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Resource reservation in advance can be a useful extension for a reservation-based communication servic
if certain users are willing to pay additional charges to overcome the blocking probability of a communi-

cation network. Existing proposals for advance reservations restrict service flexibility by technically en-

forcing a certain subset of service invocations and conceptual separation of immediate and advance
requests. In this paper, we present the specification of a single general network service providing both im-
mediate and advance reservations. We introduce a policy and pricing layer to calculate compensations fo
certain service characteristics. Correct operation of this service is shown and further extensions are dis-
cussed. Employing such a communication service and the respective policy layer, users are free to choos
the characteristics of their service requests as long as the system is able to deliver all given guarantee:
However, the system is controlled by a policy layer, specifically, users are subject to charges, which vary
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1 Introduction 2 Related Work

For communication services implemented by means of re- A number of approaches to resource reservation in advance
source reservation, capacity planning should be based on have been published so far. Many of these concentrate on
economic calculations incorporating estimations of price the issue of enabling advance reservation in the first place
elasticity and expected demand. However, there is always a and signalling appropriate requests between network nodes.
possibility of demand exceeding the available resources. In The fundamental problem of resource reservation in ad-
such a case, some reservation requests have to be rejected invance is depicted in Figure 1. Given a certain amount of fu-

order to guarantee correct handling of others. This possibil-
ity is referred to aslocking probability Traditional tele-
phone networks are usually dimensioned to keep the
blocking probability very low by overprovisioning resourc-

es compared to estimated demand patterns based on well-
established experience. For future integrated services
networks, precise demand patterns might be harder to esti-
mate, due to the greater flexibility of usage requests. There-
fore, to achieve a very low blocking probability, additional
overprovisioning would be necessary. One might argue that
sharing resources between best-effort and reservation-based
services lowers the need of overprovisioning resources.
This is correct, but only to a certain extend, because a cer-
tain amount of best-effort traffic that has to be transmitted
by a network might be isolated and shielded as well, to pro-
vide an acceptable level of service. It is largely speculative
to predict the application-mix and consequently the level of
multiplexing in future integrated services networks.

The concept of resource reservation in advance allows to
specify reservation requests ahead of time [1]. Such re-
guests only make sense, if their blocking probability is
smaller compared to that of an immediate reservation. In
practice, advance reservation requests might only be used, if
their blocking probability is zero, except in case of hard-
ware failures. One particular application are mobile devices
moving from one access point to another and establishing a
reservation in advance to continuously keep the communi-
cation service alive [2,3]. Especially in the area of wireless
communication, transmission capacity is a crucially limit-
ing factor, hence, it might not be possible to guarantee a
very low blocking probability. In general, candidates for ad-
vance reservations are timed communication requests of
such high importance that the normal blocking probability
is not acceptable (e.g. telemedicine). Given these aspects,
resource reservation in advance can be considered as an ad
ditional management technique to coordinate shared usage
of limited resources. In this paper, we provide a service def-
inition and policy layer to exploit these benefits. Thereby,
we present a new approach to advance reservation by sepa-
rating the management into capacity and policy decisions.
We intentionally use a generic description and do not tie our
approach to a certain network technology.

The rest of the paper is organized as follows. In
Section 2, we review and assess related work. We present a
unigue and general service definition in Section 3 and the
complementary policy layer in Section 4. In Section 5, we
demonstrate the general applicability of our approach by
further extending the flexibility of service invocations. Fi-
nally, we summarize and conclude the paper and briefly
present our ideas for future research work in Section 6.

ture requests and no limitation on service duration, is it
possible to schedule incoming reservations?
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Figure 1: Scheduling of Advance Reservations

The work presented in [4] indicates that occasionally
preempting exisiting reservations in favour of adavance res-
ervations can increase overall resource utilization. In [5], an
agent-based reservation system is presented, in which im-
mediate and advance reservations are handled differently.
Advance reservations always have to specify a finite dura-
tion and are never preemptable. Immediate reservations
never specify a duration and are always preemptable. The
system considers certain time horizons, calledkahead
timeandbookahead timgo decide about acceptance of im-
mediate and advance reservations. To us, this service model
introduces unnecessary limitations, which are of questiona-
ble virtue. For example, the authors note that selection of
the time horizons is crucial for useful operation and certain
requests are inherently precluded. On the other hand, users
are expected to pay for service requests, so the question re-
mains why certain requests (which are complicated for the
system to handle) should be completely prohibited, instead
of just setting appropriately high charges. Different hand-
ling of advance and immediate requests is introduced as an
architectural benefit, however, we believe it only adds com-

plexity to the system. The system is further described, eval-
uated and implementation details for admission control are
given in [6].

A different approach [7] suggests that advance reserva-
tions also specify a service duration, but immediate reserva-
tions are not preemptable. Admission control for
reservation requests in advance is done by only considering
other advance reservations. Advance and immediate reser-
vations are isolated by dynamically partitioning the network
resources. Because the partition for advance reservations
has to be large enough to admit all requested future reserva-
tions, this might lead to a situation, in which a significant
amount of resources cannot be assigned to immediate re-
guests, yet being unused.

In [8], an architecture for realizing advance reservations
in an IP/RSVP-based network is suggested and discussed.
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For the RSVP policy framework, the relevant proposed
standardization document [9] defines priority levels for
service preemption. However, no background on advance
reservation and the task of assigning priority levels is given.
Further details on the exact signalling procedures for ena-
bling advance reservations on top of RSVP can be found in
[10]. Other approaches we are aware of, but do not discuss
here for reasons of brevity, include [11,12]

Basically all previously suggested approaches conceive
the fundamental admission control problem associated with
resource reservation in advance. However, the attempts to
deal with and completely solve this problem by technical
means usually fall short, because of the limited scope of
such approaches. One particular problem is given by the
strict conceptual separation of immediate and advance res-
ervations and the requirement to specify the duration of an
advance reservation. As a consequence, this irrevocably
limits the service time.

Realizing this, we present an integrated and generic
service definition for immediate and advance reservations
and delegate part of the admission control problem to a pol-
icy layer. This service definition does not fundamentally de-
viate from other suggestions, but our model is significantly
less complex, yet more general, in that functionality at the
network layer is restricted to essential aspects, thus being
very simple.

3 Network Service

We aim to specify a uniform reservation-based service de-
scription that covers both immediate and advance reserva-
tions. The service description should impose as few
restrictions as possible on potential service requests. On the
other hand, each router must be able to determine whether a
pending request can be accepted without violating guaran-
tees given to other reservation requests.
When accepting an advance reservation, therenisld:

back time the timeframe between service request and serv-
ice invocation. The fundamental problem when accepting
advance reservations can be formulated as follows: During
the hold-back time, how can the allocated resources be used
for other requests? If other advance reservation requests ar-
rive, which specify a service duration, it can be determined
whether these are schedulable. A more difficult situation is
given with immediate reservations, because usually these
do not specify a fixed service duration. Three basic solu-
tions exist for this problem. The firstis that each reservation
request, including immediate reservations, also specifies a
duration and is only accepted if resource availability can be
guaranteed for the whole duration. The second possibility is

to preempt service requests when their resources are needed

for an advance reservation. As a third alternative, resources
could be partitioned for immediate and advance reserva-
tions, such that no preemption is needed and only advance
reservations have to specify a duration. It can be concluded
from previous research efforts (see Section 2) that at least
one of these solutions has to be adopted by the network.
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However, we feel that there is no need to technically restrict
the system to either one.

Partitioning of resources should be avoided if possible,
because it prohibits resource sharing. Even in case of dy-
namic partitioning [7], future advance reservations block re-
sources for other immediate reservations. Declaring the
duration of service invocations might not be possible and
acceptable for all users and usage scenarios. On the other
hand, the possibility of preemption might also not be ac-
ceptable under all circumstances. Therefore, we specify a
network service that does not rely on partitioning and inte-
grates both preemption and duration declaration in a general
way. Nevertheless, the potential for precisely predicting
service guarantees is retained. We achieve this goal by dis-
tinguishing between duration of non-preemptable service
and actual reservation lifetime.

3.1 Service Definition

A service request for a resource reservation R is described at
request time by the 4-tuple (r,s,e,v) as follows:

r: time of reservation request

s: begin of service

e: end of non-preemptable service

v: amount of resource capacity
That is, at time r, a user requests an advance reservation of
capacity v, starting at time s, which is guaranteed not to be
preempted until time e. This description does not include
the actual service duration, which can be arbitrary. The dif-
ference of s and r expresses the hold-back time for an ad-
vance reservation. The key supplement to this service
description is the following specification: At each time t,
each service request s in a state p(t), caiesemption pri-
ority, with

1 s<t<e
p(t) = O @
0 else

If p(t) = 1, then the reservation request is guaranteed not to
be preempted. A reservation is assigned a preemption prior-
ity of 1 for the time that is specified in the reservation re-
quest. At the end of this duration the reservation is not
automatically torn down, instead it is just considered
preemptable for the sake of scheduling other non-preempta-
ble requests. Employing this additional state description, the
flexibility for requesting and managing advance reserva-
tions is extended, because even if a duration has to be spec-
ified for non-preemptable reservations, this does not
necessarily result in a fixed a-priori reservation time. This
service definition is graphically depicted in Figure 2. We
give some examples to demonstrate the flexibility of this
service definition, each requesting an arbitrary amount of
resources V:

immediate and preemptable reservation at tirge t
R(tototo,v)

advance reservation at timg for time t; requesting a
minimum service time I: Rffty,t;+,v)

immediate reservation at timg tequesting a minimum
service time k: Rfity,tgtk,v)
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sider the situation shown in Figure 3. The dotted line
denotes the total available capacity of resources and the
A long-dashed line depicts the current tirgeTthe dashed line
represents existing and requested non-preemptable reserva-

resources

: ; [ tions. At time ¢, two new advance reservation requests ar-
: holdback |non-preempablg preemptable rive, one of which is schedulable while the other one is not.
: time | service | service For an immediate request, non-preemption can be guaran-
vy . .- ! o teed for a certain amount of time. Preemptable reservations
W ﬁ are not shown in this figure, because they do not influence
. \ the calculation of overall schedulability of non-preemptable
> requests. We conclude this section by formally specifying
r e time o "
the admission control condition:
At time 1y, a new service reques§ R (i, S, €, Vy) can
be accepted by the system, iff
load(t) +y <C forall't, gst<g (4)
For admission control, it is sufficient to consider those times

Using this service definition, each possible instantiation of &t which load(t) changes its value. If we denote these times
immediate and advance reservations combined with the With Tj, a simple algorithmic description can be given as fol-
choice of preemption priority can be requested. The service lOWs:

——  preemption priority

Figure 2: Service Definition

definition is independent of the actual duration of reserva- deci sion = Accept
tion, it only determines the amount of time when a reserva- for each 1j, sy =7 < ey
tion request is not to be interrupted. It turns out that if (load(t) + vy >C
considering non-preemptable time is sufficient to define a then decision = not Accept
general reservation service. endf or
Note that this admission control condition does not princi-
3.2 Admission Control pally differ from those of existing proposal, it just considers

a subset of existing reservations only. Therefore, proposals
to implement such an admission control algorithm, as for

bility and preemption, an admission control algorithm is . )
. . . example the work presented in [6], can be applied here, as
needed. For this algorithm, only non-preemptable service well

requests have to be considered at each time, because all oth-
er reservation requests can be preempted. In this sense, we
first define the total load at time t:

In order to provide service guarantees for blocking proba-

3.3 Service Invocation

N There are several ways of invoking this service with a sig-
- nalling protocol. One possibility would be to use a hand-
load(® = 3 shakegrr?echanism: P )

i=1
: user— system: REQUEST(s,v
for p;,v; from all service requestsR=1,...,n (2) system—»yuser' RESPONSI(E,(%zg
Defining C as total capacity ang &s current time, a set of user— system: CONFIRM(e) or REFRAIN
reservations R(i = 1,...,n), is schedulable, iff The user requests a certain amount of resources at time s and
load(t)< C forallt, t>t, ©)) the system responds by specifying the maximum duration

We now intuitively show how to use this definition as an ad-  this reservation can be guaranteed to be non-preemptable.

mission control condition and then formalize its usage. Con- Then, the user either confirms requesting the service by
choosing an end time or refrains from service invocation.

resources _ However, a handshake mechanism like this inhibits the
A | capacity C problem that additional overhead is needed to keep the deci-
""" unsuccessful oo sion an atomic one. State information and timers would be
‘ advance request successful needed to detect hanging invocations. Therefore, we pro-
L advance request pose the following protocol elements to invoke the reserva-
| | tion service:
_ successful k=== user - system: REQUEST(s,e,v)
immediate reques | load() system-. user: ACCEPT or REJECT/{g,)
- Lo _ When using this service, a user specifies start time s, end
—————— - time e and an amount of resources v. The system responds
I _ by either accepting the request or rejecting it, depending on
to time its current state. In case the service is rejected, the system
announces the currently possible maximum duration for
non-preemptable service on anformational basis, i.e.,

—

Figure 3: Existing and New Advance Reservations
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without guarantees. This information can be used by the not occur regularly, because of careful capacity planning.
end-system to adapt its requirements and issue a new re- Under this assumption, an alternative suggestion for pricing
guest. Additional information might be added in case of would be the airline model of overbooking aircraft seats.
service rejection, for example, an alternative start time. This This could be applied by charging the same price for
service invocation model is idempotent and atomic and preemptable and non-preemptable reservations and in case
therefore, significantly reduces the complexity of protocol of preemption, a compensation would be paid by the net-
implementation. It also nicely integrates with RSVP’s one- work provider.

pass mechanism for reserving resources [13]. We now formulate requirements to a pricing model for
the basic scheme, considering the service definition from
Section 3.1. The effort of holding an advance reservation in-
creases with the amount of time it is booked ahead, because

As discussed in the previous sections, there are fundamental Other requests are potentially blocked. Consequently, the
conflicts associated with the admission control problem for charge for a reservation request should positively correlate
advance reservations. To us it is clear that a general solution t0 its start time s compared to request time r, i.e. (s-r). Sim-
to this problem cannot be found, especially not purely in the ilarly, a positive correlation should apply for the duration of
network layer. Therefore, we approach this issue by dele- non-preemptable service (e-s) and its price. Such a pricing
gating the decision about acceptance of advance and model additionally serves as barrier against hlgh|y problem-
preemption of existing reservations to a policy layer. In gen- atic requests, without completely prohibiting them in the
eral, resource reservation introduces discrimination be- network layer. For example, a request for an infinite dura-
tween usage requests and therefore, a po||Cy |ayer is neededtion of non-preemptable service is not excluded in the serv-
to control, coordinate and compensate for resource con- ice definition, but given a positive correlation, it results in

4 Policy Layer

sumption in the first place. an infinitely high price. As another example, a reservation
request in advance specifying no non-preemptable service
4.1 General Aspects duration provides no benefit to the user, but nevertheless re-

quires management effort by the system. Hence, a higher
price than for an immediate reservation should apply to dis-
courage users from such requests.

The pricing model we propose in the following section
is mainly intended to provide information for internal calcu-
lation of a network provider. In particular, prices only de-
note those parts of the total price which are resource-
dependent. A separate fixed flow setup charge might apply,
which in combination with resource-based components
leads to the usual characteristic that the function of price per
resource unit is sub-additive for an increasing amount of re-
sources. Such a fixed fee would cover the fixed costs per
flow setup, for example for state maintenance in the system.
Actual sale prices may further deviate from calculatory
prices because of marketing and other general considera-
tions.

Several constraints can be identified when a policy scheme
for advance resource reservation is being developed. We al-
ready briefly discussed the issue of protocol implementation
in Section 3.3. Using a policy layer requires a network node
to actually make two decisions atomically (admission con-
trol & policy control) which increases complexity. This
overhead is bound, because the service specification em-
ploys a very simple invocation model.

It seems to be an open question whether advance reser-
vations should be subject to additional charges or receive a
discount. Advance reservations increase complexity in the
network, however, a network provider can extract planning
information for the future, which can be economically use-
ful. To decide whether an advance reservation should be
given a rebate or charged an additional fee largely depends
on the ability to adapt a network’s capacity to demand, i.e.,
the_ planning horizon. If a reservatlon_requ_est_ |s_rece|ved_, 4.2 Pricing Model
which reserves resources after a certain point in time and if
the sum of all reservation requests are significant enough to In order to derive prices for service requests, an a-posteriori
adapt capacity, it is potentially suitable to grant a discount Service description is needed, which includes an additional
for this request. However, such a discount is currently be- Pparameter d, expressing the actual duration of resource res-
yond the scope of our model, because many other externali- ervation. The service description fora request R is then giv-
ties would have to be considered as well, for example: trust en by the 5-tuple (r,s,e,v,d). The price consists of three
in the user, time of payment, general market developments, components reflecting actual resource usage by reservation
etc. and scheduling effort for advance respectively non-

Advance reservations and specification of preemptable Preemptable reservations. Following the justification in
and non-preemptable service time create additional means [14], we assume all price components to be linear in the
of discrimination between usage requests, therefore, com- amount of resources. Considering the requirements listed in
pensation can be demanded from users requesting such fea-the previous section, the price function looks as follows:
tures. We consider an immediate and preemptable p(r,s e v g =
reservation to be “normal” and suggest to charge an in- ay VM+a,Vs—r1)+a; [V {e-9 (5)
creased fee for further service characteristics. Although
preemption is an integral part of our service model, in real
operation we consider it an exceptional condition that does

The first component expresses plain resource consumption
during the actual reservation time. The second component
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accounts for the hold-back time of an advance reservation,

and the third component includes non-preemptable service

time into price calculation. Note that all addends in this for- | original request |
mula depend on the amount of resources v that is being re-
served. This is due to the fact that for each price component
the corresponding amount of effort is correlated to the
amount of resources. The coefficients & and g are sub-

ject to economic calculation of a network provider, which is

beyond the scope of this paper. We briefly explain how the

requirements from Section 4.1 are fulfilled by this price for- case 2: | modified request (AC needeld}ime
mula:

» The price positively correlates to the hold-back time and
for an infinite time, the price becomes infinite through
the second component.

* The price positively correlates to the non-preemptable
service time and for an infinite time, the price becomes
infinite through the third component. the non-preemptable service time is reduced the more bene-

» A “useless” request for an advance reservation without fit (from better scheduling potential) the system has.
any non-preemptable service is still subject to additional m: modification time of a service request
charges through the second component. Given the above considerations, the discount for such a

Our claim is that the generic service model in conjunction modification should depend on both e’ and m. It should not

with this pricing approach provides a high flexibility yet  affect the price components for resource consumption and

reasonable control of immediate and advance reservation hold-back time from (5), but only the surcharge for non-
requests. Our approach essentially precludes infinite reser- preemption, i.e. the third price component from (5). A dis-
vations by making them infinitely expensive. If desirable, it count formula has to adhere to some other requirements as
could be combined with a partitioning approach as in [7] in  well:

a sense that a (dynamically sized) partition is priced differ- < if m =r, the discount should cover the whole surcharge

ently. + the discount should never exceed the surcharge

» if m = e, the discount should be zero

» the discount should never fall below zero

Using (5) as a basis, we can express the discount as follows:

In this section, we demonstrate the general applicability of discounfr ¢ ¢ m=

our approach to advance reservations by extending the serv- m— 0] —el
ice definition and also embedding this extended service ag v [Eh el b, %"’:—r[ﬂ]
model into a modified policy layer. The service extension is )

done by allowing to modify the non-preemptable duration withby + by =1 (6)

of an existing reservation request. In that sense, a modifica- 1he last factordiscount factoy of this formula determines
tion can be classified (see Figure 4) by the fact whether the the discount in relation to the original surcharge and con-
new non-preemptable service duration is completely cov- Sists of two components. The expression multiplied py b
ered by the previous selection (case 1) or not (case 2). If yes, denotes the influence @fhenthe request is modified, while
no special action has to be performed at the network layer, the expression multiplied by lrlescribes bjow muctthe
whereas otherwise admission control has to be executed on Non-preemptable time is reduced. The coefficieqtard b

the modified request. However, both cases require activity allow weighting both aspects. The discount factor varies be-

time
|

case 1: |modified reguest (no A¢)

time
|

AC: admission control

Figure 4: Modification of reservation requests

5 Service Extension

in the policy layer. tween 0 and 1. This discount formula satisfies all require-

ments listed above. A similar formula can be derived for
5.1 Modified Service Request without Admission deferring the start time without modifying the end time of
Control non-preemptable service.

As a specific example, we examine the concept that users i . . .
are allowed to reduce the amount of non-preemptable serv- t5r()2I Modified Service Request with Admission Con

ice time by lowering the end time parameter e. This can for-

mally be reflected by an additional parameter e’: If admission control is needed for a modified service re-
e’: modified end of a non-preemptable service request, 9uest, it has to be treated differently by the system. For ad-
with e’ < e mission control, the existing request has to be taken into

In order to cover this extended service by a policy layer, the account, such that it is not counted twice. Since admission
a-posteriori service description has to be extended, as well. control mightfail, it seems most appropriate to consider this
Besides including e’ into the service description, the time of &S & new service request. With respect to policy control, this

this modification request is important, because the earlier i Suitable as well, because the existing request can be delet-
ed and charged, applying the discount calculation of the pre-
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vious section. In case of acceptance, a new price for the [6]
modified request can then be calculated from scratch.

6 Summary and Future Work

In this paper, we have discussed the fundamental admission
control problem associated with resource reservation in ad- [7]
vance. Our conclusion from previous related work is that
none of the approaches is flexible enough to cover all poten-

tial needs of all users. By separating the issue into a techni-

cal and a policy part, we are able to specify a generic service
description and a corresponding policy layer, in particular,
appropriate pricing formulas. The combination of both im-  [8]
proves flexibility compared to other approaches, yet retain-

ing reliable and precise admission control.

Many issues remain open for further research work. The
proposed reservation model has to be verified, simulated
and tested to back up the hypothesis of its advantages. We [9]
will continue to work on this issue, especially in the area of
realizing our approach in combination with existing reser-
vation protocols, for example using an implementation of
RSVP [15]. As well, applications of advance reservations in
the area of mobile networking promise interesting results
[3]. On the theory side, it is still an open question, which
reservations should be preempted, if necessary and if there
is a choice. In case of very scarce resources this could be in-
vestigated by means of economic auctions. Last not least, [11]
we only provided the general structure of a parameterized
pricing formula. A calculation framework is needed to actu-
ally derive price coefficients or a completely different price
function.

[10]

[12]
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