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ABSTRACT

This thesis presents the methods of Scalable Video Coding (SVC) Multicast
over Software Defined Networking. We choose to develop 2 parts. In the first part is related to
the transmission management, and the second part is described a sender and a receiver. In
the first part, we implement the routing algorithm using SDN which focuses on the transmission
of video streaming data by using different thresholds according to requirement of different
video resolutions and choose the route to transmit based on balance quality of service
parameters, called Quantized Level Balance (QLB). We examine this model with traditional
network dynamic routing by using the Open Shortest Path First (OSPF) routing. The results
are revealed that QLB routing can control the display quality better than OSPF routing. In
second part, we design the transmission of multiple video resolutions and receivers by
modified SVC-MST (Multi-session transmission) called SVC-MST BWQLB since the SVC-MST
mode transmission is used to send different video resolutions to several paths. SVC-MST can
reduce the usage bandwidth for freezing solution, which is a problem caused by bandwidth
congestion. We compare the transmission of the modified SVC-MST with the Advanced Video
Coding (AVQ), the SVC-SST (Single-session transmission) mode and the tranditional SVC-MST.
The maximum delay can be reduced by 46.77% (640x360 and 1280x720) and 66.64%
(640x360, 1280x720 and 1920x1080) compared to SVC-SST. However, SVC-MST receiver gets
the video that does not match with the correct sequence, resulting in encoded error.

Eventually, we introduce buffer to solve the problem of defragmentation.

Keywords: Software Defined Networking, Advanced Video Coding, Scalable Video

Coding, Multicast, Single-session transmission, Multi-session transmission
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2) A Multicast Architecture of SVC Streaming Over OpenFlow
Networks [5]

[ 1

a v dy ¥ O Yo | 174 aa o L4 v v
MuIdsilavenuuussuunldinnisdsloualnvAuusy WIG]G]QEJEULLUU

Y

Multicast Ingdaiuusenaundl

(1) Management Server #uflazilugsuinvaudmsunisdnnissyuu

Y

naneiTunslanauiu dunudld, fnlunn wazguIniside n1sviau

o/ L3

YDIHUINIINTINNTTITUNTTovevReimUnuLlY uaznsivaauIfvie
Neesdrindivseld wdudaliguinisdedadoyacenly uazuiaguinis

N59ANTT IBAINKALIANIINTdITaYA

¥

(2) Media Server vhwihiidedeyalagazszyiteg IP Jae wag Port fas Lag

[
Y

Port wWusfinuadulfviey

v aa v L3

(3) User Agent (UA) g5udavirmiuaiemig

(4) Controller @unsAIuAuNsaetoya

(%
v a Y

NsAIALEUNNLY Prim’s algorithm waddemuduIutuIATiAuNgUnsel

Uanegn19nadnIg

3) SDMA2 Cast An OpenFlow-Based, Software-Defined Scalable

Multimedia Multicast Streaming Framework [6]

[
v

a [d [ ! a [y 1
U UUUNMUINDN E. Yang et al. [5] IW&JLWMﬂWﬁ]Wﬂ’]iﬂ’JUQNﬂTﬁﬁQ

o
14 v aa o L4

PoyatuInviriiuUseansn1m (Enhancement layer) lussuuiasavienianuduasas lay

Y

'
o 6 a a

nssviunisdsdeyalutudavimiiiuyse@vsaim (Enhancement layer) vilvinisdstdoyatuy

£
L3 =

imlszavagnadlaeegsanysalindy

Y

1.3 Inquszasn

1. WEeBNWUUNMINILEUNWNAIUANAMA KA YUIRIRTIAL AN NN 0819
9 ] A o & &
AUNAFIYITULAZEVIENMUUALALTONALIS
2. WeiUsEaniamaInmInsEgidunsdsdeyatuuliafnaddmiunis
IANINSNSIAIRVAIUTUTUIA LS

3. wewnUymansudeyainviruilddniFesiuainninseganeidunig



1.4 Y9ULYAVBINUINY

1. aswmsdoyawvudainaduussuunzetnenmualagweans
2. @593snsndunlaensldnisisaanuinasduiinionsanuuuding, ns
Imveaian Uitter) wazn1sgayyne wuuimtinsin uazwuudwilnauna

aa v L3

3. ’e)’e)ﬂLLUU?SUUﬂ’]iﬁQGﬁ@;{I’a?@Wﬂuﬁ’)ﬂm’mig’m H.264/AVC wag SVC Tuauin

aa v L4

ANFAY 640x360, 1280x720 ey 19201080
1.5 Uselgvifianadnazl@su

1. aunsadenidunemsdsteyaiimnzaniunsdsdeyaussianIavialae
Fonszdunmunnveaduneildlunisdsedaauna

2. ansoandymaiududvesuuudiadildiisane  lledaifviauad
Aunmgalngnendunislunsdseya

3. anunsauanNadfviatogagndes efinisddoyauuuvaneidunisiag

Trlilasdmiuinteslaya

1.6 AMNTINVDITEUU

¥ v
a YA = U

Tudell fRdelduusdinvesszuvsendu 4 @ deil fds (Sender) 35U
(Receiver) @umIUANTEUUATEUE (SDN Controller) wagszuULAIaYIY (Topology) TuA

1 I (% v 6 o =
ATHIUNAIMUANNUD GNE‘U‘V] 1.1

SDN Controller
- Routing Management (QLB)
- QoS Management

- User Management (IGMPv3)

Install policy \ Get Topology and
Sender Send Topology by Join Receiver
- Video Encoding Mininet - - Video Buffer
- Video Streaming Receive - Video Player

JUT 1.1 90953 UY



1) #de (Sender)
(1) Video Encoding fie n1sidnsiannsgiu H.264 wiseendu 2 Ussian
Toun
® AVC wsamelusunsy ffmpeg

® SVC 1915%anay Joint Scalable Video Model Reference
Software (JSVM) [7]
(2) Video Streaming dstayameguuuuiiafnaias
2) E:J'%J‘U (Receiver)
(1) Video sorted Buffer laf@usu SVC-MST
(2) Video player Tglusunsu Mplayer
3) daumuqmzuum‘%aﬂhﬂ (SDN Controller)
(1) User Management (IGMPv3) lgdnnsaundnlussuuiasedie
(2) Routing Management ldvidunisdmsudetoya
(3) QoS Management ldnsavaeunasiiudeyanunimdunislussuy
LATDUE
4) F2UUATUE (Topology)

va v

Tuasut §398T8lUswnsy Mininet  Tun1s3nasessuuwpIatielagiu

Y

Toyan1e 9 Al LUumIn MIYeial wan1sgame
1.7 laseadrevesinentinug

Fneninusiladnielaseasiadu 6 un aseludl

a v o

unil 1 Juund Fnandsanuddyuazinnveslyniide Sngusvasd

YOULIHINUINY NITATINONANTLATNUNIUITIUNTTUNLALITOIA VU
N 1 = a [ & adad o & 1 = a a 1
Nl 2 nantangud ¥dnn1s Tuneudsndndudenisfinen Ine1tnusil
LarUATENLAEITDY
UM 3 - 5 NANITINISHAILILAZNNTNAABIANN 9 S¥UINNITINY TRTUNT 3

wuaneNIsUTeuLeuIULUUNTdtayaliinaINN153nN1sseuUAT o BkUUN I L LA

'
o

szuuAIeYIeNMvualaggendwIsNENTeimudy uni 4 asSeuiisunuantiniunis
Audeyauaziunisdsloyaveansidnsadivian AVC uaz SVC wasunil 5 auttiuiionis
widgymmiiaduainnisdadeya SVC-MST

d' I3 a v d' a a I
UNY 6 LUUUNATUNTIRBLNDINEIUNUG



UNA 2

NOBUAZHANNTS

Tuunilaznanfmguiuaznannisduluanudiugiuiddgsanisfing

A 1

wazn1sviaudlaluundsa 9 U Feflideomidunisesuresluniuszuuiaiedny uasg

aa v

sULUUIATIAINRSEIU H.264
2.1 3U1eNNNUAlag o NAKIS

\wsevneiinvualagrendwls (SDN) [8] Ao szuuinIelenin1sdanising
NS JULUUNLANAIINTEUULATBYIELUUALANADNITUENAIUTEAUTUAIUAY
(Control plane) aan3aNdIUsEIUTUTRYA (Data plane) LOTIUAITIANTITLATOUIEVIAINLA
AN 1sdeulusunsumuaur1ulamuliadinslnaea (OpenFlow Protocol)  lugunsal
\wwsevy i liliauganguadunsianisaunsaliivanyuaty N1smuANSEUULATENIEIL
gnAUANLTEIRLAL IV avateanuTILINiIAIuALlussuuNRas1eTy wazlleligunsel
v e o1 Y o 1 1l L4 ' [ al' J 1Y
Whsnlvaiflddesivuelvdiazgunsal wianunsausuwdsunsivuaaisglusunsy

UedukdIUuUTe (Update) annsiaaunula

Application Layer

®  Media Server (Video provider)

(I) API (I) API (I)

Controller Layer

®  OpenFlow Controller

OpenFlow ® OpenFlow

Infrastructure Layer

®  OpenFlow Switch

g‘tlﬁ 2.1 SDN Architechture

[

91n3UT 2.1 Ae an1Unenssuves SDN Usenausiy 3 du sail

[ 7 v v
v a v A vo a o o

Fuil 1 funsldon (Application Layer) #ie FUNHIANTILAAAINTIINY
A9 9 LU N1TUTNITIANITIZUULATEVNY (Manage network  service)  N1SANAUALEUNIN
(Routing) MIAIUANNTINES (Access  control) wagn1sudmsiavimianTudauvusiafaiad
(Video multicast streaming) 1Hudy Tuguiavinsdeiy %umimuam (Control Layer) a7

Bumaslanislvau



(%
1Y

il 2 %umamuqu (Control Layer) fg %uﬁﬁmnwmmzmuqm%’aaﬁamq il
Tngagvnistmuangmsdsdoyanis q 409 Data plane fanisufuUmIsamsiiun
uyna (Update routing table) fiudsuulawnuanimuesaieds ludulassadsiiugiu
(Infrastructure Layer) Tngnisastoyamsdenistuiulassadsfiugiutusiulomulailng
Inaoa

ful 3 Fulassadrafiugu (nfrastructure Layer) o Suvesgunsnifias
Usznaulumegunsaleng 9 1wy lawulnatadng (OpenFlow switch) wiitng (Host) way
gUnsaidu 4 Tuduigndamssedoninulemulnad (OpenFlow message) lUgsgunsalil

sossulawmulnailnsiveoa wu lowulnaiaing Wusu
2.2 nMsssvalanaddsuILIala

nssRaIAviAlUsuIuIala (SVO) [91 Ao @1utensveduInsgIuns

ﬁﬁmmmmuaq Tneay

= &

WinsvaaviaY H.264/AVC daludwlinisdedayaussianiavia

La
2
=
<2
©
Lo
)}
) -
=
3
=)
pimd
N

(<] U aa o v 0 aa v
nsusuveneaun nueddaviadls laenisundvaduiuuadudy
UseLnn tonkA

Uselnndl 1 Fuiugu (Base Layer) Tu 1 3avimtagiiiies 1 duwiiiu oy

WAAUNNNMAATINETUTA fidsmsTaviadayldsuriomn
Uszuandl 2 Fuaene (Enhancement Layer) 1An91nnsyiuneseninedu

a

(inter layer prediction) Judunindenvesysuiavmiilesaindutuilddmsuveny

¥ 1 Y

Aa o ¢ ) Y | Ao Yy A a
f‘jmﬂ’]WﬂqiLLﬂ@QNasﬂ@ﬂ?@Wﬁu LL?J'J']Q Ul wllll@i GUU ﬁUIHﬁQUUﬂUQﬂQLLaWQNavL@ LU

nstdnutardazgninluTuiutuneuntn

sUsuunsUFUveneuY 8 3 JUkuu laun
WUUT 1 USUTUIALTSNUT (Spatial Scalability) Tddnsuanudesn1saua

Yoy (Frame size) Mwansneiu neduiugiuaziivwnfiiniign wasduveieazgnadiie

v euAveulsililvgTu uaneiegun 2.2

gﬂﬁ 2.2 Spatial Scalability of SVC



WUUT 2 USuauna@ianan (Temporal  Scalability) lddmsuaiudeenis

Y

Puruisulunidunnuendiaiu Inetuiugiuasgnivua il uiusuntesiian uas

o

Fuvgngagyimhiiiaiumsilvinnvulegligiutuneuni wansiaguin 2.3

gﬂﬁ 2.3 Temporal Scalability of SVC

WUUT 3 USurunalenainin (Quality Scalability) T miunanmuesinvia

Muana1eiy lngduinugiuazdaanalniinua e ngn wavduvereaziununnwlanugy

Favimineuntihlagnisaaanzdiudeyalviinuazideniinty Lansisgun 2.4

r Orpanizaiion of normal slice data {base layer).
Organization of progressive slice data [Enhancement layer).

)10 D1 1

gﬂ‘ﬁ 2.4 Quality Scalability of SVC

2.3 Inslnaoalunis streaming

nsinpeadildlunis streaming  Avainmane 19y Real-time  Transport
Protocol (RTP), Hypertext Transfer Protocol (HTTP), Real Time Streaming Protocol
(RTSP), Real Time Messaging Protocol (RTMP) uag HTTP Live Streaming (HLS) \Judu

Fausaglnslneeaativayunisidanunuansieiu
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2.3.1 Real-time Transport Protocol (RTP)

RTP [10] Ag Insinaeaniislunisdetoyauseiny Real-Time 7603015013

v

novauedlaeviuilun1sdmalavnluazides Ineuni RTP avdadayalagly User Datagram

Protocol (UDP) &winbranunsodsluguuuvuvesdiainaradludmaisvatenisle tnedinis

MruAGIKUIANN 9 AagUN 2.5

oo ojofojojo|jo|1|tf{1|{1]|r|1f{1|r|1|1|2]|2|2|2|2|2|2|2|2]|2
112 4|56 (7|8|9|0|1|2|3|4|5|6|7|8|9]0|1|2|3|4|5|6]|T7]|8]|9
\ X cC M Packet Type Sequence Number

Time stamp

Synchronization source (SSRC) identifier

contributing source (CSRC) identifiers

91nlA59a319 header a3 RTP fuunalaeyaliwingu 12 lud dnuaudfvessdauys dail

gﬂﬁ 2.5 RTP header

v

Version (V) (2 Un) Ao nestuvedlnsinaea RTP MldGedaqiuluiesdu 2

Padding (P) (1 On) Ao WanATiueniwinfatuldgnifudedeyaiiiulinediv

[ < = £ Y
YUTNRVBILLNA mmmalu waglalunszuiunisnisinsia

Extension (X) (1 U%) Aa Nannuaninanmasinisvenensaiy

= 1

CSRC Count (CC) (4 Tn) A d1uuanauluYad Contribution Source Identifier Tu

winiAnlaeilan CSRC Tadaus 0-15

'
=

Marker (M) (1 Un) e Tnnlddmiussylay Profile wag Specification

A 1

Packet type (7 Um) fio daulunisszyviiavesteayanislumdlvan Fgnimunain

nsguiuuveInmsiudadeya

Sequence Number (16 T) fie @nlumsusndwureaufinidn ielviFunsavaey
M3gapmevatiinie wazanunsaldlunissesaaulmla

Timestamp (32 Bn) Ao Aweananfiszylurisfideoonun Jegnldlunisduinnis
lyveaian uaza (Round Trip Time Delay: RTT)

SSRC (32 T) fie LauUszdd Session Liteszysds

CSRC (32 Un sio 1 f7) Ae duillddwiunaude gnlddmsunssuiumsusyyu
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2.3.2 H.264 SVC header fimvunlaglusian SVEF

o, | o =

Wesan Ve Wusduuvdaviadniinuaudanielunaned1aa1ndnsia
F

q

£y L3

TagmlunyinlvaesdidiulunisssunmaudiuesdIniaml SVC  @98i9nuideda9n SVEF [11]

9 9

A o 1

mMunuagUivuauautaivesteyaiinsdalaeinisdniseswinuls Asgun 2.6

0|0 ofojofojofo|1|1 1|1 (1|)1|1|1|2|2|2|2|2|2|2|2|2]|2
1] 2 4 (5|6 |(7|8|9|0(1|2|3|4|5|6|7|8|9|0|1|2|3|4]|5|6]|T7|8]9
LID TID QID L Ty D |t Res
NalulD
Total Size Frame Number

Payload

5UT 2.6 SVC header by SVEF

NIASIAS19 SVC header Hvuaminny 12 Tud daaauTfvaadinds dail

9

da v L3

LID, TID, QID (3 * 8 Um) Ae ID vastu SVC Favimd Fesznoudne LID USuruaids
fiudl, TID UfurmaiBanan, QID Usurunadnanm

L (1 Om) Aiw Network Abstraction Layer Unit (NALU) #iqganving

Ty (2 On) Ao Usetanues NALU

d (1 ) A® venANEILNTaNISENLEN NALU

t (1 O%) A UONANUAINITANITAANITES NALU

2 (1 ) Ao gamauA NAL wuudu q asgnaslulugeieatuiy NALU fiinans
Res (2 90) Ao drudrsosdmsunisidendy q luewan

NalulD (4 Gn) e nMsuaweved NALU Tuiaviriduuwuy

aa o L4

Total size (16 ) Ao Yu1AvBITRYAIRYIALTINGY header Mg

[

Frame number (32 U) A8 31UIUUDUNTY
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2.5 TwsInaaalun1sutdunig

Insvasalunisuudunig (Routing Protocol) @B NIZUIUAITUILEUNI

\elvidloyaludatenisliegngndes daaunsavile 2 38 louA
2.5.1 wunnauuuALi (Static Route)

WHUMALUUASH Ao Mstildunelunsenisdstoya (Routing Table) lag

uasEuuA3eY1Y (Network) ausnlvilsines (Routern) ns1uindndesnisazdsdayaluy

ey

\A3eUN8ERY (Subnet Address) Mwilsuazazdesdauisunesimlvy Aignleudily

9

Y
08
Y

Tumsrudsnd@un1iimnanesi

2.5.2 dumanuulaundin (Dynamic Route)

dumautlawin  fe nsldwenduisiinasantusunediiieriming
uaniasuteyaimansiifisafunadenidumnassninasimes vdnnisiau feisimesas
dsmnsemsdsdeyaiauysalvesesliiuisunesifieutuiEening Insinaoalunism
L&UM19 (Routing Protocol) ﬁiﬁ’ﬂummaﬂLﬂ?iaumi’mmidaﬁffayﬁ Imaﬁﬁauam‘%aﬂwwéfm
wilvdayanisnanisdadeyarmedies nsnuduniwuulaundinaunsowdseanidu

Distance Vector wag Link State $ann5797t 2.1 [12]

AN5197 2.1 ANUEILNTAVBIINS IARaNEUNIakUULlAWNdN

Distance Vector Link State
Properties
RIPv1 RIPv2 IGRP EIGRP OSPF IS-IS
Speed of
Slow Slow Slow Fast Fast Fast
Covergence
Scalability Small Small Small Large Large Large
Use of VLSM No Yes No Yes Yes Yes
Resource Usage Low Low Low Medium High High
Implementation Simple Simple Simple Complex Complex Complex
RUBLIRA:

- Speed of Convergence fa A5 lUATHILEUNS

- Scalability fio ALaM190TUATTOITUTTUUATIUIBVUIA LAY
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- Classless 229995V Variable Length Subnet Masking (VLSM) LLazmiﬁﬁaqULﬁuma

(Route summarization) Lﬂaamsuu’lmaamﬁwﬂ']iziq%’auua
- Resource Usage fia nsnensilalunismidunia

- Implementation and Maintenance Ao euuaziinuendndudosilunsguanazdnms

1) NABTIZIZNNY
NNMeTIruENIe (Distance  Vector) Ao JULUUTLSUABIAINITALTEUS
1ATIES1ITTUULATOUILALLATUNE 8 UAI1ENNANY ¢ InufunIshaniUasunisanseas

¥ LY 1

Toyatiumsnmsdadeyanisdetoyavenieutu weaglmiouiinsunesiieutiuves

o
fuddnfuirietdedeneslstne ileiazdmanmtansdsteyavesnuein drilufiniAnddin
oflmevadunietiedesiainodifleutiniinfazdwiouiinfndululfsumesieutiy
fadenaniae Feegsinsinasalsuanil leun
1. Routing Information Protocol (RIP)
Twnsn (Metric) wuu tudruiusey (Hop Count) lunisiden
LEUNNY
2.Interior Gateway Routing Protocol (IGRP) k&g Enhanced
Interior Gateway Routing Protocol (EIGRP)
Tdahutseneu i 5 fuds Tunisduan e
K1= Bandwidth, K2= Load, K3= Delay, Kd= Reliability wag K5
= MTU

E1=BW+ (K2 «BW) K5
(256—Load)+K3xDelay (Rel +K4)

Weight (p) = 256+ [

] @

lagd BW  fio huumianiigadunig
Load Ao A1I2URIEUNIS
Delay A9 AMNAITIVDUEUNI

Rel  fo Audeiiold (Reliability)

[

K-Value: K1=K3=1 uaz K2=Ka4=K5=0 Lazdu1aunns (ﬂx‘ﬁf

Kl1=BW
(256)}+K3+Delay

Weight (p) = 256* [

] (3)
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2) aa1uzn1saules

a 1

anugn1skdoules (Link  State) Ae NS ILABIILEITDUADULADS WA

Y

'
=

auavesiululiduisumesiioutu welvitsnnesitoutuaAwiumdun19iaianos

[

umesazlifinualsinesifioutuuariinsunesiiafesiaeyilis nesaiunsaiiu
ANTINNIMUATBITEUULAT UL D UDE19R Fedpdalnsinaeaussianiilaun  Open
Shortest Path First (OSPF) &g Intermediate System to Intermediate System (IS-IS)

Y]

1Hunsn Ao ALRABYDIAIINENTT (Average delay) WisaluuAINY IngiRviel

eANSWUUANYENY (Cost) AasN1N 2.2

P 1 Y J fa (3
HITNN 2.2 ﬂWIGZJQWEJLLWagLLUUW'JWVI

Bandwidth Cost
100 gbps 1
40 gbps 1
10 gbps 1

1 gbps 1
100 mbps 1
10 mbps 10

1.544 mbps 64
768 kbps 133
384 kbps 266
128 kbps 781

2.6 nMsusEiuganmnIsiuIng

nsUsziunanImnsliuinig (Quality of Service: QoS) 1ludsdniu
dmiunisiivinisuuesetig WesnnsuseAuaunmnsiiuinis QoS aunsafae

[

Iansfiuvanedym Faduusvesnisuseiunaninnsiiuinig deed

]
o I

1) Yesdyaundsld (Throughput) fle nsdstayaanganilaldsdnyn
=) 1 A o Yo & = 1 < a 1a = Y a a § R ¢ Y1
nildlugisaimuualad e dvuledulneiund (bps) glusnmsdumesidndslden
1 Y a1 vy 9 Y - A ) v
Yodyeyrauniddlel (Throughput) lun1ssudseiuvuinvensasdearsviedesdyqyiutes

ﬁqmﬁ'%ﬁmaiﬂﬁlﬁﬂﬁ (Minimum Throughput Guarantee)



15

Z sent data (bit)
Throughput = (4)

time data delivery (s)

v v A Y

2) AUl (Latency) wiaiisaniuferiaidn (Delay) Jaduaaidh

a <@ < v [
DINIAUNITBILANLARINAUNI LU atenia

packet length (bit)
Latency = 5
€ link bandwidth (bit/s) (5)

3) MIgaYmIeVaIUNNLAA (Packet loss) Ao Auiianaialuszaudnues
winaludupsunisddoyaliinaslunsgymeresuiiniinssninansiunie vsen1sgn

nseU (Drop) MklstAnAuAuATTuluAIoUe

packet sent—packet received

Packet loss = x 100% (e)

packets sent

'
a a v 1

4) A15112v8917a1 (Jitter) @D A ANINAIURUNIUVDILIAEE

Y
a = o <

(Delay variation) #i3ailuannuuanAnsvesIaaNa I iiaTufuwiiniia

Z variation delay
[itter = (M

packet received

fegne [13] laszuduusvesnisuseiugauninnisliusnisuuuianie lagd

U U ‘NI
ITAUAUNTIN FNATT NN 2.3

A15N7 2.3 seauamunnvewiarUafevesnanmluwuusig 9

Category Throughput Jitter Packet loss Delay

Excellent 100% - 0% -
Good 75% <20 ms 3% < 150 ms

Medium 50% 20 - 50 ms 15% 150 - 400 ms
Poor < 25% > 50 ms 25% > 400 ms
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2.7 YunauIsvaglanansn

[
[

Tunaulsveslnnansy (Dijkstra’s shortest path Algorithm) [14] Aa 35119
Tumsmdumandungaisuilanlasuanudeulagazyinsiasaniuminluas (ew) uas

Wiguiguiduniaitaidenidunienil ew tdeeiian

Y
U ;%

A 2 ax v A = ax s ~
GU']ﬂEU‘VI 2.7 A AMTLLERY 'Jﬁﬂ']i'vnLaquﬂwaumﬁ!mﬂ'ﬂﬁﬁﬁl@ﬂamﬁq Iﬂﬁ]llﬂ']i
o U L2 dil
ANUUARILUST AU

V = nguvesgunsaliiiewsie, £ = nguvedangiousie, s = §da (Server),

Y

MG = naugSu (Client of group), dfu] = LHUNIHUAAYDINNINTUT 970 s 819 u (Distance),

'
a

plu] = wWunsdugaueaniatsanneumt 210 s 89 u (Previous Distance)

Dijkstra_Algorithm function

Input: G=(V,E), ew, s, MG
Output: MT

—

T={s}; ds] <— 0; d[u] «— o0 and p[v] «— 0 for eachu #s,u C V
insert u with key d[u] into the priority queue Q, for each u C V
while (Q!=null)
u «— Minimum_distance(Q)
for each v adjacent to u do
if d[v] > d[u]l+ewl[u,v] then
dv] «— dlul+ewlu,v]

plv] <— d[u]

R S R A L R

add v into Tree

10: Return MT, the subtree of Tree rooted at as associsted with MG

gﬂﬁ 2.7 Dijkstra shortest path Algorithm

FBladans gldlulnsinasalunsmidunsvesszuuiaiotiodai i
RIP, OSPF uae I5-IS wilwsinmealumsundums wa 3 wuu Mnsiuawidunisagnis
#1588 Hop count, ANA19T Tauuuminidsliiiieanadanisdnnisdstayainvia
Fmnudeanisnsiansansuysluededisfunnduegiansimesian LAZNITGEYYIY

[15] §e famnsned 2.4
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AN 2.4 mmmaqmwammmwiumazﬂazm‘mmﬂmm
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Application Type Throughput Latency Jitter Packet loss

Email Low High High High
Web browsing Low High High High
File transfer (FTP) Low-High High High High

Chart (IM) Low Medium Medium Medium

Video Streaming Medium-High Medium Medium Medium
Video on Demand High Medium Medium Low
Voice over IP / WiFi Low Low Low Low
Video conferencing | Medium-High Low Low Low

101398 [16] MIwuudiod, AUa1H kagANUgYmIea Tty

FIFUNTN (8)

Inverse weight (p) =

Bandwidth (p)

Delay(p)=Loss(p)

€)]

naun15919eu liin1siansanansinivesnatwaztdun1ssiuaenls

el ugasdnsagailildanunsossyanuunnaiweuwnasala

2.4 danAndan

aa

ffafmnas (Multicast) Fio 37ianUSinamesioyaiidsrinueiotng nilsasluga
yanefiSuegnediusyAvinmnniy  mnedunsdsioyauuuideauayinvim Wy nisUsse
fneusy waznsuaasnisal iy faRnadezdsteyannddsugnguanzvessuiidnsou
nda (Subscribe) Tnpavasufiniin (Packet) iissyaiien Tasasgnadludu Layer 3 uwianduma

lusedenaznesdndayayelildussaniamueiavieisan waznsuseuianad msy

gunsalviavun wievielimsdsinvestayauazaunsal segnisdslaya Aegui 2.7
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'
A 1 =

Jafaradanuiunldluszuuiasavranivualnesanmwlstaaenedl

Y

13 )

]

Usgansnm Lﬁmmﬂm‘%mhaﬁﬁmumimwaﬂﬁmiL‘ngﬂLLUUﬁmmmf{i’mmiizUULﬂ%ﬂh&l
wuvugudnansld Seinlisuuuunsdedeyauvuiafnaradiléfunisfinainadasn felu
STUUNINTU 19U GroupFlow Model [17] iflusuuvunsdsdoyauvutafanad Tussuy
insedefidnnislasreninsguuvunieiifinsiiutasnselasairalnidu (Token) #ld

LYY 1

guduiinusznIgTulagdds T1 Token 2Qn3IuAU IGMP join message d@H1ufIAIUAY

Audnauarddlviidaneligdddlunsnsiaasuimuneuazeugnuardoyasenineiy

Tunuiiagdfuugsmshaunigly GroupFlow Model Tudiuvastunaunis
widumandungaaelsvedlanansi (Dijkstra’s Shortest Past Algorithm) lvifiaanuanunse
Tunsfiansannsimuadiviin Mana1a1mud (Latency) Nsgeymievesuiiniin (Packet

Y

Loss) wag NMshnveanan (itter) dwsumsdsoyausainviavirlaniuile

2.8 GroupFlow Model

nulnsluna (GroupFlow Model) [17] 1dugunuunisdnnisiaieuis
wuusiafn1aanasnenie pox SDN Algnslanans) Inefiarsanaluangainiuunining
WiaesgkasiuduIuvetaUnsaliaIedy wenandn1sdanisaundnily IGMPv3 (18]

v
v

n3Ulnslanafvienuiu OpenFlow Usenaudie 4 duman fall

1) GroupFlow (Judiuildlunsauumidunsliiuaandnilaain IGMP
Manager Module uagldtayalu FlowTracker module asiaapuidunIeslglunsALIN
waNINTULABIINIAIAUEUNILAY druntuauazRnnwmsedslayaliiuudagaindily

lunisdetoya
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[

HarduildlunsduamidumeUssnoudaeitedu ol
® calc_link weights I%ﬁwmmﬁ"jmﬁ'mqﬂmﬂ%awiaiuLﬂ%aszha
wiarmsideuselaeiniAain flow tracker module (@1uidisly
pox.openflow.flow tracker) oy EULLUUGUENﬁ’mﬁﬂ 31 2 Uszlan:
linear &g exponential LLﬁz%Qﬂﬁ’] weighted topo_graph 1

T4lu calc_path tree dijkstras

® (alc_path tree dikstras Annamdunslagislanansn wan
ualilu path_tree map LLﬁz%QﬂIﬂu install_openflow rules

U

WNLRBNEUNINEES

® Install_openflow rules Wudmldlunisanss n1sviremuliiu
aindusazdulnelddoninu flowmod  (ofofp flow mod() Tne

AuRNIEsEyieravIeen histnauidh

[
(%

® remove openflow rules aun1519N159119 UM BAIA 1A

s of OFPFC DELETE

® update_flow placement JuduiildiFonnismdunives
calc_path tree dijkstra Tyl uazfinfem1snanisinaudaes
wUs install_openflow rules Tu
2) IGMP Manager Module \Juduiilddnnisaundn fae IGMPV3 nns
F1usne 9 Rerndae RFC 3376 [19]
Uszneuse 5 classes diail
(1) IGMPManager 4fuUn136sA178e IGMP  settings uaz 4An13n13
Feulowenswmos IGMPV3
(2) IGMPv3Router () {Judindnnisidwesiusnines IGMPY3
(3) MulticastGroupEvent () WanuAnIsaiiauLemnnIsiieuse
LAZNAUUUANTNADS
(4) MulticastMembershipRecord () TgiAunsyauressines

(5) MulticastTopoEvent () iuwan1saivesnsilisuniasasetie
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3) FlowTracker module Judufilélunisnsiaaeu annvesszuy
i3etne lnwiuiinsianseaeuUiinamsinavesdoyauazlflunisfiaanvidunisiog
7511593 GroupFlow module Lmdﬂﬁagj: pox.openflow.flow_tracker
Usznaume 2 dulug) Ao

(1) FlowStats agnuiilefinisdstoya fufiauanunsalunisnsady
Toyanieiiwls flow.bype uay flow.packet

(2) PortStats 4ifudiagadiefius port stat.x bytes Zuagiunis
vhauvegaLdose

fladduildanuiiegansiny

® get flow utilization normalized Tdusndnsidiusevay
sewiansTdnunazuuinveanisidenstesiAnsening 0 &e 1

® get link_utilization_mbps S[,GfijLﬁUstj’eJ%aéuaﬂLLGl'a%ﬂﬁL%anﬁia‘ﬁl
finslvavesdeyaanusazainduazgnideusevieen

® get link_utilization_normalized  14f18n159150289U1A
Toya

® get max_flow_utilization l4Useiliua1nisivavesteyasaan
il

® output_peak usage T%Lﬁuﬁauuaiu log.info

4) misc.groupflow_event tracer Hudniifiunmmsrauresunausiig
7 Wudilasfudeyalu log files 7 2 dulvgy il
(1) Groupflow (GroupFlowTraceEvents) agbAuLIalunIsnIEunia
fifioya ol
® igmp_trace_event ¥3NLNOSMANITAINITULAUNIIAIB AN

1fin IGMP

® tree calc_time fo Lallun1sANNANLEUNIY Usznouie 2
du Fenmidudunasiandugn

® route processing_time fe La1lun1sUTzIIANE YOINITNY

HUN9UTENOUAIY 2 d3U AD LIANLSUAULAZLIANAUR
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flow_installation_time f® 1781 OpenFlow rule installation

YRININNAUNNUTENBUMIY 2 AU LIANTUAULALLIANEUER

'
al

multicast_group fa fegiiaaanilduey

'
=

src_ip fe Nagdl

%

GELRGIABNAGE

HanFunausalgau

Get_flow_installation_time() w&@nLI@INITANAINITHIY

YRINTWNEUN
Get_route_processing_time() LaAdLIAINISIEDNEUNY

Get_tree_calc_time() wansnainsmuaalun1snidunig

(2) IGMP_manager (IGMPTraceEvent) 3AULa1UsENaKaveewin

LA IGMP #1394l

Router_dpid: i5uaasfisunfinifin

lgmp_msg_type:  UTzlANU9In15UTENIaNaT0AY IGMP
(Mmualu ox.lib.packet.igmpv3)

Igmp_group_records: WAUT18A15 USennaed IGMP vedusiay
multicast group

num_igmp_group_records:  $1uauvesnguiiegluwiiaLin
IGMP

igmp_prcessing_time: Ao Lanlunsuszulana a9 igmp

Usenaume 2 du fie LaSuAULALLANEUER

HanFunaunsalgau

get_igmp_processing_time() L@AWLIAIUTTUIINAVDY IGMP
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3.2 3/n1IMaaes

lunsnaaesil {iTeidenjuuuunsnidunisiuy Open Shortest Path
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3.3 Quantized Level Balance (QLB)

Tuduil WudiueSuendnN1TwazN1s¥IaIUYeINISRANTUI VD LEUNIIAIE
35115 Quantized Level Balance (QLB)

3.3.1 ¥annN15%1914v89 QLB

o

QLB Ao NMsndun1ssisamnIng q lussuuiasetielag AuinmunIn

aa v L3

LAUNILAENITRUITEAUAMAINAE A YAk UIIuANA1 U luLAa YU IATAY F9uU9

v A [y

gandu 3 sziu A seduf, seaudiunans wagsedudn antuaztseduaunmilaly
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NJUT 3.1 szydumisvauudinfiaunsoddfoyaluwiinifngayinesm

! a a o Y o A
A31 2 UM LLaSﬁqmqiﬁﬁzuigﬂUﬂmﬂq‘Wl@ AR IIN 3.1

M5 3.1 NTUUITEAUAMAININAUUATIAN

YUINIAVIFL A (Good) Y1unans (Medium) G‘l;’l (Poor)
640x360 1NN 0.8 WNUR | 0.6 - 0.8 LUNETA fnT1 0.6 WNzde
1280x720 1NN 2.2 Wngdn | 2.0 - 2.2 ngle N 2.0 wnede

1920x1080 1NN 4.8 Wngdn | 4.0 - 4.8 lWngUn N 4.0 winzda

2) mslwivasdaya Ao dedrintuiuresnisuniiavestoya Fazdmans

£Y L3

Y
v aa cal v Y a v aa v a [V
NILLARAINALLAZNITINDATNREIN ﬂum@aﬂaqﬂeﬂsﬂ@yja’J@WﬁUQqﬂLWﬁll‘?ﬂQLﬂEN IWLLﬂ P-frame

uag B-frame FIN15AT980U D9uLIAIANLUSUILLARI NS Imvedatansawily

U

18 Msas1uInTiasuandvuintwinesunAvinliAnA1Aua T NN lUAE FaTy

va o aa o L3

38FINMNUAVUIATH N DS VDILARLVUIA IR FAIVBY 640x360, 1280x720 Wwar 1920x1080

Y

A
Y
fio 0.1 Alalud 0.6 Alalud waz 1.5 Alalud sudeiv [21), [22] wasfvuavuiadavimidy
YANENaRaN1TERYalAg19BIAMUIUNA1NINANTIN 3.1

Packet size

Bufferdelay = —— 9)

Bandwidth

Tudresiimslmvssiandumildnisdnndsaunis (9) Fazldnadns
VDIUFAZIUINIAYIAIYDS 640x360, 1280x720 Uay 1920x1080 Ae 8 il 10.62 i
wag 7.2 Ui auddu uenanidayminisiivednaanansainunnidieinisdseyaidl

! (% 1 | Y A a ! aa ' 1
YUIAANAY WU N13aITeYaiiuTENINe Hframe 7idvunlnginin B-frame waw P-frame

984 Group of Pictures (GOP)

1599 3.2 NTRUITEAUANAIMAINAINISTINIVDEIAT

YUINIANAY f (Good) U1unans (Medium) #in (Poor)
640x360 #1nd7 8 Jundi 8.0-83 U 11NN71 8.5 AU
1280x720 fnn 10.7 Ui 10.7 - 11 W19 11NN 11 U

1920x1080 fnda 7.11 3undi 7.2-7.5 73U 1NN 7.5 IUN
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aa o L3 U 1

sz ludiibilasudeyainviminliasudiu duideladenld PSNR Tunisinseduen

Y
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3.3.2 MINITUTTAUAMNINVBUTUNIG
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a 1 & LY A o X
#1979 3.5 mswmmmasmuimuqmmwmmumu

NANTNI 3.5 @mnsadnarnuanudfgle 2 wuu aell

1) s2uumn (Weight Total) A9 N1SUURLSNTIIA8U AIRI15197 3.5

Total_Weight function

Input: ew

Output: ew

1: ew[][][P+1] «— sum(each ew[0])

2: ew[]0[P+1] «— (ewl0P+1] - (L-1)) / MG

JUN 3.3 flafdunisdnisgaveawuuimingy

ansouenta 7 ngu il

naudt 1 wasaudu 3 1uA (001

'
a

naud 2 nasdusdu 4 Tawn (11011021, (11021011, [21[1][1]

q

'
a

nau? 3 wasaandu 5 lauA (101203, [1102]02], [1203](1], [2)[1](2], [2)[2][1],
[3]01][1]

nauit 4 nasaundu 6 oA [11(2103], [11(3112], (213, [2)(21(2], [2[3][1],
(31011021, [3]1(2](1]

naufl 5 wasaundu 7 1uA [03103], (2021031, [21[31[2), [3)[1113], [3112]12],
(31[31[1]

nguit 6 wasaudu 8 1éuA (210313, [3112)(3], [313](2]

al

naud 7 wasaudu 9 laun [310313]

q
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NMIFUNGuiNsuyIikansdiungun1siiatsananumEnelugels fswmisien 3.6

AN 3.6 A1RULINUNVBINTITRANTUILUUUINTNT Y

—_
—_

O B QO[O | W[N] W|IDN
~N| OO N PR~V WLWDN
~N|l ool N[N | B W

2) dunaunnin (weight balance) Ao NMIIANGUNNTATIVADUAIAULAY
1 & A A= - v o Ay
MelumssanuasdunisesiudaludnvaeroinsinEesiifeanIsmuaLANAINYes

wriazauliliunnensiuninawiuly Tnganunsawaninisinenuld degui 3.4 wag 3.5

Check_level_parameter function

Input: ew, P, L
Output: count

1: fori=1to P do
2 forj=1to L do
3: if ew[j] =i
il

count[i]+1

SUN 3.4 HanFuuInuIUSEAIUAMAIN

Y 9

sUN 3.4 Ao NanTuNlslunIstuIUILTBISEAUAMAIWNB Lt lun1sAnaUTe

Y 9

luilandunisdniseavasuuuinninaunaninisviinu desuin 3.5 Fnisvhauresileidy
mM3vasesuuivinaunatuazuiinsinnsanesnduduuvesseiuiimvueduluiid

Arasand 3 nau lunaud 1 weldFeulvluussinn 2, ndun 2 weldReulvluussvinn 4 waz

v o w

oA v v a ] = a Y aa
ﬂﬁjllcl/] 3 7\]3171L\1E)U1%1HU33W@V| 8 IULLmaSLQ@UVLSU"UggﬂLLEJﬂﬂ'ﬁWﬁnﬁm']ﬂ']EJ’Jﬁ"ﬂ@aqﬂUﬂmﬂqW

q

1
v A

Faaunsaaunle fad



Balance_Weight function

Input: ew

Output: ew

count[] «— Check level parameter(ew, P, L)
if count1] =L
ew[J[P+1] «—1
if count[2] > 0 and count[3] = 0
for n=1to P do
if count[1] = P-n and count[2] = n
ew[][][P+1] «<— n+1

if count[3] > 0

v ® N RNy

for n=1to P+1 do

10: if count[3] = n

11: for m= 0 to P-1

12: if count[1] = P-n-m and count[2] = m
13: if n=1

14: ew[][P+1] «— P+m+n

15: else

16: ew[]J[J[P+1] «— P+m-+(2*n)

JUN 3.5 fladdunisdaseawuudmiinauna

naulvefl 1 Sidivaiay 1
nauil 1 /e 1 = 3 & lown [1101701)
naslvgydl 2 1 2 Tushuwmis
Naul 2 Ao 1 = 2§ wag 2 = 1 ¢ Téun [1102001], [0072),
[2][1][1]
naul 3 fe 1 = 1 ¢ waz 2 = 2 ¢ 1A [11212), [2001112),
[2][2][1]
nauil 4 fe 1 = 0 1 waz 2 = 3 & TuA [2)1212]
naslvggil 3 1 3 Tushuwmis
ﬂfjmﬁ 581 =267, 2=06 waz 3 =162 bewn [11[1][3],
[1103]01], [3]1][1]
ﬂﬁjmﬁ 6AD 1=1672=1¢ uwag 3 =16 bown [11[2][3],
[1131[2], [2]01103], [2103](1], [31[11[2], [3][2](1]
ﬂﬁjmﬁ 7AR1=067,2=2¢ waz 3 =16 bown [21[2][3],

[2][3][2], [3][2][2]
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N7l 8 Ao 1= 16, 2 = 0 1 wae 3 = 2 ¢ lun [1103113),
[3][1][3], [3](3][1]
ﬂzjm?i 9@ 1 =067, 2=16 waz 3 =2 & bown [213][3],
[3][2][3], [3](3][2]
ﬂzjm?i 1078 1=06,2=06 kag 3 =3 6 bawd [3][3][3]
INNTIUNGUTNAY m:mmLLamﬁﬂﬁUﬂa‘:mmiﬁmimmﬂﬁwwﬁﬂﬁﬂﬂqﬂé’

AIM1597 3.7 1Ag9B9RNTNTEAUAMAN AT 3.5

M15199 3.7 dvutminveansiatsakuuininauna

1 1 3
2 2 4
5 5 7
2 3 6
3 4 7
6 7 9
3 8 8
4 9 9
7 10 10

NANTIT 3.6 way 3.7 Llesainnquiiddmdunguitdanuiunaiaves
wuuAIavikan1slmvzetIakuulIunaeiaudaliannsaivueilieg1ataauidgnld

< a o v a [ a A
Junsiiasanluddun 2 ndsingnitansantudiau 9

3.4 N1FANAUNINVBY QLB UL GroupFlow

Quantized Level Balance (QLB) fia n1swidunisiidunandunislag
nsidenidunsiifinuainvesusazdudilivnnssfuinneuduly TnenisiiAvesusiaz
FunIRUILATALUS (Threshold) fifmunly n1sUSuwes GroupFlow Usgnausie 2

du fail
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1. GroupFlow module
1) Tudquwas install_openflow_rules
Tngaanazidunsimuanisinavesdeyaliiudeninu Flowmod iiles

action.port WAIN1IATIVABY AMNINVBINTTBNRBIENINRUNTIIEARLUSEUWIEU Toya

[
[

U108NV0IAINTN 1 wazdoyavdivesaindi 2 Anluazdeunudeyardiladeyasin

2
nsideude aintil 1 Joyavioon uavaindi 2
2) fvuntuinuudy calc_link_ weights
Tnesafnasidunisiinuadauds lnk weight winiu 1 iteldifuisnns
Hop count wilunsaures QLB Ransanaana mivainyaedafuauuudinsiindey
g mslwvesian LLazmquymaiuﬁauﬁﬂumﬁwﬂ'%‘]’m FlowTracker module
3) AMUIALEUNIN calc_path_tree dijkstras
suduazRasanlaens fuundumadaeislatans uwilunsioures
QLB 9¢fin15a$1e balance weight uag total weight fld@ndulaidon path
(1) quantized_to_3level ldlunisuusszaununin lnsia1vausdas
AdauUsiuanenaiiy
(2) balance_weight Forsamiminlagld quantized to 3level Tu
NSLUIANTALUIUAE check level parameter laflunistudnuiu
seiunmnIel balance weight ansnsasuunnguamiinls
(3) total_weight Aasanminlagld quantized to 3level lunns
WUIANTALUIMOUNU balance weight WAZALUINAUDINITUUILN
sufuiedungy
2. FlowTracker module
Tneauiuezinsinsaiiefiuisinisldnuiaredlusasnsidouse
nndoyadiluasensnonisnsaaeuses Flow state Tuusiazgaidonsiovasusavaintludiu
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5.3.1 Modified RTP header
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saa °
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SSO
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SSn

A NALU of A Frame
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gﬂﬁ 5.3 38 NALU U9
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a0 NALU 1du

miggey feguR 5.3 weliiansnsoaiunsodetoyals uwasiiindauuslu RTP header it

inuadduneluliiuusazisugesngnuusesnunlagifiudiuls lawn Sub Sequence

Number (SSn) ¥u1a 16 U wag Sub Sequence Max number (SSM) 16 Un Fauslng 33

019 48 uag 49 s 64 audfu AegUN 5.4

ofofofofofojOoO|O|O |11 |1f1|1]1 2|2 22|22 2
112|3|4|5|6|7|8]9|0|1][2|3|4|5]|6 01 34|56 9
\ Pl X cC M Packet Type Sequence Number
Sub Sequence Number Sub Sequence Max Number
Time stamp

Synchronization source (SSRC) identifier

contributing source (CSRC) identifiers

g“d‘ﬁ 5.4 Modified RTP header
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N3U7 5.4 {33814 modified RTP header Mifiasuuslunisdnisesdaya

aa o L4

laeiin1sldaauds fall Packet Type gnldlunisuvauszianvestuldviad  Sequence
Number gnlglunisuanaduinsy Sub Sequence Number gnldlunisuandfuraainsud

gnuusgerean wag Sub Sequence Max Number gnldlunmsuaniiuiumsufiuuioanyn

5.3.2 N158519 Sorted buffer

[
a VA o ¥

Tudull AIvuuanin1sasne Sorted buffer AlduAdgmnisldisesiuves

Y

v Y

anudayatumsdsdeyaves SVC-MST nHlssulasudayaiinisdnsesdayaiiunnsiaiu lne

SULUUNSYINUVRIRESULERS faguil 5.5

) > Create N Receive data Sorted Data
< Start Thread by Socket buffer
h 4
Video player - Check N
Thread "l video.264 End

JUN 5.5 253N SYIaUYesEleg Ty

Y o

Sorted Data buffer finswusfandule fadl

1) InitialChecker (data) function

Yes if size(buffer{layer]) > 20

]
|

End

gﬂ‘ﬁ 5.6 InitialChecker function
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[

landuil Ao drulun1snsivaeunisundewes Iniial  packet 7Audeya NALU

LY L4

Useinn non-VCL Faludiulunisiidnisuaninainvey 1nen1snsiaeu Packet Type &9

va o

AIdermualidu 101 uwannsviau fsgun 5.6

2) SubAccessUnitSort (data) function

Yes if len{subdata)=0

subdata<-data subdata=-data

if len{subdata)==subSeqMax(subdata)

Yeg if i in subSeqMax(subdata)

data<-subdata

StoreAndCheckBuffer(data)

End

E‘U‘ﬁl 5.7 SubAccessUnitSort function

=

flafduil fo daulunsdafvuazdnBosdoyaiignuisdes wsunouinludniFesd
AccessUnitSort (data) function lagasiaaeun1slaienduaindinys Sub Sequence Max
Number fia3193ulu RTP header snilAnannnin 0 fvanenanudi Gﬁagaﬁgﬂﬁu%mgﬂ
IS0 Imsﬁqﬁﬁuﬁwim%’a%aﬁﬁ Packet Type way Sequence Number LAgIAU Lag
JniFeadoyasne Sub Sequence Number msnTIaaeudumsuiauysallaeiiouiiiou

fiu Sub Sequence Max Number Iinfiulaviseda Lansn1svinaIu aagua 5.7



3) AccessUnitSort (data) function

Yes

e

h 4

SubNaluSort{data)

e

if segSegMax(data)=

0

if seq(data)==seq_video[layer]

if init_check==True

51

BufferSort(datz)

Yeg

Yes— if seq(data)==seq[last]

(n)

PackType(data)==Ba

write{data)

Pl
QU

U

BufferSort(data)

write{ data)

BufferSort(data)

()

1 5.8 AccessUnitSort function (n) 533@aUaaUNELUTY (V) ASIVFBUAINUTLNINTUY
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gneies Aaggnadluinuludvines wazlumsindesaduseninaudoya awunsauusesnidu

Y

aa v L1

2 nqudeya laun Teyauseianiiugu (Base) aznsivasudulaviadlugtuaniinednlasy

Y Y

Toyaudinield wazdeyauszianvene (Enhancement) ¥nT13a0UNNTTULRLAVDS

avimiluduneunt mindeyaidnunlinssdudduvesdayafigndesiasgndsly

U

L))}

v A

JaAunazdnsoanteludinesene BufferSort (data) function

4) BufferSort (data) function

buffer[layer] =- data

v

sort{buffer[layer])

if seq(buffer{layer][0])==32q_video[layer]

PackType(buffer{layer][0]}==Bas:

if PackType(buffer{layer][0])}==Enhancement

write({buffer{layer][0])

if seq{bufferflayer][0]==seq[layer-1]-1 Mo

write(buffer{layer][0])

End

gﬂﬁ 5.9 BufferSort function

d aAa v sa

HaNguil Ao dauiu%’mLﬁuﬁa;ﬂamLSi'hmLwilaimﬁuéwﬁu’mwmﬁmﬁm Aty

Y

o
v A 1 v aAa v

nM3dmivazgninsesneugniiudeya Wednnuudagnsivaeudiuwsnanvesduinviag

Y 9

£y 6

TudvlesinsanuanudeinIavadrielyl wanin1syienu fsgun 5.9
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5) BufferFullChecker(data) function

‘fes if size{buffer[last])==25

v

i=0

v

low_seg=lowest_seg(buffer[all_layar])

_-.4

if seg(buffer{layer][i]) < low_seg

Yas
hd

remove{buffer[lzyer][i]) i=0

v

i++

it seq(buffer{laysr]
[low_seq+il)==z=q_video[layer]

Ygs

write{buffer[layer][low_seq+i])
¥ L 4

i++ End

g‘dﬁ 5.10 BufferFullChecker function
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ANUAINUNONA DN ‘Imﬂlla’]G’]‘U‘Vlill@]iﬂﬂ‘UVlG]’eNﬂ"Iiﬂ‘\]SM‘EJ@VI’NWU BEMINIININU (NE‘U'V] 5.10

Y 9



54

= da &£ LY
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Dijkstra_Algorithm function

Input: G=(V,E), ew, s, MG
Output: MT

1:

2
3
4
5:
6
7
8
9

T={s}; d[s] «— 0; d[u] «— oo and plv] «— 0 for eachu #s, u CV
insert u with key d[u] into the priority queue Q, for each u C V
while (Q!=null)
u «— Minimum_distance(Q)
for each v adjacent to u do
if d[v] > d[u]+ewl[u,v] then
dlv] «<— dlul+ewlu,v]
plv] «— dlu]

add v into Tree

10: Return MT, the subtree of Tree rooted at as associsted with MG

Modify_Dijkstra_Algorithm function

Input: G, s
Output: dis[V], pre[V]

—

R~ S R AN L R

= e
N 2 Q

13:
14:

foreachvinV
dis[v] ¢— oo
pre[v] <— null
Q «— set(node.keys)
while (Q!=null)
u «— Modify Minimum_distance(d,Q)
for each v adjacent to u do
adjvI[J[0] «— Min (dis[u][0], ew[u,vI[0])
adj[vI[1] <— dis[ul[1]+ew[u,v][][1]
adj[vil[2] <— dis[ul2]+ew[u,v][[2]
adjll«— Quantized to_3levels (adj[])
adjll«— Total Weight (adjl]) or
Balance Weight(adj[])
if dis[vI[0] = adj[VI[I[P] then
if dis[v][1] > adj[vI{[P+1] then
dis[v][0] <— adj[VI[[P]
dis[vI[1] «<— adj[vI[[P+1]
pre[v][0] <— dis[v][0]
pre[vl[1] <— dis[vI[1]
else if dis[v][0] > adj[VI[[P] then
dis[vI[0] «<— adj[VI[I[P]
dis[vI[1] «— adjvI[[P+1]
pre[V][0] «— dis[V][0]
pre[V][1] <— dis[V][1]
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Modify_Minimum_distance function

Input: distance, Q

Output: node, min

R N

o

10:
11:
12:
13:
14:
15:

min_level «— oo ;
min_mix «<— oo ;
node <— 0

for vin Q do

adj_node[] «— Quantized to 3levels (distance(])
adj_node[] «— Total Weight (distance []) or
Balance Weight(distance [])
if adj_node [VI[][P] = min_level then
if adj_node [V][J[P+1] < min_mix then
min_level «— adj_node [VI[J[P]
min_mix <— adj_node [V]J[P+1]
node <—v
else if adj_node [V][][P] < min[0] then
min_level «— adj_node [VI[[P]
min_mix <— adj_node [VI[][P+1]

node «<— v

Total_Weight function

Input: ew

Output: ew

1: ew[][][P+1] «— sum(each ew[0])

2: ewlII[P+1] «— (ewOP+1] - (L-1)) / MG

Check_level_parameter function

Input: ew, P, L

Output: count

EE

fori=1to P do

for j=1to L do
if ew[j] =i

count[i]+1
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Balance_Weight function
Input: ew
Output: ew
1: countl] «— Check level parameter(ew, P, L)
2. if count[1] = L
3: ew[][J[P+1] «— 1
4:  if count[2] > 0 and count[3] = 0
5: for n=1to P do
6: if count[1] = P-n and count[2] = n
7 ew[][][P+1] «<— n+1
8: if count[3] >0
9: for n=1to P+1 do
10: if count[3] = n
11: for m= 0 to P-1
12: if count[1] = P-n-m and count[2] = m
13: if n=1
14: ew[][P+1] «— P+m+n
15: else
16: ew[][J[P+1] «— P+m+(2*n)
(st ol ggots o/ giredeta [y sonctpota
¥
Video player > Check
Thread video.264

ANTINTVINTUYBIERTY
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!

write{data)

v

Start

init_check=Trug

Yes

SubNaluSort({data)

if subSeqMax(data)=0

No

BufferSort(data)

if size(buffer[layer]) = 20

No

End

InitialChecker function

Ye:

¥

subdata<-data

if len{subdata)=0

Yes

data<-subdata

if i in subSeqMax(subdata)

subdata<-data

if len{subdata)==subSegMax(subdata)

StoreAndCheckBuffer(data)

SubAccessUnitSort function
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Yeg if init_check==True Mo

if saqSeqMax(data)=0

SubNaluSort(data)

e if seq(data)==s=2q_video[layer]

BufferSort(data)
End
(n)
Yeg PackType(data)==Bass No
Yes— if seq(data)==seq[last] Nf
write{data) BufferSort(data)
write(data) BufferSort(datz)
()

AccessUnitSort function (n) 539@UaRUN8LUTY (V) ASIVFBUAINUTENINTU



write(buffer{layer][0])

PackType(buffer{layer][0]}==Bas:

buffer[layer] =- data

v

sort{buffer{layer])

if seq(buffer{layer][0])==seq_video[layer]

write(buffer{layer][0])

BufferSort function

Ye

"

i=0

v

if size(buffer{last])==25

low_seq=lowest_seqg{buffer[all_layer])

—

if seq(buffer{layer][i]) < low_seq

Yes
hd

remove(buffer{layer][il)

It
=]

v

i++

if seq(buffer{layer]
[low_seq+i])==s52q_video[layer]

Yes
¥

write(buffer[layer][low_seq+i])

v

i++

BufferFullChecker function

No—

End
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SDN Experimental on the PSU Network

Pivawit Tantisarkhornkhet, Warodom Werapun
Department of Computer Engineering,
Faculty of Engineering, Prince of Songkla University
Phuket, Thailand
Email; {5810120060@email.psu.ac.th,
warodom(@coe.phuket.psu.ac.th}

Abstract— The Prince of Songkla University (PSU) is the top
five universities of Thailand that still uses traditional networking,
Presently, there are Internet applications that are able to provide
dynamic, geable, and adaptable features such as Software-
defined Networking (SDN). SDN is a new concept of
programmable networks that decouples the control plane and
data plane of all network devices. It can be programmed via an
open interface which is interesting to implement SDN because of
their various benefits such as centralized network provisioning,
lower operating costs etc. In this paper, we propose comparison
between traditional PSU network which is defined Static routing
(Static routing non-SDN) and SDN which are wsing
programmable algorithm such as Bellman-Ford SDN (BFSDN)
unicast, Dijkstra SDN (DSDN) on both unicast and multicast in
order to determine worthiness of migration from traditional
network to SDN. In part of topology emulator, we have replicated
topology by Mininet. Its performance is examined in terms of
throughput, latency, jitter, and packet loss,

Keywords—Software-defined networking; Unicast; Multicast;
OpenFlow; programmable networks; Dijkstra; Bellman-Ford;

I.  INTRODUCTION

In a traditional network. it is built from different network
devices such as routers, switches, and hubs, etc. with various
protocols implemented on them [1]. Many device types lead to
several configuring policies. It makes network management
and performance tuning rather complex and error occurred.
Moreover, the current Internet applications and services are
more complex. They are imperative that the Internet is able to
address these new challenges.

Software Define Networking is a new emerging
networking approach under network programmable concept. It
is an idea to separate the control plane and data plane of all
network devices that can be programmed via an open interface
such as ForCES [2], OpenFlow [3], etc. It is simplified
network management and enable innovation plus evolution. It
serves a network manager to be centralized, manage and
increase granular security. In a commercial aspect, it allows to
reduce operating costs, save hardware and minimize capital
expenditures [4]. However, all transmission devices must
support SDN protocol likes OpenFlow. On the other hand, the
most traditional transmission device does not support it.

In this paper, we simulate and compare traditional PSU
network, BFSDN unicast. DSDN both unicast and multicast in

978-1-5090-0629-8/16/$31.00 ©2016 IEEE

Beatrice Paillassa

University of Toulouse, IRIT Laboratory,
INP — ENSEEIHT
Toulouse, France
Email: beatrice.paillassa@enseeiht.fr

order to explore the value of changing from traditional
networking to SDN.

The rest of this paper is structured as follows. In the next
section, we present preliminaries on the work, such as
Software Defined Networking, Communications and Routing
algorithm, Mininet and PSU network topology. In Section III,
we illustrate the simulation results. Finally, this paper is
concluded with Section IV.

II.  PRELIMINARIES

A. Software Defined Networking

Software Defined Networking was developed to facilitate
innovation and enable simple programmatic control of the
network data-path. It isolates controller hardware from
forwarding hardware. The SDN structure enables the
consolidation of device which is simpler policy management,
new functionalities.

Control Plane

Data Plane

Data Plane

Control Plane

Data Plane

The traditional networking

T Data Plane

Data Plane

Software Defined Networking

Fig. 1. Traditional network and Software-Defined Network

SDN architectures have ForCES [2] and OpenFlow [3].
Both OpenFlow and ForCES follow the basic SDN principle
of separation between the control and data planes. They
standardize information exchange between planes. In this
paper, we focus on OpenFlow architecture. SDN-OpenFlow
architecture consists of application layer. control layer, and
infrastructure layer.
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+ Application layer or management layer is the top
layer. It consists of network operation tools and user
interfaces that management of the network via the
control layer by OpenFlow protocol.

¢  Control layer is the middle layer using for control all
devices in infrastructure layer via OpenFlow
protocol. SDN controller such as NOX/POX [5]. Ryu
[6]. Floodlight [7] etc.

e Infrastructure layer is the lowest layer. It includes
all devices in traffic forwarding that all devices must
support OpenFlow protocol.

Application Plan

. N ) BTN

Control Plan SDN Controller

OpenFlow

SDN SDN

Data Plan )
Device Device

SDN
Device

Fig. 2. The SDN architecture

OpenFlow is a flow-based switch specification designed to
enable researchers to run experiments in live networks. It is
based on a simple Ethernet flow switch which exposes a
standardized interface for adding and removing flow entries.
OpenFlow protocol is an open protocol defined between the
control plane device and the data plane device [8].

B. Communications

In this section, two types of communications as unicast
and multicast arc reviewed. They have advantages and
disadvantages which are depended on situation of
communication.

1) Unicast

Unicast is a type of communication where data is sent
from onc source to one destination. Unicast uses protocol of
transport layer such as Transmission Control Protocol (TCP)
and User Datagram Protocol (UDP), which are session-based
protocols. In this work, we use Dijkstra shortest path and
Bellman-Ford shortest path which are popular algorithms [9].

a) Dijkstra’s algorithm

The Dijkstra method is algorithm for finding the optimum
path between nodes in a directed graph G= (V. E), where V is
the set of nodes and E is the set of edges. Dijkstra’s algorithm
shows in Fig 3. Initially, d[s]=0, d[u]=» for u€V, u#s, and
plul=null for ueVv.
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Dijkstra’s Algorithm

Input: G=(V, E), s
Output: d[ V], p[V]

1: ForeachvinV

20 dv] ==

30 plv] < null

4: insert u with key d[u] into the priority queue Q, for cach
uev

5: while (Q!=null)

6:  u— Minimum_distance(Q)

7. foreach v adjacent to u

8: if d[v] > d[u]+ew[u,v] then

9: d[v]«—d[u]tew[u,v]

10: plv]<—dlu]

Fig. 3. The Dijkstra’s Algorithm

In [10] Jehn-Ruey Jiang and team propose Extending
Dijkstra’s algorithm that adds the node weight analysis in their
algorithms. From Fig 3, add the node weight (nw) in line 6
and line 7 of Dijkstra’s algorithm.

b)  Bellman-Ford's algorithm

Bellman-Ford method is an algorithm to find the optimum
path between nodes in a directed graph likes Dijkstra’s
algorithm. However, it is able to analyze negative edge
weights. It provides more features than Dijkstra algorithm. In
contrast, if Bellman-Ford is used over non-negative weights,
its performance is slower than Dijkstra. From Fig. 4. shows
Bellman-Ford’s algorithm which consists of three main steps
as initialize graph, Relaxation of edges and checking negative
cycle.

Bellman-ford’s Algorithm

Input: G=(V. E). s
Output: d[V], p[V]

1) Initialize graph

1: Foreachvin V

2: d[v] =

3: plv] « null
2) Relaxation of edges
1: Forifrom 1 to IVI-1

2: For each [u.v] withew in E

3: If d[u]+w < d[v]

4: d[v] < d[u]+w
5: plvl <u
3)Checking negative cycle

1: For each ew(u ,v) inE
2; If d[u]+ew < d[v]
3: Print “Negative cycle”

Fig. 4. Bellman-ford’s Algorithm
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Fig. 5. PSU network topology

2)  Multicast

Multicast is the communication network ability of sending
IP packets to member groups. It can reduce transmission
overhead from an application to send copies of data to all
group members. An advantage over than unicast is to
minimize network traffic and optimize bandwidth where
multiple users are accessing the same live video source.

GroupFlow [11] is one SDN-driven approach to IP
multicast routing that has already been proposed. It is based on
CastFlow [12]. SDN controller of GroupFlow builds on the
POX framework. Routing protocol of GroupFlow is Protocol
Independent Multicast (PIM) which constructs shared trees
centered at a rendezvous-point (RP) router. The PIM, there are
two varieties as PIM dense mode (PIM-DM) and PIM sparse
mode (PIM-SM) only establishes routes to the designated
router (DRs) reactively to group joins.

There is some difference between multicast non-SDN and
multicast SDN. Multicast SDN can add more membership
security to the network which is a normal problem in multicast
non-SDN. In SDN, a client joins a multicast group, its
membership is assumed to authenticate at a server to a
controller. GroupFlow (Fig. 6) adds more membership
security in IGMP JOIN phase. GroupFlow multicast model
uses Dijkstra's algorithm to calculate a shortest path from the
multicast source to all multicast members in the network. Each
shortest path is added to multicast tree construction.

C. Tools

Mininet [13] is a topology emulator program that supports
SDN based on Linux kernel. It can create network virtual
devices as hosts, OpenFlow switches, legacy switches, routers,

links, and controllers. It is suitable for researching, testing, and
debugging etc. Mininet brings many scripts with user-friendly
GUI. In addition, BRITE [14] has been used to create our
tested topologies. It supports multiple generation models and
can be used as input topologies in Mininet. Although the real
network devices would have some cross-traffic, CPU and bus
architectures specific to each hardware component that
Mininet does not have, Mininet reveals the trend of
performance efficiently.

| Client | | Server | |Equipentl |CDI"‘0“BI’|
ol
Authentication
ke
<=TCMP Join e .
T repor Token)
T Packertn
S
Calculate route

Contain: Multicast
address, token, data

path ID of DR
erOut
e Amh.g_uj!-};ﬂm’ I
:\3m!!‘s'_'b'. Egnnji -
———atketla
Approval or
Denial message
packetOul

lgre
Add rules into
flow table

Fig. 6. IGMP Join of GroupFlow model
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D.  PSU network topology

The Prince of Songkla University (PSU) uses traditional
network that is the extended star topology. This real existed
topology can be a representative of some organizations or
companics on a similar scale. Fig. 5 shows PSU topology
[15]. it consists of different transmission node types such as
router, L2 switch, managed switch and unmanaged switch
or hub. Most bandwidth between L2 switches is 1 Gbps. We
present two previously described transmission types such as
unicast and multicast to test network performance since the
PSU network topology has various transmission types.

III.  EXPERIMANTAL RESULTS

We set up POX [16] OpenFlow controller and PSU
topology in the Mininet while all switches are linked to the
controller. Fig. 7 shows a PSU network topology which is
simulated from Mininet. It provides most 1 Gbps links
between peripheral nodes to the central nodes [15]. In order
to evaliate the performance of the PSU networking used
SDN and Static non-SDN, we use Iperf [17] to test them
such as throughput, latency, jitter and packet loss.
Experiments are conducted on a single computer with CPU
Intel ® core TM 17-4790 3.60 GHz processor and DDR3 8
GB RAM.

TABLE 1. SIMULATION SETTINGS
Parameter Value
Number of hosts 45
Number of nodes 49
Number of links 109
Test times 100 seconds
Controller POX 0.2.0 support OpenFlow 1.0
Test tools Mininet
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In the simulation experiments, we measure the
performance for Static routing non-SDN and routing
algorithm SDN. We use Iperf to create TCP and UDP. We
assign one server (circle) and one client (square) because
they have many paths such as sl10-s1-s3-s5, sl10-s1-s6-s5
and s10-s1-s7-s6-s5 etc. Their minimum bandwidth is 1
Gbps.

Fig 8 shows throughput of TCP. The results of Static
routing non-SDN, BFSDN unicast and DSDN unicast are
943.25 mbps, 954.50 mbps and 954.69 mbps, respectively.
DSDN unicast is slightly better than BFSDN unicast. Static
routing non-SDN has lowest throughput. Therefore, BESDN
unicast and DSDN unicast manage bandwidth betier than
Static routing non-SDN in TCP transmission.

Average TCP throughput at 100 seconds
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Fig. 8. The average TCP throughput

Fig 9 shows latency of Static routing non-SDN, BFSDN
unicast and DSDN unicast by executing Ping command
which sends ICMP request messages. Their average
latencies are 0.0907 ms, 03934 ms and 03785 ms
respectively. Comparison between algorithms related to
SDN, BFSDN unicast latency is larger than DSDN unicast
latency, which is usually caused by the depending inverse



throughput. Static routing non-SDN has the lowest latency.
Both BFSDN unicast and DSDN unicast on the SDN
controller have to take the time calculating the route and
install suitable paths on OpenFlow switches. Therefore,
more amount of data transfer takes place between nodes in a
specific time period for SDN than traditional network.

Average latency at 100 seconds
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Fig. 9. The average latency

Their initial latency values are 0.9227 ms, 32.8987 ms
and 31.7150 ms respectively. When we calculate average
latency without an initial value as shown in Fig. 10, their
average latency will be 0.0823 ms, 0.0651 ms and 0.0620
ms. Static routing non-SDN has worse latency than others.
The initial latency values of SDN affects to average latency.
In addition, we examine interval time that SDN has average
latency lower than Static routing non-SDN by changing the
experiment time from 100 seconds to 2000 seconds. The
average latency of DSDN unicast and BFSDN unicast are
lower than Static routing non-SDN at 990 seconds and 1619
seconds respectively. However, we do not include them in
the figure since it would make the data impossible to read.
Therefore, SDN is greater than Static routing non-SDN in
several performance metrics on the long term used.

Average latency at 100 seconds
without an initial value

Static routing non-SDN . Bellman-ford (BFSDN) Dijkstra {DSDN)

Fig. 10. Average Latency without an initial value

The result of UDP transmission as shown in Figure 11-
13, each bandwidth requirement (x-axis) takes 100 seconds
for experiment time. Static routing non-SDN, BFSDN
unicast, DSDN unicast and Dijkstra multicast SDN
(GroupFlow) have been tested for throughput of UDP as
shown in Fig 11. All routing are fully well performed until
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BFSDN unicast began down and stable at 750 mbps, DSDN
unicast began down and stable at 800 mbps and Static
routing non-SDN and GroupFlow began down and stable at
850 mbps.

UDP throughput

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 BOO 850 900 950 1000
Bandwidth (Mbps)

=+ Static routing non-SDN <= Bellman-ford (BFSDN) —a— Dijkstra (DSDN) === GroupFlow

Fig. 11, The UDP throughput

Main factors of jitter and packet loss are depended on
bandwidth congestion. At the maximum bandwidth, BFSDN
unicast, DSDN unicast and GroupFlow (SDN-related) have
high jitter as shown in Fig. 12. Awverage jitter algorithm are
ranked as follow as BFSDN unicast. DSDN unicast and
GroupFlow. Static routing non-SDN has the lowest jitter.
Therefore, Static routing non-SDN stably runs at fully
bandwidth congestion.

Jitter

Bandwidth (Mbps}

g non-SDN —s-Bellman-ford (BFSDN) —— Dijkstra (DSDN) —— GroupFlow

Fig. 12. The UDP jitter

Packet loss is measured to verify the performance of
different bandwidth such as jitter. However, it has another
factor, called the quality of the network device installation,
that affected to the packet loss rate as shown in Fig. 13. The
simulation results illustrate that the order of packet loss rate
are DSDN unicast, BFSDN unicast, GroupFlow and Static
routing non-SDN respectively. Static routing non-SDN
slightly swings and has the lowest average packet loss
compared with other routing algorithms. BFSDN unicast,
DSDN unicast and GroupFlow have the packet loss rate
lightly different. They begin to swing a value at 450 mbps
and increasing continuously. At high bandwidth usage, we
can see different packet loss rate between SDN and Static
routing non-SDN obviously since transmission of SDN
requires controlled messages by connected switches (a
sender side) to a centralize controller while Static routing
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non-SDN has a control plane inside a device. Therefore,
Static routing non-SDN has an advantage on packet loss for
fully bandwidth usage because SDN has more network
installation steps due to the separating of the control plane
and data plane. However, SDN packet loss percentage is
fallen in medium category of phone quality standard [18]
which is still adequate.

Packet loss rate

Packet loss (%)
=

r

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Bandwidth (Mbps)

~+—Static routing non-SDN <8~ Bellman-ford (BFSDN) Dijkstra (DSDN) —=—GroupFlow

Fig. 13. Packet loss rate

IV. CONCLUSSION AND FUTURE WORK

The Software Defined Network is an efficiency
programmable network which has more advantages than
traditional network such as SDN handles data from a
centralize controller, SDN allows reducing deployment
configuration, SDN reduces the amount of spending
required on infrastructure etc. Thus, SDN is an interesting
network system that determines worthiness of migration
traditional network.

In this paper, we use POX to implement BFSDN
unicast, DSDN unicast, and using GroupFlow multicast
model to compare performance analysis with Static routing
non-SDN in terms of throughput, latency, jitter, and packet
loss under the PSU network topology with the Mininet
emulation tool. Not only SDN benefits previously stated
above but also the experiment results show that DSDN
unicast and BFSDN unicast have more outperformed than
Static routing non-SDN in term of TCP throughput. DSDN
and BFSDN unicast have latency lower than Static routing
non-SDN when transmission time is over than 990 seconds
and 1619 seconds respectively.

Furthermore, we found that the quality decreases at
high bandwidth usage since packets are sent to a receiver
while controlled messages are required sending to a
centralized controller. Thus, SDN has more bandwidth
congestion than Static routing non-SDN at same bandwidth
requirement. However, SDN offers suitable quality of
service requirements such as chat, video streaming, video on
demand, video over IP, and video conferencing. The result
of this research shows that replacing a traditional network
by SDN has benefits. Moreover, we are able to develop
various applications which can be used to manage and
control network effectively. Eventually. the contribution of
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this paper is to examine the benefits of migrating from
traditional network to SDN-aware network.

For the future work, we plan to conduct simulation
experiments for video streaming unicast and multicast
transmission over real topologies and build horizontal
scaling devices. We are going to simulate edge weights
which may be changed during the experimental run and
measure overhead of OpenFlow messages at a central
controller.
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Abstract—Software-Defined Networking (SDN) is a new
efficiently idea of programmable networks that separates the
control plane from data plane of all network devices. Internet
service provider is responsible for all the control decisions and
communication among the forwarding elements from centralized
controller. SDN provides the various optimized services. Quality
of service (QoS) routing is a path computation method that is
suitable for the different traffics generated by several
applications, while utilization of network resources has increased.
This agreement of service is defined by QoS requirements such as
throughput, delay, jitter and packet loss etc. Multimedia
applications often require assured from multi QoS constrained,
causing the NP-complete problem which cannot be simply solved
in polynomial time and high management complexity in the
transition network. SDN is able to reduce complexity and it is
used to efficiently implement traffic, hence SDN significantly
values to development QoS routing. In this paper, we propose
QoS routing algorithm called Quantized Level Balance (QLB) for
SDN that considers one or many QoS parameters relating to the
network application. To satisfy the requirements, QLB selects
QoS parameters depending to the level of appropriate application
service quality. We have replicated our algorithm on simulate
topology with Scalable Video-streaming Evaluation Framework
(SVEF). We measure the Peak Signal-to-Noise Ratio (PSNR) and
Mean Opinion Score (MOS) of Scalable Video Coding (SVC) at
the receiver. Our propose algorithm is improved than single-
metric approach that may choose poor QoS parameter paths,

Keywords—Software-defined networking; multimedia; routing
algorith; Dijkstra;

1. INTRODUCTION

Presently. there is a new efficiently network management
called Software-defined networking (SDN) [1] which manages
network by programmable concept. It offers important
advantages over than traditional network by decoupling the
control plane from data plane of all SDN network devices |2]
lo bring more flexible and manageable. Inlernel service
provider is responsible for all the control decisions and
communication among the forwarding elements from
centralized controller. Consequently, it can apply SDN to lead
control software relaying on network resources and routing.

Quality of Service (QoS) allows various applications or
services operating as expected [3]. There are several problems
of network performance such as the problems of throughput,
delay, jitter and packet loss, which are called QoS parameter, in
common network. The QoS constraints have three basic

978-1-5090-0629-8/16/$31.00 ©2016 IEEE

composition rules for complete path with respect to each QoS
parameter such as Additive Metric (delay, hop count, cost, and
jitter), Multiplicative metric (reliability and loss) and Concave
metric (bandwidth) [4]. Each QoS parameter uses different
rules. The evolution of QoS is more complexity in routing as
the QoS requirements specified by the various multimedia
applications service. Moreover, QoS routing is suitable for
multimedia applications such as voice over IP, video streaming
and video conferencing etc. They are applications that require
Multiple Constraint Path (MCP) [5]. On the other hand. some
traditional routing protocols work on the network with a single
mixed metric approach [6].[7] which is inadequate for
multimedia applications. Additionally, they arc increasingly
used on the network.

In this paper, we propose QoS routing algorithm that is
considered as one or many QoS parameters depending on the
network application. To satisfy the requirements, our proposed
algorithm takes QoS parameters by examining the level of
appropriate quality for application services. We simulate our
algorithm on simulate topology with SVEF which is an open-
source SVC framework. We measure the PSNR and MOS of
SVC at the receiver. It offers a better performance than only
combination of equation that may choose some poor paths with
unsatisfied QoS parameter.

The remainder of this paper is structured as follows.
Literature review is discussed in Section I1. Section II1 explains
Quality of Service and SVC. Techniques of work are presented
in Section IV. Finally, we summarize this work in Section V.

II. LITERATURE REVIEW

This section shows some different routing algorithms for
NP-complete solutions such as Heuristic, Approximation and
Randomization [8] as follows:

A. Heuristics algorithms

Heuristics algorithms were proposed to solve a NP-
complete problem by reducing the complexity of path
computation. The algerithm is fast whereas, it is not efficient to
implement a best solution with acceptable probability.
Heuristics algorithms can be classified into three types as
follows:



1) Linear composition

Linear composition is an algorithm that combines additive
metrics. Y. Cui [9] and J. M. Jaffe [10] proposed converting
any two additive weights to a single metric. Z. Wang [6]. [7]
proposed a single mixed metric approach for bandwidth, delay
or loss. Although it can be an indicator in path selection, it is
not sufficient for reliable QoS routing.

2) Lagranges relaxafion Linear compositions

Lagranges relaxation Linear compositions is an algorithm
that calculates lower bound and finds good solutions. It
combined the two weights in terms of a to lincar equation
forms as an aggregate weight w=w,+ aw,. In SDN, the linear
equations form was used in [11]. They had low time
complexity. A. Juttner [12] proposed an aggregated concept
that considers cost and delay. It was used with SDN for
service Scalable Video Coding (SVC) transmission in [13].

3) Non-Linear

Non-Lincar is an algorithm that combined multi-
constrained to a single weight by using non-linear formation.
It was suitable for the metrics that arc not correlated. T.
Korkmaz [14] proposed H_MCOP algorithm that is the current
best Non-Linear Heuristics algorithm. It uses Dijkstra
algorithm two times including reverse direction by a lincar
function and forward direction by a non-linear function. This
algorithm has also been proposed in SDN [15].

B. Approximation algorithms

Approximation algorithms were those heuristic that also
implement some error bounds. They are efficient in arbitrary
specified precision. However. they have high time complexity.
G. Xue [16] proposed an Approximation algorithm that
approximates all k-constraints without enforcing any one
constraint.

C. Randomization algorithms

Randomization algorithms have randomness concept that
are used to avert sudden problems when routing for a feasible
path. Although they can be executed for inaccurate or dynamic
networks, they are unfriendly with small probability. T.
Korkmaz [13] implemented Randomized Breadth First Search
(BFS) invents nodes from a chance node 1o a final destination
node.

III. QUALITY OF SERVICE

QoS is needed to deliver uninterrupted multimedia services.
There are many researches on how to satisfy the QoS
requirements [17] such as throughput, delay. jitter, and packet
loss etc.

A. QoS Requirements
The multimedia applications offer many services [18] such
as video streaming, video on demand. voice over IP and video

streaming etc. Each multimedia application uses a mechanism
to provide differentiated QoS shows in TABLE 1.

Voice over IP application uses low bandwidth. However, it
is a real-time service required low latency, jitter and loss. In a
real-time video application such as video conference, they
should be effective in all QoS constraints as well as being high
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bandwidth, low latency. low jitter and low loss. Therefore, this
application strongly needs suitable QoS parameters regarding
lo its service quality.

TABLE L QOS REQUIREMENTS FOR TYPICAL APPLICATIONS

Jitter Packet Loss
Telerance Tolerance

Throughput

Latency

Demand Telerance

Em Low High High High

Low High High High

File transfer (FTP) Low-High High High High
Low Medium Medium Medium
ming Mediurm-High Medium Medium Medium

eo on demand High Medium Medium Low

Low Low Low Low

Video conferencing [IXSSIRIT Low Low Low

B. Scalable Video coding

Scalable Video Coding (SVC) is a video compression
standard that is extension of the Advanced Video Coding
(AVCQ). It translates data stream and conversely translates video
into a bit stream. The SVC offers many benefits such as more
flexibility. leading to higher storage and reduced redundancy.
SVC was used in diverse video applications such as video on
demand, video conferencing and video streaming etc.

Currently, there are many SVC frameworks such as SVEF
[19]. myBvalSVC-Mininet [20] and DASH-SVC-Toolchain
[21]ete. In this paper, we use SVEF for video streaming
application since SVEF has been used in several frameworks.
Therefore, we measure average PSNR and MOS from 4CIF
YUV video at 30 fps that was encoded in SVC format with
cross-layer scheduling by Joint Scalable Video Model (JSVM)
in four constraints such as bandwidth, delay, jitter and loss.
Since delay and jitter have low effect on PSNR. we show only
MOS that use for Quantized function as follows:

Bandwidth

03 06 09 12 15 18 21 24 27 3
Bandwidth (mbps)

Fig. 1. MOS of received SVC stream from bandwidth constraint

From Fig. 1. in too low bandwidth, traffic will become
congested and has high jitter and loss. Thus, users feel
annoyed when they watch the video stream at low bandwidth.
In Fig. 2 shows loss rate is important effect on PSNR and
MOS down. It makes distortion in video frame.
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Fig. 2. MOS of received SVC stream from loss constraint
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Fig. 3. MOS of received SVC stream from delay constraint

Delay has low effect on PSNR and MOS as show in Fig. 3.
We set the delay at 100 ms (fair rating) because there is no
difference between the videos with difference fixed delay [22]
as show in Fig. 4.

Jitter at delay as 100 ms

0 2 4 3 8 10 12 14 16
sitter (ms)

Fig. 4. MOS of received SVC stream from jitter constraint

These graphs are examining by calculating the average
MOS values for each constraint. The user's perceived quality of
watching a video can be analyzed. We use the MOS for divide
scale which the MOS scale is used to rate the quality of videos
from 1 to 5 but this work uses 3 rates. Thus, we define lower 3
in MOS is 3 in QLB, between 3 and 4 in MOS is 2 in QLB and
upper 4 in MOS is 1 of QLB.

In Table II. we provide some summarizing results of
constrained level such as bandwidth, loss and jitter. Constraint
Level (Table IT) is used in Quantized to 3levels(). However,
all constrained varies with the types of codec used and video
motion.
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TABLE 11, CATEGORY REFERENCES OF QUALITY PARAMETER

QoS

s 1 Good 2 Medium 3 Poor
Constraints
(MOS > 4) (4>M0S>3) (MOS <3)
Bandwidth level >22 1.6-2.2 <16
Loss level <02 0.2-0.3 >03
Jitter level <4 4-6 >6

IV. TECHNIQUES

This section shows the single mixed metric [6], [7] problem
and proposes our algorithm called QLB that improved the
single mixed metric. The mixed QoS parameter method is a
tempting Heuristic. It consists of bandwidth, delay and loss rate
as expressed in Equation (1).

bandwidth(p)

f(p) = delay(p)+loss(p) ()

In order to compare the single mixed metric to our
approach, the equation (1) must be inverted into weight from
(2). This equation will be applied in our simulation.

X _ delay(p)=loss(p)
Weight(p) = = 2

From the above equation (1), we simply define 2 mbps
bandwidth with delay and packet loss following in TABLE I1I,
and then an example of single mixed metric result can be
calculated as follows:

For example: f(p) = 2000 _ 2000 _ 2000 _ oo

100x25  200x125  500x5

TABLE IIL QOS PARAMETER VALUE EXAMPLES

1 Good (100) Poor (25)
2 Medium (200) Goad (12.5)
3 Poor (500) Geod (5)

The single mixed metric combines QoS parameters.
Although different QoS parameters are used. the single mixed
metric may produce the same resull. Nevertheless, a good
routing algorithm must select a path that has balance-QoS
parameter values as second row of TABLE III for multimedia
applications which should not have any poor QoS parameter.

A. The algorithm description

Our proposed algorithm takes QoS parameters suitable for
application services. Selection of QoS parameters depends on
TABLE I and level for QoS parameters regarding on TABLE II
e.g.. video streaming should analyze four parameters such as
bandwidth, delay. jitter and loss since TABLE I illustrate that
video streaming is able to work on medium throughput, delay,
jitter and loss. However, from constraint measure results in Fig,
1-4 show that delay does not has effect on the video quality too
much. Thus, we use throughput, jitter and loss for this work.



Steps:
1. Use Dijkstra’s algorithm for QLB

2. Quantized all QoS parameters (o a desired level and
use the mixed metric weight.

3. In this step, there are two choices for classify each QoS
parameters to level QoS parameters as follows:

a.  Total Weight
b. Balance Weight

B. Dijkstra’s algorithm for OLB

Dijkstra’s algorithm is used to search the optimum shortest
paths between nodes in a directed graph G (V. E). denote: set
of nodes (V) and set of edges (E). We modify Dijkstra’s
algorithm to consider three constraints and consider weights as
Tollows: ew[] is node, ew[][] are raw QoS parameters. ew[][][]
are quantized QoS parameters. level weight (ew[][][P]) and the
mixed single metric weight (ew|][][P+1]). Denote: Number of
Level of category (L) and Number of QoS parameter (P).

Function of Dijksira’s algorithm consists of two functions
as follows:

Modify_Dijkstra_Algorithm function
Input: G. s

Qutput: dis[V]. pre[V]

I: foreachvinV

2 dis[v] <=

3: pre[v] < null

4: Q « set(node.keys)

5. while (Q!=null)

6: we— Minimum_distance(d,Q)

7 for each v adjacent to u do

8: adj[v][][0] < Min (dis[u] [0]. ew[wv][][0])

9 adj[v][][1] < dis[u][1]+ew[uv][][1]
10: adj[v][1[2] < dis[u][2]+ew[u.v][1[2]
11: adj[] < Quantized to 3levels (adjf])

12: adj[] < Total Weight (adj[]) or
Balance Weightiadj/[)
13: if dis[v][0] = adj[V][][P] then

14: if dis[v][1] > adj[v][][P+1] then
15: dis[v][0] < adi[v][][P]

16: dis[v][1]< adj[v][][P+1]
17: pre|v][0]«<dis|v][0]

18: pre[v][1]<dis[v][1]

19: else if dis[v][0] > adj[v][][P] then
20: dis[v][0]< adj[v][][P]

21 dis[v][ 1]« adj[v][][P+1]

22: pre[v][0]«dis[v][0]

23: pre[vI[IT«disIvI1]

Fig. 5. Modify_Dijkstra’s Algorithm for QLB

Our Modify_Dijkstra_Algorithm() (Fig. 5) is enhanced from
an original algorithm that considers QoS parameters while
collect weight from source to node v in adj[v][][0] (bandwidth),
adj[v][I[1] (loss) and adj[v][][2] (@itter). It uses
Quantized to_3levels() for calculating a mixed single metric
(adj[J[]]P+1]) and quantizing each QoS parameter and uses
Total Weight () or Balance Weight () for calculating weight
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level (adj[][][P]). Additional consideration is to focus on the
level weight (adj[][][P]) and a mixed single melric
(adj[J[][P+1]). respectively. Its time complexity is O(E) as
same as an original Dijkstra’s algorithm.

Modify_Mini
Input: distance, Q
Qutput: node, min

_distance function

adj_node[| «+ Quantized fo 3levels (distance(])
adj_node[] « Total Weight (distance []) or

Balance Weight(distance [])
7 if adj_node [v][][P] = min_level then

I: min_level « o«
2 min_mix < o ;
3: node 0

4: forvinQdo

3:

6:

8: if adj_node [v][][P+1] < min_mix then
9: min_level « adj_node [v][][P]

10: min_mix < adj_node [v][][P+]1]
11 node < v

12:  elseif adj_node [V][|[P] < min[0] then

13: min_level < adj_node [v][][P]

14: min_mix < adj_node [v][][P+1]

15: node +— v

Fig. 6. Modify_Minimum_distance function

Modify Minimum_distance() is a component of Dijkstra's
algorithm used to retrieve a node that has the first minimum
level weight [lincl1]. If the minimum level weight is equal to
the weight being compared [line 6], the next weight has to be
checked [line 7].

C. The Quantized of QoS parameters

This section presents the conversion of the QoS parameter to a
desired level by the quality of threshold that is defined in
TABLE II. Definition: Good=1. Medium=2 and Poor=3.
Quantized to 3levels() (Fig. 7) is used to calculate a mixed
metric equation and divide three threshold levels.

In calculate mixed metric equation, we adapt (2) that

consist of bandwidth. delay and loss without jitter. Jitter is
added into (3) in order to calculate mixed metric.
N delay-jitter+loss
Weight mixed metric =—————— 3)

bandwidth

From (3), we calculate cach QoS parameter for weight of
path by different rules. Delay and jitter are additive metric and
loss is multiplicative metric. However, loss constraint of path
in Mininet simulator, calculate from additive metric during
links (4).

. delay-¥ jitters
Weight mised met L,.m.=2 elay-J jitter§ lnss )

bandwidth

In addition, it is serviced for QoS parameters which are
stored at edge weights (ew[][]). It begins from Bandwidth [line
2-4]. Jitter [line 5-7] and Loss. [line 8-10]. Thresholds in Fig. 7,
they are defined from TABLE II which we can take them to a
multimedia service appropriately.



Denote: ew[][0] is edge weight of delay level (unused in
this work), ew[][1] is edge weight of bandwidth level, ew|[][2]
is edge weight of loss level and ew[][3] is edge weight of jitter
level.

Quantized_to_3levels function

Input: ew

Output: ew

ew[][][P+1]=mixed metric equation (4)
if ew[][1] > 2.2 then ew[][][1] < 1
else if ew[][1] = 1.6 then ew[][][1] <2
else if ew|[]|[1] < 1.6 then ew][][][1] < 3
if ew[][2] < 0.2 then ew[][][2] < 1
else if ew[][2] < 0.3 then ew[][][2] <2
else if ew[][2] > 0.3 then ew[][][2] < 3
if ew[][3] <4 then ew[][][3] < |

o elseif ew[][3] <6 then ew][][][3] <2
0: else if ew[][3] > 6 then ew][][][3] <3

R ARl oy

Fig. 7. Quantized_to_3levels function

D. Total Weight

This method is to sum the levels of each QoS parameters. It
requires time complexity lower than Balance Weight.

Fig.8 shows Total Weight() function. It is used for grouped
of addition level of each QoS parameter (ew[][][P+1]) [line 1]
and subtract the summation of edge weight from (L-1) for
weight level [line 2].

Total_Weight function

Input: ew

Output: ew

1: ew[][][P+1] < sum(each ew[0])

2: ew[][][P+1] < (ew[][J[P+1] - (L-1)) / MG

Fig. 8. Total_Weight function

Total Weight has a maximum number of groups (MG) that
depends on Number of Level of category (L) and Number of
QoS Parameter (P). We can predict a maximum number of
groups from equation (5). (6).

MG 7otal weight = 1, where L=1 ®)

MG rotat weight = L+ [(P-1)*20-2], where L > 1 ©6)

E. Balance Weight

This method classifies by examining each QoS category
level and sorts desired levels from low to high. It is used to
avoid some poor QoS parameters.

Fig. 9 presents Check level parameter() that supports
Balance_Weight() for counting the numbers in each level of
QoS parameters. Its time complexity is O(P*L).
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Check_level_parameter function
Input: ew, P, L

Output: count

1: forp=ItoPdo

2 for1=1to L do

3: ifew[l] =p

4 count[p]+1

Fig. 9. Check_level_parameter function

Balance_Weight function
Input: ew
Output: ew
count|| « Check level parameter(ew, P, L)
if count[1] =L

ew[][][P+1] = I/MG
if count[2] > 0 and count[3] =0

for n=11to P do

if count[1] = P-n and count[2] = n
ew[][][P+1] = n+1/MG

if count[3] > 0
for n=1to P do
10: if count[3] =n
11: for m=0 to P-1
12: if count[ 1] = P-n-m and count[2] = m
13: ew[][][P+1] = P+m+n+1/MG

YRR

Fig. 10. Balance_Weight

Fig. 10 illustrates  Balance WWeight()  that uses
Check level parameter() for counting number of cach QoS
parameter level in link. This function supports the maximum
level is 3. If QoS parameter level has only 1. it is found in [line
2-3]. If QoS parameter level has 1 and 2, it is found in [line 4-
7]. If QoS parameter level has 1, 2 and 3, it is found in [line 9-
13]. The time complexity Balance Weight() function is
depended on maximum metric level.

We can predict cach maximum number of groups from
equations (7) - (10).

MG Batance = 1, where L=1 @)
MG ajance = 1+P, where L=2 (8)
MG patance= 1+ P + Xb_, k, where L=3 ©9)

MG patance =1+ P+ Ib_ K + MG patance (p.1), where L=4 (10)

F. Simulate

In our proposed algorithm, we simulate on the topology and
information regarding to Bandwidth (B), jitter (J) and loss (L)
by using three threshold levels in Mininet. We measure PSNR
from 4CIF YUV video at 30 fps that is encoded in SVC format
by Joint Scalable Video Model (JSVM).



(25.0.5,0.25)

(35.0.1. 1)
Fig. 11. Simple topology

Fig. 11 shows simple topology with three constrained such
as bandwidth (mbps). loss rate (percent) and jitter (ms) at delay
as 100 ms and results from calculating links and paths by Total
Weight and Balance Weight, respectively. We show different
cases for path choosing between Total Weight and Balance
Weight. Total Weight function selects the top path (A-B-C-F)
since total level weight is lowest (PSNR is 17 dB and MOS is
1.7). Balance Weight function takes the bottom path (A-D-E-F)
which is the lowest balance level weight (PSNR is 20 dB and
MOS is 2.3). The comparison results between total weight and
balance weight reveal that balance weight has about 3 dB
PSNR and 0.6 MOS greater than total weight.

V. CONCLUSION

Multimedia application has been continuously increased in
the world network. QoS routing is popular requesied for

multimedia  application. Furthermore. the most QoS
transmission have the NP-complete problem since they
consider multi-constrained. SDN is another network

management concepl which is developed continuously for the
reason that it has advantages more than traditional network.
Therefore, it is suitable for various services, particularly
multimedia services.

In this paper. we propose an algorithm called QLB with
SDN-aware. It is used to consider MCP which uses quantized
and classifies into groups. We arrange into two types: 1) Total
Weight and 2) Balance Weight. Total Weight is summarized
QoS category levels, whereas Balance Weight is sorted each
QoS category level in ascending order. Although time
complexity of Balance Weight is more than Total Weight,
Balance Weight is suitable for generally multimedia
applications since the majority of multimedia services required
cach suitable QoS category with well path selection. Future
work, we will quantize five levels from Mean Opinion Score
(MOS). Moreover, we are going to simulate various videos
with frame sizes on different large topologies that have
dynamic update of QoS parameters
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SVC-MST BWQLB Multicast over Software Defined Networking

Piyawit Tantisarkhornkhet, Warodom Werapun
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Abstract

This paper presents the method of Scalable Video Coding (SVC) Multicast over Software Defined Networking (SDN). We choose
to develop 2 parts. The first part is concerned to the transmission management, and the second part is related to sender and receiver
models. In the first part, we modify the Quantized Level Balance (QLB) routing algorithm using SDN which focuses on the
transmission of video streaming. We measure different video resolution thresholds and routing to transmit based on balance quality
of service parameters. We examine this model compare with the OSPF routing on traditional network. The results are revealed that
QLB routing can control the display quality better than OSPF routing. In the second part, we design the transmission of multiple
video resolution and video receivers by modified SVC-MST (Multi-session transmission) with bandwidth threshold of QLB called
SVC-MST BWQLB. The SVC-MST BWQLB can reduce the usage bandwidth for freezing solution, which is a problem caused
by bandwidth congestion. We experiment our SVC-MST BWQLB with 640x360, 1280x720 and 1920x1080 video resolution
respectively. The transmission of the modified SVC-MST with the Advanced Video Coding (AVC), the SVC SST (Single-session
transmission) mode and the traditional SVC-MST are compared. However, SVC-MST receiver gets the video that does not match
with the correct sequence, resulting in encoded error. Buffers for defragmentation are implemented. Eventually, the contribution
of this paper is designing QLB routing in order to reduce both storage space and bandwidth congestion problem in multiple video
resolution. The maximum delay can be reduced with 46.77% (640x360 and 1280x720) and 66.64% (640x360, 1280x720 and
1920x1080) compared to SVC-SST. Furthermore, sorted buffer has been proposed for SVC-MST defragmentation problem. Our
proposed solution can be applied for designing another SDN network management that is required different quality thresholds for
the variable application services.

Keywords:
Software Defined Networking, Advanced Video Coding, Scalable Video Coding, Multicast, Single-session transmission,
Multi-session transmission

1. Introduction management is considerably complex. Thus, it requires to has
an excellent network management too. Software Defined Net-
working (SDN) Hu et al. (2014) is an excellent network trans-
mission management that bases on network programmable con-
cept. The SDN administrator can manage network policy via a
control plan at a central controller that is separated from a data
plan. Therefore, we chose to implement the SVC video stream-
ing service on SDN.

The traditional SVC-MST on SDN, there are both unicast
and multicast. The several SVC unicast models propose to di-
vide the SVC layer to different sessions and paths which use
various traffic management techniques. Although several SVC
multicast models can detach video layers to many session, the
routing management calculates only a current layer and ignore
previous calculated video layers. If there are links that have too
low bandwidth for sending many layers, traditional SVC-MST
may send videos at the congestion links.

In this paper, we propose SVC-MST multicast management
model on SDN that uses bandwidth thresholds QLB concept
for dividing layer sessions or paths called SVC-MST BWQLB.
The SVC-MST BWQLB compute routing from a base layer

In 2016, 73 percent of global Internet traffic is video traffic.
The Cisco traffic researcher predicted future video traffic that
will be up to 82 percent in 2021 Cisco (2016). Thus, multime-
dia management service is an interesting and important imple-
mentation now. Presently, there is an extension of Advanced
Video Coding (AVC) Sullivan et al. (2004) that has more flex-
ibility than AVC called Scalable Video Coding (SVC) Heiko
Schwarz et al. (2007). The SVC consists of a base layer that
is AVC video and many enhancement layers that are a part of
extend video quality.

The SVC transmission can be separated into 2 modes such
as single session transmission (SST) mode and multiple ses-
sion transmission (MST) mode. The SVC SST mode works
like traditional video transmission that transfers a single video
in a single session. The SVC-MST mode is transmission model
that can transfer an SVC video layer to various sessions, so
it can reduce lag length or freezing problem in many resolu-
tion transmissions. However, efficacious SVC video service

Email addresses: 5810120060@email . psu. ac. th (Piyawit

Tantisarkhornkhet), warodom@coe. phuket . psu.ac.th (Warodom
Werapun)

Preprint submitted to Computer Communications

to a highest enhancement layer since a base layer is the most
important for video display. Each layer calculated path will be
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Figure 1: Design of the SVC-MST BWQLB system

recoded and passed in order to define bandwidth threshold of
QLB routing. However, SVC-MST packet sequences may be
wrong since each video layer has different access unit packet
sizes and all video layer sessions are not related. Therefore,
we implement sorted buffer in order to solve packet sequences
error at video receivers.

The remainder of this paper is structured as follows. Litera-
ture review is discussed in Section II. Section III explains de-
sign of system. Modified QLB for multiple AVC videos are pre-
sented in Section IV. We propose SVC-MST BWQLB model in
Section V. Finally, we summarize this work in Section VI.

2. Literature Review

There are various researchers who have worked on scalable
video coding (SVC) over Software Defined networking (SDN).
Two transmissions can be categorized as unicast and multicast.

In unicast transmission part, Laga et al. (2014) separated
video layers by Quality of service levels which can reduce
freezing problem 77.3%. Yu et al. (2015) defined priority to
each video layer which could reduce freezing problem 72%.
Civanlar et al. (2010) proposed a Quality-of-Service (QoS) ar-
chitecture for SVC video. Egilmez et al. (2013) offered the
model that manages the forwarded layer controlling by dynamic
QoS. Detti et al. (2009) proposed open-source framework of
SVC video streaming called Scalable Video-streaming Evalua-
tion Framework (SVEF). Then, Ke (2012) implemented SVEF
on SDN called myEvalSVC.

In multicast transmission part, Yang et al. (2014) presented a
multiple sender and receiver model of SVC video transmission.
Yang et al. (2015) and Xue et al. (2015) illustrated SVC video
architecture for multicast. Although each SVC layer will be
sent at different sessions, these SVC layers are still delivered in
the same path. When a receiver has transmission problems, Jian
Yang reduced some high enhancement layers for decreasing the
lag length problem.

Additionally, there were interesting SVC transmissions on
traditional network such as Wenger et al. (2011) solution by
using several RTP payload formats and usages for SVC. Their
packetization modes consist of SVC-SST and SVC-MST. SVC-
MST is interesting transmission since it can be used on various
ways.

3. Design of System

This session presents the architecture which consists of a
sender, a SDN controller, a receiver and a topology as shown
in Fig. 1.

1. Sender takes H.264 video encoding for video streaming.
SVC is encoded by JSVM (Joint Scalable Video Model)
and a video streaming model for stream video data by mul-
ticast transmission Kreuzberger et al. (2015).

2. Receiver is used for video rendering from a sender in-
cluded video downloading. Moreover, the receiver has
been proposed and implemented the video sorted buffer
for SVC-MST. Mplayer media player program is selected
for a receiver as a video player.

3. In SDN controller, we modified GroupFlow model Craig
(2014) which consists of 3 modules as follow:

a) User Management is used for managing members in
multicast group by IGMPv3 Holbrook et al. (2006)

b) Routing Management is used for managing routes from
servers to clients. The traditional GroupFlow routing
module use Dijkstra’s routing. In this work, we modi-
fied QLB routing.

¢) QoS Management is used for recording multiple con-
straints from network traffic.

4. Topology is conducted by the network emulator program
called Mininet. It can define various QoS constraints such
as bandwidth, delay, jitter and loss rate etc.



4. Modified QLB for AVC video

This section offers QLB Tantisarkhornkhet and Werapun
(2016) thresholds of AVC for 3 resolution such as 640x360,
1280x720 and 1920x1080. We measure 3 constraints by peer
to peer on SDN network as follows:

4.1. Bandwidth

Bandwidth is the transmission limitation. If the video is
transmitted at insufficient bandwidth, it will cause freezing
problem during video rendering. We measured last packet de-
lay of a Group of pictures (GOP) that consists of coded video
frame types such as I-frame, P-frame and B-frame in bandwidth
range from 0.1 Mbps to 10 Mbps as shown in Fig. 2. We cal-
culate good delay of last packet that play 24 fps of 47 frames
GOP about 1.96 seconds completely. Therefore, threshold table
is defined from Fig. 2 and Table 1.

100
—e— 640x360 —— 1280x720 1920x 1080
80
I
|
2 60 |
E x
) |
SR (1]
20
0 —
6 8 10
Bandwidth(Mbps)
Figure 2: Delay of 3 resolution AVC
Table 1: Bandwidth threshold of 3 resolution
Resolution Good Medium Poor
640x360 > 0.8 Mbps  0.6-0.8 Mbps < 0.6 Mbps
1280x720 >22Mbps 2.0-22Mbps < 2.0 Mbps
1920x 1080 >4.8Mbps 4.0-4.8 Mbps < 4.0 Mbps
4.2. Jitter

Jitter is a variation delay constraint. It is a lag length prob-
lem factor in video display. Although jitter is solved by buffer,
large buffer is directly affected to preparation display delay.
Therefore, we use buffer size from Cisco Troubleshooting Tech-
Notes (2005) for different video resolution such as 640x360,
1280x720 and 1920x1080. These are 0.1 MByte, 0.6 MByte
and 1.5 MByte respectively. In addition, we define jitter thresh-
old by (1) equation and use medium bandwidth threshold pa-
rameters from Table 1. Denote: B is buffer size, PS is packet
size and Bw is Bandwidth.
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The jitter thresholds are calculated for (1) equation which
has each resolution result such as 640x360, 1280x720 and
1920x1080. These are 8 seconds, 10.62 seconds and 7.2 sec-
onds respectively as show Table 2. Furthermore, jitter may oc-
cur by frame type arrival time like transmission difference of
I-frame, B-frame and P-frame that have different packet sizes.

Table 2: Jitter threshold of 3 resolution

Resolution Good Medium Poor
640x360 <8s 8.0-8.3s >85s
1280x720 <10.7s 10.7-11s >1ls

1920x1080 <7.11s 7.2-75s >75s

4.3. Loss rate

Loss is an impact of incomplete video data receiving. If there
are some loss packets at the first GOP frame or I-frame, it will
increase encoded problem. Loss rate threshold is measured us-
ing PSNR between source videos and receiver videos. Since
loss rate is a random packet value, PSNR has weight range.
Eventually, threshold is determined in Table 3 and Fig. 3.Loss
rate (Fig 3) of several video resolution is overlapped as one line
graph due to the same sending path.

120
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Figure 3: Loss of 3 resolution AVC
Table 3: Loss rate threshold of 3 resolution

Resolution Good Medium Poor

640x360

1280x720 <02 % 0.2-0.3 % >03%
1920x1080




4.4. Possible Threshold

We offer possible threshold of 3 constraints as bandwidth,
jitter and loss rate respectively. These parameters will be quan-
tized in 3 levels as follows: (1) is good, (2) is medium and (3)
is poor as shown Table 4.

Table 4: Possible threshold of 3 constraints and 3 levels

(M) | M) | (H3H1)
(MHM2) | (D3P | (H3)2)
(MHMB) | (D3 | (HB3)3)
(2)(H(A) | @22)(1) | 23)(1)
(2)(DH(Q2) | @202 | 2)3N2)
2HB3) | A@3) | A3)3)
G | 3@ | 33X
(3)NH2) | B22) | 3)BN2)
(3)HB3) | @A) | ABA)A3)

Possible threshold in Table 2 is measured and quantized from
medium bandwidth values in Table 1. Since jitter is directly re-
lated to bandwidthTherefore, we classified new good and poor
bandwidth thresholds are newly classified. The good bandwidth
and good-medium jitter threshold group mean the group does
not have delay time problem. On the other handother hand, the
poor bandwidth and medium-poor jitter threshold group will
have delay problem. Thus, we set new threshold of 3 QoS con-
straints and 3 levels as shown in Table 5.

Table 5: Possible threshold of 3 constraints and 3 levels (jitter from medium
bandwidth)

(M@ | M) | 22
(M) | M) | 2N
(MMHEB) | M3 | 2N2)3)
(@)D | @2)(D) | 23D
2)H2) | DD3D) | AB)N2)
(2)DHEB) | @23 | B3
@)@ | 3B | B3
2)2)2) | B3P | B2
(2)2)3) | B33 | B33

From Table 5, we can group QLB cost by referencing thresh-
old possible table, for example of the total weight, (1)(1)(1)
from Table 5 has lowest summation. Thus, (1)(1)(1) is group
"1, next (1D(1)(2) or (1)(2)(1) or (2)(1)(1) is group "2’ etc re-
spectively as shown in Table 6.

The balance weight cost is determined by sorting possible
threshold from Table 5 to balance each constraint. For example
of the balance weight, (1)(1)(1) from Table 5 has only a "good’
level. Thus, (1)(1)(1) is group "1, next (1)(1)(2) or (1)(2)(1)
or (2)(1)(1) has a *'medium’ constraint. They are at group *2’
respectively. (1)(1)(3) or (1)(3)(1)or (3)(1)(1) is group 'S’ since
they have a "poor” constraint as shown in Table 7. However,
((H3) or (1)(3)(1)or (3)(1)(1) of total weight has summation
as 5. Therefore, they are group '3 in total weight.
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Table 6: Total weight cost

| & W N W R W] R —
~| | | | | W W I —
| | || | || W

Table 7: Balance weight cost

1 1 3
2 2 4
5 5 7
2 3 6
3 4 7
6 7 9
3 8 8
4 9 9
7 10 10

The gray boxes are ambiguous and variant weights for using
since the weights (bandwidth and jitter) are changed from Table
4 to Table 5. Therefore, we consider them to a second weight
that can be chosen when they are lower weight than normal
weight (white box).

4.5. Experimental

This part compares among QLB total weight, QLB balance
weight and OSPF (Traditional network agent) by sending data
from h1 to h2 on Mininet topology that has 7 paths as shown
in Fig. 4. The 7 paths are defined by Table 4 that removes
same highest and lowest weight thresholds between QLB total
weight and QLB balance weight in order to clearly show their
different routing. In the 7 paths, there are quality thresholds
like (1)(1)(3), (1)(2)(3), (2)(3)(1), (2)2)(2), (2)(3)(2), (2)(1)(3)
and (2)(2)(3). We use 3 AVC video resolution such as 640x360,
1280x720 and 1920x1080.

-
KI//
-

Figure 4: The 7 paths topology



1. The OSPF analyses only bandwidth, so it can be classified 2

weights as follows:

Group 1: (1)(1)(3) and (1)}(2)(3)

Group 2: (2)(3)(1). (2)(2)(2). (2)(3)2), (2)(1)3) and
(2)2)(3)

The OSPF chose 2 parts that has threshold such as (1)(1)(3)

and (1)(2)(3). Although both 2 paths have good bandwidth

and jitter, they have a high loss problem. When we measure

loss rate that has a problem of paths, the average Y-PSNR is

24 dB.

2. The QLB total weight analyses by summation of thresholds,

s0 it can be classified 3 weights as follows:

Group I: (1)(1)(3) and (1)(2)(3)

Group 2: (2)(2)(2). (2)(3)(1) and (2)(1)(3)

Group 3: (2)(3)(1) and (2)(2)(3)

QLB total weight chose best paths such as (1)(1)(3) or
(1)(2)(3) like OSPF which they still have loss rate problem
in the path.

3. The QLB balance weight analyses thresholds by sorting
group that has 1 to 3 (more information in Tantisarkhornkhet
and Werapun (2016)), so it can be classified 4 weights as fol-
lows:

Group 1: (2)(2)(2)

Group 2: (1)(1)(3) and (1)(2)(3)

Group 3: (2)(3)(1) and (2)(1)(3)

Group 4: (2)(2)(3) and (2)(3)(2)

QLB balance weight chose the best path as (2)(2)(2) which
is the balance threshold path. The (2)(2)(2) path can stream
video normally since it has normal bandwidth and jitter
threshold range of the video. The loss threshold of the path
is defined by SDN controller administrator. The average Y-
PSNR is 62 dB.

5. SVC-MST BWQLB model

This section presents SVC-MST BWQLB system. The SVC-
MST BWQLB is a model that applies bandwidth threshold of
QLB for SVC-MST. Many SVC layers are delivered to sev-
eral paths when the line has too low bandwidth from send-
ing multiple SVC layers. Additionally, bandwidth of previous
SVC layers is examined when the shortest path is calculated for
higher SVC layers in order to analyse traffic properly. SVC-
MST BWQLB architecture is illustrated as follows.

5.1. Sender
1. Storage space
We compare AVC and SVC storage space of 5 GOPs that has
the same encoded format from Kreuzberger et al. (2015). 3
video resolution such as 640x360, 1280x720 and 1920x1080
are measured and divided into 2 cases such as the single res-
olution storage space case and the multiple resolution stor-
age space case.
a) Single resolution storage space case
This case compares 3 resolution such as 640x360,
1280x720 and 1920x1080. In Fig. 5 shows 640x360,
AVC and SVC that have the same video size since the
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base layer of SVC is equal to the lowest quality AVC. In
Fig. 6 shows 1280x720, there are different video sizes
in all segments between AVC and SVC. There are more
different video sizes of 1920x1080 as shown in Fig. 7
SVC frame has overhead for dividing video quality layer.
Therefore, 5 GOP segments of SVC size larger than AVC
size such as 640x360, 1280x720 and 1920x1080 are 0%,
8.93% and 28.72% respectively.
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Figure 5: Comparison of video group size between AVC and SVC 640x360
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Figure 6: Comparison of video group size between AVC and SVC 1280x720

b) Multiple resolution storage space case
This case compares 2 resolution groups such as
(640x360 and 1280x720) and (640x360, 1280x720 and
1920x1080). Fig. 8 (640x360 and 1280x720) and Fig. 9
(640x360, 1280x720 and 1920x1080) show that SVC has
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Figure 7: Comparison of video group size between AVC and SVC 1920x 1080 Figure 9: Comparison of video group size between AVC and SVC (640x360,
1280x720 and 1920x 1080)

storage space lower than AVC since AVC storage space

collects full videos of all resolution which cause dupli- In this section, Separated NALU of SVC is described as
cated video data. However, SVC avoids storing dupli- shown in Fig, 10a, When a media server streams video
cated video data by collecting only highest quality video laycr:q to the network as shown in Fig. 10b which we can
with some small metadata of each video layer. Therefore, classify each NALU type as follows:

SVC can save disk spaces more than AVC in multiple

resolution storage space case. Additional, we compare 5 | Tt BL | EL1 | EL2 | | ELun BL |

GOP segments percent of (640x360 and 1280x720) and
(640x360, 1280x720 and 1920x1080). The storage space
results are reduced 22.14% and 42.22% respectively.
AVC takes storage space slightly less than SVC in the

ge sp: ghtly I—lnir

single resolution storage space case. AVC is suitable for

A Frame

(a) Separated video

storing a video in a device that requests to the specific BL Bl
video quality. On the other hand, SVC is greater than —_
AVC for storing a video with various video qualities.
EL2
ELn
1,000
E = A Frame
> o
a 800 (b) Video streaming
% 600 Figure 10: SVC video
w
Eﬂ 400 type 1: Initial data (Init) is any associated additional infor-
g mation of video or Non-Video Coding Layer (non-
“ 00 VCL).
type 2: Base layer (BL) is the lowest video data quality. It
0 L L can display without enhancement layer. It is Video
Coding Layer (VCL) that has NALU as | or 14.
1 2 3 4 5 type 3: Enhancement layer (EL) is to increase performance
GOP sequence part for videos. If a client requests high video qual-
ity, a server will send many enhancement layers to a
Figure 8: Comparison of video group size between AVC and SVC (640x360 client. It is VCL that has NALU as 20.
and 1280x720) 3. Modified RTP header
From Fig. 11, we show separation of a NALU for creating
2. Separated SVC RTP packet that has stable and limit packet size. Separated
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Figure 11: A separated NALU

packet sequence is defined as Sub Sequence Number (SSn),
and separated packet number is Sub Sequence Max Number
(SSM) which has value as n+1.
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Figure 12: Our modified RTP header

Therefore, we build modified RTP header as shown in Fig.
12 by adding two parameters such as Sub Sequence Number
16 bits (since 33 to 48) and Sub Sequence Max number 16
bits (since 49 to 64). In additional, we use other parame-
ters such as Packet Type which is used for classifying video
type, Sequence Number is a frame sequence, Sub Sequence
Number is divided packet sequence and Sub Sequence Max
Number is used to separate packet number.

5.2, SDN controller

1. SVC available Bandwidth threshold
This part presents calculated bandwidth threshold of SVC-
SST and SVC-MST non-BWQLB in Table 8 and SVC-MST
BWQLB in Table 9.

Table 8: SVC SST and SVC-MST non-BWQLB threshold

Resolution Good Medium Poor
640x360 >0.8 Mbps  0.6-0.8 Mbps < 0.6 Mbps
1280x720 >2.7Mbps 23-27Mbps < 2.3 Mbps

1920x1080 >55Mbps  5.1-55Mbps < 5.1 Mbps

Table 9: SVC-MST BWQLB threshold

Resolution Good Medium Poor
640x360 >0.8 Mbps  0.6-0.8 Mbps < 0.6 Mbps
1280x720 >2.1Mbps 1.7-2.1 Mbps < 1.7 Mbps
1920x 1080 >3.4Mbps  3.0-3.4Mbps < 3.0 Mbps

2. Algorithm design of SVC-MST BWQLB
We modified BWQLB_Dijkstra_Algorithm() in Fig. 1 by
enhancing bandwidth at Line 8 to 10. The bandwidth will
be used to check paths of previous layers. For example, the
base layer is the first path to calculate, so it will be examined
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Algorithm 1 BWQLB_Dijkstra Algorithm
Input: G, s, L, path, lw
Outpur: dis[V], pre[V]

1: procedure BWQLB_DuKSTRA ALGORITHM

2 for vin V do

3 dis[v] « co.

4 pre[v] « null.

5: Q « set(node.keys)

6 while Q!=null do

7 u < Minimumgistance(d, Q)

8 for v adjacent in u do

9: for 1in L do

10: if [u,v] in path(l) then

11: ew[uw, v][][0] « ew[u, v][][0] = Iw(]).
12: ad jiv1[1[0] « Min(dis[u][0], ew[u, vI[1[0])
13: adjl] « Quantized,oslevels(ad j[])

14: adj[] « Totalyeight(ad j|DorBalanceweight(ad j[])
15: if dis[v][0] = adj[v][][P] then

16: if dis[v][1] > adj[v][]1[P+1] then

17: dis[v][0] « adj[v][][P]

18: if dis[v][0] > adj[v][][P] then

19: dis[v][0] « adjlv][][P]

normally by analyzing only topology constraints. Then, cal-
culated base layer path will be recoded in path(1) and consid-
ered in other layers. All enhancement layers will be checked
with calculated part in path(l) at Line 9. If the link between
u and v node is calculated path part, the available bandwidth
of the link will be minus the layer usage bandwidth weight.
All enhancement layer is still recorded to path(l) for higher
layer calculation. We have new parameters such as L. which
is a maximum layer number, path(l) is a calculated path of a
layer and Iw(l) is weight of a layer.

5.3. Receiver

Fig. 13 is the receiver flowchart that consists of 2 threads
such as receiver socket thread and video player thread. Al-
though SVC-MST has unordered sequence problem, we de-
signed the Sorted Data Buffer module in a receiver socket
thread which consists of 5 functions as follows.

1. InitialChecker (data) function
This function is used for checking Initial packet arrival or
non-VCL NALU which is associated additional information.
We set a packet type of initial packet as 101.

2. SubAccessUnitSort (data) function
This function is used for collecting and sorting incomplete
NALU packets that are separated from a sender as shown in
Fig. 12. Moreover, this function will check NALU by Sub
Sequence Max Number at modified RTP header and sort the
incomplete NALU packets by Sub Sequence Number that
has the same Packet Type and Sequence Number. The com-
plete NALU packet will be sent to AccessUnitSort (data)
function for analysing in Sequence Number term.



Start

:—_ Received
@ thread Socket thread

1

Sorted Data
Buffer

Player thread Check video.264
[ Renger

Stop

Figure 13: Receiver flowchart

3. AccessUnitSort (data) function
This function is the main function that is used for sorting
complete Access Unit by Sequence Number. If some re-
ceived packets have wrong sequence, packets will be sent
to BufferSort function. Conversely, if packet sequence
matched, they will be collected in a render buffer. The func-
tion checked sequences: the base layer will check final layer
sequence and enhancement layer will check previous layer
sequence.

4. BufferSort (data) function
This function is used for storing and sort NALU packets that
were wrong sequence and were sent from AccessUnitSort
function. It checks lowest buffer sequence that matches with
a render buffer at every packet arrival.

5. BufferfullChecker(data) function
This function is used for examining sorted buffer size. If a
sorted buffer is full, this function will slide render buffer to
sequence that has all layers in a sorted buffer.

5.4. Experiment

This section measures transmission of AVC, SVC-SST,
SVC-MST non-BWQLB and SVC-MST BWQLB by stream-
ing video from h1 to h2, h3 and h4 on a mesh topology as shown
in Fig. 14. We define h2, h3 and h4 that request different video
resolution. We measure transmission delay from bandwidth 0.1
Mbps to 10 Mbps. We use 3 video resolution such as 640x360,
1280x720 and 1920x1080. Moreover, this experiment consists
of 2 cases such as single resolution transmission and multiple
resolution transmission.

1. Single resolution transmission
This case measures last packet delay of GOP that streams
data from a server to clients. Then, we use resolution in a
time that consists of 640x360, 1280x720 and 1920x1080 as
show from Fig. 15 to 17.
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Figure 15: Comparison of 640x360 video delays

From Fig. 15 (640x360), the transmission delay of
AVC, SVC-SST, SVC-MST non-BWQLB and SVC-MST
BWQLB have the same delay due to base layer of SVC.
Note that SVC base layer video is AVC video with the low-
est resolution and all transmissions choose a single path.
Thus, these delay results are overlapped as seen at the one
line graph. In Fig. 16 (1280x720) and 17 (1920x1080), al-
though the transmission of SVC-SST and SVC-MST non-
BWQLB chose path that has the same quality with SVC-
MST BWQLB, the SVC-SST and SVC-MST non-BWQLB
have different delays of all transmissions since 1280x720
and 1920x1080 resolution of AVC and SVC have differ-
ent sizes as show Fig. 5 to 7. Therefore, the SVC-SST
and SVC-MST non-BWQLB have same transmission delay
and have transmission delay more than AVC. Even though
SVC-MST BWQLB streams SVC video that has video size
more than AVC, the transmission of SVC-MST BWQLB
splits layer to different paths when single path has insuffi-
cient bandwidth to stream all layers. The comparison of all
transmissions in percent term from 0.1 to 10 Mbps reveals
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Figure 17: Comparison of 1920x1080 video delays

that the SVC-MST BWQLB has average delay lower than
AVC such as 640x360, 1280x720 and 1920x1080 which
are 0%, 5.33% and 0.136% respectively. It is lower than
SVC-SST and SVC-MST non-BWQLB which are 11.62%
and 30.84% respectively. Moreover, the comparison of all
transmissions in percent term from 0.1 to 1.75 Mbps for
1280x720 and from 0.1 to 3 Mbps for 1920x1080 will show
more SVC-MST BWQLB performance since both 1.75 and
3 Mbps are bandwidth threshold of SVC-MST BWQLB
1280x720 and 1920x1080 respectively. From 0.1 to 1.75
Mbps of 1280x720, SVC-MST BWQLB has transmission
delay lower than AVC as 11.67% and lower than SVC-SST
and SVC-MST non-BWQLB which are 11.67%. From 0.1
to 3 Mbps of 1920x1080, SVC-MST BWQLB still has trans-
mission delay lower than AVC as 7.03% and lower than
SVC-SST and SVC-MST non-BWQLB are 37.53%.

. Multiple resolution transmission

This case measures last packet delay of GOP that streams
data from a server to clients. Then, we use a resolution of
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group in a time that consists of (640x360 and 1280x720) and
(640x360, 1280x720 and 1920x1080) as shown in Fig. 18
and 19.
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Figure 18: Comparison of video group delay (640x360 and 1280x720)
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Figure 19: Comparison of video group delay (640x360, 1280x720 and
1920x1080)

From Fig. 18 (640x360 and 1280x720 group) and Fig.
19 (640x360, 1280x720 and 1920x1080 group), they show
SVC-MST BWQLB manage bandwidth efficiently because
streaming requests low bandwidth. When a server streams
video groups of AVC, SVC-SST and SVC-MST non-
BWQLB in low bandwidth, the transmission gets high con-
gestion. However, SVC-MST BWQLB solves high conges-
tion problem by dividing SVC video layers to various paths.
In the comparison of all transmissions in percent term from
0.1 to 10 Mbps, The SVC-MST BWQLB has average delay
lower than other transmission in (640x360 and 1280x720
group) and (640x360, 1280x720 and 1920x1080 group).
The SVC-MST BWQLB has transmission delay lowers than
AVC as 25.84% and 50.73% respectively. The SVC-MST



BWQLB has transmission delay lowers than SVC-SST as
46.77% and 66.64% respectively. The SVC-MST BWQLB
has transmission delay lowers than SVC-MST non-BWQLB
as 11.62% and 30.84% respectively. In addition, we show
comparison of all transmissions in percent term from 0.1 to
1.75 Mbps for (640x360 and 1280x720 group) and from 0.1
to 3 Mbps for (640x360, 1280x720 and 1920x1080 group)
will show more SVC-MST BWQLB performance. From 0.1
to 1.75 Mbps of (640x360 and 1280x720 group), SVC-MST
BWQLB has transmission delay lower than AVC as 45.22%,
lower than SVC SST as 60.74% and lower than SVC-MST
non-BWQLB as 24.36%. From 0.1 to 3 Mbps of (640x360,
1280x720 and 1920x1080 group), SVC-MST BWQLB still
has transmission delay lower than AVC as 50.20%, lower
than SVC SST as 59.22% and lower than SVC-MST non-
BWQLB as 37.53%.

6. Conclusion and Future work

In the paper, we design QLB for 3 video resolution such
640x360, 1280x720 and 1920x1080 that define jitter thresh-
old from medium bandwidth relation. In the experiment, we
compare results from OSPF (traditional network routing), QLB
total weight and QLB balance weight. Moreover, we propose
the SVC multicast streaming model based on SDN that re-
duces bandwidth congestion by using BWQLB call SVC-MST
BWQLB. The SVC-MST BWQLB uses QLB that defines only
bandwidth threshold for SVC layer.

In the comparison of OSPF, QLB total weight and QLB bal-
ance weight experiment; we set new QLB weights for 3 AVC
resolution. We compare the new QLB weights with OSPF
which uses it as the traditional network routing comparator.
We define 7 paths on the topology that create for comparing
between QLB total weight and QLB balance weight. The ex-
perimental results reveal that OSPF analyses only a bandwidth
constraint, so it has video loss problem. The QLB total weight
selects path similar to OSPF since it chooses a path by disre-
garding poor video quality. However, The QLB balance weight
controls quality range with constraints. Thus, it gets the lowest
loss rate which brings media rendering video normally.

The H.264 video compression or code experiment, we com-
pare AVC with SVC by checking 3 resolution such as 640x360,
1280x720 and 1920x1080 of 5 GOPs. Regarding the storage
space part, AVC uses disk space lower than SVC as 0%, 8.93%
and 28.72% respectively in a single video resolution storage
space case since a single video resolution of SVC has divided
video layer overheads. On the other hand, When we com-
pare several resolution such as (640x360 and 1280x720) and
(640x360, 1280x720 and 1920x1080), SVC uses disk space
lower than AVC in multiple resolution storage space. Since
SVC can divide large video resolution to several lower video
resolution, only highest video resolution with their video layer
metadata is stored. Therefore, AVC storage space suitable for
specific video resolution device but SVC storage space suitable
for a media server that service flexible and many video resolu-
tion.
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In AVC and SVC transmission experiment, the SVC trans-
mission consists of SVC-SST and SVC-MST. In this paper, we
focus in SVC-MST implementation. Our SVC-MST is devel-
oped by using bandwidth thresholds QLB analysis for dividing
layer session call SVC-MST BWQLB. Additionally, the each
video layer routing of SVC-MST BWQLB will be recorded the
calculated paths and used them for next video layer routing.
Since SVC-MST BWQLB can find insufficient links in order to
deliver many video layers, it can choose better paths for send-
ing high layers. The traditional SVC-MST (SVC-MST non-
BWOQLB) can divide layer session. However, it can analyze
only constraints from current topology traffic. If there are links
that have too low bandwidth to send many layers, SVC-MST
non-BWQLB may send a video in the congestion links. In this
experiment, we compare SVC-MST BWQLB with AVC, SVC-
SST and SVC-MST non-BWQLB.

The transmission experiment consists of single resolution
transmission and multiple resolution transmission. We mea-
sure delays of different bandwidths from 0.1 to 10 Mbps.
From the single resolution transmission results, the SVC-MST
BWQLB has average delay lower than 640x360, 1280x720
and 1920x1080 of AVC as 0%, 5.33% and 0.136% respec-
tively, lower than SVC SST and SVC-MST non-BWQLB as
0%, 11.62% and 30.84% respectively. The multiple resolu-
tion transmission results, the SVC-MST BWQLB still has the
lowest delay. SVC-MST BWQLB lower than (640x360 and
1280x720) and (640x360, 1280x720 and 1920x1080) of AVC
are 25.84% and 50.73% respectively, lower than SVC-SST as
46.77% and 66.64% respectively and lower than SVC-MST
non-BWQLB as 11.62% and 30.84% respectively. The SVC-
MST BWQLB is a model that uses storage space efficiently
for multiple resolution case and has the lowest delay in single
resolution transmission case and multiple resolution transmis-
sion case. However, received videos of SVC-MST BWQLB
and SVC-MST non-BWQLB has wrong packet sequence since
they divide video layers to different sessions. Therefore, we de-
signed sorted buffer for SVC-MST receiver that can be used for
sorting intra-NALU, intra-layer and inter-layer.

For future work, we will test this model on real network de-
vices with wireless environment. Bandwidth, delay, jitter and
loss rate relation for several QLB thresholds are taken in to ac-
count to implement bitrate management of SVC-MST BWQLB
video layer for reducing sorted buffer size. In the media man-
agement, we will measure this model with different video qual-
ities, frame sizes and several motion videos, upgrade from
H.264 to H.265 by changing AVC to HEVC and SVC to SHVC,
and enhancing sorted buffer management to GOP analysis.
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