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Abstract

An admission control algorithm for a multimedia server is responsible for determining if a new request can be accepted
without violating the QoS requirements of the existing requests in the system. Most admission control algorithms treat every
request uniformly and hence optimize the system performance by maximizing the number of admitted and served requests.
In practice, requests might have different levels of importance to the system. Requests offering high contribution or reward
to the system performance deserve priority treatment. Failure of accepting a high-priority request would incur high penalty
to the system.

A novel threshold-based admission control algorithm with negotiation for two priority classes of requests is proposed in our
previous study. The server capacity is divided into three partitions based on the threshold values: one for each class of requests
and one common pool shared by two classes of requests. Reward and penalty are adopted in the proposed system model
High-priority requests are associated with higher values of reward as well as penalty than low-priority ones. In this paper, given
the characteristics of the system workload, the proposed analytical models aim to finds the best partitions, optimizing the system
performance based on the objective function of the total reward minus the total penalty. The negotiation mechanism reduces the
QoS requirements of several low-priority clients, by cutting out a small fraction of the assigned server capacity, to accept a new
high-priority client and to achieve a higher net earning value. Stochastic Petri-Net model is used to find the optimal threshold
values and two analytical methods are developed to find sub-optimal settings. The experiment results show that the sub-optimal
solutions found by the proposed analytical methods are very close to optimal ones. The methods enable the algorithm to dynam-
ically adjust the threshold values, based on the characteristics of the system workload, to achieve higher system performance.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Delivering multimedia streams with QoS requirements to viewers is one crucial issue in designing
a multimedia system. The server of such a system requires admission control policy to guarantee the

* This work is sponsored by the National Science Council, Taiwan, ROC, under the contract NSC 88-2213-E-006-057.
* Corresponding author. Tek:06-275-7575x62500; fax-06-274-7076.

E-mail address: stcheng@mail.ncku.edu.tw (S.-T. Cheng).

0166-5316/02/$ — see front matter © 2002 Elsevier Science B.V. All rights reserved.
PIl: S0166-5316(02)00128-1



2 S-T. Cheng et al./ Performance Evaluation 52 (2003) 1-13

delivery of on-demand multimedia streams. Upon the arrival of a new request, the server decides if the
request can be admitted based on the availability of the server capacity. QoS guarantee of continuou:
multimedia stream delivery is met, once it is admitted. One mechanism to admission control is based on
the reservation scheme [6,16]. The reservation scheme allocates a fraction of the server capacity (e.g.
CPU time and network bandwidth) for a new request based on certain criteria. The reserved capacity
is used to retrieve a specified number of disk blocks, to perform multimedia data processing, and to
transmit data on the allocated channel. The allocated server capacity is reserved for the specific reques
until it leaves the system. A new request may be rejected if no available resource is left to serve the
request. In such a case, the system incurs loss due to the rejected requests. As described above,
efficient admission control policy is essential to maximize the system performance and to reduce the loss
rate.

In literature, various admission control algorithms have been proposed. The deterministic approach
derives a formula of the maximum number of admitted requests under the worst-cagé]loakle
requests are assured of their QoS requirements throughout their existence in the system. A system usin
such a deterministic approach might be under-utilized, since the admission control policy is based on the
worst-case scenarios. The deterministic approach represents one extreme of the spectrum in the admissi
control algorithms, while the observation-based approach stands for the other efgteiee latter
approach is based on the prediction from the measurements of the resource usafe-statie,12,13]
and provides predictive service guarantee to clients, not absolute guarantee. The basic idea of such a
observation-based algorithm is to aggressively accept a request as long as the acceptance of the reque
does not violate the service guarantee of the existent requests. The statistical affjraasbmes that
the average data access time does not change significantly, and it admits new clients as long as the serv
can meet the statistical estimation of the total data rate. In the [pére proposed adaptive admission
control algorithm admits new clients based on the extrapolation from the past measurements of the storag
server performance.

The above research does not consider different priorities of client requests. Most r¢s&hngas to
admit as many requests as possible without considering the importance of each request. We observe that, |
some systems, clients might offer high value of reward and should be given to priority services. Similarly,
the system pays high penalty if it rejects a high-priority request. Different priorities are associated with
different values of reward and penalty. The admission control policy for such a system attempts to
maximize the net earning (the total reward minus the total penalty) in order to optimize the system
performance.

A class of threshold-based admission control algorithms, based on the above cost model, is proposec
in our previous studj6]. The server capacity is partitioned into several partitions based on the threshold
values: one for each class of requests and possibly one common pool shared by all classes. Requests o
specific priority are granted as long as the current load for the priority class is below the corresponding
threshold. The server capacity from the common pool can only be used if the priority class requests have
used up all the corresponding reserved partition of the server capacity. The admission control algorithm
reaches an optimal objective value by dynamically adjusting the threshold values—server partitions,
based on the characteristics of the system workload.

We further observe that the system could reach a higher objective value by lowering the service quality
of admitted low-priority clients, so as to make room for new arrival of high-priority clients. Such an
observation is exploiting the human perceptual tolergbcie which few media blocks may be discarded
or delayed in a continuous playback process without significantly affecting the perceived quality.
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1.1. Main contribution of the paper

The proposed negotiation mechanism reduces the QoS of several low-priority clients, by cutting out a
small fraction of the assigned server capacity, to accept a new high-priority client and to achieve a higher
net earning value. According to the simulation results, it can be seen that the negotiation mechanism is
able to achieve a higher value of system performance.

In this paper, we propose performance analysis models for the mechanism. The analytical models can
be used to dynamically determine the optimal setting of threshold values in real time upon the change of
system load, in which the system workload is characterized by: (1) the arrival rate; (2) service rate; (3)
reward rate; (4) penalty rate of each client. In this paper, the proposed analytical models are compared to
the Stochastic Petri-Net (SPN) model, which takes exponential time (in terms of the number of states in
the SPN model) to find optimal solutions. From the experimental results, it can be seen that the proposed
analytical models find sub-optimal solutions that are very close to the optimal ones.

The restofthe paper is organized as followsSéttion 2the description of the dynamic threshold-based
algorithm with negotiation is given. The definition of the objective function is also defined there. In
Section 3 the proposed analytical model is developBdction 4describes the numerical experiment
results that are obtained from the analytical model and the Stochastic Petri-Net Package (SPNP) model.
Finally, conclusions are drawn Bection 5

2. System model

The server prioritizes client requests into different priority classes according to their importance to the
system. The server adopts the reservation scheme in which a fraction of server capacity is allocated to
a client throughout the existence of the request. Throughout the paper, we use the terms of “client” and
“request” inter-exchangeably. The server capacity is divided into several partitions. One partition for each
class of requests and possibly one common pool shared by multiple classes. Upon the arrival of a new
client, the server checks the remaining capacity for the specific priority class of clients. If the remaining
capacity is enough to serve a new request, it will be accepted; otherwise, a negotiation process may take
place to determine if it can be accepted.

For the sake of explanation, we consider a system with two priority classes of requests here. Each class
of requests is characterized by its arrival/departure rates and its reward/penalty values. Requests which
provide high reward and penalty valyég,15]are considered as high-priority ones. Let the inter-arrival
times of the high-priority and low-priority clients be exponentially distributed with the average times
of 1/A, and 1A, respectively. The inter-departure times of the high-priority and low-priority clients are
exponentially distributed with the same service time @f. IThe proposed method is capable of handling
different service times. However, we use the same service time for simplicity. Let the reward rate of
high-priority and low-priority clients bey andv,, respectively, withy, > v}, and the penalties lgp and
i, respectively, withy, > g.

A server containdl capacity slots divided into three partitioms; n; andny,, whereny, = N —np —ny.

Capacity ofn, slots (referred as the high partition hereafter) is reserved for high-priority cligrdiats
(referred as the low partition hereafter) for low-priority clients; whilg slots (referred as the common

pool partition hereafter) are shared by all priority classes. We assume that all classes of clients have the
same QoS requirements. Each capacity slot serves one client request initially, while the servicing of the
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low-priority clients could be degraded afterwards, if necessary. When a new client enters the system,
the server checks the remaining capacity for the specific priority class. It is accepted if one such slot
exists. Otherwise, the server checks the common pool. In other word, a new client can be assigned to the
common pool only if the corresponding partition of the server capacity has no vacancy. A negotiation
process starts if all slots in the common pool are occupied and the new coming request is a high-priority
one.

The negotiation process reduces the QoS level of the low-priority requests in the common pool so
as to make room for new arrival of high-priority requests. Each tintew-priority clients are chosen
for degradation. Each such client is degraded loyakid contributes &/ capacity slot. As a result, they
make one slot in total. The total reward value of these degraded cligiats-i4)v,, which isv, less than
the original total reward value contributed by them (ie,) before degradation. A low-priority client is
only degraded once. The degraded clients can be resumed to the normal QoS level upon the departur
of a high-priority client. Note that no performance gain can be obtained if the negotiation process makes
room for a new low-priority request. As stated above, the system gains extra valge-afi from the
negotiation process, for each newly admitted high-priority request.

Our objective function is the same as our performance index—thegatalff rate, which is defined as
the average amount of net earning received by the server per time unit. Let the system on average serve
per time unit,Ny: high-priority clientsN;: low-priority onesD;: degraded low-priority ones, and reject,
Mp: high-priority ones, anil;: low-priority ones per time unit. The total pay-off rate can be obtained by
the reward rate minus the penalty rate:

a—1

Nhvn + Njvp + Dy .
o — Mngn — Miq

(1)

The considered problem is formalized as finding an optimal set of threshold values under which the above
objective function is maximizedable 1summarizes the notations used in the paper.

Table 1

Notations

Ah Arrival rate of high-priority clients

A Arrival rate of low-priority clients

m Departure rate of clients

v Reward of a high-priority client if the client is serviced successfully

vy Reward of a low-priority client if the client is serviced successfully

Oh Penalty of a high-priority client if the client is rejected on admission

q Penalty of a low-priority client if the client is rejected on admission

N Total number of server capacity slots for servicing clients

n, Number of slots reserved for high-priority clients only<t:, < N

n Number of slots reserved for low-priority clients only=0On; < N and alsoi, +n;, > 0

Ny Number of slots that can be used to service either types of clieptss N — nn — ny

Nh Number of high-priority clients served in the system per time unit, namely, the throughput of the high-priority clients
N Number of low-priority clients served in the system per time unit, namely, the throughput of the low-priority clients
My Number of high-priority clients rejected by the system per time unit

M, Number of low-priority clients rejected by the system per time unit

D, Number of degraded low-priority clients per time unit

o Number of low-priority clients to be degraded to accommodate a new high-priority client
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3. Finding thethreshold setting
3.1. Two analytical methods

Consider a system with the threshold valugs €, nm). The arrival-departure process of high-priority
clients served by the high partition of tlmg slots can be modeled asM/M/n,/n,, queuing system.
Similarly, the process of low-priority clients using the low partition of thelots can be modeled as a
M/M/ni/n; queuing system. Therefore, the reward rates of the high- and low-priority clients served by the
high and low partition are

iiﬂvh (1/iY) A/’ 2
Y oY G/ )

and

n

@iy
;’” NS @D O ®

Clients enter the common pool partition, only when there is no vacant slot in the corresponding partition.
Therefore, the arrival rate of high- (low-) priority clients entering the common pool partition can be
approximated agy (¢)). Namely

(L/np) /)™
NEETIDIYIYE

(L/m) (/)"
o/ /)i

Let the probability that there arenigh-priority clients and low-priority clients served by the common
pool partition beP (i, j). The probability distribution ofP (i, j) can be approximated by the technique
of reduced Markov chaiff]. In Eqg. (6) the first term at the right-hand side indicates the probability of
havingi high-priority clients, and the second term indicates the probability of havavg priority client,
giveni high-priority clients in the common pool partition

(/i (gn/p)’ 1/iH /)’

¢n = Ap x probability of having:, clients= Ay,

(4)

¢ = A x probability of havingy clients= A, (5)

P, j) = < — . (6)
2k 2oL/ kD (on/m)* 3 0mo (17 kY (@1 / ¥
Hence, the reward rate of the common pool partition is approximated as
DD PG Dimvn+ juv). (7)
i=0 j=0

Consider a stat€, j) in whichi + j = npy. Upon arrival of new high-priority clients, the negotiation
process takes place to degradejtlosv-priority clients to make room for the new high-priority arrivals. It
can be seenthat at ma3i(i) (= | (nm —i)/a]) slots can be squeezed out for the new high-priority clients.
Sinceny, > i > 0, it can be seen thaky /o] > £2(i) > 0. Note that2(i) is defined as the number
of slots that can be squeezed out for the arrival of new high-priority customersivaiggm priority and
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nm — i low-priority customers reside in the common pool. While the probability distribution of state
(i, nm — i), namelyP(i, nm — i) in EQ. (6) is sensitive to the relative arrival and service rates of high-

and low-priority customersg2(i) is not a function of arrival rates. Two methods are developed in the
following to approximate the pay-off rate obtained by negotiation.

3.1.1. Method 1

The arrival-departure process of high-priority clients, under a negotiation process, can be modeled as
aM/M/$2(i)/$2(i) queuing system. The arrival rateA48i) = ¢ P (i, nm — i), wherei is the number of
high-priority clients in the common pool partition before negotiation is performed. We can set(that
strongly depends on the valueR(i, n,, — i) as shown irkEq. (6) SinceP(i, n, — i) depends on the arrival
rates and service rates of high- and low-priority clients, so dd@s Each time a new high-priority client
is admitted o low-priority clients are degraded and the penalty for the degradation iéote that the
model is no longer valid after a high-priority client is admitted into the shared pool. It is because that
the new arrival rateA (i) = ¢, P() is changed fronpnP(i, nm — i) to nP@E + 1, nm — i). However, to
simplify the approximation computation, we assume the queuing modeélfs2(i)/$2 (i) is still valid
during the whole negotiation process. The penalty rates of high-priority and low-priority clients are

(1/2)H(AG /)2
Z D
o (L/iN(AG) /)

8
and

Y PG, nm— DHog. ©)
i=0
The reward rate of negotiation is
nm [20) : k
1/kh(A
Z Zk,uu(vh [(2([< Y(A@) /) (10)
i—0 Z 0o (L/iN(AG)/ )
The overall pay-off rate can be approximateds+ (3) + (7) + (10) — (8) — (9).

3.1.2. Method 2
Another approach to modeling the negotiation process is to calculate the pay-off rate fd?(gach
m — i). The negotiation process is modeled ad/d1/$2(i)/$2(i) queuing system with the arrival rate of
¢n. The penalty rate of high-priority clients can be expresseHdpy(8) whereA(i) is replaced withpy,.
Similarly, the reward rate of high-priority clients can be expresseldpy(10) where A(i) is replaced
with ¢p. The pay-off rate of high-priority clients in the system with negotiation is

£2(i)

(1/ kD (pn/w)" (1/.(2(1')!)(%/“)90)}
P(i,nm—1i) k(v — g ' | 1)
Z [Z h ZQ(’)(l/J')(soh/M)f 2O @/ (/)]

CombiningEgs. (2), (3), (7), (9) and (1 1ihe overall pay-off rate of a system using the dynamic threshold
admission control with negotiation can be approximate@as- (3) + (7) + (11 — (9).
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Table 2
Algorithm for finding the sub-optimal threshold setting

Partition(W) {
Max_pay = —1,;
Forn, = 0toNdo
Forn, =0toN — ny do
nm=N —np—n;
pay = ML(W, mn, ny, Nm);
if pay > Max_pay then
Max_pay = pay;,
Assign b, N, ny) as optimal threshold setting;
End for
End for
Return the optimal threshold setting;

}

3.2. Applying the analytical methods

The system pay-off rate with the threshold valugs f, n,,) can be approximated by the two proposed
methods, Method 1 and Method 2, Section 3.1 Given a system workload, the two methods can be
appliedto find the sub-optimal threshold, as showreible 2 LetWbe the system workload characterized
by (N, An, A1, 4, vh, v, Gny G, ). We can see that sub-routiartition(W) calls Method 1/Method 2
(M1/M2 for short) iteratively until the maximum value is found. The input parameters to Methods 1
and 2 are the system worklod#l and the threshold valuesy, n;, ny). Since the time complexity of
Partition(W) is in polynomial time, finding the sub-optimal threshold setting can be performed in real
time, upon the dynamic change of system workload.

4. Simulations
4.1. SPN model

Another approach to computing the value of the pay-off rate for a system is to use thdGPiren
a set of input parameters. The SPNP is a modeling tool developed in the Duke University for solving the
SPN models. The SPN model of a system can be described in the C-based SPN Language (CSPL) of the
SPNP. The steady-state solution of the SPN model can be solved by writing the SPNP output functions.
Interested readers are suggested to study the SPNP nj@htalfurther details.

The SPN model of the dynamic threshold scheme with negotiation (NEG) is illustratéidsn 1
and 2 The places RH, RL, and RS indicate the available capacity slots in the three partitions, the high,
low, and common pool partitions, and have initiathy; n;, andan, tokens, respectively. In this model,
one token represents one capacity slot and therd tovkens in the system. H and L represent the number
of the high- and low-priority clients served by the high and low patrtition, respectively. SH and SL denote
the number of the high- and low-priority clients served by the common pool partition, respectively. H,
L, SH, and SL is set to zero initially. The place, SLL, indicates the number of degraded low-priority
clients and is initialized to 0. One token in the high and low partitions represents one capacity slot in the
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Places:
(In the high partition)
RH: mark(RH) indicates the number of available tokens for high-priority clients.
H: mark(H) indicates the number of high-priority clients being served

(mark(RH)+ mark(H) = ny, )

(In the low partition)

RL:
L:

mark(RL) indicates the number of available tokens for low-priority clients.
mark(L) indicates the number of low-priority clients being served
(mark(RL)+ mark(L) = n;)

(In the common pool partition:)

RS: mark(RS) indicates the number of tokens available for high- and low-priority
clients.
SH: mark(SH) indicates the number of tokens held by high-priority clients.
SL: mark(SL) indicates the number of tokens held by low-priority clients.
SLL:  mark(SLL) indicates the number of tokens held by the degraded low-priority
clients.
(mark(RS) + mark(SH) + mark(SL) + mark(SLL) = a * n,, )
Transition: Rate Function: Enabling function:
Tl: An mark(RH) =0
T2: A mark(RL) =0
T3: mark(SH) * u /o mark(SH) =2 a
T4: mark(SL) * 1 /a mark(SL) > «
TS: mark(SLL) * t/(a-1)  mark(SLL) 2 -1
T6: An mark(RS) = 0 & mark(RH) = 0 & mark(RL) =0
T7: (immediate transition) mark(RS) > 0 & mark(SLL) > -1
T8: An mark(RH) > 0
T9: markM) * u mark(H) >0
T10: A mark(@RL) >0
T11: mark(L) * u mark(L) > 0
Arc: Multiplicity function:
RS —» T1 a
T1 > SH a
RS —» T2 a
T2 > SL a
SH —» T3 a
T3 - RS a
SL —» T4 o
T4 - RS a
SLL - T5 a-1
T5 > RS a-1
SL > T6 ax*a
T6 — SH a
T6 — SLL ax*(a-1)
SLL —» T7 a-1
T7 > SL a

Fig. 1. Thei

nterpretation of places, transitions, and arcs of the SPN model for the NEG.
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Fig. 2. The SPN model of the NEG.

FE

system, whilex tokens in the common pool partition represents one slot. Therefore, a client served by the
common pool partition consumestokens by the transition T1 or T2, and retutntokens to RS by T3

or T4 when leaving. When a hegotiation process oceul@y-priority clients (totallye’ tokens) from SL

are degraded. Each loses a token and they contribtdakens in total. A new high-priority client is then

able to be admitted and enters the place SH by the transition T6. The degraded low-priority clients (with
totalx (o — 1) tokens) enter the place SLL by T6. A degraded client may leave the system and returns its
tokens by T5. Degraded clients are resumed to the normal service level by T7, if RS contains available
resource (i.e., tokens released by other clients). The interpretation of the places, arcs, and transitions is
given inFig. 1 Note that the three SPN sub-models for the high/low/common partitions are synchronized
via the enabling functions and the markings of the places, as showig.id.

The interpretation of key transitions iig. 1is given as follows. Transition T1 with ratg is enabled
when the number of marking in the place RH is zero. It indicates that a high-priority client enters the
common pool if the high partition is fully occupied. Therefore, the net arrival rate of high-priority clients
to the common pool can be approximatediayx probability (high partition is full), which is equivalent
to the terms irEq. (4) Similar relation can be observed among transitioni}2andEg. (5) Interested
readers may refer tBig. 1andSection 3for further details.

The system pay-off rate with the threshold valugs 1, n,,) can be exactly computed by using the SPN
model. Therefore, given a system workload, the SPN model can be applied to find the optimal threshold.
The algorithm for using the SPN model to find the optimal setting is similar to the one shdabl2
and it is omitted herein. However, the time complexity of using the SPN model is in exponential time. It
is infeasible to apply the SPN model to the dynamic workload change environment.
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4.2. Numerical results

Consider an example of building an on-demand multimedia system on CATV ngtingrk he system
delivers the multimedia services via the hybrid fiber coaxial (HFC) access network. Clients with different
priority levels enter the system via QoS manager. The main responsibility of the QoS manager is admission
control and dynamic resource (i.e. network bandwidth and/or server storage) allocation. An array of 64
disks each with a storage capacity of 1 GB can be implemented in the server, as indicated from the
experiment resultgg].

Continuous media blocks with 512 KB each of a video stream are randomly stored on the disk. The
playback rate is assumed to be 30 frames/s per client request. For such physical configuration, the maxi
mum number of clients that concurrently exist in the system was found to be near 16 if strict deterministic
admission control is performed. The number of clients could be up to 32 if video compression is applied.
According to our cost model, high-priority clients contribute higher reward and incur higher penalty if
rejected. Workload characteristics of such a system are changeable such that a static admission contre
algorithm is infeasible and unable to adapt to the run time changes.

Admission controlwith NEG can be implemented in a multimedia system as stated above. One challenge
facing the NEG algorithm is dynamic partitioning of the system resource as workload changes. An optimal
setting of the threshold values for any workload conditions shall be found so as to maximize the system
pay-off rate. One way to dynamic partitioning is to identify the possible workload conditions before the
system is up for service. Time complexity is the main concern of solving the SPN model by the SPNP.
The experiments are run on a SUN Ultra-1 model 140 machine equipped with a 143 MHz UltraSPARC
processor, 32 MB memory, and 2.1 GB FAST SCSI-2 hard disk. On average, it takes 94 and 6678s (i.e.
approximately 1 h and 50 min) to find out the optimal settingsMoe 16 and 32, respectively. For such
areason, the optimal threshold values are obtained from the SPNP tool before run time, for each identified
workload. The optimal settings are maintained in a table such that the QoS manager is capable of looking
up the table to accordingly re-configure the resource partition at run time, upon a workload change. The
limitation of such an approach is the contents of the look-up table. In an event of a sudden change that
was not identified before hand, the SPNP-approach is unable to respond in real time. Consequently, the
SPNP-approach falls apart.

On the other hand, the analytical approaches are capable of finding sub-optimal solutions in real
time, as workload changes. The optimal threshold values found by Methods 1 and 2 could be different
from those by the SPNP. Let the optimal settings found by the SPNP, Method 1, and Method, 2 be
X2, andxs respectively, given a workload condition. Note tlxat(or x3) being the optimal setting of
Method 1 (or 2) means that the pay-off valuexgf(or x3) calculated by the method is the maximum.
However, it is not true in the real case. The true pay-off rate ahould be the one obtained by solving
the SPN model when the patrtition is specified according to the values iFherefore, the maximum
pay-off values by Methods 1 and 2 are calculated by mapping their optimal threshold values to the
SPNP.

Experiment results are illustrated Figs. 3 and 4 The combined threshold settings along with the
pay-off rates are also shown Trables 3 and 4They demonstrate that the system performance (pay-off
rate) by the analytical methods is very close to that by the SPNP. Method 2 (short for M2 in the figures)
performs slightly better than Method 1 (short for M1 in the figures). Foe 16, the average perfor-
mance difference between the SPNP and M1 is 3.88%, while that between the SPNP and M2 is 2.83%.
For N = 32, the difference between the SPNP and M1 is 4.53% on average, while that between the SPNP



S-T. Cheng et al./ Performance Evaluation 52 (2003) 1-13

N=16 iZ SPNP
128 B M1
o
100 | Om2
bt
80 I B
g ¢
% 60 o
2 |
& 0
40 —&
p i e &
H ::H | |
0 Ll L §
A B C D E F G H I
System Parameters of (,lh,l,,y,yf,,v,.q,, \q, ,a)
A=(5.10,1,2,1,2.1,2) [D=(5,10,1,5,1,2,1,2) |G=(5,10.1,10,1,2,1,2)
B=(10,10,1,2,1,2,1,2) [E=(10,10,1,5,1,2,1,2) H=(10,10,1,10,1,2,1,2)
C=(15,10,1,2,1,2,1,2) [F=(15,10,1,5,1,2,1,2) [I=(15,10,1,10,1,2,1,2)

Fig. 3. Experimental results fay = 16.

N=32

53 SPNP
Ml

300

oMz

250

]

=

Pay-off rate
vy
(==}

S

wn
(=]

PR PP

:

g

w)
23]
e !
5]
fu s

System Parameters (.lh,/l,,;x,v,,,v,,q,,,q,,a)

A=(10,20,1,2,1,2.1,2)

D=(10,20,1,5.1,2,1,2)
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Fig. 4. Experimental results fay = 32.
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Table 3
The actual threshold and the pay-off rate M= 16 cases
N =16 Pay-off rate Threshold setting,( ny, Ny)

SPNP Method 1 Method 2 SPNP Method 1 Method 2
A=51012121 16.06934 15.84194 15.95887 0,0, 16 0,4,12 1,0,15
B=10,10,1,2,1,2,1 18.13524 18.13524 16.66035 0,0, 16 0,0,16 8,0,8
C=151012121 14.34474 13.70442 11.32386 0,0, 16 8,0,8 16,0,0
D=5,10,1,5,1,2,1 34.31614 30.64462 31.04892 8,0,8 0,4,12 0,0, 16
E =10,10,1,51,21 49.63583 46.17084 49.45205 8,0,8 0,0,16 7,0,9
F=151015121 50.67544 49.60181 50.48349 10,0, 6 0,0, 16 12,0,4
G=5,10,1,10,1,2,1 56.01489 53.39420 56.01489 0,0,16 0,4,12 0,0,16
H=1010,1,10,1,2,1 92.89684 92.89684 92.50624 0,0, 16 0,0, 16 6,0, 10
1=1510110121 113.97154 108.36357 110.00581 16,0,0 0,0, 16 11,0,5
Table 4
The actual threshold and the pay-off rate M= 32 cases
N =32 Pay-off rate Threshold setting,( n, Nm)

SPNP Method 1 Method 2 SPNP Method 1 Method 2
A=102012121 34.66556 34.34261 34.32542 0,0,32 0,12, 20 4,5,23
B=202012121 40.25709 40.25709 37.91433 0,0,32 0,0,32 16,0, 16
C=302012121 34.17334 33.06303 28.44801 0,0,32 18,0, 14 32,0,0
D =10,20,1,51,21 73.46047 63.98188 64.66544 15,4,13 0, 13,19 0,0,32
E =202015121 111.13932 98.54519 110.64375 17,0, 15 0,131 15,0, 17
F=302015121 112.34387 110.45593 112.13882 24,0,8 0,0,32 26,0,6
G =10,20,1,101,2,1 114.66524 107.16476 114.66524 0,0,32 0, 14,18 0,0,32
H =20,20110121 197.30296 194.27755 196.17262 0,0, 32 0,1,31 13,0, 19
1=30,201101,21 245.34383 237.59357 240.41279 32,0,0 0,0,32 24,0,8

and M2 is 2.48%. The performance differences between the SPNP and the approximation methods are
within a reasonable range.

5. Conclusions

In this paper, we have investigated the admission control problem for the systems with two classes
of client requests and the analytical model. In the cost model, each class of request has its reward ant
penalty to the system. High-priority requests are associated with high reward and penalty values. We
have proposed an admission control algorithm with negotiation mechanism and evaluate its performance
Negotiation attempts to accept high-priority requests under heavy and over loaded systems, lowering the
service requirements of some low-priority requests. The SPN model is used to find optimal solutions and
the analytical approaches are developed to find sub-optimal ones. The results show that the sub-optime
solutions found by the proposed analytical methods are very close to optimal ones. Therefore, a multimediz
server can exploit the proposed performance-evaluation methods to dynamically adjust threshold value:s
based on the characteristics of the workload in order to achieve high system performance.
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Some future research areas include: (a) extending negotiation to a system with multiple priority
classes; (b) changing the mandatory negotiation mechanism to a voluntary degradation one, in which
the low-priority clients have options either to keep their QoS levels or to accept the degradation in an
altruism fashion.
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