadslnalfes
Y] & I s Ao d' v o A o W fa & i
fu anuivlenaziisnsnsailuanndslnalAgesiudiodnAauuuaIaNAue 2 Mbps a9
I
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= o = aM 1o o a ¢ o W a ¢
M99 4.7 LLﬁﬂQ@@iqﬂqﬁﬂqTﬁiwaﬂLQaEJ&LUﬂﬁm‘llJﬂ']ﬂ@ILL‘Uu'JQVILLagﬂiﬂJﬂqﬂfﬂLL‘Uuqul

Unlimited Limited bandwidth
Website
bandwidth  4Mbps 2Mbps 1Mbps  512Kbps 256Kbps
Disney+ 3.7476 2.3092 1.3217 0.8483 0.3788 0.2286
Netflix 1.8512 1.2185 1.1158 0.9575 0.4872 0.2435
YouTube 3.1430 2.8298 1.4468 0.8956 0.4473 0.2363

asulainannuanisnaasIn1sTinLuuaIavidwananisiden QoS lnensa
dmsumsirtauuudinilunisdearswuvansaiile nssdauuudiaviilidiisamedndu
mMsdsansaialonnaviliAndamilumsdedeyafidvieaznn Jadwasnenanmuedinled
gnaslumi3u fwanisvaaesiiuandlumsned 4.4 4.5 uag 4.6 s 3 Gulediflosfanuns
3097 1 Mbps, 512 Kops uag 256 Kbps ﬁ‘wwsﬂﬁLmaﬁfa&ﬂumm%ﬁiﬁmwﬂa ATedaule
JiAs1eimnsfimes QoS lasfiarsandanudululdifldainisagiflessulayly
an nwIndaufisfnuuuding mﬂmamﬁmamz’ﬁ%’ﬂLLuzﬁﬂmifSﬁﬁ’mwuﬁ%ﬁﬁ 2 Mbps
deswnifunmsimunuuuiindiiisiafimnzausunisdeansaiilons 3 uled wazsiin
wuuFIavid 2 Mbps © dreanuuiadoganisliuundiavldinniulasidenuamuosiale

6

Auly Mmsassidiledenvinuldesgwanysalazdaunmid Lidiadgymilunisdtoyani
= = & aa ) sa  saa a a a ¢ a s ° o
wIeazan Fuduisnisusendanuuiininiusedngaim Maasieinsdvwes QoS dmu
an3udfloluninsgiu TIPHON fazvaelvinisdearsiuvaniuilaainisainaulaegned
Usgansamuaziinunimamialasliiadaynile g ie1aiatuainnisdearswuuansy

Falelupsadnedumasiiniinly

4.5 wan1snassndlazidendnlene 3 LUlEd nsalludnanuuaIan way

o/ ga ¢

ASUINALUUATINN LaZNI1TDAUTIBHNANIINAADY
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ABSTRACT

Video streaming is one of the most popular Internet
services, and it necessitates a lot of bandwidth to help
with data transmission speed. However, bandwidth is a
limited and costly resource. Therefore, usage should be
managed well in order to optimize the management of
available bandwidth resources. In this work, we propose
to evaluate the traffic of online streaming applications in
a bandwidth-constrained environment by studying,
analyzing, and testing the performance of Disney+,
LINE TV, and YouTube websites. We did unlimited
bandwidth trial and bandwidth limit trial. When we limit
bandwidth at various values, it was found that the
download rate was reduced as the bandwidth was
reduced. This can save data usage. However, users will
get to watch videos with the reduced video quality
because the resolution of the image is reduced. The
videos are optimized for reduced bandwidth, which is a
cost-effective and efficient use of bandwidth resources.

Keywords: Video Streaming, Network Traffic Analysis,
Traffic Evaluation, Bandwidth Management, Resolution

1. INTRODUCTION

The entry of the Internet and technological
advancements have influenced consumers' decisions to
cease watching dramas or movies in mainstream media
such as television or Free TV. People are increasingly
turning to video streaming services to watch content on
online service providers' platforms via a variety of
devices that can connect to the Internet. Viewers will be
able to access content and watch it at any time and from
any location. This is an important feature that responds
to audience behavior very well. Because it allows
viewers to choose to watch what they are interested in
and want by themselves. But video streaming is the most
bandwidth-consuming of Internet services today.
According to Cisco, video streaming will account for
about 82% of total Internet traffic in 2022 - K. Bilal &
A. Erbad (2017) Which states that future bandwidth
needs will increase. The high bandwidth provides faster
data rates for video streaming. However, there is not
only video stream traffic in the network. Other Internet

services such as e-mail, Internet chat services, Internet
search services, etc. are also used. If there is not enough
bandwidth available, the receiving-sending information
channel is limited. When there is a lot of data or network
traffic to transfer, resulting in network traffic congestion
and the data rates are decreased. -Kamluewong & Siri
(2015), And video streaming is one of the causes of
network congestion. Because there is a lot of data and
network traffic. It will affect the use of other services on
the Internet. It has a lot of buffering issues when it comes
to video streaming. This results in a decrease in video
display quality, as well as video lag, a jerky video image,
and a blurry image. The use of services takes a long time
or is not possible at all.

Experimental study, analyze, measure efficiency,
and evaluating the traffic of the video stream. There
were several studies on this topic, such as Using network
simulators to assess HTTP-based video delivery and
investigate how network problems impacted streamed
video. It was discovered to be capable of detecting
various types of buffering-affected video playback and
resolving poor network circumstances to allow for
seamless streaming video playback. -Biernacki & K.
Tutschku (2014), Analyze the characteristics of live-
streaming peer-to-peer applications and assess their
performance using TVUPlayer to guide future open-
source application improvements - Mongkonnawasatian
& Kitisin (2016), Present the nature of streaming video
transmission on YouTube services in 360p, 480p, and
720p resolutions. QoS characteristics such as delay,
jitter, throughput, packet loss, and bandwidth were
investigated. According to the results of the experiment,
poor throughput and low packet loss were discovered,
both of which were below TIPHON quality
requirements. -Wishnu, & Sugiantoro (2019), Describe
the network traffic behavior characteristics of popular
streaming services, including Netflix and YouTube
(Both of which use Dynamic Adaptive Streaming over
HTTP (DASH) streaming). Throughput, average packet
size, round trip duration, and packet inter-arrival time
are all measured. Both services perform poorly when
bandwidth and loss are limited. - M. S. Ito, etal. (2014),
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From literature reviews, the researcher came up with the
idea of evaluating the traffic of online streaming
applications in a limited bandwidth environment. This
study will assess the traffic of popular online video-
related applications in Thailand: Disney+, LINE TV,
and YouTube. We consider the possibility that users are
able to watch online videos in a bandwidth-limited
environment and the resolution or video quality that
users will be able to watch video including audio
depending on the allocated bandwidth. This experiment
was conducted in the case of unlimited bandwidth and
limited bandwidth. The experimental results show that
the type of transmission protocols, data size, and
download rates for each case are compared, and
recommend bandwidth that is suitable for traffic to
websites with the different video quality. This research
will be a guideline to the management of available
bandwidth resources for the best benefit of all users.
This allows enough bandwidth to be used for other
services as well, making the service more efficient and
cost-effective use of bandwidth resources.

2. MATERIALS AND METHODS
2.1 DATASET

The data collection process uses a passive packet
sniffing method using the Wireshark tool to capture
network packets. All datasets are recorded over the 3BB
(3 Broad Band) Internet network. The data contains
network packets from 3 video streaming services
(Disney+ LINE TV and YouTube).

2.2 EXPERIMENTAL SETUP AND PROCESSING
Set the 1st computer as the gateway host computer.
Installing the Linux operating system is Ubuntu Server
20.04 and setting up the 1st computer as a router to the
Internet and installing the Wireshark program. Set the
2nd computer as the client computer. Before the
experiment, take an internet speed test showed a
maximum speed of 7 Mbps as shown in Fig. 1.
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Fig. 1. Diagram of a computer network

The researcher conducted an experiment on
Monday, July 19,2021, at 11:00 p.m.
Wednesday, July 28, 2021, at 7:00 a.m.
and Sunday, August 1, 2021, at 3:00 p.m.

This experiment was divided into two parts: unlimited
bandwidth and limited bandwidth. Experimental
procedure: Using Wireshark to capture packets from all
3 services for 600 secs (or 10 mins), and the trial requires
60 secs (or 1 min) to enter the website before the video
starts (Time to access the website). While capturing the
packet, close the website or all other applications. Then,
takes the data packet to analyze the network flow and
network usage behavior.

3. RESULTS AND DISCUSSION

This section shows the results of the experiment.
Packet data analysis, which the study considers protocol
types, data size, time, and bandwidth/download rate.
(Here we are only interested in the download rate).

Table 1. Shows data packets, protocol, and the
download rate of Disney+, LINE TV, and YouTube
websites in case of unlimited bandwidth.
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From Table 1, Disney+ has the most use of the
TLSv1.3 protocol for downloads, 65.41%. And the TCP
protocol accounted for 34.12%. Notice that the website
has TLSvl.3 and TCP protocols to distribute
information. And has a minority of UDP, SSLv2,
TLSv1.2 protocol, and others. For LINE TV has the
most use of the TLSvl.2 protocol for downloads,
56.21%. And the TCP protocol accounted for 43.59%.
Notice that the website has TLSv1.2 and TCP protocols
to distribute information. And has a minority of UDP,
TLSv1.3, QUIC protocol, and others. YouTube has the
most use of the UDP protocol for downloads, 99.50%.
Notice that the website has UDP protocols to distribute
information. And has a minority of TCP, TLSv1.2,
TLSv1.3 protocol. and others.

LT

Fig. 2. Shows graph of Throughput versus Time
Duration in case of unlimited bandwidth and limited
bandwidth of Disney+ website.

Fig. 3. Shows graph of Throughput versus Time
Duration in case of unlimited bandwidth and limited
bandwidth of LINE TV website.
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Fig. 4. Shows graph of Throughput versus Time
Duration in case of unlimited bandwidth and limited
bandwidth of YouTube website.

When considering the throughput of the Disney+
website from Fig. 2, it was found that during the first 60
secs the download rate was very low. because it is the
time to access the website and has a higher download
rate after 60 secs as the video starts to view. In the case
of unlimited bandwidth and 4 Mbps bandwidth
limitation, it was found that the download rate was high.
After that, the download rate was reduced. But after that,
the download rate increases and decreases alternately
until the download is complete. In the case of 1 Mbps
bandwidth limitation, it was found that throughout the
packet capture during 60-600 secs, the download rate
curve is near the limit. In the case of 2 Mbps and 512
Kbps bandwidth limitation, it was found that the
download rate was almost as high as the limit. And after
that, the download rate was reduced. And from the
graph, it is clear that when we reduce the bandwidth. The
download rate will be reduced. As the video bitrate is
optimized based on the lower bandwidth, the lower the
data rate.

Since the LINE TV website is a video streaming
service, users can watch various high-quality videos for
free. It's free, making LINE TV an ad-supported
website. There is currently no paid service to disable ad
content. Before watching a normal video, there will be
about 1 to 2 random ads. Users must watch the ad before
into watching the normal video. And when considering
the throughput of the LINE TV website from Fig. 3, it
was found that during the first 60 secs the download rate
was very low. Because it is the time to access the
website. After 60 seconds, when the video begins to
play, the download rate is increasing. In the case of
unlimited bandwidth in the range of 60-120 secs, it is the
time when the video advertisement starts. It was found
that the download rate was high. We can watch video
ads smoothly without lag. And after that, start to a
normal video, the download rate increases and decreases
alternately until the download is complete. And it is
clear that the download rate during the video ad is more
than the normal video download rate. As for the
bandwidth limitation of 4 Mbps, 2 Mbps, 1 Mbps, and
512 Kbps, it was found that after 30 secs. It is the time
when the video advertisement starts. It was found that
video ads used a high download rate. Which the
download rate was almost as high as the limit and it
takes a long time to get into a normal video. Therefore,
the normal video starts playing after 80, 120, 200, and
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260 secs, respectively. In the case of 4 Mbps and 2Mbps
bandwidth limitation, when the normal video starts. The
download rate was almost as high as the limit. And after
that, the download rate increases and decreases
alternately until the download is complete. In the case of
1 and 512 Kbps bandwidth limitation, when the normal
video starts. The download rate was reduced. And from
the graph, it is clear that when we reduce the bandwidth.
The download rate will be reduced. As the video bitrate
is optimized based on the lower bandwidth, the lower
the data rate.

When considering the throughput of the YouTube
website from Fig. 4, it was found that during the first 60
secs the download rate was very low. because it is the
time to access the website and has a higher download
rate after 60 secs as the video starts to view. In the case
of unlimited bandwidth, it was found that the download
rate was high. And after that, the download rate was
reduced. In the case of 4 Mbps and 2 Mbps bandwidth
limitation, it was found that the download rate was
almost as high as the limit. And after that, the download
rate was reduced. In the case of 1 and 512 Kbps
bandwidth limitation, it was found that throughout the
packet capture during 60-600 secs, the download rate
curve is near the limit. And from the graph, it is clear
that when we reduce the bandwidth. The download rate
will be reduced. As the video bitrate is optimized based
on the lower bandwidth, the lower the data rate.

Table 2. Summary of the experimental results the
average download rate in case of unlimited bandwidth
compared to the case of limited bandwidth.

£ Limited bandwidth
Website Unlimited:
4Mbps 2Mbps IMbps. 512Kbps
Disney+ 3.641 2302 1312 2.842 0.380
Line TV 3.380 3.164 1.551 2.628 0.309
YouTube 3133 2818 1.467 2854 0.444

From Table 2, it is found that when we reduce
bandwidth by setting bandwidth according to the above
values, we can see that the download rate decreases due
to the decrease in the amount of data usage. In all cases,
the download rate does not exceed the bandwidth limit.
That means we can limit the bandwidth of traffic to the
website. For video ftransmission that uses high
bandwidth for data transmission. When we reduce the
bandwidth is lower. It can be said that the transmission
channel is narrow. Therefore, when there is more data in
the transmission. This caused the data rate to drop as
well. Which the system will reduce data usage. Video
bitrate is optimized for lower bandwidth and helps users
use the limited intemet traffic more efficiently and
economically.

This is because the resolution of the image is
directly related to the bandwidth of the signal. If the
higher the bandwidth in the signal, the higher the
resolution. As a result, the sharpness of the image will
be even higher. If there is insufficient bandwidth, videos
take longer to start playing or may buffer frequently.
Each service platform now has the ability to downgrade
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streams to save bandwidth. When we reduce the
bandwidth, The system will adjust the quality of the
video image to be lower to make videos start playing
faster. However, on some platforms, if we reduce the
bandwidth too much, it may result in the image quality
is so low that the video cannot be viewed. Therefore, we
recommend bandwidth that is suitable for smooth video
streaming on Disney+, LINE TV, and YouTube, shown
in Table 3.
Table 3. Summary of the experimental results
bandwidth limitation suitable for viewing all 3 websites
at the various video quality.

Limited bandwidth
Website Unlimited
AMbps 2Mbps 1Mbps 512Kbps
Disney+ High High Medium Low
LINE TV 1080p 1080p T20p 360p 144p
YouTube 1080p 1080p 1080p 720p 480p.

From Table 3, the Disney+ website found that when
bandwidth is not limited or limited the bandwidth to 4
Mbps can watch videos at the high video quality. When
bandwidth is limited to 2 Mbps, video can be viewed at
the medium video quality. When bandwidth is limited to
1 Mbps, low video quality videos can be viewed. But
when the bandwidth is limited to 512 Kbps, it takes
longer to visit the Disney+ website and the video can't
be viewed (stutter). On the LINE TV website, when
bandwidth is limited or bandwidth is limited to 4 Mbps,
videos can be viewed at 1080p resolution. When
bandwidth is limited to 2 Mbps, videos can be viewed at
720p resolution. When bandwidth is limited to 1 Mbps,
it takes longer to visit the LINE TV website but can view
videos at 360p resolution. When bandwidth is limited to
512 Kbps, t takes longer to visit the LINE TV website
but only can view videos at 144p resolution. On the
YouTube website, it was found that when the bandwidth
was not limited or limited bandwidth to 4 Mbps and 2
Mbps, YouTube can be viewed at 1080p resolution.
When bandwidth is limited to 1 Mbps, videos can be
viewed at 720p resolution. And when bandwidth is
limited to 512 Kbps, videos can be viewed at 480p
resolution.

4. CONCLUSIONS

In this research paper, we outline the characteristics of
the Disney+, LINE TV, and YouTube streaming
platforms. The packet capture showed that Disney+ and
LINE TV websites use the TCP TLSv1.2 and TLSv1.3
protocols for the transmission of most data packets.
YouTube website uses the UDP protocol for the
transmission of most data packets. The results of the
bandwidth management experiment in the computer
network in the case of unlimited bandwidth and limited
bandwidth. It was found that the download rate was high
according to the high bandwidth. When bandwidth is
limited to various values, this causes the download rate
decreases based on the bandwidth value. And when a
consumer streams video at a high bitrate throughput at a
high resolution. If the bandwidth is reduced, the system
will choose the resolution that is most appropriate and
compatible with the data transmission rate received by
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the service user at the time. Because bandwidth
resources are limited and expensive. Bandwidth
limitation can help to reduce network congestion, avoid
wasting data, and cost savings. From this work, we know
bandwidth so that we can adjust the data rate and get the
best video resolution quality. In order to be used to
create the next network management function.

ACKNOWLEDGMENT

The authors wish to express their most sincere
gratitude to Engineering Fundamental Laboratory
Building (F11), Suranaree University of Technology
who supported the raw internet traffic data for this
research

REFERENCES

K. Bilal & A. Erbad, “Edge computing for
interactive media and Video Streaming,” 2017 Sec
International Conference on Fog and Mobile Edge
Computing (FMEC), 2017

K. Kamluewong & A. Siri. “Maximizing Network
Utilization of Dynamic Bandwidth Management with
Minimum Bandwidth-Constrained Techniques.” Payap
University Research Symposium 2015, pp. 398-407,
2015

A. Biernacki & K. Tutschku, “Performance of
HTTP Video Streaming under different network
conditions,” Multimedia Tools and Applications, vol.
72, no. 2, pp.1143-1166, 2014

W. Mongkonnawasatian & S. Kitisin, “A Case
Study on Performance of P2P Live-streaming
Application: TVUPlayer”, 2016

Wishnu, A. and Sugiantoro, B., “Analysis of
Quality of Service (QoS) YouTube Streaming Video
Service in Wireless Network in Faculty of Science and
Technology UIN Sunan Kalijaga™ Int. J. Inform. Dev.
2019,7, 30.

M. S. Tto, et al., "Network level characterization of
adaptive streaming over HTTP applications," 2014
IEEE Symposium on Computers and Communications
(ISCC), 2014

PHOTOS AND INFORMATION

Kanokwan Khwanthong received
the B.Eng. (2019), degrees in
Telecommunication Engineering
from Suranaree University of
Technology. She is currently
pursuing the M. Eng. degree in
Telecommunication Engineering.

Chitapong Wechtaisong received
Ph.D. in the field of Information and
Communication Engineering, from
Shibaura Institute of Technology,
Japan in 2016. Currently, he is an
assistant professor at the school of
Telecommunication Engineering,
Institute of Engineering, Suranaree
University of Technology, Thailand

335



WA

Praise Nwtl‘j Prize ISSN 2039 — 5086

Wa

Bandwidth Allocation to Traffic and QoE Evaluation
for Video Streaming Services
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Abstract — Video streaming is one of the most popular and highest bandwidth-consuming media
on the internet. However, network bandwidth is a limited and costly resource. Therefore, usage
should be managed well in order to optimize the management of available bandwidth resources. In
this work, it is proposed to evaluate the traffic of online streaming applications in a bandwidth-
constrained environment by testing the performance of Disney+, Netflix, and YouTube websites.
The experiment has been done with both unlimited and limited bandwidth. The experiment has
displaved protocol types, and data size, has measured QoS including throughput, delay, packet
loss, and jitter of online video services, and it has compared the aforementioned elements with
TIPHON standard specification. As a result, when the bandwidth has been limited, it has been
found out that throughput has been in a bad range. This study recommends a bandwidth limitation
of 2 Mbps for the greatest results for effective bandwidth usage. The importance of evaluating user
satisfaction with service providers has been considered by measuring QoE levels using an
individual rating or MOS for assessing the quality of video streams. This research has provided a
guideline for managing the available bandwidth resources for the optimized benefit of all ISPs and
users. This is a cost-effective and efficient use of bandwidth resources. Copyright © 2022 Praise
Worthy Prize S.r.1. - All rights reserved.

Keywords: Bandwidth Management, Mean Opinion Score (MOS), Quality of Experience (QoE),
Quality of Service (QoS), Video Streaming

Nomenclature
DNS Domain Name Server
ETSI European Telecommunication Standards
Institute
HTTP Hypertext Transfer Protocol
ICMP Internet Control Message Protocol

1P Internet Protocol

ITU-T International Telecommunication Union -
Telecommunication Standardization Sector

LAN Local Area Network

MOS Mean Opinion Score

OTT Over-The-Top

QoE Quality of Experience

QoS Quality of Service

QUIC Quick UDP Internet Connections

RICP Real-Time Control Protocol

RTP Real-Time Transport Protocol

RTSP Real-Time Streaming Protocol

SIP Session Initiation Protocol

SSLv2 Secure Socket Layer version 2

TCP Transmission Control Protocol

TIPHON Telecommunications and Internet Protocol
Harmonization Over Networks

TLSv1.2 Transport Layer Security version 1.2

TLSv1.3 Transport Layer Security version 1.3

UDP User Datagram Protocol

VOD Video On Demand

Copyright © 2022 Praise Worthy Prize S.r.l. - All rights reserved

WAN Wide Area Network
WLAN Wireless Local Area Network
XML Extensible Markup Language

I. Introduction

A global computer network that is connected is known
as the Internet. In order to connect billions of devices
worldwide, it uses the TCP/IP suite. On a local to a
global scale, it is an amalgamated network of numerous
subnets that connects millions of private, public,
academic, business, and government networks via
wireless electronic and optical network technology. E-
mail, online chat, VoIP, streaming media, remote access,
file transfer and sharing, online games, linked hypertext
documents, and other World Wide Web (WWW)
resources are just a few of the information resources and
services available on the internet [1]. Video streaming,
which makes up more than half of all traffic worldwide,
is the biggest user of internet bandwidth. Cisco predicts
that by 2022, the video will make up an incredible 82%
of all Internet traffic, an increase of 12% from 2015
whose number has been 70%. This is comparable to the
views of almost 4.5 trillion YouTube videos, which state
that future bandwidth needs will increase [2]. For the
Internet and data transmission, bandwidth is critical,
because the present data transmission, such as loading

https://doi.org/10.15866/irecap.v1215.22340
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various media files, is vast. Video streaming necessitates
a high-bandwidth connection to aid in the faster transfer
of data [3]. An efficient video streaming service should
consider the QoS in the network or measure the overall
performance of the service. A quantitative measure of the
QoS takes into account the service's bandwidth usage. In
order to maximize the performance of an audio, video,
and network quality service, QoS is the control of
bandwidth or network channels, by taking into account
factors like throughput, packet loss, jitter, and latency
[4]. The most effective use of bandwidth resources is
referred to as bandwidth management [5]. The technique
of allocating bandwidth resources to vital applications on
a network is known as bandwidth management. Without
proper bandwidth management, a user or application
could hog all of the available bandwidth, preventing
other users or applications from using the network [6].
Bandwidth management can be done by sorting
outgoing or incoming network traffic based on user
priority, which is classified by the type of web services
and applications. The traffic is scheduled based on the
defined minimum and maximum bandwidth for each
traffic category and permissions are assigned to each user
individually. Therefore, the transmission of data in the
network is controlled appropriately [7]. The demand for
bandwidth has increased as a result of streaming services
[2]. However, just upgrading to larger connections will
not solve the problem because bandwidth availability
cannot be assured. As a result, bandwidth management,
which allocates bandwidth to apps or users at peak times,
prevents network ftraffic congestion. A user or
application's access to bandwidth might be controlled to
ensure a minimum amount of bandwidth and to prioritize
traffic in accordance with rules or policies specified on
the bandwidth management interface. It is hard to
distinguish between the numerous forms of network
traffic that make up the network applications layer. As a
result, it is challenging to control which users or
applications receive network priority. Applications may
also need a precise amount and QoS, which cannot be
predicted solely on the real-time network bandwidth
availability. Specific applications may perform badly if
they are not provided the bandwidth they demand when it
is needed [6]. The QoS factor reflects the quality within
the network without any indication of user satisfaction.
Some users may experience poor service due to access
to crowded networks even if the signal strength is still
good. The QoS should be improved. The QoE has
become a crucial user indicator and a key component of
user happiness. Therefore, a number of aspects connected
to both QoE and QoS in the relationship between the two
parameters should be assessed in order to maximize
network service. A MOS may be used to represent the
degree of user satisfaction when evaluating QoE's
subjective component. Generally speaking, MOS is
ranked from 1 to 5, with 5 being excellent and 1 being
poor. Services such as web browsers, online gaming,
online video-sharing and online communication
platforms might cause issues in the future if Internet
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services expand quickly. As a result, a strategy for
enhancing the network should be proposed in order to
satisfy user demands [4]. Numerous studies have been
conducted on the investigation, analysis, measurement,
and evaluation of video stream traffic, including [8]. The
authors have used network simulators to evaluate HTTP-
based video delivery in order to analyze how network
faults affected streamed video. It has been found to be
able to identify various cases of buffering affecting video
playback and to ameliorate poor network conditions. In
order to enable smooth playback of streaming videos,
ISPs can tailor their network characteristics to match
their HTTP video needs. In [9], the study has described
the network traffic behavior characteristics of popular
streaming services, including Netflix and YouTube (both
of which use Dynamic Adaptive Streaming over HT TP
(DASH) streaming). At the network level, throughput,
average packet per second, packet size, round trip time,
and packet inter-arrival time are all measured. It has been
concluded that, even with slight differences in
bandwidth, both players' adaptive algorithms fail to
perform well under bandwidth and loss limitations. In
[10], network QoS performance has been measured using
throughput, latency, jitter, and packet loss. Wireshark
network analyzer is the program used to monitor the data
flow of the live video streaming network. According to
the test results, provider B has a 5,295 kbps higher
average throughput than provider A, a 0.618 ms lower
average delay, 0.420 ms lower average jitter, and a 0.451
percent lower average packet loss. In [17], the study has
provided a summary, findings, and analysis of the trials
that have been conducted to evaluate the equivalent
resolution associated with handheld equipment. The
discovery of equivalent resolutions results in a significant
reduction in bandwidth usage. Subjective evaluations
have been conducted on fifty people by utilizing a variety
of video sequences and four mobile devices with varying
screen sizes. The findings show that the equivalent
resolution in contemporary portable devices is 720p, as
users do not appreciate higher resolutions. A study of the
traffic behavior of two major OTT video streaming
services, YouTube and Netflix, has been presented in
[12]. The traffic behaviors are tested on a variety of
mobile devices (i0S and Android) over a variety of
wireless networks (Wi-Fi, 3G, and LTE) in a dynamic
network environment. The results reveal that, despite
being correctly supplied to a client, video players
typically trash a considerable amount of video content.
The authors look into the core of this unwelcome
conduct, then, recommend a QoS-aware video streaming
architecture in Long Term Evolution (LTE) networks, in
order to reduce network resource waste and increase user
experience, as well as, limit the maximum bandwidth's
availability in real-time. QoS-aware rules also help video
players choose an acceptable resolution when the channel
is fluctuating. The suggested platform improves user
experience by reducing the buffer underflow period to an
average of 32 seconds, saving up to 20.58 percent
downlink bandwidth. In [13], the nature of streaming
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video delivery on YouTube services has been presented
by using video quality with resolutions of 360p, 480p,
and 720p. Delay, jitter, throughput, packet loss, and
bandwidth have been among the QoS characteristics
examined. The performance of Internet services in
SUKAnet WiFi is not of excellent quality, according to
the results of the experiment, due to its low throughput
and packet loss metrics, which has been below TIPHON
quality requirement. As a result, the service should be
improved in order to meet the requirements of the
Internet service with the highest traffic of users. In [14],
the study has replicated a real-world video streaming
scenario by using both the classical and the adaptive
streaming approaches to see if there is a discernible
quality difference between the two. On the YouTube
application installed on a mobile device, users can view
and rate the videos they see. The findings will benefit
both video sharing and streaming platforms and Internet
service providers, as they will be able to manage better
their resources and understand the benefits and
drawbacks of the two streaming technologies available.
Moreover, [15] has presented an Android application
that can assess and analyze the perceived QoE for
YouTube on cellular devices. The application takes
objective QoS measures, which are then mapped towards
subjective QoE (in terms of MOS) using a utility
function. The application also notifies the user about the
possible causes of a low MOS as well as some tips on
how to enhance it. Users can voluntarily qualify their
YouTube session by taking an online opinion poll
afterward. As a result of this experience, the theoretical
model (drawn from the literature proposed in [16])
produces slightly more pessimistic results than user
feedback. Users appear to be more lenient with wireless
connections, with the MOS from the opinion survey
increasing by around 20% when compared to the
theoretical model based on cable scenarios. In [17], the
study has presented the impact of resolution changes on
user-perceived QoE and the results of an immersive
audiovisual quality assessment test that has included 84
test sequences from four different video content genres,
all of which have been replicated using the HAS adaption
mechanism. In [17], the authors have used a unique
method that has involved the systematic construction of
adaptivity conditions that has been allocated to source
sequences based on their spatiotemporal properties. All
of these issues can be used as a starting point for future
research, such as the development of better QoE models,
HAS system adaptive mechanisms, the impact of
different device kinds, and, among other things,
socioeconomic aspects like user demographics and price.
In [18], the authors have suggested a QOE control
mechanism at the AP that dynamically allocates
bandwidth for each DASH client based on real-time
streaming performance feedback. Under variable Internet
traffic conditions, the local area wireless network's
streaming bandwidth sharing has been optimized by the
author's robust control algorithm design [18]. When
compared to state-of-the-art alternatives, the author's
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design dramatically reduces average video stalling

duration by 57.1 percent and improves average video

bitrate by 42.0 percent for all clients [18]. In [19], three
major video streaming OTTs (YouTube, Amazon, and

Netflix) have been compared across five main national

ISPs in Germany in a large-scale crowdsourcing survey.

Streaming performance has been assessed in terms of

loading times and stalling, as well as customer behavior

(e.g., user engagement) and QoE using the ITU-T P.1203

QoE model. The findings reveal variances in how

customers utilize video services, how the material is

consumed, how the network affects video streaming
quality of experience, and how user engagement varies
by provider. As a result, using the crowdsourcing
paradigm to gather streaming QoE insights from OTTs is

a realistic option for third parties.

From literature reviews, [8]-[10] have discussed
assessing and measuring network-related video streaming
service parameters as well as measuring network
performance. [8]-[13] cover video resolution and quality
while measuring network-related video streaming service
parameters. [14]-[19] have assessed the network-related
aspects of video streaming services and user experience.

However, none of the studies mentioned above has
considered every aspect (parameter analysis affecting
network, resolution, or video quality and overall user
satisfaction or quality of user experience). Therefore,
conducting a bandwidth limiting experiment while taking
into account all three factors is of relevance to this
research. The researchers have come up with the idea of
evaluating the traffic of online streaming applications in
a limited bandwidth environment. This study will assess
the traffic of three popular online video-related
applications in Thailand: Disney+, Netflix, and
YouTube. The possibility that users can watch online
videos in a bandwidth-limited environment and the
resolution or video quality that users will be able to
watch video including audio depending on the allocated
bandwidth has been considered. This paper concerns only
video-streaming services. The reason is that these
services are expected to be the most popular baseline
service over networks with fast connections and high-
bandwidth  connections. The followings are the
contributions of this work:

e Comparing transmission protocol types, data sizes,
throughput, delay, packet loss, and jitter of online
video services.

e Recommending suitable bandwidth for the traffic of
three websites with different video qualities.

e Measuring the overall user satisfaction level or QoE
with network services for real-time video.

This research will be a guideline for the management
of available bandwidth resources for the best benefit of
all users. This allows enough bandwidth to be used for
other services as well, making the service more efficient
and cost-effective use of bandwidth resources.

The rest of this paper is organized as follows. In
Section II, Background Theory is discussed. Then,
Section III shows the methodology of the research.
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Section IV presents the result and discussion. Finally,
Section V concludes the paper.

1L
11

Background Theory
Architecture for Video Streaming

The architecture for streaming video is depicted in
Fig. 1 and it is broken down into six sections: media
compression, application-layer QoS control, media
distribution  services, streaming server, media
synchronization at the receive side, and streaming media
protocols [21].

II.1.1. Media Compression

The network should meet strict bandwidth
requirements due to the enormous amount of raw
multimedia data. Therefore, compression is frequently
used to achieve improved transmission efficiency. Video
demands 56-15 Mb/s of bandwidth whereas audio-only
requires 8-128 kb/s.

Because people find audio loss to be more unpleasant
than video loss, audio is given more priority for
transmission in a multimedia streaming system. In order
to meet the QoS criteria, only the video will be altered. In
Fig. 1, pre-compressed video and audio data are stored in
storage devices after being pre-compressed by video
compression and audio compression algorithms.

Utilizing the similarities or redundancies present in a
typical video feed allows for video reduction. By only
encoding the video elements that are crucial to
perception, video compression lowers the irrelevant
information in the video signal [21]. Scalable and non-
scalable video coding are two categories into which
video compression algorithms can be divided [20].

II.1.2.  Application-Laver QoS Control

The application-layer QoS control module modifies
the video and audio bit-streams in accordance with the
network state and QoS requirements when the streaming
server collects compressed video and audio data from
storage devices. Congestion and error control are part of
the application-layer QoS control. Congestion control for
streaming video typically takes the form of rate control
of transmission of media streams based on estimated
network bandwidth by synchronizing the speed of the
video stream with the available network capacity. Rate
control seeks to reduce the likelihood of network
congestion which can be divided into three types: source-
based, receiver-based, and hybrid, depending on where
they are applied in the network system. Error control uses
filtering to match the rate of pre-compressed media bit
streams to the target rate restriction, which improves the
quality of the video display when there is packet loss.

Forward Error Correction (FEC), retransmission,
error-resilient encoding and error concealment are some
of the error control technologies [21].

Copyright © 2022 Praise Worthy Prize S.r.l. - All rights reserved

368

Raw
video and audio

Compressed
vido and audio

y
QoS cantrol

Video and audio

Storage S

device

Streaming client []

Fig. 1. Architecture for video streaming

II.1.3. Media Distribution Services

The transport protocols packetize the compressed bit
streams and send the video/audio packets to the internet
after adaption by the application-layer QoS control
module. In order to avoid transport delays and packet
losses and deliver high-quality multimedia presentations,
proper network assistance is also required. Network
filtering, application-level multicast, and content
replication (caching) are all part of the network support.

In times of network congestion, network filtering
improves video quality. According to the level of
network congestion, the filter at the video server can
adjust the rate of video broadcasts. On top of the Internet,
the application-level multicast offers a multicast service.

The media delivery system is more scalable as a result
of content replication [21].

II.1.4.  Streaming Servers

In order to offer streaming services, streaming servers
are essential. They should process multimedia data under
time limits and provide interactive control actions like
pause/resume, fast forward, and fast reverse in order to
provide high-quality streaming services. Additionally,
synchronous media component retrieval is required of
streaming servers [20]. The viewers typically send an
RTSP request to the streaming server. The server checks
the relevant folder for a requested media with the desired
name when it receives a request. The server sends the
requested material to the viewer via RTP streams if the
requested media is in the folder [21]. A communication
system (such as transport protocols), an operating
system, and a storage system are the three subsystems
that commonly make up a streaming server [20].

II.1.5. Media Synchronization at the Receiver Side

The receiver-side application can provide different
media streams exactly as they were initially captured
with media synchronization mechanisms. The lip of a
speaker moving in time with the sound of his/her words
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is an example of media synchronization [21].

II.1.6.  Protocols for Streaming Media

The protocols relevant to Internet streaming video can
be classified as network-layer protocol, transport
protocol, and session control protocol. Clients and
servers can assign network addresses through Internet
protocols that act as network-level protocols. Clients and
servers can transport data via end-to-end transport
protocols. UDP, TCP, RTP, and RICP are examples of
transport protocols. Clients and servers can negotiate
services and define the messages and procedures to
control the delivery of multimedia data during an
established session through session control protocol.

Session control protocols include RTSP and SIP [21].

II.2.  Historical Perspective of Video Streaming

Over The Top, or OTT, is the abbreviation for any TV
or video programming that is streamed online. Any web-
or app-based streaming services, such as Netflix,
YouTube, Disney+, and many others, falls under this
category. OTT service is a VOD service via the Internet.

Viewers can view content on the online service
provider's platform using a variety of devices, that can
connect to the Internet, such as computers, smartphones,
tablets, or smart TVs. Viewers can access content and
watch it anytime, anywhere. This important feature
responds well to audience behavior because it allows
viewers themselves to choose to watch what they are
interested in. As a result, the media consumption
behavior of people around the world has changed, such
as quitting watching dramas or movies in major media
such as television or free TV [22].

I12.1.  Netflix

Reed Hastings and Marc Randolph launched Netflix in
1997. When Reed Hastings encountered difficulties
renting movies from the Blockbuster store, Netflix was
born. The idea behind Blockbuster is to rent movies in-
store. When it is time to return it, most tenants have a
tendency to forget, which results in high fines. The fines
can even be more expensive than renting a new movie.
As a result, Netflix thought of the concept of a monthly
video-renting store. Customers can rent or buy videos
online, and they will receive the video through the mail.

A year later, the first website for renting and buying
DVDs, Netflix.com, was introduced. In 1999, the Netflix
subscription model debuted, replacing the per-title rental
costs with a monthly subscription fee. In order to forecast
future movie choices, Netflix established a member-rated
movie suggestion system in 2000. The Profiles feature,
which enables users to make distinct lists, debuted in
2005. Streaming, which enables users to watch TV
shows and movies instantly, debuted in 2007. A year
later, in order to enable streaming on Xbox 360, Blu-ray
players, and TV set-top boxes, Netflix collaborated with
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consumer electronics manufacturers. In 2010, Netflix
was launched in Canada. Following that, mobile device
Netflix streaming was introduced. The first kid-focused
streaming experience is released. After that, Netflix was
launched in Latin America, the Caribbean, the United
Kingdom, Ireland, and the Nordic Countries. The
Profiles and My List features debuted in 2013. In 2014,
Netflix began streaming in 4K Ultra HD. After that,
Netflix was launched in Austria, Belgium, France,
Germany, Luxembourg, Switzerland, Australia, Cuba,
Italy, Japan, Spain, and New Zealand. Netflix expanded
to 130 more countries in 2016. Thus, there are a total of
190 countries and 21 languages worldwide. Netflix added
a download feature for offline and on-the-go viewing. In
2018, a new feature that protects personal information
with a PIN code was added to the Netflix profile system.
In 2020, Netflix debuted the Top 10 lists for subscribers
to see what is trending for the first time. Now,
Membership surpassed 200 million. A Netflix monthly
subscription costs $9.99 for the Basic plan, $15.99 for
Standard, and $19.99 for Premium [23].

11.2.2.  Disney+ Hotstar

Disney+ is a VOD over-the-top streaming service
operated by The Walt Disney Company. Disney+
features unique material from the Disney, Pixar, Marvel,
Star Wars, and National Geographic brands. It primarily
broadcasts movies and television shows created by The
Walt Disney Studios and Walt Disney Television.

Disney+ launched in the US, Canada, the Netherlands,
New Zealand, Australia, and Puerto Rico in November
2019. In 2020, Disney+ services expanded to countries in
Europe, Latin America, and South Africa. In India,
Disney+ debuted in April 2020 on Hotstar, a streaming
platform run by Star India. It was rebranded Hotstar to
Disney+ Hotstar. In 2022, Disney+ expanded to
additional countries in Europe, Africa, and West Asia,
while Disney+ Hotstar expanded to Southeast Asian
countries. There are currently three countries: Indonesia,
Malaysia, and Thailand. By the conclusion of the first
day of operation, Disney+ had ten million subscribers.

As of January 1, 2022, the service had 129.8 million
global subscribers. Disney+ hotstar costs $7.99 per
month on a monthly subscription and $79.99 per year on
a yearly subscription [24].

112.3. YouTube

Three former PayPal workers, Chad Hurley, Steve
Chen, and Jawed Karim, created the firm YouTube
startup in 2005. Karim posted "Me at the Zoo," the first
video to be posted on the website. By the end of 2005,
YouTube had over two million daily videos and more
than 20 million active users on a daily basis. In late 2006,
Google purchased YouTube for $1.65 billion. YouTube
Red, a premium service that costs YouTube users money,
was introduced in 2014. It offers ad-free YouTube video
streaming, video downloads for offline viewing without
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an internet connection, and background video playback
on a phone. With fewer than 10 million users, YouTube
Red was a failure. Therefore, YouTube Premium was
introduced. The YouTube Premium service is basically
the same as YouTube Red but it also gets YouTube
Music Premium. In 2020, YouTube Premium attracted
30 million users. Nowadays, YouTube is the most
popular video streaming service in the world, with over
two billion active users. There is a premium option that
removes the advertisements. YouTube Premium costs
$11.99/month [25].

II.3.  Bandwidth Management

Organizations use bandwidth management in order to
make the most efficient use of bandwidth resources [26].

The technique of assigning bandwidth resources to
key applications on a network is known as bandwidth
management [2]. By reducing superfluous ftraffic,
bandwidth management seeks to enhance the
performance of an internet connection. In order to
guarantee that there is adequate bandwidth to fulfil
everyone's traffic demands and to assist the network run
fairly, satisfactorily, and under control, bandwidth
management is a useful tool. Prioritization of traffic and
management of available bandwidth enhance the quality
of service for vital traffic while preventing competition
for scarce network resources between high- and low-
priority traffic [26].

I1.3.1. Policy-Based Bandwidth Management

The viewpoints and methods used to allocate
resources and services on the network in accordance with
the organization's management policies and purpose are
known as policy-based bandwidth management [26].

Bandwidth management components may be divided
into three major categories:

e Techniques and technologies Network
administrators have a variety of tools and methods at
their disposal for ensuring that regulations are upheld
and that bandwidth is controlled;

Organizational access and management policies -
Policy-based bandwidth management;

Monitoring - For the purpose of developing and
enforcing policies, technical and physical audits, fault
detection, and precise network troubleshooting are all
necessary [26], [27].

II.4.  Quality of Service (QoS)

Quality of Service (QoS) refers to a network's capacity
to provide good service at various levels of service
assurance [13], [37]-[39]. Packet loss, delay, jitter, and
throughput are the four QoS characteristics that need to
be assessed since they have an impact on how well the
internet network performs. The QoS analysis has been
carried out using the Telecommunications and Internet
Protocol Harmonization Over Networks (TIPHON)
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standard. The TIPHON effort has been proposed by the
European Telecommunication Standards Institute (ETSI)
in order to create a market for voice communication and
related multimedia features between users of IP-based
networks and users of circuit-switched networks [28].

11.4.1. Throughput

Throughput is the speed or rate of the effective data
transfer, measured in bps (bits per second) [29].
Standardization of throughput according to TIPHON is
stated in Table I. In order to measure the value of
throughput, [31] has used:

Received Packet Data
Duration

1)

Throughput (bps) =

where Received Data Packet is the total number of
packets observed, Duration is the time duration of
observation. In order to obtain throughput in Mbps,
Equation (2) is used:

Throughput (bps) X 0.8

2
100000 @

Throughput (Mbps) =

I1.4.2.  Packet Loss

Packet loss refers to data packets that do not reach
their intended destination after being sent through a
network. Collisions and queues on the network, network
congestion, hardware faults, software bugs, and a variety
of other reasons all contribute to packet loss during data
transmission [14]. Standardization of packet loss
according to TIPHON is stated in Table II. In order to
measure the packet loss value, [31] has used Equation

(3):

Total T, — Total R,

= % (3
Packet Loss ( Total T, ) X 100% (3)

where Total T, is the total number of transmitted
packets, TotalR, is the total number of received
packets.

11.4.3.  Delay (Latency)

Delay or latency refers to the amount of time it takes
for a packet of data to travel from its source to its
destination. Delays can be caused by distance, physical
media, queues, congestion, overly-long processing times,
or selecting a different path to avoid congestion [14].

Standardization of delay according to TIPHON is
stated in Table III.

TABLEI
THROUGHPUT CATEGORY [30]
Category Throughput (kbps)
Excellent > 2100
Good 1200 -2100
Fair 700 - 1200
Poor 338 -700
Bad <338
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TABLEII
PACKET LOSS CATEGORY [31]
Category Packet Loss (%)
Perfect 0<p<3
Good 3<p<15
Medium 15<p<25
Poor 25<p
TABLE III
DELAY CATEGORY [31]
Category Delay (ms)
Perfect <150
Good 150-300
Medum 300-450
Poor >450

In order to measure the value of delay [31], Equation
(4) is used:

e Total Delay @
Y = Total number of received packets

where Total Delay is the time spent travelling from
beginning to end (second), Total number of received
packets is the total number of packets arriving at the
destination

1I.4.4.  Jitter

Jitter refers to the variation of the delay. It is caused
by changes in ftraffic load and the number of packet
collisions (congestion) on the network [32].

Standardization of jitter according to TIPHON is
stated in Table IV. In order to measure the value of jitter
[33], Equation (5) is used:

— Total Variance Delay )
PRT= Total number of received packets — 1

The total delay variation is calculated by summing the
difference of each delay as in (6):

Total Variance Delay = (Delay, — Delay,) +
+(Delay; — Delay,) + - + (Delay, — Delay, 1))

II.5.  Quality of Experience (QoE)

Quality of Experience (QoE) is a measure of the
satisfaction of a customer's experience with a service. As
the QoS measurement focuses on the media or network,
it is not related to the user.

Therefore, QoE is just a subjective indicator of how
well a service is being received generally from the
perspective of the user.

TABLEIV
JITTER CATEGORY [31]
Category Jitter (ms)
Poor 125-225
Medmum 75-125
Good 0-75
Perfect 0
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QOE studies provide a better understanding of human
quality needs [34]. Mean Opinion Score (MOS) is a QoE
evaluation method for video and audio proposed by the
ITU-T P.800. MOS is a quantitative representation of the
human-judged.

MOS in the range 1-5, where 1 is bad quality, 2 is
poor quality, 3 is fair quality, 4 is good quality, and 5 is
excellent quality [34] as shown in Table V.

III. Methodology
II.1. Dataset

The protocol, the packet size, the packet range, and
the download size are analyzed in the network
preferences of the video streaming website. The
experiment is conducted using Disney+, Netflix, and
YouTube as the three different video streaming sites. The
data collection process uses a passive packet sniffing
method by using the Wireshark tool (Network Analyzer)
to capture the packet exchanges between the video
application streaming servers and web browsers. The tool
for the experimentation study in this work is Google
Chrome as it is one of the mainstream web browsers.

Google Chrome (version 98.0.4758.102) has been
used to watch the videos. Ubuntu PC is employed with
both wired and wireless internet connections in
investigating the network characteristic of the streaming
sites. The wired internet service is accessed through an
RPG cable connected to a router socket, and the wireless
connection has a download rate of about 55 Mbps and an
upload rate of 12 Mbps.

II1.2. Experimental Setup and Processing

Computers with screen size and a native resolution,
which is acceptable for most casual uses, which usually
have relatively sharp screens with a resolution of 1920 x
1080 pixels or more, have been selected. The device
chosen has been the Notebook ASUS TUF Gaming
FX504 Series with a 15.6-inch screen and a resolution of
1920 x 1080 pixels (Standard 16:9 Resolutions).

The researchers have assigned the first computer to
the role of gateway host, then have installed the Ubuntu
Server 20.04 Linux operating system, as well as set up
the first machine as an Internet router (PC Based Router)
and have installed the Wireshark application. The second
computer has been selected as the client computer in
order to watch the video. The experiment divides the
format of a computer network connection into three
parts:

1) PC-Based Router: There is the connection of an
external network or WAN connected to the Internet
through the router of 3BB [35]. The IP address to
configure is 192.168.1.2, and the LAN connection is
connected to a client computer with the IP address
10.10.10.1;

2) The 3BB router connects to PC Based Router:
192.168.1.1 is the IP address. Before the experiment,
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the internet speed has been tested with ADSL

Thailand Speedtest [36] and it has been found out that

it has a maximum speed of 55 Mbps;

3) The client computer connects to PC Based Router
through the USB port to convert it to a LAN cable
connection. 10.10.10.2 is the IP address. Before the
experiment, an internet speed test, which has showed
a maximum speed of 7 Mbps, as indicated in Fig. 2,
has been taken.

The experiment has been done with both unlimited
and limited bandwidth. The bandwidth limits are 4 Mbps,
2 Mbps, 1 Mbps, 512 kbps, and 256 kbps. The tool used
to manage network bandwidth in Linux is
WonderShaper. Packets have been intercepted by
viewing video from each of the three services for 600
seconds (or 10 minutes) on the Google Chrome web
browser. The trial has required 60 seconds to enter the
website before the video started (Time to access the
website). While collecting packets, all other applications
and websites have been closed. In the case of unlimited
bandwidth, the experiment has been conducted by firstly
visiting the Disney+ website and watching the video for
10 minutes, then visiting the Netflix website and
watching the video for 10 minutes, then visiting the
YouTube website and watching the video for 10 minutes.

The experiment has been repeated with bandwidth
limits of 4 Mbps, 2 Mbps, 1 Mbps, 512 kbps, and 256
kbps.

The packet data obtained has been utilized to
investigate network flow and usage behavior. Network
QoS based on the TIPHON standard including
throughput, delay, packet loss, and jitter has been
analyzed.

The researchers have measured the QoE using the
MOS. 25 people, both male and female, between the ages
of 20 and 27, have been included in the study.

IV. Results and Discussion

This section shows the results of the experiment: the
trial case of unlimited bandwidth and limited bandwidth.
Regarding packet data analysis, the study considers
protocol types, data size, time, and bandwidth/download
speed.

TABLEV
MOS SCALE [4]
MOS Quality Impairment
5 Excellent Imperceptible
4 Good Perceptible but not annoying
3 Fair Slightly annoying
2 Poor Annoying
1 Bad Very annoying
External tietwar | imtermal Netwoek
PEEEEA i o 1010102724
'\m (((: 10.10.10.1/24
WAN g

PC Based Router

Client

3BB Router VDSL WIFI

Internet

Fig. 2. Diagram of a computer network
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‘When a device uses the Internet, information flows in
two ways: to the device and from the device. When data
flows to the device, the movement of information is
downstream. When data flows from the device, the
movement of information is upstream. Most common
applications typically need more downstream bandwidth
than upstream, with information flowing to the device
rather than away from it.

As a result, most Internet connections prioritize
downstream bandwidth. Therefore, the interest is only in
downloading or data speed, because the experiment has
been conducted by viewing the video stream on the
website.

Most of the packets are downloads because they
receive data from the server of the tested website via the
Internet to the client receiver. There are few upload
packets because no data is sent from the client machine
to the server of the tested website. From Table VI,
Disney+ has the most use of the TLSv1.3 protocol for
downloads, 66.47%. The TCP protocol has accounted for
32.98%.

It should be acknowledged that the website has
TLSv1.3 and TCP protocols to distribute information.
Disney+ has a minority of UDP, SSLv2, TLSvl.2
protocol, and others. From Table VII, Netflix has the
most use of the TCP protocol for downloads, 69.71%,
and the TLSvl.3 protocol accounted for 30.04%. The
website has TCP and TLSv1.3 protocols to distribute
information. Netflix has a minority of UDP, SSLv2,
TLSv1.2 protocol, and others.

TABLE VI
PACKET DATA, PROTOCOL, DOWNLOADING SHOWS THE DOWNLOAD
SPEED OF DATA OBTAINED FROM DISNEY+ WEBSITE PACKET
CAPTURE IN CASE OF UNLIMITED BANDWIDTH
Total number Data size Download

Protocol Protocol usage (%)

of packets (Mb)  rate (Mbps)
UDP 35 0.0053830 0.0000718 0.0019152
2
TCP 64104 9“'6(8)4192 1.2357892 32.9757209
SSLv2 786 1.1492170 0.0153229 0.4088751
TLSv1.2 136 0.0590360 0.0007871 0.0210042
186.81770
TLSv1.3 128104 70 2.4909028 66.4670904
QUIC 712 0.3498130 0.0046642 0.1244585
ICMP ) 0.0004700 0.0000063 0.0001672
DNS 11 0.0017750 0.0000237 0.0006315
HTTP/XML 1 0.0003850 0.0000051 0.0001370
Total 193894 281‘805797 3.7475730 100.0000000
TABLE VII

PACKET DATA, PROTOCOL, DOWNLOADING SHOWS THE DOWNLOAD
SPEED OF DATA OBTAINED FROM NETFLIX WEBSITE PACKET CAPTURE
IN CASE OF UNLIMITED BANDWIDTH

Totalnumber Datasize Download Protocol usage

Protocol of packets (Mb) rate (Mbps) (%)
UDP 39 0.0073130  0.0000978 0.0052808
TCP 66688 96.5377520 1.2904693 69.7104536
SSLv2 129 0.1891140  0.0025280 0.1365603

TLSv1.2 28 0.0152800  0.0002043 0.0110338

TLSv1.3 28966  41.5938360 0.5560060  30.0351429
QUIC 263 0.1397500 0.0018681 0.1009143
ICMP 1 0.0001390  0.0000019 0.0001004
DNS 6 0.0007120  0.0000095 0.0005141
Total 96120  138.4838960 1.8511848  100.0000000
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From Table VIII, YouTube has the most use of the
UDP protocol for downloads, 99.80%. The website has
UDP protocols to distribute information. YouTube has a
minority of TCP, TLSvl.2, TLSvl.3 protocol, and
others. The findings are shown in Tables VI, VII, and
VIIIL, which reveal that the TLSv1.3 protocol is used on
the Disney+ and Netflix websites to ensure privacy and
data security when communicating over the Internet. The
data transmission between the sender and receiver is
controlled by the TCP protocol. It ensures that all packets
sent to the destination are delivered in the correct order.

On the YouTube website, the UDP protocol is the
most often utilized for downloads. Figs. 3-5 show the
average throughput (calculated with 10 seconds because
the interval is divided into every 10 seconds) of three
applications with and without network constraints. Upon
examining the data, it can be seen that Disney+ and
YouTube have greater buffering times, and their
throughput is lower. YouTube has a smoother and lower
throughput than Disney+. Netflix has a longer buffering
time, and its throughput is lower than those of YouTube
and Disney+. When considering the throughput of the
Disney+ website from Fig. 3, it has been found out that
during the first 60 seconds the download rate was very
low, because it was the time to access the website and
has a higher download rate after 60 seconds as the video
starts to play. In the case of unlimited bandwidth in the
range of 60-270 seconds, it has been found out that the
download rate has been high. Then, the download rate
has decreased. After that, the download rate has
increased and decreased alternately until the download
has been complete. In the case of the 4 Mbps bandwidth
limitation, it has been found out that during 60-340
seconds, the download rate has been almost as high as
the limit. Then, the download rate has decreased. After
that, the download rate has increased and decreased
alternately until the download has been complete. In the
case of the 2 Mbps bandwidth limitation, it has been
found out that during 60-370 seconds, the download rate
has been almost as high as the limit. Then, the download
rate has decreased. In the case of 1 Mbps bandwidth
limitation, it has been found out that throughout the
packet capture during 60-600 seconds, the download rate
curve has been near the limit. In the case of 512 kbps

Throughput (Mbps)

bandwidth limitation, it has been found out that during
60-460 seconds, the download rate has been almost as
high as the limit. Then, the download rate has decreased.

In the case of 256 kbps bandwidth limitation, it has
been found out that throughout the packet capture during
60-600 seconds, the download rate curve has been near
the limit. When considering the throughput of the Netflix
website from Fig. 4, it has been found out that the first 60
seconds are reserved for entering the website, but the
Netflix website offers auto-play previews while browsing
on all devices from the details page of a TV show or
movie.

This has resulted in an extremely high download pace
during the first 60 seconds. When nothing is done, the
download rate has suffered. After 60 seconds, as the
video begins to play, the download rate has increased. In
the case of unlimited bandwidth and 4 Mbps bandwidth
limitation in the range of 60-140 seconds, it has been
found out that the download rate has been high. Then, the
download rate has decreased. In the case of the 2 Mbps
bandwidth limitation, it has been found out that during
60-230 seconds, the download rate has been almost as
high as the limit. Then, the download rate has decreased.

In the case of 1 Mbps bandwidth limitation, 512 kbps
bandwidth limitation, and 256 kbps bandwidth limitation,
it has been found out that throughout the packet capture
during 60-600 seconds, the download rate curve has been
near the limit. In the case of unlimited bandwidth and 4
Mbps bandwidth limitation in the range of 60-140
seconds, it has been found out that the download rate has
been high.

TABLE VIII
PACKET DATA, PROTOCOL, DOWNLOADING SHOWS THE DOWNLOAD
SPEED OF DATA OBTAINED FROM Y OUTUBE WEBSITE PACKET
CAPTURE IN CASE OF UNLIMITED BANDWIDTH

Totalnumber Datasize Download Protocol usage
Protocol

of packets (Mb) rate (Mbps) (%)

UDP 169720 234 4681660 3.1365877 99.7960878
TCP 433 0.2408270 0.0032217 0.1025026
TLSv1.2 25 0.0062170 0.0000832 0.0026461
TLSv1.3 172 0.1647110  0.0022034  0.0701055
QUIC 53 0.0664990 0.0008896  0.0283038
DNS 2 0.0004210 0.0000056 0.0001792
HTTP/XML 1 0.0004110  0.0000055  0.0001749

Total 170406  234.9472520 3.1429967 100.0000000

Fig. 3. Graph of Throughput versus Time Duration in case of unlimited bandwidth and limited bandwidth of Disney+ website
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Fig. 4. Graph of Throughput versus Time Duration in case of unlimited bandwidth and limited bandwidth of Netflix website

Then, the download rate has been reduced. In the case
of the 2 Mbps bandwidth limitation, it has been found out
that during 60-230 seconds, the download rate has been
almost as high as the limit. After that, the download rate
has been reduced. In the case of 1 Mbps, 512 kbps, and
256 kbps bandwidth limitations, it has been found out
that throughout the packet capture during 60-600
seconds, the download rate curve has been near the limit.

When considering the throughput of the YouTube
website from Fig. 5, it has been found out that during the
first 60 seconds the download rate has been very low,
because it is the time to access the website and has a
higher download rate after 60 seconds as the video starts
to play. In the case of unlimited bandwidth in the range
of 60-160 seconds, it has been found out that the
download rate has been high. Then, the download rate
has decreased. In the case of the 4 Mbps bandwidth
limitation, it has been found out that during 60-240
seconds, the download rate has been almost as high as
the limit. Then, the download rate has decreased. In the
case of the 2 Mbps bandwidth limitation, it has been
found out that during 60-330 seconds, the download rate
has been almost as high as the limit. Then, the download
rate has decreased. In the case of 1 Mbps bandwidth
limitation, 512 kbps bandwidth limitation, and 256 kbps
bandwidth limitation, it has been found out that
throughout the packet capture during 60-600 seconds, the
download rate curve has been near the limit. From a
streaming perspective, higher video bit rates mean higher
quality video that requires more bandwidth. If a lower
video bitrate means lower quality video, it uses less
bandwidth. All three graphs demonstrate that as
bandwidth is reduced, the download rate decreases. This
is because the bitrate of the video is optimized based on
the limited bandwidth. The results of the QoS parameter
measurements, including throughput, delay, packet loss,
and jitter, are obtained from packet capture. The four
measured parameters have been calculated using
mathematical formulas as shown in Equations (2)-(5).

Then, network service parameters have been based on
the TIPHON standard as shown in Tables I-IV. Table IX
and Table XI show the results of the measurements and
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calculations of QoS parameters according to the
TIPHON standard of the Disney+ website and the
YouTube website, respectively. When bandwidth has
been unlimited and limited to 4 Mbps, 2 Mbps, 1 Mbps,
512 kbps, and 256 kbps, it has been found out that the
delay and packet loss parameters have been in the
excellent category. The jitter parameter has been in a
good category. Throughput parameters, when bandwidth
has been unlimited and bandwidth has been limited to 4
Mbps, have been in the excellent category. The case of a
bandwidth limitation of 2 Mbps has been in a good
category. The 1 Mbps bandwidth limitation has been in
the fair category. When the bandwidth is limited to 512
kbps, it has been in the poor category. The case of a
bandwidth limitation of 256 Kbps has been in the bad
category. Table X shows the results of the measurements
and calculations of QoS parameters according to the
TIPHON standard of the Netflix website. When
bandwidth has been unlimited and limited to 4 Mbps, 2
Mbps, 1 Mbps, 512 Kbps, and 256 Kbps, it has been
found out that the delay and packet loss parameters have
been in the excellent category. The jitter parameter has
been in a good category. Throughput parameters, when
bandwidth has been unlimited and bandwidth has been
limited to 4 Mbps, have been in a good category. In the
case of bandwidth limits, 2 Mbps and 1 Mbps have been
in the fair category. The 512 Kbps bandwidth limitation
has been in the poor category. The case of a bandwidth
limitation of 256 Kbps has been in the bad category.

This work is interested in the resolution of the video.

This is because the resolution of the video is directly
related to the bandwidth of the signal. The higher the
bandwidth in the signal is, the higher the resolution is. As
a result, the sharpness of the video will be even higher.

The amount of bandwidth available is limited. If the
available bandwidth is insufficient, the video may take
longer to start playing or may buffer frequently. Each
service platform now has the ability to downgrade
streams to save bandwidth. When the bandwidth is
reduced, the system will adjust the quality of the video to
be lower to make videos start playing faster. However,
on some platforms, if the bandwidth is reduced too much,
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it may result in the video quality being so low that the
video cannot be viewed satisfactorily. Therefore, a
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bandwidth that is suitable for smooth video streaming on

Throughput (Mbps)

—lnimited  sesse 4 Mbgs 2 Mbgs 1 Mops

Disney+, Netflix, and YouTube is recommended, as
shown in Table XII.

Fig. 5. Graph of Throughput versus Time Duration in case of unlimited bandwidth and limited bandwidth of YouTube website

TABLEIX
SHOWS COMPARISON OF QOS PARAMETERS ON THE DISNEY+ WEBSITE
Bandwidth Throughput Delay Jitter Packet Loss
Value (Mbps) Category Value (ms) Category Value (ms) Category Value (%) Category
Unlimited 3.7476 Excellent 3.0945 Excellent 0.00001158 Good 0 Excellent
4 Mbps 23092 Excellent 5.0145 Excellent 0.00002473 Good 0 Excellent
2 Mbps 13217 Good 8.7075 Excellent 0.00008817 Good 0 Excellent
1 Mbps 0.8483 Fair 13.4558 Excellent 0.00027137 Good 0 Excellent
512 kbps 03788 Poor 285143 Excellent 0.00114552 Good 0 Excellent
256 kbps 0.2286 Bad 40.4896 Excellent 0.00324510 Good 0 Excellent
TABLE X
SHOWS COMPARISON OF QOS PARAMETERS ON THE NETFLIX WEBSITE
Bandwidth Throughput Delay Jitter Packet Loss
Value (Mbps) Category Value (ms) Category Value (ms) Category Value (%) Category
Unlimited 18512 Good 6.2262 Excellent 0.12245194 Good 0 Excellent
4 Mbps 1.2185 Good 9.32498 Excellent 0.00074190 Good 0 Excellent
2 Mbps 1.1158 Fair 10.3121 Excellent 0.00010046 Good 0 Excellent
1 Mbps 0.9575 Fair 11.9180 Excellent 0.00023909 Good 0 Excellent
512 kbps 04872 Poor 22.5606 Excellent 0.00006804 Good 0 Excellent
256 kbps 02435 Bad 41.3984 Excellent 0.00261367 Good 0 Excellent
TABLEXI
SHOWS COMPARISON OF QOS PARAMETERS ON THE YOUTUBE WEBSITE
Bandwidth Throughput Delay Jitter Packet Loss
Value (Mbps) Category Value (ms) Category Value (ms) Category Value (%) Category
Unhimited 3.1430 Excellent 3.5094 Excellent 0.00042019 Good 0 Excellent
4 Mbps 2.8298 Excellent 3.8897 Excellent 0.00001718 Good 0 Excellent
2 Mbps 1.4468 Good 7.4826 Excellent 0.00007181 Good 0 Excellent
1 Mbps 0.8956 Fair 10.9136 Excellent 0.00019741 Good 0 Excellent
512 kbps 04473 Poor 20.8043 Excellent 0.00074415 Good 0 Excellent
256 kbps 0.2363 Bad 35.5902 Excellent 0.00252173 Good 0 Excellent
TABLE XII

SUMMARY OF THE EXPERIMENTAL RESULTS SHOWING BANDWIDTH LIMITATION SUITABLE FOR VIEWING DISNEY+, NETFLIX, AND YOUTUBE
‘WEBSITES AT THE VARIOUS VIDEO QUALITY

3 Quality/Resolution

Wehsts Disney+ Netflix YouTube
Unlimited High 720p 1030p

4 Mbps High 540p 1080p

2 Mbps Medium 540p 1080p

1 Mbps Low 432p 720p
512 kbps - 432p 480p
256 kbps - - 360p
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Table XII shows the optimal bandwidth limits for
viewing Disney+, Netflix, and YouTube websites at
various video quality. This allows users to watch videos
smoothly and satisfactorily. Regarding the Disney+
website, the study has found out that, with unlimited
bandwidth or a bandwidth limit of 4 Mbps, high-quality
videos could be watched. When the bandwidth has been
limited to 2 Mbps, it has been possible to watch videos in
medium video quality. It should be noted that:

e The Disney+ website provides the following video
quality options: high, medium, and low;

o The Netflix website does not allow users to adjust the
video quality. However, the account used in this
experiment subscribed to the Ultra HD (4K) and
HDR (High Dynamic Range) quality video package,
which used 7GB of data per hour (download rate of
approximately 16.31 Mbps);

e The YouTube website provides following video
resolution options: 2160p, 1440p, 1080p, 720p, 480p,
360p, and 240p.

When the bandwidth has been limited to 1 Mbps, it
has been possible to watch low-quality videos. When the
bandwidth has been limited to 512 Kbps and 256 Kbps,
the authors have realized that browsing the Disney+
website took a long time and that it was not possible to
watch the video (Choppy, stuttering, high pitched, or
distorted sound). The Netflix website did not show the
option to adjust video quality and resolution. Ctrl + Alt +
Shift + D has been used to display various audio/video
details on the screen, but the Google Chrome browser
limitation streamed content at resolutions up to 720p.

With the unlimited bandwidth, 720p video has been
watched. With the bandwidth limit of 4 Mbps and 2
Mbps, 540p videos could be watched. With the
bandwidth limit of 1 Mbps and 512 Kbps, 432p videos
have been watched. When the bandwidth has been
limited to 256 Kbps, there was not enough bandwidth for
the connection. It has been found out that it has not been
able to play videos in Ultra HD quality. Netflix
automatically downgraded the resolution. Browsing the
Netflix website has taken a long time and it was not
possible to watch the video. On the YouTube website, it
has been found out that, with unlimited bandwidth or
limited bandwidth to 4 Mbps and 2 Mbps, it has been
possible to watch YouTube in 1080p resolution. When
the bandwidth has been limited to 1 Mbps, 720p video
could be watched. When bandwidth has been limited to
512 kbps, 480p resolution video could be viewed. When
the bandwidth has been limited to 256 kbps, 360p video
could be viewed. The overall result from Table XII, for
the 2 Mbps bandwidth limitation on Disney+, shows that
it has been still possible to watch the medium-quality
video. For YouTube, 1080p videos could be still
watched, and while the Netflix website does not allow
users to choose the resolution manually, 540p videos
could be still watched. Therefore, a 2 Mbps bandwidth
limitation is recommended in this study. When
bandwidth has been reduced from 4 Mbps to 2 Mbps,
Disney+ and YouTube had a two-fold decrease in their
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average download rates as shown in Tables IX and XI.

At the 2 Mbps bandwidth limit, both websites have
achieved average download rates comparable to Netflix
website as shown in Table X. All 25 non-expert
participants have been between 20 and 27 years old and
of two sexes, male and female. All the test participants
have used only one client computer device (Notebook
ASUS TUF Gaming FX504 Series with a 15.6-inch
screen and a resolution of 1920 x 1080 pixels) to watch
video content. The researchers have paid attention to the
MOS score (Measure the QoE) resulting from their
watching sessions. From Table XIII, the average MOS
score of the videos corresponding to the different
scenarios is shown. (Unlimited bandwidth and bandwidth
limitation to 4 Mbps, 2 Mbps, 1 Mbps, 512 kbps, and 256
kbps). Overall, it has been discovered that the MOS score
for the streaming on the Disney+ website has been 5 for
unlimited bandwidth and bandwidth limitation to 4
Mbps, 3.8 for bandwidth limitation to 2 Mbps, and 2.56
for bandwidth limitation to 1 Mbps, and very bad MOS
values for 512 kbps and 256 kbps. The MOS score for
512 kbps is only 1.16, while for 256 kbps it has
decreased to 1. For the Netflix website, the MOS score
has been 5 for unlimited bandwidth, 4.76 for bandwidth
limitation to 4 Mbps, 4.44 for bandwidth limitation to 2
Mbps, 3.56 for bandwidth limitation to 1 Mbps, 2.68 for
bandwidth limitation to 512 kbps, and very bad MOS
values are obtained for streaming in the case of
bandwidth limitation to 256 kbps. The MOS score is only
1 for 256 Kbps. For the YouTube website, the MOS
score has been 5 for unlimited bandwidth and bandwidth
limitation to 4 Mbps, 4.8 for bandwidth limitation to 2
Mbps, 3.76 for bandwidth limitation to 1 Mbps, 2.88 for
bandwidth limitation to 512 kbps, and very poor MOS
values are obtained for streaming in the case of
bandwidth limitation to 256 kbps. The MOS score has
been only 1.92 for 256 kbps.

TABLE XIII
SUMMARY OF THE EXPERIMENTAL RESULTS SHOWING MOS SCORE
GIVEN TO DISNEY+, NETFLIX, AND Y OUTUBE WEBSITES IN CASE OF
UNLIMITED BANDWIDTH AND LIMITED BANDWIDTH

; Website
Bandpadth Disney+ Netflix YouTube
Unlimited 5 5 5
4 Mbps 5 476 S
2 Mbps 38 4.44 48
1 Mbps 2.56 356 3.76
512 kbps 1.16 2.68 2.88
256 kbps 1 1 1.92

The Mean Opinion Score (MOS) and Standard
Deviations (SD) for each of the bandwidth limitations are
shown in Fig. 6. In conclusion, when bandwidth is
limited to 2 Mbps, customers have been pleased with the
Disney+, Netflix, and YouTube websites. While the
quality has not been quite as good as a MOS video score
of 5 (unlimited bandwidth and a 4 Mbps bandwidth
restriction), it has been a lot better than a lower MOS
video score (bandwidth limitation to 1 Mbps, 512 kbps,
and 256 kbps).
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Fig. 6. Graph of MOS score given to Disney+, Netflix, and YouTube
websites in case of unlimited bandwidth and limited bandwidth
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This has been consistent with Table XIII because
image resolution has been related to user-perceived QoE.

While watching high-resolution videos, users have
given a high MOS score. In the same way, when
watching low-resolution videos, the users have given a
lower MOS score.

V. Conclusion

In this research, the characteristics of streaming
platforms have been outlined. The website Disney+,
Netflix, and YouTube have been studied, analyzed, and
the performance of their sites has been tested. The packet
capture has showed that Disney+ and Netflix websites
have used the TCP and TLSvl.3 protocols for the
transmission of most data packets. The YouTube website
has used the UDP protocol for the transmission of most
data packets. The results from the experiments of
bandwidth management in computer networks, the
unlimited bandwidth usage and the bandwidth limitation
of 4 Mbps, 2 Mbps, 1 Mbps, 512 Kbps, and 256 Kbps,
have showed that the download rate has been high
according to the high bandwidth usage. When bandwidth
is limited to various values, this causes the download rate
decreases based on the bandwidth value respectively. The
result has showed that, for the most part, Disney+ and
YouTube websites have showed greater average
download rates than the Netflix website. It has not been
possible to adjust the video quality on Netflix as on
Disney+ and YouTube. It has been because Netflix
automatically selects the highest frame rate based on
internet speed. Parameters affecting network QoE have
been measured and quantified according to TIPHON
standards. It has been shown for all three websites that in
the case of unlimited bandwidth and limited bandwidth,
the latency and packet loss parameters have been in the
excellent category. The jitter parameter has been in a
good category. Throughput parameters have been in a
bad category when bandwidth is reduced. This has been
because when bandwidth  decreased, network
performance suffered. In conclusion, when the bandwidth
is reduced, the network service performance quality is
not at the highest quality level compared to the quality
standard because one parameter is categorized as bad.

Researchers recommend the optimal bandwidth limits
for viewing Disney+, Netflix, and YouTube websites at
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various video quality, which allows users to watch videos
smoothly and satisfactorily. This study recommends a
bandwidth limitation of 2 Mbps because it offers the best
outcome for effective bandwidth usage. In addition to
measuring QoS parameters to determine network service
performance, the overall quality of network services from
the customer or user perspective should be assessed. The
quality of experience has been taken by measuring the
satisfaction or annoyance of users’ experience with a
network service. This paper has measured the level of
QoE using human ratings or the MOS for assessing the
quality of media signals. The participants have rated
watching high-quality videos with high levels of
satisfaction, but the downside was the high bandwidth for
data transmission. While watching videos of lower
quality resulted in poorer participant satisfaction, the
upside has been that it uses less bandwidth. This allows
users to use constrained internet traffic more effectively.
In future work, the bandwidth and data rate can be
optimized and the right video quality can be obtained in
order to create the next network management function.
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