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"If I were not a I would 1J"-'UQ,lHY be a musician. I often 
think in music. I live my dreams in music. I see my life in terms of 
music .... I most joy in life out of music." 

- Albert Einstein 
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purpose 
as Virtual Studio Technol­

as an informal standard 
of networks has 

trol is an open !U~'U-JLC;V'C;! "'PP'U'-GL1,VU 1-/1L,eV'L,vl rl ",,,,'II n.n.<"j to facilitate modern 
networked communications audio units like VST l"~'n"'~ 
asc has been as a successor to MIDI 
its 

This dissertation a prototype VST that 
UHUFo'"" the network isolated VST and VST host to the asc network 
domain. The rmrou,n,'''<> facilitates modern, musical con-

VST audio processes. asc is an open rW/'ot",,..'"I 

to communicate between VST from different 
vendors 
standardisation. 

of audio and musical system and pf()mot(~s 

This work a novellU(11J1.JH1,); process to facilitate the construction of 
a hierarchical asc namespace the VSTXML definition. 

The between VST and asc 

unl~Olj[lPI:es~led chunks of 
audio over the network. This new float vector 'v' is an array of 32bit floats 

within the NetUtil for Java. 
de'llelloplne'nt of audio control mech-

anisms that would remove network and preserve order when receiv-
ing network audio data. The first control mechanism is the JitterBuffer and as-
sociated to order The second uses asc's intrinsic j-"rnn,nr" 

semantics through the asc and asc mechanisms. 
This dissertation also the 

The first four <'Y,,,,,r'ITn 

evaluate 
jitter and show results that the 1-1""''-'''''''.'''' meets or 

exceeds these benchmarks. The last three OV,-..AT",i,."Anl,,, evaluate the audio data 
and compares the audio control mechanisms. The audio 

ments have shown that the JitterBuffer is the control mechanism that can 
raw audio data over a the 

The asc control mechanism does reduce 
on order but does preserve the audio when t,r~,no"n()rt"'t1 

lwith latency of 2ms and jitter between 1 and lOOms 

iv 



Univ
ers

ity
 of

 C
ap

e T
ow

n

network. 
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1 

1.1 

General purpose 
""'''''''''1''>, memory and "Tn,r<l'"'' 

these have however been 
one could obtain an increase in these resources when l',->Ynn<lrc,rt 

This therefore facilitated the of purpose into the 

music control and audio 
etc. 

Audio software vendors 

the way for the recent shift of pro-

to harness and that would 
~~'''p~o", resources available. Certain audio soft-

birth to Virtual Studio Technol-
ogy is an audio unit contained within a VST 
host G!-,!-,U'C-"l"V!" _.-.-_. ___ its to the audio received from 
the VST host before rpt.l1rlnln it back to the host. The internal of 
the are hidden from the host and therefore appears as a 'black-box' to 
the host. A VST consists of VST hosts and VST and has been 
«rt,')n1-prt as an informal standard for audio and MIDI .... ~"u,'" 

PIUlj~lIlS R'''U''''''115 on the 

need to interface to the VST host and not be concerned with any VST host 
functions. VST host would focus on the VST host functions 
and not processes. VST therefore 

1 
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allows COlnp'ar1Lmen1calllsatlon of the functions and processes involved in audio 
software de1{elc)prneltlt 

VST are instantiated a VST host a direct link between 
the two. It can been infered that the hardware and associ-
ated resources are shared between the VST host and all the 
it instantiates. 

with the advancement of n""vL'~ 
the """'!>Tlon of f'mnT>l1t"T 

has come 
avail­

Network In­
maxi-

mum bandwidth is lOOMbits per second and can be found in most 
Local Area Networks Hardware vendors now however supply 
bit bandwidth devices. If the lesser of the above bandwidths are 
a,u"uc'<:;u. this bandwidth surpasses the bandwidth for musical con-
trol by a thousand 

C,,,.,uUVR'l".Y has ben-
simultaneous and remote access to au-

dio resources, its allows and hardware resources to be dis-
tributed and facilitates location musical 
collaborations known as Networked Musical Performance These benefits 
have led to various research into MIDI over Ethernet since MIDI 
is the defacto standard for musical A new MIDI called 
HD-MIDI is of MIDI over networked C"L,UU'YIU1;) 

lH V"""~lJl called 

sn()rt,cmIlUlj!;s in 

A VST host contains the VST PllJlj!JIIS it instantiates. Communication be-
tween the host and the calls and the two 
share the same hardware resources. VST communication 
to other audio processes must do this via the VST host since there is 
no mechanism that allows them to do this The data such as pa-

and audio data is therefore network 

",,"OiUHll"'Vll of LAN network at a conservative 
bandwidth at 31 

2 

and the MIDI musical control 
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isolated to the VST host that instantiated it. Certain VST host o,PPH',-,o,L,.V •• " 

networked communication services but uses closed Qv,.tpmQ 

networked communication between VST hosts from different vendors. 
Commercial VST P'U'F>uw 

with VST hosts """.I-,au"", 

main. The 
VST hosts 

an open communication 
from different vendors. 

called OscVst-

The rp"",'rp1'1"p"t to network musical for collaboration purposes was a 
natural Audio software vendors therefore enhanced their 

ehll'olrkine: services in and lines. 
aCVCJlor:lca closed networked system such as Link. 

There however is no open communication that facilitates inter vendor 
communication for musical content. This dissertation works towards establish-

such a open the open definition OSC in the 
used audio systems of VST. NMP can be on this open 
framework. 

Closed network enforce intra-vendor 
tie in well with the vendor business PUU"'QV~'U,Y 

of audio and musical 
u .... v,.".," ven-

dors. 
Users of such networked that are on open frameworks are 

free to choose the VST hosts they network which could include open 
source VST hosts. Users within the closed networked are forced into 

with for each software nr,"lrlli1rt 

on each The open framework therefore could become a cost 
effective way of networking musical devices. 

1 

<:t"inh"rrr is the founding company of VST 

3 
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The MIDI n .. """',,,'''''' standard was first 

maximum 
This enormous bandwidth difference between avail-

---.'It'---- networks and MIDI has facilitated research into other music and 
IJHJLU'UU'" that use the available 

pnJLOCOl is the ase open definition. ase therefore has been 
,"VAHP'UA~'~ to and as its successor. In order to achieve 
ase would have to establish itself within audio established 
in Such a pn)Ce:SSlIlg as an 
informal standard for audio and MIDI Therefore the as­

asSlStllllg ase to establish itself 
devel­

to established 

.:>HaUH5 of audio resources in the plugin enables "'VJlUIJ'UL'~l 

hardware resources to be distributed o,U,L"U,5"" networked VST hosts 
can therefore control VST trans-
nrn·t,n,O' the data that over a 

network. This therefore delinks the VST host and 
on individual 

on that 
network is farm becomes IJU,,.,UJlt;. 

All the interfaces in the VST host are available to and hence 
the ase environment the flexible schemes found in a VST 
host. A MIDI controller interfaced to the VST host can be transformed into an 
ase controller MIDI messages within the host to the 

a MIDI to ase conversion. 
MIDI conversion is possible ase messages in the 

and it to the VST host. The host could then use these MIDI 
messages to control audio processes. 

Audio and interfaced to the VST host are also \..o+,aM,":; of be-
routed within the host to the Audio data can therefore 

be between VST hosts ase. This audio allows 
onr,,,1"£,,' to a central VST host whose audio 

I""h!>('v the audio data. This can be a cost 
aUJ,Uu,I",". all net-

between VST hosts on different musical SYllctlroni~iat:ion 
the networked VST hosts. The data allows a VST host to con-
trol the of the audio markers used within all the VST hosts 
that These networked VST hosts can be location 

address the control of VST PAU'5"'"' 

H'"'~~l."'"l,"1U of ase and VST tecnn()lO~~leS 
Added 

4 

HUUHne; and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to VST plUlglIlS such as enhanced control structure. 

1 

n""?'.,,nQI"" and address the flat control structure used within VST 
"""'LWlM that the VST namespace is The paper in-

troduced ose as a means to address the flat namespace a nu>r!U'Pnl 

JH~;aHHJt,JUJ namespace that will aid users and The release of 
VST SDK 2.4 in 2004 also addresses the flat namespace 
of VST parameters with the introduction of the VST structure XML 
definition VST hosts that this definition will construct a 
hierarchical namespace based on the VSTXML definition with the 

The definition is backward with VST pJu.,oHJ."1 

The therefore aims to construct a 
the VSTXML definition. 

lV":'.VTli"KI and Freed affirm the research ideas and intention of this disser­
the 

"If ose was much of this 
namespace could be built 

address their 

" .. control can be further improved if the could be directly 
controlled ose" 

It became when the literature review that an AudioRe-
ceiver process would need to be as of the of the 

remove network 

Other work such as Voice over IP 
as~rnc:lmJll()Us receiver of network pa<:ke1cs 

Such a buffer is called a JitterBuffer. 
a JitterBuffer in the AudioReceiver process to 

introduced into the audio stream. The ose also 

im]plementf~d in the 

The of this dissertation was to create a VST interface that 
VST data to the ose networked domain. It therefore followed that a 

nrn.tnb"no VST be VST and ose The 

required such data to be riP'"PI,-.n<>ri 

could be accommodated in the standard ose 

5 
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but the audio data 
array of float 

the ae'veH)prneIlt of a new cOllta,inilng an 

A of this dissertation work was to construct a hier-
archical ose namespace the VSTXML definition. The of the ose 
namespace was done through this construction process VSTXML 
data to an ose names pace within the of the 

of the were conducted on the Os-
in order to evaluate its The 

ments evaluate each of the and audio data 

1 

The au­
control 

From the above ia",·h".~" the research U'-"'U .... H • ., below are outlined: 

1. Can we use Sound Control as an open 'llrt)tf'lrf'l/ '.nf""t,,,r,, 

'-"fI.'''~''III.I"'II.'. networked communications between VST 
vironments distributed audio 1JnJl;t::;:;~nll 

2. Can we build a rich DSC namespace 

3. How can we measure and evaluate and 
UU17U •. '·" nN,,, ... f,,rl benchmarks for control 'WlIII.H"m.p 

4. To determine and compare the 
control mechanisms on audio data? 

The Im~tn.oao!(lgH~S ",rlnlC1t . ."rl in this dissertation consist of the 
followed 

The essential core features of the nwyj-n.hrr'D to be V"' .. JU<;U are: 

• a data between ose and VST UUJ.uru,w" 

• ose Data ose Control n",e"nu>t.~r VST 

• ose Environment ae'veH)prnCXlt Hl<'-1'U.UJ'U,," ose client and ose servers 
"''''AU.''''']; VSTXML u<:a:UHL!UU 

• Audio Receiver Im1plelnelltlIlg a JitterBuffer and ose Sched-

6 
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The 
have metrics of mean latency, and 

and lower bounds were determined for each metric and the 
COInp,are,u to benchmarks. 

metrics are and ~~'''r~.'.' 
The AudioReceiver control mechanisms were evaluated for each metric 

in order to compare them one another. 
The aimed to answer research 

the of the nN,tnhrr.n 

1 

• This giving h::l,r-I.:-Irrr .. , 

the aim, motivation, 
of the research. 

• an overview of related research Distributed 
,",V'';'PHl;: and Networked Music, Sound VST 

Networked Communications and "'llW,"C.y 

• 

• the evaluations and results of pvnpr,n1PTU." 

The first 4 

• 5 concludes the dissertation the results obtained in 
'-JH.Uf''''O< 4 and a summary of this dissertation. Future directions 
in this research area are also recommended. 
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Musical control and nel;wclrkillll! has been using the MIDI as a stan-
dard since its 1980s. MIDI still has concrete roots in 

musical networks but network L"'~,Hll.Ull'51'''<Ll advancements are LlppH.'!", 

the scale towards standard with 
resolution and bandwidth. 

OSC is such a pn)toCOl to facilitate 
ern networked communications "'''''V'',F.''" 
most common audio pn)Cf~ssjlng 

of OSC and VST therefore seems a natural 

The Literature Review contains the .VllVVVlU", sections: 

• Distributed Audio and Networked Music describes mu-
sical systems and how this is achieved the use of The 
MIDI is also overviewed and a Network Musical Performance case 
is pr~~seJlted. 

• Sound Control a detailed overview of the protocol, dissect-
its elements. Recent research into embedded devices for 

outlined RFC1055. The 

Locator 

• VST nd~~rsl;andmlg of this 

• The Network Communications section compares circuit and 
switched the OSI model the IP nrn,T""'" 

8 
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common network architectures and a brief of the Internet. 
Musical data in 

Protocol is outlined as related work. 

• of Service its metrics in the context of Distributed 
Audio. The metrics discussed are 
and Control re(lurrernelrlts 
and the control mechanisms of asc 

audio software apIPW:atlO[LS 
found in ""r,,,,,,,,,,, ITP1'PT'::.til()n 

as control and audio data routing, .... ,,, .. ,'''"' 
etc. However the "software studio" '-'V'''-!-''''-'U 

uu.vu,,,,,",, is most often still localised to a 

areas of pnJICSSIIOIL.,U audio involve several users ",,'''''-LUF. audio 

Such resources are audio control pn)CeSslng, shared mem­
ory, etc. This as Distributed 
Audio and is achieved communication networks. demonstra-
tion of a pn)tessi,on,al studio with basic to communication can be 

2.1. 

9 
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Gas lc Prutess lu lla l Studio 

1"0' . . .. 00" 

Au"'o Softw"e 
.'-
~, ...... 

T h,· W'n",,, I 1'''' jW "", "", " I"" .,' , nmu"g 1'">1:.",;",,,,1 ",,, lj,, con ,,'" ' e will h>i' e 
atl audio int .. , t,,,!' outpmtim; an " ud;'. "nalog signal d,nine(\ tOT monitor 'I,""k­
",", '\ ~1"'1(',,1 tn,t''lm''nt llWt,,1 in/nf,,,.,· [,\11 t)] 1 "'HL/roll'T "nIp" ', '" ,,1,'1' ")1]­
" ... "00 to ", ~ IlDl input o[ ' he comp utet' th!>\ i, :;o ureed inlo \he a"Wo ,ofi.w!>l:e. 
T his is" basic point to point n!'(work carrying ~ lij)J p', ~ocol to tr""'port ron­
tro l mc"a~ .. bet"wn the ("{lm])l)t .,.. "",I ~ 1ttJl C'OntToller. .\lltJI h""" 1'10" , ;",,1 
' mmmi", m I""~th limi t".hon of I"", tiM" fift een """"",[1.,1 LuI. do":; facilitate 
l'emOie operatiOll5 Letw,,,,, the aud~,. s<,>l:tware ,md !o.lIDl controlh' an ~ co uld 
be con,;(ier!'d a lli,tribuu'd .'\'~Ii() ,y>teHl_ 
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~,., ._-
:UL 

~mt 

" ..... "' ''', 

Da isy Cha ined l'lIllI r rofcsslOnal Studio 

.­. ..,,,., 

l'i\::Ur>' ~ . ~; P w k "'iom! ':Oft.R'Im) S1,1I,lw with 1J.,i,y ell"i""l _\I UJI "0Tllnll ,tli _ 
(';"t i"n tH·''''''-' 

l'oi n( I.' pdnl l>E 'I,w)]k; CIUI D" "xl',wj" l 10 ,lai,y--,h, un th,' ~1ID1 ,'n rnrnll tli 
, ;"t,i"n, In form t il e net"",k "" in l'-~ti~, ~.< , T hi, "x).ando;] ' y,l('lU J'('"·mh!,.,, 
" ul"l"" , k"d 'Y''-'~tl hel t ,till <"(If'!.ai n" it, di,tance limitation of IiflOen meterS 
h,'\"",,'n ~ITD I ,levie,"" It fllso io rcslticlcd phy,ically 10 "xrlu,iwoly u,ilL~ 'h,' 
)"Illl i pm'.,.',. whi"h '''.l< ,k. ip;n''(j to<" ' " i" local commllnicallou nel"""k" 

To adli.' ,,, a t.rU,· lli,trihut,)(l Amlio S),'ti-Tll tll'(' cli,!.a nc<' limitat.ion ' hou l<l 
h(' rrnlOw..-t bm ' l ill fllntl ion36 if alIt!..) " "' Jur" " w"'" a,.",;labh, h"~ l r_ nH ' 
')H"lt1 , h'l<l lcl I,'v,,"(\)!;" 01''''' r><tahli'hM proloool w", .. h.l, tlscd iu lLClw(Jl·k 
l""h"ol(*]"" Sud, lL,·t W(,.-I;.., ilLrl ucl" th<l IIJI,f"rI>' tlo,.t u",,, 'h,' II' i'mf.,.",1 Sllit .. 
whid , allo", for wnot(" """" of Ihe S),StCHl (0 1..>.) , eal l"""d glohally, G"'>i"cal 
I'''Cjx}.,,, """I'll!.""' ,aJl "("m'hm,.jat" ;>; Ie . ,hal implement the II' 1',:010001 
, \ack fIIHI allo~ for .'onmrl i,il) t() Eth"",,.'( u<'(work" 'J h,'y th,.,-d",· a llow 
h- ili,trihH"'G Audio to he pract ic~d on and amo"w;l ",)Oll""e ' ltldi("," tl,iUll 
.,I"ld,,·d (~"'U protocol", hIWI(Jgi", HI' H"lilth" aPl'li"ation layer (kfir)("<l i" , I", 
7 Layer UW'" S) Sl~m Inkrt:OlJH"rl~,u IOSI] H~)cld. n"w. howH...,r. ha, bo"n 
lim it ",t "~ltriblltiom mMe to es tahli shin..,; a Ol",n prol.Of(~ al \1", apl'licaliou 
lay'" f().- colllrol a!H I audio_ Th,' ,0mlllHni{""tin" rTl(xlc·1 i, t h,·l"f,,.-,, 1noomplet~ 
when 11 come. to Di.;ll iDuled Aud~). 

Th,' bo'nctir. ,~. pl"(Wi<ii"g ~n 01"'" application h )w iudu,iw- pr()(.()rol d,·Ii­
Hition lW. ,. Can 1,," ", .. d ()Wr Eth,'rnel n,' lv.uk< i"" Di,trioute,t Au dio fa,hlo" 
a", nll m("fOa;; , The"," ind udo) lUHltil'l,· aHd pc"" ihl." oilUHltau"<Alo ,~'''O<' 1.0 all ­
,Iio nO<f"",". ancl " ,mol " """'" 'n H"" "''''' t hat allow uscrs t.o tx di'tdbulod 
lhwttWJOtlt the H("("ork. Thi, ' I'Pli,'l< ~~"h'~ly wil.h ed en'n,,' to ,lo .. 1r"'1:1\<'1 _ 
Tt "lin", fOl' a .. rt 1o processing to be , har".! an.1 di.;tdDuhxl "lLonW'l lUauy rom-
1'''«'1'; , T illo tlH',"{f,.-,· iU{"T(',,",,'" ,h" ","''faJI p"~''',,-'inp; capahilil.y ,~· I.he , ,",,em 
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and reduces the load on a 
incredible benefit to the "software studio" whose are 

when based on 1'><:;.<1<:;"<'" 

Other benefits musical collaborations such as 

mum Ul.>i.lIl.V 

network surpasses the mini­
<:;llIAH'~Ul"UI," set out for the collaboration. Musi-

cians interact over a network that 
similar to a local interaction. 

" ... we should use to 
forms of musical communication and collaboration." 

The interaction of musicians over networks for distributed collabora-
tions to a musical result seemed an inevitable 

An NMP case of two a four-hands COl:nnOSl.LlOlll over the In-
ternet has been One person was located at VC campus 
while the other 64km away at campus. Each to both 
the local and remote and remote musical control information was shared 
between the campuses over a CalREN2 data link. The data link had a round 
trip time of 4.2ms and was considered not sufficient for audio due to 
bandwidth limitations and lack of 

NMP clients were used each and a conference server co-ordinated 
communication between each client. Gestural control information was shared 
between clients using the IETF Real Time Protocol with MIDI messages 
as its n:..v!(·,,,,, 

The NMP avr,ar,rn evaluated loss. ex-
as a musical instrument. There 

nelmtive effects due to network These were that 
HU.n«;'-'''''''.'.1 and released sounding 

The mechanism for a successful Distributed Audio 
is a pn)tC)COil. A is a set of rules defined for communication between 
nodes the network that the of The 

network access, U".~'U~'U, 
which constitutes a subset of the OSI 

the most used in the world. 

2.2.1.1 1VIIIJI 

Within the audio and music the MIDI has established itself 
as the de facto standard for musical control. MIDI is found in musical per­

audio interface cards and commercial audio 
MIDI has been instrumental in communications within 

12 
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prc)tessH)mll audio since its in the 1980s. Prior to that there was 
Df()tocol for remote control of musical 

of the MIDI "pt:;UUL<1,.,lVU 

A brief overview of the 

The 3 facets of MIDI are the communications nr,.,.".1'''' the distri-
bution format for standard MIDI files and the hardware interface. 

SERIAL PROTOCOL 

MIDI is a serial IJH,eULUl with a OVl;e-fllzen command set. At its 
it communicates at a baud rate of 31250 baud as~rnc:hrc)ll()Us and therefore 

transmits each message in 320 microseconds. The recommended connectors 
DIN that is a 1.5mA current MIDI devices contain either 2 or 

3 OUT and THRU The IN receives MIDI 
messages into the device and the THRU rep,llc<Ltes the IN data as an 

for purposes. is used for messages 
created within the MIDI device itself. 

THE MIDI Bus 
The MIDI scheme is achieved the MIDI channels. 4 bits 

are allocated to channel and therefore 16 channels are defined in 
the standard. Each MIDI message contains a destination channel and aHem.ILL!'." 

all MIDI devices on the bus will receive this message, the device which 
matches the channel address will process the MIDI message. This makes MIDI 
bus topology IJU",,.,Jl<:;. 

MESSAGE FORMAT 

The message on the of message but usually is 
either two or three exclusive messages are an "'''''''"'''IJ'LIUU 

than two since are vendor messages. The first 
contains the status information in the first nibble and the channel number 

in the second. The first nibble values and their status information 
can be found in the MIDI spec. The second and third of information is 
aepeltlW3llt upon the of message in the status nibble. 

As an a MIDI message that for the middle C note to be 
set on channel 1 at full velocity will resemble the structure: 

[(STATUS NIBBLE) 

and can be viewed on the wire as hexadecimal: 
90 3C 80 
The status nibble in the 90 hex first is 9 or 1000 in and indi-

cates Note On message The channel nibble is 0 HHJIl<ue,e"-'5 

rer)reSerltatlOln number of 1. The number of 3C hex is a decimal note 
number of 60 or middle C note. The in the last of 80 hex is 128 
decimal full 

13 
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THE EVOLUTION OF MIDI 
The of MIDI was "1-"''-'''''''''-' as D IN connector in the 

"J."Olvlj'HA"""JU. However advancement in communication media has 
made for MIDI to be utilised over mediums such as 
USB and Ethernet. have Firewire and USB 
int .. PO"y,,,t.>ri into their MIDI nrrlt111lrt.<1 _"~~'.Y 

HD-MIDI is a extension of the VUl5UJ,(hl 

vides resolution to data values as cOInp,ared 
has an increased number of channels available for use and for a new 
of MIDI message. HD-MIDI is backward with MIDI 1.0 messages. 

There has been research contributions into MIDI 
over Ethernet networks. This makes NMP with musical collaborations 

~r'~~r>pr>' that has in musical 
control. There a numerous aplplH~atlOrlS that use Ethernet as the i"r<1>n"nAlrt 

mechanism and OSC has been sUI!J?;ested as a successor to MIDI auun,,,,,,,ui", its 

Musical control data such as those MIDI is the most 
data for use in Distributed Audio. The bandwidth 

channels. For a MIDI instrument that i:!.Cl:eD'Lti a 
and a stereo 16 bit PCM audio channel 

rate of 44100 "<Lll.lp"O" 

of 16 stereo audio channels would be rate x 16 bit 
x 32 717 times more than the MIDI musical control 

~Anvp""plv we can say that MIDI control data is 717 times more 
unlcOInpressed audio that the destination 

device for MIDI messages is of pf()ce!SSlng MIDI 
and musical control data would therefore seem a choice for 
musical information in bandwidth limited networks. 

Audio data opens up many architectural avenues 
on an open framework. Since audio itself is a core resource 

IJ"JUlJ'-'CU and consumed in musical and audio 
there are benefits in this resource over a network. Audio 
interfaces are no limited to a local machine and can be shared C"UlvU5"~ 
networked devices. 

visual 

Sound World is a visual ae'lTeU)prneIlt 
and musicians can process sound 

wl(lge1ts called transforms. OSW is similar to the 
real-time 

and Pd 
VO,.aU.lUlUl!:> environments in that they all allow for of visual 

OSW OSC and has transforms that process 
interest is the of PCM audio 

14 
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da ta by OS\\' u; iIli( OSC ,.., the IraIl' IKJd prol.",o!. OS\\" .JefiI~," a ,'',,' 1I0Il­
standard OSC type tag V tbar, has an arra\' of ftoat8 '" argum ent"_ OSW is 
t h.· ( ~dy progralll to , upport t bi" f('atur,' of trall 'T~utin ~ raw 'lll~io nata u,illl', 
OSC, Fii(\U'e 2.3 ill uot ra lC'S OSW. 

". , .. , ...- ." "(OlE! 

-, 

TI~ ,~.j- ... " .. """'-" 

2.:1 Opel! SOUlId Coutf"O] 

2 .3 .1 Int roduction 

Op':n Sound Control i, a lI\C'SSilge-b."IS<'d hil(h-k-"rl applicat ion protocol de"d­
Or"'~ to fa C'ilitat<· 1Il0.-\<>m lH'h;ork< 'n ('()m llllmi.,,,tioll "1Il01lg 'lll~io T"- ( ~',,,, i lll', 

ullilS. Th,.". illd 'H~' cOlllpul<'l's. "'JU IH1 'Yll(b,,,iz,,-,. digilal aL!di() work' tali"ns. 
lI\ultimedia oc"iocs, Nc1381_ OSC i'i an 01'<01' protocol and doc, not l'r~snib<:­
allY 'I""'ific ,..( (,c IlW>O"W" t hat mu,t lw illlpl"ll"ll",d. It 1 1~'re f()J -" La.o; a h"-I>e 
varid}" of a pplication al'~M alld can [ '-"')Sport ool\!roI data M "dl as audio 
~"t", ""n impl"m" lItatioll< of ('a,d , " "' fO"" ~ ill 1pmur c( ~Lt [()II"J - 'Ul ~ OSIV191 
n"'l~x\ iwly, 

OSC i, tra n'port inocp.:-ndcnt an d h"" fO<llld impl~men\~rs Mvdoping on 
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II ", ' I'CI' '11' 1)1',,,, ... 01 , ,,,t.o '''Ill~ " "",til" ["",'r Data,>r<Ull I'n~""~ WUI' I bu, 
abn 'lbn,mi""m Cnnt,,' I'''~(~' '' I TCI' I 

2.3.2 OSC Packets 

OSf' "mph" 'b e eli', n' -",,,"',', " ,, ~ I d ;"r1o ; '(~' lI"" (H,U"' ~ ,1"" "".' aw lioo , i '~l 
11 ,,,1. "an",,,,',, OSf ' p.loh~" a~' d i"" " "nd theM ''''';''i' lg O~(" DU·".""" "n' 
"''''''''''<11111 _ llSC I"C" 'o, ~"(' th" ose ,j 'I~ ,,,, ;t, "Hi e"",",;' ol '" c""''''' ' 
Jull'-' ..... 1 h," ,h. ","' ' " by" " ,j tho",' c"nt""", Th" ,,",0 "'ill alway, b,'" mulliple 
of 4 ,,. ~2 hil ,uignecl "-" ,,11 d. t" " -""" (leli""" " " J~- I~t "lif',"!w,l_ I'l,, ' e()l1 I,'n\8 
ur "" ose 1'"0<''' ""to ol l.h ,~ be ,In osr ""''''''Ae ," "n Os( ' B'"Hlh, 

2.3.3 OSC M('osa~es 

USC llj(",~\~e, arc ttL" b""i(' unit, of ose (M~ ~, ,,l n_" ,,;·' d all USC' ",hln'% 
p,,,,,~,, , ose typO' I. ,,~ """'~ ",,,l ose "r~lLm( ",< _ Fig"re 2,4 iUlI,t""!.'·' thi ' 

[ose \ t ~ s" as~ I 
j I 

r 1 OOC_Sn I><~ • ... ~h - ' " ) 

I I f, .. I,., ) 

1 ov ~" b.~. OI;th ",~ ) 

l ,11,1>10 ) 

, 
10'( \1''''''' ' '''<1 I 

l ose --"2' ) J 
l (IJot)(Oo.tIIA"bl\blobl.~lobl ) J 

r f .. bor ( _'Mb ) 1 t1){O.ll~ )(;\ubWm,'BlobUm,Blob 1'"", I I 
. - ~, - " .. . ,- ,.-" - .,," 

0;( _'" .. _ ''' " _,_~c_ 
',. "" . ,,>. ~" .. , ~"" .• 

2.:1.:1.1 OSC Addres. Pattern 

, • • ,',,~w. ~. '~"Mh , • ,_ ""u~. ~ " , ,~ ,, __ . ~'" . _ ""-_. s _ ' , _ _ ,_ 
\ ... 0" ,"". j. :~_ ,,~, 

, . _'''0,' ,,_,:' '""''''" .. " 
,. , ,," XGU ' '-'' ' ''''--'' 

TI>:· ()~r "ddm,,; pattern l"''' on n{L-tvp e n.min~ o<'1om ... ix'gi'" wi, h " 
rurw~rct , 1..,h " i" "wi i, ",ed ,," tI ", ,k";,,a ,i ''<l ad,]"", mo,h .. b : 1.1. · OSC 
m "'-"' ~o A" USC ,,(](],,"'" part i; 'h" ,,,bstring, l><'W<"'1L .11(' ",lja'Tlll po ;'-' ol 
";' , "nd afte, tbe I",.; 1381, Til e ose a,l,l,,,,,,, po< ""'n i, I",mall_"'ad,, Ole ,,,xl 
kwi in~ inilica tilln t,o " (]""" rip'i<xl of rh .. o~r 111<""";"_ For ,,,,ample an ose 
,,,]d,,,,, pa"'~n of the folk)~'i'lg; 

1iJ". cV.'Br i dg./P~r_tor lfil t~r!CutoU 

i"Ji",,"~ tha' .he HLe»li;" i, ,,,,, tilled fur t.h . tIe"i(" O",·V"Rridg~ (th,· pro­
\ctYl"' br;,lg; " ~ OSC rll \ 'S'T), all,l i., a pu~m~tcr eh'llent ci lilt~r .ype 
,·ont,,'ling the cutoff (~' tl"" [,h,-. 

\lj 

• ," ' _' " ''' ' 0 '-< " .. -
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ase Address Patterns are used instead of ase addresses in ase messages to 
accommodate characters for in ase servers. 
If an ase address of an ase message matches an ase server's address 
for a leaf node within the ase address space, then the ::IT'l'r>r.-mr, 

ase method is invoked in the server. This allows for a ase message to 
di<'''!ltrh U,CU"/-"'" ase server methods 

2.3.3.2 OSC 

The ase with a comma (,) followed a sequence of 
the data used in the of 

sequence 
numbers (defined 

There are also non standard 
such as MIDI messages, RGBA 

list can be seen in 2.4. 

, ASCII 
data 
that 
etc. 

interest that a ase is defined for the MIDI musical 
In a MID I data could be 

protocol this defined type tag. This therefore facilitates 
of MIDI messages over the network used by ase. This uU'lA""J 

network uses the stack in most and therefore 
makes of MIDI messages across Ethernet and the Internet 

2.3.3.3 OSC 

ase are a 
described in each of the data 
arJi!;Ulrnents are from zero to many. 

the data 

An """',JUU/-,'" of a and its cOITeE.ponding are shown below: 

asc 
asc 
asc 

-> f m 0 
-> 2C 66 6D 00 
-> 43 DC 00 00 90 3C 80 00 

It can be seen that there is a 32-bit point number and a non-standard 
as found after the comma. There is also a zero to 

cw.'~;U""Cl. The ase argl11ml~nts 

value. This is followed 
long followed 

Bundle is a sequence of ase messages or ase bundles themselves 
for of ase data. ase bundles with the string 

dIe" to denote that the message is of this the bundle 

17 
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"os, t in",,,,!: "" " ,i,t in!; ci" 1;,I· l>lt Ill""",!;" t h it! ","," t il" ,a.IIM' fD.Illal ", IIL­
t .... IL(" >,;, '~",o .. ~ Tim" l'rot~ ( 'Tl'} I ~31 >';'1'1' )~ 'o,' i ,k, " I' to 'MJ ricrx;,.;'on d 
;~'{''''''cYP21 _ 

Afto.,- ~h" O~C liJI>" laUll' ~l~, h" n, ll .. COILl-ai,," USC bUndl,- d,'",,'nl' which 
"ot np .. i"", ,{ i'~ , ;'" "'lo t ,'0"'0"" whi "h 'n"y Qi'ho, tH' USC _\1"""11'" ()t' n,h",­
USC BUlldlo,. 

,\11 "'''',,~~''' w ;(j,,,, " " <l~C B",~lh' ,1"" ,1,) lw I" """"") "W", ~aJ l y , T Ilt' 
';-nd" o"i,,"~ioll ~","hniqlJ" uc,..J l""",,,,,n 1. h" di~Ht m~l "..rY~! ill the COIll!llUlli 
~"(i(", <I",hitenure [" II, (~ I "i ~" (,f t h" rc,p<>n,i )~) ity ,)f ( !SC [Jr"t'M"~ dof i " ;1 i"n 
OSC ,h" ho"" ,,.,. ""u,,, " I.ha ' th,· cl~'H t ~,~l "..,." ~, ,.." 1,,,, " " """"'" H ;';.~i," J 

link ~r~ <i),ndll'om'.,l. Th~ USC' llUlllU~ T illwoj,<\U ~ is iIlI "!Ju,IUl~ fi.muo d,,,,,,.! 
1m ... ~i,- In!\ no<,fl""I.,on t,. t il" O~, ". 'n-'''- of ~.)" n t () pT'H"" til" nl''''''1~'' I In .... 

""' ,' ,f th" (llI"" ' ''''']' I"" "h""d y "\;)I""l r)",,, t l", m,"'I\F,"" to l~' 1'''>/ ''''''' ' ,1 
, "))",,)i"'~ly, 'fhi' Tin",",' mp protwrt J i, illl)>Ql'ja Ht for ,"" , ... j, sch"uulilll', 01' 
p'lCket' in tho ",,, ,,.,. ond rrrmd, ,, iOn tn1.Tlnf~' J'It ~r ""m ",mat,,," "l',,,h" nlom 

1'-'le ]) (' ~, .' •• )) " , t, ,,j,,, nSf' :'Un<ll,,, 

o':.c Bun d ] ,' , , 
• 

[ 1 0~r ~" m g .. " bwud '" " i 
• • 

(0,(:' TlI", l,' ~: :0 5( jJ ," " lI< t.l"nt .. ,<: 

[ 1 OSC-SIr bf&lU n11b "lIbuudl" ' ) 

[ ( " ~" u tlj, ) " .,~ -

( ~4-bU Il,no l.~ ) {OSC bun"l< ~Itm.nt. ) J 
{ (la' )lno", ]O",1l](bI6b)(blob) ) J 

'k"u,,-~"' ._ c>< ~, ... __ ' ''', '" 
'" ., .. ,,0,", ""' • • - ! • i<""''''''l r • 

2,3,5 

Fi~"re 2_,' 0 OSC lhmdle Str"C1 " re 

(1 0"''' in 

,o" •• ~" 1 
" " ... ,) - ;." 

OSC Address Spaces alHI OSC Addresses 

Tb~ OSC &n',·!' con, a;us a &'1 of OSC ll",thod, 'hat "'" addr"ssab!., by U~C 
m e85al';<:'8_ T hese OSC moth"c\, "",0 " rra,, ~ed ill <I h ierarchicH-) t"-,,,-like , tr"cturo 
""lhl lru' OSC "')01",,, ' pac (' a,< "" '", 1~'lDW in FilIuTI' ~ , fi , 

lose Bult,ll. 
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OSC Serve! 

TI,,' (t"" ""' CllL t ~ com!" ;,,,," b"",ciw, ("Ihl nsc ()lI t. ;""" 11",1 'U't' lLO' 
din'{"' I)' "ddH'''n IA'' by USC " 1L'",''II''". TIll',,", brnnchN; {'"'' I~' lik,'ne,1 '0 tl,,' 
IX"!,' ,,( th,' O~C ;,,),),,"" p'otln" i" O~C nx"''''~". Th,' I,,,,,,,, in til,' tIe,' 
" , ",.( 'JI " en'" "i" 1 h,' !noh,,,), of ~I«' USC "'" " ., " hidl ", C Ilw poi", > or C()"'" ,I 
(CO' OSC "'e"<;,.'~o". 

OSC ,h", not )"""'rih,' 1 10 .. ,,,!"hil,, ·' Hrt' to Ix' ",,,) ill tl., OSC "d,)".", , p,u·". 
DCI'dopcc, "Te (r"" (0 d~,i ~n ,..-I<lres, "P~{'(" tha' meet their "wliCMion Il""d, 
w;tl"~ll "("Loid"rinj\ ""Y pm".'ol re'tridiom ",I.'n \loing OSc. OriH" pmtocol> 
sud\ ," ~ I fDI ~lLJ ZIP( do n(~ alT,,,-d thi' 0)~'1L """hit<,·tuH'I,lIll 

" ., . . -'" ....... 

Figure 2.7: ' :xmnpl,' of "n OSC ,,,Idre,, ' I"",e 

F il';Hre 2.; ~;"" "" t'X,"npie of" OSC ,,,ld[('," 'poce. TlO(' OSC "ddn:"" i. 
f '~.\Q""lo'·,'/,~/F"qlJm'-'y. Tl., fi",t p.l't '",,'onal(~'s' i, t h,' fit'S< hmu("h em" Un ­
lem.! wh<-n tr,,\,(,,";n~ tlO(' 1= from til(' root: This node h", 3 ch ild ,>OJCS ,;11 
"r wh id, "n' OSC "'Hl l.'~""". Th" .~' ("hild I10d,,;o of inlen,,' ,,,,d it ;n 'um 
contain"" {,hil,1 k-"f I\o<\e c" lkd 'fre4uenc.,·' Sin", it is • leaf Il,~le il ha.<~" 
".,,.~'i"' ed "",,100<1 atuu'll('(! '0 ;1. that ~an be invoked by u,in)!; til(' osr ",I dr~," 

SIX";f~,) " I ~l\"" 
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2.3 .6 OSC ::Vle~s Clge D is pClt<ching and P Cltte rn Mat<ching 

OSC ms~ Dispatdtill~ ~1I111 P~lttl'r1l i\lakhin~ 

usc CI"=11I 

:JSC S", ,, 
A,"~ ", s",,, 

OSC SelYef . :""'" coml"" .. d _ ,""",hood .,' b .fi', .... . """,,,) 

, lth~ , .. 2' - I" " '" 

In ~ t ypi,·~1 tr~r"mi"i on "f ",n ose ,i i'·H' " 'H<!iug ose """""g'"' t<> 'HI 
OSC ,"'n""L (be OSC 111<."0""1;" aJdr,,", pat' em will he exami ne d hy the OSC 
S<'l\·~r , If th~ OSC n,iIlrc;, ] ).~lt~ru matehc; Oil{' or nk1 n)" of tlw nsc nddrc<'-'" 
d{'!inod in tlw a (\<i"", ,p~,·e , 11"", t l""", mM h,~I, wOll ld I", ilO\"ok,,1 L \\")1<'n dlO' 
Hlethud, are iuvokd tbe OSC a rgllment s from the OSC ,n"""ag"" "re ~j 
as oq,,"'lI{'ms imo tb~ ""'tb",h a) )ou· i ll ~ th~ nl('thod to oct all the oppropri;l1 ~ 

."<),,,,,t ob,~ t. 

Pa'tc'l"I[ matthilll', j, maldJilll', au OSC a,ldr<'Ss to ( h~ USC ,,,idrC5s patte", . 
All OSC atl<l,..,;s pan ern en n ,»!,win s]X'cin l clWTnel0r, 1 hot COlOfon" t o> o:r. "i lO 
'Y IO' ax ru le, drline,j ,,·itbin t h~ OSC LO ,p"jfi"~'ion. A oll mruar)" of d u, 'ynt "X 
is found in Figure 2,9. 

Mdi~·d 

• "" on 

""nJ 
00,'" 
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Pattern Matchi ng Syntax 
t. \d,h,., L\"~ '1'1. rbllll'~'"L\ "hi'"'' ,'-" \'c1 ",cli. ,",] 

" 

0.' 
w 
,) 

4 ~ 91 ~ .l 

~.-\ 'B 'D 

, , , , 

I ;;trill~ I = , ""II, he; "'l' ,11:. , de, ]I, ,I", ; It"'~ 

I : " 

" " 00 ., 

• 
, 1 
l f~o.b .. J m,ld,,,, OilY 8("U~ 111 th~ It;( (,.p., >leu by , CnLl ltlk11 

2.3 .7 USC 4.ucrics 

" ~(" 

OSC 4lW1ieS al'e dient ""'I'le8tS to tlw OSC ","1"\"'" f,,, ",,,.,,,in "'I)('<:t< "I it< 
inlon","ion. Sur·h j"fimn"tion "(~ll d I", ,'xl'lorin~ ,h .. ",d,ir, ,,,, '1'''''''. l"lw ,> ' i"l; 
I1H'S'~"" 'n'" oi~'"tul''''' , uocum""tatioll on the ",rvcr ""(\ ("ur'~"\ p"'"nle tP' 
""I lle q"e,i<,. ""d 0 '" boo ,",'" in Fi ~u'(, 2. I ~. 

Chal 

" 
,k, 

" 
I",,, 
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Request for Information 
R~,<rI ",I N .m,,,, ""K " ,1(11 "" ~",1, ill 

• t:.\:P LORI NG ('HE .-UlLlRESS SPACE 

o End., lit ! 
u QI, ,,, r fOI 11,1 l,r ",I<~ ~;,;e; b"",,;~ h " 

1l", 1~ 

u E,;,; , ','h'C' qocllc,ful hst ,'f a(~ l l c"'~, 

[h"lLlche; ;."Ileaw,; lund", IH)(I~ YOl( "" 

• MESSSAGE TYPE SIGNATliRES 
n Ends III type 'ig llit"'~ 
o QlI cnc< I"f the 1\-P<!-'lj!n.1Il1fc of ~ 

11l""; " ~~ 

• DOCll.\ It: NTATION 
o End, III rtOfll", ""t"tlo" 
o ()UctIC' [0 ' hU'I''''I' ".1d;1 ble (~'" "r 

pa"" 
o Rdn' IlIll,\1 ;11\1; '.)IKJUl """" ('I ", I 

• P AR.\UFTFR L\J.l'F QT'FRY 
o bid; "' nlll~lIt- ' · ahle 
0. QUef,·foJ ,,"UnI ,·" h,,, of p., .. ,,,,,"',,, III 

p .. ~f, ,, ;" I ,~'o;, 

Figure 2. W: OSC Que,.ie, 

2.3 .8 The bmwfit.s of OSC 

OSC is optimised for lJ~)(lcrn I~'lwO! k lfdmoiog;'" ,uel! as HXJ:\IDiti , Local 
Arc~ Networks. For musical comrol th; , baudwidtll allocMiOll b gC,,",fOU' "",I 
t.I~,,.f'fOT" ,,!forn' USC tl., "]JI~"",,,it y In in dllrl<' in i i, rHinit.ion .12· l>il ~"t." 

alloca tion (or m,,,.,tic \ 'aJ ", ... Its also 'N" pic.lN'<ond "ccmar)" on limp' lampin~ 

OSC buudl"" 
If OSC i , ri<'pio}"rl OIl E, I.'m-t Il"t."wko ('"pallle of 1>""<1"".,, " 'rvj",>, t 1\" 11 

USC packet duplica!iOll is alfordcd to OSC by thi> "u(\crly;U£ "",,,·ork. ~1111tiplc 

T!wiw'", of OSC p,,,.,,,,,,, wit hin th,· , ,,m,' Tl,·tw,wk h"",,k,~" do,,,,,in will nwiw 
lhi; pack.'L and pcoc,.", it . When the data paylo..d i, ,.clal,·d to syllchwui,atiull 
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or a message '""IULLUI,, from a Master device can control 
numerous slave hosts. 

The of 
achieved the ase n"l-..... Pl·n ITLat(:hirLg; 
can control numerous voices within the 
control for the end user. 

device can be 
ase message 

the 

ase has an intuitive convention with a 
self URL-like style. This affords composers the to map 

names to events. this to composers would have 
within the MIDI message tables to determine 

This URL notation also creates an unlimited number 
and maintains a tree-like hierarchical scheme for easy 

has four standard data Within 
the standard the bit <OHUo"I1\.-•. H5 resolution when \.-v.up.cw.cu 

to MIDI. 
ase are a n",,,,,,,-h 

duced by the network. 
the ase client can tWlles:taJnp 

ture time based on the <';AIJ"''-'L'''U 

mechanism of rernUVInl!!: 
LC'-,UUnjL'," called forward 

buffer within the server as the messages are <JU'c;u"u 

ase methods. The also ", ... "";.-i,,,, 

n",'li"p·t" in the correct sequence as transmitted. 

2.3.8.1 

across many "'PJpU'AU.'VU 

pn)graITLmJing '''''''I!',U.''',,'''' that now ase are 
Matlab and Smalltalk. Web 

contains wireless sensors such as pres-
sure and acceleration and converts the sensor data into ase over UDP. The 
MATRIX of Tactile Rods for Interactive in-

has a 12 x 12 array of mounted rods that 
QTnlTT'In<T the sensed data via ase. 

real-time sound nr.m"'~"'~H"" The 

-p(lrt()rnIaIICe distributed mutimedia" and 
"distributed """"'U,10 , that consist of 

23 
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UH,n'IJ'''' sensors and trackers that process, nf",>rnrpt- and render audio and video 
data. These communicate their data the OSC as well as 
CORBA. 

Other software that also OSC are kJV1 .• .n.J.'L.L and 

2.3.8.2 Networked Music 

"The Sound Control pn)tocol 
innovative networked music 

addresses our need for a network nr'-'Tn,{'". 

music that could run over network 
Lt~.UHV''-'5l<;'' such as 

lJaLteJiWI'leS of Networked Musical are: 

III HE~terol~eJle{)US Distributed Iplroc:eS:SllllR on Local Area N et­

III 

works are machines in the same location used to share pro-
and achieve a or ta..<;k. 

another. 

in the same location that nn.~r""o 
are however networked and communicate with one 

III Wide-Area Networks 
form m(leplenaeJ[lt 
information. 

and per­
are however networked to share 

III contains many processes and threads that are '""'1"'''''''' 
UUHA'CLU.l!,; with one another OSC 

a range of standard data and nOIl-
This includes musical control data structured in a format 

choice or the non standard of MIDI. OSC is also capable 
tr"nQ1C1or-t.in.{F audio data by a vector float data m This 

therefore allows for any of the above networked musical architectures to be 
OSC. 

",,,aUl"'""5 a reference 
available reference 

a cost effective 
for hardware musical controllers. uOSC runs on the .VlllfTfl .. mn 

of microcontrollers that are USB 2,0 The micro controller of 
choice is the available :l4iJi:l-oru,ea "bitwacker" that costs no more 
than R300. Other PIC controllers in the same line can also be used if 
further 10 or serial are needed. pm,pnt:U.Uin is 
caT>able of """<:;UIUUU)'; and nnll'''''c? ____ r __ .. o 

·PI·om)un.ced "micro-OSe" 

24 
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The reference would use USB2.0 in the and lower 
This is unfamiliar as many asc have Ethernet and 
as the mechanism. SLIP is used to the 

needed to demarcate asc Bundle boundaries within USB 

Two new are the OSC-
r,Z'f1iI,~UiW and interfaces to the clock pro-

NTP format The OSC-schedule external uses an insertion-
sorted ~,.i,n .. it" queue to buffer asc before are to be scheduled to 
take effect. 

This set of asc externals asc development and n,.'''~'',~'''",'n .... in 
the environment. 

transp.ort of asc data 

is a 

can also be 

2 

A Virtual Studio is an audio unit contained 
UPJ"'H'"U",'~H is oblivious to the internal 

with the interface between the VST and VST 
host audio and control data. a VST 
an audio stream and its internal 
it back to the host. Parameter data within the 
control and is maintained the 

The pf()Ce:,SIrlf! 

the resource demand 

25 

is outside of the host's 

the same as the VST 

like Cubase SX 
utilises a substantial amount of 

escalate resltnctlng 
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the audio 
power of ,",VJLU""U"'~L 

VST j.J1UI;U.1> 

rp(111,'rpl'lnPflt therefore to distribute the 
has 

as an informal standard for 
"","" .. nJ'VI ... Y is found on PC and MAC 

can be VST instruments 
and VST MIDI effects. VST audio effects process audio streams studio 
effects like etc to the audio data. These 
of audio effects can be chained by the VST host VST MIDI effects 
allow for of MIDI within the before have their 
effect on some sound VST instruments model real 
world instruments like etc. 
control such as MIDI and audio data and process these 
as a hardware device would before the audio stream back to the 
VST host. Research into of classical instruments and 
has facilitated incredible advancement in the and realism of such 

to the extent that the music VST 
has the hardware studio. 

Parameter data within VST are control nodes that influence the 
audio MIDI control data sent from the host to the 

is destined for some internal before executed within the 
audio process. The GUI of the will have controllable that are 
linked to Parameters are 32-bit numbers that fall 
within the range 0.0 to 1.0 inclusive. 

3 S0 as to resemble audio production hardware 

26 
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-~ 

,,_ ... -.. , 
• c-·--- , c I .. _---.. .. • I ... . . . '.o • • '.o • 

• .o • JL . " • 
, .. 'r:;: ' ,,,,. . • " .. ... • .o " • .o'" --- -

-~-.--
, 

Fi~"r. ~ . 11: YStack VS T hOS I ho'( ill ~ (l,e \', [lkiuge pluglIl 

In Figu ... · 1.11 t lK· \ 'S'r L,,,t ,-all,,1 \ ' -S, a(-k by S t('i nl~'r ~ \r('d i~ 'r,,'hlWh >t';K" 
i, ho>'in~ a , ill,.;!' ru",(el' elleel ~ju~i" , rLi, j~UgiIl j, can.d (he\'" DriJ1J' ~llJ is 
t.h,· jlm!.()'),])c dc>c\npcd fm t hi, di,"","(uti'Hl wnl'k. rhe h"' t pro'drl"," window 
fo. tL" Gel ,,[ t.l ... p iLlgin ill which """-' !loli, jut" ra,-" and ,·hang'· 1'"''''''''1(') 
O{'([ in~' of (he plu~i" in real-time_ 

Zbyv.yn,k i and Fl<,·d(~ 11 1''''])(''''' the (' ,ml ro l of \ST pl"gil .. " sing O~t: \" 
aJill"", ,·L. lUll;,.d. Hal nal""')!«"" "f \ 'ST plngin', (\)1jtmlli"~ \'S1' pl"gin< 
ll<lll ~ OS(' "I"" a llow, hl ~ll('r le"el ""' trol;. p",omclcl' name and 10Ld al i""'" 
ill "rd,~' to im]lL"'" ,,,,,bi li,y 

()SC is l'[()j~",eJ LO ('reale a ricL inL nitil"(' Lieran-Lio:al LLalW'Sp""'" in \ ·S r 
pI Uh~ll< "" we ll '" ilLOCt-il p.1ttcrn makhilLR "LId .imultaLlC<m, multipl~ p.1ramct~L' 
aold""'in~ fund.Hmali,y_ ),.!ultiph' par"'m~" .. , ,'an thcr~f",,' lw c,mtroll ,'.! h,-" 
'iug!e OSC ""'''age ll<iIl~ patl!'l'll llLatdling_ 

"ose alford, u,,"', of VST a udio plugin' 'illLplifif'<l Y" nexible eOn­
'rol of 'h,' ]llLlgin param<'t,'r •. "[.11j 

rhe To'''''''''' ,,f \'ST SilK 2_·1 hy Stcitlb':r~ in '.I0Cll a,t.!)'""""" the ULl"'~tC<t. nat 
U"LI"" I''''''' of \ 'sr p"ra""'f<'Th " 'i ll, Lt..· intmdu!'li()u ()f tl.· \ 'S'r pam" ... ','r 
<" unure X~IL ddi" i,iolL i VSTX~ ! L) . \'ST hoo t8 , bal '''Pl)()!t thL- der,lL ilio" 
will ,.,,,,ArU(~ a hi"nlH·L i..,,! nan""'l"''''' I",.",l on 'h!' VS'] .'O!L ,h'nni' ;"" <up· 
pll,,[ wi Lh lhe plugi!l . The J~fi ni!-inIl b bach-'m[ eompalibl" ~-ilh pl"·SDK~ , _1 

\'ST plllgins l3-Gl_ 
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VST are linked to the VST hosts that instan-
tiated them. While VST host can run numerous VST 

be linked to one host. The host communi­

communication "v,-,,,,",,,,,,,,,,,_,,,,. 
any 

of musical network-
between different is Musical 

between VST hosts are commu-
nication that constitute intra-vendor communications. 
Inter-vendor communication rlpvpllo.."prl on an open musical is to 
establish itself. 

2 

Communication networks link in order to share information. 
The communication model would have a data source with a transmitter 

The data is then sent via a transmission to the 
which of a receiver and a data sink. This model 

""V'''f.I''GA facets of a communication network such as 
error detection and flow,-,,-,,,,u,vl. 

This area of work falls 
material can be found in 

Circuit switched networks involve a dedicated link established between two 
end The link is reserved between the two end 

links to establish the circuit. 
The circuit is terminated when either of the two end terminals closes the link 
down. The resources 
of whether data is 

data transfer and hence such circuit networks are inefficient for 

Packet switched networks are better suited for networked commu-
nications in that it the of bursts of data. A communication 
channel is shared users instead of a link to a of end 

ME~ss,agl~s are broken into a series of that are transmitted from 
the network. Each contains a source and desti-

nation address and a sequence number that are used at nodes of the network 
to determine the the must traverse the network to reach 
its destination. could constitute multiple that could traverse 
the network different When the reach the destination the 
............. r.r>"I" ensure that the are in order based on the sequence 
number and that the message is reconstructed. The Internet is a 
switched network. 

28 
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The of data between two devices can become rather involved. This 
task of data is broken up into several which define the IJHJLUl.,Ul 

architecture. Each part of the function of the data communica-
tion and relies on the beneath it to more functions. 
These functions are hidden from the 

The 
framework for ae'veIODlllll! 
the OSI framework are: 

asa 
defined in 

• 
• 
• Session, 

• 
• Network, 

• Data and 

• 
The network services to the pro-
grams. These services include clients and servers. The Presentation 
maps into an external data form 
data at the end. This could include data 
The Session controls the communication sessions between the users. It 
establishes and terminates connections. The data 
transfer between the end devices in a reliable and transparent manner utilis-
ing error recovery and flow control. The Network the sWltcltnnlg 
~",,--.uUV''''F>n~'' used and is for the remote 

handles data and flow control as well as 

SYlrlcllrC)m:sat;lOlrl, error control and flow control. 
defines the bit stream transfer over the electrical or mechan­

ical connections. It handles the mechanisms to control access to the 
2.12 illustrates the OS1 reference model framework sourced from 

29 
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ic«lO)fl 1-... - - 11IIIIIIII - - ,.... 

tIOIn 1-... -----. ____ B. 
----- ...... 

-----. 
-----. 
-----. 

2.12: The OSI reference model framework 

The IP suite is not just the TCP and UDP but is rather a 
collection of that have been issued as Internet standards. It consists of 
four defined within the OSI model framework and can be seen in 
2.13. It has a Network Access that covers the interfaces used 
between the device and the communication medium. It is in the 
NICs and the and Data link in the OSI model. The 
NICs token ring, etc. The 

include Asynchronous Transfer Mode 
Frame and Fibre Distributed Data Interface 

effect within the Data Link are Serial Line Inter-
and Point-to-Point Protocol The data unit defined 

here is the frame. The Internet is of pa(~Ke1"S 
over the network as the data unit. 
lent in the OSI model is the Network The dominant used here 
is Internet Protocol however other such as Address Resolution 
Protocol , Reverse Address Resolution Protocol and Internet 
Control Protocol are also used. The Host-to-Host 
equivalent in the OSI model is the The Host-to-Host is 
""";Vl",.,"":; for data and and ensures the reliable 

of data. The two most are UDP and TCP. UDP is 
connectionless and hence unreliable but incurs very little overhead. TCP on the 

30 
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"Uwc Io ,,,,d ... K ,,,,,,,",'1 .", "j",,\<,1 1" "\""" ,,·ilt. "".r ".,,,,',,1 . ",[ "''1,,,,~'~1 
1"" V>"tj"" ~.ir."," d.~ ~ h,, _ It ~hNekn,.. (a,,~" " '<lr., wcrh""d than ll ' I' . ;" 
.~, ... , tho.n [ '01' n,,(l '"~ ~"ili'< 1 f • ..- <""''I''Jruu ''ln w tca' ""'" ,L"' ~l ll Th,' 
\ 1,,,li,,,,' Oo" In>"", in 11..- I[> prO«Jo-ol "uh(" '(IInt.I,,,,", Ih .. Ar>pl,,·,an''' . I'r .,.".". 
to". '.., . ..,<1 s.",. .. "" ),,'''''' in t h<· 0 ;;1 " ",,-,rn,, .. "" "I.~ I1rio; I'I}· ... 1"' ~·i.J('rI II\(' 
ml'. r ... ,~ 1...,.,,, .. '" II ... "" , ~l'l d"-al"m "",[ tl.· II' I ..... ,.·'. ,, ;ock_ s..",. '·'on,," . ' 
pm,,,,,, ,,-, j" dlL'IC f ~ I '" 'J'tM,frr f'T,,.,-,," (FTr'), 'il'''I')'' ~1ajl '1\ "n,l", P,.-. '" "I 
(S:\ITf'), TELNIiT IITT I', 'i'l'I ' ,.,. 

~ 
.. .. .. . 

-, ~.l.WQ.J I C ... -W1Ll I ".""-~, !"".",, . 
._<e ...... , .~ ...... "- ,, -.- .~ ,- .... - < -'-- -..-

-, .. " 1"-·- ... 01._ --- , .... , '-- I·,.' .••.. -''-. , ... ''' ''' -r-:-:- ,-_. _ .... 
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socket. 
In music collaborations the architectural models used are the Centralised 

the Distributed Peer-to-Peer Network Model and a combination 
The Centralised Network has servers the state of 

the while the clients handle The Distributed Peer-to-Peer 
Network is server-less no distinction between servers and clients. This 
network is a point to point distributed with each user its own 
state of the "'.YIlLelill. 

the U.S. of Defence as the Advanced 
and was called ARPANET back in 1969. It 

was the first switched network. The number of users in 
the Internet are over a billion in 200 different The TCP and 
IP pn)tolcols provide:d the foundation for the Internet. The Internet connects 
host to LANs that connect a router. Routers connect networks 
and forward on towards their destination. The destination address is 
an IP address which the router uses to route the r-'~'-~--

2.5.6.1 Musical Control in Packet Switched Networks 

There has been signifilcaJlt research and dmrel()pnlenltal efforts into integI·ati.ng 
MIDI and networks in order to achieve musical control over 
switched Live MIDI remote control of MIDI-able mu-
sical instruments and distributed of music software appli!cat,iOIls are 
a few of the immediate benefits of such research. The to MIDI 
over switched networks has culminated in commercial like Net-
MIDI and modern networking standards MIDI utilises 
very little bandwidth that would not exceed the serial data transmission rate 
of 31.250 with network makes trans­
nOl't111lu MIDI over computer networks very attractive. There are numerous 
prclto(;ols that MIDI over IP such as MIDI Wire Packetization Proto-
col MWPP uses RTP and by is meant to real-time 
audio and video data. RTP handles low interactive as well 

rl<>llivt'TV aplpli(;atiions. RTP however does not any of 
Service aplplh;ation since it uses the connection-less UDP pn)tocol 
to send dal~ag;ralns. pa:ylc,ad format within RTP has been to trans-

MIDI dat,aI2~!I. This encodes all MIDI messages found in the MIDI 
1.0 spe;citicatic)Il pn)Vi(jes services to recover from lost to 
the network. loss recovery service is necessary since MIDI cannot 
tolerate messages. 

Another such is Remote Music Control Protocol iU,CLU",1J. that also 
RMCP Sllnnort.s uses UDP as the mechanism for message delliv{)ry 
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time <>Ul<::UlUlJlUI', 

services in the receiver. Since it is UDP-based message 
as an efficient means of information without 

missions. 
A 

would 
IN devices. 

architecture is used in the MIDI over IP networks. Clients 
be considered as the MIDI aUT devices and servers as MIDI 

asc can also contain MIDI messages as the in its messages. This 
is achieved the non-standard 'm' data This MIDI defines a 
4 MIDI message the MIDI data in an asc message. The 
asc address space is limitless and open ended for the to ""plcaU';UL 

an address space of choice. This on the 16 channels available for 
conventional serial MIDI. There has however been some efforts into 
a standard address space for asc MIDI messages by Fabian Ehrentraud called 
the 'SYN' uruttl""P'>"'''1 

MIDI was to be used in local communications and not in 
networks. While efforts to MIDI over 

networks have seen relative success, the fundamental of MIDI to be used 
in local networks this distributed remote While 
asc the of MIDI messages in its MIDI data it also 

a framework for a new definition to musical control 
data over networks in an efficient manner. 

2.5.6.2 Packet real-time audio 

"There is a.ll'~H1H"JIU5 continuous media on 
switched """tmt~ .. I.r'" 

Multimedia data such as audio are one of the strongest forms of communica­
tions. Therefore to this form of communication in networks 
creates a flexible distributed for this core communication. 
Internet has facilitated multi-channel PCM audio 
data transmission over switched networks and therefore allows for both 
interactive and non-interactive audio to be aeIDlO'vell. 

Audio data has properties of 
isochronous and has real-time de-
mand on switched networks that were meant to handle text data. 

aplPlH~atlOr:ls such as Internet radio va',",'A'''''''',," are less la-

listener or user. Therefore 
filter Interactive ap1DIH~atlorls 

a minimal end to end 
a reduction in Distributed musical n" .. torrn 

The open ended space of asc can facilitate t""m<fnor"et 

channel real-time ullicornp]ressed quality audio data over 
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networks. This has been achieved in the Sound World eU'Vlr'onme!ntI 
The in this dissertation work defines a new OSC data 

the float vector 'v' that is used to audio data as the in 
OSC messages. 

Real Time Protocol is a real-time protocol of trans-
audio and video data. The Internet version of RTP uses UDP which is 

connectionless and does not Lost UDP lost 
RTP and unordered UDP The 
RTP header includes a 16-bit sequence number and a 32-bit The 

can therefore use the RTP header information to sequence 
real-time or other real-time The RTP header also 
contains a marker bit 
RTP does not any of Service assurance. RTP has an associ-

called Real Time Control Protocol that codes 
sYlrrcllroniElation information. RTCP reduces its traffic as RTP session traffic 
increases. 

2 

appu"a.,lVlm such as NMP and collaborative efforts are 

ditional data ""1'1''''''''''''''.''''' 
r01y,,'nl-o are called 

to service these 
~UC"<"lL<:;"'" that the network must fulfill in order 

Distributed musical contain 2 classes of data. The 
first class is the multimedia data class of resolution isochronous 
data streams of audio data. Video data also falls into this class. The other class 
is control data for musical control such as the established MIDI 
and OSC when 

The OSI 7 
low 

in a data environment 
defined in this model is limited 

and does not cater for multimedia data transfer over networks and 
extends to distributed musical The OSI upper are not 

oriented. 
The IP network "111r.n,rwl- any over the 

services. The Internet is therefore 
not well suited for real time data transmission. 

TCP at the is connection-oriented but not suited for real 
time transmission because of the latencies introduced when p<M~n':""" are 
lost and retransmission efforts are made this 

UDP is connectionless and does not cater for error U""""""'V:". schedul-
or network 
RTP however is used over Internet for real time data and multime-

dia It's an UDP as the 
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t.r~m"n"rt" MIDI control data RTP. 
concern of this work is the 

in Distributed 

cat;egIOril,ed into real-time and non-real time systems 
metrics. Non real-time have indicators such as 

error rate and packet loss and to the data IP networks 

U""'''"'''''''''''', etc. 
is an of a real-time system in which 

real-time data is delivered over bandwidth networks. These types of net-
works have indicators such as end-to-end jitter and loss. 
Audio data is a time service data to be delivered 

isochronous and real-time IH<l,UWC'l 

'-'<lcLCI~OI'les are groups of that have common of These 
are defined in Table 2.1. 

Table 2.1: metrics per cat;eg()ry 

1 

The metrics in the context of Distributed Audio "'1'p",,,,,,,,,,,,,o in an 
end-to-end manner and relate to the leveL 

2.6.1.1 

is defined in this context as the end to end from the time of 
of data to of that data. It is defined in milliseconds. 

is the time taken from the nr,c,r"",'r of the sound waves within 
the instrument to the time to reach the listeners ear. In a full sized 
orchestra the acoustic could reach up to 46ms from the conductor to a 

in the back This is determined the 
of sound and the distance between the two entities. 

NMP consists of local 
consists of instrument lnt"'rt·",(',~" 
codec latencies. Network lal,<: .... V 

and inter-ne1;w()rki 
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the messages to travel to its destination and is on 
Device is the store-and-forward services found in routers and 

and in devices and 
UA,I;::IJ'LCLUle latencies in musical control data varies in the CLPPUl-a,'ClU'L1, 

and genre of music. Audio interface stipulate under lOms 
latencies as Sound events to the human ear are 
from one another when they are closer than 25ms. Musical na·rtA"".,"''''' 

to with acoustic latencies 46 ms in a 
orchestra. to 60ms can be tolerated for continuous instruments 
with slow attack times. 

2.6.1.2 Jitter 

Jitter is defined as the variation in 
from the same source to same destination. may OY,,,""·,"',, ... ,, 
ations in in store-and-forward devices and may traverse different 
on route to their destination. Jitter variation of 1 ms in streams of audio 
data are observable and excessive can the integrity 
of musical and This Ims can affect the timbre 
of musical CO]rltEmt in audio 

There are numerous used to measure is 
defined as the difference in the maximum and minimum 

of time. Peak is easy to determine and ITP,)pr<lt.<'" 

for data. Other me~tm)QC;lOg;les 
arrival time of consecutive In"'~n."'"", 
and difference in current and average 

2.6.1.3 Packet Loss 

Packet loss is defined as a ratio of ... " .. 1<""1"" lost to pOlv ..... """ transmitted between 
a source and its intended destination. In the musical control context this is 

metric if there is no mechanism in for message retries. If 
a MIDI message 'note off' is lost then the note will 

the musical content. Packets lost in audio data 
are UULlLcaUl,Y 'clicks' and observed in the data. 

2.6.1.4 

....... "c'"'ULJIU5 is the nrE"<lPT'VR1 of the order of pm_",,,,,,,, between the destination 
and the source. This metric is Tnru.rnUlT. in musical control as it can ruin a 

order is 'note on' followed 0.5 seconds In MID I if the 

on', the note will continue lll<ietimtei 
Audio data is also sensitive to ovAAvU'LW'''!'. 

be in in the receiver. 
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2.6.1.5 

musical control data relate to the 
rmp''''Tv"tirm and loss. These metrics 

have to adhere in order for the 

upper bound is U"If.":",lU'OlH 

the genre of the musical 
a upper bound of Isolated sounds are from 
one another if their difference is less than 25ms. Acoustic latencies can vary up 
to 46ms in a orchestra. Others argue that latencies for continuous 
UV',,"WCA .... ,,- instruments can be slacked to 

Jitter affects fidelity and can content. Peak 
bounds for MIDI interfaces vary from 3.1ms to 1O.5ms as Brandt 
and 

loss have an absolute upper bound that 
and no are lost in transmission. Slack on 

musical intent. 

"aUll-'''''-' at 44100Hz 
per second per channel with a 

ro,r.'l1l1t<;, in the receiver. Control mechanisms are 
pa~" ... 'cc" and to buffer audio 

the network. Packet switched networks were 
not for real-time services like audio and other multimedia apII-'1l'JaC1U1Jli:l 

and therefore do not make for these services on the network. TCP at 
the will lost with no for the 
introduced for the upper 

Audio data upper bound is ae1DellOE~nt 
For in Internet radio a substantial 

appU,LaC1U'1l context. 
can be tolerated as the 

end user does not care about the offset. In real time networked musical 
pelrtormanlces latencies C01ITlp'ar,(lOlle to acoustic latencies have an effect and upper 
bound similar to that in 2.6.2. 

Jitter has a noticeable effect on audio streams and control mechanisms to 
are necessary. Such mechanisms are buffers that buffer 

Im:oIlllng p,ack:ets from the network and stream out the au-
dio data to the This 
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mechanism introduces an added into the 
There are also control mechanisms available to reduce the effects of 

loss and non-ordered at the These mechanisms are however 
the scope of this work. 

can be affected by introduced latency into an audio stream 
Latencies at 11ms between channels of the same source are 

heard as a chorus effect. Latencies of 69ms are observed as echo and 
latencies 103ms are considered 

2.6.4.1 OSC anlping for Forward 

mechanisms to manage control of t.pnnn()T>l1 

LH'''"'''L''",lU1' which has not been into of 
the absolute time at which the messages are to 

take effect in the server or destination device. OSC however does not 
any sort of SYllcrlroms:atllon "'--'-'Hun1'~"" between client and server and relies on 
outside this. 

OSC Lllll"'''L'''''''I'''' a 64-bit number 
reT>re:seIlltirlg time since 1st 1900 and has accuracy within 200 un,'J"""c,-

onds. The first 32-bits indicate the number of seconds since 1st 
and last 32-bits the fractional of a second. There is also an imme-

that contains the hex sequence OxOO OxOO OxOO OxOl. 
of the from a network one can 

"'-'f,,--"""'-'L with a reasonable 
This backward 

SY11crlrOm~!atLon is then used to determine the forward which 
schedules OSC messages to be executed at a future dated time. This 

is called ad-hoc "£1""",''''£1,1 
This can be used to eliminate network jitter introduced to the 

and preserve by of the It 
therefore the functions of both a 

2.6.4.2 Jitter buffers 

A also called a clawback is a 
move the effects of and drift that enables 

The source of this jitter or drift is 
nications. For each audio channel used in SYIlcblrOlrl011S 

for the destination processes. The trade off between 
needs accurate measurement as too little and 

the buffer size be too small to accommodate the range the buffer 
of audio data. If the buffer size is too an 
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Ifa buffer were to requests from the SYIllcllI'on~JUs ola.vb'!lck 
destination were made to the buffer for then the buffer a 
stream of zero silence into the destination audio 
stream. This occurs when the 

ase has attained critical mass with many music research pf().iel~t irnpienlerltirlg 
ase. VST the informal have no impleme~nt;lti(m of ase for 
networked communications. 

There has been a implementllticm of ase tra,nS]pOItmlg audio data in 
the asw prc,ject. TraIllsplorting this critical resource in VST SV!ltelms ase 
could open up many oPPolrtu.ni1;ies for and users of VST plUlgUIS as 
well as ase researchers and implemf:~nt!~rs. 

ase and timlest;amlpirlg irnplcm,entatilons are few deS]plte temloG-
ral semantics' impOl~taJt1ce in musical interfaces. An and eval­
uation of ase and on real time audio data could 
contribute to the ase of kn()wledl~e and further research. 
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An OSC VST was ProlDOS!~a 
that created a communication 
worked environment. The 
and client modules eMUUU!;" 

an Ethernet network. External OSC devices are then able to communicate and 
"A'~uC'U5,'-' data with this The 1 the VST host 

it with all the nrn,,..orl,, 

data traveling is available to the OSC domain 
external OSC devices direct access to the VST data. This data in-

paralnelLer control and data as well as 
audio and output data. The plugin facilitates retrotittj,ng 
of non-OSC VST hosts to the open OSC network domain. It also 
tributed Audio by VST hosts to be SVI1ChrOInS(~d 

The has also a of the VST control param-
eters from the VSTXML hierarchical namespace to the OSC namespace where 
the VST host VSTXML and the its own VSTXML file. 

Essential core features: 

• a VST Functional "'Ir~~'~~r '-'v •.• "C.L .... UU,F. a VST Host .... n ... t>t<>r 

(II a data between OSC and VST UVJ,UaJlU", 

(II OSC Data U,,'V,,"JV1U"lH Hllv1ll1UJUl". OSC control VST 

in this context is defined as the prototype plugin masquerading as a VST plugin 
to the VST host 
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• ase environment on,n""t ... "LOLLU'UF. ase client and ase server in-
VSTXML ,rl"t'l'"t·.n.n 

• Audio Receiver nn,-n",n1- If;uplem'entmg a JitterBuffer and ase Schedul-

Research .... e''''' ..... .,,,, to be answered 

• Can we use Sound Control a.~ an open nrtlin,('tll •. n' ... .,.,'''" ... 

ment networked communication8 between VST .~'/I.~I.f",'II',.' 

able environment8 the callafJzlztu 
dio nrr.Ir.p..'1.~i1W 

• Can we build a rich asc name8pace the VSTXML 
at:i'H£l:~~u'n released in VST SDK ? 

3.1.1.1 

l. 

~v"1-.>,,..... Processes 

VST 

2. 

3. 

4. 

5. 

6. 

7. 

asc llIt:tl;U6!JIlI 

VST-aSC rn7l.1t7.nn 

route VST audio VST host to external asc 8erver 

route VST control sync, VST host to external 
asc server 

route asc audio external asc client to VST host 

route asc control sync, VST h08t to external 
asc 8erver 

8. control VST nm-anu,t,p.r.q 

9. con8truct asc address space and VST 71u·,n.nPlrPT VSTXML 

10. routed data in real time in UI 

3.1.1.2 Constraints 

is limited to VST formats are not ",",nr,rr"ti 
plUlglIlS are limited to use with VST hosts are needed to instan-

The service has a UV'LLU'''''''' 

environment. The VST host environment is oblivious of the 
ase is over standard Ether-

net and other communication are not such as USB 
or Firewire. We are then limited to Ethernet as the communication medium. 
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3.1.1.3 Flutes 

The VST uses that allows the HOA"IJHJLCUl of VST 
on the Java platform. Seventeen IJ"'JL<W.Jl1Cl,I:"l:) 

to demonstrate the hierarchical namespace "",uun"",,.u!'. 

Within the the OSC 
OSC 

3.1.1.4 Performance 

The nal'-"T1IPI.,pr" within the the OSC domain. 
This control should have measures of a similar standard to that 
of direct VST control. If this is not achievable then the nprfnr>n 

measure should exceed N'e>,nt<"l standards for audio controL Audio 
.~"~ .. 'o_, should also measure well "'1'.'''''''" that of audio standards. The 

vUO""U.'''''''', 2 audio out channels as well as 
peJrtolrm:an<:e data is benchmarked 

3.1.1.5 User 

There are no user on 
in a research However upon 

users would the VST host to load the 

2 audio 
syrlchrornS~ttl(m data. 

each time 
without or software The corltig;urim of the user OSC 
should have excellent U",],UIUlY these 

data should be as informative as 1""''''''''-''''' 

3.1.1.6 Flesource 

The two main resources are VST data and OSC data. VST data is "",n ... rorl 

<U'.VUL!'." the VST wrapper from the VST host. This data constitutes audio 
data and control data. Control data is subdivided into 
and data. The context in which the VST data is 

indication as to which data resources are relied on. If the 
is to VST audio data into the OSC domain then 

the audio data becomes relied on the VST wrapper. If is the 
then the and control data is 

relied on. The restriction around the VST data is to VST audio data in 
that the VST host will dictate the audio block size to the VST wrapper. 
The host can also this block size at any time after instantiation 
and will inform the thereof. 

2sends ose data over networked technology to ose servers 
3 receives ose data from ose client and processes it through its address space matching 

and ose methods 
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clllLOulgn the ase server but the ase server can remain 
dormant the lifetime of the if no external client directs 
ase data to this server. When data is received an ase server it is 

the to the VST node which sends it to the VST host. 
This can either be audio or control data. The ase address in the ase 
data will be matched to a ase address space in the ase server 
and the relevant ase method invoked. The ase method will then act on the 
sound which in the VST wrapper in the VST domain. If no l1lC'"\"JL111J.;; 

occurs then the ase message is discarded the ase server. 

3.1.1.7 

The must: 

a functional VST wrapper that is of !-IV"l1LJ'!". a VST 
it with the call of a VST This is 

needed to create the in which the data occurs between 
ase and VST environments. 

• receive VST data from the VST host. This could be control or audio 
data. This is a interface to the VST environment. 

" transmit VST data to the VST host. This could be control or audio 
data. This is a interface to the VST environment. 

" receive OSC data from an external 
interface to the ase environment. 

client. This is a rp,>pi,,,in 

• transmit OSC data to an external ase server. This is a """.11''''HU,"11.'5 

interface to the ase environment. 

• between OSC and VST data. This is the essential core func-
tion of the that data between the two interfaced environ-
ments. 

• control VST paralme~telrs 
in conventional VST plUlglIlS 

This is done via the VI as nt>.·t ...... ·"""rl 

• construct OSC address space from VSTXML. This is done in order 
to match ase address to ase address spaces for correct 
server 

• handle 
ronment and VST 
wrapper and the 

method calls. The ase envi-
different data to the VST 

""I!Jall}!'" of this. 
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ather include the JitterBufIer size used in audio P""~n." '''' 
from the network. 

The of the asc-VST 
and VST Time Info data This is achieved via 'GU':>'U1C! UA"GI..mo 

buttons <JtlL'll)<,"lU.C the real-time information ul"'lnay. 

The construction of the asc address space and the I-''''''.'''U''-'"',"" 

is done the VSTXML definition file 
An XML parser is used to achieve this. All pal:aUleLl~r 

VSTXML file are to l-'al.aU1""''''A 

""""' .... ,"1" VST data 3.1.2.3 

The UC the interface to the VST environment and consists of the 
"Transmit VST data" and "Receive VST data" UC's. It is also r<><:nn,n'!t 

to the UC which lies at the heart of the nr"tnt" .. ,o 

"Transmit VST data" UC receives data from the UC and transmits 
VST data to the VST host. The "Receive VST data" UC receives VST data 
from the VST host and sends it on to the UC. 

3.1.2.4 

The to the asc network domain by U"'"""'ALACI.CU'5 the 
asc server and asc client modules that are the respOIlsilJiliity 
asc UC and the ''Transmit asc lVleSSa,ges 
''Transmit asc it 
within asc formatted and transmits it using the asc client into the 
network. The "Receive asc UC receives asc data from the 
decodes it using asc definition and matches the cOl:re~,pclnding 
methods in the asc address space. All asc methods pass their data 
to the UC. 

3.1.2.5 

The 

HrUl(l1'e between VST and OSC data 

for 
ments. It resides at the core of the It has two branches. The first 
routes VST data to the asc domain. The second routes the asc traffic to the 
VST domain. The UC maintains a map of the 
can be routed. The map elements are from the 

3.1.2.6 View Data 

The "View Data" UC allows the user to view and interact with the 
This UC contains the "View RealTime Data" UC and the "View 
Data" UC. 
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The workflow for the 
divided into two 

3.1.3.1 Instantiation of the 

pn)totyt)e can be seen in 

The constructor of the loads the VST wrapper, "VAA"!,,<"'"'' 

constructs the ase address space and cOIltig;unas 

3.2. It is 

Thereafter a 'wait' state is assumed waiting for ase messages or VST data to 
be received. 

'~I'~ •••. & of Data 

from the ase domain to the VST domain. Here ase messages are received 
the ase server, a thread in the class before 

aUi'U" •• "U!', it as VST data. The second stream flows from the VST domain 
to the ase in which VST data from the VST host is received the 
nrr)h ... hrr." and '-'U'LA!',""" in its own thread to the ase client which will transmit 
it as ase data. 
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for the 
rl",,, ... rintior .. , of the 

nr,~t.ot.vr." is found in 

A VST in Windows is a multi-threaded Linked 
that contains methods that a VST host can call 

3.3. Com-

involve and streams of audio data between the VST 
and the VST host. The VST uses the same processor that the 

VST host uses. Audio the is achieved 
the is ~a''''UJl1'. 

the audio streams to the asc client for transmission onto the and 
network traffic from the asc server before it to the host. 

The method calls in 1111"1<:"11"'''!', 

and Set,lHOC1{i:)IZel 
In order to a VST host a VST framework needs to be utilised 

that methods as the VST host. 

is a Java VST wrapper that allows VST 2.4 PilJlf.!JIIS 

YOw"",IJ'-A.. with the Java This is achieved 
the native VST SDK libraries into Java classes the Java Native 
Interface (JNI). The native calls from the VST host are translated 

the ,JNI to Java method calls and vice versa. is a compiled 
on Windows with a dll extension and upon instantiation invokes a Java 

Virtual Machine on which the This therefore allows 
formincleOeniGelnU1eWllOIJment 
JVMs. 

Java is !>rl'''nl'"rl 

Mac or Linux that contain 

the JNI to translate native calls to 

.lUlV!.1't;! nrc"",."", the VST framework necessary to spoof the VST host 
the necessary translation from Java to native calls. The 

is therefore on of this framework in the Java 

Netutil is an Sound Control 
asc servers and asc TCP and UDP OJUUU"Ow", and data 

b 
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The ase server groups transmitter and receiver. It can therefore not 
receive messages from the network but also to them without the 
need for an ase client in the The server an ase 
listener to be added to it before it is able to receive messages. The ase lis-
tener interface the method to be which 
handles all ase messages. 

The client also allows for bidirectional communication. 
can transmit ase messages onto the Ethernet network but is also ,-,aL,au,,,, 

them the listener interface with the Ult"""t:t1"."H'O-

within the consists of a 
Im.pl(~m'enl;ed. ase server and ase client. The ase server function 

'"0"0""'''''' ase messages from the network while the ase client 
('r~·"tlm(J" and ase onto the network. 

The standard data types however are not sufficient for audio 
data as an array of floats as the VST host. Therefore a new data 

needs to be and within the This data 
for float vector arrays and is covered in 

sections. 

There are various data types that are associated with a VST The most 
and syn-n.n·t,nlT are VST or control audio 

n"nnTlPTPr types are used to influence the internals of the pro-
cesses control data to it. The data is also available to 
the user via the VI of the which allows for audio rIl(lLIU1IJUl,(ltl'uH. 

The audio data are essential as the pn)CE~Ssllng unit. 
The data contained within the audio of the 

VB,""',U.,,'U information is available a VSTTimeInfo 
from which this of information can be sourced from the 

VST host environment. The information contained within the VSTTimeInfo 

extended. 

musical posltllon 
SMPTE and midi clock. 

are and within 
data to the ase environment. audio 

are defined upon which VST and ase versions are 
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1 

When a is defined in a it contains the variables: 

index 
VI. 

an index to the '''''.nUllf-'f.pr for rptprp'nC'ilnu from the host and 

norm Value - is the actual value contained within the nor-
mValue's range is -1.0 to 1.0 inclusive. 

nr •• v"ri"" the name of the )ararrlp.T.I~r to the host as well as the VI for 

U10'IJ":>YC:U value to the user in the VI and in the host. This 
this value from the normValue internal. 

label - is the label of the or measurement unit. 

The of the ":.IT:.I.!'III-"1'" VI to the user will resemble 3.17. 

A Parameter class was U<::'''~llCU The class 
contains the variables and label. There are 

and methods for each variable. The VstParameter and OscParameter 
classes inherit from the Parameter class. The VstParameter is used to store VST 

data while OscParameter used to store ose data. 

The VST SDK2.4 defines the VSTTimeInfo class that contains information re-
and about the VST host. It defines the 

variables: 

- current IJU'''CI.UU in audio 

rate in Hz 

nanoSeconds - ..... V'QTPI'1'l time in nanoseconds 

- Musical Position in Note 

- current in Beats Per Minute 

barStartPos - last Bar Start Position in Note 

start in Note 

End in Note 

UIl:U'!]~Ht,(J1' - Time UAF,"'"""U' Numerator 
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- Time Denominator 

- SMPTE offset SMPTE sub,fralmes 

- Midi Clock Resolution per 

A new child class called Timelnfo VSTTimeInfo is defined with the 
same members as those defined above. There are also and methods 
for each member. The VstTimeInfo and OscTimeInfo classes are derived from 
the Timelnfo class. Each to the VST and OSC domains roc'nc""t 

While the framework for the and data is 
the "r"tnh,r'A ap][lll(:atllon defined. Future work 

include such an a !-'I!-,u\,aeJ.Vu. 

3.4.3.1 The need for a new 

defined 
and ! chunks of 

non-standard include 64-bit int.~".c"",, 
ble (d), alternate OSC (S), 32-bit RGBA 

Nil (N), and Infinitum 
While this set of standard and non standard 

there is no made for vectors of any 

The extended 
LUlll"'L"L,", (t), 64-bit dou­

midi message (m), 

the VST host are vectors of floats and so the need to anew 
111<1H11",", list of 

\..-V,,,,,,'LUJ'!'. of an 
has surfaced. There has been talk from the OSC 

new vector One of such is the float vector 
array of 32-bit floats. 

3.4.3.2 float vector '''_.TU'''O' im:p14emlen.ta1tlon 

The Netutil the into"",,r (s) and float 
The new float vector (v) type ae'veU)llInellt before 

into the This involved 1110,.1\.11'5 cllanges to the OSCPacketCodec class 
in the Netutil 

The OSCPacketCodec is r"c· ... " ..... "i 

buffer for transmission onto the Ethernet network. 
for into OSC messages. 

Atom classes are defined for each of the data an 
abstract class Atom. Therefore a new Atom class called floatVectorAtom wa.'l 

uUP"'''U'OULU'5 the methods u<:;\,vU.<OrLLVLJLJI 
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OSCPACKETCODEC METHODS 

method has the float vector as These 
ULI,ULUv"''"'' are to the OSC message upon instantiation of the ose mes-
sage. The method takes this argument array and it into a 
that is for transmission of the data onto the network. 

The method code is seen below: 

final 
tb. 

floatVector 
Ox76 ); 

final FloatBuffer fb; 
fb= db. 

ect 0, 

[] )0; 

+ 

tb, 

'v' 

db ) throws 

) 

The method has the that contains the net­
worked ose data. The method extracts the network received ose message 

it into a float vector. When are done from 
the ose message for its the ose message is of 

The 

the float vector which contains the audio data chunks is returned. 

final 
final 
final 
fb. 
b. 
return fv; 
} 

method code is seen below: 

b ) throws 
fb = b.asFloatBuffer(); 

fb. 

) ; 

method returns the ASeII character 'v' - the 
used for the float vector. The 

the atom. 
method returns the 

In order to between VST and ose data must flow from one domain to the 
other and vice-versa. Data flow is therefore a critical element in the nr£\tn"hrr'" 

and is by the use of the Observer and Observable classes. A 
ext;en,dmlg the Observable class can listeners (other classes 

HHVn':U"'UL1U)', the Observer that a has occurred in a member 
of the extended Observable class. This is done with the code: 
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"HCl1ont·~ (); 
notityObscner, (loc al~crtber) ; 

The ahovc cod" notm"" the rcgiotctod OkerwI8 at" l invoke" their ll~datcO 
m,t h,.I, whieh i, O"fi m'fi in til<' Ot"""",,,- inw,-f,;(·" ill,,1 nu,"' 1M'imp1m l<'1l t< '(i. 
The u~dat" nl<'l hod () r<"" 'iv, .. as athll" L"nlo a 1'4"l'<'nc<' (0 d~' localll.!,'m1wt 
fmm t lx' Oh,.,rv.lhlc d,,,, 

OscV.tBndg., DFD 

.. , ..... , ,,..,. 

--- .~. 

FitlLl C 3 . .J: O",V81Blidge Data Flow Diagram 

• \'S T co USC 

• OSC (0 \'ST 

Within ""d! of th ",,, "I>t"~"ri,,, t.!l('[(' aH' ;lllH""t<'g'>ri,'> "" Tyi (Jg ""d! (,[ til(' 

daoa 0.1' 1_ im~l~nl<'nh"j in olw ~tOlot YI>e. T h"", are Ill<' ~araIllCl"l' . awlio an d 
Tim!'!lLf" 1)"1"'> 

Th"H,f()H' d w (a"'go"y st uLCl un, i" 

• \ 'ST to OSC ""' ",",U ill ,' ignre _1.>, 
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- Timdnfe> 

OscVstBridge DFD OSC->VST 

t ," ".~"t 

""o ..,~t e' d.,t_ 

' -'CP,"~ 

p" , ,,,,,,~, "'" 

~.-.~ 

( ,,~t "0" ) 

, 
! '~. 'o d,,'. 'cO"."", 

T; m e'n'o • • t., 

') 
-t ---­

+"" , -~ 
----~ 

,. ,~,vo 

''''',, 'n'O .... , 

to""· J 
~" --[' --"" /"'~" ' ~) 
OSCC ,,~"~ 
--. - _ . ' 

3.5.1 The Uridge Class 

f:,,·,y Jata flOI" P"OC<'S' tra,,", lhr'~jgh the !lriJge ,-I..", The j~jq~"'" cl t.lM' 
Bridge d ">s;,, 10 , eledi,." ly d,'\('rminc which pl'OCeSIJ'" should be fur.her l«!l eti 
to doeh imended d""Ullatj,,,,, T his "..h~.iw n~lling j , , ~:hlf'",d with \he .\1'11" 
pin ~ ()hj(~:t whidl L, in,tantiat ed by t he BriJge elM/) . 

T lu' Brjd~" d,eo< extend, Oh-..ryahk anJ impl,,"u'n" \he Ubs<",'er intcl'fac<'. 
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If <"'p't, ore "",-iv('li into thi' class !nH(J "ll Oh"-"'"hl" d,~". th~ <:1,1." (il l"'"" 
the obi"'" in tim \lapping ()bj"''' to n"'''rT1l il~ ' if it may be !unher J(Jut"d, Il it 
eM, then th" llridge eI,.." in 'Um !>(),ili"" it, Ob'"rw11> and pas..,,; th" obj ect 
( ~" 

3 .5.2 Paramctcr Data Flow 

I'he Parameter t!ata Ii"., i, ilIustr~t"" hd()w i!> Fig"''' ~_i_ 

-- -, ~ 

( .... , .. , ) 
~ 

Parameter O"t" H<.>w Process 

~, -~~ ..• '. ""~) 

3.~.2.1 

"", 

~"" "' '''' '·_· '' ,,,~ ,.l 

",.. ' ... 
"" 

.. ~ 

'~"l) 
I ".,," , .. . ." .. ~,, : .~" .. ,~, 

FiI(Ul'" 3.7: P",'am"hu Oat" Flo,,' Dia!\ram 

VST to OSC Parall1~t"'· n .. t" Flo .... 

Th" l'mmnet",. nata Ii"w 1!I( ~:e,-' !r(Hll , h~ VST I() the OS C "m'ironm~nt i, ini­
ti"IM by (I", \ 'ST hOl't "alli"l( lhe ""tParaIIlt'terO IIH,th( ~1 in lh~ pIH W" I'hi, 
",,,thot! in !.LUll ill"''''''' tll~ txPararn2Hri<igf.'D method hIll not l:>efOl'" up<lating 
th<- plu gin pmamHe .. , wntain,,<i wit hill \',m,~,a oh~'I_ The tx l'amm2I-lr;'ige() 
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method notifies the Observers of this class and passes the VstParam-
eter reference to tbe Observer. In this case the Observer is 
the class. The method in the class receives the VstPa-

and if the object allows for this VstParameter to be 
class notifies its Observers in turn and passes 

The relevant Observer in 
this case is the is received in 
the class the method invokes a method in the OscClient 
called txO and pa..'lses the VstParameter The method takes the Vst­
Parameter and constructs a new OSCBundie 
An is constructed from the VstParameter received. 
The OSC message is then added into the OSCBundie 

The OSC message constructed ha..<; the address space of 

The message contains four un.,,,,u,",, of the following INTEGER (I), 
STRING (s), STRING (s), FLOAT These are: 

l1li PARAMETER INDEX 

l1li PARAMETER NAME 

l1li PARAMETER LABEL 

l1li PARAMETER NORMALISED VALUE 

It should be evident that these ""F,U'Uv""" are similar to the members defined 
in the Parameter class. 

Therefore a OSC message contained within an OSCBundie from 
this process would resemble: 

,issf 

The OSC client determines the destination address and for OSC messages. 
This could be an external OSC server or the OSC server module inside the 

The internal OSC server is addressed the network 

3.5.2.2 OSC to VST Parameter Data Flow 

If the OSC client directs it to the internal OSC server via the 
the OSC Listener from the Netutil invokes the 1U<""""5';.o.",:;-

method. The method looks at the OSC address 
space of the incoming message and executes its block of code related to that 
type. In this case it is a Parameter type and an OscParameter is created 
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ti:fies all 
to them. 

The 

OUlLU"' ... "" from the received OSC message. The OSC server then no­
"'1<.1"."'.1"''' Observers of this class and passes the OscParameter 

"'1<.1""C.1UU Observer is the class whose HUI."'''"''! 
method receives the OscParameter 

allows for this OscParameter to be routed then the 
r<>ori"t<>r".rl Observers in turn and passes the OscParameter as 

an arg;uffi,ent 
When the 

The relevant Observer in this case is the VstData class. 
method in VstData is invoked it modifies the param-

the normalised 
in The VstData class 

notifies its Observer and passes the index of the to it. The 
relevant Observer is the class itself and its updateO method calls 
the method as well as the method of 
the VI 
this information to the user. The 
notifies the VST host of the received from the network. 

The TimeInfo data flow is illustrated below in 3.8. 
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," ... " 

"" ''':J ."_ ,, ,""om,_. '.,,"-.... ,,' .. ,-

3.5.3.1 VS'J' to ase Timeiuru D a ta Fluw 

, .. ...,~ 

., 

Th,' -l1mi'l nfo dat n tYIM' prmide' t h~ fralUework for appiif'"' ion deY")OI'Il"mL 
110\>--'''"''' wilhin Ihe pl'OlOl," I'" lhew is llO applicalion Jdi n"'-l I(J uee this tn"', 
If an npplkaci an is to Ix' Mlin('(ltlwn l h~ ;mplml('t l t in~' coik is lo L<' da'l!' 
~-il hin it ' a"n ,l<'fi",'d meth,,,! in th,· \ '''I'lu~in d, .. , Thi' lll"tllOd would 
Iw r'-'< luired lo ,,~Il the llJelhod I _~ TimeInlo1Dridge() chac se", meml"'t" ~ ilhi n 
lhe YscTimeInfo obj('Ct. n,~ l xTimdnlo2Brid~e (J meth od wit hhl Ihe V,tllnt" 
d"" "'-"it\~, t h<' O1o."',,,'r, of thi ' da,,, "nd P"'"'' the \'<1 Tim,'lnfo oh,;.',:t. TI", 
rt'l';;,I,'r"d O1"",','e" are Ihe Dl'i<!~e d 'N lhal """,i IH lhb V, I T imeinfo oIJj ec l 
in I,he updale(j melhod, n the \',tTiuw!nlo ahj' ''t i, ,kH ".-'<.i "-" raut" h l~ by 
th" ~ l "ppin~' "I,e' , then t.h,· Ilrid~, ' "I",,, ill tmn will uolify i" Ob,,,,,-e,, amI 
1'&" che \ ',lTillleInfo objOCl, The l'egislered 01",,,,,"" is the Osc"Ian" ~'"r class 
ll1<11 illyok<'s til<' lXU lU" thad ill OscCl~'llt cI"" ",h('n th~ \ ', t 'l'imdnfo "hi"f.'1 
i, "'Hiw,!. T Il<' "rgum,'n!. to thi ' method i, che \ ', lTimdnfo obj"<"l The 
lxU melhod cake, the \-Sl TimeInfo object and conotrnO, " ".-'w OSCll undl<' 
ohj('Ct fmm lh~ Setntil lihra,}- ,\n OSC,\le"",!\" ( ~ ) ';" f.' t i, m fl ,lnl<'I,,,,1 [Will 
cl., \ ',t.Time!flfo obied "",ei,-eJ . The OSC m"" age i, chen adJed into th<' 
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OSCBundle 
The OSC message constructed has the address space of 

The message contains thirteen of the 
FLOAT (F), FLOAT (F), FLOAT (F), FLOAT (F), FLOAT (F), 

, INTEGER (I), INTEGER ,INTEGER (I), INTEGER (I), 
afl~mnents are: 

• Position 

• Rate 

• nanoSeconds 

• ppq Position 

• 
• Bar start ,-,v,on •. vu 

• 
• end 

• Time Numerator 

• Time Denominator 

• offset 

• frame rate 

• to next clock 

: FLOAT 

FLOAT 

. These 

It should be evident that these G'F,UU"OU 

the Timelnfo class. 
are the members defined in 

Therefore a OSC message contained within an OSCBundie from 
this process would resemble: 

The OSC client determines the destination address and for OSC messages. 
This could be an external OSC server or the OSC server module inside the 

The internal OSC server is addressed the network 
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3.5.3.2 OSC to VST TimeInfo Data Flow 

If the ose client directs its to the internal ose server via the 
the ose Listener from the Netutil invokes the Hle:;:;a,geJ:\,e-

method. The method looks at the ose address 
space of the message and executes its block of code related to that 

In this case it is a TimeInfo and an OscTimeInfo is created 
the from the received ose message. The ose server then 

notifies all Observers of this class and passes the OscTimeInfo 
to it. 

The Observer is the class whose updateO method 
is invoked. The updateO method receives the OscTimeInfo and if the 

allows for this OscTimeInfo to be routed then the 
class notifies its r"o",><",.,,,,, Observers in turn and passes the OscTimeInfo 
as an arl;urnelllt The relevant Observer in this case is the VstData 
class. When the method in VstData is invoked it modifies the TimeInfo 

within VstData. These modifications are The 
VstData class notifies its Observer and passes a boolean reference to 
it. The relevant Observer is the VstPlugin class itself and its method 
should call the method of the intended ap,p .. ,"a.'lVU. 

The Audio data How is illustrated below in 3.9. 

62 



Univ
ers

ity
 of

 C
ap

e T
ow

n

---- ---
( --

."'1"_" k 
0 ....... , ) 

.- I_" .... ¥·, "~ ··"l 
··OL .... .. """~,".· .,..,....., ,'" 

0'" ."" ... : r_"",,_l ,~, . .... , ,,,~,' '0«"'"" .. ., .... , .... ,'" __ .. ~.) , .. _",- .. ' _ ..... _-... , 

J.[i.ol,l VST to ose Audio Data now 

T~e Audio ,bn, Hmc I"" '''''' i, II", most. PfOCffi"'l< illlen,i,'e "'i,hill It.. p, ..... o· 
l,"pe, The \ -ST IN"! initi~t '"' t h~ "ndio ,h,t. .. flo'" ""th ",:,,"ra! calls 1)1'r "",,and 
t.o t.l,~ proc""' !kpladn~O method in h~rl u"'i", TLI' n"'t.h,~1 ill lurn i"vok~, 
tho t,xAudio2Bridg~O metlk)d out. nat i><'f,.-e upd.,tinl( l he )llu~i" awl;" OOjOCIK 
ccmained wiLhin V'tDala ohj"'!. TL,· Ix ,\lldi02Brid~d) met l~ld notiti", tt", 
l'e~i"~re,) Oo'~r"''''' ot Ih;, d"" am) ""'-,""" the V,tA,,,lio ohied refe""w:~ 10 
t h~ Ol"",rv,,". In t.his , 'as<: th~ ,~p;io(.erell Ul.>gen'"'' is the 1l1id..,,, d,c,". Th" 
uvdaleO method ill IL,· Dridg,· d"" ",,-,;v,," Ihe V,Pu,jio obj",,' ant) if the 
.\lnppin~ oojnct allow" t(Jr thi' \"tAudio ohj"'" 10 he roul,,,,) t.1",,, Ih" Bridp;<' 
d"-,, TMJt if.ffi it~ r(y;i.'t~red Oi;;<~r",'''' III turn ant) ~,se;; 'h" V,'Audio oui"d, 
as an ar~umem. The rt')"yant , egiot..,,,,1 0 1"",""" in thi > '''''e i> tlu,: O,,'~bn_ 
"!Ier d"" Wh~n the ht..-\udio object i, received i" the ()sdila.m ~~r <:las ; t he 
u~daLe() melhod invok,,,,, merlNMI in th~ (k('Client "ali~<lI,,(l and paw," the 
hU",j io ooject. The lxO method lak,," the V,IA'HI.) ~"d m ",t.nwt., a new 
OSCBund tH oh,~xl from t hi.' N~tUli)liocmy. An OSC n""'age i, ('O< LSlru(,t",1 
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from the VstAudio received. The asc message is then added into the 
aSCBundle 

of asc audio messages. The first is one that transmits 
audio to the destination asc server. 

The asc message for audio constructed has the address 
space of 

The message contains four of the INTEGER (I), 
FLOAT , INTEGER (I), INTEGER (1). These 

• WORDLENGTH the bit 

• SAMPLERATE - the number of """'Hl"1"''' per second 

• NUMBER OF CHANNELS - the number of channels in the audio 

• BLOCKSIZE - the number of ''''''Hl''1<O'' per block defined VST host 

asc message contained within an aSCBundle for the 
paJri:IJlaeLer:; would resemble: 

audio 

The other of asc audio messages are the messages that contain the actual 
audio data. 

The asc messages for audio data constructed has the address space of 

The message contains four of the 
INTEGER , FLOAT-VECTOR (v). These 

• COUNT - count of the asc messages created for 
the receiver 

INTEGER (I), 

asc Audio in 

• SAMPLEFRAMES - the number of """""n"",, per block processes 

• SAMPLEVECTOR - the audio data as a vector 

The in the and the data messages U'"<uu,"",",,, are derived 
from the members in the Audio class. 

Therefore a asc message contained within an aSCBundle from 
this process would resemble: 
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The OSC client determines the destination address and for OSC messages. 
This could be an external OSC server or the OSC server module inside the 

The internal OSC server is addressed the network 

3.5.4.2 ose to VST Audio Data Flow 

If the OSC client directs it to the internal OSC server via the AU"I-'L/"',"·" 

lInen.acl~, the OSC Listener from the Netutil invokes the AU'-'OOU'F.'-'A 

method. The method looks at the OSC address 
space of the message and executes its block of code related to that 

In this case it is an Audio and an OscAudio is created 
the from the received OSC message. The OSC server then notifies 
all Observers of this class and passes the OscAudio to it. 

'Cl'.'''L'Cl<::U Observer is the class whose Ul'l~""L'q 
invoked. The method receives the OscAudio 

allows for this OscAudio to be routed then the class notifies 
its Observers in turn and passes the OscAudio as an 
The relevant Observer in this case is the VstData class. When the 

method in VstData is invoked it modifies the 
with a channel index. These modifications include 
vector of the audio channel in question. The VstData class notifies its yo<>ori<:t<>yo".rl 

Observer and passes the OscAudio to it. The relevant Observer is the 
class itself and the method of the VstReceiver class 

is called. The from the method. 
The method takes the audio vector received from the network 

l''''''~''''CIL'' a1ccclrdmg to the count variable. The VstReceiver also 
COlmf,len.!lalGe for on the network. 

method is the receiver of isochronous audio from 
the VstReceiver class. The method data from the 
VstReceiver class which is received from the Ethernet network as OSC Audio 
messages. 

Data flow can occur via the internal interface for the different data 
For audio the audio data is received from the VST host and the data flow 

is initiated. The audio data is VstAudio passing 
UUL'VU!"U the to the OSC Client. The OSC client then transmits the audio 
data onto the internal Ethernet interface, The OSC server within the 
nnltotvrle then receives this OSC audio data as OSC messages, decodes it and 
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P"""" it. ,_i" tI., hri.1~ " 10 Ih, \\I n ,,,ehH, T he \"tRlwive" ti)('n c.rOe" l il" 
p;.'kel, and WlIl~"Si\\e. for l\('{wnrk ji tteT. Til" h t I'ingin ,1.'11 pull> dMa rrom 
t he \'st&'C~hw 0"0 <uppii,,, it. h(l('k to tlIP \ 'ST 110'01 en,.ironHlem. 

TIIP ""lIIP ,'mocepl awlie, fc.t' the other two dat o typ''' ll,in ~ t.IIP iuh'mal 
h>o vbock imOl'ra,,--, 

3.6 A.udio Recei ver 

Wi t llin I.be «udio dota fi,,,,· i)f(X'C~' 0 udio d"t 0 i, l·", , ' i,<~l !'rOHl 1.110 Clhemet net­
wo,k fmm d t ner Ihe i"I.t'rn" l ose d i,'u,· or "HIle olher external OSC diC'tlt. Th~ 
ll('t-.;ork intmon,'p, jitt."l· due 1.0 the unde terHlilK'<.1 mu ting of p;u;k,'t.. ow, 'h,' 
I"'lwork, Wil.hin the OS] f,o="''lTk riO(' \Ton'purt, I"}"l' n,,,1 [or OSC vacke!o 
wi thin the ill'O\oty])" i, 1J1l 1' ",bidl provi<\,o; uo mech"lIioru I'", the orlwl'ing of 
p .. ,,;ke," nt In,' "<"'i,-,'r '" t l.,y ",,,ro' 1.""I,,,,illOO, It i. thel'('ft".~ t ho-- TC'lYJll , i hi li'y 
uf 1110 vrOI.Ol)·~ al. t he av~licat ion loycT to prrwio" t h" fll ndionalil)' ur ordering 
~od'-"ts ond pTi\\'i<\in,; " I.,tf,'r tu C'OIll])('II""t.e ror llelWOrk jill e.- cx p"""''''''' ]. 

TI., Alldio Recei ,'e.- cla", ~ro" id", , udl rncehon i,m' by ~Th'ly unlPring Ille 
OSC a udio objects \xl",.,] 0" ,1)(' ,'' .• In ' '''glll ,"'n'' -.;it hin I h" OSC audio ob,,('<,t. 
ond t ne~ pT(wi(lt" " bll ff,'r, l"'l mIll~emal.es [or the "itter on the ne'"wk. 

...... 

VSTAud ioRece ive r 

O,de,Audin 

yoor 

l /-
"',,, ' 0, 

Ji tterBufft', 

Procc~~ () 

I 
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are received in the 
eXlr)lamE~a in section 3.9. The OscAudio is then as an 

method to VstAudioReceiver. This method 
method followed the method. 

1 

The order Audio is contained within the VstAudioReceiver class. Or-
derAudio uses the count member to order the OscAudio objects received and 

all the OscAudio within a linked list. 
The structure is: 

/II if linked list is then add OscAudio to linked list at first 

then compare the count value of the HH"Vl.UU;'", 

to that of the maximum count value of all the OscAudio 
in the linked 

/II if received OscAudio count value is than max of all Os-
cAudio in linked list then add received OscAudio to end of 
linked 

/II else find the index in the linked list where received OscAudio 
should be inserted based on its count value and insert it in that location. 

The code for OrderAudio is: 

LinkedList order Audio 
boolean added; 
int llsize; 
if( !this 

llsize =0; 
} 

added=false; 
if 

count++; 
if 

this. 
count++; 

H 

for j=O;j<llsize; { 
if(! { 
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} 
} 

return this. 
} 

} 

count++j 
added=truej 

if 

this. 
count++; 
added=true; 

The AudioJitterBuffer class contains a float buffer of p"~u<"u,,:;u 
the constructor by the 
methods that are used its real time nn<>r!>t1l"nQ 

method inserts data into the buffer and has two arjgUlnents The first is 
an that is used to determine whether the received is a or 
not. The second is the float array of audio data. Calls to this method are done 

as'vm:nrIOIll)US fashion. The method is controlled 
<tppHO~ac.vu UH'"nUn! the method. The method removes data from the buffer. 

and nextO methods have a block defined within 
its own instance as the lock data 

3.6.2.1 The method 

This method inserts audio data into the buffer in an manner. It 
checks the sequence number in the method so that du-

IJU'""'"'VU is Thereafter it to the block. Within 
this block the method checks to see if the spare within the audio buffer 
is for the audio data. If it is not then the method 
returns without any data into the audio buffer. If there is in 
the buffer then the incoming audio data is to the buffer. If the data con­
tained within the audio buffer is above a threshold then threads 
are woken up the method. 

4 defined as jitter size in bytes 
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3.6.2.2 The method 

This method removes data from the audio buffer in a SYllCIlrOnISied 
method is a block and blocks until the data 
surpasses the threshold. The method then checks to see if the rncnlll,dc.rI 

be removed is less than the data contained within the audio buffer. If so then 
the data is removed. If not then then a zero filled float array is returned of the 

"''-Ill''''''''"'' size. 

7 

The architectural structure of ase communication is one of a client-
server model. The client initiates a connection to a server which 
waits for such When a is received at the server, the server 

a service to the client on the defined in 
the aSI model. In the case of ase the server ase messages 

to be <1"",,,,,1,,,>,-,<.<1 

1 

a service on the local IP address a IP 
in the Internet suite is also defined here. In 

the UDP is used. An ase listener interface is Impl(~ml~nt;ed which is 
added to the ase server. The interface contains a method 
which contains the constructed ase address space. ase messages destined for 
this IP socket on this server will be received as an in tbe m(Jss:ag(JHJ~­

method. 

3.7.1.1 lU.' .. iJ'I .... U.J<. from VSTXML to OSC Address 

The ase server address space can be seen in 3.11. 
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Osc Server A~dress Sp~cc 

The wo. of "he OSC add,,, .. 'lX" " is / 0", V.IR", .tyc/ _ If the roccive<l OSC 
IH"",~g" ,,,",, not cnntain ,hi. ""ginning ""I"""n' iu it, ose "'-"-I", .. vall"". 
t.h. n 'Iw llW"a~" i , dioc",d" d b)' lh" OSC ",~vo" , _ Onl )' )'-'.t nfl, I{~ in ''''' OSC 
.Jil .. "" '1'''"'" Ir ~"" ,,,oo.l"~" """"",i,W with th.ml~,'lI, I'h" ()~C . dJ,"" ,~.'-" 
<'C<TIpri""" uf the ,iI,,,,, dehl. '<.l (-"p"" I'",.me\"", Tl " ocln[fl an,1 Alldiu_ The 
I '."m" le r ,''-''-''' "" I>-l "'" ;,; c"'l<L"Jdod fwm the VSTXML ,le tini(i0u til" po:r,iug 
XhlL elM,a , The / T,md"jo II0<ie i, a lffl[ uode .ILJ i, <I i .. "",I y . dd,,,,,,,,hlo_ 

Th" ,-A.d;,,/ uo d" w'"~in s a.,A 1l00,-, / Giob"/Il,.oo 10 CCtly.y gloo:;l alldio 
pa .. mclor< [fl , I\(, ,.","Cr ~prlicat~m, The ,\lIdio r""-,,, ab<J lUIUill , 01",\1"" 
hralH:h nu<le iVal .i' (I ,. , Ir., tl ,,, ;~,,, " nll'''I\(" ol children"" alldin channel" 
TI_.n' bhood /(ch"",,,Und, ,.)_ 

Th. Pillamder adJ , ,,,, 'lX'ce is C,-,,,,,''' Jct,,,1 hy imp""ing " \'STXML file 
in l" Oil XlI.JL p'l'""r The VSTX~JL tile pwvide> tlr. I ' ",r~,chic,.j I'a'~"":t,·, 
"",d nre of ,I .. plu~in ,,",wril iu~ \ he the \'5T SDK ~ ,4 clr:finitinn TIn, c\eli­
lli[i(>l1 ronLain, ~ dd ini,i"" roferem:e> , Tl,.,.., ",e 'Po:r~m' """'-'-ihin~ ~ VI IJ ~in 

_ameter , 'G,()Up' tI'~l i, u-.! tu ","ale I, "l',,'chiml f>',,",un{~or , tru<:l"'e> and 
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o~l\aiH ' 'Pal'"m' I.~go, "rompl"'''' !'rent", "'mplnt,,.; for p.v;,mot<,- , trlHi .me, 
'V" lue' ['n"" I h,, 1. <lefin", 1m iIll emal ,""1<,,, t.yf"'_ and 'entry' that i, """d in.,ide 
a'Val lleTYl'e' , The VSTX.\lL lile [outHl iH APl",tldix B has '['",am 'U.-o"p', 
't""lpl.~t('-, aml 'Valuc'l'),pe ' (lefiHiti'~1 nofen",e,,,, An hi era,.,"li,,,,1 "iew of l.i,,, 
VSTX\IL file "-, n,ndered by I.he a~ I!Ii"al.ion ,·,t I!ara.mtooi "an be """n in Fiy,urc 
3.1~ 

"-" Sudon 
FI .... :.e 

~ 

~ 

, 
" ; , 

,~ 

Ir!Q 

• 
~ 

"' ., 
m 

" 

1' 1«[''''' '1 

lIJ ldl.eI<1JI 
21 1011><1+1) 

, .. , , 

,-, 

Fig .... e 3, 12, Hiemrehi",,1 vie ... of th" VSTX)"lL fi le 

'l'h" .'(\11. parser ""'" t he ."'va. n()'mne~l. Ohjed \1<~ lel iJDO.\-l) lil",~y 

",hid, i, w,ed 1.0 mal' from Lhe VS TXML Iii<' Lo Iho USC namcspaco, Th,' 
brancl, n(l<ie, of th" {'aramel,,- wh_tlTX' arc eithe .. Pamm, Gn .. !' or Templat e el· 
ement" ' ['he P''''''ll ele"llenl. i, ,/Sy"ti<.4di"". TIle Grollp element< i<.rC ... ··Cloool./, 
/'Envelop<.--' and /Pill-cr./, The Templal" dem("I, m" /'U""lIolod/ ann /0. •. 
cillotod/, l'h" It,,,f ll<>rl", of ea,'h of the "l ~!ve GERlp and Templ"te element< 
!',el their Ham"" ft-om the altribuL .. of Ute d emellt' , Tilese include Sho,tName, 
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I"bel P"",mllJ ,mrl Valll~Typp 
The cl""" used 1.lml. """l"ill' the X.\IL pa's,,, a"d map' from VSTX_\II 

to OSC nanw.pw:p i, 'he XmIP<11&e1 cI...,;; in the xmIP"""" ~"d'lige in 'he 
o,,,V,lllridge P[(ltotYI"'_ T he c:on<'mdor of t.hi, elMS wnwi". 'h" "l~CO'itllin 
that l:>elfol'ln' I,he m"p~iug fu"d.i",. [rom VSTX}IL to OSC uam"'p,u:e_ Thp 
ose nam,,,p')(." wn'<nlC«x! can fx,- """'" as a \we\,ie~' in Fi~ule J .W, 

The d.n,lten of I,he /Glolx,(i jH~le ar~ /Vol""" an~ /I-'Ofl_ Th<., "hilrlren of 
t hp /f:nvdopc/ 110M arc /A II«ck. /D,;c«y, /'Su,-/";,, <111(1 ,indm,·,. The "hildren 
of t.h~ /Fill ,,./ r~.~ le "'" i'I'!}I", / Ih"ay, /S",/mn anti ,-'ReI",s"_ The dliltllen of 
exh if the -' (),cillal"d/ awi /o.,·{;;iI"/,,,-2,/ ,.,d"" are in)I'". /i-''n<q''"flcy aroO 
/I-',, {S" Wid/h_ 

3.'T_I_Z OSC Scheduliu" 

OSC t.cmpoml ,,·m,mtic. h"'" th<.- OSC ,imestamp as a core element. The OSC 
Linl""l "m~ C<)lll.ained ill the 1.,,,,[.,, of OSC bu"dl", j, "M_bit hi~h ,..,..:,Iution 
tim'Hamp coofoJ:lnin~ <0 \-TP I2:;1 tlenniliou, OSC me;,,,.ge;, l,a\"~l bel.weeu \"" 
Iw", cmllpnt~", "",I the pT(lto"(~ rd i'" on cxt<,mal nl,>:hani<JlJs to "yndll'ooise 
til<' host wnlpmelS, The linl""l"m ~ ",il.hi" /il. OSC bnndl~ heli,!e, sin'" the 
m'ei"in,; OSC ""',",'Pr the ,ime ,h,- m",;,'W' io to be exe"u led al the OSC ,el'Vel' , 

_""' ''_' ' "" "'.v" ._ ',,_,' 
~w, _ _ , .,· •. _"~.,, •. ,_ .• ~~~ ... 
" _ ,, •• ,_,, _.'M,~_ .• , ~ •. _.~ __ _ 

.... " .. - -'"- ,,";.~ " ... ,"", .... ".~,; "~ 
". ,~,.,~ _ ,,'~,.,, _ _ ,," _ _ • " .. r~. _ ,,,. 

w .. , _ " "'. " . ".,,_ 
,,~, • oc'-''' __ ~cT_. ..,,~~ 

--~I l 
+-~"~ .. - --IU 

F~\"e 3.1J; OSC Scbeduling IIln,l.rlilioll 

f'i,;UlV 3.1.3 illll"mt(", thp OSC Sch<X!uli~ algorithm ~eployed in I.he 0&­
cV'I.Il'icl~e p[()lolY]l~. The ",he~llierl e,,,,,,,,,.ion tim" of thp OSC m,,,,,,,,,,e "' 
tmn,po,tf"(] in , I", OSC bWldk headel' io ,",,,,,/Tillle awi clikul" lecl u, ing (be 
cld"y Sd",tillic_ Th~ ais"rit hm ''''lui,",''' t hP af>;nilltp ,iulP at the which til(' OSC 
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bundle or was (fPtlP,.."t .• >rl in the source This is src Time and is 
transmitted as an ase in the ase message. When the ase bundle 

'-'''', ..... '''".0< in the ase server, the time is as 
nowTime. 

The time taken for the ase message to traverse the '-'-"'u .... ''"'"."' network is 
therefore defined as: 

N etTime = nowTime - srcTime 

The time till the ase is scheduled for execution is defined as: 

Wait = schedTime nowTime 

or 

Wait = Schedule N etTime 

The class is core in the data flow for and audio data 
received from the network. The class therefore contains a 
ScheduledExecutor and ScheduledThreadPoolExecutor the 
data flow the data flow and a new data flow to the 

The next data flow however receives its data 
after the Wait time has the ScheduledThreadPoolExecutor's 

method. This method has the time and the executor to 
run after the time has as ""'l<'lUUC;.l"" 

This mechanism therefore ensures that ase messages are executed at 
the time when are scheduled to be. 

The ase client a destination IP socket for the transmission of ase 
messages. The ase client constructs the ase message the aSepack-
eteodec in the Netutil Data received from the VST environment is 
f.I""'o..-.ru;,!'.,,u into ase and sent to an ase server the client-server 
architectural model. 

There are three methods that each one of the data defined 
in the ance the ase message is constructed it is added to an ase 
bundle. The ase bundle is then encoded into a before sent 
onto the IP socket sp(~citied in the client constructor. 

Users will interact with the a VST host that loads the as-
VST wrapper n ... ,wr.nTr,o The prototype will allow 

5these classes are part of the JAVA API library 
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C' ~l ligu t ing cl Ib" OSC .. ~,.iIlV,' llLl Ol!['Jl a "COld 1IS" \ab in n« l,,' \n Cn1l1lI1 LLlli­
f"'" Qwr ~:tl"'Tlll~, with ext ernal OSC <Ie "i(' "" l' h" OSC ,crl'er '" ~ .. cli '" Ihe 
OSC chelLI will """I " IL If' ,,,bl .. ,,,., ~nd If' J~lrL Il'MLt.iug lJl (')"lll"nt, ~l't' "),0 
ll ",xll~l to be cco,tiv,lIrcrl to ,,11 0'" "~lt', n g of dm" bet wecn th e VST "Old OSC 
<'''''ircmm<'nt_, _ I h,' ro"'.inl', <1"10",,1., "'ill " llow for ~ mnt .. fr<-" tL t lK' pmhJt)-'p" ', 
OSC eli."t. 1.0 ito' nwn OSC ;;., t,,' .. [acili,.aling illt,,'rna] .)t. h", l=k (UlllllLLnica­
ti.,.,,_ I 10 .. J~lIl',i n ~'ill ",.,t,,;n 17 p,.ram~'\ er' th;" .• re ('()fltr<~ I "hlc frOtIl ho t.h 
tl,e VST h, ,, ,., OSC en.i h~llll"n\ a, wdl i1.' [mlll 1.10" 1'1LLgin n it,d!, Ot.h" .. 
dntm,p", such "--' Tim.-)nfo "Old Awlin ~·ill L,' displ"y"l a, wallim" data in lh ,· 
p lll)!,in UI 

3.8.1 lJI Elemcnt.s 

T h,· l'rQ IO,ypl' "",,,. inl .... [ae,' i, a .Ia,"" ,wlIlg iul" I[a,,' ,>In,i''lIlg of f" ,u' lab, 
loh"k~i COM"S , " .. '''-'\f ~Tl:R ·' Nn ,wn[(), .. 'P1) RP;S sr"'T owl rX1'>"\I\n"<TS_ 

"]'h" ll,"'r iIlt"rh"" i, ,ult ... in,~l within ... plngin win,low p",.id"l by tlo" VST 
h<y;,. 

:J_~.l.l COr.·IMS Ta h 

o~_ 

SOlVe' II' AdOr .. " h 1I.0.~1] 

S . rw, IV P<>rt: 

1loS! II' Add, . .. : 

~-~ 

liJl o~iii ­

r~)_1lE. :--=] 

stot"'~~Q 111.0.0.1 

....... t o~oo 

Ilo .. tp .d,~: t no 0 t 

o."~)VO'" 65 00 

OSC ""de Deloy l""t. 1_' ____ .. , ... ",,-. ~o,.:":,,. 0"': __ " _____ J 

..... 'R'm., SIl. 
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Th" Cmrull< tah in ri)!,1lrp 3.1 4 ",,,,i,," of OSC "''nW on,l OSC dicm CUllllnLL­
nication ""le;ngo as well a, iufonnalioll ,liopla)" OIl t.ln. ' ",·ttill)!,' r h",,· an' 
~I ",) .Ji lt."rI!ll tfeT ,etting'. 

Th" OSC ""'y,,' ,et.till g, ",,,,,i,l, of Ill< ' OSC ".,."" II' "rl~Te<f "nd II' ])OTt. 
Whcn t.hese ,"IIues al'e oppli"d lhey al'e ,li,~la)'ed ill the OSC "''n'P'- ,I'll"o inFn 
will<iow 

The OSC C\h'nl " 'lling» are ,imilar with a ,h"lillatiOII If' "rl rln",' ,,"rl If-' 
pori "1~.'i ~"'L Another poramcter i, ehe OSC bUlHlIe delay ill lIulli.", 'olld" 
Whell aPl'li,,-j Ih" OSC " li"II! ,tail" illfn ",;nrlow , hov" the "Iored >cuings. 

The JitterBu ller 8<'lt;n1\ call l>e challged alld ~-lH'1l a]!]!li,,~ di,pb1j" to thO' 
m!'T thO' ('1\TrOlt ""Juc use<! 1»' t l>c plugin. 

3. R. 1.2 PARA METER am1 A U DIO ta b 

Figurc 3.1:;, PARAI>lETER and AUDIO laL 

Th" t"h in !'is'''' ' .1.1:; ('01""lf of two p',r;llllelers an d the owio in. alld o"l" 
Thel'e rue 17 I'a.-rullet.e.-, ill t.JH, pmlot),l~' of which onl ), tvm' ore rlk<ploycd 

10 'h" 1\'-CO". r hc choke of the two parOmC1Cl'S displayed lu eh,' 1,,"'r i, ,hI(' ill 
lh,' Ad,h', ,,,, Sp,~'" I~h. h I ri)!,1lrP 3. 1 .~ th" Iwn rl;'p l"ye<! parameter, arc t.1>c 

7" 



Univ
ers

ity
 of

 C
ap

e T
ow

n

fir, t t " ,,: S)'nrhAcr i,,, "nd V" /ll lIN' wit,h in di,,,, () ami I. 8,y-h gWllp <li,play, 
Lll£ nam e of the p;u'amNcr , the &lidcr uscd to ch ",,~c th" 1>O<","li ,,'d ,.,, 1\1(' 
in th~ p"rwn<'t' ". on d (1),, disploY"d paramd ,..- n.lll " The", am ,J"" t.m (Jomi! 
ami n,('eive ,el"",ion dJOclb():.<"" lot, Lll£ parallle lcr l hal, mabIe l,r""omittin~ a/HI 
rocci ,in~ of OSC 'n<:.,;, "p;<:'6 "" I)('Ct iwly_ For ,,,,,;1> I,",on[('t'" 1 ra",mit, and n~ ,,;w 
LEI), and mll nr~" ar" ,h"vm, lVith io ! h~ Ll ther~ io a hllil l ill lll .. dlaoi, Ul lhal 
p""",,, l. the <,'an&<n il awl rccci '" checkbox", from Wn~ ,imu/t-an('(Iu,ly ,.., abk, l 
if th,· USC ,'Ik" '" d,,,t in"ti(lll ", x,kd i, til(' in1(",, "1 OSC " '-WL Thi, P'-"Y..,l" 
i(Jfini!" hlpinS' " hen pa.m.IIN'!.el' cha(Jgt'., al'" ,kme. 

The audio <li,l:>! ay h; ""~ll""t"d il,t(l l('ft an d r i ~ht_ TIl(, tm ns", it "'nil "" '{'iw 
('h{'('kbox", "" w('1I '" th,· U: I) , an d f' (I!ll1V:r " IN" "!" in '" , imi],..r Ia.,hi<m to l,he 
pamUlet",' (' (~m l'~Varl ' , II(",-ev£[ the ll'ansUli\ an<l I'occi;-e checkbox", Crul b,' 
ociect£<I OimlllL allC<.~lsly as the audio illS 01,,1 out s a,,' ind<'p<,»(knt- if ""-" h ot lL<'L 
Tb.· au<lio (oOUll\"" (OClunt tlw O"" Alldio "b,j<-<," p"""" ... d "hi<:h i, t ),pi r-" lly 
Idat"d tn t.l", alld ~) hh,k., m :. iv. d hy Lll£ plll~ill hOUl llw \'ST hOSl" 

.1 .R.1.3 ADDRESS SPACE tab 

a OSC IilD RESG SPACE 

? a O>cV<1!l ri;g, 

n n",~f, 
". Cl Au ; oo 

i G:l P", rr.o<" 

D ","I"''''', 
i c:l 0"""0" 

D <'<P' 
D HoqoJ, n" 
D Pu>o,lM dl1 

'~ c::::l 0"""'0" 
.. c::::l fi l" 

• 

• 

_ ":_c::l ~~:e~""''-____ -'" 

IMPPara", • 
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rh" t"b in Fi~lln' 3.16 nml,un s t he parame!er ad dress space di,played iu ,,"" 
[OI'IIl. T lti, allow; the "Ser lo nlivi!",alp tho p'''"IIldp .. a dd"",, '1'""" , and " .. 
Icc! ,he param=r wantilJl\!O be u,oo iu the Par"lut'ler "lJ.! An~io l.b, The 
"""r hli-' til<' ' >ptio" , j m"ppinp; Ih,' ,.,1,,:1,,1 p","md"r I() di'pl,,," Pammc, er 
.-\ or B. [" Fig"te 3,W it ",." be _ ll l lt"l Parlimete, A .. , IIl"!,pe.! 1.0 /0.,· 
d','Wr;dg(/l'ammft"/S~"t/>_1ct"',, and Parameter B;, mappe.! io _/Osch/­
nr-illy, /p" fUr ,It-/'''''/ GlobaL-- 1-'01 "r ''', 

rhe ,"XPERll>!ENTS lab at l_he time or de ltlol'ilJg 1.he plDlo<-,,~e "'"' lell 
pmI'll' It> inl .. n, h l pmpi"" ""e, to "Ik)w the w;cr,icxpcriment conducwr to 
;"pm expeJ-;melJlal ~at" ""' well ""' w .!i'pl"y OlK,[1 dlil li ",Itil .. l'ondlH ,ti" g til<' 
expcrimen" of tltis dis"""a!iolJ. 

J,ij,I.1 Parameter UI Element 

Pararneter UI Layout 

-
[ Parameter Name '1 , \i olumo) ) -r ......... .,.,e. "kIm 'i ~ u~ 

Parameter (n i!;J; 

F 'I 
Display Value 

,., 5 ) 

,1/ ./ Label 

'-
( d~1 

----

The Parame!er class ll>Clui)et ' ate illd<)x, p)/amt'. lJOImV"lue, dbpVal "t' "",-I 
M~J. Th"", members arc pre'""ntod in the Parameter t:I except ,ilc iudex. rile 
p)/limt' i, l ire P"rIilIle'.e,· )/"me, The w ,mV"] u,, i, Ill(' n()n""li",d ""I Ul' Ihat 
iudica!es the po,itiolJ of til" dial 01· 'lider W ll'" """t. Thi' "alne i, abo u",,-I 
int,,·nally by ri., !,Ingin. Th" di'p\',Jll<' i, th,' di'pl")-"d ,."h. ' lolh" ""''' ",,<1 
;s a result of a fUlJcliolJ wid. t.he IJOrm\'"lne a" "'I illp"l W thaI Iuw ,.ion. The 
displ"y ,.,,11IC is "n un derswnd,l.hlc ,-alue for ,he U"'t. For cx"mple i! would 
make]1O """"" lo an"", W _ lh"t ri"' V()hllw' 1"",1 i, (),16:1 wl"'ll" dD ,."il", 
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of 7', hOb IllO"" Illem~ ll g, The laLd i, th,· I~bel a't.ad,,,1 I." 1.1l(' ,1i, pl",,",,1 ,,,Ill(' 
t o t)., n.,N. In h:,;"'" 3. 17 Ihi' dll indicate, th~ l'olwne kl U~, OJ'-"'I' 

3.11.1.5 Updating I'aramct~c U I 

P~r"'Tl('te r Update Calls 
~----, 

Wh"" th~ UM'I' make, chmlge, ('(J t he panull,'le.- ,Ii,h· in Ih,' UI rb' ,li,h'SII<t< ~ 
Chan!\"O n"'th,~1 i., invok"L This m"thod CluJ, t he ""tParam~wrAutomatoxl() 
mot h,,.) ' which call' (he &etP,.n.melerO method, T hi>; mdhod rh"TI "]~I"t.,,, th" 
pn,.nmd('r ohjt'''' in the plu,o;iTI, tran ,mi1.8 the ~hallge5 to (he OSC eJ\ViI'OIlUleJ\[ 
It.Il~ call< the "1)(W"Panlln(j m('th~L 

If tile VST host ""ncl; it, Own eyenr ('han~'''' to rb,' pl"p;iTI, th,'n tho ,."Pa_ 
mm,,"orO m~thod h called "hieh again ui><late' the pacmll oLjed, tmn'Ulit, 
OSC UH ","'~)';' '' ont.o th,' TIet.'.mrk and calif the upda"-Paralll(j metbo~. Th,· 
'l!XlatePI<rlt.Ill(j Ule tho~ rl.'l ('~Ib Ih,' "]Hh,t"'Pl<ramU(l m"thod whi<'h "j-..jat('« 
th<' U. 

If th,' ".'. ,r ,"H,hh th- mmd I""ility ",ithiTI th~ VST hOit then all parameter 
'lider chaTIgffi arc rcrorOOl inkl U", host, 

If OSC m<",,,,)';", 'H'<' fO-ociv"d Irom the network the uptlatc{) meth,") in 
tile OW nw da", i, c"ll",l. Tbi, "K-lh,~1 ,h<'TI "pdat.,,, 'h,' pamm('tcr ohj<-ct 
Im !- doc:l< TIot """8mit- onto ,I>c OSC n<"two,-k. T)", uprn.te() II",th,") ahJ calb 



Univ
ers

ity
 of

 C
ap

e T
ow

n

th" urKlaocl'ara'lJ:) rnNhod whieh "alb U", ILpdat.l'l\,,,ltl,lJl() m"tho(1 ,",'hieb 
1L1'~"t"" t.l", n wit h t.!", eb""I':"" 

:Ul Threading 

3.9.0.0 Cui titccading 

rh~ pornulC'ter and ""dio Lab ill lhe III "omi,I" of ~ LED, th"." an· ' im11 I,,'''1 
in wft.w,,,,,. '1"1", LED ,imu l"' '' m C()llt ain, LED 0 '1 "nd LED 0I[ irnag"'" which 
at" logghl to , imul"te a.Il Lr.D ·[,lll,,· ()n' ofJ(·rati.", TL~ LED oil' iw"l':c i , 
rcpl ,...cd hy til<' LED on lmage [0<' WOrns, Ih '·"'"ft. .. · reluroi ng t() t.l", I,EIl "il' 
tm ,,,,,,,. 

Eadl of lhe p'''·"m~l.e l'' ('Ont.ain tm.n<m it. a1)(1 " "" i,'(' I,EIl , . T her,,",'C two 
p"ra.n ,etc", totalling fo,u ' parillm,I .. · LE1)., r ... d, ()f the " lLdio cham",l, " I,,, 
nH Lt" in tno n",n it and ,,>c,"'" LEDs, Ther~ ore ,"m mono a udio dJaWld, lotallill~ 
lOur a"dio Lr.D" 

Fo, c,....h USC Jll ('8sa~e "'nl Or r",,·i w·d by the 0",\", Uri<1~e prototy[' " th"T(' 
i, " HU", deby in PT(W,,,,,illg <I n,' to ti.· I,ED 'imlllati<~l Durin g ,hi, liu\e 
no O!Il<'r prO<",f,S iIlg ii; r>OS'lhle a.wl OSC me",,,~e, l,'~' t han 1I~)m' "1""1. "mulo 
r<'n<~" th,' prol.ot.vpc systc", non- rcsr>O!l@v", T1IC PlDtol~' l '" I.herf,fore ,kpk»)" 
" ' p",·"t e pI(w'.,.,io~ th",,,~, for ,·,.:10 ()f t.il<' 8 LETk Th i, nih"'" ' '''' prnt"tvpc 
tn be ,no<'c l'<'6pon6ivc ill,,1 II"",t the ""dio pn~·,.,.,in)!. ~('m'\l"i< pl,~">:1 (H' it 

3.10 Integrating with comme"cial VST plugins 

, .... , ....... 

, ... 
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VST hosts external MIDI controllers as well as VST 
controllers to the VST effect and instrument environments via MIDI CC 9 • 

Controller can be freely to any MIDI CC in the VST host. The 
same MIDI CC set can also be to This can include 
VST effects or VST host controllable In this way a and 

AUU'I-'I-'AU", is achieved between the controllers and VST I-''' .. ",UA.O. 

It is also to record and automate made within 
VST to the VST host. Thes are recorded &<; automation events 

to other or controllable within 

In 3.19 it can be seen that a commercial controller VST 
linked via MIDI CC to the of the 
made to the controller to OSC messages 
that are transmitted onto a network. On a a similar 

!:lrt'pnt" the OSC messages from the network 
n;,oor'''HPrpr data that can be recorded as automation events 

the VST host. These automation events can then be the source of controller 
data to commercial VST instantiated on this destination 

VST hosts have available virtual audio busses for 
can route its audio data onto a vir-

tual bus where the can it up and transmit it as 
OSC messages onto the network. In the destination the 
pn)totnle converts the OSC messages into audio data rOlltWtg; 
bus on this VST host. commercial VST 

can source the audio data from the virtual bus on the 
destination 

3.19 illustrates how the 
shared between VST hosts on <lPT)l'Irl'ltp V~"U.l"U"·V' 

eter and audio resources paves the way for 
to be distributed, 

9MIDI continuous controller commands 

audio data resources are 
'''''U~U'6 these critical param­

U."."L~IU and memory resources 

lOYST host with OscYstBridge and commercial YST plngins instantiated. 

80 
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The evaluation the evaluation in terms of the 2 data 
used within the These are the or control data and the 
audio data type For the data type evaluation found in 
a~,~a~i~£>njcc 1 to 4, the aim was to measure the timeline of such as 

In the of of 
or nn'" ... rV,"'T.HITI was measured. Packet loss was also measured. 
These metrics were ,"VAUjJ<UC". to those found in the musical control 

and a conservative benchmark was set "'I'..:t!W'L which to measure. 
For the audio data evaluation in 5 to 7 the control mech-

anisms that remove and ensure audio data sequence is nr,,~prv~'rl 

one another. These control mechanisms are the 
removal and order enforcement 

The metrics are 

networks used in 
nT"'rt"'N'~ as well as a 

switch with CAT5 UTP Ethernet cables no 

1-4 were the internalluul1u,,,,,-"I\. 
a network umnana~~ea 
than 5m between the switch 

and the workstations each 
lOOMBit Ethernet SMC switch. 

instances of the nrr,t-nhrr .. ' The switch is a 

The NICs are Broadcom NetXtreme Ethernet Network "rI'~nTDr" 
The used are HP NC8230 nm,eUI:.lOfl:S. Pentium 4 
processor and of RAM. 

The networks used in eXlper'lmeilits 
instances of the These were networked using a 
third that has two NICs router software called NetDisturb 

ZTI. NetDisturb is and into the network. 

lsuch as MIDI 
known as 'Iocalhost' or using IP address 127.0.0.1 

81 
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4.2 Parameter Experiments 

PAllAM~:T~: ll M~;~:TIr-'(: qos 1I~;N CIlMAllK~ ~' OIl VAIU()I;~ 

PERFORMANCE I:-!DICATORS 

4.2.1 Introduction 

The nl('tl'ics nl('asurcd arc ia",nc),. jitter, S<'hoduling and pocket 100,. The per· 
fm",,,n, '" irwii""lo" of Ii. , pmlo. )']~, [mx:,,,,in ~ "'''TO' dd,,-mir",d '" th,< npl.wmk 
eI[e" '., tall "ary r,~· diffi)rew. llelwnrk 1(1,(~ogi"". Two nelw(Ji'k ~""j"'riJlH'll' ar· 
chitecture, ~'er~ te' ted ' hac provided a maximum alld minimum rallff in which 
th,< ,,"<rric. fdi. I'h,< "!,pii""tion ,<m'imnn",nl. in which th,< !,mtntyp" i, mo,,' 
likdy '" L.) deployed would ila,,, ,,,,,work Mthil,e<;'.m e , imil"" lo" LAN wi,.h a 
5inglc broadcast domain. Alt hough >ending pack" across \'{ju\cr, i, l )(lf;,ihl~ in 
th~ pm!o' y!,e i[. is hi ~hly lln lik"ly "nd w,,,ld {~:C"lT in ",!'C',i"li",d "ppli<',"inn 
ell ,'iIHlIueU\. 

The eIrcet ' of \he LAN ne\wDrk topology Land can he SOCII in Figul'iO ,1.1 
I~,lm", 

i 
! , 

LAN topology effects band 

"'.'.'.:-:,'.' .. '.'.', Pe.k J;U~' 

Thc cIrce" of the LA.'> ne\wDrk can Lo: modeled b)' til(' "'1uat ion: 
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'h ,H' P" + :Vp - P, 
" h,,"p 
T LAN i, the dl'('( i,S of tile LA,\" networked s)"st~m, 
1'0 i, th~ ('.l1P1.lt pnx;"" il1~ ~tfo('b of t 1><, pH ~,Ot y",' ,y,tPlll, "wI 
p] i, lIM' input proce'lSillg dr~>ct, of lhe prototy pe syslem, ,wHI "'j' is th~ LAN netwo,k e!fi'<'ts 

Ideal LA'" network test setup 

The M"doplTl<'r>i, pl"t fo,m Ii,'" the pT()"~,y l'" 'Y,(elll W>I.' " \\'iwlow, XI' 
(~~",,,tin~ 'y"-"lll, 'I'h,· pmioty]~' i, hOoted by a Java Virtual \Iaciline a ntI i, 
('" p.~ble o[ pi"OS<'<',~ltl ,in""t"mpin~ , Howe'"r t hi, ""':ll"'~:)' i, d"p,"Hlent 011 tlM' 
\l ll <k, l yil1 ~ operatil1g ,)"h'Tl1 "nct \\'inriow, XP (xlly pTI)Yide, lpn" or milli"",,,ond 
",,('uracy which i, llO( MlfIicien( ror lhe expel'imen(s, A J,,,,,, API cnJlod I' re­
" iselmertmmnt~ th", pr<)\'i<Jc, mi llh,,-,,,,,m ct '~'(ma1<> l ime, ta mpil1g within Will' 
ctow, XI' 011 t.he ho"t rn,,"},il'" i., """'_ 

A' lem]'" lO accuracely lime synchronise two Wi nnows Xl' h('<i\ m",'hi nc< 
h" l'e been 1ll1S1W,"{!S,f1.l1" , ing :>ITP ",",'k"' _ The ",TP h~,~ NeITirn" wa., " ,<·d 
a, wd l a, anot her calleri \leil1l )('l'g '\T I' but th,· ol[s<'l, l~,t""'n t IM' two madl;)"'" 
"" ',. "ill in U", ,eIl> 01 lllilli5eCond" This yal ue ... "" uelermilleU by Mwloping " 
sim ~le "lock otfset tn of u, illg .Jaw," the I'rcci"" hl ternnl()ate ,\1'1 "nd O:';C 'l'h" 
prineip le of operation i, ' imi lal' to d,"t. d'''''Til",1 ill U,,· NTp ']~'CiIical ionr2J I, 
Il was ullco,'ere<! thac des pite YI'P s),]]('hronis,,""ioll betw"," th~ h"<;t,, an offi;ct. 
betw,.,n &) anri 110 noi lli ,.,.-,',lt1ri, ... ,"' (""""",ct HowPypr dO(> oIf,P( in"",,',,), 
\",,1',' cm,i.,lt·lllly- above ~lll' , II w&' I.lrerefo .... tlocide<! to disea.ru usin~ two I><,«i 
machines in l ilt: ex"",inK'ntnl setup ri ll(' to th~ en-or rate int r<xhH ',,1 hy t.!.· 
operoclng ')'''~n '-
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Internal Looplmd, Interface Network 

The li ... Sl nel \'jork ",,~up uoed in ~he experiments used the internal h><l\Jbock 
net"",k intcrfa,:e pn~'iderl ()n moot. ""t.w(X'k int<',fa,,,, !:a.uk Thi, h)pLa<:k 
illterfa,A' ha., IwgligiLle la lency awl jil ~er as packet,; ~",\'erse ollly a portioll 
of the TCPilP prot("'(~ ,tw;k withi" th~ netwo .. k int~rfac<' Hnrl rln not. TeHeh 
MY pl'yoi"al nd,v.",L The Mnw jmtarLC(' of th,' prototype plugill w"" used a., 
it is capable of !:>oth ,;ending and woeiving data , imultaneously, Thi, lesl ""t 
aimcrl '0 pmvi<lc a minimum ",hI(' for c,~:h nf Ill(' metri,,,, '" ,my net"",k df,,, to 
jul.m,b",,,l iul.O tlw s~·"t.,"u will ouly bt, a IIt<>a.,ure of the prO/otYVe ';~'"I em elfeels 
alaI the int ernal negligible wolocol stack ctf<'CIs. 

"h",.., 

Internili loopbilCk 
Interface architecture 

Figure 1.:l: I"ternal loopback network archlt"'ture 

Til, = 1'" _ Nil, _ 1', 

Tn is tbe ctfee ts of the internalloopback ,ystem. 
Po i, ,.II(' outp" t, pn~ :e"in.o; df~, 10 of th" pn~,otyp" "y,t('Ill. and 
P, i, the inpul. 1>lU(,";,illg .,treet.s of the vwwtype system. 
1\,"is the imernal loopbock nel"'ork ' tock effi:<.:t' , 
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\\'e con""" L1 'i<1 if N'L :\ p lhen T IL 
II'" "1"0 k"ow ,ha' 

"1)(1 , i11( '(' \ hl' _\ IL cn i,. \,""'r"" a p..,.,io" of \ hl' prot,,,',,1 " ock WI' CW ' 

"-' '' '''I'' Ih ;cl 

We (';HI ,herf'fo,,' m' ,ha' -" II , r.; ,. a 'KI , h("el,,,-,, Til, T I. ~,v ­

From eai, the i nl~LJjal lool'hack baud iu n t,,,, ,, ·1 -! is J"d llco ... L 

LAN topology effects band 

l ine, 
loss 

F iJ>ure 'lA: Internal ~bMk clfoc\ , b.md 

~}J<tcrna l I. oopback Seever over phy~ical n"t wock 

The ""'-O<ld l",,\ imolvecl a ph)"icalll~i)" ! hi l Clhe,."et ne\work CO<lIloc led lhrollga 
o unmanagcoi , witrn _ Two ho;\ m noputcr , wcre cor"oc<~coi \n t he ,,·,itdl via 3m 
UT I-' I"td, hw k I'hi, ~"W an iudil ''' I.~MI of till' 1~,rforlJjau,,' Ii t. III' 'y<l, 'lJj 
\ha\ i, iuci ll,i,'e of Cae nelwo<'k elf,""'_ 

I'his ,-,,,, ir~:llHhl "n "" I. .. rnal 1"1,ba,-k ","'l'r h ,,,t,,1 I ~' " "'P',ra((' ).,,' 
IU,,,-bi,,,,_ T he "'n'el' [en .. '," OSf: I'&kel., n ",.in, .. 1 back lo d oe ";)mee 01 lhe 
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p;M'kc,"_ Th~ ""r,,',,- tim e,t"mp, in coming "nd Ollt,~r>ing p"d"1 , and h(~H'" Ri" " 
an inw(aliofL "f th,· pro'''''ing t.lme n~illir",l b)' thi' ",,,'e.-. Thi, i, illu.,l ra["d 
in Fil;UJC ,1-~ 

External 

" 

FiglH C ,1- ;;, E;X iCl'twl [,oopLack Sc,WI' Archil"d ure 

~-IH'r~ 

TEL i , the dk('," of th~ ~"t('l'n,, 1 ioopha('k "'T<'~' ""tem, 
1'(0 i, th~ oul]lul pnH-,,,,,,illg eff~,'\, ()f Ihe p,,~olype "y",ell1, and 
P, i, th,· input. I)[(~:"',illg C[[",'b ()f the protol)Ve ,.>",tem. altd 
I' ~L i, the ex[c,));,i """'''I' pr""",siltg df.---.:; \.s, "nrl 
"pi, t.he phy,i('ai net."..--..-k ~ffcc"_ 

;md,ltl"titlliing 
'1'UN - Po - Np + P, 
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I , 

II'" em, th~n'fon' "" th"t. r":L .> 'r ,.,,,, .. 
[Tom tllis lh., ,·x(,·,u al ",·nCr ]()('I'bat'k haud i" Figure 4,H ;,; d,·due,·,!. 

T Il<' first ~ "X~"ilI~"j!.' aim t.o J,·mOIL,lIat.'· th"t tla, ell" •. , fOT a LAl\ "et.­
work is bound('fl by t·he E~tcrnal Sen",' Loophao-k Elfec!.s band and the Iu(.elual 
l.x 'p l-.,," Eff,d" Ibm! '\ ("pic,,1 i' ''pi''TlM''' tatioH of t l><' prototype i, ""p''C\"d 
to l",doUll ... il.hiu Ih_ li mi t" 

OutliIl~ of par3rneter experiments 

The following t"ble indicate, (he "'.' u(lu'B of !.he <lX1",,'imeu'-' comlucled <!H 

til!' I'"rm))(,-,'c d;;ta 'YIX' TIl(' UPP''' ",,,1 lower bounds ""n, Je(~rmin"d for 
eaeh ml'lrit' usinll lh,· inlem~l h'l'hl~J. amI tl •• n the ".'Ct.emal hJph""k """WI. 
Conclusion> more then drawn 011 that mettie , The lal,ency and jilt"'· ,., well as 
t I", "' hednling an d I~"" ~t I,,~, nl('tri (~ "n' "'""him"l [Ii' til(' d,,(;; ""t u""d i, th~ 
same fat ho th. 
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Table 4.1: Parameter eXlpeI'lm.en'ts and metrics 

PARAMETER END-TO-END LATENCY AND JITTER MEASURE USING IN­

TERNAL LOOPBACK INTERFACE 

4.2.2.1 Introduction 

The data is of a musical control and can be LUIHIJ,otl 

that of MIDI and other musical control definitions. 
measured the mean end-to-end and the 

and measured against musical control benchmarks in 
Such benchmarks are hard to determine as the and genre of music influ-
ence these as from a source 
if the sounds occur less than 25ms however latencies of 50ms in 

Instrument interface 
The is obtained by cUlnpanng; 

for this metric and it is that the nr£,t-nhrr.o 

obtain similar results. Therefore a benchmark of lOms is used. This 
and jitter is used as the benchmark which the 

metrics in the are measured for a LAN network 
therefore aim to show that the upper bound is less than lOms for both 
and 

4.2.2.2 Aim 

4.2.2.3 

measures the I>< ... au.",~'c;. 

lU'J/.Jl'OA~.I\. network interface. 
of the prototype 

an estimate of the 
the nr"j-r"I,,~ .. , For this test the 

is measured as the difference in between consecutive 
The is also ap][>rclxunated from the data 

and Architecture 

was conducted two 
nrr't,....hrr .. '. within a VST host. The first instance would no'o+""'''''' 

an ase client 
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The second instance would act as a server to the internal 
OSC messages transmitted by the first instance. 

an architectural of the 
OSC messages are with the prototype GUI 

the slider until about 500 OSC messages have been 
Within the first instance of the where OSC messages are 

is where the Parameter is acted upon. In this ca.<;e it 
method on the Parameter The ID of the message is 

In the second instance of the OSC server the LUlIe", Lo.':11 

"UF.""'."'" with the ID is where the Parameter in this instance is 
the method. 

a measure of the number of milliseconds 
1st 1970 UTC. 

is therefore a measure of the difference between the OSC server 
in instance 2 and its message determined ID in the 
OSC client in instance 1. The mean, standard deviation a.<; well a.<; a pH".-aMU'" 

function is from the data set. 
The measures the difference between the latencies of consecutive 

ets. The mean, standard deviation and function is 
The is determined from the jitter standard deviation. 

as the 
accounts for of the values observed. 

This method is used because the 
ventional method of 
maximum in the 

Metric 1 

Metric 2 jitter 

4.2.2.4 Result Data and 

METRIC 1: LATENCY 

Result Data 

This value therefore 

values and the con-

The results for the latency metric are found in the Table 4.2 and 4.7 
and 4.8 below: 
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" .65 

'<td dev .. -

Figtlrc ·1 .8: l'mbability lli ,tribnt iCIn Fllnction I',T"ph of lat<'1U:Y 

SamplE· Size \""1.[1 Sld l),'y 1I~aJj ··Sld i~' \Icall + ~"Std Dey \'a.-iallee SS 
;~)9 I.:l~ I.:l.j j ~ .GG I ,,,, 1.61 I 917.3?-] 

["-b l" 4.2: j·~xp .... in~·t~, [ n,,"11 d~t" [( K' la!(·!",)' rr~·t.ri(' 
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From th" dat a a.Oo,·"",,, C;~1 "" tiL"l liLe 'IL~'m I"t.ency fn' tl", M!ll ple dat i< 
,.., i" 1.~2111' wit.h i< "'I<."d",d ,\evia'i'Ml ,,[ 1.:1·11. The pwbaLility di, t rir. Ltion 
!l1'aph i(1)p ear' to be -,[mil ar to a l~" orrn"' 00" g"",,"" (li <rribllti .. n Ih"l ;u ' b ;"v~, 

a ["" k witiLin ",I"", 1;,, <'1\" )' "nd t )"''' 1"1""-' "IT, 

The lo"'''r b,>und "",an lakncy pro.·;(kd by d~' in\p,m,l h)pb;u:k netv",rk 
setup;o 1 .32m,. r he 2 ' \;1.Tld,mj ,If,vi,,tiorOi' n U ll liLe l\le;u, "'itll a value of :UI'Julo 
~; \'" t)", rn;uiUllUll lalm,"), ill whidl %, ·t'i% of 'he sa",ple 3", 1",. Thi, ",,111(, of 
:U'-'lmo tl""el'H" give, un ~=.l'cabl" lo\"ncy fa< m1l,;c,,1 {wlr,ml m~lpro'-;de, 
the lower bom'd ll""d in II.., HXI'~Til\l en" . T I.., !lraph 1"""11I1~'" i< lotlLormal or 
g,m Llll " d;, tri b"tj,<Hl "-'ld I.herefore 1.:\,""'8 "If ,le 1\1cal er lalc" rieo. Th; , ;",'i col", 
i< YHY low IJIobabil il.y of lalcne;",; l>" ~l 10m' h,.'i"g ""hil"'"' ). 

.\l>'TlUC 2: .hTTEH 

The )"("," 1" for t he jit,er II",tri,' ,n., f"md in 1 ,h~ Tabl •. 1.:l and VLgul e" ·1.!) 
a1\\\ ·1 10 Iwlnw ' 

Fi~ure 1.Y: Probability DiotTibutiOil Fu nction graph of jiTter 
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Fign re ·1 10; CUtnUi ;1\i w Di",ribu tioH FUlIdi"" of ji(lCl 

(HJ2 1 161 1,62 'I :12:J 

' I'"hlc --1.3' Fxpeliment 1 Tewlt <I;1t " lor jitteT metric 

, '""'" the rim" "hove we eM """ the,l the me"" jitter for th£ <i\ITlplc d,lt" 
"'" i, (j,ltlIn,' wit h " <tawb",i ,leviation ,,( 1,614, The I'IUb"hilily di"ribu(ion 
g.-aph is a nonnal ~iotributioll " .. ith a narrOl'; diope,;;;oll uan<l, 

F;w[iJ'!/., 

The \O'HT honnd n>Citn jitter pro,'><!c<! by th£ in\£T",,1 Iooph;u:k network "",up 
c, IUJ2m" I'he 2 oINlIId".ld d<'vi,,!,iom [[(Xll th" In(';lT\ ~iw; a ,""I",· of :1,2~IIn,' 

awl ill Ill<' cumulalhe ~i8triblltioll g";1plt 0[ Figme 1.10 the ~-ur;-e ' n al~ens' a\ 
" leltenc)" "I " .h<~lt __ 11m 111i, in.-ji""l<·, 11 .. · ""nniburw", nf th" ." 'mpl'" h('k)l'f 
4mo make up lh~ ~R,(;2"10 of ll", ""rnpl"', 'I'he,.~[ore t.he l",ak jill.eI' if taken (rom 
the ~nmllbtive ~istliblltion gr"ph is 6m, in whielt cm.62\{ of Ihe .'Rllllplc ""t Ik, 
I'hi' "i).b u' of &ll" ])(" J,; jitt,'I' Sil"";" ,."",,onably ""c<'pt "hl" jitt<,,. fur Inmi",,) 
conlo-ol awl pn:",-kle, l l", lo~".- bOllnd lliI<'<l in the e.xperill~.nl ; an~ (alb ",ilhin 
the 10m, jitter hcnchm"rk sct, 
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PARAMETER END-TO-END LATENCY AND JITTER MEASURE USING EX­

TERNAL LOOPBACK SERVER 

4.2.3.1 Aim 

This 

sage 

ase message is \"V'HI-J,e", 

and used to determine the upper bound. 
The is measured as the difference in between consecutive 

ets received. The is also pp:rOXlmate~a from the data 
serving its rho;,nOT'''' 

4.2.3.2 and Architecture 

This was conducted by also two "or,,,,,.,,,,o 
the within a VST host. The first instance would n""",,,,.,,,, pV('illo;,ivp 

as an ase client ase messages towards the external 'V<;UL;QA.,1\. 

server located on a networked host machine. The second instance 
would act as a server to the external ase messages 
transmitted by the external server upon receiv-

messages would message and then transmit that 
message back to the the time of transmission. The 
pn)C€!SSlng time of the external 'V'nOl}"'L."" 

4.5 illustrates an architectural 
ase messages are 

the slider until about 300 ase messages have been 1',<::Jll<::l.aL't:u. 

The methodologies and metrics are the same as 

Metric 1 

Metric 2 

4.2.3.3 Result Data and 

METRIC 1: LATENCY 

Result Data 

The results for the 
4.11 and 4.12 below: 

metric are found in the Table 4.4 and "'in.",.,,,, 
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from th e <1m." "I""" , VOl' ,,,,n """ th"t. t.h~ me""l lawnty [OJ lhe ,run»", dota 
,." i., 2.,,7m, ,,·jlh a ocalldard deyiatOon of ·1.G2. Tr.-- rrohahilily ~i,triIHltiHn 
tlaph appea" to he ' irnilor to a logr")rrn~l Hr )',,,,n1['" di,lributj'm 11",1 ,,,,hie .... ,, 
a ])"ak with ill " ,100<0 peljo,1 cl ,iULe "nd lhen "lpe" olf 

The upper t)(ll1n~ mean latency p" " 'irhl loy th~ [ll'.em.! IQQl'back llO'l wolk 
,.--IUI' i, 2..'/("". The 2 ".,,,,,10,,,1 ,J,.yia,i(l<l' U(I<ll ' he mean ,,·ith n ,'al"" of 
1l,H2"1" gl W ,be ]1l a~imum Iao"" .. y in wh ich 9:;A'o'/i of rl" ",-"tLpk ""I I;". Thi, 
",Il,", of ll.8:!m' ha' r~"" hc(1 t.)" bOlllldary of , ~:<,.]!t"hl~ lo,t.e""j"" 1"~I"jJ e , 1 [or 
illotmmenl i llt.~rf'l("e de'i!',ll "'ld jJlQ\·jd,,, 'he uppel' 1)(>U"d ll ,.,d in [,r.-- "xpi'ri _ 
JW'llO< . H", graph lc..,,,,ble, a Iogno'l11a l or r,"rn mo ili ,1[ibuti,m an il the,dore 
'""er3 0/[ ao (",atel Ialcnci",. Thi, ill dic~t~, Ihnt there i,,, I"", ,10"" ,,% pJob­
"hili ly of Ihe l~t.eJl( ';'" jll t he o<ullpl., data.., l leadu tlt be},,,,,,,l t l,e Il.82m ' m[lJ'k. 

M W' RIC 2, JI'T'T' F,B 

Tl,.. ,,,,,,II,, [00 lhe l~,ak ji , lo" ,,\C\ri e a," folJt,rl il) th c Tahl" 4.5 and f'i)',11r<" 
1.l3 and ·1.11 below 

Fi~"J" ·1.1:1, f'.-obabilit." Di,orihmiol1 fUnctiHn ~rap h "jittcr 
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From ~he uala aho,,, we can "'" that. t.lle m~,m jitt~r for th e '","'pie ,J"t.u 
"", i, O.OO7ms wil h u ot,,"daru deviil.tioo 0( 5 ·127. The >'l'obability Jj,tribulion 
graph i., a normal cli."l"ih" ti(~l 

The u~per hound mean jiW'\' pr"rid",l b~' tl,~ int.emal h.,pba,.k net,.,,,rk 
"""'I' ,{ (1.1)"17"," Th~ 2 , tan<iar<i ri<'viatioos from 'h~ m"un give, " value 0( 

lO.ilIilm', II, ~ ... ewr fl'(~n the c (Jnlllh,t.i,'~ di,trib,,'ion W"ph tl", ,","''<:' 'flattm ' 
at ~!lIS inuicalin~ that 94,65% of the ,aIllpl"" I;., helow thi' latency val"" of 
,'1m , . J'h,,"cfocc th" ,,,,ok jil"" if taken from the ( u!lIula, iV<' di,,,'ibmioo gra ph 
in Fi~me 4,14 i., 111m, in whi ch 94.Ii;% of t h~ ",mpic ",I Ii<., rhi, valu,' c:ll Oms 
peak jiUn meet.' e:,:;l,Ctly th e 111m, jitter l)('nd'mark ""I "nrl ,ho"ld I", fo" nn '0 
IX' a<XX'pt"bk for musical control perfol'!nance, 

DISC L' SSIOS ON EXP ERI. .... "ST 1 A'iU 2 - UPPJ<R A'iU LOWER 

BOUNDS 
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The upper ",oJ 10"ier homoJ, fo! ,.I,e mean iaL.ene), awl peak jiller melric, 
,..an he ""''11 in FifQ.lr<:' ·1. 1~. 

LAN topo logy effects band 

External Server 
Loopback 

Effects Band 

LAN Effects Band 

",-", < ~ " 
Internal 

Loopback 
Effects Band 
T" - rn. "".r 

l' igmc ·l.i5: U~per anJ Lo",er botmu, for mean latency and peak jitt~r 

The mean Im.eney range for a LAN network " tx-t"'""n 1.32 ,md 2 . ,~7 " " The 
ll pp('r b<~md of 2 .571ll< prov;(k" " low l,\t('no:), f",. ",,,si C' '' I .-on<-", I "nd , IHmld ,. ~. 

mmpl'Omioe mu,i.-al ped( ~'Jjja"ce, oo'oJ"e ..... d On a LAN IlC,work ,,·ilh a , ingloJ 
broadcas t- domai n 

' I' "" pmk jit.t,~ ",n~ lor a [. ,\." lWtwmk i, 1",1.",,,,, S ,uMllllmo. TIle upp.! 
bo" nd has nOO. e:..:cc.eJed 'he bonchmm-k ,,,,Ille of IIImo 'let and will not alt""t 
muskru j)<rformallc~ condllctoo on;; LAN !l!'t",,,r k. 

Fi~me 4. 16 ;. "xtm!'!."d lTOm Ilrn ndt ;;nd \\'r i~htl.17J 1l.nd O:!nllpan", \IID! 
im",·f",. lKlmologi()l; u'-"<l ill illuu,l.c)'. The j)<rI'olmanoo criteria are m~an la­
tency and peak jiHer . The )"IIDI intcrf",,~ tochnoi<.>f!:ics Vi"Y from old,,,- k'g,,,,y 
\111l1 in ter!a,..,,, 10 'h~ n.".r typ"" I.hal. ",",' US I! '" th" lran'pon m."hani,IIl. 
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Flt' • • -' r."""" p",u",,' _ s,; """,, ... 
-~~ .. """,'-.-

Fi F,llN) ~ . Ir, : La'-()llc)' and P""l ,liltor Ul'~,r i , ,, fot' )"lIDl illeed",," \edlIlolo~ i ". 

' I' he l e~ll.(:y \!lDl ,l.wino; haw "blew:." range OO\WCCll 2 and 3,;;m, '\lid 
"I.e,.!.: ji ele t' of oolween 2,J; and ,j m8. The newer CSIl MIIlI inlPrf,,,,,,, b" "" 
lat<11cies t><~",,,,, 7 "nd 9.5lLl< "no p()a.k jit.l,·r ..-allge bet""ell 7 am] flmo, The 
I:SB \ l IDI illt.eiJ", e, that ""'Ty aL [( lio "" well hav<O H.G and 13m, and peak 
jin,et' be""""" fI" , and 11.:'",,; , 

T h() aI'<"'" illll,t.r;,t ... d in ,,~] ill F-\L>llre 4.1 fi ,how w]~'re "loe pn)',o(yp" metric, 
'-aJt.L>e , ib w mpa:red lo lhe " llD J im" r(a,'C \edmologic8. The 1i\t('))CjI r;~w' lor 
"he prototype h ,., !xcn ",,\a.hii"fl..'(\ '''' t><';n~ b<'\",,'n 1.32 "nd 2, ,;?m' [or " 
LA." n '~wOTk .. T hi ' 1,,,eI~'l' i, ]Ov.-,. , Ihan all ( !Ja,e "HDI inie rfru" \echl"~<;'1\i"" 

mml>ared ill Dram]r., am] W'i~hq371 , 
The I""'" jin.er for oJ .... prot()I.Yl~ ' ha., not fain)d t.hat well ,,~a.ill'" "he " IIDl 

in\('rl"",,>, , Th ... I()~", l' \l lllf illV'iJ"", p" ,.!.: jitt.er io lIlll"lJ lower (han ihe proto­
t.Yl"" The I' [()t() l~'j>e I~" .!.: jiller fi l' ill """ .. "",n "be 'L-SB " lIDI int<" fac<', an~ 
the mm Id lD l inter!'"""", C"l'ryin g " ,,,lin da-I" and whi l,· nut. tiM' id()al peak ji',(e ... 
it i, "c'''pt.ahk for 1Ll,,,.,,"1 ,,,.,1.,,,1. 
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PARAMETER SCHEDULING AND PACKET Loss MEASURE USING IN­

TERNAL LOOPBACK INTERFACE 

4.2.4.1 

This 
internal 
by the 

The 

Aim 

measures the the 
lo()ptlack network interface. It also measures the loss incurred 

and 
For this test the same data set is used for both metrics of 

loss. 
sctLedlulilng aims to measure the in the order of pa(;keILS 

received to those transmitted. The ID in the transmitted 
ose message is used to determine the sdled.uling nre,,,p"rv::lLt.icm 

The loss metric checks whether all the transmitted were re-
ceived at their destination. The ID is used to Ide.ntl1y pac1cet:s. 

4.2.4.2 and Architecture 

This eXI)erim~~nt was conducted two sel,ar,ate instances of the 
prc)totYP'e within a VST host. The first instance would pelrform ex(:lu:siv1ely as 
an ose client ose messages onto the internal interface. 
The second instance would act as a server to the internal loopb,ack interface 
receiving ose messages transmitted by the first instance. 4.3 illustrates 
an architectural of the ex]pel~irrLenlt. 

ose messages are with the pn)totYT)e GUI alt!~rmlg 
the parameter slider until about 5000 ose messages have been geltleI'atled. 

Within the first instance of the where ose messages are tfGlllsmitted, 
the ID of the message is with the to identil:y padmt:s. 

In the second instance of the ose server receiving pa,ckf~ts, the tinlestmnp 
to~~etliler with the ID is logged. 

The selled.uling is then measured the order of transmitted 
the ID to the order ofreceived pa(;kets in the destination the 

ID in the ose The unordered will be as a per'cel1lta~~e 
pa<;ke!ts transmitted. 

loss is to determine which that have been traJlslmiltte1d, 
have not been received the destination. Those not received will be 
eXlpress(~d as a of the overall transmitted, 

loss will be considered as a mis-order as there will be no 
to match. Therefore the will either be 

of a loss metric. Also if all the sciled.uling oniering 
is pm:fec:tly cornpl.ete at then the loss metric too is 
as all the are accounted for. 

Metric 1 order of / schledl1lirlg 

30rder of arriving of packets 

99 
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Metric 2 loss 

4.2.4.3 Result Data and 

METRIC 1: SCHEDULING 

Result Data 

The results for the metric are found in the Table 4.6. 

Table 4.6: 3 result data for metric 

The lower bound the internal 
data set of 5071 is 100%. This success rate is <:;AIJ<J'-'L<:;U 

as no are sent onto any network and traverse the .... ,.r.t-v'" 

stack of the NIC. This test concludes that the NIC and the nrl>tnhrr,,, 

DfI)CElSSllllg preserves the 

METRIC 2: PACKET Loss 

Result Data 

The results for the loss metric can be UUjJWG!LJlJ deduced from the 
"'-"''''''.UlJ.Hl'. metric in Table 4.7. 

Table 4.7: 3 result data for loss metric 

The lower bound loss the internal network 
with a data set of 5071 pa(~KelLS as deduced from the 
result data. Therefore no jJ""'_-"""o" 
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PARAMETER SCHEDULING AND PACKET LOSS MEASURE USING EX­

TERNAL LOOPBACK SERVER 

4.2.5.1 Aim 

This ex!=,enmeltlt 
the external server. It also measures the loss incurred by the 

For this test the same data set is used for both metrics of 

""'''''-''C'''''''F. aims to measure the in the order of 
received to those transmitted. The ID in the transmitted 
OSC message is used to determine the 

The packet loss metric checks whether all the transmitted pa(~KelGS 
ceived at their destination. The ID is used to '~~""".J 

4.2.5.2 and Architecture 

nVT~nriTn,"nt was conducted two "","":'''''L'' 
within a VST host. The first instance would as 

an OSC client OSC messages onto the external 
The second instance would act as a server to the external 

OSC messages transmitted the first instance. 
an architectural of the <>",-..",.,rn,"Tlt 

The ID and metrics are the same as in exper-
iment 3. 

Metric 1 order of / 0"""'-""''''''1'. 

Metric 2 loss 

4.2.5.3 Result Data and 

METRIC 1: SCHEDULING 

Result Data 

The results for the metric are found in the Table 4.8. 

Table 4.8: 4 result data for "".'CU'UAJLUF. metric 

40rder of arriving of packets 
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n ... """inri by the external server net­
This test concludes """'UI-'.'" data set of 5155 pa(;Ke1GS 

lO()P[)aCK server preserves the ""'A.'''UUW''F.' 

METRIC 2: PACKET Loss 

Result Data 

""ll<:;U,UlJ.ll)<. metric in 
loss metric can be 

4.9. 

Table 4.9: t'.ixpeI"lment 4 result data for 

network and external 

deduced from the 

loss metric 

The upper bound loss the internal network 
with a data set of 5155 is 0% a<; deduced form the schedul-

result data. Therefore no n<>i'I.r",·~" 

102 
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4.2.6 

• • 
~ 
• t • 

Discussion and Conclusion 

L.AN topo logy effects band 

Extern,,1 Server 
LoopbilCk 

Effects BdOd 
"" . N, +P,_ ' N"r, 

LAN Effects Band 

'nlero,,1 
Loopback 

Effects B"nd 
rll • e,;'N" •• [ 

Fignl'e .1.1 7: l; pp"r and L(",.~" txJllnd, j'o.- m("'" I" teney. l'e"k jittff ,eheJuliug 
and I""ht k", 

Th~ pari<met.r daLa t."p ' pedormauce evaluation ba.> b<'Cn conuu('t,,,, th,,~ogh 
·1 eXp"ri m~nt' m~,,"nring th~ m~tri", of me"n late,,('y I"'"k jiLt.er, orbeduliug 
and l'"ekH. he,_ .-\.U upper and low~r boum l h'" h'''fL .,.ahliohoo for each 
LAK-ln'" ael,..Oik wilh a ,ingle hroark",t domain_ Of particular omp()mm('e i, 
tb~ upp eT honnd whi, h determine, t. h~ "-,,,,,I (' ".'~ pe,-fomj'lI~'" [Ut· the I'roLm.,'pe 
I"",metff data tyl'~_ For Ihe me.an laLer~'.,' aw l peak ji(Ler lIle~ric" a b<,nchlllark 
0[ Him, w,,", set lor &..:h. Th;'; oclJcbmark i, a otri<"t T"1"ir~menl pl'H 'ed UfL 
th" m<:'trk a, mn,ioal <:ontml and l' eTfo.-mane~ T"1nir~, I"", ,I.-d befLchmad" 
'" aee~l'tabl e perform,,,,,,,_ !!uwewr witb U"",e 'L rid ber~l11nal:ks (he mean 
laLeney of the I'a..am"'e<' data ty])<, ba.> an "plX'r tx>lLnd of 2 .. 'i7ms "nd i, w~ll 
"dthin the l" n chmaT k 1",,,,1 of 10m' ",I . Latency t heo-efor~ ,k,..,. 1101 tle~r"'-l. Lbe 
p<,,[orlllILJll " of th<, p""ot)']'" 

Tbe I',.ak jiL le<' upper hOU Htl wi<.' founu \0 lllel't ~XQc\ly hnt nol eX('<x-d 
Ih. benchmark S<'t of Hlm, _ W h<,n (>')mpar(-d to ~1l 1)1 int("f,~:"" t.he pwtot-YI'" 
performance 'l'iitb rt~ard, to peak jiLi.er [ai,'eJ l''' la~i\'ely well ou~p"rformiHg tL,' 
r",,.-e~' rSB "liD! (.,'])e illi.e,faces hilt nat the \egacy ol<ler int e,r",',,, H)T mn,;,'al 
control tbi' peak j itw" val u~ of 10m,,, '~:C :"I""b"'_ 

II);! 
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The and loss metrics attained in that all pa<:ke1ts 
received were in the same order as transmitted and that there were no n""'lrpjc,,, 

lost out of a of about 5000 The upper and lower bounds 
achieved for both metrics and therefore the LAN network ",nor'" .. ", 

should attain the same. 

nN,frV/o"r .. ' contains three control mechanisms that inter­
HUMHoHHIS network data in the receiver to the VST host. These control 

mechanisms are evaluated H'\o''''f.''''H'.<'''o'C'oY in the 
one another. 

Audio receiver control mechanisms 

The VST host controls the flow of audio data to and from the VST 

to 

The processes of the VST host and has no control over the size 
of the audio buffer received or those it has to return to the host. When the 

receives audio data from the network it has to 
"V''-'W'I'> area until the host it. The area will 

receive audio data that is unordered and contains but will need to return 
this data to the host when without any and ordered. A process 
therefore needs to be to this holding area. Three processes 

nr{)tntvr,p and are as the audio 
control mechanisms. These control mechanisms are the DumbStore 

ase Scheduler and the JitterBuffer an 
4.18. 

104 
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Aud ioReceiver contro l meChani srT'5 

I;:::=c::=o= .. t .... "'";;:;~'---__ ---, .-

rhe illlmhStme ;. simply" I", U"I thaI r""i"", audio [tom Ihe netw",-k. 
If tlO<' VST ho,t requc't' illldio data from lhe p l,, ~in it hd",,, dal.a froUL thi' 
DumhStore. If the VST h,,,! ml''' ~t.' IIlO[(' dal.a Ihan lbe DumLStol'e has in 
it., bllffer, th" DUIIlh,to[(' relm", ",ha( il has amI pad, with ,eros to ful~ 11 the 
1"'1,,,,,1. There io no mall",",emem of jitter or ord(T pr",,,n·,,tion ,{ audio dat.a, 

TlO<' ase Sd1(,j" k,r (k'ph",·, a cllnuinl> m,d,alliHUl 1.0 1'''''''1''' ~ack"" ""der 
nnd ",m"v" IH>(v.mk jiU,e.:, Whet! OSC packel , are transmitted a' ose hlln­
dl", a ,,,,hodulcxl execution time [",'h"lTiTl"'[ i, wm'lx"l"d in tI", OSC bundle 
hender rh" O,e\''' Bri,l,o,,, ,,100 lrit.IlHf"" ,,, 'd au ex"a algument in d", ose 1llC"'--­
"tg" that logged (h e routeC time ["cTime[ ,," ",hid1 I)", m'''''lg'' W;" g"IH'ral,,1 
in the ose client. When p;H"k,~" ani", "I the' OSC ,,'rver, t.h" llel,,.,,,'k !a­
teney [r\,>('I'iTl"'J i, ,,,,In,lat,,1 h)' ,,,Ll racting ll'" so urce lime from the arrival 
lim,' [rlOwTiIIle[. I'adel" are then oche<1ukd 1(,10' cx'~,ut i "n eaku l"ting a 'wail' 
lime [Wait [ 1:>)' suhtraeting t he ncl,,,,,rk lat.ency frum t.h" ,"'h" luled "x,", 'ution 
time. ,[,h i, m('('hani,m "n"",,, t.hat. pack'" ex,,,,,,lion i, uOl ""1"",,,1," atfectcxl 
by llet",,,'k lal.enc)' au d jilter since the '",ait' time "(1<11I'en'''t", fo.- thi, ['hi, 
io illw,traced in Figur<' -l.19 

10:; 
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OSC Scheduling Illustration 

I:::' :':: ::::::~:::,:'''" .. --~ ~ .~- -, "" , -.~"" . . ~ 
,II' ' '''p''. , ,,'" 

",,",m, " nnwT; __ .,..T,m. 
WooL . "h..,T", .. _ .. ~T .... 

. , 

W,"" - .,,,,-,,,", , , """'~<, 

W.1t • ook.Ol '.", _ ",cr;.", _ Hot rI '''' 

.. 

._ .. 

Fi~m" 4.19: OSC Scheduling IIlu"n<l i,-,u 

The 101,1 ""ntrol rn""hani,m is !.h,' .]ilt"rll"ff"r that indll<i<" a I"U kef ont"ring 
algorithm. Whell packCl; al'e roceive, [ frcon the nd.,,'ol'k, 'he), are Hr>! l), ordercd 
by the order algorithm bcCorc being placed in a JitterBnffoL T he Jiltcrlllltfe,. 
h"ff,,,, t.h,. ,bta n"ei,""! from th,' OTrt'" al~orilhrn anrt Terr.",e' jilk ... VST h""t 
rf'<jue,,, (or audio da,a are m"t by r"movilll\ data from this huffcr, 

rhc 1ll<'tri{'S t,,.t,,d in th,. ""di() "xperiTIk"''' an' ,dk'fl"iing, lat,'n, }', jilter anrl 
!."mpomf firlelity. T lk' ",'fJ('fIllling anrt jitter u>e!.ric. 1m) Ill"'( iUlpo<taut ';llce 
lhey can ,["",uu[e ' he COlLlell[ of the ,w,[ie ,lala. Schf'tluling Illeasures the prcscr­
vat~_\Il or the ordcr of Ihe pa{'ket' at the re{'et"'" '" ''''''lpar"d to th, .. , tTam· 
mittd. Thi., m"tri" h"" j)() TI""-gin, for t'ITOT ali "p""ki,t llOt orrt,'r"'[ degrades 
(he UJ'.lsica.[ coulenl siJ71iHcantly. 

The latcn{')' Ill"tric TIk',..'U"" the d<'iay frLlm the lime the aurtio rlata is 
'''''ifahk to t.lk' !.ran"llitting O,,,V;tllrirtg,' I~ll~ill lo the lime (he .am e ,lala. 
»as",,; lo the VST h'-"'t frolll the re{'ei,ing O,-,e VstBridge pl,, ~i n. The laten{'}, 
therdore h", mmp')fl,.nls of t.lk' n"twc.;k <i<1ay anrl the au~io ",,,in'r ",,"lwl 
me"hallisul'. 

n,e jitte' Ill"tric is deriYCd from the laton,,), metric anrl i, the ,,,,i,,tion 
"x]>er~"''''''! in t.lk' lat,.,u:y. T he jitt"r i; import .... l!. "', it ,'all rtegrarte ami po",ibly 

IIJtl 
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ck8lroy lh" m" , ;'",,1 ur ""d iu corH,en' . 
T"'llIX>[a1 Jidcli ,.y is Ihe l>Clcci¥"d quolit)" of t.he ""d~ ) IIla t.,~ial amI can 1:>< 

d""iliw as " suhj,,,ti,,, nl(',,'''' ". '11," ""'1,"'-iIll"nt has attClnl>tcdto tmn,fOTm 
thi ' ,uhj ,~:t i'''' 1Il",.-i" ilJt.o a quan lito live ob~"ti", OlH' It t.he,ef,,," HH'a,uroJ 
~Ii";h <;OWl!> in audio dal" ond 0""1 )"",, 'l""lrlllll d",". 

Network D~,crifJtion 

Th" n'~"'o,k n",1 in the "ooi" !ttl",rilllen, 0 '" he found ill F'igm" 4.20 

Audio experiments nptwork architecture 

" 
,_;_~ J:"~ ,,'" ""' ... , 

"",00, 0> ,,", ,.... ' H""'. 

""" .. ","" , 

Autlio dat" i, t r;~"I)(lTt,'d I,dw,,"n tw" VST hC>St< runn inr, 00 "" I)O'at" "om-
1" 'tCl',. EO"h VST h'''1 hl>_ " ,in)')" jll'!,,"'CC of the u,.;"\'oll\'id ~" pu>to 'yp" 
ph,gin im tml1iated froIll which audio dat" j, t'''"'I'',><I,,1 "".et' OSC. T hc l'Oul.­
in~ <COIIlputer lo a;; t"o KIC, and t.h" ,ontijj~ ,,,ftw"l'" i\'c~Dislurb inSl oli,'(\ , Th" 
routing SOfl waH' P'"'''' l~,,:kel' 1"",,"'<',1 th e Iwo XIC , but oppli,,; '10m ,' n"t",,,"k 
"tf,,1, to t.h" t""n"l~ )rt.ed pat:kel" For ll,e C)!p'"im"nt'l " fix"l I" ,"I~'Y of 2m!; 
a.!Hl a ji't,c,- l'aHr,c bctw""H 1 aHd 100 m" wa" ,et "I' , Althoul~l thi' jilt,.,. is 
oomewhat ,'xc''«,iw, it. ",,,,,Id t.ruly , e,1 ' he t:apahilil ;"" of t.h" "udio rtn\i".illg 
(,()lLtmllll"" hm,i'lIls. A siHgle un compl'"",,,d ",,,liu dLannel w,~, u,,,,l duriH r, Ih" 
audio cxpcl'imCH\8 "tilir;ilLg "Ii,,,,,,"k l~llIdwidt.h ,,{ ahoul I.Gl.lbil8 p'''' ".'(md. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Sources of error 

and the size of the audio data r""l1",,,t<>rl 

"''-ll!C'"'''' audio data from the VST 
This method passes an audio buffer 

and receives an audio buffer array of the same size. The size 
of each buffer in each call is controlled by the host and can vary but has been 
found not to exceed 197. The time between method calls is 
ap]orclxiInatel) 2ms but can vary. 
U:;X"'"'.VU"Hl'p between the sound card 
host and the time between certain pf()cE~ssJltelpla,ciIlg 

For a sound card or audio interface of 50ms the standard audio driver 
uses a buffer size of 2240 when the rate is 44100Hz. The 

calls that are 2ms have the maximum buffer size of 
Df()cessttef."'"",,"IHF, calls. 197 * 12 = 2364. The last Df(ICef,s«,eDllaCllng{ 

call buffer size is 73 instead of 197. This totals the 2240 buffer size and satisfies 
The VST host has therefore met the 

audio interface in 12 calls * 2ms = 24ms and does not need to 
make any more calls to the for data till 50ms - 24ms = 26ms. The next 

call therefore is made after 26ms. This can be seen in 
4.21 demonstrated that the calls the host are not 

An audio interface of 2ms at 44100Hz has a buffer size of 128 sam-
Therefore the VST host calls to the 

calls than 2ms as the audio interface re(1uirmnents are 
met the VST host before the next >"o"",nct 

The VST host to the VST 
method calls are therefore not 
for the audio 6 that measures 

metric will be most affected but has little effect 
metric which is the conclusive metric in the It is 

aU'c'l'"'''''''' to include this source of error into the result data set. 

on the number of audio channels the plugin utilises 
6 0r bufferSize 

108 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Asynchronous VST hosts calls to OscVstBridge 

sty rt of 
~:;' ''' ,0 11"--_. 

1'01 roll 

2m, H~~ ""'"'eo 
l.ltht~1I 

224p .. .., .... 

audio interface requirement met 
- No more calls till 50ms 

prDte5S Repl.lCH><)( 1 97 ) 

t call of ""IV buffe, 

FiRm e -1.21: Ao),nchrooous calling S<Jq llcnce by the VST hat 

The O", .y"~BriJge .]ev" k) vr"" "~ nmkl Hoi acqui,e dock WIl tC"", [rom the 
VST host duc to Ihe "syndl1un",,, nature of the audio d,,\a ,'all« in pH~,,,,,I{f'­
I'la('ing(j, TLe S<JUnd('anb ill bOLL the WUn:e a".] destination , 'onl~ute,." ba"e 
a ,am~ling ,.at~ of -Hl OOHl imp)}'in~ that the data !'ate of thc "",ree round­
,,,,,,I and VS'f h"'t , ample ",~ue'I' to plugi" ' ~~ual, th,'" in I)", d"'t inali( ~. 

II)!) 
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""Tnl'"' ''' Th<'rdOT!' t.lK·,. i, ,. ) ",., ~"iH nr 10'0' of d",,, \h''' Il~h I.)", "d".ork, 
III a ",,·ll lI"Utag('.,j j iW:" wIler U!l<lcrllow "" o,",·rll"IO.' IO.'ouloi ,, 0< oc"",n i~ th e'" 
( mOi,i",,,. f'if(llr" 1.22 i lh" t r M,,1 thi ' 

Asynchronous calls of VST hosts 

~o".ce 

gcne,all>"'_ c~mputet 

b 
~n",al pm_ compute. 

~ "'C ""'" '~' ~1'" ',,"," 

L°>cv,""""O, , 
" ~>t.;=J 

ASYNCHRONb u s 
., CHRONOLJS 

CAllS CAll~ 

I ( I 

l 
, 

J 
VSl HOSl VSl Host 

\ 
'''I<l(' '' ' . ,~..; .~", , ... 441 ~ ,.j,. soc"",":, :,~C 

10,,-,; " k"", 
00"",5 ,," - ,140 ','C1",,", 

l'i!(ure I.n: A,." adlrOlWUS calls "r VST h""l' 

Out.Jine or audio experinl€nl. 

Table ·u n i~d k-a",,, t h ~ ,t, ,,etm!' of t h<' ""!,,.-ilL1"lLt., 10 I •• "' .Ld'M~,,,d Oll llw. 
Audio dal" type. 

Ii , 

1 HJ 
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The audio "v,,.,,,r,iTYl,,n1f,, or­
J<." .. ,11<::1[1, and 

........ ,."' .... 'cw'uFo and the JitterBuiIer 
control mechanisms. 
onIPPle,,. received from the network to measure order nr&'"p'nr",tirm 

6 follows of the audio data. The variance of 
the metric. A control audio channel is set up transport-

audio over the audio interfaces of the two networked 
used. The latencies of the audio interfaces are included. No 'l"VJ«J,"", 

,-,""''''\.l'U'',U5 and JitterBuiIer control mechanisms are tested and 
7 measures in the audio data. A 440Hz sinu-

soidal waveform is used and audio are measured. 
of the received audio is done in order to the 

audio content for each of the control mechanisms. 

SCHEDULING MEASURES 

4.3.2.1 Introduction 

ose audio that are transmitted into a network contain the data found 
in each attribute of an OscAudio This includes the count attribute. 
Packets transmitted are 111<;1<::1,11<::11L<L11 

ordered due to the nO]n-Clre~;erl"a 
ordered but received may not be 

order that is introduced the 
TW""PTV>l,t.irm is called and is 

in the nr,'""r"",hrm of audio content. Out of sequence na(3kets 

4.3.2.2 Aim 

This measures the of the ose audio received 
from the network. A uniform jitter range between I-lOOms is introduced by 
the Net Disturb software. Packets received will therefore not exhibit 

introduced. The control mechanisms are called 
into action to preserve order before the audio data is to the VST 
host. This measures the for no control mE~chanlsnl, 
and then for each of the ose Scheduler and the JitterBuiIer. 

It is that the result set will have poor 
mechanism and will be related to the network 

I'm~n.,,'"" received from the network T,'"'''''''''''' npY'TPrTHl nr,'"p,.",nIT order 
and the audio content. 

4.3.2.3 and Architecture 

The architecture of the av,'"\or.TYl,onl' used is found in 4.23. 
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Scheduling experiment network architecture 

" 

i , 
.'u 

'1'\", nmILt ",,1 r;l~IL{' ;ll ~he OscAu,l io object is inel'cmentally ;1",,,,,,,,,,1 ;u ,h, 
ose c~ell~ of the OOnt'" mmpmer_ Th; , ('ouut ;, !r"n'rn;I,,~l to (he ,Iestination 
computer whc<c il i" I'n}('",",,,l by Ill(' ('OlltmllUPchalli,lU ir "'I)' before being 
IOAA"O aud 1'1>"",1 t() Lhe \'ST lbS~ ~hl<JUgh the pTC".OCSfI-l.CI~'''iug() llldll(~l 
,",Ill. T he lO!l!',ed rec~jvcd (fJUnt value ;, ('ompan'" to th" ;m-'''lllelltal ""un( 
nunc generatoo in the " m)'(" mmIml", "'1(1 graI~led acro)'dingly, The wurce 
"'mpu"', mUlll value ",in ,u-.,'a)",o Ix' innX'IDcnt"lly ;mTc"",,l wit h pp,f,,'1 pack".. 
order, The!" is therefore uo ILCOO ,0 kif I'ad[pt, ;Il 111(' ,Om"" ooJjjI~lle)' for the 
e:{]:>crimcnt oat." ,pt 'Ill(' firHt mnlll val ue I"""iwd will Ix' 1.If«I "s the ~r't 
mWI" for ~he illcrememru sou",'e mnut- and ,JI ,nhH'lu"nl "'""",,, mUlll values 
",ill be an innemcnl of t h", _ '1'\x, ,hffp,u,,-,' l,,~w'~'ll ~he rec~j, ... l count and 
the ,om,,' mUn! i, tprlll,,1 as jiller and i, gn:q)hoo as a I'robahili ly 1)(,11>;'y 
F",,,'tH)JJ or pack".. llumbet' ji(le)', The di,tribution ofth;, PTI!I",l~lil,. D~"I,il)' 
FullClioll i, ob6en'oo and an;uvfoo_ 

!'he CXI>crinH'ul"1 w,~, ('Olldud"d b)' genel.'ating auoi~) mntent in the ""n",,' 
mml'ntpr aJl(lloWllg the counl ..-aln"" in Ille dC8liu"tion ('omIml<~' Th" >1Ullple 
&ize io 3(lli, Throe run" "'ere eondnct"l for Ill(' "(~l"TOl IUeclranibm8 indnding 
uo ",ntr<~ nH~:hrulioIU, For the OSC ScheduleI.' ('ontrollfl('(,haniorn, USC I~~:k­

(~, ~'l're ocbeduled lO Ire e.\c('ntoo .3001'" "fter t.<,iug f\<'ll,.,-at"l ill the f£lu"," 

('omputeT '1'hi' tirr~' WIlS ,kt"rIuilJ(,,1 10 Ire adequale 10 mml>cnsmc for th" 
iut,,~hl!:(~l lj(i ~'-ork jil~"r. The JillerBllti'cr f;>e n,;cd "'"' II)-no_ 

'" 
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The , e,,, lt , f",. th" "d .,I"h"-l' """"ie fu< '\U mnt,ml """,hani,m a,,, fnlll,,1 in 
ri~"" .. ~.:M , 4.2[, alld 4.:!ti . 

+ + + . of - ~ . + . 
+-t 

Fig" '" '\.20' Sox, in n Blcw.'llp or P,M:\'M Numb ,", (f' Slimp!. Data "'it!. no cuD,..ul 
lrurll."bm 

llJ 

, 
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sId dey 10.24 
• 

n~ut" 1.26 ; PlDuability Di't ril)O,t~\ll Fun<t ilXl of Pa.ek," ,""mb., Jitte, fur IK) 
cont rol mo< 'h,mi,m 

from the do t" "bow' we ",m ",, ' that t hc ",mIlt. ' ''[01(, 'lark< a~ 2!\f;:;~ ""m in­
llin g f'>r .'lOO ,mnpl,,,_ ilK- pad,,·! Hum["" COun!. h om lhe SOm e" ca ll be = n <Ii' 

a purple "tra ighl. line. The ",cd '-cd do ,,, can be 'lCCn 1,,, plot it.d! ":r<~lIld ri ll>; 
lillC '" plot point" - The pf(A",I~lity di",ribllt.ioll ~mph "PI"'''''' l() Le si milar 
to" norJ>"u diorribut.i"l with a , l"lJ(janl c1e,-ia'ioll of 10.21 
Fi"dilt_qs 

'I'll(' data imiicaj,,,,, lha l lbe coon, ,-alue "",eivcd from the net>,'""k &\C' not. 
ali~ll to tho t twn, mit tcd into t he l>ct.v.uk. Thi, i, ('vi,k'nt in thaI. t.he r,",~iw(l 

pl ot point' do not '~ ''''mt('ly f"ll( ~. th" sourCe J a la couIIl in l l.., purp", JillC in 
Figu,fO, ~,24 awl 4 .2.) , Packel. onler I>fe. en'" tion i> therefore not cv;(k'nt "nd 
ll('nce lh., a udio dill" C<~ltcnt will not be p",,,",,,,d ']'h" l><o1>"1>;];l.y d"re,;'y 
f"nct ~,., j!;rilph ;n f' ; ~l" " '1.26 8fx"", tlK' ' 1',-"",] of Uw l'ec~ive(] eoulll, number 
from I.lK· ",Xlree "'Hnt. "ill"b" ... The , land",'d dc >"iotion i, 10.2,\. 

CONTROl. MECH"NI~M 2: USC SCHEDULING 

Th., result., for the schedu]ing mCl-ri<- for t il(' OSC Sd" , ]nling ",,,t,ro] meeh­
oni" " ore fOllnd ;n F;~nr'" -1.27, '1.28 ""d ~,29. 

111 
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FitUl'~ ·1.27: Pack<'t .\ um""l' of S"mIll~ [}nl" wit.h OSC Sd.edlller 

I • 

30 60 
hRllTe 4_2~' St. 'tN.! mOl'- " 1' of Pad"", Nlllul_ of Satn~le Data ""ith OSC Sch<:d­
" ler 

11~ 
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t: 

... " .. 
Figure ·!,2~; PrnLabilit,· Di&tribution Function of I'a,;k~t. Nllmb er Jitwr (m OSC 
S("h<'duh 

Fwm LlJe <la1." abo"" Wf' can S<'<' that t.h,' ('ount. \,,,Ille ,t~rb ~t. 2R74t:i1i ('011-
tilluin g fo<.'lIXJ ,"lHP""_ The p,,,,ket " lllul",! ",,,,,\ fwm the ",~H1:e can be_11 
a .. "pllIple ' trni!',ht. liIH'. The .. ('<-eiwJ data cau 1.0<' """''' to plot it,,'lf "round 
lIn, lille, The probabili ty diwibution gmph "p~ar, t() he ,jmib, In ~ IlorjJl~1 
distrihution with a ,jo"dnrd d"Yi~timL of ,1 , ~1, 

,',filling., 

The dat ~ ;ndie,,!"" that tl,.. n)UlL! ,' • .Jue ",-.,,,(,<] [rum I.he lwtwo<k <:\0<" r.ot 
>Jig" perfoc\ly to l l~\l t ran&mittod into tl><:' !Wtwork 'I'hi, i, .. ,-id"lL!. ill thai LIlt, 
roceiw<l plot point' do not perfectly f,Alow t),.. 'ml!(:~ da\a "(~1Il 1 ill the PLHpJe 
line in Fig"'''' _1.27 ~nd 4.2R. H()w"""I il i, a bell "! a.nd de",,,r m atd\ thall wIH'l1 
",nupar,..] 10 lh" dal~ [0' uo coutml m,,.-hauism. Exact pad,d, orde,- p,.."...n'~­

l.iou io t>;ll acili('md and h~nc~ t.rw, ",Kiln dat" f'nn l.~nl. will Iwl I ... pr",,",,'ed, 
Th~ prom,bill!.)' density fu",;Ii(m ~[aph in Figure 4,1~ show, the ,prearl of the 
H~:t'iwd ",'unl lllllll!.>e, from the oc'-'r e<' CDuut llUTllb<'L 'l'h" , t.;\lH I"rd deviation 
is J,2"J. Tlw ch" Ilff in wmd",-d deviatin., fmm 111 .24 to :1,19 w l .. lL llHJ>'ing lmm 
!K) control m·"halLi,lU ~o USC SclwJulillg "",iiie; that the p3<'ket orde" pr""",-_ 
yali"n ha., impro\'<'<! hut ha, not ",'hi('v('" ('OTllpl~te ,.,h ... llllinjl, 

CU'<TlI.UL 1>1":ClJAKIS)"1 3 : In-]'F.nRu>'>'F.n 

std dev 3.29 
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lk$~{t Dala 

T he '·""UIL' rGf: the scheduling 111et,ic rur ~he .litter BuITer oHltn>! 111edranism 
arc tound iu Fi!';UTe" 4.:\0; 4_~1 and 4 . ~2_ 

Fi~ure .1-:>0: Packet Numb"r of Sample Data .. itll Jitt erHutkr 

117 
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Fignr" 4.32: Pmh,,":!it)" Di ,ui" "!';on Fu nnion "f Packet ",'urnl>!", JitH'r 1m 
.Iitt",Bufrer 

f"fClm Ihe d"l" "l~)w U' ,'''10 "'" Ih,, !' t.lw' CClllllt value 81"rl.>< "I 4G ISO ('on_ 
t ilj((ill~ h· :~ X I ""101'\"" The p", h t number ,·".",1 fn~u t l,., "')(11"'" "au l~ , "~ll 

"" a ~lll DIe sl l'aigh( line, The l'eceh"d data tan be seen to plot itself exad l), on 
Ih i' Ii I..,. Th!, pmi);,bi li ty ~i'!'rihuticm W"pb h", " II ,i it, ~i,triIHllicm "t ('(~lIlt 

value of I with a ,i.amia,:d ,J.viI(.IM~1 ,1 lUI. Thi, illili"at~' that th~ n·teived 
counl data is incl"men'aU,' inCl"""ed 
Fi,uJif!9,' 

Th" ~"t" innic""" ,h"t Ih" c"unl va lU<' "x",wd fmm Ih~ net"uk "Iign, 
perl" 'tl)' t o t h"t t""I'mit.t~~ int<> Ih,· I~~.""rk . Thi, i, evident III (h"t, t."" 
"""ei" .. l ph .. I~ >iut.' perf .. ,U)' folk'", 'he " lUl'te dati< N unt in the I~ ... ple line ill 
Figure, ·1 .30 and 431 , ;xact packet mdcr pr",,'rvaticm k ach""",d "nd I ~'I\C(' 

the ""di" <1;,1" ('()nt~nl ",i ii b~ p"""n..,d. The I"""),,bilil)" ~.,r"ity f,mC'liclll p;mph 
ill Fi~me 4 .. 12 "h,~" thaI there i, u<> ' 1".,,,,,1 of Ihe r .. " ivec.l t,",ul nmuLer fr(nn 
tl><' ""\1"<'" count nwnh<.~', Th<, slandard d<'\'iation i, th<"d, .. " 0.0. ComDk'H' 
,,'hedulin~ is ;M'hi~,'en. 

When <"omparing too three tont l'ol mechanisms, no comrol mechanism h"" 
t h,' ",,,,,I p" r!orrnmg d"t." ",il h " , t""<I;,,d n<""i"tio" "I I 0. 24 in th,' jir.'"r of Ih,· 
o<:hedu li]j~ m~hi( ' . The ose SclH~luli u~ m~t.ri< ' imp"''''"' ,~, this , t.""ilim! <Ie. 
viatio" hrinKlng it, data' , " andard <l<'viat.i<>n for jitt,'r of the «Ch<'<Illling metric 
,klWU ~l 3,19, This 1",h't ~~1 ho" ever ,k>e> uot u.J!tibute to the pl",el'vation of 

std dev 0.0 
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network. 

LUJIU'"'Olt:a,t: "'""''''''''''"'1''. is not achieved. The JitterBuffer does 

oJ\." .• ",\J,U.,'UF. control mechanism the result data has been 
a"',lLl~a"C"'U that the ose Scheduler would also achieve 

to be the case. Further work could 

LATENCY AND JITTER MEASURES 

4.3.3.1 Introduction 

introduced a network on the 
audio content over a network in a radio broadcast ap-

plll:atlon can accommodate latencies that it is constant. 
Real-time interactive UVI''''''uu,v,,,, 

low can make musical interaction 
has a much more ueva::lLaLUI.v, effect on musical con-

This variance is called and can the audio 
content. Jitter is reduced in devices a buffer that intro-
duces added A trade-off between 

to suit the in which these metrics 
T\r'~tnhrr"'" has such a buffer called the JitterBuffer. 

well as for no control mechanism. 

4.3.3.2 Aim 

In this an audio signal that is tramsDorte'<1 
work is measured against a control audio 
interfaces or sound card to determine the 
and the control mechanisms. The of this is the 

]ltlter··rHl<lEm net-

This collects data sets for both the ose .... 1'1"'<11" 

Buffer control mechanisms as well as data for no control mechanism. The data 
sets are and to one another. 

Audio markers are inserted into a silent audio stream which will be used to 

a 
duced. 

The audio markers are audible as clicks of short 
normalised square waves. 

"'HH"'lpa,Lt:" that the control mechanisms will remove the 
introduced and hence the VST host at the receiver with 

free audio The cost of the removal is added intro-

119 
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4.3 . .1 .• 1 Mcthodol(}f';Y, s"llIjl and Archil",",u"" 

The an:hiled'l,e of the expelimcnt 119("(1 is foond in Fi~LUe 1.33. 

Latency and Jitter experiment network Mchitectu rc 

" 

,\ ·IHOH z ""I1.,",e "''''''' comi,tin!'; of th,.". c:rcl~ ",,,y", '",,"; H,,, I 'Co the "H' 
dio m",l,:e", 10 i(J..",lif} a'ldio , el>mem •. The perhl helween """h marker ""as 
Wgmo. The control "udio &ignal traw,"in~ the phy&ic,,1 ",~lio intcrf",,,, thrm~h 
n cHhk oonnect~ln i, c"rri«i o{\ I.e,., Ti~ht " 'Klio d"Ull",1 ,,f,, ,I.e,e., '}'t.~m . The 
" lUnd "a ... d oulpu t IHlenq of (he "''''ree compute., is 50tH" ... ·ith 22·10 <ampic" 
HI '1'11 00Hz "ampling ratc. The ><>I1nd ("aHI inpu t 1,*-,,,, ), at 1.1", w tinahm 
computer i, 11m, wilh 5 12 ",unpl", at HI(KIIl, ,",mpling mte, -"'--'Olimiug the 
c"ble t.ra.ll,mi soi(Ml lime is negligiWe, Ihe lolal lalenc), inlwduced h,v lhe control 
path i, ;;0 I 11 = 61m" 

' ['I>.: HI. chann~1 I.mmpo,to amlin ,1"la vi" t.l.., 0 5<'V;tDridge p!" l>in and Ihe 
HlHkrl)'ong llehu'k, The OSC clienl in 'he S(jUrCe compuler. "" ",,,n "" th<­
inpul proc"",;ng in the destination computer, introrlOHx'i n"!\li~ih le ,",,,ney and 
is i ~n(lTerl. 'i'e,., 'ip;nific",ot I"tenei"" a:r~ intwd''''H(1 by Ihe nel,,'ork an(1 (be 
"nllr(~ mech"n isms, 

Tho VST host in tl>.: ,lc,tiMt ion com pHter recei"'" tlx' right- ch,u011.,[ c(mt-Tell 
"Hdio vi" t.he j~ly,ical , """ndeaH!, ('aWed illlelface an~ the kit channel 'unclo:r 
' ''' l ' al>(l;o ,·ia the O,cVstBr;,-l~e plugin installee' an~ the CompHte' ndwork 

'" 
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Tioe VST 10",,1 ,""vul' !.l",,,,, d lauue), iuto a ",aw[Ontl aual~''''r iu order l" 
""te rmi "" t.hp 011;;(" b" I","(", ,, t.he left "n<l ri~ht m.arke" in t.hp steroo au<lio 
,i~n"l . ,["hi , T1l<''','"rc<l olf""t. i, ,,<I,hllo film., cmlf.r<~ I"t.enr·l' to det.emliTw tI", 
]o,enc), lot the ()oc\" tBrklge an d nctwol'k<XI ,,,,dio trampol't ,ystem ,,-, """" in 
f"ig>lrp 4 .. ").1 

,",~". 

nO." " 

'" 

Audio f."1al'ker <3 11a lysis 

'U"~@r hot· latency = C"ntr"ll~ten<y + Measured l~If!"<V 

Figure 4 .• 14: Audi" " larker aualy,i, 

T Il<' ,i ngl e " ,mple in t.he "'"awform ".nai~.,." con,i,l, a contr'~ marker ".n<l 
au 'umler ,,,,,," marker. The total MlIlpl", for "ad, toutnll1l,~,haui'lIl j, ll~l. 

The experiment "'"as conduct",l by preparillll the ne,work rumi!oc"'re in 
Figu 'e 4.33. The "u~io m"rker ,ampl"" "'"ere iOil<l(,.-j into l he '"mce computer ', 
VST h"ot, The output of ,.he d"" ,iuatjou "'XUI"lte.-', \'S T )",,,t ",,,-, r""""l"d a",l 
i1Jlaly_l. Data ",as gatloeted for both Ihe OSC Sd,edulet antl lhe JilterBu/fer 
counol mecilani""" as well as for no conlrol mechanism. 

,\l"lrio 1 latpm'.'" 

l-Iell'ir 2 ji<tel' 

4.3.3.4 R,,<nit. n~t~ ~nrl Finrling< 

CUNTRUL M"GHANlSM 1: I"u GUNTRUL M"GHANlSM 

'" 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The ,.""" It , fnr the I~t.en('y anrl jitt,,[ ",etric, fm 110 cout.wl meo:'ha.Ilism are 
fmlIlrl in Fignre:; 4,;;;; a",] 4,:l(i. 

Fi~lm' 4.,15: Latency of SalIlple Da\a wilh no com[oi mechanism 
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<- -- -- , '.,J de. - --- • .,. 

Fl'\lJl Ih" d"l" "bow"", c"n "" that tic., lato.", 'l ' -lUi<,,; )'''I,,''''Il "I-l.-, Ilrtl'. 
TlLp n-,p"n va in. of th i' 100 ''''111'1. dala ,e., ", 9(1. 7. The proL.~hilily (\i,uihucion 
~[I>ph ']10"'.,. Ihe jil ,.", sp,,)ad aud a~l-"'ar5 1.0 he ,i lnil"r w" norm,,1 di >-<Tibllt.;nfl 
wi,h " " " ll<j,Hd c\pvi,,(ion of 41 ,(J8. ;\ -1""I_lit' 4t.h <>I(h- I~,ly!l(~tlial ,,,,,,,l!ilLe 
(""n I", "" .. n in red ill Fi~l1") 4.:16 , 

The analysis c-f 11~' <j,l\" indic" \'" tIL,,! th"n - i, Ii lars" '"dri",,,,,, ill t.l~) ll>le ncy 
of Hw iv"l »"ck(~,,_ Tili, i, mniri llllted hy .. be ji LV," ilLlw duc"d b)' .he ll,,,work 
Til(> j ilt "T range ill the da,,, , <)I in Fig ule ·1.3.) cu<responds to ,),,' j iW'f mn~p 
of tbe l)CI,,"rk;c . I-lOOms, Th" pre;'"b'!;'y d"n,;!y fund-ion graph ill Figlll e 
·1,:J.(; ol~\w. ' lw "1>"'"'' r::J ti,,' j iHpT ,,-i th Ii ,t anlia, ,! de,-;"t.i"" j, 41.1)11 , The .i i,,!el 
'I'""'''{ i; flat and "'ide ,,·itb a lIILifoTTtl di' l ribulion 

CQV'fROT. MF.C HA'lI"'" 2: OSC SCHEDULER 

The resulls for the I" rcncy "nd jitwr nwtriC' 1m til .. OSC Sd,"!niet co.,.,()1 
,nocl\''lli,m "n' lonnd in hgllTe, 4.,17 and 4.:Vl. 

41.08 
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FigULe 1.:17- IxMncy of S",n l~ e Dal" [0< OSC SchNul er 

• • 

now t.he dalU aho"" we can ooc tho, the Jol ency VOL ;'" oot woon l liiJ.-220w,. 
The m""n ",, 1\1(' of t.hi. l«() , ampl~ da,t" ",( j, 19~ .G . The prob"bilit.y dj,ui 
b"';I>Il graph ,how, ,I~, j;ll,,, ' I,,-ead aud a l'p""-' '" I", ,\wilar (0 a normal 
diBlr;h\1(ion wilh 0 standard devialion of 12.%. 

', ' ~ -~-- ' 

sId dey 
12.96 
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T t>c "nall'oi, of the d;lI,;], indic"t.c'l< t h;1,I: ' he re i, a , ,,Illml ,·" rianu' in th' L.­
teney of " " ('i ,,,1 !",,'kd. , 1m t.h" OSC ScI. ,(lu!e, I.ha.n f(~' I~) U~l\W! mt<:ilan i,m. 
The pw"ahil il ,~' ,lon8il,)" {u ncli(~l trapb in F;~u , c ·1.38 <how' I.he ' 1')"0 )<1 (,f ,.1., 
jitrer with ;], ""nd'~'d <I('via'ion nf l2 .!1ti Th" ji' u'l" 'p,,'a(! i, llllifor<Jj nI.1 is 
i<",-, flat 'llul ll,.,-,.",,·er I,han I.lIal for IK) ('(~l lw! "",.;nan ism_ Hi , impm,,,1 jit ter 
wdun km i, ;1],,, "" id"Il \ in the ,t;]""lard de,-i"tion bei n~ ,, <In( (~ I lrom 4 j _llS tn 
I~- %-

l'l~' OSC StJu,luler (1(*, ,educ<' llro jill"' in i",.ll",,,,[ hy Ibe netwCO'k hut. 
,h " not comple tely remo'-e it ,,"' there i, , t.i ll j itt('r j",,,,, 'n' in I. h<' p"~) nhilil ,)" 

dens ity ~ ,n('tion in Fig",,' 4_3K_ T h<' mh"'''! jitt('r ,,-ill ' l ill (!o~rado L!l" aadio 
,',mt.('n' tramjXlru,! ""(" the aei,wor k, 

Tho ,.,,,uILs for 11m la tcn("}" ;].nd jitter met ri," for t he .litt<',Bnff<" , 'ontn~ 

mC'<:hMi,m are found in Fi ~lln " 4 .. 1lJ a,n<l 4.41l_ 

..... ,." 
" ' '--' --.-,-=--'--' " " 

, " ' 

figure -1.39: Lalency of S;Ynpk Dota for .Ji\'e'llnff", 

1~5 

.. " . 
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4.77 

Froln til<' data abo.e w(' can .... , t hat the la.tHncy i, rairly ('Ol~"ant bHtv ..... 'n 
li:\I}m, and lniim ' and with a U>Han \'alue of l S!Um" The IJIobabilit.y wbtri­
hut ;on ~ .. al)h ,ilow, Ihe jill"" s ~r"ad with lhe hulk of tile wmpk dat " (> 7ti?i) 
hmlTI g no jiw". The .,tand:m l deyialion i, 4.77 

Th" a naly,i, of Ill<' data illwcatO':! lhat. lhe \'ru'iance in tile bl~nc," of 1'<'(cim:l 
packe1.& for ll.e Ji~tcrBulfer is l}('arly compk.'tely 1'< . .'moved. tlle ~mph in FigmH 
4 .. 19 ,how, t h"t the ,ampk"i lat"nci"" ""e C'Omlanl 0"," .. a ["w ,amples h,u then 
jump to the next ,am~le Wore being conSlant. again. TI,i, is at lrl bu ood tn 
d.e non·synduon<)u s nal",,· of the pto<,,,,ll<-pl ",:in~() meth, ~1 ,,,JI, don~ by tho 
VST h ... ,,\. The andio data ('()(lten\ i, fnlly pr'""""",,1 ",' audihl:. ' ~ )"""" ",I in lhe 
ontl'"t audio 'i&llal therehy s u~ling t loa! a con"t.a nl lale'K'y wilh no jitler is 
prBsen\. TI.e proLuhility density fllnc tion waph iTI Fi~me 4 . .j() 'hn"" thH 'pr,,"d 
of the j itt, .,. with" , t"nd:m l ,k"i"i"tion of 4,77 mu"",1 by tlte nOll',ynchl'Onous 
l'n~:",,rl"l'l&jn~() meLlw t! call" 

T Il<' Ji""rBnff<" completel,' r<'mo"" th e net"",k jit\Hr 1' .. """,'Ving IhH "udio 
' i ~n " L The Jitt.erllulfer L' U,el'e[ore Ill<' besl fOnl .. ol ulBtJlanism in lerulO of 'he 
lat.ency Md jil ler Ul<'crjc, aTId ,he p,,'S('n'atinn nf "TI "mho ,ignaL I'he OSC 
S<'hodnk."r 1'<,111<:<''' t he jil , eT iu: n~lnc:",1 by thH net w'~'k hut t!(~"' not complelely 
,,,,nove it ,~, th.,,-e i, 'Iill jilte.r 1HB'lent in ics pl'obability (lensily function, It 
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.. ,a, a nt.icipat,ed t.hat. th~ OSC So.,hedlller w()uld al"" colllpletely ,elllOVe the net­
wo,k jittet iJu\ the results show anI ... a rc<lu('tion in t he jitte1' and l k>t ('m"pIN~ 

",mmal 

4.3.4 Expcrimcnt 7: 

4 . .1.4.1 IntroductioJl 

TemllOl'al Fidelity is tMined in this cootext '" tIl{' a ud ible qualit ... of the andin 
,i~n a l nl(:eiv"';. Irmn t, h~ j itt~'_ridd"'L lletw,.-k. Pad,,,, ,.-der and jilt~r Call de­
I(," d~ t h~ a,. l. , oij;nal inln xh x,ing 'click.·i and 'P()!'" inlD the alltlio , l,eam with 
ic16' 0[ tIle original conlenl . Tempo,al Fidelity i, thereInte the I>c"",iw,j qua lit)' 
of the ""din , t","m wit h hi ~h h""I~ 'ml fide lity havill ~ 110 h;., ()f d'H oril(illal 
alld io ,'OUh" Lt with U() 'elich' awl 'p()p,'. l~ shollld be llot", l that leml)()l'alli­
delily lUIS a SLlbj eni>'e e,'al ua Lion asoocialoo with it. This ~xperiment th{'t"d"l'~ 
aim' tn tr"n,fo\'Tn 'ho,,~ ," hj" ('!, i" ~ (Titeria illt<! ohj .. ,tivH m~A'Ll",bl~ met,i"" 

8xp",imem, ., aw l (i lllea"u etl scheduling, jill.e' aud late!1cy metric, on an 
audio ,il(naJ u,inl( the .3 tlijfer~nt ('ont1(~ m{'('h ani,,",_ 'j' hi, ""periT1l~nt T1l~'~""''' 

the t"'"I~,ral fidtiity f(~' t,he ;\ "m'1'01 llled,allio.<H> ", well a.' (ooll>Olidatin~ (he 
previoL" alltlio experimeuts, This experiment 1)..-o"iMo the ultimote m{'tric of 
per('civod audio '1l1a lit)' that end "'''''' ",;11 he = IM"Hd t" 

'1. 3.-1.1 Aim 

'j'hi, exp.,.-im~'" i, di"id",1 int.() ''''' ' part", I hH Ii"t i., all allaly"i, a t. the ,oc,,;ver 
of 'hH "I""(,,,J , · ollt ~"jt. of t,h~ ..,. lio , igllal whell a pme sillusoidal wa\'efo.-m io 
iujecled at tl,e SOUl'ce. The introduclion of additional 'P<'<:tral e<mtem to the 
, im"oid ",; 11 f(iw ind i"at.im, ,ha' 'di"b' and '1'''1''' are ub,~rwtl ill ,h~ aLldio 
"'Hrull, The """ 011(1 p'U l mea,ures the glitches such as clicks antI pop;; in 2'>Om, 
by observin~ the m"-lio wavdOlm at th~ ,{'(:d"e, 

IlL ~,h "", :rim!> are ""ndw" ",1 [()r ~" "h of 'he wmml mechalli' ms, The ,,,,,,,Its 
are aual)·,ed autl combinetl with tha~ of eXI:>eriments ~ antI G to pwJu('~ a 
cO<Lc lu , ive , mnmary h", th e 3 (WLt,nA m ... ll"ui, m,_ 

[J"'Hd un thH ""'Lut dat.a f()r m;perillleul, oj aw l (i, the .Jitter'D uU".- cooiwl 
mochani'lll is expec~"' l to rel)"", ILloo the source al,,-lio s"eam perf,xU,'_ It is 
th~rcfore antkil'atoo that it, , pcctral ('OILt.~U' ""ill OI, I ~- (WLtaiu 'hH illj"" ... l 
,im,"" id and n() I(l i""I'" "" il l f", "fc .. n""l ill t.he l'f'<'eiwd aLHlio ,tream, The 
OSC So.,hetluler antlwJ c.>n lwl mecilauism will displa)' glitches antI comain ",-Idetl 
spcctral ('oot~nt_ 

1.3.1_~ M~t.ho.-lology, S~t.1lp ~n.-l Ar~hit~ctnr~ 

T he a,dlite<:rnre of the exper-imeut used is fu uwl in Fi~Ul'e 1--11-

127 
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Ternpor~ 1 fide lity expel-iment netwol-k al-ch itectUl-e 

Thi, experiment', architoctur~ i, , imi l".r t.o t.hat. of "xp"riT1~"'t Ii ""' ''I'' Ih"t 
r,hi' phy,i",,] ""hi<' audiu ilLt .. rfa,"" pat.h i, lLot pr"""lll. A (oolin1l0u, 8inU90idai 
v,"dveform ,,c 4,IIIIIz i, injed,e<l "" the ,.:l1lrcc autlio 8il>',,1 and trallSpofte<1 aWN 
t,he jitter nN.,o.-k, The injocted wurc< ",udio ,ip;naj and it" 'p'"tnHtl anal)"i, 
can b" ,,,'n in Fi!,;m'" ·1.'12 IiUO ~_~,1 n"pec :lively. EMIl of the (Dnll'ol med",­
lLi",!> are applied and .. parat.e data set.o are roIledod for ew:h at the wawform 
anal),&cr, A 'pectrum aJwly,i, of the roc";:,-(,-j auoio ,ip;naj i, p"rf()[T1~'(! USin8 a 
11I""kman_Il"ITi, "rn,~",hi1L8' wiwkm- 1i",1" FFT ,i<e of W 3~1. If the illi «(tod 
a1ldio ,ill'liil i, full), pte&C"'ed then lh. ,,,,,,,trom analy,i, will ywk1 a ', pik,,' ".t 
HOHz r"prt"mti ng th!' inj<":V"j pm!' ,in1l>uidol waveform, If t.h,· audio ,igllal 
i, not p',,,..,-v,,d ~lit{'h", "., 'di"k" liud 'pop,' will illtHx lllC\) ne",- ,pectral in­
formalion. I """"'HI of m"'l0 a,alio tlata i, 'IX'Ctrally anajy><'(! in \h" ",.",-(form 
anal"""r_ 

/\ r \/\/'\/\ (\ 
\ ! \/ \) \/ \} ! \ , 

/ Ij \j \, 

• " 

128 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

" 

" .' - .I; ,. 

The :",conu I>",t ,,[ Ill" ~xp...,rill"'llt ,'i'MI I,' on"ly,'", 2r;Qm, .,/ t h,' "" eL., "'~ ""' 
"",..,kd in I h~ """,,/nrm anol)",,,- ""d i,k1>" ~e, " ,eguJ,,, ii"",, ,'.U",d ~lildw, ill 
tl", T"''' ' -.,,] ""eLo , jgMl. TI", glitch ", "'" C"" lll(xi ",,<I p1'...,,.,nl.« 1 h .. "o ,'h nf t he 
Cf.llre>l ulCchalli sm, Fi~u r" -1 .4-1 ill ll,t rau', a ; Iit th In tl", '''lL",~J,, ' ",,,,"I,,"n. 

' .. 
" 

f'i;llr" 4.4~: ilIllotmc[nn of ~n "mlio gli lch 

il.l"tric 1 r~mp(.-olli,j.,(ity 

~f"tric 2 "",Ii" glit"h", 

".,~ -,~"'." 
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·1 .3.~..1 Tle.uU D~'~ ~ml FillJillp 

CO"TR"'_ Z'vi F.'HA"'"M 1: No ,ONTR"', rViF,CHANISM 

The rmult, f(l( .ho kmPOl"lliddl<y 'lJl d audio gHtch metr'ies for uo co"lroi 
n~.' I",,,i,rn "'" hllld in Fig"'''' 4.41; ",,,I 4Ar. 

/V·\J\/\/I\J'Vir\j(\J(~ y}'\/\/,\ 

Figme 4 .46: Speclmm a.nal""i, ()f received ,inu,,,HI,,I,,,"w,f().-m for n() w ntrol 
meclwubm 

From 'h" dat" al"",e ,"'" Can "'" t h"t t he , inu""idal ,h""" i, vi";ble in Fip;l1n' 
4,<l.'i Lut doe, coutaill gli t.t:llt", TIle s litdl c,"JIlt am" !Ilrlld to .~7 slit!'!,,,, [()t· 

2t.Oms of t his roceh"<'d audio data, Tho s]X'C lrum anaI~"i' graph ill Fig Lll'c ·j AG 
,ho"" th"t ,..hil e ' h" promi,,,,n' /,e'l'~"('i '" ",e ".HR, nd tI,,, 440H, mark. t h" 
magllitOldc of a11 1",mauly audible ['''queuei ... i, aL<!w -Y")( iB. 

Finding,,· 

Th" an,,),-,i, of 'h" data indi!'a"" s litd"" W'"'' introdll!'od into rh" s,-,t('fll 
as "'.,n in Figure 4,(.'; , The glil dles are confirmed by allaly,illg r ite ' pectru m 
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of l~e ,.,,,,ej,.eJ «uJio sigual «11J fiuJil1!: "JJitiOlJal 'i>tdral "Oute11', Thb ml,· 
of Klitch"" [5i ,/2.'>Om'i ' ignificantiy degrade< the aud io signal. Whi le the vi,ual 
imp,"" iou of tl,,· ,iuuwid might. "''''''' not ad""rod), "If'''''''l. th" 'p""lrum ,mai_ 
y,is as well an audible evalual ion sho ... s that the sinusoid is co," ,plelely masked 
hy thp I'.ii!.<"h ,·If"". 'I'h" ""dihk evai11atico-' "",und, like ,tatic white r~>i.", with 
«10 ... f!'equ"11C)' elo'Il~·Ilt with uo "vid"J"" of tl!" iuj"'I,,d 4~)!r" , il111"" i<1. 

CO"TROL _\iECHA" I"'" 2: OSC SCHEDULER 

Hc",,,U /Jato 

The ,,<'ult' for the wlnporalliJel ily «Ild auJio gli lch meldcs for lh,· OSC 
S,hed"ier aTe fou"d in f'il'.uTes 4-4i and 4-48 

~/'J\/\IjJ\JJ\r\\I'\jVV\l 
-

Figure 4,47: Re<:>l;ved ,i nu"",;daJ waveform for OSC Schedul", 

Fi~m" 4.4R: Sl',drum am,l)" i, of "" '"i,,,,1 ' in11<oi<1,,1 ",,,,,dorm for OSC ", :1",1_ 
ule!' 

From the data afH,ve we ~"n "'" that the , inu..->idaJ ' hape i, vi,ihie in FiKUl'e 
4,47 but. d""" alo<, ,'o11l "i u !(litd"". TII<' glildl muut. ;ul1o"ut.,~l 10 4!) glild"" 
[Of 2,'iOmli of thi, l'e<:>l;ved aud~) data The opectru m analy,is graph in Figure 
4,4R oho"" Ihal ",h ilp Ihp ]!TOmi,",nt. ("'111"""i,,, "'" "TOlH,d t.ll<' 440H" m'nk. 
t~e ma,.;rlit.uJ€ of alllun11a11I)' atlJiblo· f""IU~[j( ' i<", i, «bo,,<, -!)"dl3, 
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The analysis of the da(.a ind icates glildu"" ""'Ie inlloouced into the oy,wm 
'" socn in Fi ~'lfe 4,47_ T Il<' flit~hc,; "'~ ~OIllil'mc~ hy ""oly,i,, ~ t~c spectrum of 
the rH'"ived andi" oil;naland findin~ additional .'p,,"ml ""nt,~nl_ 'I'hi., rat." of 
~'j,cll(" 1,\9 /2!iOm' i is &lif~,ly rrouccJ w~cn oompa.reJ \0 "sinr, 00 co,,,,'ol m,,~h­
ani.'Jn h"t ,t.ili , ignifi('ant.ly degradcs thc ond;" , i,o;n,d rhe frc,!"",ncy cont~nt 

"-'o und .b" ,111111< ma,k in Fignre _1.4~ 10 ,ligbtly JrX)f'" p''''nin~nl t hn that 
for no cOl'"ol UK'('~"ni"u'- W~ilc t~ e vi,;",,] \n'p""'\011 of t il(' , inu soid oui~ht 

,,,.,," not. 1U1\'~,,,,ly aff"ted, tl ... "I)('(tmnl "no lysi' "., ",>OIl aJr ",'dil>l<' ~vnlu"\ion 
shows \bal the sinusoid i, cO<Jll'le.dy rna,k~'<l b)' the gli\cb "If",\. The audible 
c"ol""Jion for til(' USC Scl1cd,Mr ,,100 8O<1llds like ,,", Ie ,,:hi\e ,lOis>' wilh a 10": 
frC'q""''''Y cl~mt'nl wit.h no cvi (knc~ of t he in,~"t~rl 440flz , iml""" i. 

COV'TTC.Q!. M>:("HA.VTS\,' 3: JlTn:TtBUFF~!l. 

TIl<' c~"ulb fOt . he l"IIOpOtai JiJdit." and aud;" glit.ch "N'\r;,,, f"r t,h" .Iitl,.,­
Bt1If~,. ore found in F\~"rc"s ,1.-19 and ·L>O. 

~ /"\ /\ /""" 1/\\ ,/\ I/\\; ,/ \, ;/ \\ ,i \ ;/\\ j\\ ,/\. 
:rr--TT 1 -- /-\'\/\/ '\/ )\)". J :J" Vv'Jv\J v ~ 

Figure ·1.,J9: Rocehed sinu";)idal ",avefOt'lIl for Jil<.erDuIfel' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

,.~,~~. ~,~_.~, ~,,~o~. ----------· 

·r'TIltlf+=Rii=rtF=ti=FFH=FF1=n-- I - ! I 
f- .. tttt-+-+++++-++--f+-f+--++++--'-+-' , . - .. i 

• 
-

, , 
-- • , """ .. ' ~ ' .. ,- -" .... . ~ "- " 

1'-- -,.0.-.", 
IT' .. 

F1OO1 the ,lata aboy" we ("all "'" that the 'i"Hsoirlai ,It''I~' j , I~,rf,,,tly P"C 
",rwd in Figurc L19 and d""" no< contain any glit.Cl\es. There w& ,her"[ote 
no ~· lit.('h (·(~l1lt for tl>< · _Jilterl!llff,," (·(,.,.n~ In"·h,,ni""L The 'I)('<~mm an,~,.,i, 
gl'al!h ill F~tile 4,;;0 show, 'hac lhen i, only ("'quer",,," ':<"1'''111. at the .wOIl" 
mark and no othe, additional fro>qu.ncy cotllem abo ... e -9:XlB. 

Fi"di,,-~s 

The liu" ly'is 01 the ,ial" .how chat IW ~1it.c:h,,' ",'le iutnxl",·"j into th,' 
'>"'lem as seen in F~ur"" ,1,.19 I<nd ·1.511. Thae is nO evidence lo iudicace degla­
rl",i'XL of tho: aHrlio signal. The ,,"dihk c"nlu,niofL contir"" thi" with a I'll'" 
(r"'lupncy tOIle ,>1,,,,,,,,1. Tll.· _J itt"rDnlT",' '"')fltroilI,,·dllilli'lIl Il.'refore H'mo"'" 
all jittcl' and 1)1'""'1'>""" the Of,lel' 0{ packels al 'he receh-illg end and compleLely 
n'pmrln"" the inj<,~.e< 1 audio 'i~U;lL 

The r!'Sulls ,lata (or 'he :; con lwl mechiomi,m, ~fO\, ... 1 a, e",pected with 
only the Jitt~rBllff~r compl~tdy p"""'fving the illjocted audio signal. The OSC 
S,-\:.,dulpr amI llO (',xLtmlmp('hliJ,i,In n""It., rli'pl"y,,1 p,lit.('h< " "nrl """finns t h"t 
they could llo'. COUIlJleiely o"ler pad,elS I(ULI compiecel)" remOve jiltpr introduced 
hy th<> ncl."mk 

'i.:1.<> Di~cu~~ion <lnd CondlL~ion 

Experiment, ,~, ti and 7 wm ' rl()(J(' all ('wunati()n of the ,wJ(lio dllia type anrl the 
]><,r(ol'mance ,equiremems when tfallspo, lillg uncom~ressed audio ,lal a betW,,"ll 
0s<' V,t l!rid~1' pn>totYI~' plu~in i"st,m('",_ The TIletri<:< rn~",nr'"j "ft' I~'\('k.,! or­
(leI' ~resen-alio(j ill experiment ,1, lacency awl jitt(~· ill "",)X'rimen! 5 ar,,1 Wm­
pornl fidelity in e"~perirrtCnt 7. Each experiment evaluated each of thc c(~ltrol 

m«'ha.rli.'lI" ill the pmtOly)X'. 
Experiment 5 showed 'hat ' he JitterDuffeI concro! mechauism adlie;-e.l the 
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best results with order The ase Scheduler fol-
lowed with its standard deviation on the number 3.29. 
This is an on the standard deviation of 10.24 for no control mech-
anism but does not achieve C'nTnrllPTP and therefore 
will the audio 

6 measured and for each of the control mecha-
nisms. The JitterBuffer control mechanism has been demonstrated to be the 
best control mechanism in terms of the and metrics and the preser-
vation of an audio signal. The ase Scheduler reduces the introduced 
the network but does not remove it as there is still jitter in 
its function. This will the audio 
signal and therefore neither the ase Scheduler nor no control mechanisms can 
be used to audio data over networks. 

The results data for 7 shows that the JitterBuffer com-
preserves the The ase Scheduler and no control 

mechanism results could not --.... r.-o 

",,,,'-',.:0',,,, and remove jitter introduced the network. 
I;'.vnorn"oy,t 7 is an 'end-user' test and confirms the results 

5 and 6. The JitterBuffer control mechanism rI111;.nnr_ 

formed the other control mechanisms in both <>v,,>t',"Tn 5 and 6 and hence 
7. The JitterBuffer '--V'Up''''>"~''.Y nrp"pT\rnn 

introduced is due to the nrWl_"nm",lhr""""" nr(W'p",,, 

method calls done by the VST host and if this cause is removed there will be 
removal as shown in 7 with the audio 

control mechanism shows an when com-
to no control mechanism. In 5 the standard deviation on 
~ 6~ ~~ 

is necessary. 

the benchmark set al'.':Uu"" 

of 2.57ms fell within its 
bound met its benchmark at lOms. 
upper bound of each. 

134 

removal 

have nOSltlve 

upper 
loss achieved an 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The n",.'trmm within the 
to the benchmarks set. 

and tem-
metrics have been on each of the control mechanisms. 

The JitterBuiIer control mechanism is the control mechanism that can 
un,er-rHll:1en network. ase Schedul­

but is not suitable to 

135 
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5.1 

share audio resources such as pararueter 
nisation data between VST and 

are: 

• a VST host SP()otl~r a data between ose and 

• data type de'vellJprnellt 

.. ose environment de'vellJprnellt 

• VSTXML to 

• JitterBuffer and ose control mechanism ImpI(lmlem;at:10IJlS. 

nn.np.,t the research evaluated the per-
formance of the 7 The first' 
4 focussed on the data with mean latency, 

loss metrics. The result data for these "'v,,,,,,~'irn"'n;'" 
benchmarks. The last 3 eXTlenments 

one another. 
The main research of this dissertation were: 

1. Can we use Sound Control as an open 
nf£Vlt;:UH:nt networked communications between VST .~'W"."''''.~ 

.. ", .. tt •• ,,"!! distributed audio 

136 
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and OSC """~"'n'" 

chronisation 
shared between the two 
audio pn)Ce,sslng. 

2. Can we build a rich OSC namespace This 
was achieved in the of the by 

a VSTXML file upon instantiation and the 
OSC address space from this XML file. The from VSTXML to 
OSC was achieved the JDOM 

3, How can we measure and evaluate 
''Ylt!lIQ1:r" u"'x.PttU benchmarks control l'I1n.fYuTIP,<prl 

\..V"U"'-'".1U,," and the Conservative 

4. To determine and compare the in 
control mechanisms on audio data. This was achieved 

alUt"UJll'l'o the audio in 5 to 7. The Jitter-
U"""'v'~"'Un as well as no control mechanism were evaluated 

cOInp,ared to each other. 

rArn,,·t.pr PY1r1pr'nn"n1r" measured lower and upper bounds for the mean 
"u":;u.uuu,, and loss metrics. The upper bound 

the worst-case results for the metric under test, The mean metric results 
are to the maximum instrument interface of 10ms[20! 
used in the audio and music The benchmark is obtained 

MIDI interface A of 10ms is 
used. 

5.1 shows the upper and lower bounds for the mean 
and loss metrics evaluated in the 

137 
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LAN tupu log y dlee's b J nd 

r.::;:-
ExteFnal Seevee 

Loopb"ck 
Effects Band 

LAN Effects Band 

N"" < N" 
InteFnal 
Loopb~ck 

Effects Band 

~::::~~~~::;~~~~~ .. __ r. ~ P" . N . ~'t 

Figure ,>.1: Upper 'Illd Lowe l Ix)Wld, In .. ",('illl latency, peak jil\('f, ."!"xluhng 
awl p~"kct I" .. 

The n,e"]l ixtCllCJ upp€r bound Mhito",,,1 2.57m. - wdl wit hin tJJP bench mark 
rl lOm, >'<'t_ The L1tency m(1ric I h ercfor~ 01<"", 1t( ~, del',r,,01e the pcTfOTm '''K~ of 
,.]'" (bt;\',mridr,<' protot} l"" TIw l'''~k jitter Uj')X'f Ix)WlJ for (he prototype is 
10m, ",hiell met tl'" lo""whm"l'k set. WhMl t hi , nK1,' ic i, ('nmparc'.! to MID I 
inIPTf"ce' , t. )~. pm"~yp~ ()nlp~rformed t h~ n...., ... r I -SB MIDI I)-I'" int""f,,,,,,, but 
not th e ieB"Cy ,~Jer int('f(~""'. Tilio c"n I.Je """n in V'gure 5_2 _ In t he C(>ntcxt 
of mu,ic" l control (hi, pee k jit ter \'aJ"c of 10m, i, " ('crptr,blo_ T he ,dleolnlinl', 
and paJ,ket los" melri" obt"ined p<'rf"" 1 r",,,II,. 'Khi~vinl', l ()(t}f ",lu·duling alJ(1 
llit"in~ nO p"ckei k"'" lor It ''''Hpie numl>cr of ~bout ;;000 pocket,_ rh e pcrti>r_ 
mru",,, of tl'" pruam etc r ,lot,. type wi t hi" th e Ose \-'&tilri<lge )~ll gin i, ''''''ept""ic 
exC('<'(ling or mcetiJl~ ti><' hend"ll;nb "'"'_ 
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",,,, _ "', .1.0 ...... 
~M .... .,. • •• , ...... ""' 0_ ..... ~ , .... ~ '~ ''''''"~ ,_." 

I ." 1 

'" 

'" 

"" 

5.2.2 Audio experiments 

The "u~io experiment, e"alllate and compare the '>:llltrd n"'''hanisms ~eploy('d 
in !Iv., o..cV'II!rid~,' p"'tnty!~.' with ",:l.,duliu~. J,,!.eury, jitt.e, aud !.eIllIK'ral 
fHleli!.y Ul~!.rir'. Of Imr!.icular iIllpo.- tanre are 'he s<::heduling and jit ter metrics 
since if they dn n{>t, achi.,,,, 1",,1'<,,;, "",u!t" th" "amporled "TLmmp,,,,-,,,d "Oldio 
d"l" wil! he deST"d"d . The alJJ!.ml llledmTLi,lll" aiUl to have an iUlpl(Mhl "Hee, 
On tl,., IIletri",", The telllpe""u fidelity metric collsolidaws the ochedulin~, latency 
an~ jitwr metri,,, ""' it m<.,"""",,,, th· I",r",ived ""din <jMli!.y Ih,,, liu, "n,) me.­
will he eXjx"",l tn . T he u~t"mrk jitter "lllula tiou .-aJ..::e i, 1-IIXJ",o. 

,"0 ~,)ntrol IIledli.TL;'IIl has a deg.-ading EIfert on .he tran,ported all~io smlla! 
ow, a jitter-ridd<'nnetwork Tl., ,{"herlOllin~ met,i" perfo.-med jxx,,-Iy with 1\ 
,t,m<J,,,rl d~,'i,,!.ioTL nn t.he !~1,('ke' nOlm f,..r r"""i,,,d I"'in~ 1 (J.~4 . The lalency aud 
jitte.- IIletrics abo I'm [Oflll poorly with a latency of 90, 7m, and a jitter &tandard 
de"iation of ,lUIS , The ronwlidati nl\ "'m!",""i fid"li ty ~tri{" mncl"d"" wit h 
,')7 IIlit L'h", o\c-""ve<i in 2f>l)m, of ",.-",i""l ,.udio (liit", An audible eyaluc.t~)U 
of the .-erehed audio omna! is ''''''.'fwd "" ,tat;c white n(,;",' with " k,w Ire­
<juen"y ('hnent d<"'pit.e " pure HUH, ,inOl,.,id f,..i n~· injefl",l ,,' !. he ,. ,Ur"". Th~ 
>eh"')Olling and jiU(' .. for uo u)Ut. rol IlIe.jlaIl i'IlI do nO< ""hieye perren results. 
The t('mp<'l"al lide!ity metri" re,ult, confi rm t.h'''' th" "Oldio ,illl11\ ( i, '"'IITa""'l 
wlv.", no "'<lIm! m""h"ni"", i, """,lover a jit.t~r- .. i( ld~n u~t.WOi'k, 
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The ase Scheduler control mechanism also U"'~;la'l!"'''' a received audio 
when over a network. The metric achieves better 
results than for no control mechanisms with a standard deviation on 
number of 3.29. The and metric also attain results with 
a of 192.6ms and a standard deviation of 12.96. The "'-'''l<::U'UUlll", 

and metrics are upon from 10.24 to 3.29 for the former 
and from 41.08 to 12.96 for the latter. However since the and jitter 
metrics do not attain to be ac!!;raUCill. 

The metric confirms this observed in the received 
The received audio is also observed as rlp.,.r~,rll'·rI 

static white noise with some low content. The ase Scheduler control 
mechanism therefore does not preserve an audio when 
a network. 

The JitterBuffer control mechanism obtained 
found not to the audio over a lltlcer·-rl<lUEm 

metric obtained result data with a standard deviation on num-
ber of o. The metric also obtained near results with a standard 
deviation of 4.77. The cause of this is due to the 
nature of VST host calls to the plugin. The mean latency is 186.4ms. The tem-

metric contained no and the mlect;ed 
source audio of 440Hz. This indicates that the standard deviation on 
the metric is indeed caused by the VST host calls. The 
JitterBuffer control mechanism does preserve the audio when t".ro,"<1nnrt".I',n 

over a network. 

variance that is caused 
However there is latency 

calls from the VST host to the 

The JitterBuffer as well as no control mechanism as '"' ..... ,~v'"'LvU. 
with the former audio data and the latter not at all. The 
ase Scheduler results are that this control mech-
anism would preserve the audio over a 
metric results for and The reduction in these metrics was not 
"n",..,,,,,t-., for audio reconstruction. 

5 

1 

The 
the 

.... rr' ...... ·h,,., .. " has a novel interface between 
and the open ase network domain and therefore 

140 



Univ
ers

ity
 of

 C
ap

e T
ow

n

has facilitated modern network communications ",ul,uU,5"~ 
ase has been to and is n~"n"''''rI 

nrl>t"turu' aeV(~lOI)ea assists towards ase this successor 
contributed towards ase itself within the audio process-

of VST and in 
musical 

allows audio pr(JC~~Ssl,ng; 
many networked This network is scalable and therefore VST pro-
cesiswlg; farms become in such a networked ather benefits are 

simultaneous and remote access to audio resources be-
as well as location musical collaborations such as 

The open framework which ase UUV"~U"LU'''' allows inter-vendor networked 
communications VST host and This facilitates 
of audio and musical "v"t.,,'mQ 

The 
standardisation. 

has also U"'V""J~~;U 

was as the non-standard vector of floats 'v' 
audio data within an ase message. 

encapsu-

The pal"aJnCLC[ data over an ase 
of 2.57ms meets the 

audio interface 
which better than USB 

measures are "rt"<>nj-" 

Scheduler control mechanism does not \"UI.IlIJ'" remove jitter 
preserve ase lJaA~"'v'"" 

the 
to prevent audio data at the receiver. Therefore the ase 
control mechanism is not suitable for real-time of un1cornpl:eslled 
audio ase over a network. 
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1 

The OSC 

This future work could be "VILLI'Jl"'U 

of the OSC Scheduler in the tranSll;ort 
network. 

«AL'U'""".1 to audio data over 
results in this dissertation. The 

IOAI,1<::;1111O, with up to lOOms jitter 
"Ah """,'" into the reasons for the 

network needs to be done. 
the np,rtr.rTn 

"u."UJJU. over 

<:n' ...... tln<T 1 channel of 44100Hz PCM audio data over a com-
puter network substantial bandwidth. The float 
vector type 'v' is 32-bit and therefore the bandwidth 
32bit = 1.411 A VST would be as a stereo 

nels amounts to 
work could 

channels. Therefore a total of 4 chan-
amount of bandwidth and future 

de1cOIupreEiSic)ll schemes for this uncom-
Dn~Sse!d PCM audio data for efficient 
This would result in reduced bandwidth lU-

troduced to the overall system due to codec latencies. 
Ir.r"ttrm into loss-less would add most value. 

that con-

The benefits of an UU1'1<:1U"OUO"'-

tion include VST hosts and pllllgUlS 
master control VST host with all slave VST hosts 
attributed in the data 

over 
net 

The evaluation of the nr"tt.,.·hrr .. ,. was done over a LAN for the pa­
rameter I"V1C1prnnl"nirQ emulated network for the audio 
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Future work could include eVoLlmltirlg the peJrfolrmam~e 
over the Internet since this network is most 

de~)lo~red over it. SeI)ar,ate evaluations for each data 

143 

)scVs1GHI'id~~e pro-
to have applilcatiOIls 

can be done. 
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nAUDIO AND CONTROL LATENCY are the latencies a.'lsociated with the per­
formance of the VST wrapper. 

AUDIO uLI',,'un. SIZE is the buffer size that the VST host passes to the VST 
to let it know of the size of the audio data block sent to it. 

AUDIO DATA is the 
per 

for the audio objects contained within the VST wrap-

DATA BRIDGE .... UUF>'J0 data between the OSC and VST domains 

DISTRIBUTED AUDIO 
networked pn)Ce:SSlIlg 

distributes the pn)Ce:SSUlg load across 

EXTERNAL OSC DEVICES are deviced located outside the 
VST wrapper that are lvo,l-'o,U."" of 
messages 

and r""'''"r,nCf 

IP ADDRESS is a 
with a IP 

address utilised on a network that 
forms an IP socket 

IP PORT are the attached to an IP address a IP socket. 

JAVA is the 1''''5''''''''''''''''5 laIllgu,age used to the VST wrapper 

JVSTWRAPPER is the Java 
wrapper. 

framework that is used to rI"",alrm. the VST 

LOOPBACK COMMUNICATIONS uses the 'localhost' or ethernet lOOpO.'tCK 

address of '127.0.0.1' to direct traffic back into the same IP address 

NETWORK is an Ethernet datalink the Pf()tOCOl suite. 

OSC is Sound Control and is a message based I-I"'CV'-'VL rjoP,roPl",...",rj to 
facilitate modern networked communications CUl1Ull!;'" 

units. 

OSC ADDRESS PATTERN is the destination address 
server. 

148 

within an OSC 



Univ
ers

ity
 of

 C
ap

e T
ow

n

OSC is the hierarchical tree structure of the addressable 
nodes within an OSC server for which OSC messages can be pr<)CeSSE~(l 

CLIENT sends OSC data over networked C'-'''.'U''J<VI~.Y to OSC servers. 

DATA is data transmitted and received from the OSC domain 
to the OSC definition 

OSC DATA TYPE is a 
sage 

the data contained within an OSC mes-

ENVIRONMENT contains external servers and clients ca(:lable of 
n .. " •• +.., .... i"',,... to the VST wrapper. 

OSC N AMESPACE is the structured hierachical namespace 
within OSC servers. 

OSC METHOD is a certain behaviour of the OSC server that is executed when 
an OSC message is matched via the OSC address space to that OSC 
method 

OSC SERVER receives OSC data from OSC clients and processes it "'U.V"''''-'' 

its address space and OSC methods 

OSC SETTINGS are set1nn~~s within the VST wrapper for ,",v, .• """" 

munication of the OSC server and client 

PARAMETER CONTROL DATA is the type for the 
tained within the VST wrapper 

PLUGIN UI is the user interface of the VST wrapper 

the com-

con-

PROCEDURE CALLS are used by the VST host to communicate with the 
VST and transfer data between the two entities. 

REAL TIME INFO DISPLAY is a 
data about the VST wrapper 

in the VI that shows real time 

ROUTING ELEMENTS will allow for 11''''I-'I-''"l'. of OSC data to VST data and 
vice versa. 

INFO DISPLAY is a 
tistical data about the VST wrapper 

in the 

SYNCHRONISATION CONTROL DATA is the 
~~.,,,~.uu contained within the VST wrapper 

TRANSPORT CONTROL DATA is the 
tained within the VST wrapper 

for the 

UI that shows sta-

con-

VST is Virtual Studio .L,-,'"AU'V"JF>.l is the informal standard for 
audio 
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VST DATA is data sourced and --rr----- ~'''~'_"'.' to the VST host. 

VST has two favours of audio and control types. Control types 
are further subdivided into and 
sation. 

VST HOST is an audio _p,".v_" 

VST HOST UUjJinUCll,"aclvuofaVST all the 

VST PARAMETER is hosted 
and the domain 

P""I'>"'" and are controllable by VST host 
the VST wrapper 

VST SDK v2.4 is a release of the VST 
definition 

SDK that accomodates the VSTXML 

VST SYSTEM is a VST att,achmg to a VST host. 

VST TRANSCEIVER is a combination of a VST Transmitter and VST Re­
ceiver that will interface to the VST environment. 

lUU,'-'Ll'VU(Ul.Y a VST that can be loaded a VST 
host. It 

VSTXML DEFINITION released with the VST SDK v2.4 allows 
for a hierarchical namespace of vst to be constructed. 
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1 

DESCRIPTION 

defined in this class upon Hl~'L""ULl"'L'U'" the as well as 
The between the VST host and the VST 

real time 
environ-

this class. Blocks of code that send and receive lJa[(U_H~lG~I-
domain are the and 

methods for audio data are pn)Cf~SSJtteplaLcnlgl 
mented method from the Observer interface 
method is called the host 
audio data between VST host and 

This class also Observer classes with Observable classes which pro-
vides the conduit for data flow within the 

PACKAGE 

INHERITS THESE CLASSES 

This class inherits from the ""."un.ucau-c"" class from the 
per This vellOPInelllt of VST from the Java 
environment an plelnerna{,lOn of the JNI. 

IMPLEMENTS THESE INTERFACES 

The UUP«"U'vU"" the Observer for in 
other The Observer class and Observable interface are core to the data 
flow processes within the 

INSTANTIATES OBJECTS FROM THESE CLASSES 

• Gui 

• 
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• IconFlashthread 

• XmlParser 

• AudioReceiverThread 

• 
• 
• 
• VstAudio 

2 

DESCRIPTION 

This class is res.ponsl for the user interface associated with the 
information about the internals to the user. The CO]lltil:!;m:ation 

settings, real time the ase 
class constructs the Address 

PACKAGE 

INHERITS THESE CLASSES 

IMPLEMENTS THESE INTERFACES 

INSTANTIATES OBJECTS FROM THESE CLASSES 

• 
• DefaultMutableTreeNode 

3 

DESCRIPTION 

A class used to create a 
class. 

PACKAGE 

INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 
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4 

DESCRIPTION 

A static class used to store static variables that are used the 
nr£n",r",., • ., "",,--,C;OVl<'UY within constructors of different classes. It stores data rel-

Vst OSC server, OSC 

PACKAGE 

INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

5 

DESCRIPTION 

A class that is used for Hl""CU1L1C'LH.'5 OSC server and OSC client 
It is also used in the data flow process for ">on"·n ... ' ..... · and audio data. 

PACKAGE 

osc 
INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

Observer 
INSTANTIATES OBJECTS FROM THESE CLASSES 

.. OscServer 

.. OscClient 

6 

class for OSC messages. This is achieved the 
method in the OSCListener interface. All OSC messages re-

ceived at the is addressed by different blocks of the u!t:"",ct)!,t:J.uo-

method. This caters for all OSC data 
PACKAGE 

osc 
INHERITS THESE CLASSES 

Observable 
IMPLEMENTS THESE INTERFACES 
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none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• OSCServer from the Net U til 

• OSCListener from the NetUtil 

• Socket Address 

• 

1 

DESCRIPTION 

This class sends data from the 
An,oninO' and 

nel. This class constructs OSC messages from the VST data 
before it onto the network. The three main data 

audio and VstTimelnfo. 
PACKAGE 

osc 
INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• OSCBundle 

• OSCPacket 

• 
• OSCPacketCodec 

• 
• Socket Address 

• 

8 

DESCRIPTION 

used as a class for such as VstAudioRe-
ceiver and VstTransmitter. There are no methods within this class besides the 
constructor. 

PACKAGE 
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vst. transceiver 
INHERITS THESE CLASSES 

Observable 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• VstData 

• VstAudioReceiver 

• VstTransmitter 

• VstParameter 

DESCRIPTION 

this class is used for VST audio and VST-
Timelnfo data It also creates a XmlParser used in the translation 
of VSTXML data for the of data within the data 

This class extends and UHV"'Hl'tau,:> the Observable and Observer classes re-
which are used in the data flow processes for the different data 

PACKAGE 

vst.transceiver 
INHERITS THESE CLASSES 

Observable 
IMPLEMENTS THESE INTERFACES 

INSTANTIATES OBJECTS FROM THESE CLASSES 

• XmlParser 

• VstParameter 

• VSTTimeInfo 

• VstAudio 

DESCRIPTION 

This class is a critical in the data flow process. All in any data 
flow process uses this class. The class uses the as ar!~urnCllt into 

U",''''''I'> whether objects are or not. 
PACKAGE 
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INHERITS THESE CLASSES 

IMPLEMENTS THESE INTERFACES 

Observer 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• 
• VstParameter 

• 
• VSTTimelnfo 

• OscParameter 

• 
• 

11 

DESCRIPTION 

This class serves as in the 
data are or not. 
to each variable within the class in order to 
within the class. 

PACKAGE 

INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 
This class is TPo,nn,n,,, 

data to local variables. 
within the 1-''''.'''''''"'''' 
use the 

PACKAGE 

xmlParser 

for l!m'nrw·t,n 

as well as to construct the 

INHERITS THESE CLASSES 

none 
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IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• Document from JDOM 

• '-'-"LOU"'''''' from JDOM 

• File 

• T.nnnpr from JDOM 

• Element from JDOM 

• List 

• l're:eU'utlmtter from JDOM 

DESCRIPTION 

This class as the name "u~""'''''c" 
the It handles the nrnprlTHY 

is used to handle the network 
PACKAGE 

vst. transceiver 
INHERITS THESE CLASSES 

VSTVlOToHost 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• OscAudio 

• LinkedList 

• 

DESCRIPTION 

This class a buffer that is used to manage 
the network. This is as the audio traffic destination ""I-'I"U'~""""V" rp""i'rp" 

fixed rate audio data and cannot handle network The 
a buffer introduces <"""",.",> into the of the range of 5-20 ms. 

PACKAGE 

vst. transceiver 
INHERITS THESE CLASSES 
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VSTVlOToHost 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

This class allows for the Gui to use its own threads for the Drl)C()SSllng 
""-IlUU:;U to the appearance of a 11"""11'.1115 

rp",rl.n.Cf affords more prl[)C(~Sslmg to the core functions. 
PACKAGE 

threads 
INHERITS THESE CLASSES 

Thread 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

• JLabel 

• Gui 

DESCRIPTION 

the 
A Parameter data class ~'-""U"UF> the variables 

PACKAGE 

INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

An Audio data 
audio 

PACKAGE 

class ",,-,,eLAU."F> the variables 
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INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

An TimeInfo data type class ae!Ullllllg the variables 
TimeInfo 

PACKAGE 

INHERITS THESE CLASSES 

none 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

The VST version of the Parameter class 
PACKAGE 

INHERITS THESE CLASSES 

Parameter 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

The VST version of the Audio class 
PACKAGE 

INHERITS THESE CLASSES 

Audio 
IMPLEMENTS THESE INTERFACES 

none 
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INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

The VST version of the TimeInfo class 
PACKAGE 

INHERITS THESE CLASSES 

TimeInfo 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

An ase version of the Parameter class 
PACKAGE 

INHERITS THESE CLASSES 

Parameter 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 

DESCRIPTION 

An ase version of the Audio class 
PACKAGE 

INHERITS THESE CLASSES 

Audio 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 
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DESCRIPTION 

An ase version of the Timelnfo class 
PACKAGE 

INHERITS THESE CLASSES 

TimeInfo 
IMPLEMENTS THESE INTERFACES 

none 
INSTANTIATES OBJECTS FROM THESE CLASSES 

none 
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<VSTParametersStructure> 
<!--Value types:--> 

<! 

<Param 
<Param 
<Param 

name="Switch"> 
name="Off" value:" ,0. 

1. 

--> 

name="Global" values="offset=l"> 
<Param name="Volume" shortName="vol" label="dB" id="offset+O"/> 
<Param name="Pan" id="offset+l" 
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values="offset=3"> 
<Param name="Attack" shortName="A" label="ms" 
<Param shortName="D" label="ms" 
<Param name="Sustain" shortName="S" label="ms" 
<Param name="Release" shortName="R" label="ms" 

name="Filter" values="offset=7"> 
<Param 
<Param 
<Param name="Resolution" shortName="res" 
<Param shortName="env" id="offset+3" 

<!--Global: --> 
name="Oscillatorl" shortName="oscl" 

shortName="osc2" 
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