ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/225182034
Advance reservations for predictive service in the Internet

Article in Multimedia Systems - May 1997

DOI: 10.1007/5005300050054 - Source: DBLP

CITATIONS READS
61 46

4 authors, including:

Stephen Pink Olov Schelén
¢ Dartmouth College Lulea University of Technology
55 PUBLICATIONS 2,040 CITATIONS 60 PUBLICATIONS 4,488 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roject  JetFile View project

poject  MultiG View project

All content following this page was uploaded by Stephen Pink on 13 March 2014.

Ex.1019
CISCO SYSTEMS, INC. / Page 1 of 21

The user has d ent of the d loaded file.




Advance Reservations for Predictive Service in
the Internet!

Mikael Degermark? Torsten Kahler??| Stephen Pink??) and Olov Schelén®

2Depl. of Computer Scicnee *Swadish Tnstitute of Computer Science
Lulea University PO box 1263,
S — 971 87 Lulea, Sweden 5 — 164 28 Kista, Sweden
Imicke,olov}®sm.luth.se {steve,tk}0zics.se

Abstract. We extend a measurement-hased admission control algorithm
suggested for predictive service 1o provide advance reservations for guar-
anteed and predictive service while keeping the attractive features of pre-
dictive service. 'l'he admission decision for advance regervations is hased
on information about flows that overlap in time. For flows that have not
yob started, the requested values are used, and for those that have already
started measurements are used. This allows us Lo estimate the network
load accurately for the near tuture. lo provide advance reservations we
asl users to include durations in their requests. We present simulation
results to show that predictive service with advance reservations provides
utilization levels signilicantly higher than those lor guarantced service,
and comparable to those for predicted service withont advance reser-
vations. ['hose utilization levels are reached without any preemtion of
other admitted flows, Finally, we discuss how to setup advance reserva-
tiens over multiple hops in the Tnternet using resource reservation setup
protocols.

1 Introduction

Real time multimedia applications will share future networks with traditional
data applications. To provide quality-ol-service (QQo8) [or real time applicalious,
it ig likely that resource reservations will have to be made in the network. Cur-
renl resource reservallon protocols allocale resources just belore cormmunicalion
begins, e.g., ST-2 [14] and various ATM signaling protocols rescrve resources
during connection establishment. This model of communication may not fit the
needs of Tuture networl users, [12] pp. 41 15,

Resource reservations should be optional and decoupled from the starting
Lirne of the session. One should be able Lo reserve resources prior Lo or during a
network scssion depending on when a specific service 18 needed. Users may know
far in advance of their needs and wonld like to plan their activities by making

! T'his work was supported by a grant from the Center for Dstance Spanning Lech-

nology (CDT), Lulea, Sweden
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advance reservations o ensure thal they are nol blocked by he network’s ad-
mission control mechanism. Imagine scme users with busy schedules in differont
tinme zones who wanl to have an important leleconlerence on a resource-limiled
network at an agreed time in the near future. They should be allowed to make
an advance reservation given that they know when and for what duration their
teleconlerence will Lake place,

In this paper we will look at an important candidate for an admission control
algorithm originally proposcd in [8] and later refined in [9], for a service called
predictive service [3]. Predictive service provides quality of service for applica-
tions thal can tolerate some loss sucl as real time digital audio and video appli-
cations that can adjust their playback points in response to jitter in the network.
The elliciency gain ol predictive service comes [rom allowing more [lows nto the
network than guaranteed service, thus providing more sharing and lower cost.
'I'he architecture described in [3] supports gnaranteed and predictive service, hut
nol advance reservalions.

The possibility of making advance resource reservalions should be a part of
a communication architccture to provide better service to the users, Whether
advance reservations are actnally needed depends on future resource searcity.
Where resources are plentiful, not even immediale reservalions may be necessary,
hut where resources arc scarce cnough to justify reservations at all, it makes scnse
Lo be able 1o muake them in advance. In this paper we will show thal advance
reservations can be provided by the network with little overhead.

2  Framework

'I'he service maodel and the admission control algorithm suggested in this paper
are exleusions of those preseuted in [3] and [9]. Tn [3], the proposed network ser-
vice interface offers gnaranteed service, predictive scrvice and best-cffort, (ASAT)
service. 'I'he service interface relies on token hucket traffic shaping; the saurce
specilies the buckel size b and the token geueration rate v, Guaranleed service
provides a minimum transmission rate and therefore the quening delay hound
becores the buckel size divided by the rate, Predictive service provides K diller-
cnt service classes with widely spaced target delay bounds 1J; and it is suggested
that the target bounds are spaced by an order of magnitude. 'l'he hounded quan-
Lity 18 Lhe gueuing delay per hop, so il is necessary o add up the larget delay
bounds at each hop to find the upper hound on the total quening delay.

To support this scrvice interface a scheduling algorithm is presented in [3].
The gnaranteed service traftic is scheduled with weighted fair quening (WFQ) [4]
so thal each guaranteed service clienl has a separale WI'Q flow. All the predictive
service lows and ASAP traffic share the spare bandwidth in a pseudo—WFQ flow,
called flow 0. The available bandwidth [or low 0 is therelore g — 2 where g is
the link bandwidth and g is the measured bandwidth usage for all guaranteed
flows over the link. Inside flow 0, there are a numhber of strict priority classes: one
class [or each targel delay bound and ASAP trallic al the lowesl priority. The
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stricl priority scheme implies that quening delay experienced by higher priorily
classcs will be conveved to lower priority classcs.

Admission control is perforined in each swilch along the path of a low.
Admission requests will be carried to the switches by an end-to-end resource
reservation protocol.

Nole thal our use of the term “guaranieed service” in this paper is adopled
from [3]. There are other ways to provide guaranteed serviee which may give
better utilization, e.g., jitler-EDD [5].

3 Duration Intervals

'I'o achieve an efficient scheme for advance reservations withont preemption we
have extended (e service ilerface so (hat each admission requesl ncludes a
duration interval: | = [t,,1.], where 1, is the starting time of the requested
service and £, is the [inishing Lime of that service. Knowledge of these intervals
18 necessary for the admission control algorithm to determine which roquests
overlap and when the reserved resources will he released. As a special case,
requesls lor immediate admission will specily now as their starling time. Nole
that a duration interval refers to the resource allocation only. sending packers
outside the interval is possible bul as no resources are allocaled o those packels
they will receive a lower scrvice quality.

A usger that does not know how long a session will be should he able to
use a defaull value or a value derived [rom a personal prolile. I[ a resource
allocation turns ont to he shorter than needed, 1t will be possible to rencgotiate
by calling admission control again. If the new request is grauted the duration
of the resource allocation is cxtended. If not, the session is in danger of loosing
service quality when the resource allocation expires. Default intervals could he
renegoliated automalically just belore they expire.

If a resouce allocation turns out to he longer than needed, other advance
reservalion requesls might unecessarily be rejecled. Tortunately, the unused re-
gources can be given to those who are requesting immediate admission. This
18 because the measurement procedure of predictive service antomatically de-
lecls unused capacity once a [low 1s active, Therelore, over-reservation has litile
impact on the total utilization as long as there are some immediate roguests
for admission. In addition, there 1s an oplon [or users Lo explicilly cancel the
allocation before it cxpires.

4  Admission Control Decision for Advance Reservations

The admission decision [or prediclive service is based on requested rales [or lows
that have not yet started and on measured rates for currently active flows. If
there are no advance reservations and a request Jor lnmediate adniission arrives,
our extended conditions give the same result as the conditions stated in [9].
Figure 11is a snap-shot of admitted flows in a time/bandwidth diagram. Flows
a, b and ¢ are currently aclive and we Lhave measurements of leir rales and
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maximum delays which are used as predictions of their future behavior. When

bandwidth
link bandwidth

I }measu.redbandwidth

now s tx ty te time

Fig. 1. Snap-shot of reservations

a new admission request arrives, admission is granted if the new flow would not
cause any delay bounds to be violated or bandwidth limits to be exceeded. The
admission conditions (section 4.1) only consider flows that overlap with the new
flow (b,c,d,e,g,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 (¢,, ¢, and t).

For reservations in the distant future the number of currently active overlap-
ping flows is small and admission decisions are based mainly on requested rates.
In the near future the number of currently active overlapping flows is probably
large and admission decisions are based mainly on measured values. So, in the
distant future, the admission criteria are conservative, but as time proceeds more
overlapping 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 is 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:

? These formulas are extensions of those presented in [9]
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ey estimated bandwidth for guaranteed (lows al time !

vp(y cstimated bandwidih for predictive flows at time ¢

vpyepy estimaled bandwidth for Qows in predictive class ¢ at time {
Repyy requested bandwidth for guaranteed flows at time ¢

I}, measured delay in predictive class j

£ (#) hucket size sum for not yet started flows in predictive class j.

Predictive service: When a clienl requesls service in predictive class & [or a
How «, shaped by token bucket filter (v, 67, 1), the admission control algorithm
performs the following checks:
— Determine if the bandwidth usage, after adding the new laad »}, will exceed
the available link capacity ep during the requested interval 7¢:

vy g (rd + vau + veo) (1)

The available Lk capacity, e, is determined by the link capacily g and the
link utilization target u, that is tunable.
Delermine whether the worst possible behavior of the new llow and the
other flows that have not vet started can cause violation of delay bounds for
predictive service classes & throngh K.
The waorsl case 1s when all prediclive service [ows [ush their entire token
huckets simultancously in onc burst. The resulting queue will be cmptied
according Lo the available bandwidih.
- cheek the delay bound, Dy, of the same priority level:
x k e
Dy = max | Dy + b+ Z'i:lkfi"l(t) (2)
teds Bo= Vain = Y imy VR

- cheek the delay bound of the lower priority levels, i.e., Dy where &£ < 7 < K.

Dj (,u — VG lneow) — Zf\’:_'\l UP,'(\HM;})) =+ (bf + Z{:-\ Bz(l))

1 :
B VG Dimy VR T

D > max
J pele

(3)

Guaranteed service: When a client requests guaranteed service for a flow

shaped by (#&, b, 1), the admission cantral algorithm first performs the total

bandwidth check expressed in (1), then the [ollowing checks are performmed:
Determiue whether the requested bandwidth of all guaranteed service llows

will exeeed link capacity: ! ;
vje > max (r& + Ra) (1)

— Dictermine that the delay bounds of cach predictive service class 1s still ob-
served when the remaining handwidth is decreased {estimated handwidth for
guaranteed flows and for predictive classes with higher priority 1s subtracted
from the link bandwidth).

Dj ” Dj . Itnai{ = l/:(no-w) - Z'j:{; I_/,:’,[nomj
A N\ =8 — v — YD) Ve

1<j<K (3)
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Fig. 2. Plot of number of active flows when there is a large block of flows admitted in
advance.

4.2 Operation of Admission Control Algorithm

Figure 2 illustrates how our admission control algorithm operates. At time 1700
a large number of sources start. These sources, which were admitted in advance,
have reserved all of the available bandwidth and all finish at time 1800. There
is a background of sources asking for immediate admission with predictive ser-
vice. The figure clearly shows that the number of active flows goes down to
zero just before time 1700 because admission control rejects new flows to honor
the resource commitments to the previously admitted sources, and because ac-
tive sources finish. At time 1700 the number of active flows increases sharply as
the previously admitted sources begin to transmit. As the aggregate traffic is
measured and found to consume only part of the resources needed to accommo-
date the worst case according to the token bucket parameters of the admission
requests, more sources can be admitted and the flow count increases further.

4.3 Renegotiations

If a request is made for extending the duration of an already active flow it would
be very conservative to base the admission criteria on peak-rate values obtained
from the token bucket specification. Instead the available measurements of the
flow could be used to predict its future behavior. This can be done by checking
the conditions (1) to (3), replacing the bucket rate r{ with the measured rate
and replacing the bucket depth b with zero (so that it has no effect on the
admission decision). This means that the future behavior of any active flow is
given by the measured values only. The conditions need to be checked at the
points in the requested interval where previously admitted flows will start. This
ensures that the extended duration will be granted only if no previously admitted
reservations are jeopardized.
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5 State Requirements

To make the admission control decision the original admission control algorithms
[8] [9] needs the current bandwidth use for all guaranteed flows plus maximum
delay and bandwidth use for each predictive service class. These are measured
values and per-packet processing is needed to maintain them.

The information needed to make advance admission decisions in a switch is
summarized in figures 3 and 4. Figure 3 shows the cumulative requested band-

bandwidth bandwidth
el m -
now now

Fig. 3. Cumulative requested bandwidth Fig.4. Predicted bandwidth use of cur-
rently active flows

width admitted to flows that have not yet started. Figure 4 shows the predicted
bandwidth use of currently active flows. Present measurements are used as pre-
dictions of future bandwidth use for those flows. We need to keep state corre-
sponding to these diagrams for the guaranteed flows collectively and for each
predictive service class individually. Note that the state corresponding to fig-
ure 3 need to be accessed only when making an admission decision, while the
state corresponding to figure 4 are measured values and per-packet processing is
needed to maintain it.

A straightforward implementation for advance reservation would keep an
amount of state proportional to the number of active flows plus the number
of flows reserved in advance. Aggregation methods, however, can decrease the
amount of state needed for the admission control decision: flows that start or
finish at the same time, or nearly the same time, can be treated collectively.

There is a tradeoff between the amount of state saved by aggregating requests
and the flexibility of making requests. A simple way to aggregate requests is to
use time slots. Duration intervals may then start and finish only at certain points
in time. A disadvantage with this scheme is internal fragmentation: clients may
have to reserve longer intervals than they will actually use.

Any scheme for resource allocation in a packet switched network requires that
switches can find the appropriate resource allocation when a packet is received,
so that the packet can be scheduled correctly. It seems inevitable that this map-
ping requires an amount of state linear in the number of active reservations if
resource reservations can be made for individual flows. For instance, the values
that identify flows with reservations (addresses, port numbers, flow identifiers,
ete) will typically be kept by the switch.

To summarize, regardless of whether advance reservation is supported or
not, predictive service requires that a switch keeps, and accesses on a per-packet
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basis, an amount of state that is no more than linear in the number of active
reservations. To support advance reservations, our admission control algorithm
needs to keep an additional amount of state not more than linear in the number
of admitted flows that have not yet started. This additional state needs to be
accessed only when admission decisions are being made.

6 Simulations

Our simulations aim to show that adding advance reservation capability to the
admission control algorithm for predictive service does not decrease utilization
levels very much. This implies that advance reservations for predictive service
give significantly higher utilization levels than advance reservations for guaran-
teed service.

The simulated network topology is a single link, and the source models are
simple on/off models with exponentially distributed on and off times. We have
done simulations of scenarios with immediate reservations only, and with both
immediate and advance reservations. We have also examined the effects of ag-
gregating state for active flows with similar finishing times. Finally, as it 1s likely
that advance reservations will be made a long time in advance and have longer
durations than immediate reservations, we have studied how such scenarios affect
utilization levels.

6.1 Simulated Topology

The simulated topology is a single 10 Mbit/s bottleneck link connecting two
routers. A number of sources are connected to one of the routers with links of
infinite bandwidth. All sources send data to a sink connected to the other router.
Our data comes from the upstream router R (fig 5).

router router .
source 1 sink

bottleneck link
source 2 R : /\ O
10 Mbit/s u

source n

Fig. 5. Simulated topology

6.2 Source Model Parameters

We use three kinds of sources, all generate packet trains at some peak rate p.
The train length is exponentially distributed with mean N. The time between
packet trains is also exponentially distributed with mean /. The ratio between
the peak and average rate, p/a, can be calculated from those values.
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All sources regulale their oulpul with a token buckel filter with loken gener-
ation rate r and bucket depth 6. Each token 1s worth 1000 bits which 1s cqual to
Lhe packel size; sending one packel consumes one Loken. II the buckel is empty
the packet 1s quencd until a token i1s available, The token bucket filters in table
1 are degigned to always have a token available when the sonrce wants to output
a packel,

Model Name Model parameters Token bucket | Delay bounds
b ! N pla r b ] D,
pkisfsce | msee | pkis tkns/see | tkns | msce | msee
Fxpl 64 325 20 2 64 | |6 |6
Fxp2 1024 90 10 10 320 50 160 160
Lixp3 107 G4 4 76000 512 80 - 160

Table 1. Source moclel parameters

All sonrce parameters arve listed in tahle 1. In the table, /3 is the maximum
delay for a guaranteed low, calculated [rom the token buckel parameters. 1)
ig the requested delay bound when the source asks for predictive service. 'T'he
rouler supports two prediclive service classes, one with a delay bound ol 16 ms
and the other with a delay bound of 160 ms.

6.3 TFlow Generation

Sources ask for admission according to a poisson process; the times between
adimission requesls are exponentially distributed with a mean of 400 ms. In all
gsimulations, the offered load is abont 2.4 times larger than the capacity of the
link, so most admission requests are rejected.

Iu the lirst sel of simulations, the requested duration intervals are exponen-
tially distributed with a mean of 300 seconds. For sources that ask for admission
in advance, the times belween Lhe admission request and the start of the dura-
tion interval, henecforth called the booking fimes, are cxponentially distributed
with a mean of b min.

Iu the second set of simulations part of the load, hencelorth called the aniform
load, comes from sources with durations that are uniformly distributed in an
interval + — 50% of their mean. These sources use booking times that are also
uniformly distributed in an interval 4+ — 50% of their mean. The offered uniform
load is kept constant by decreasing the number of admission requests when
durations are large. IT.g., when durations have a mean of 30 min the number of
admission requests are 6 times fewer than when durations have a mean of 5 min.

A source requests admission by sending a setup packet coutaining the desired
soervice type and token bucket parameters towards the destination. If all routers
along the path grant admission, the source transmits during the requested in-
terval and then 1l stops.
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6.4 Measuring Process

The measuring process estimates current bandwidth utilization v and experi-
enced maximum delay D in the same way as in [9]. When deciding whether

bw
f3: finish time of flow 3

M f4: finish time of flow 4

|
now 4 t f3 time

Fig. 6. Estimated future bandwidth use for currently active flows

to admit an advance reservation, the algorithm needs estimates of bandwidth
utilization in the future, e.g., at time ¢ in fig 6. This 1s done by continually es-
timating current bandwidth utilizations and using these as predictions of future
utilization. The estimates are obtained by a straightforward extension of the
measuring process in [9]. The packet rate of every active flow is sampled; these
rates are then used as in [9] to obtain estimates of bandwidth utilization between
finishing points of flows. The sum of the rates of the bottom three flows in figure
6 are used to estimate v between f3 and f/, i.e., the finishing points of flows
three and four from the bottom. This procedure ensures that the estimates are
conservative in the distant future and accurate in the near future where many
currently active flows will still be active.

In a straightforward implementation, calculating the estimates is linear in
the number of flows. To avoid keeping track of every individual flow and reduce
the overhead in calculating the estimates, we have experimented with aggregat-
ing flows that finish at about the same time. The bandwidth utilization of the
aggregated flows is then estimated collectively.

6.5 Simulation Results

To verify our simulation environment we first replicated some relevant results
from [9] in our simulator. In this first set of simulations, all sources in a single
simulation conformed to the same source model and all requested immediate
admission for the same type of service. The results of these simulations are
summarized in table 2 under IMM. In table 2; u#il is the utilization of the
bottleneck link and delay is the maximum experienced queuing delay. # sources
are averages of flow counts; act is the average number of sources that were
transmitting. The measuring params are the size of the T" and S windows used
in the measuring process (see [9]).

The utilization target v was 90% in all simulations. All simulations ran for
at least 3000 seconds simulated time. The data in table 2 comes from the second
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Name | Model Serv | util delay # sources (avg) Measuring params
% {ms) | act adv adm |[1'(s) Sis) A
1MM lixpl G 15 2.6 | 140 — — 2.0 0.80 —
ADV Lixpl G 14 2.3 | 137 137 282 2.0 0.80 —
1MM Lixpl P 7 2.3 214 — — 2.0 0.80 —
ADV lixpl P 68 1.9 213 160 265 5.0 0.80 —
GRA Expl P 70 1.9 219 164 244 3.0 0.80 32
GRA Faxpl 1% Tt 2.5 | 232 153 240 3.0 0.50 128
IMM Exp2 G 28 9.3 28 = e 1.0 0.12 =
ATV Foap2 G 27 8.4 27 27 109 1.0 0.12
IMM Exp2 P 76 37.0 5 — — 1.0 0.12 —
ATV Foap2 " 539 13.4 a8 37 124 1.0 0.12
GRA Foap2 " 54 1.1 34 37 122 1.0 0.12 32
GRA lrxp2 P 50 11.5 19 33 123 1.0 0.12 128

Table 2. Simulation results, durations exponentially distributed

half of the simulated time. Visual inspection confirmed that no startup transients
rernained al thal time.

In the simulations with advance rescrvations, 30% of the sources asked for
immediate admission and 30% for admission in advance. 'I'he choice was random.
All sources conlormed Lo the same model and asked [or the same Lype of service.
These simulation results are snmmarized in table 2 under ATV, There, adv 1s the
average numher of sources that were transmifting and were admitted in advance,
and edm is the average number of sources that were admitted in advance but
have nat begun transmitting.

The GRA simulations are similar to ADV, the only difference being the mea-
suring process: all lows that (inish within the same A seconds are aggregated
and measured collectively. This also implics that for purposes of admission con-
trol, finishing times are rounded upwards to the nearest A seconds. In the table,
A g the granularity of the measuring process.

6.6 Discussion

These simulations elearly show that predictive serviee with advance rescrvations
provides higher network ntilization than guaranteed service with advance reser-
vations. They also show that adding advance reservation capability to predictive
service decreases bandwidth utilization. "T'he levels are not mmch lower though
for smnooth traflic, bul for bursty braflic the utilization level decreases rmore.
When the fraction of sources asking for advance admission 1s lower the decrease
in utilization is lower. k. g in simnlations when 10% of the sources (instead of
30%) ask for admission in advanee, the utilization iz 69% for the bursticr Exp2
traffic.

T'he reason for the decrease in utilization is that advance reservations will
block requests for unmediate adimission. This blocking effect 1s larger wlhen the
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sources are bursly since the loken buckel parameters are larger. Moreover, when
token buckets are deep the admission decision 1s based on delay considerations
more than on available bandwidih. To make a good admission decision in this
casc, the algorithm would neced to know how much cach flow contributes to
the current quening delay. This would enable the algorithm to estimate future
delay since 1l knows which lows will be active at any [uture time. Instead, the
algorithm nses the eurrent delay as an cstimate of future delay. Sinee this is a
very conservablive estimale, nelwork ulilization sullers.

An interesting and somewhat surprising result is that when there was ag-
gregation of flows in the measuring process utilization increased for the smooth
trallic generated by Bxpl sources, bul decreased [or the burstier Bxp?2 sources. Tt
is cagy to sco that utilization might decrease sinee the durations of active reser-
valions are virtually extended by the aggregalion in the measuring process. This
gives less room for new rescrvations. The simulation results are not conelusive
on why aggregation increases utilization for the smonth Expl sources.

Aun interesting observation is that lor guaranteed service, sources asking lor
immediate admission are almost completely shut out by sources asking for admis-
gion in advance. 'T'his is due to the fact thar for guaranteed service the admission
declsion 1s based on requested values only, regardless of estimated bandwidth use.
"I'he sources asking for admission in advance are admitted first and so can starve
oul sources asking lor immediale admission since no bandwidth is [reed when
the sources with guarantced scrvice begin to transmit.

6.7 DBooking Time and Duration

These simulations investigate how beoking times and durations are related to
utilization. 'l'able 2 shows that there is virtually no decrease in utilization levels
[or guaranteed service when there are advance reservalions, so we conceulrate on
predictive service. No effort was spent in finding geod parameters for the mea-
suring process, so 1t is likely that utilizations levels conld he improved somewhat.
[9] discusses the ellects of changing various measurement paramelers.

In this and all following simulations, 60% of the load has zero hooking times
and durations that are exponentially distributed with a mean ol 5 min, 40% of
the offered load is uniform as explained in 6.3. The parameters in tables 3, 4,
and b refer to the uniform load anly. All sources in a simulation obey the same
source model, and all request prediciive service, Simulations ran [or 7500 seconds
simulated time and the reported results come from the last 15300 seconds. No
delay bounds were violaled.

Table 3 gives utilization levels for a simulation scrics where all booking times
were zero, i.e., all requests are for immediate reservation. ‘This allows compar-
ison with laler results using non-zero booking times. Table 3 generally show a
tendency of increasing utilization as the durations of the uniform load increase.
This 1s expecled as the number of active lows with long durations increase and
there are fewer dips when flows leave.

‘I'he uniform load in the next set of simulations have duration means of
10 minutes. The booking tiunes vary. Results are reported in Table 4, which
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I

2

Mean duration (min) 5 10 15 30 43 60

Expl util (%) T9 81 82 78 T& 83 83
Fxp2 uil (‘3] T8 T RO 80O 81 81 8
Fxp3 uil (‘7] 40 42 43 46 45 47 46

Table 3. Zero booking time

lists utilization levels, w#il, and average number of active reservations that were
hoaked in advance, #adv. 'l'able 4 show that utilization levels are independent of

Mean booking time {(min) 5 15 30 45 &0 753

Lxpl util (%) &0 F9 7% TR 79 TR
Hadv 162 136 132 133 134 132
Lxp2 util (%) TEOTE THTE 7776
#adv 36 26 26 25 25 25
Fxp3 util (‘%) 16 19 2 19 21 21
#adv 3015 15 15 156 15

Table 4. Effect of booking time. Mean duration is 10 min

the lenglh of the booking tinie when the booking time is longer than the duration
intervals. As there is no overlap with active flows at the time of admission, the
number of [lows thal can be admitted 1w advance is determined by how much
will fit inte the link given the token bucket parameters. Simple caleulations on
the taken bucket parameters and comparison with the reported #Zaedv numbers
conlirm this, The utilization levels [or (he simoother Txpl and Exp2 models
decrease only a fow pereent compared to the simulations with zere hooking
time. For the Kxpd model utilization levels decrease dramatically, from 42% tao
21% when durations arc 75 min. Note, however, that the utilization level wonld
he less than 2.7% if gnaranteed service were requested. 'U'he utilization decreases
because of the blocking that oceur just belore reservalions made in advance
become active, soe Figure 2 for an illustration of this offeet.

The final simulations keep the mean hooking time fixed at 15 min, and the
duration means vary [rom b to 7h minubes. Table b list the resulls. There, #adv
18 the number of active flows that were reserved in advance and #advstarts 1s
the number of such Nows that started within the 25 minute interval.

Table b show that longer duralion inlervals increase ulilization levels, The
reason appears to he that the numher of starts of reservations that were hooked
i advance decrease as the length of duration intervals increase. The uumber of
accompanying dips then also decreases. Utilization levels for the bursty Exp3
sources fluctuate significantly due to the uneven distribution of starting times
ol advance reservalions. A plol of the ulilization level and number of startiug
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Mean duration (min) 5 10 13 30 45 60 75
Expl util (%) 69 TY9 #2854 84 853 &6
#adv 130 144 (53 187 205 219 224
#advsiarls 628 342 244 1532 109 93 65
Exp2 util (%) 1T6 TS T9 80 80 &2
#adv 26 26 28 18 50 52 57
#Hadvstarls 133 69 52 31 24 19 20
Expd util (%) 11 19 24 28 30 35 37
Hadv 15 15 19 29 42 50 63
#Hadvstarls 80 42 29 27 22 21 24

Table 5. Lffect of Duration. Mean booking time is 15 min

advance reservations per time unit clearly show this phenomenaon, the utilization
level drops significantly before a high concentration of starts.

When booking times are shorter than durations, the number of active flows
that were admibled in advance will increase. This does nol appear (o have much
cffcet on utilization. A 20000 sccond simulation where durations had a mean
of 73 min, and booking times were large. resnlted in 36% utilization for Kxp3
sources, Compare this to the 37% utilization when hooking times had a mcan
of 15 min (‘Table 5).

To conclude, these simulations show (hal when durations of advance reserva-
tions arc long, utilization levels arc about the same as the levels without advance
reservations, unless foken bucket parameters are very large in which case the lev-
cls decrcase somewhat due to blocking before the starting times of reservations
baoked in advance. When booking fimes are longer than a few minntes, utiliza-
tion levels are not related to the leugth of the booking time. TUiilizalion does
depend on the doration of advance reservations, longer duration gives higher
utilization. 'L'here were no violations of delay bounds in any simulation.

7 Setup protocols for advance reservations

To provide an cnd-to-cnd advance reservation service in an internetwork, it is
necessary to have a protocol which is ahle ta set up reservations in advance across
rmultiple hops, So [ar, we have been concerned ouly with adiission control wto a
gingle hop. 'There have been some pratocols suggested for setting up reservations
in a packel switched network, including ST-2 [14], BSVP [16], .2931 [17], RCAP
[1]. The first two protocols were designed to provide reservations in the Internet.
One difference hetween them is that S'1-2 relies on hard state and RSVP on soft
stale. Another dilference is thal in ST-2 the sender malkes the reservations and in
RSVP it's the receiver. For onr purposes, hard state means that the reservation
state 1 the roulers, once sel. up, will remain in those routers until explicitly torn
down. By soff state we mean that reservation state must be refreshed periodically
and will time out atherwise. In practice, this means that as rontes change, the
reservation stale in RSVP will time out aud be rebuill along the new path.
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7.1 Setting up Advance Reservations using RSVP

Wil some minor changes, RSVP [16] can be used Lo sel up advance reservalions
in almost the same way as 1t 18 used for setting up immediate rescrvations.
To establish an advance reservalion [or a mulli-party session the senders have
to announce thelr session by periodically sending announcement messages [1n
RSVP terms, “PAI'H” messages) down a multicast tree. Receivers respond ta
those announcemments by sending reservations toward the senders. The resources
hawve at this point been reserved for some time in the fature. At the time the
sesslon slarls, resources are allocated and e service Lo eacli session participanl
inercases from best-cffort to the requested quality.

For rescrvations made far in advance, there is potentially a very large number
of path and reservations messages that must he sent hefore the session begins.
To reduce overhead, the [requency of sendiug these messages should start low
and increase as the time of the session approaches. R5VP could support advance
reservations elliciently while allowing the admission control algorithin and mea-
suring process to aggregate session state if the following two minor changes are
made:

— 'l'o support advance reservations the flow specification carried hy RSV P path
and reservalion messages should include session durations. A sender will
statc a duration for the scssion and the receivers are free to rescrve any
interval wilhin that duration. Since senders may lenglhen or shorten dura-
tions, special wildeard durations can be used by the receivers to follow the
changes made by the sender.

— 'l'a cancel a reservation, RSV P shonld provide the original flowspec in the in-
tertace between RSV and the admission control mechanism. This is beecanse
our admissian control algorithm aggregates requests for sessions of similar
duration to save stale and [or measuring purposes. We propose that TSVP
provide the original low specification when making a call to the admission
control mechanism fo delete a session.

Sctting up advance rescrvations with RSV is attractive because relatively
small changes are needed to the pratocol. Also, RSVP seems to he a setup
prolocol that will be widely used 1o the Internet. Ilowever, thiere are two problerns
with the scheme.

First, bath senders and receivers need to be present when the reservation is
made and during the whole period belore the reserved interval starls. The actual
application need not be present, but some agent on cach involved host needs to
join the multicast group and tell the local RSVP agent to start sending and
receiving path and rescrvation messages. If hosts fail or are temporarily cut off
from the netwark, the reservation may time out. Kven worse, the sender and/or
receiver hosts may nol even be present when the reservation needs to be made?,
A truly flexible resource sctup protocol should allow resourec reservations by
third parties as well as receivers and/or senders.

* This point was made by David Clark
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Second, BEVP currently does nol prevenl roule changes. Changed routes
will cause the rescrvation messages of cxisting rescrvations to pass through new
routers, which may or may nol have sullicient resources Lo granl the reservalions.
If not, some rescrvations will be rejected, which introduces an ordering problem
in rehuilding advance reservation state. 'I'hus, earlier reservations can he shut
oul by later reservalions whose request happeus Lo arrive [irst al the rouler in
the new path. Sueh behavxiour will decrease the utility of advance rescrvations.
Il vou cannol trust an advance reservation lo be presenl al session e, why
bhother to make it7 There appears te be a strong connection between a resonrec
reservation and the path over which it holds.

7.2 Soft versus Hard State Setup Protocols

Hard-state-based resource reservation protocols avoid the problem of changing
roules but at the cost of flexibility. Some routing changes thal are due Lo [ailures
arc unavoidable, When a hard-state based resource reservation protocel encoun-
ters such a routing change, its only available action might he to reestahlish the
conneclion on a new roule or lear down the conneclion. Reeslablishing the con-
nection on the new route has the same conscquences for the user as RSVDP’s
way of rebuilding state on the new path: reservations could he rebuilt in such a
way as to deny scrvice to users that had carlicr reservations, On the other hand,
tearing down the connection completely and not reestablishing a new one seemns
an infllexible way of handling the silualion il 4 new roule in fact exists. Only an
“all-or-nothing” user would desire such a scrvice.

Route “pinning” has been suggested for RSVP to avoid situations where the
route protocol “Haps” between two different paths without a failure on cither one.
'I'his could happen, for example, when while routing table caleulations attempt
to converge aller a cliange. Such “llapping” would needlessly disturh the quality
of service for an application. Route pinning would allow RSV to keep a path
stable after a reservation is made by cantinuing to forward packets on the initial
path, even though the route has changed. This might help the situation where
advance reservations would otherwise need to be rehuilt along new paths. In a
proposed scheme [18], a pen [lag is added o the reservation messages of RSVP,
When the pin flag is present, the path towards the source is pinned down as long
as pin state 13 refreshed. If real routing failures occured, pinned routes would be
[reed and the RSVP path would migrate to the new roule. Thus, RSVP would
be able to take advantage of the robust features of Internet routing (such as
being able Lo route around “damage” ) while preserving quality ol service in the
face of “Happing” routes.

One way to avoid the situation of having resource reservations rehuilt in a
new order and denying service unlairly is Lo have reservations bimestamped Lo
reflact the ariginal time reservations are made. Although this would add more
commplexity, it could in principle be implemented in a solt-stale based as well as
hard-state bascd sctup protocol.

Thus, RSV P’s soft-state style of resource reservation would seem to have
advaulages over selup protocols thal use hard state. The major problem [or set-
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ling up resource reservations in advance with such protocols is the demand thai
senders and/or reccivers must be present at booking time for these schemes to
work. This 18 a problern for both hard and soll-state-based setup protocols. Thus,
a third-party approach to making advancc rescrvations on beohalf of potentially
ahsent senders or receivers wonld seem to be needed.

8 Related Work

"T'he distinguishing feature of our waork is that we offer an admission control al-
goritlin that allows advance reservalions [or prediclive service withoul preemp-
tion. The algorithm results in significantly higher utilization levels for predictive
service than for guaranteed service.

There are [ew papers on advance resource reservation in the literature, The
earliest mention of advance reservations in packet switched networks we have
[ound is [rom 1992 [12].

The work closest to ours is [6], where advance reservations arc for a kind
of guaranteed service. Their simulations show network wide utilization gains
since conflerence sessions (that share resources) gel priority by being reserved
in advance. All schemes for advance reservation where regservations are merged,
including ours il used together with, e.g., RSVP, would show similar gains. Tn
their scheme a separate partition of the link is allocated to advance reservations.
If such partioning were used for pradictive service there wonld be small or no
utilizalion gains compared lo guaranteed service, because partilioning prevenls
allocating unused resources to immediate requests.

[15] describes a general model [or resource reservalion in advance. Admission
control algorithms are not suggested.

A new scheme called RBONE for making advance reservations in the Mbone
{i.e., the Internel mullicast backbone) has been presented recently [2]. The key
idea is to assign priorities to sessions that are pre-registered. Resource reser-
vallon 1s doue as the [low becomes aclive and RSVP reservalion requests carry
prioritics. The reecivers learn what priority to use by an out-of-band mechanisim.
'I'he rauters give resources to the requests with the highest priorities, possibly
by preempling reservations with lower priorities. The schere is independent of
routing and ronters do not keep much state for advanece rescrvations, cxcept
[or what is needed {o authenticate reservation requests. A disadvaniage is that
precmption is necessary. The scheme is geared towards large and dense sessions.
When few hosts participate in each session, it is necessary that the agents assign-
ing priorities know the topology of the network in order to provide an adequale
response to registrations. Users, for cxample, may want to be notified if ther
registrations are likely to be preempred.

9 Further work

We have used simple on/off source models. Recent studies [10, 13, 7] have shown
that real data trallic and VBR video trallic are sell-sunilar, which means that
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our sitnple trallic models can give results thal are oo oplimislic. Jamin el al
[9] show by simulation that predictive scrvice works well for some scli-similar
trallic models when flows enter and leave [requently. Ilowever, when reservalions
arc made a long time in advance and traffic 1s sclf-similar, current cstimates of
bandwidth and delay can be poor estimates of the future. A natural continuation
ol our work 1s o simulate using sell-simnilar trallic,

Another continuation would be Lo study larger topologies. This hias been done
by Jamin ot al for the original predicted service admission control algorithm.
‘I'he concern here 18 that it is possible far existing advance reservations in parts
of a multihop path to block new admission requests along that path se that
utilization decreases intolerably. T'he reservation setup protocol and its timing
paramelers are lnportant here since partially installed reservations thal are later
rajected in another part of the path could introdnce severe blocking under high
load [11]. 'Uhis problem is not specific ta predicted service since reservations for
other kinds of service would also suffer from such phenomena to some degree.

10 Conclusions

We have shown how the predictive service admission control algorithm developed
in [8] and [9] can be exlended lo support advance reservalions provided that
requests for admission specify the duration of their rescrvation. Our work shows
that it is possible to have advance reservations without preemption.

'I'he extended admission control algorithm proposed in this paper relies on
kuowledge of which flows overlap o e with the (low thal requests advance
regervation, measuring those overlapping flows that are active, and assigning the
requested rate Lo the [ows that have not yel starled. Thus, more requests [or
a certain duration of time can be granted as we get closer to that duration of
time increasing sharing and lowering cost for those flows that occupy that dura-
tion. We have also suggested ways (o minimize the amount ol state informalion
necessary to provide advance reservations and to simplify the measuring process
that estimates [ulure bandwidih use,

Onr simulations show that predictive service with advance reservations pro-
vides higher network utilization than gnarantecd serviee with advance reser-
vations. They also show that adding advance reservation capahility to predic-
Live service decreases bandwidih utilization. The levels are not very much lower
though, and they arc still significantly higher than for guaranteed scrvice. The
decrease in utilization 18 due to the fact that advance reservations will block
sources asking for immeodiate admission. This blocking cffeet 18 larger for bursty
sourees which request more resonrees and when durations of advance reservations
are shorl.

We have also discussed how to sel up advance reservalions in the Internet.
RSV can, with minor changes, be used to set up reservations in advanee. There
are, however, problems with this solution and we suggest that a more general
mechauisi might be more appropriate.
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