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“3uvepyaoio SDN AktOwV — epappoynG yLa TNV MPAYHOTONOLNCH SIKTUAKWY
HOUOLKWV TIOLPOLOTACEWV XapnANG kabuotépnong"

Mta kotnyopia SIKTUOKWVY UTINPECLWV TIoU €AKUEL TO evlladEPoV TNG EPEUVNTIKNAG
Kowvotntag eival ol ebapuoyeg pe umepBoAkn evalobnoia otnv kKabuotépnon. Z€ autn
™V Katnyopla, n kabBuotépnon anod Akpo o€ AKPOo eival amodektr HEXPL Eva KATWOAL TNG
Taéng twv YWAlootwv Tou OSeutepoAénmtou. Eval  QVIUTPOCWTIEUTIKO TOPASELYUA
epapuoywv umepPoAikd svaioBnTwv otnv KABUCTEPNON €lval T CUCTHUATA ALKTUOKWV
Mouowkwv Mapaotdcewv. Muwa Awktuaky Mouowkrn [Mapdotoaocn meplypddel TNV
Swadkaoia omou poucikol amd Sladopetikd onueia Tou MAAvATN TOPoUcLAlouv
OUYXPOVLIOUEVA PEOW Tou Aladiktuou. H péylotn emutpemntn kabuotépnon and Akpo o€
AKPO O€ AUTA Ta cuotApaTta ovopaletal ZUVOAKO KatwdAl Anddoong Kal eKTLUATOL
Alyotepn amo 25 x\ootd tou SeutepOoAEmTOU. AOYW TOU TAPATIAVW TEPLOPLOUOU, T
ocvotnuata Awtuakwv Mouowkwv MNapactdcewv amattolv  AUCEL  XOUNAAG
KaBuotépnong OXETIKA e TNV Kwdlkomoinon, tn petddoon péow SIKTUOU KAl TNV
arnokwdikomoinon tou Nxou, kabéva amod ta onola eival pla evéladEpouoa MpOKANGCN
oo Povo Ttou. Yridpyxouv SU0 TUTOL TPOCEYYLONG otnv oXeTikn BLBALoypadia avadopikd



HE Ta ocuoTthuata Aktuakwv Mouolkwv Mapaotdcewyv. AMO TNV NXNTIKA OMTKN, Ol
epeLVNTECG Telpapatilovial o KWOLKOTONTEG XAUNANG KaBuotépnong Kal TPOTUMA
HUETAS00NG TOU NXOU HE OKOTO VA HUELWOOUV TO QAMALTOUMEVO €UpoG {wvng Kal Tnv
kaBuotépnon emefepyaciag Tou NXOU ayvowvtag tnv oupnepltdpopd tou Slktlou,
Bewpwvtag TNV WG adlanmpaypateutn. Ao tn AAAn MAEUPA, EPEUVNTEG TOU XWPOU TWV
SIKTUWV ETIXELPOUV VA EMLVONCOUV BEATIOTOUG TPOTIOUG SPOOAOYNONG Yl TNV Melwan
™G kaBuotépnong SIKTUOU, CUVTEAWVTOG LE TOV TPOTO OTNV €V YEVEL UELWON TNG
kaBuotépnong omd AKPO O GKPO Yyl TA OUCTAMATA ALKTUAKWY MOUGCIKWV
MapaoTacEwv.

ITnV Tapouca HETATITUXLOKN €pyacia, n TPOTEWOUEVN TIPOCEYYLON ELCAYEL TNV
EVowpATwon Twv U0 MapaAndvw OMTIKWY SUVAULKAG TIUPAUETPOTONONG TOCO OTOV
TOMEQ TOU NXOU aAAQ KOl OTOV TOPEX TOU SIKTUOU WOTE VAL LKOWVOTIOLNBOEL 0 TEPLOPLOUOG
NG AVWTATNG EMLTPENTAC XPOVIKNG KaBuotépnong. H Baotkn b€a mou loayetal ival n
€TUKOWVWVLA Kal aAAnAemibpaon Twv Baclkwy oToLElwY MOV amapTti{ouv pia ALKTUAKN
Mouoikn Mapdotaon, n epappoyn kot to diktuo, kabwg e€elloosTal n mapaotacn Ue
okomo BeAtiwon tng amodoong tou ocuothuatoc. Kabwg n kabuotépnon Siktuou
avéavetal, 1o Siktuo emixelpel va amoppodrosl tnv avénon petaBaAlovtag tnv
oupumnepldpopd SpooAdYNoNG Tou. I MePLMTWON MoU N KaBuotépnaon SIKTUoU EemMepAoEl
€VOl UEYLOTO ETUTPENTO Oplo, To Olktuo aAAnAemibpd pe tnv edapuoyry wWOTe va
HETABAAAEL TOV TPOTIO EMEEEPYATLOG TOU NXOU, LE OUMWTEPO OKOTIO VA OVTLUETWIILOTEL N
avénon tn¢ kabuotépnong. H mapandavw aAAnAeniSpaon eMITPENEL TIUEG KABUOTEPNONG
oo AKPO O AKPO XAUNAOTEPEG TOU KatwdAiou mpdaypa ou o€ SladopETIKA TEPLTTWON
b6ev Ba Atav €diktd. H mMPOTEWVOUEVN QPXLTEKTOVIKY) UAOMOINONG EVOWUATWVEL TNV
KaBoplduevn amnod Aoylopiko Alktuwon, Kabwg avgdvel tnv eveli€ia kal tnv duvatotnta
npoocapuoyng o€ EadvikéG petaBoAég tou Siktuou. Eniong, n uAomoinon KAVeL xprion TG
LKOVOTNTOG TNG KEVIPLKNAG ovtotntag o€ KaBbe Aiktuo KaBopllopevo and AoyLopLko, Tou
€AEYKTH, 0 omoilog €xel KABOALKN €lKOVA Tou SIKTUOU Kot prmopel va AapBavel BEATIoTeG
amodaocelg dpopoldynong. H mpoogyyion PBaciopévn mavw otnv KaBoplwlopevn amo
Noylopko Aktowon eival eupéwg Sladedouévn oe epyaocieg mou efetdlouv tnv
SlaoddAlon tTng MOLOTNTOG UTNPECLWY Kal amattouv €€umvn Slaxeiplon tou Siktuou
TNPOUMEVWY TWV amaltioswyv. Toviloupe OTL N OCUYKEKPLUEVN epyacia ETIXEPEL va
TIOPEXEL €va TPWTOTUMO oloTnuo Alktuakwv Mouolkwv MNopactdcswv To ormolo
aflohoynbnke oe meplBairlov efopoiwong. Ta amoteAéopata £86s€av peiwon t™ng
kaBuoTtépnong amod AKPo o€ AKPO PEXPL 59%.
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“SDN-based Application-Network Collaboration for Low-Latency Networked Music
Performance systems"

ABSTRACT

A class of network services that attracts the interest of the research community is ultra
delay-sensitive applications. In this type of services, end-to-end delay is acceptable up to
a threshold which is at the level of milliseconds. A representative example of ultra delay-
sensitive services is Networked Music Performance (NMP) systems. An NMPinvolves
musicians that are located in different places, who perform music while staying
synchronized via the Internet. The maximum end-to-end delay in NMP is called Ensemble
Performance Threshold (EPT) and should be less than 25 milliseconds. Due to this
constraint, NMP systems require ultra-low delay solutions for audio coding, transmission
via the network, relaying and decoding, each one a very challenging task on its own. There
are two types of approaches in related work referring to NMP systems. From audio
perspective, researchers experiment on low-delay encoders and transmission patterns to
reduce required bandwidth and processing delay of audio transmission, but they do not
bring network performance into play, treating it as a "black box". On the other hand,
network researchers try to find optimal ways for reducing network delay, which
contributes to reduced end-to-end delay for NMPs.

In this master thesis, the proposed approach introduces an integration of dynamic audio
and network modification to satisfy EPT constraint. The basic idea is that the major
components participating in a NMP system, application and network, communicate and
interact as the live networked music performance event takes place for improved
performance. When network delay increases, the network tries to absorb this increase by
modifying routing behavior. If network delay exceeds a maximum acceptable threshold,
the network reacts by informing the application to change audio processing pattern to
overcome delay increase. This interaction enables end-to-end delay below the EPT value



when otherwise wouldn’t be possible. Our implementation incorporates Software
Defined Networking, because it increases the flexibility and dynamic adaptation to rapid
changes. Also, the implementation exploits the ability of SDN’s central entity called SDN
controller that has a global view of whole network and takes optimal routing decisions.
SDN-based approach is widely used in QoS-aware projects that require "smart" network
orchestration conforming to existing requirements. We emphasize that the thesis
designed and developed a full prototype of the proposed NMP system, which was
successfully evaluated in an emulation environment. The results show that end-to-end
delay improvement is feasible up to 59%.



