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Use-cases
demanding applications

vision statements
This session will aim to articulate the potential for better Internet           
experiences and applications if low latency goals can be realised.

How much faster could the Internet be?

What would that mean for applications 
andusers?

Session lead: Claudio Allocchio
Contributors: Dave Täht, Lucien Avramov

90 minutes
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LOLA 
LOwLAtency Audio Visual Streaming System

A Low Latency Use Case

A LOW LATENCY, HIGH QUALITY AUDIO/VIDEO TRANSMISSION SYSTEM FOR 
NETWORK MUSICAL PERFORMANCES AND INTERACTION  

Made by: ConservatorioG. Tartini, Trieste &
Consortium GARR

Conservatorio G. Tartini
Trieste



The LOLA team
ISOC Low Latency WS

w
w

w
.conservatorio.trieste.it

…a viola Masterclasswith New World Symphony,
at the GARR Conference 2005, in Pisa...

“Toperformtogether, fromdistantlocations...
asifdistancehasvanished

in a click of a computer mouse”

The Dream…

http://www.garr.it/eventiGARR/conf_05/ram/Violista.ram 14:00

http://www.garr.it/eventiGARR/conf_05/ram/Violista.ram
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•Audio/video Latency (RTT) below ~75ms (depends onmusic style)
•EyeContacttosynchronize
•Spatial Sound immersion forexpression
•RoomReverbering
•ContinuousPresenceofallmusicians
• Non distractingenvironment
• and art!

To play together you need…
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Ifthereis No natural way forourbrainto deal withevents, 
Thenweneed “rules and protocols”

“Latencyisnot just animpedimentto musical interaction; 
it’sanimpedimenttohumaninteraction!”Dan Nichols (NIU)

Talking, Playing, Acting, Dancing, Driving, …

Natural Interaction
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Network interactivemusicalactivities
• musical rehearsing and performances
• music education and training

Network interactive on stage performances
• dance performances
• drama performances
• performing arts education and training

Just Human Conversation
• talking at low latency is much less stress!

and beyond…
•surgery, real time control…

Enabling Natural Interaction in...
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H.323/SIP

Audio/Video tools before LOLA…

DVTS

Conference XP Skype
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H.323/SIP

Audio/Video tools before LOLA…

DVTS

Conference XP Skype

Latency: 400ms
Echo

Latency: 200ms
Audio for voice

Auto echo
cancellation

Latency: 350ms
Echo

Latency: > 300ms
Audio for voice

Auto echo
cancellation
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 LOLA

Latency: 5ms
Audio formusic

No echo

Very Fast reliablenetworks
Hi-Speedcameras

Machine Vision Grabbers
Good PC (i5/i7)

…
New programming

approach!

100 Mbps  500 Mbps
30 fps  90 fps

2 ch 10 ch

http://www.conts.it/artistica/lola-project/
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Latency: 
•~25ms (one way)is the 
confort limitformost
instruments

Discoveries with LOLA

Courtesy of Nathan Brock, UCSD

Sound rendering: 
• mixing differentambients;
•reproducingacousticinstrume
nts;
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•Network PerformingArts Production Workshop: 23.11.2010
Tartini (Trieste) – IRCAM (Paris)1300Km 
Piano Duo: Bach, Reger

•Network PerformingArts Production Workshop: 15.06.2011
Tartini (Trieste) – Gran Teatre del Liceu (Barcelona) 2700Km 
Violin Duo: Bartok

•Internet2 FallMembers Meeting: 04.10.2011
NIU (Chicago, IL) –Congress Center (Raleigh, NC)1850km
ViolinCello: Haendel

•Network PerformingArts Production Workshop : 05.03.2012
NIU (Chicago, IL) – NWS (Miami, FL)2400km
Trumpet Duo: Copland

•JANET PerformingArtsNetworkshop : 19.09.2012
Royal College ofMusic (London) –NapierUniv. (Edinburgh)700km
Clarinet Piano: Mozart, Jazz

LOLA Events
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•AEC Annual Meeting for International Coordinators: 15.09.2012
•Tartini (Trieste) – SS. Marcellino &Festo (Naples)1200Km.
Trumpet Piano: Baroque, Romantic, Morricone, Dalla

•Trieste Next International Festival: 29.09.2012 
•Tartini (Trieste) – Ca’ Foscari (Venice) –AcademyofMusic (Ljubljana) 
750Km (on GARR shared network)  + 100 Km (on a 1Gbps Lambda)
CelloQuartett, Cello Duo Liute: Mozart, Vivaldi

•Internet2 FallMembers Meeting: 02.10.2012
NIU (Chicago, IL) –Sheraton Hall (Philadelphia, PA)1700km.
ViolinCello: HaendelHalvorsen

•ARNES 20° AnnivesaryCelebrations: 29.11.2012
ARNES (Ljubljana) –Tartini (Trieste)100Km
Jazz Jam session

2013: Frosinone, Vienna, Los Angeles, S. Antonio, Dekalb, Troy, 
Keele, Maastricht, Edimburgh, Derby…

LOLA Concerts
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RootsRiversideCountryMusic Festival: 13.10.2012
River Park (Chattanooga, TN) – USC (Los Angeles, CA)3500Km
(and more then 4000 people in the audience) Guitars, Voice: Country

LOLA Concerts

T-Bone Burnett & Chuck Mead
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•Northern Illinois University School of Music, DeKalb, IL, USA
•CESNET - Czech Republic Research and Education Network, Praha, Czech Republic
•New World Symphony - America's Orchestral Academy, Miami, FL, USA
•Internet2 networking consortium, Washington, DC, USA
•Università degli Studi di Cassino e del Lazio Meridionale, Cassino, Italy
•Janet - UK Education and Research Network, Oxford, Didcot, UK
•Universidade de São Paulo - CMU, Departamento de Música, São Paulo, Brasil
• Rensselaer Polytechnic Institute - Department of the Arts, Troy, NY, USA
•MAGPI - Mid-Atlantic Gigapop - Multimedia Service, Philadelphia, PA, USA
• Napier University, School of Arts and Creative Industries, Music dept., Edinburgh, UK
• University of North Carolina, School of Music, Greensboro, NC, USA
• University of Virginia, School of Arts, Charlottesville, VA, USA
• Royal Academy of Music, Aarhus, Denmark
• Joseph Haydn Konservatorium, Eisenstadt, Austria
• University of Southern California, School of Music, Los Angeles,CA,USA
•Berklee College of Music, Boston, MA, USA
•Universität für Musik und darstellendeKunst, Wien, Austria
• Interlochen Center for the Arts, Interlochen, MI, USA
• Conservatorio di Musica LicinioRefice, Frosinone, Italy
• UNINETT – Norwegian Academic and Research Network, Trondheim, Norway 
• Royal Northern College of Music, Manchester, UK
• Leeds College of Music, Leeds, UK
• Texas A&M University, San Antonio, TX, USA
• Eastman School of Music, Rochester, NY, USA
• Engage3d, Chattanooga, TN, USA
• AARNET – Australian Acedemic and Research Network, Sidney, Australia
•Civitium, Atlanta, GA, USA
• Universidad de Vigo, Vigo, Spain
• Galicia Suprcomputing Center, Santiago de Compostela, Spain
• RENATA, Colombia Academic and Education Network, Bogotà, Colombia

LOLA: the community
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All this stuff…

ONLY WORKS ON

•HI-BANDWIDTH,
•UNCONGESTED, 
•VERY LOW JITTER,
•ERROR FREE
NETWORK SERVICES!

By the way…

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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“We are in a new unexplored world: how can we adapt 
interpretation/composition to two different Concert Hall 
acoustic environment at the same time?”

“Yourhorizonexpandsfrom a city to a continent”

“You can talk, listen, makeexamples BUT ALSO you can 
PLAY TOGETHER”

“We won the CODECs challenge! ... the challenge 
is for the network now!”

“A powerful tool to analyze and refine your performance”

Comments by LOLA users
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Weneed Ultralight 
Speed

• ~1ms per 100Km

•when the Atlantic willbelarge 30ms... wewillcallCaptain
Kirk and Scotty:

UltraLightSpeed, Scotty!

The Speed Race
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•Effectsof network configurations on Latency and beyond
•ongoingstudygrant @ GARR

•UseofBandwidth on Demand and QoS in 
distributedperformances

•GN3+ activity

•Reducing the Internet Latency Workshop
•ISOC sponsored, London 25-27 Sep 2013

The Network Challenge
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LOLA Network Issues

0

500

bandwidth Mbps

DVTS
LOLA b/w
Ultragrid
LOLA col

Bandwidth!

Traffic!

Firewalls, Switches!
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• Trieste-Barcelona (via Madrid): ~ 3200km instead of 2400!

LOLA Network Issues: topology

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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Internet2 Fall Meeting: NIU School of Music, DeKalb IL – Raleigh 
NC: 1290 Miles / 2080km (green), 1170 Miles / 1890km (pink)

LOLA Network Issues: asymmetry

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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Network Design
Default link Trieste-Vienna via Milan:  ~25ms
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Network Design
Trieste-Ljubljana (d.f.) + Ljubljana-Vienna (circuit): 9ms
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Network Design
Ifsomethinggoes wrong on the “circuit”:  ? ms
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DANTE TICKET: 15368
Type: Dashboard Alarm
Status: Open

Description: [mad - gen] GEN-MAD-IP (interface so-7/2/0) is down
Location A: Madrid, ES
Location B: Geneva, CH

Incident Start: 14/06/2011 10:30:34 (UTC)
Incident Resolved:  (UTC)
Ticket Open: 14/06/2011 10:37:29 (UTC)
Ticket Close:  (UTC)

Translation: the fiber was CUT!

The re-routingwent via Geneva-Paris-Madrid
Another 1000km  4200 !!!

Caterpillars Exists!
Network Design: rerouting

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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All traffic arriving 
correctly, is it?

Error Correction

But useless video data!

Packets 
reordering at 
optical layer!

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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Back to the Basics!

• getting rid of “additional features” seems to be a win strategy…

• we did it for the codecs latency down to 5ms

• I/O A/V devices: old CRT displays and RGB BARCO projectors

• no filters, ACLs, no “intelligent devices”…

• end-to-end layer 1 optical link with ethernet frames on it (and no checksum!)

• do we need IP at all?

• microwaves are 30% faster than fibers (but what about stability?)

Presenter
Presentation Notes
una breve “roadmap” delle cose da fare... io ho messo solo l’elenco tecnico, e solo detto come ultima cosa che poi si intende sviluppare una comunità di utenti, dei progetti, anche finanziati, ed espandere l’uso del sistema anche al di fuori della musica, alle altre possibili potenziali applicazioni
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http://www.conts.it/artistica/lola-project

lola-project@conts.it

More Information?
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