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Preface

The 5th International Workshop on Network and Operating Support for Digital
Audio and Video commenced on April 19, 1995 with an audience of over 80
researchers from industry and academia.

The Program Committee selected 23 of the 101 submissions to form the
basis of eight technical sessions. In each session, the Chairs dedicated a generous
amount of time for discussion. Although there were some differences from session
to session to accommodate the nature of the topics addressed and the preferences
of the Chairs, in general the discussion centered on a round-table consisting of
adjunct papers and various invited speakers.

While the technical program looked at the state of the art in networking
and operating system support for multimedia. a ninth session took a broader
look at the NOSSDAV workshop charter. Starting with what the workshop has
achieved over the last five years from its origin at the Internaticnal Computer
Science Institute, this session explored possible directions for future NOSSDAV
worksnops.

Because of the limited attendance and the intimate setting of Durham, New
Hampshire, the workshop proved to be an exciting and fruicful learning experi-
=nce for all participants.

e are indebted to our Program Commuittee, and in particular to the Session
Chairs for the work that went into the planning and realization of the workshop.
Special thanks to Dinesh Venkatesh and Mary Hendrix for their invaluable sup-
port in workshop registration and Proceedings publication. We wouid also like
to acknowledge the support of the IEEE Communications Society, the workshop
sponsor, and ACM SIGCOMM, SIGGRAPH, SIGOPS, SIGMM, and SIGIR.
Finally, our appreciation goes to Hewlett-Packard Laboratories and Boston Uni-
versity for the resources made available to us to realize the event.

April 1995 Thomas Little and Riccardo Gusella
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Session I: Advance Reservation Systems
Chair: Kewin Jeffay, Unwversity of North Carofina at Chapel H:il

To date, much of the work on resource reservation in a network has considered
only the problem of reserving resources for a network connection that is to be
used immediately; the so-cailed “telephone cail” model of network service. For
uses that involve a larger number of participants, such as distributed meetings
and conferences, or regularly scheduled, recurring events, such as classes. it is
highly desirable to be able to reserve network resources well in advance of their
actual use. The first session of the workshop considered the problem of support-
ing advance reservations of network resources.

The first talk, by Lars Wolf from the IBM European Networking (enter
in Germany, presented on overview of the issues in advance reservation and
presented a candidate architecture for supporting such reservations. The issues
highlighted in Wolf’s presentation included the need to specify the duration of
a session that is reserved in advance to be specified and the handling of network
failures that occur aiter an advance reservation 1s granted but prior to the use
of the network. A key issue. and one that differentiated the subsequent presen-
rations in this session. was whether or not network resources are a priori par-
sitloned and reserved for aavance reservations and !mmediate-use reservations.
The trade-off is the familiar one Getween starvation avoidance and potential
nnder-utilization ¢t network resources. The cenclusion of the authors was that
=ither resources must be partitioned or she apility for one class of reservation o
preempt the other must be provided.

The second talk. by Mikael Degermark from the University of Lulea in Swe-
den. oresented an extension to the service model and admission -cntrol algo-
rithm deveioped by Jamin et ai. \presented at NOSSDAV 22 in San Diezo. CA|
for predicted service. _he predicted service model was extended to require that
ail admission requests (inciuding immediate-use requests) specify the duration of
zhe session. Admission is then based on the resource requirements of reservations
whnose start times are greater than the present time and on the measured resource
usage of active reservations. Simuiations of the extended predicted service admis-
sion control algorithm showed that network utilization decreases modestly when
advance reservations are supported. As expected. the decrease is prooortional to
rhe burstiness of the sessions reserved in advanced and the fraction of the overail
~apacity consumed by advance reservations. Moreover. the zddition of advance
reservations to the predicted service model preserves the modei’s 2roperiv of
providing higher network utilization than a guaranteed service model ' aiso with
advance reservation).

In the third and final talk, Amit Gupta from the University of California at
Berkeley, presented an advance reservation scheme that is being impiemented
in Suite 2 of the Berkeley Tenet nrotocol suite. In Suite 2. reservations can be
made for both immediate-use. indefnite length sessions. and advance. definite
length zessions. It was conjectured that the important Jistinction to be made
hetween resource reservations was not whether 2r not the starting rime for 2
session was “now.” but rather whether >r not rhe duration of rhe session was



known in advance. In Suite 2. network resources are partitioned into resources to
be reserved for definite length sessions and resources to be reserved Ior indefinite
iengra sessions (although for simplicity the case of indefinite reservations made
in aavance was not considered). The partitioning of resources :s dvnamic and is

one :»pe dominates that of the other tvpe. A distributed resource reservation
mecahanism based on a table of reservation intervais was also described. Simu-
lations of the scheme showed that across a range of initial resource partitions.
a iarzer number of sessions can be supported with advance reservations than
without advance reservations.

A roundtable discussion following the three presentations focused on charg-
ing models for advance reservation systems. and the ability of the proposed
Internet resource reservation protocol RSVP to support advance reservations.
With respect to charging models, the “restaurant model,” wherein reservations
are :ypically respected with a high degree of certainty, and the “airiine model”
whereln over-allocation of resources 1s common, were proposed and discussed.
It was clear that unknown factors such as how abundant or scarce network re-
sources are likely to be in the future. will determine the outcome of this debate.
With respect to RSVP, the discussion centered on the design mismatch between
the apparent requirement for persistent state in the network to support advance
reservation and RSVP's reliance on soft state.



Advance Reservations for Predictive Service*

Mikael Degermark?, Torsten Kohler® 2, Stephen Pink*3, and Olov Scheién?

*Dept. of Computer Science >Swedish Institute of Computer 3cience
Luled University PO box 1263,
S — 971 37 Lule3, Sweden S - 164 28 Kista, Sweden
{micke,olov}¥sm.luth.se {steve,tk}@sics.se

Abstract. We extend a measurement-based admission control aigorithm
suggested for predictive service to provide advance reservations for guar-
anteed and predictive service while keeping the attractive features of pre-
dictive service. The admission decision for advance reservations is based
on information about flows that overlap in time. For flows that have not
vet started, the requestec values are used. and for those that have already
started measurements are used. [ his ailows us to estimate the network
load accurately for :lie near future. Lo provide advance reservations we
ask users to include durations in their requests. YWe provide simuiation
results to show that predictive service with advance reservations provides
utilization levels significantly higher than those for guaranteed service.

1 Introduction

Real time multimedia applications will share {uture networks with traditional
data applications. To provide quality-of-service (QoS) for real time applications,
1t is likely that resource reservations will have to be made-in the network. Current
resource reservation protocols ailocate resources just before communication be-
gins, e.g., ST-2 [7] and various ATM signaling protocols reserve resources during
connection establishment. This model of communication may not fit the needs
of future network users, (6] pp. 44—45.

Resource reservations should be optional and decoupled from the starting
time of the session. One should be able to reserve resources prior to or during a
network session depending on wnen a specific service is needed. Users may know
far in advance of their needs and would like to plan their activities by making
advance reservations to ensure that they are not blocked by the network’s ad-
mission control mechanism. Imagine some users with busy schedules in different
time zones who want to have an important teleconference on a resource-limited
network at an agreed time in the near future. They should be ailowed to make
an advance reservation given that they know when and for what duration their
teleconference will take piace.

! This work was supported by a grant from the Center for Distance Spanning Tech-
nology (CDT), Lulea, Sweden



In this paper we will look at an important candidate for an admission con-
trol aigorithm originally proposed at this workshop some years ago [2] and later
refined in (5], for a new kind of service called predictive service ;”.. Predictive
service provides quality of service for appiications that can tolerate some loss
such as real time digital audio and video applications that can adjust their piay-
back points in response to jitter in tiie network. The efficiency gzain of predictive
service comes from allowing more flows into the network than guaranteed ser-
vice. thus providing more sharing and lower cost. The architecture described in
1! supports guaranteed and predictive service, but not advance reservations
The possibility of making advance resource reservations should be a part of
a communication architecture to provide better service to the users. Whether
advance reservations are actually needed depends on future resource scarcity.
Where resources are plentiful. not even immediate reservations may be necessary.
but where resources are scarce enough to justify reservations at all. it makes sense
10 be able to make them in advance. In this paper we will show that advance
reservations can be provided by the network with little overhead.

2 Framework

The service model and the admission control algorithm suggested in this paper
are extensions of those presented in [1] and [3]. In [1], the proposed network ser-
vice interface offers guaranteed service, predictive service and best-effort (ASAP)
service. The service interface is simple and relies on token bucket traffic shaping;
the source specifies the bucket size b and the token generation rate r. Guaranteed
service provides a minimum transmission rate and the queuing delay bound be-
comes the bucket size divided by the rate. Predictive service provides K different
service classes with widely spaced target delay bounds D; and it is suggested
that the target bounds are spaced by an order of magnitude. The bounded quan-
tity is the queuing delay per hop, so it is necessary to add up the target delay
pounds at each hop to find the upper bound on the total queuing delay.

To support this service interface a scheduling algorithm is presented in [1].
The zuaranteed service traffic is scheduled with weighted fair oueumg (WFQ) 9]
so that each guaranteed service client has a separate WFQ flow. All the predictive
service lows and ASAP traffic share the spare bandwidthin a pseudo— WFEQ fiow,
called flow 0. The available bandwidth for flow 0 is therefore u — &g where u is
the link bandwidth and ¢ is the measured bandwidth usage for all cuaranteed
flows over the link. Inside flow 0, there are a number of strict pricrity classes: one
class for each target delay bound and ASAP traffic at the lowest priority. The
strict priority scheme implies that queuing delay experienced by higher priority
classes will be conveyed to lower priority classes.

Admission control is performed in each switch along the path of a flow.
Admission requests will be carried to the switches by an end-tc-end resource
reservation protocol such as RSVP [8].
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Note that our use of the term “zuaranteed service’ in this paper is adopted
‘rom [1]. There are other ways to provide guaranteed service which may zive
sood utilization, e.g., jitter-EDD (3]

ol

3 Duration Intervals

To achieve an efficient scheme for advance reservations we ask that each request
includes a duration interval: [ = [t,,¢,], where t, is when the requested ser-
vice will start and ¢. when that service will end. The intervais are necessary
to determine which requests overiap and when the reserved resources will be
released.

Ve have extended the service interface so that each admission request in-
cludes a duration intervai. Requests for immediate admission wiil specify now as
their starting time. If a requested duration is too short, it shouid be possible to
renegotiate the request by calling the admission algorithm again. If this request
is rejected the session may continue but not necessarily with the same service
quality.

If a requested duraticn is ionger than needed. zesources are over-reserved.
This reduces the chances to grant admission to other advance reservations. For-
runately, immediate reservations can be granted to a large extent anyway. This
is because the measurement procedure of predictive service automaticaily de-
rects unused capacity once a fow is active. Therefore, over-reservation has little
impact on the total utilization as long as there are some immediate requests
tor admission. In addition. there is an option for clients to explicitly close the
requested service before the duration expires.

4 Admission Control Decision for Advance Reservations

The admission decision for predictive service is based on requested rates for dows
that have not yet started and on measured rates for currently active flows. If
there are no advance reservations and a request for immediate admission arrives.
our extended conditions give the same result as the conditions stated in [5].

Figure 1 is a snap-shot of admitted flows in a time/bandwidth iiagram.
Flows a. b and ¢ are currently active and we have measurements of their rates
and maximum delays which are used as predictions of their future behavior.
YWhen a new admission request arrives, admission is granted if the new dow
would not cause any delay bounds to be violated or bandwidth limits to be
exceeded. The admission conditions only consider flows that overlap with the new
dow (b.c.d.2.z,h), using measured bandwidth if they have started or. otherwise.
bandwidth requests: we call this the estimated bandwidth. The conditions are
checked at all points where new flows begin (¢,, ¢z and t,).

For reservations :n the distant future the number of currently active overiap-
ing fows is small ind admission decisions are based mainly on requested rates.
{n the near future the number of currently active overlapping fows is probably
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Fig. 1. Snap-shot of reservations

largze and admission decisions are based mainly on measured values. So, in the
distant future, the admission criteria are conservative, but as time proceeds more
overiapping flows will become active and we get better estimates of bandwidth
usage. Thus, as we get closer in time to the point at which a flow with an advance
reservation 1s to begin, we have a more accurate knowledge of the network load
and more flows can be admitted. Requests for immediate reservation can fill up
the remaining bandwidth.

4.1 Admission Criteria

A client may request admission for predictive service in one of the classes 1 to
K (where class K packets are scheduled at the lowest priority level), or for guar-
anteed service. The following notation will be used in the formulas? describing
our admission criteria:

vg(r) estimated bandwidth for guaranteed flows at time ¢

vpryy estimated bandwidth for predictive flows at time ¢

vp,(1) estimated bandwidth for flows in predictive class ¢ at time ¢
Rg(1) requested bandwidth for guaranteed flows at time ¢

DJ- ‘measured delay in predictive class j

B;(t) bucket size sum for not yet started flows in predictive ciass j.

Predictive service: When a client requests service in predictive class k for a
flow a, shaped by token bucket filter (rg, bF, I*), the admission control algorithm

performs the following checks:
— Determine if the bandwidth usage, after adding the new load r{, will exceed

-he available link capacity vy during the requested interval /°:
vp > max (rf +v6a) + vp(s)) (1)

The available link capacity, vy, is determined by the link capacity u and the
link utilization target v. that is tunable.

* These formulas are extensions of those presented in [3]



