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Abstract
Multimedia communication can be supported in an integrated-services network in
the general framework of realtime communication. The Tenet Group has devised an
approach that provides some initial solutions to the realtime communication problem.
This paper attempts to identify the principles behind these solutions. We also describe
a suite of protocols, and their implementations in several environments, that embody
these principles, and work in progress that will lead towards more complete solutions.
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1 Introduction

High speed networking has introduced opportunities for new multimedia applications such as video
conferencing, scientific visualization and medical imaging. These applications have stringent network
performance re uirements in terms of parameters such as andwidth, dela , dela itter, loss rate
or some com ination of these. n the area of computer networking, multimedia applications can e
considered a su set of the larger class of realtime applications, which include realtime distri uted
computations, remote control s stems, and interactive applications. e shall therefore address the
pro lem of realtime communication rather than the more restricted one of multimedia communica
tion see also . .  hile circuit switching networks can provide realtime support, the elief is now
widespread that future integrated services networks will use packet switching techni ues to achieve a
more e cient usage of network resources. ince current packet switching networks cannot guarantee
the re uired levels of performance to their clients, the pro lem of how to support multimedia and
other realtime applications in a packet switching environment has ecome a pressing research issue.
The Tenet roup at the mniversit of alifornia at erkele and the nternational omputer
cience nstitute has een working since to provide a practical solution to the pro lem of
realtime communication. The initial goal of the work was to devise and specif in all its details a set
of algorithms that, when implemented in a network, would ena le the network to o er a realtime
service to its clients. uch a set of algorithms was called a , or a
for revit . hen the initial scheme to e called cheme in this paper was completed, the
group was o ered the opportunit to perform realtime communication e periments on the unet
wide area networking test ed . This, however, re uired several e tensions to cheme
the resulting scheme cheme in the se uel has een em odied in a suite uite  of realtime
protocols designed the Tenet roup.

The design of these schemes and suite re uired, as is the case with all designs, a num er of
compromises and restrictive assumptions. However, the group s previous pu lications paid much
more attention to the features of the schemes and suite than to the distinction etween the principles
of the approach and the design compromises. This has unfortunatel misled man discussions of our
work. n this paper, we tr to identif the principles that have guided, since the eginning, the Tenet

roup s work, so that the de ate can e focused on the crucial issues rather than on less important
or unimportant considerations. These principles can e regarded as constituting and characterizing
the to realtime communication. igure shows the relationships among the concepts
mentioned in this section.

Principles Approach Tenet approach
Algorithms Scheme SchemeO Schemel Scheme?2
Protocols Suite Suite 1 Suite 2
igure omponents of the Tenet approach.

large num er of schemes can e constructed that are consistent with the Tenet approach.

ome schemes ma o e onl asu set of the principles of the Tenet approach if the corresponding
restrictions are deemed necessar to make the scheme s construction managea le.

e summarize the main features of cheme and cheme in ection as a ackground for

the following discussion. n ection , we first clarif the meanings of some of the terms we have



used, and identif the most important compromises we made in our designs then we discuss the
principles that constitute the Tenet approach to realtime communication. ection descri es the
design of wuite and its relationships to oth cheme and the networking test eds for which it

has een implemented. ome of the novel aspects of cheme | now eing designed the Tenet
roup, are outlined in ection . ection rie e amines related work from the viewpoint of the
Tenet principles. ection concludes the paper.
initi nt c nd it t n ion
ta sc
The initial Tenet scheme cheme is descri ed in detailin er a, , and .

The network t pe it assumes has general topolog , ut consists of identical switches and identical
hosts. Thus, cheme applies to a homogeneous network internetworking is not supported.

The communication a straction on which cheme is ased is the . or the
purposes of cheme a is defined as a simple unicast end to end connection with
performance guarantees and restrictions on tra c. realtime channel is associated with a set of
nodes and links within the network, through which the realtime data packets for the connection
pass, and which we call the of the channel. To satisf the performance guarantees, we reserve
resources in the nodes on the route, and perform admission control tests during the process of
esta lishing the channel.

realtime communication service is defined the interface it o ers to its clients er . The
interface of a service ased on cheme allows the clients to specif their loads and their performance
needs, and can e thought of as leading to a contract etween each client and the network.

The tra c¢ specification to e given the client includes parameters e pressing the peak and
average load on the network, and an indication of the urstiness of the load. These parameters,
which are allowed to take values from a continuous range over the set of positive integers, are

inimum packet inter arrival time
verage packet inter arrival time _
veraging interval

a imum packet size

The performance parameters which clients descri e their re uirements are

ela  ound
ela violation pro a ilit ound
u er over ow pro a ilit ound

ela 1tter ound

gain, each of these parameters is allowed to take values from a continuous range. The dela
violation pro a ilit  ound allows the client to specif the hardness of the guarantee on the
dela  ound. ore ample,if is one, then the guarantee is , otherwise 1t is .
guarantee on andwidth is o tained from the tra c specifications, ecause the network promises



to a sor the o ered load as descri ed the client and provide deliver within the specified per
formance ounds. ote that is a deterministic ound, and that its specification is optional.

The network checks its internal state and either accepts the client s re uest or re ects it with an
indication of the reason for the re ection. f the network accepts the re uest, then this agreement
takes the form of a contract etween the network and the client that is inding on oth. The client
agrees to a ide  the restrictions of the tra ¢ specifications, and the network guarantees
in the a sence of network failures, to provide the specified performance levels as long as the chent
keeps its part of the contract.

The mechanism used in cheme to set up a realtime channel follows fairl naturall from some
of the asic principles of the Tenet approach, as we will show in ection . . This mechanism
can e summarized as follows. The network takes the client s tra ¢ description and performance
re uirements. t chooses a route for the channel and maps the glo al re uirements onto local
re uirements for each node on the route. n cheme , to simplif our task, we rel on the routing
algorithms e isting in the network, even though this algorithm ma ignore the special needs and
constraints of realtime channels. The network then performs channel admission tests on the asis of
the re uirements, and if successful, makes reservations at each node. This is done in a distri uted
fashion during a round trip communication.
n the forward part of the channel esta lishment round trip, resources are reserved to get the
est possi le level of local performance. This implies giving the channel the lowest availa le local
dela  ound, and reserving su cient andwidth and su cient u ers to reduce over ow pro a ilit
to as close to zero as possi le.
t the end of the forward pass, we have information a out the end to end performance that can
e achieved with the current level of i.e., the resources alread allocated to e isting
realtime channels in the network. f an end to end performance ound o tained is etter than
the client s corresponding re uirement, then the network can improve its e cienc reducing the
reservations made during the forward trip. This is done during the reverse trip, and the network
keeps track of the performance level for each inde o tained the reduced reservations to make
sure that it alwa s satisfies the client s re uirements even after this rela ation process.
The channel admission criteria and the reservation algorithms are ased upon worst case anal sis
of the scheduling mechanisms which, in cheme | are assumed to e ulti lass arliest ue ate
in all hosts and switches a, and the tra c specifications, so that after the
setup process we can make guarantees a out the performance of the channel. The data
packets for the channel alwa s follow the route chosen during setup, so that resources are alwa s
availa le when data packets arrive at a node. Thus, the guarantees made the network to the
client are never violated.

t s st ¢t t a sc

s mentioned in ection |, the characteristics of the unet test ed were not in complete agreement
with the simplif ing assumptions on which cheme had een ased. unet is an internetwork,
since its wide area portion is an T ack one, connecting routers that are in turn connected to
hosts through local area rings . urthermore, while hosts and routers can run a
realtime operating s stem whose scheduler can e programmed to o e the discipline, the
switches in the T  ack one schedule cell transmission according to the Hierarchical ound o in
H discipline , which is implemented in hardware and is therefore not easil modified.
The stud of the e tensions needed unet  produced a channel esta lishment procedure
that was wuickl found to e applica le to a ver  road class of internetworks. The procedure is a
hierarchical one, and re ects the hierarchical structure of internetworks.



n esta lishment message is sent  the source host during the forward pass of the setup phase.
The message is hierarchicall structured and can e thought of as containing a frame for each level of
the internetworking hierarch that the message is currentl in. s the message enters a su network,
a new frame is added to contain the tra ¢ description and performance re uirements for this level.
s the message leaves the su network and passes up to a higher level of the internetwork, the frame
descri ing the su network is popped o . record descri ing the cumulative performance indices of
this su network as if it were a simple link is added to the frame that is e posed corresponding to
the ne t higher level of the hierarch
The internetworks in which the scheme works include

su networks in which packet dela s are or can e ounded non Tenet schemes

hosts, gatewa s, and switches in which packet transmissions are scheduled di erent disci
plines, even within the same su network or at the same level in the internetworking hierarch

su networks and su su networks to an hierarchical depth.

large num er of scheduling disciplines are compati le with the e istence of a realtime com

munication service in an internetwork. The conditions a discipline has to satisf are wuite road
even irst ome irst erved can e used to provide such a service as long as some other simple
provisions are made er . The admission control tests and local ound computations that each
node does will depend on its scheduling discipline a, .

cheme also includes a new mechanism for itter control, which had to e devised as one of
the e tensions of cheme since the mechanism used in that scheme does not appl to internet
works. The new mechanism can e used in the ver  road class of internetworks to which the other
e tensions appl  er

nt ro c

an of the characteristics of the Tenet schemes descri ed in ection were dictated the desire
to simplif their design and implementations.  hich of their characteristics should e regarded as
fundamental  efore providing an answer to this wuestion in ection . , we clarif in ection
the meanings of some of the terms we have used, and identif the most important compromises
we made in our designs the characteristics resulting from these compromises should therefore e
regarded as properties of the schemes themselves rather than as fundamental principles.

ar cat S

ne of the important
elements of the Tenet approach is the emphasis on guarantees. That is, once the network accepts
a client s re uest for a certain level of performance, it should e a le to guarantee it, at least in
the a sence of network failures, as long as the clients o e the constraints imposed the tra ¢
specifications. This rather strong emphasis on guarantees does not mean that we are onl interested
in or guarantees. uarantees can also e or , and in fact
this was the case even in the ver first Tenet scheme . . . tistrue that the service provider, to
prove that a statistical guarantee will never e violated, must allocate resources for the statistical
worst case, and this is what Tenet schemes do. However, this allows the urstiness of client tra ¢
to e e ploited for statistical multiple ing and thus less resources need to e reserved for each
connection than would e needed to provide deterministic ones. t has een shownin er  that,
providing statistical guarantees instead of deterministic ones, the utilization of a link  realtime
tra ¢ can reach roughl when the pro a ilit of a packet s missing its deadline is guaranteed
to e under and the wurstiness defined as the peak to average ratio of the tra ¢ is uniforml



chosen etween and . The utilization can e raised to when the pro a ilit of a packet
missing its deadline is guaranteed to e under . The utilization can e even higher with tolerant
clients who do not o ect to larger fractions of packets missing their deadlines.

n the Tenet schemes descri ed in ection , the network provides a single
parameterized a straction to all realtime communication clients. ne concern with this approach
is that the client interface ma e too comple ecause clients have to specif all the parameters
each time the invoke the realtime service, and those parameters ma not e easil estimated. t
should e noted, however, that there are di erent levels of client service interfaces in a network
architecture. The general parameterized a straction in the Tenet schemes is a service interface

etween the network la er and the transport la er. dditional li rar services can e added so that
appropriate values of the parameters for certain common applications such as low wualit video
conferencing can e pre set in the s stem. Thus, most application programs need onl to invoke
the li rar routines, and can avoid specif ing all the network la er parameters.

n chemes and , performance
guarantees and tra c specifications are rigid once a channel is esta lished, its performance and
tra ¢ parameters cannot e modified. lso, when a channel setup re uest is re ected, the client is
given a reason for the re ection, ut no additional help from the service in making a decision a out
what to do is provided. There is no fundamental motive for this too simple interface, which was
chosen as a design shortcut, and is going to e su stantiall improved in future schemes see

gain, this was a
decision made to reduce the comple it of scheme design, as we wanted to concentrate our e orts
on the other algorithms. ndeed, we have alwa s elieved that the routing algorithm used the
channel setup procedure should e plicitl take into account the channel s performance constraints
and the realtime load in each node. This is another shortcut to e eliminated in future schemes see

ingle, fi ed routes for channels are another
simplification introduced in the design of cheme and for managea ilit . n future schemes we
in intend to consider routes that are not simple paths we could pick multiple dis oint paths  a
or single failure immune routes with redundant edges for relia ilit | or tree shaped routes
for multicast ee . e could also reroute a channel during its lifetime, as long as its current
guarantees are not violated. 1l these options are under investigation currentl .

The Tenet schemes
are connection oriented and reservation ased. t pical o ection to such an arrangement is that
it ma re uire a long setup latenc . otice that the reason the schemes are connection oriented is
that resources need to e reserved along the path to avoid congestion that would occur otherwise.

connectionless solution does not need to reserve resources however, it needs to the network
state to determine if the network is congested. or e ample, T  uses a slow start strateg to avoid
congestion, so that it takes a few round trip times efore the source can send at its full speed ac
Thus, in oth cases, the connection oriented Tenet schemes, and the connectionless T approach,
the network needs to e efore data can e sent at full speed. n the Tenet schemes, pro ing
the network state actuall results in reserving resources inside the network if the are availa le. t
should not e surprising that oth t pes of service need to pro e the network state first this is due
to the fact that network resources are limited, and there is the possi ilit of congestion. Ithough
it could still e argued that a connectionless service is more e i le in the sense that data can e
sent at the same time as the network state is eing pro ed, a similar techni ue can e used in a
connection oriented service. or e ample, using the fast esta lishment techni ue descri ed in
T , data can e transmitted at the same time the channel is set up.
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n this section, we will outline the principles of the Tenet approach. These principles em od our
view of some of the essential aspects of a good network client interface, and more generall our view
of what are the desira le characteristics of a solution to the pro lem of realtime communication.

ome of the asic principles of our approach are ased upon a desire for generalit , oth in the
interface and in the mechanisms emplo ed  the solution. e do not want to create a new interface
or a new protocol for each new t pe of multimedia or realtime tra c¢ or for each new network t pe
that we encounter. e want our schemes and protocols to e applica le to as wide an environment
as possi le. e realize that their incarnations as protocol implementations have to e specialized
for the particular internetworks on which the are destined to run, ut we want this specialization
e ort to e minimal, i.e., their porta ilit to e ma imae. nother fundamental elief we have is
that man clients concerned a out realtime performance re uire a service that is and
. This section lists these eliefs and some of the essential features that follow from them,

and attempts to ustif  oth.

e would like to define an interface
at the network level that satisfies as large a set of applications as possi le. This leads us to the
following essential conse uences

s alread
mentioned in ection , from the viewpoint of network performance re uirements, continuous
media tra ¢ is one of the t pes of realtime tra c. 1l the network oriented re uirements of
continuous media can e e pressed in terms of ounds on uantitative performance indices,
as the re uirements of an other realtime application. Thus, the pro lem of continuous
media communication can e solved within the general framework of a realtime communication
service. The Tenet approach is an approach to the design of such a service in a packet switching
environment. ince continuous medianetworking is a special case of realtime networking, Tenet
protocols are intended to guarantee a variet of uantitative performance ounds, not to deal
separatel with specific media.  Tenet suite does not include video protocols, voice protocols,
movie protocols, and so on, ut onl the protocols that are needed to support the performance

ounds re uired the various realtime applications, including the continuous media ones.

Tenet realtime communication service does not o er ust a limited menu of possi ilities
e.g., conference wualit video, high definition television, ualit sound, animated images
with voice track, and so on or low dela high throughput communication, medium dela low
throughput communication, high dela low itter communication, and so on , ut a continuum
of values and com inations of values for the performance ounds. This does not prevent menus
from eing o ered in those cases in which the are useful. or e ample, one such menu has
een alluded to in ection . a ove when pre stored performance ounds were mentioned.
Tenet service is, however, much more e 1 le, as it has the a ilit to map the re uirements
of all the applications onto one set of parameters, thus allowing menus to e e tended, new
menus to e created, and special out of menu re uests to e easil handled.

Throughput or

andwidth ounds are not su cient to satisf the re uirements of realtime communication.

hile the num er and identities of the elementar  ounds in the minimum set have not een

determined and cannot pro a 1 e decided ecause of our ignorance a out future applications,
we elieve that such a set should also include dela  ounds, dela itter ounds, and relia ilit
ounds, and that a realtime communication service should o er at least all of these ounds.



. ost
end to end communication will go through several networks. ealtime communication services that
could not e easil implemented in a wide spectrum of internetworks would have limited value. Tenet
schemes; with the onl e ception of cheme | are easil porta le to man di erent internetworking
environments, as descri ed in ection

n our opinion,
most of the clients concerned a out realtime performance re uire mathematicall prova le, uan
titative, though not necessaril rigid or deterministic guarantees. These clients will t picall use a
realtime service to create value added services such as video or audio applications, which the will
then o er to their users. To make an claims a out the wualit of service the can provide, the
need to rel on a network service that guarantees performance.

e elieve that the onl wa to provide predicta le performance is to o er guarantees
to the client, and then ensure that these guarantees are not violated. However, network perfor
mance cannot e guaranteed in the face of unknown or unpredicta le client ehavior. Thus, the
network client interface model we propose takes the form of a contract etween the network and the
client, with the client promising to o e certain tra c restrictions and the network undertaking to
provide a certain pre agreed level of service in the a sence of network failures , if the client keeps its
part of the contract. n essential aspect of a realtime communication contract is the pricing polic ,
which must e ased on the principle of di erent prices for di erent services e.g., di erent t pes of
guarantees, di erent values of the performance ounds, and so on . f all services had the same or
similar prices, the onl incentive for clients to re uest the wualit of service the reall need rather
than the est availa le one would e their desire to ma imize the pro a ilit that their re uests

e accepted. This would, however, drasticall reduce the level of resource sharing i.e., the chances
of admission , and financiall penalize clients with lighter re uirements if network costs had to e
recovered.

This contract view of the network has some implications on the mechanisms of a Tenet scheme.
The following three essential features are a direct conse uence of this service model

s the load on the network rises, a point is
reached when to admit another channel would overload the s stem and prevent the perfor
mance re uirements of this or e isting channels from eing satisfied. ver network o ering
performance guarantees must therefore test for this condition, and re ect the new re uest at
this point. To determine whether the guarantees will e violated after the addition of the new
channel, we need to keep track of the resources the other e isting channels ma need for their
realtime data transfers. Thus, resources have to e reserved for each admitted channel, ut
this is a packet switching t pe of reservation, which allows resources to e used  other tra ¢
at those times the are not needed the channel for which the have een set aside. e

elieve in addition that after a new client re uest has passed all the channel admission tests,
we should e a letoo er performance guarantees to the new client and not violate
an previous guarantees . n essential feature of the Tenet approach is the mathematical
proof that, if the new re uest passes the admission tests, then the guarantees are met. This
must e the case for all t pes of guarantees, including the statistical ones.

The network must control the amount of
realtime load it needs to serve ecause, e ond a certain load level, performance guarantees
cannot e met. t should also e a le to give di erent ualities of service to data packets on
di erent channels ased upon the performance re uirements of the clients. This calls for the
introduction of intelligence within the internetwork though not necessaril within all of its
su networks , and the presence of state information that lasts for the duration of the channel s
lifetime. n addition, the performance of a channel is closel tied to the route that the packets
follow during transmission.  longer path generall has a larger dela associated with it. lso,



the paths the realtime data might take need to have reserved resources on them, so that the
local performances are good enough to meet their re uirements. Thus, the possi le paths must
e known in advance if guarantees are to e o ered.

erformance cannot e guaranteed if channels are not pro
tected from mis ehaving realtime or non realtime clients. ealtime clients cannot e trusted
to o e the tra c restrictions the themselves have specified. ither malice or failures ma
cause peak and or average input rates to e larger than those taken into account when the
channel was admitted. f the network had no wa of isolating the mis ehaving sources, the
guarantees promised to realtime clients would e easil violated. To avoid this unaccepta le
situation, the network must either control the input rates e plicitl on a per channel asis or
adopt scheduling algorithms that will do this automaticall in the nodes e.g., the rate ased
service disciplines discussed in

ntr ti rotoco uit

To ea letoo er arealtime service to applications, a network must have suita le realtime features
throughout its protocol hierarch . uch a network should implement at least the following functions
1 realtime data transfer at the internetwork la er, and ii end to end transport of realtime data.
n addition, the network will have to deal with the tasks of iii channel setup and iv data transfer
control. e chose to implement these four tasks as separate protocols in the first Tenet realtime
protocol suite, uite  we did not design a suite ased solel on cheme if we had, we would have
called it uite

Control Protocols

RTCMP RCAP
Data Transfer Control Resource Manager

CMTP

DatalLink Layer (e.g.FDDI)

Data Delivery Protocol Stack

igure  The protot pe Tenet protocol suite uite

The task of channel setup is performed the ealtime hannel dministration rotocol
. is a control protocol that takes client re uests containing tra ¢ descriptions
and performance re uirements and sets up realtime channels in the internetwork. The data trans

fers at the internetwork la er are done the ealTime nternet rotocol T , which
schedules data packets according to the resource reservations made .t the transport level
we designed two protocols the ealtime essage Transport rotocol T , which is



intended for message ased realtime transport etween endpoints, and the ontinuous edia Trans
port rotocol T , which o ers a stream ased interface and a time driven mechanism
for applications like video and audio.

The protocol that controls data transfers, primaril reacting to the detection of error conditions,

is called the ealTime ontrol essage rotocol T . T performs functions similar
to those of in the nternet suite. 1l of these protocols have een designed to
coe ist with the nternet protocols, on which users are e pected to rel for non realtime

communication in unet and other environments.
t di erent times during the development of uite | the opportunit arose to e periment with
it in three additional test eds

simple local area network assem led for the purpose for testing the Tenet protocols. t
consists of several workstations connected an ring.

e uoia et, an internetwork connecting several niversit of alifornia campuses and research

institutes participating in e uoia , igital uipment orporations agship pro ect for
the s to . This internetwork consists of local rings connected to T and T links
via stations acting as routers. The primar application domain of e uoia et is scientific

visualization for glo al change research, which involves storage, retrieval, and manipulation of
the large data sets used in the earth sciences.

unet , a higher speed ps topological su set of the unet test ed involving Hi
as well as T  protocols at the data link la er. The main application domain of unet 1is
also scientific visualization, ut with an emphasis in its erkele ranch on medical imaging
and the ph sics and engineering of materials.

one of these networks is more complicated from a Tenet scheme s viewpoint than unet |
and some, for instance the local area test ed, are su stantiall simpler. Thus, cheme and the
implementation of uite were easil adapted to each additional test ed suita | modif ing the
admission control tests and local ound computations. or o vious reasons, the first uite imple
mentation completed was the one for the local area test ed, and some of the initial measurements
of its performance can e found in

n t c nd rotoco uit

n man important respects, cheme 1isstill as simple minded and primitiveas cheme . The asic
communication a straction is the simple | unicast, single path and fi ed path realtime channel. The
performance guarantees a client can re uest and the tra ¢ model a client must specif and o e
are those presented in ection . . The interactions etween client and realtime service are the
minimal ones mentioned in the same section. outing is still assumed to e provided at least
one non realtime protocol availa le in the internetwork the e ploitation of a non realtime routing
algorithm is greatl facilitated the fact that none of the test eds mentioned in ection has a
topolog allowing for routing alternatives . inall , there are onl a few incomplete provisions for
fault detection, and none for fault recover .

The Tenet roup has recentl  egun investigating several of these areas, with the goal of de

termining what should e the features of a new Tenet scheme, to e called cheme in se uel.

nce again, recognition of the limitations consciousl imposed on the current scheme and suite does
not impl that all of them will e removed or attenuated in the ne t scheme and suite. ince the
group s resources are limited, and design, implementation, testing and e perimentation are much
easier when the num er of new features is small, our current task is to select the few areas in which
cheme will di er from cheme | so that the development of wuite will e managea le and at
the same time result in a coherent, practicall via le realtime service.



t i1s too earl to specif , and even to predict, the characteristics and properties cheme will
have. However, the importance of the colla orative applications of multimedia s stems makes it
likel that the new scheme will o er the multicast channel as its asic a straction such a channel,
which triviall reduces to a unicast channel when onl one destination needs to e reached, will
pro a | still e simple ; ut ma have a tree shaped route that can e modified during the
channel s lifetime. f routes will e modifia le, cheme will not onl have to include one or more
multicast routing algorithms, ut also e e uipped with channel rerouting mechanisms. or highl
relia le realtime applications, a channel s route ma even consist of more than one path these paths
will have to e as dis oint as possi le, and e either all in use or partiall in use, partiall in stand
mode.

nother area in which some su stantial improvements are almost certainl going to e made is
the one of client service interactions. fter the re ection of a re uest perhaps even efore , a client
needs to get guidance from the service a out how to proceed so as to increase the pro a ilit of
acceptance. ome clients re uire or prefer advance reservation of the service to make sure the service
is availa le when needed. Tra ¢ and performance specifications will pro a 1 not e augmented or
modified, ut the client model ma e made more general  allowing these specifications to e more

e 1 le, for e ample, introducing ranges for the ounds instead of forcing ounds to take on single
values onl this would allow the service to choose each ound within its assigned range according to
the realtime load e isting on the network, and to modif it during the channel s lifetime if the need
arises. fthere is a mechanism for changing the parameter values of a live channel, this could also e
used to accommodate client re uests for such changes these re uests would e made  clients, for
e ample, to reduce their charges when the re uirements of their applications ecome less stringent.

et another area in which there ought to e a ma or di erence etween cheme and cheme
is that of fault detection and recover mechanisms. redicting the relia ilit and fault tolerance
features the new scheme will e hi it is even harder than for the areas discussed a ove, since the
relevant work has started much more recentl . However, we elieve that cheme will e regarded
as a ma or step forward in this area with respect to cheme

s for the architecture of wuite , the asic protocols will pro a 1 have the same tasks and
names as those in uite . However, some higher level protocols, for e ample, for the management
of multimedia conferences, might e added to them.

f course, the features that will actuall e incorporated into cheme and uite instead of

eing set aside for future schemes and or suites will also e su stantiall in uenced the results
of the e periments eing performed on the implementations of uite

t r ro c

n this section, we rie  discuss the main di erences e isting, to the est of our knowledge, etween
the Tenet approach descri ed in ection . and some of the other approaches to realtime commu
nication. n the conte t of the nternet, the tream rotocol ersion T has een
proposed to handle the re uirements of realtime clients Top .  ost of the principles on which
T is ased are in agreement with those of the Tenet approach, ut the a sence of the resource
management algorithms admission tests, local ound computations in the scheme on which it is
ased makes it hard to decide whether several t pes of guaranteed ounds are intended to e o ered
to the clients, and whether a predicta le wualit of service can e e pected. e elieve it is pos
si le to supplement the T  scheme with resource management algorithms that will satisf these
two principles, ut T  also allows algorithms to e chosen that will not satisf them. n other
words, the T  approach seems to take an indi erent position with respect to the two principles
in uestion.
The ession eservation rotocol is ased on an approach similar to ours, though the
scheme and the protocol design are uite di erent H . The main divergence etween the two



schemes lies in their client interfaces no statistical performance ounds which can save considera le
amounts of network resources, hence apprecia 1 enhance the network s capacit are o ered to

s clients.
ur elief that several t pes of ounds are to e guaranteed is not shared  the low rotocol
ha |, whose client service interface allows a client to specif onl an average throughput ound

the resulting dela  ound can e computed, ut not specified as an independent primar performance
o ective.

The s nchronous Time haring T approach is ased on a fi ed menu of ualit of service
classes H . ach realtime connection can onl o tain the performance guarantees corresponding
to those of its class. This interface is not as general and e i le as that mandated rinciple
in the Tenet approach. n even more rigid interface is that of the witched ultimega it ata

ervice , which is a out to e o ered the telephone companies in several countries the
onl guarantees o ered are that, within a ocal ccess Transport rea T |, the dela
for at least of the te cells will not e ceed ms for T service, ms for T service, and
ms for mi ed T and T service .

The predicted service proposed in unlike the guaranteed service mentioned in the

same paper, which is ased on deterministic ounds does not o er guarantees thus, the
ualit of service that a client can o tain from it is not predicta le. This is also the case of the
approach descri ed in  lo , whose di erences from ours include its connectionless foundations
and its discrete menu of service classes.

onc u ion

The Tenet roup at the niversit of aliforniaat erkele and the nternational omputer -cience
nstitute has een doing research in the field of multimedia communication since . The strateg
followed  the group consists of designing a set of algorithms through which a network or a class of
networks can support realtime i.e., guaranteed performance communication designing protocols
that realize those algorithms implementing those protocols for one or more specific networking
environments e perimenting with these implementations under realistic multimedia applications
and, finall , using the results of the e periments to design the ne t set of algorithms, protocols, and

SO on.

t the asis of all of this work there has een, since the outset, a philosoph that in the group s
previous pu lications was never clearl distinguished from the simplifications and compromises that
had to e made to facilitate its initial incarnations. This paper has attempted to separate this
philosoph , which we have called the Tenet approach, from the non essential aspects of the initial
Tenet schemes and of the first Tenet protocol suite. e hope that this clarification e ort will lead to
a etter understanding of our work and its relationships to the work done  other research groups
in an area that is still uite controversial, and in which the issues eing de ated are still clouded
a considera le amount of confusion.
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