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Abstract

Multimedia has the same potential to revolutionize human-computer interfaces that bitmapped work-
stations have realized over the last decade by providing a more familiar environment to the users. Achiev-
ing this potential requires the development of programming environments with integrated support for
multimedia. SuiteSoundis one such environment. SuiteSound is built in the Suite object-based system
on a conventional UNIX operating system. SuiteSound objects incorporate multimedia by creating flows
and filters. Flows are streams of multimedia data moving through a sequence of objects. They bridge
the gap between objects representing the state of an entity at a discrete point in time and space and
continuous media such as live audio or video. Filters are intermediate objects between the source and
destination of a flow. They take a flow as input, perform one of several operations such as multiplex-in,
multiplex-out, gain control, or silence deletion on it, and send the resulting flow to its destination. In
effect, they provide a virtual device interface for the application programmer that is uniform and inde-
pendent of any physical device. This paper describes the design and implementation of SuiteSound on
the Sun SparcStation. We perform experiments to determine the network and CPU load of the sound
tool, detail experiences using the SuiteSound environment and applications, and suggest future work.

1 Introduction

Computer Supported Collaborat e or CSC s the study of methods for enhancing coo eration among
com uter users by roviding tools that e licitly su ort user interaction and sharing of information
Suite is an ob ect-based system ith o erful tools for develo ing distributed collaborative a lications
, This a er describes SuiteSound, a tool for mani ulating multimedia o s, such as digital audio, in
Suite
SuiteSound su orts develo ment of collaborative a lications using multimedia by integrating e ible,
easy-to-use digital audio ith a e ible, easy-to-use ob ect-based system SuiteSound a lications readily

combine live or recorded audio ith editable re resentations of user ob ects This a er describes the design,

im lementation, and early e erience ith SuiteSound, along ith some sam le a lications




There are many a lications for multimedia in collaborative a  lications Multimedia electronic mail sys-
tems, such as Diamond | ease communication bet een artici ants, es ecially those ho are not used to
using com uters Teleconferencing systems im rove synchronous interaction, hen traveling is not desirable
Distributed education is also ossible, ith students at remote sites seeing video images of the instructor, and
artici ating in the class through sound transmitted bac to the classroom This section brie y describes
several of the successful multimedia environments for collaborative or
The Ether hone system su orts locally distributed com uting environments ith multi le or stations
and multi le net or s n the Ether hone system, each or station is associated ith an Ether hone
that digiti es, ac eti es, and encry ts the voice and transmits it over the Ethernet The voice manager in
the Ether hone system rovides facilities for recording, editing, and laying stored voice
Collaborative multimedia has already roven useful for distributed decision ma ing or instance, the
Mermaid system is designed for collaborative decision-ma ing ith multi le remote artici ants Data,
voice, and video are transmitted using - SD channels ith bs er channel The voice and data use
one -channel and video the other  sers can tal freely, ith voices mi ed and transmitted to all users
simultaneously n Mermaid, synchroni ation, routing, and distribution are done se arately for voice, video,
and data This allo s all three to run at high s eeds, but ma es the synchroni ation of the media more
di cult
esearchers are also focusing on develo ing sharable audio servers for su  orting multimediaa lications
Angebarnndt et al describes a client-server model that uses an audio server for su orting shared access to
audio hard are, introduces a rotocol that rovides a lications ith a device-inde endent interface to the
audio ca abilities of the or station virtual devices ; and rovides rimitives for synchroni ing the various
media com onents Tere and as uale describe an e tension to the indo System to su ort
audio The modi ed server acce ts audio re uests from across the net or and e ecutes them on

Sun S arcStations

ur or e tends revious research in four ays irst, SuiteSound rovides an ob ect-oriented inter-
face for building a lications that integrate multimedia ith traditional ob ects, romoting sim licity and
re-usability Second, our or su orts multimedia o s ith multi le sources and multi le sin s, and
di erent ays to merge or s lit the o s Third, e are investigating methods of concurrency control that
allo end-users to e ectively control multi le multimedia streams at their or stations  ourth, e are
erforming e eriments to measure the costs of di erent im lementation strategies for multimedia systems

on conventional o erating systems




Section  describes issues in incor orating multimedia in an ob ect-based system on a conventional

o erating system, and describes our rototy e im lementation Many of these issues are inde endent of the
articular system e have chosen for our im lementation Section introduces three a lications ,

, and Section  describes a number of e eriments aimed at measuring the net or and

C load of Teleconf, com ares the erformance of t o silence deletion algorithms, resents formulae for
measuring or done at each local or station, estimates the ercentage of dro ed sound bytes, and sho s

a brea do n of sound ac et si es Section summari es the lessons learned in  or ing ith SuiteSound

inally, section  resents our conclusions and suggests directions for future or based on our e eriences

in ndl nt tiono uit ound

This section resents an ob ect-based design for continuous data assing through discrete ob ects, introduces
Suite, an ob ect-based system for building distributed a lications, resents the im lementation of Suite-
Sound, e lains the recording and laying o erations in SuiteSound, and gives an e am le of a lter built
into the sound tool for removing silence
ur goal is to e tend Suite ith su ort for continuous multimedia, such as live sound, live video, or
animations e are articularly interested in su ort for collaborative a lications, so our focus is not on
database techni ues for storing multimedia, but on active techni ues for rocessing the data S eci cally, e
intend to develo a system that su orts sim les eci cation of multimedia rocessing and easy integration
ith other collaborative a lications The continuity and real-time re uirements of multimedia rocessing
can ma e a lications di cult to rite e ant infrastructure to handle the com le ity, hile allo ing

rogrammers the e ibility to create the a lications they need

b ect-based systems are being used for many tas s because of the bene ts of im roved enca sulation
o ever, ob ects are inherently discrete, conce tually containing the re resentation of the state of a system
at a ed oint in s ace and time Continuous media, such as voice and video, o across time, ith no
convenient boundaries for ob ect re resentation b ects can be used to re resent discrete arts of the o |
but do not readily re resent the entire o
e ro ose brea ing continuous media into chun s  ather than using individual ob ects to re resent
these chun s, individual ob ects re resent oints in s ace ast hich the chun s must o over time n
our design, continuous media is rocessed through o and {lter lo s re resent connections bet een
ob ects through hich continuous media can move from a source to a destination ilters are ob ects that

ta e o sasin ut, rocessthe o ,and roduce amodi ed o asout ut ilters rovide a virtual device

interface on to of hysical audio devices ilters modify the functionality of the virtual device, but rovide



the same interface, so additional lters can be a lied to the modi ed o A lter erforms an o eration
ona o traveling from a source to a destination ilters can combine o s or create ne o sas art of

an o eration ossible lters include and

bl 3

lo s carry data from the out ut of one virtual device to the in ut of another = rogrammers build

a lications by instantiating lters and oining them ith o s, much as rogrammers create ne
tools from utilities by oining old tools ith 1 es nce a o is established, it moves automatically
through the lter The ermanent state of the ob ect re resents a brief interlude usually to second

in the continuous o of the media
lo s are constructed as a series of Iter ob ects lin ed together, ith a source at one end and a sin
at the other n most a lications either the source or the sin is chosen to rovide the real-time cloc rate
for the o  The designated cloc source issues callbac s to the ne t lin in the o | delivering data if the
cloc source is also a data source, and re uesting data if the cloc source is a data sin  These method
invocations from an ob ect to an a lication lter are named allba  because the method to be invo ed is
assed to another ob ect, hich calls-bac the original ob ect Callbac s are similar to S ift s up all

in that they are invocations from a lo er layer of a rotocol stac to a higher layer ithin an a lication,

callbac s are used to ass the data from one lter to the ne t in the o , until it arrives at the sin

SuiteSound is being develo ed in the Suite environment  rasun De an and his research team designed
and develo ed Suite, a multi-user interface generator, at urdue niversity They im lemented a Suite

rototy e on to of , TC , S , and Suite su orts remote rocedure calls C,
active ersistent data, and management of direct mani ulation user interfaces The Suite ob ect model is

an e tension of , allo ing distributed, shared, rotected and ersistent ob ects

The Sun S arcStation has a hysical audio device that lays and records at bytes er second FEach
byte re resents a single  bit ulse Code Modulated CM sam le from the hysical device, com ressed
to bits through -la com anding Sun S rovides a library of functions for o erating on the -la
data

SuiteSound is com atible ith any interface based on the general frame or of a device to hich sound

bloc s can be read or ritten, allo ingone SuiteSound interface to be im lemented on many hysical devices




SuiteSound uses a se arate ob ect to manage the record and lay com onents of the sound device These
ob ects interact ith the sound device, and resent the lter virtual device abstraction to lter ob ects The
sound ob ects deliver or receive sound in t o modes synchronous or asynchronous n synchronous mode,
the sound ob ect bu ers sound and delivers or lays it hen re uested by its successor lter in the o
Synchronous mode is useful hen some other lter in the o is delivering data at a hysical cloc s eed
n asynchronous mode, the sound ob ect uses a timer to eriodically deliver or re uest sound data hen
the timer e ires, the sound ob ect issues a callbac to the ob ect that initiated the o n asynchronous
mode, a lter rovides data at a real time rate
ilters in a o o erate in ush or ull mode A Iter ushes data by re uesting that its redecessor
o erate asynchronously, and its successor o erate synchronously n res onse to each message from its
redecessor, the lter wushes the data to the aiting successor A lter ulls data by re uesting that its
redecessor o erate synchronously and its successor o erate asynchronously n res onse to each message
from the successor, the lter re uests more data from its redecessor to send to the successor A lter
can change from synchronous to asynchronous o eration by ust changing the calls that connect it to its

neighboring lters sually all ltersina o o erate in the same mode

Silence deletion can be thought of as a lter acce ting o s at one end, removing silence from, and sending
them to the destination A lication develo ers access silence deletion through the lter library
The roblem of silence detection and deletion has been studied in various domains, including natural lan-
guages, multimedia systems, tele hone systems, and net or systems atanabe e lores the develo ment
of a machine that ada ts its conversational s eed to the articular s eech attern of a s ea er by detect-
ing silence ashorda and ones sho that muting of transmitters during eriods of silence increases
the voice ca acity of a microcellular cordless tele hone system The MA  ET system uses ada tive
rotocols for dynamically controlling the net or load re uirements by detecting silence in s eech or lac
of motion in video These ro ects demonstrate the feasibility of silence deletion and detection  ur
ro ect aims at reducing the net or tra ce erienced in un ltered ree mode by silence removal
There are many ossible algorithms for determining non-silent eriods Most are based on atching the
linear audio signal for sections of re-determined length ith non- ero energy Since most energy comes
from voiced s eech, this may do oorly for sibilants or fricatives at the beginning or end of a ord ur
algorithms are based on measures of energy, but do not seem to have such roblems, erha s because of
relatively large chun si e e used
ur silence deletion algorithms do not re lter any fre uencies, so the audio signal has bac ground

noise  or this reason, instead of loo ing for non- ero energy, the algorithms loo for energy above a certain



threshold The algorithms are some hat sensitive to the choice of threshold, but noise levels are lo enough
that s eech may readily be distinguished from silence

e rtesent t o algorithms for detection and deletion of silence both based on measures of energy

ere - This algorithm nds a byte nonsilent if it is su ciently distant from the revious byte as
de ned by some minimum threshold Distance is the absolute value of the di erence bet een the linear
values of t o bytes The idea is that if an audio signal has energy from voiced s eech, it ill have

much larger oscillations than a silent signal

- This algorithm nds a chun of bytes nonsilent if the average energy is above a minimum threshold
The chun si e used for our e eriments is ms bytes  The average energy is the sum of the
absolute values of the linear values of the bytes in a chun The idea is that if an audio signal has
energy from voiced s eech, the average energy of a chun  ill be much higher than that of a chun

from a silent signal

AM is less sensitive than the Di erential method to small s i es in the audio signal since it averages
over a chun of bytes n order that these algorithms not delete silence from bet een ords or hrases,
each detects ms of silence before starting to discard bytes or chun s After ms, bytes or chun s are

discarded until nonsilence is again detected

loor o trol in a collaborative system com rises a set of olicies to control access to the set of shared
ob ects  loor control olicies usually ermit or deny access to all the ob ects in the collaboration simul-
taneously, conce tually controlling the entire  oor at once More general concurrency control olicies
se arate the ob ects into domains that can be accessed individually loor control can be im ortant
in collaborative multimedia to structure the interaction and reduce band idth SuiteSound is designed to
su ort arbitrary oor control n this a er e discusst o oor control olicies rst-in, rst-out ,

in hich artici ants are ueued in order, and ree, in hich there is no oor control

ic tion

This section describes the design and im lementation of three SuiteSound a  lications Teleconf, Annotator,

and CS

Teleconf is an audio teleconferencing tool built on SuiteSound Teleconf has ob ects that manage oor control

and sound delivery These ob ects interface ith SuiteSound ob ects to lay and record the sound
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igure b ect interconnections for the Teleconf teleconferencing tool

igure de icts the interconnection among SuiteSound ob ects during at o- erson teleconference Each
or station runs t o SuiteSound rocesses that manage the record and lay ca abilities of the audio device
n addition, each user has t o Teleconf ob ects, one for routing sound to other users, and one for receiving
sound from other users A Master ob ect manages oor control, not rocessing any sound itself, but informing
the Teleconf ob ects hen they should transmit or receive sound
Teleconf currently su orts t o oor control modes and no oor control ree n mode,
artici ants ueue to obtain ermission to transmit sound  nly one station transmits sound at any given
time n ree mode, each station can transmit sound to every other station Thus, the Teleconf ob ects
have multi le incoming audio data streams They convert the data to linear form and add any other data

received since they last called their SuiteSound ob ects



Annotator is a single-user a  lication built on SuiteSound for recording and laying bac voice annotations
The user enters voice entries into a variable si ed array The array stores a voice-entry-id, a brief descri tion
string and the a ro imate length of the annotation  oice annotations are ersistent user s can modify
and re lay them as needed Annotator su orts o erations that change the content of the sound annotation
These include

,and Annotator alsosu orts o erations that do not change

the content of the sound annotation These include and

bl bl bl

The CS tool see section relies heavily on the Annotator

The Collaborative Soft are ns ection tool CS su orts soft are ins ection in a distributed, collaborative
environment Soft are ins ection activities can be thought of as asynchronous and synchronous  re-
liminary results suggest, that given the ro er audio su ort, distributed collaborative soft are ins ection
can be as e ective as traditional soft are ins ection

The asynchronous activities are those that can be done se arately by the artici ants These are the
distribution of target material and the creation of the correlated fault list  evie ers vie the lines of target
material through the ro ser ob ect and annotate the lines through a sound or te tual annotator The
annotations hel the roducer create the correlated fault list The soft are ins ectors use the fault list
during the synchronous art of the ins ection

The synchronous activities are those that re uire all artici ants to or at the same time These are
the discussion of the correlated faults, the agreement on the faults, the recording of the action items, and the
determining the status of the ins ection Soft areins ectors use Teleconfin con unction ith CS tosu ort
verbal interactions CS dis lays the recorded material on the all of the artici ants screens The recorder
enters action items into an action list visible to all artici ants The recorder also maintains information
on the attendees, status of the meeting and the nal decision made concerning the target material being
ins ected CS automatically records system activity such as loading of les and ob ects, u dating of data

structures in ob ects, and unloading of ob ects for future statistical studies

.
rr nt

This section describes several e eriments in Teleconf — ur rimary goals are to assess Teleconf erformance

under ree mode and under t o di erent silence deletion algorithms erformance is based on net or and

C loads



The goals of our e eriments in ree mode are to

Assess the feasibility of teleconferencing on Ethernets for di erent number of artici ants
Com are the net or load of ree mode ith and ithout silence deletion

Com are the t o silence deletion algorithms in terms of net or and C loads

ur e eriments involved four Com uter Science graduate students at the niversity of Minnesota These
students engaged in conversations using Teleconf on a  Mb s Ethernet and Sun or stations The
students received Teleconf training rior to conducting the e eriment e held ten sessions, varying the
number of artici ants and the method of silence deletion used
e used to observe the net or load generated by Teleconf atches ac ets
bet een any s eci ed air of machines and ee s trac of the number of bytes sent or received in
second intervals The out ut for each ac et contains a timestam , number of bytes in the
ac et, rotocol, source or station, destination or station and the sending and receiving orts
To measure C load, e follo ed the method described in a o s aet al s a er e ran a
rocess in the bac ground that incremented a counter, and com ared s eed ith and ithout Teleconf The
counter as run in con unction ith Teleconf, su orting , , , and - erson conversations, for the same
time interval e re eated the runs ve times in each case The average ratio bet een the nal result of the
counter values, ith and ithout Teleconf running, is a coarse estimate of the C that Teleconf uses and
ho much rocessing resources are left for other a lications
e used a com uter lab that as lightly-loaded during vacation e ere the only users of the com uters
used in the Teleconf sessions, and net or tra c from other users ase tremely light
e centered the discussions on ro osed revisions of this a er Discussions ere seven to eight minutes
in length e based our results on ve minutes from the middle art of the trace les, to evaluate the stable
art of the conversation
e erformed e eriments in un ltered ree mode, ree mode ith a AM silence deletion lter, and

ree mode 1th a di erential silence deletion lter e used combinations of and articl ants

The de endent variable is the net or load, in terms of the number of bytes er second average, ea

and standard deviation , and number of ac ets er second average, ea and standard deviation

The follo ing tables and gures sho the results of our e eriments
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Table  Counter values ithout Teleconf and ith , |, , and artici ants in ree mode

e od o erso erso erso
n ltered Mean
Std Dev

ca

di erential Mean
Std Dev

ca

AM Mean
Std Dev
ea

Table et or load in bytes er second in ree mode un ltered and ith AM and di erential silence
deletion lters for , and erson conversations

s e - Table sho s the counter values ithout and ith Teleconf running ith , | | and
artici ants in ree mode
es so ered ree d ere d - Table gives a summary of the ra data e

obtained during our e eriments

erso o0 ers o s- igures , , sho the total number of bytes in one-second intervals for a

- erson conversation in un ltered free mode and 1th the AM and di erential silence deletion lters

e od y es - igure sho s the mean net or load in bytes for the un ltered ree, and ith

di erential, and AM for , and erson conversations

This section analy es the results given in the revious section

s e: igure sho sthe ro ection of C usage for artici ants based on the e erimental
results for , | , and artici ants in un ltered ree mode C costs become rohibitive after or
artici ants, not allo ing any other a lications to run  reliminary ro ling indicates silence deletion may

reduce total C load
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igure E tra olation of the ercentage of C used by Teleconf to artici ants
o rso o ered ree d ere d
igures , , , and Table sho there is far more variability in the Itered results ee ect this

since hen no one is s ea ing, the load generated is much smaller, and hen s eech is resent, the

load ill be very close to the un ltered ree mode

The mean bytes for , and conversants sho the silence deletion algorithm signi cantly reduces
net or tra c¢ The di erence increases as the number of artici ants increases as sho n in gure

e e ect this since ty ical conversation has only one s ea er at a time the others are listening and
generating silence n the un ltered ree mode, increasing the number of artici ants increases the

amount of silence that is sent over the net

n the - erson conversations, the ea load for a second interval as bytes sec for the un Itered
ree mode, bytes second for AM and bytes second for di erential The ea load for AM

and di erential is close to half that of the un ltered ree mode

r o ed e wor o d: Sincetheloadin un ltered ree mode is constant for each artici ant, the
total o ered load is de endent on the number of artici ants The sound generated by each of  artici ants
is sent to other artici ants The total net or o ered load is here

is the amount of load laced on the net or by one erson sending messages and getting ac no ledged

o ever, in a ty ical conversation there is only one erson tal ing at a time ith a silence deletion lter,
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Table  Derived formulae for net or o ered load

e are e ectively reducing the load to n at any oint in time, only one erson is utting load on the
net or The total net or o ered load is then here  is a reduced load
ut on the net by the artici ant ho is currently tal ing n ractice a real Ethernet ill not be able to
deliver this o ered load, because of increased contention, but the ro ection suggests u er bounds on the
number of artici ants in a teleconference
or solving for ith our observed load, e consistently obtain a value of about
bytes second Solving for in the case of AM and di erential, e obtained values of and
res ectively
This result allo sustoe tra olate the net or o ered load to conferences ith more than  artici ants
igure sho s our estimate of the increase in net or load ith more artici ants The un ltered ree load
increases uadratically The results sho that the silence detection and deletion lter reduces the net or
load from for un ltered ree to for the lItered conversations
The use of silence deletion lters is com atible ith hard are multicasting ur ro ections of the load

ith and ithout silence deletion for multicast and uni-cast are sho n in table



os : e investigated hether the audio device as ee ing u  ith the tas of reading from the
micro hone The SuiteSound record ob ect reads the data from the audio device every milliseconds t ice
er second , reading a ro imately bytes of data SuiteSound bu ers this data until the Teleconf record
ob ect uses a callbac routine f the sound device over o s the bu er, ome of data may be over- ritten
o much data is lost this ay
er minute of conversation, the actual bytes stored in the bu er averages to bytes, hile the total
bytes that should have been read averages to bytes Thisis a di erence of bytes or a ro imately

ercent of the total e nd this ercentage of loss to be acce table

on rn d

This section describes a number of lessons e have learned from using a teleconferencing toolin a or station

environment The study of these lessons motivates the future or described in section

oor 0O ro: irst-in, rst-out oor control as found to be too restrictive o oor control
ree mode used much more C and net or resources Silence deletion reduced the resource usage in
ree mode to almost the same as strict oor control

e y: Delays in transmitting the s eech ere noticeable, but acce tably small on a local-area net or

ser er e: ecause Teleconf is often used in su ort of other a lications, feedbac to the user

should not distract from the other a lications e found audio feedbac more hel ful than visual feedbac

o so dee o : n ree mode the s eech of t 0 s ea ers s ea ing simultaneously is merged t
as often ossible to identify the s ea ers in merged s eech, hich as an advantage for later oor control

negotiation

se o e dse s: e used head hones and la el micro hones for all silence deletion  sing s ea ers
created feedbac into the micro hones n ilot tests e have used headsets ith built-in micro hones, and
these ere also e ective o er wuality micro hones ere signi cantly noisier, ma ing silence deletion less

e ective

0 so e or ro e : The rocess model does not currently su ort
multi le threads of control ithin an address s ace This limitation means that e ecution of methods ithin
an ob ect can interfere ith the e ecution of other methods The most serious roblem e discovered as a
result of this limitation is that o s 1ith a cycle in them 1ill sometimes 1l u the net or streams used by
Suite for communications, resulting in deadloc  To avoid this roblem, our a lications do not construct

cyclic o s or instance, the Teleconf lay and record ob ects are se arate to avoid creating a false cycle



one of these roblems ould e ist in an o erating system that su orts multi le threads of control in

each address s ace

e e ee o : Thereis asubstantial amount of audio data that does not need to be sent The silence
deletion algorithms remove a signi cant ortion of the o of sound ithout a ecting the wuality These

algorithms reduce net or load substantially, and a ear to also reduce C load

oncuion nd utur or

SuiteSound has roven a convenient tool for building ob ect-based a lications that include audio The
mechanism rovided has made it relatively easy to build audio a lications, and has roven e ible enough
tosu ort every a lication e have attem ted The o modelis convenient, es ecially since a lications
can initiate a o and then continue ith their other or  hile the o  asses through asynchronously
Suite has been a good latform for building collaborative a lications, and the SuiteSound e tension enhances
these a  lications
ur ne design for SuiteSounds rovides high-level s eci cation of o s based on a library of lters
ilters can be dynamically arranged into rocesses to reduce communication overhead ee ect anim le-
mentation of the ne design to im rove erformance and ma e o s easier for rogrammers to create and
modify
ure erimentssho the C  andnet or load of live audio using SuiteSound under various conditions
ur results indicate that n ltered ree mode im oses a high C and net or load The use of
silence deletion lters is an im ortant factor in reducing net or and C  load A controlled oor model,
such as , greatly im roves net or tra c by reducing the number of lin s that each or station has
to su ort The di erential method for silence deletion reduces an average conversation to ercent
of its original si e, hile AM reduces an average conversation to ercent of its original si e

e suggest a rich set of roblems for future or , based on our e erience ith SuiteSound

o d s rs Ss e : ntegrate sound in a collaborative infrastructure as a rst-class ob ect
rogrammers should build a lications using multimedia in the same ay they build a lications using
conventional media  sers should have the same su  ort for access control, concurrency control, undo redo,

and cou ling for all media ty es

r e o : uild a visual rogramming language for o s eci cation rograminers
could construct o s by dra ing connections among lters from an iconic tool it  unning o s could sho

sound moving among the lters visually



y o er e: Develo a uality of service s eci cation for the o model ur e eriments
have sho n the im ortance of lo latency in maintaining e ective audio communications Measure the

im rovements in audio uality over ide-area net or s using the uality of service s eci cation

er e s: Develo an ob ective measure of s eech uality that re ects the trade-o sin or station-
su orted audio  erform e eriments to study the C and net or tradeo s in various oor control
olicies, using silence deletion, com ression, and encry tion e eat thee eriment for ide-area net or s,

using synchroni ation techni ues as necessary
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