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Abstract. Different from Immediate Request (IR) service in packet-
switched networks, admission control for Advance Reservation (AR) ser-
vice is more complex - the decision points include not only the start time
of the new connection, but also the instants that the new connection
overlaps with connections already admitted in the system. Traditional
approach on advance reservation considers only a fixed scheduled period.
When overtime occurs (often quite approaching the end of the originally
scheduled service period) depending on network load and resource usage,
the service may easily be disrupted due to insufficient resources available.
Examples include the broadcasting of sports events and business video-
conference calls. In this paper, we study the problem of admission control
and resource management for AR service with uncertain service dura-
tion. The objective is to maximize user satisfaction in terms of service
continuity and guarantee of QoS while minimizing reservation cost and
call blocking probability of the AR service. An innovative two-leg ad-
mission control and bandwidth management scheme is proposed. Service
continuity, user utility and reservation cost functions are proposed here
to evaluate user’s satisfaction and the efficiency of resource allocation.
Simulation results are presented.

1 Introduction

Many signaling and admission control designs of the quality of service (QoS) sup-
port in packet-switched networks such as RSVP [I] focus on requests that must
be served immediately, commonly known as Immediate Request (IR) service. In
today’s Internet, there is demand for Advance Reservation (AR) service. For ex-
ample, many important business conference meetings and calls are pre-planned
and scheduled. By advance reservation service, users can know whether they can
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get full QoS support of their communication needs over the Internet in advance.
From the service provider’s perspective, knowing the future needs ahead allows
them to better manage the allocation and sharing of network resources between
users, and to serve their customers in a more affirmative, predictable way.

In order to perform admission control and resource allocation, requests for
advance reservation must specify three basic data: service start time, QoS re-
quirement and duration of service. Recently a few works were proposed. They
all assume these parameters are given and of fixed value when requests are sub-
mitted [23HI5J6I7)8]. In reality, these information may not be known in prior,
especially the service duration. Examples include the broadcasting of sports
events and business videoconference calls. Typically, there is so-called sched-
uled duration, e.g., two hours for a broadcast sports event. But often there are
overtimes. Traditional approach on advance reservation considers only a fixed
scheduled period. When overtime occurs (often quite approaching the end of
the originally scheduled service period) depending on network load and resource
usage, the service may easily be disrupted due to insufficient resources available.
Therefore, it becomes a challenge to the service provider to fulfill the needs of
such types of requests assuring both the continuity of service and guarantee of
QoS given the uncertain service duration at the time the request was scheduled
while in line with its goal of maximum network resource utilization.

In this paper, we focus on AR request with longer lifetime such as Internet
broadcast events and videoconferences. Here, we propose an innovative two-
leg admission control and resource reservation scheme for AR requests with
uncertain service duration over the Internet. The idea is to perform bandwidth
reservation in multiple stages. Each stage has a fixed duration and specific level
of quality of service to assure. Thus, service provider can efficiently manage
network resources and allocate bandwidth necessary to guarantee service quality
requirements of individual connections in each stage.

To further tackle uncertainty and to maximize network resource utilization,
an update mechanism is used. A convex user utility function is defined to char-
acterize the level of user satisfaction for those admitted AR connections with
the combined bandwidth allocation and service continuity. A reservation cost is
also defined to evaluate the efficiency of the overall network resource allocation
in advance reservation service.

Other works related to advance reservations in the past include extensions
to the existing protocols and signaling capabilities, e.g., extension of ST2 pro-
tocol [2/9] and RSVP [3]. In [5], the authors proposed a distributed reservation
scheme and its possible implementation. In [I0], the authors studied AR requests
with uncertain duration. It does not address the service continuity problem. In
[8], a measurement-based approach is proposed to estimate the bandwidth used
for existing connections with fixed duration. In [6]7], they discussed the admis-
sion control for connections in progress that are preemptable or interruptible.
Specifically, in [6], they studied the issue of resource sharing between AR and IR
services. In [7], they gave a general description of the policy and pricing schemes
for advance reservations. Most of these works assumed that service durations
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are fixed and available at the admission control time. In [6]11], they assumed
the service times follow some distribution. An estimate or a safe upper bound
of the service duration must be given at the request submission time. In this
paper, we focus on the admission control and bandwidth allocation problem for
AR requests with uncertain service duration.

The organization of this paper is as follows. In Section 2, we present the
proposed Two-leg bandwidth reservation scheme. The definitions of service con-
tinuity and user utility are given. An update mechanism is also presented. In
Section 3, admission control of the proposed scheme is described in detail. In
Section 4, reservation cost is presented. In Section 5, simulation results are pre-
sented to show the benefits of the proposed scheme. Finally, we give a conclusion
in Section 6.

2 The Two-Leg Resource Reservation Scheme

For advance reservation service, there are more than one decision points to check.
They include all the time instants the duration of the new connection overlaps
with the start time of any connections already admitted in the system. Figure [I]
depicts the admission control decision points for AR connections with a fixed
duration; the number of decision points is finite. This is, however, not true for
the case of uncertain duration.

JAdmitted request (a)

] Admjitted request (b)

Admitted request (c)

INew request

> .
P time
Current 4 t 5]

time

Fig. 1. There may have more than one decision points {¢1,t2,¢3} to consider in the
admission control of a new advance reservation request.

In this section, we propose a new admission control scheme with two-leg
bandwidth reservation to address the problem of uncertain service duration in
AR service. To deal with uncertainty, estimation is used here which is based
on the observation that the probability many Internet AR applications will last
longer than a duration t is very small when t is sufficiently large (e.g., VCD films
information from Blockbuster Homepage [12]). First, we assume for AR requests
without specifying service duration, the actual lifetimes will follow certain dis-
tributions. Thus, requests can be classified into different categories; each has its
own characteristic lifetime distribution function. In reality such functions can be
obtained through proper data collection, sampling, analysis and characterization
from the real world [6].



Admission Control and Capacity Management for Advance Reservations 193
2.1 Age Function

Let a;(t) be the probability density function of the nominal duration of type i
AR connections and s; is the start time of the connection. We define the age
function of connection i, A;(t), as the probability that connection will end after
time s; + t,

A;(t) = Pr{duration >t} = /Oo a;(z)dz, (1)

2.2 User Utility

We characterize the level of user satisfaction for those admitted AR connections
with the combined bandwidth allocation and service continuity. First, a convex
function s;(T;) is defined to describe the level of satisfaction in terms of service
continuity for connection ¢ which lifetime is 7; and D; is the nominal duration
of the corresponding event, i.e.,

{ HBV i T, < Di
5i(T;) = U (2)
1 if I; > Di

The constant % is used to reflect the weight of such effect. Figure [2] shows
the values of (2)) under different k’s. The larger the k the more utility gain is
stressed on the continuity of service especially towards the end of the event.
For example, if a live broadcast of a basketball game was initially scheduled for
three hours but due to overtimes, the event is in fact three and half hours. The
nominal duration is three and half hours. The lifetime of the connection however
depends on whether a service extension request is issued, say two hour and 45
minutes after the event. If accepted, T; is equal to nominal duration; otherwise
it is three hours.
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Fig. 2. The values of service continuity under different k’s.
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Now, we define the user wtility for connection i as the combination of both
service continuity and bandwidth allocation. It is an increasing convex function:

ui(T) = /O " <ds;f) x r;g)) dt (3)

Note that r;(t) is the bandwidth allocation to connection ¢ at time ¢ and R;
is the requested bandwidth. This function contrasts bandwidth allocated vs.
requested during its lifetime continuity of service. The user utility is the integral
of satisfaction over the nominal service duration. Essentially, the utility value
increases when service continues.

2.3 Two-Leg Bandwidth Allocation

Instead of reserving bandwidth indefinitely for connections as in the traditional
way, we propose to perform a two-leg admission control and bandwidth reser-
vation for an AR request. The scheme works as follows. Initially, when the first
time an AR request is issued Leg-One admission control is performed. In this
phase, admission control only considers resource allocation for an initial fixed
period of time called the full warranty period during which the requested band-
width is reserved for its use if admitted. To handle situations where events may
last longer than the warranty periods, a second leg - Leg- Two admission control
is performed in which an at least minimum amount of bandwidth is reserved
at the same time for another fixed period of time called the at least minimum
warranty period. Admitted AR connection may issue warranty period extension
requests at any time afterwards. Additional admission control will be required.

We choose two-leg absolute service warranties than statistical guarantee as in
[11]]. We believe that this model of advance reservation service is more meaningful
because users clearly know the requested QoS is assured during the period.
There are several advantages of this model. First, it is easy to implement by
service providers. Second, the model is simple enough for the average user to
understand so that the users feel comfortable. Known expectations of service
assurance reduce risks. Moreover, the administrative cost of tracking usage is
low.

Full Service Warranty Period

In the full service warranty period, a connection is assured with full bandwidth
allocation. The choice of a good warranty period is essential to the assurance
of service continuity. It indeed depends on the nature of the application, i.e.,
the age distribution function. If a larger value is chosen, the system must re-
serve resources for a longer period of time. Although this can increase service
provider’s confidence on service quality delivery and minimize the likelihood of
service violation, a major concern is that network resources may be underuti-
lized. Adversely, if a smaller value is used the system can achieve better resource
utilization and blocking probability performance. The tradeoff is that more fre-
quent service disruption and lower user satisfaction.
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At Least Minimum Bandwidth Reservation for After-Warranty Period

The full service warranty period only represents expected or average duration.
The rational behind the design of after-warranty period is to avoid sudden ser-
vice disruption for connection whose event time is longer than this period, e.g.,
overtime of sports broadcast events. With resource reservation for the at least
minimum warranty period, if a service extension request is rejected, the con-
nection at least has a minimum bandwidth available to continue the service
although the quality may degrade. The second leg warranty period is denoted
as Dj qmw- Let parameters 3; ¢, and B; gmw be the probability thresholds of the
full warranty period D; r,, and at least minimum warranty period D; gmaw (see

Fig. [3)).

Bandwidth
Bandwidth guaranteed

Expected Bandwidth  _____
of duration

] Duration

At least mini
warranty period

-— Full warranty period No warranty —_—

Fig. 3. The amount of bandwidth reservation at different warranty periods.

Compared to full bandwidth reservation, the tradeoff is link utilization. In
fact, many Internet applications such as real-time audio/video streaming media
are capable of adapting themselves to the network state and can tolerate certain
degree of performance degradation. Hence, the bandwidth requirement of an
AR request in the proposed service model is given in the form of < R;, R; min >
where R; is the bandwidth requirement of the service warranty period and R; min
is the minimum amount of bandwidth acceptable to the connection. The actual
bandwidth reservation in the at least minimum warranty period for connection
i would be in the range of < R;, R; min > (see Fig. ). R; can be the effective
bandwidth [T3]14] or the peak rate.

2.4 Revising Uncertainty with New Data

Uncertain resource allocation is complicated because of the form of ”probabilis-
tic” in the duration of which the requested resources are needed as opposed
to the fixed duration. Our work focuses on using new data to revise imperfect
user-supplied initial knowledge of how long the connection will last. During the
course of service, the service provider could periodically poll service user to up-
date his/her knowledge of the connection lifetime or the service user can issue
a status update to the service provider notifying whether an extension or early
termination of the connection is needed.
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3 Admission Control of Full Warranty Period and at
Least Minimum Warranty Period

Let the total link capacity designated to the AR service denoted as Cur (Cagr <
Clink, Clink is the link capacity). Let Af(¢) is defined for each connection i:

0 ,t<0
Ajt)y =<1 ,0 <t < Dy pop(full warranty period)
Ai(t) ,Di,fw <t < Dj 5w + Diamw(at least minimum warranty period)

Consider the admission control of a new AR request. Let < Ryew, Rnew min >
be the bandwidth requirements of the new connection; Dyew,fw and Dyew awm
are the full warranty period and at least minimum warranty service period of
the new connection, respectively.

3.1 Leg-One Admission Control

Let P, be the set of admission control decision points identified, i.e. P, =
{tk, tk — Snew < Dnew,fw}, W (tg) is the set of connections that overlap with new
connection at time t;. The admission decision is based on the following equation:

V],] S W(tk) Zmax(ijm, (RJ X A;(tk — Sj)) + Rnew < CAR (4)
J
3.2 Leg-Two Admission Control

Let P, be the set of admission control decision points identified, i.e. Py =
{tk, Dnew, fw < th—Snew < Dnew, fw+Dnew,amw }- W (tx) is the set of connections
that overlap with new connection at time t;. The admission decision is based on
the following equation:

V],] S W(tk) Zj mam(Rjymm, (R] X A;(tk — Sj))+ (5)
max(Rnew,min7 (Rnew X A;,Lew (tk - Snew)) S CAR

4 The Reservation Cost

We distinguish two costs for each admitted advance reservation request ¢: the
reservation cost ¢; r.s and actual cost ¢; 4.+ defined as follows:

Di,avnw
Cires = / max(Rz X A;(t — si),Ri,min)dt (6)
0

T;
Ci,act = / max(Rl X A;(t — Sl'), Rl,mzn)dt (7)
0

Equation(@) is the integral of the total bandwidth reserved to connection i.
This is the cost paid by the service provider. Equation () is the integral of the
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bandwidth actually used by connection 7. The normalized reservation cost of the
system for an interval 7 is defined as follows:

EieAR(T) Ci,res
Cays = osART 2 (8)
ZiEAR(T) Ci,act

Its value is no smaller than 1. It will be used to evaluate the performance of
the proposed scheme in the next section.

5 Performance Evaluation

In this section, we study the performance of the proposed two-leg advance band-
width reservation scheme via simulation. The network configuration is shown in
Fig. @ The simulation period is 30 days (we take the daily average statistics
from 30 days). For all sets of experiments, the requests are assumed of the type
of videoconferences whose nominal service duration is a Pareto distribution with
mean 120 minutes and shape=1.8. All requests have the same age distribution
function and bandwidth requirements and < R, R,,;;, >=< 1.5Mbps, 256kbps >

Request 1

Request 2

Request N

Fig. 4. Network Configuration of the simulation

The arrival process of advance reservation calls is assumed to be a Poisson
process. Each call makes a connection reservation with start time in the next day.
In each day, we divide 24 hours into "peak zones” (9am-12noon and 2-5pm) and
"off-peak zones” (the other times of the day). The probabilities of reservations
starting at peak zones or off-peak zones are assumed to be .7 and .3, respectively.
Here, we assume the start time of an AR call must be at full or half o’clock (e.g.,
9am, 9:30am, etc.). The start time distributions for calls in peak and off-peak
zones are all uniform distribution.

5.1 Service Continuity, User Utility, and Reservation Cost

In this set of experiments, we compare user utility and reservation cost of the
proposed Two-Leg bandwidth reservation with that of the traditional one-time
reservation approach referred to as one-leg reservation. Dy, and Dy, are set to
80 minutes (8, = 0.5) and 116 minutes (Gqmw = 0.75), respectively. Both these
two interval values are used as the durations of the one-time reservation for the
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sake of comparison. In the Two-Leg bandwidth allocation scheme, service update
is issued 60 minutes after connection starts. The arrival rate of the AR calls is
0.06 calls/minute. Table[d] shows the user utility. We can see that for connections
whose nominal durations are greater than the full warranty period but less than
the at least minimum warranty period, in terms of service continuity, it is one
under the Two-Leg reservation with or without update. With update, the user
utility is further improved. For those connections whose nominal durations are
greater than the at least minimum warranty period, the Two-Leg reservation
scheme outperforms one-time reservation scheme with Dy,. It is as expected
that the Two-Leg reservation scheme is not as good as one-time reservation
with duration Dg.,., because in the former, the bandwidth allocated after the
full warranty period is a function of the bandwidth available at the time service
extension request was issued. We know service extension requests often come as
short notice and approach the end of the event. How to increase the acceptance
probability of the service extension requests is one of the issues that we are
currently looking into. In the aspect of reservation cost, the Two-Leg bandwidth
allocation scheme performs very well, close to that of one-time with Dy,,. This
implies that the bandwidth reserved in the at least minimum warranty period is
efficiently used.

Table 1. Comparisons of service continuity, user utility and reservation cost of the
Two-Leg and traditional one-time bandwidth reservation schemes.

D; < Dy |Dyw < Di < Damw|Damw < D

s(T)[u(T)[s(T)]  w(Ty) 5(Ti)[ u(Ty) |csys (24-hours)
1-leg(Dfw) 1.00| 1.00 | 0.56 0.56 0.12] 0.12 1.11
2-leg(No update)|| 1.00 | 1.00 | 1.00 0.64 0.35| 0.17 1.16
2-leg(Update) 1.00| 1.00 | 1.00 0.84 0.46| 0.22 1.14
1-leg(Damw) 1.00|1.00 | 1.00 1.00 0.35] 0.35 1.38

Figure[B shows comparisons of call blocking probability under different arrival
rates for the two schemes. As expected, because the extra bandwidth reservation
for at least minimum warranty period in the Two-Leg reservation scheme with or
without update, the call blocking probabilities are higher than that of one-time
reservation with duration Dy, but lower than that of the one-time reservation
with Dgyme. Figure Blshows the reservation cost. One can see that the reservation
costs for the Two-Leg reservation scheme with or without update in peak zones,
are close to those in the off-peak zones. Adversely, the reservation costs for the
one-leg reservations are much higher than those of two-leg approach. Moreover,
in the Two-Leg reservation scheme, the reservation cost when with update is
lower that when without update. This is because that the bandwidth reserved
after update is much likely utilized, thus lowering the reservation cost.
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Fig. 5. Comparisons of call blocking prob- Fig. 6. Comparisons of reservation cost.
ability.

5.2 Service Continuity, User Utility, and Reservation Cost

The parameters 87, (Dyy) plays an important role in the proposed Two-Leg
bandwidth reservation scheme. In this set of experiment, we study the effect
of different choices of the full warranty period on user utility and reservation
cost. Here, the B4mq is fixed and set to 0.75. In Fig. [, even with update in the
Two-Leg reservation scheme, the improvement is limited. This is again because if
the update is issued late during the connection lifetime, the blocking probability
is likely high. Figure Bl shows the reservation cost under different full warranty
periods.
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4
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Fig. 7. Comparisons of user utility for dif- Fig. 8. Comparisons of reservation cost for
ferent full warranty periods. different full warranty periods.
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5.3 Update of Service Duration

In this set of experiments, we study the effect of at different times the service
extension request is submitted in the Two-Leg reservation scheme in improving
service continuity or user utility for those connections lasting longer than the
initial full warranty period. In Fig. [0, we can see that both service continuity
and utility do not change much when updates are submitted during the first 60%
of the nominal service duration. After that, both increase. Figure [[0l shows that
reservation cost, has not much changes for different update submission times.

15 15
DDy <Dy Damw<Di
—s— Utility ——— Utility
> v Continuity Continuity
=1
£ 1y v v v v v v v v v B 1+
z Q
Q o
] c
5 o
2 S
£ @
5 3
505/ cosf
17}
=
0 . . . . . . . . , 0 . . . . . . . . ,
0 0.1 0.2 0.3 0. 0.6 0.7 0.8 0.9 0 0.1 0.2 0.3 0. 0.6 0.7 0.8 0.9

. 0.4 .5 . 0.4 .5
Update time (qu) Update time (D'W)

Fig. 9. Comparisons of service continuity
and utility for service duration update of
different submission times.

Fig. 10. The reservation cost for service
duration update of different submission
times.

6 Conclusion

It is difficult to do efficient resource management for advance reservations with
uncertain service duration. In this paper we have presented a Two-Leg band-
width reservation and admission control scheme. The idea is to perform band-
width reservation in multiple stages. Each stage has a fixed duration and specific
level of quality of service to assure. Thus, service provider can efficiently manage
and allocate bandwidth needed to guarantee service quality to the connections
at individual stages. Under the scheme, bandwidth reserved to an admitted AR
request with uncertain duration includes a full bandwidth reservation for initial
the service warranty period (Leg-One) and at least minimum bandwidth as well
reserved for the after-warranty period (Leg-Two). The focus of the proposed
scheme is not only to address the admission control issue at the initial call setup
time but also the continuity of the service when events like overtimes occur.
An update mechanism is used to allow service user to update the network,
especially a service duration extension is requested. If an update request cannot
be satisfied, instead of reject a duration that best matches user’s requirement
is selected. In the worst case, Leg-Two bandwidth reservation assures at least
minimum amount of bandwidth available to a connection to carry on the service.
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The proposed scheme aims to provide service users a more predictive, affir-
mative service guarantees than gradually degrading service.

Finally, simulations are performed to evaluate the proposed schemes. Results
show that the proposed scheme makes a good use of the bandwidth and outper-
form traditional one-time reservation in service continuity and user utility. The
reservation cost is minimum, close to one-time reservation with fixed duration
equal to the full warranty period even with additional bandwidth reserved for
the at least minimum warranty period.
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