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Abstract—This paper proposes a power-spectrum-based con-
nection admission controller design in asynchronous transfer
mode (ATM) switches for multimedia communications. The con-
troller contains a power-spectrum-indexed table for managing
multimedia call requests, where traffic characteristics of call re-
quests are described by the power spectrum. The power spectrum
can be obtained from the claimed traffic parameters of peak rate,
mean rate, and peak rate duration; the power spectrum has been
shown to have a dominant effect on system performance. The
results show that the proposed power-spectrum-based connec-
tion admission control method achieves higher system utilization
and lower call-blocking probability than the equivalent-capacity
allocation method.

Index Terms—Asynchronous transfer mode, connection admis-
sion control, multimedia communications, power spectrum.

I. INTRODUCTION

A SYNCHRONOUS transfer mode (ATM) is considered
to be the foundation on which broad-band Integrated

Services Digital Networks (B-ISDN) are built [1], [2]. ATM
systems have the advantage of flexibility and efficiency in
accommodating multimedia services that possess different traf-
fic characteristics and quality-of-service (QoS) requirements.
However, ATM switches require a sophisticated connection
admission control method, so as not only to satisfy distinct
QoS requirements, but also to enhance system utilization.

An equivalent-capacity allocation method has been pro-
posed [3]. These studies on resource allocation and manage-
ment for ATM switches assumed that voice sources were mod-
eled by a two-state Markov-modulated deterministic process
(MMDP), video sources were modeled by a multiple-state
birth–death Markov-modulated Poisson process (MMPP), and
data sources were modeled by a Poisson process [4]–[6].
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Markov-modulated arrival processes have correlation char-
acteristics that significantly affect system performance (e.g.,
blocking probability and throughput) of ATM switches. There-
fore, in designing an ATM connection admission controller
for multimedia communication, it is necessary to thoroughly
consider this correlation function.

Li et al. [7]–[10] studied a high-speed network from the
frequency domain of input traffic. They found that the corre-
lation function can be captured by second-order and higher
order statistics, such as power spectrum, bispectrum, and
trispectrum, and the second-order power spectrum has a much
more significant effect on the system performance than any
high-order statistics.

In this paper, we designed an ATM connection admis-
sion controller for multimedia calls (voice, video, and data)
based on the power spectra of the cell arrival process of
calls. We constructed a connection admission control table
that contained the performance measure of cell loss prob-
ability versus parameters of bell-shaped power spectrum of
voice/video (real-time) calls and arrival rates of data (nonreal-
time) calls. When a new real-time call comes to an ATM
switch, the connection admission controller in the switch
first estimates the power spectrum of the new incoming call
from the negotiated parameters of peak rate, mean rate, and
peak rate duration, adds the power spectrum of the new call
to the power spectrum of existing calls, and then obtains
a bell-shaped power spectrum. With the parameters of the
approximated bell-shaped power spectrum, the connection
admission controller obtains the cell loss probability of the
new real-time call by looking up the connection admission
control table and then accepts or rejects the new real-time call.
Similarly, when a new nonreal-time call comes to the switch,
the connection admission controller estimates the traffic load
of the existing calls and then judges whether to accept or reject
the new nonreal-time call according to its cell loss probability.
The results show that our power-spectrum-based connection
admission control method achieves higher system utilization
and lower call-blocking probabilities than the equivalent-
bandwidth allocation method proposed by Guérin, Ahmadi,
and Naghshineh [3].

This paper is organized as follows. In Section II, we depict
the system diagram of an ATM switch and describe the power
spectrum of Markov-modulated input processes for multimedia
services. In Section III, we describe our design for the power-
spectrum-based connection admission controller, including the
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Fig. 1. The conceptual diagram of an ATM switch.

establishment of the connection admission control table, for
multimedia communications. The simulation results and dis-
cussions are given in Section IV. The concluding remarks are
presented in Section V.

II. SYSTEM CONFIGURATION AND INPUT POWER-SPECTRUM

The conceptual diagram of an ATM switch containing
the power-spectrum-based connection admission controller is
shown in Fig. 1. We classify the multimedia calls input to the
ATM switch into real-time voice/video (type-1) and nonreal-
time data (type-2) traffic. Input messages from both types
of traffic are segmented into fixed-length ATM cells and the
constant service time of an ATM cell is referred as a frame time
period The switch provides two buffers with capacities
and for type-1 and type-2 traffic, respectively, and it has
parallel synchronous links (servers) connected to the switching
network. The parallel synchronous links are operated in
a slot-by-slot fashion. Aqueue-length-threshold(QLT) link
capacity assignment policy [11], [12] is adopted, which is
noted as follows. If the queue length of type-2 traffic is higher
than or equal to a threshold value links are reserved
for type-2 traffic and the remaining links are first
accessed by type-1 traffic and then accessed by type-2 traffic;
if the queue length of type-2 traffic is less thanthe total
links are first allocated to type-1 traffic and type-2 traffic can
only utilize the remaining links. The service discipline in each
buffer is first-come-first-serve (FCFS).

We use a two-state MMDP to model the cell-arrival process
of an incoming voice call. As shown in Fig. 2(a),and 0 are
the cell-arrival rates when the voice source is at “on” state and
“off” state, respectively; and are the transition rates for the
two-state Markov chain. We model the cell-arrival process of
an incoming video call by a superposition of independent
and identical two-state MMPP’s with cell-arrival rateat “on”
state, the cell-arrival rate 0 at “off” state, and transition rates
of and Fig. 2(b) shows the video source model for an

-state MMPP, and we use an independent Poisson
arrival process with a mean rate of for the cell-arrival
process of an incoming data call. All the voice, video, and

(a)

(b)

Fig. 2. (a) Voice source: a two-state MMDP. (b) Video source:(N+1)-state
MMPP.

data call-arrival processes are assumed to be independently
Poisson distributed.

Denote as the transition-rate matrix of an MMPP input
video traffic to the switch, and can be represented as

(1)

where is the eigenvalue of and are the associated
right and left eigenvectors of respectively, and
is the number of states in the MMPP [7]. The autocorrelation
function and its corresponding power spectrum of
the input process can be obtained by [7]

(2)

and

(3)
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where and denote the imaginary part, the
real part, and the phase of the argument, respectively;is the
mean arrival rate of the MMPP, which is given by

(4)

where is the MMPP arrival rate in state, and is the
steady-state probability in state is defined as

otherwise.
(5)

is the dc component given by

(6)

is the average power contributed by and is given by

for (7)

and are the th and th entities of the vectors and
respectively; is the bell function given by

for (8)

and

(9)

is defined as the half-power bandwidth of a bell-shaped
function corresponding to the eigenvalueand the derivation
of can be found in Appendix A; is the
central frequency of the bell-shaped function defined as

(10)

Equation (3) shows that the transition-rate matrixof an
MMPP has a power spectrum consisting of a white
noise a dc component and a set of bell-shaped
functions the position of which is centered at
The white noise results from from the Poisson local dynamics
of the MMPP.

As far as the MMDP voice traffic is concerned, the Markov-
ian property of the Markov chain still generates the bell-shaped
functions and the dc component, but the deterministic rate
process in the state of the Markov chain generates another dc
component, instead of white noise.

Li and Huang in [7] showed that the influence of the white
noise on the queueing behavior of a system was negligible.
Therefore, in this paper, we only considered the dc component

the average power and the half-power bandwidth
of the bell-shaped functions as parameters for the
power-spectrum-based connection admission control method.

The eigenvalues of the birth–death Markov chain, as shown
in Fig. 2, are all real and the bell-shaped functions are centered
at The zero-centered bell-shaped functions of the
input power spectrum have a significant effect on the system
performance. For detailed studies, see [7] and [8].

When a new voice-call request arrives, its traffic parameters
of peak rate, mean rate, and peak-rate duration, denoted by

and respectively, are given by negotiation. Based
on the voice model shown in Fig. 2(a), we can then determine
the arrival rate and the transition rates and of the
two-state MMDP by

(11)

(12)

and

(13)

When a new video-call request with arrives, we
can also obtain the arrival rateand the transition rates and

of the -state MMPP, as shown in Fig. 2(b), by

(14)

(15)

and

(16)

The detailed derivation of the transition rate is given in
Appendix B.

We then have the corresponding input power spectrum
characterized by parameters and as
given in (6)–(8). Note that, for the -state MMPP video-
source model contributed by independently identically
distributed (i.i.d.) two-state Markov chains,

and the bell-shaped functions are all zero centered.

III. POWER-SPECTRUM-BASED CONNECTION

ADMISSION CONTROL

We describe the design of the proposed power-spectrum-
based connection admission controller and the construction of
the power-spectrum-based connection admission control table
here. A new call is assumed to be accepted if the ATM switch
can satisfy QoS requirements of cell loss probability for new
and existing calls. If the requirement cannot be satisfied, the
incoming call is rejected.

A. Power-Spectrum-Based Connection Admission Controller

The functional block diagram of the power-spectrum-based
connection admission controller is shown in Fig. 3. Whenever
a new voice or video real-time call comes to the switch,
the power spectrum estimatorcomputes the arrival rate and
the transition rates of the Markov modulated arrival process
(MMDP or MMPP) and estimates the power spectrum from the
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Fig. 3. The functional block diagram of the power-spectrum-based connec-
tion admission controller in an ATM switch.

Fig. 4. An example of the approximated bell-shaped function obtained from
a composite power spectrum.

negotiated traffic parameters The spectrum com-
poseradds the power spectrum of the new call to the power
spectrum of existing calls and obtains a composite power
spectrum. This composite power spectrum is approximated
by a bell-shaped function. (Fig. 4 shows an example of an
approximated bell-shaped function representing the composite
power spectrum obtained from the power spectrum of 100
existing voice calls in progress and one new video call in call
setup.) Consequently, the cell-loss probability of the new real-
time call can then be found by looking up theconnection
admission control table. (The establishment of the power-
spectrum-based connection admission control table will be
described later.) Theadmission decision makeraccepts the
new call if cell-loss probability satisfies its QoS requirement,
otherwise it rejects the new call.

When a new nonreal-time data call requests to enter the
switch, thetraffic load estimatorobtains the traffic load in-
tensity of the new call according to its mean arrival
rate The total traffic load estimatoradds the load of the
new call to the load of existing nonreal-time calls and obtains
the overall traffic intensity The cell-loss probability
of the type-2 traffic can be found by looking it up in the the
connection admission control table, and theadmission decision
makeraccepts the new call if the cell-loss probability satisfies

its QoS requirement, otherwise it rejects the new call.
Here, we elaborate on how to approximate the composite

power spectrum by a bell-shaped function in the spectrum
composer. As (8) implies, a zero-centered bell-shaped function
can be characterized by its average power and half-power
bandwidth. We let the approximated bell-shaped function of
the composite power spectrum possess the same value at
and the same average power as those of the composite power
spectrum. We denote the dc component and the approximated
bell-shaped function of the composite power spectrum by
and and denote the average power and the half-power
bandwidth of by and The power spectrum of
existing calls is assumed to have a dc componentand an
approximated bell-shaped function with average power

and half-power bandwidth the power spectrum of a
new call obtained from the negotiation parameters
also has a dc component and an approximated bell-
shaped function with average power and half-power
bandwidth Therefore, and can be
respectively obtained by

(17)

(18)

and

(19)

Equation (19) is derived from at
Such an assumption would cause the approximated bell-shaped
function to contain more low-frequency component power and
result in an overestimation of type-1 cell-loss probability in the
construction of the connection admission control table.

B. Establishment of the Power-Spectrum-Based
Connection Admission Control Table

The power-spectrum-based connection admission control
table contains cell-loss probabilities of type 1 and type 2
(CLP1 and CLP2) versus and of zero-centered
bell-shaped functions of type-1 traffic and of type-2 traffic.
We use simulations to obtain CLP1 and CLP2. The simulation
model for obtaining CLP1 for a given and
is the same as that defined in Fig. 1, which adopts QLT policy
and has system parameters of and The input
process of type-2 data traffic is assumed to be a Poisson
process with an arrival rate of The input process of
type-1 voice (or video) traffic is assumed to be two-state

-state) Markov chains with arrival rates of (or
and transition rates of and (or and obtained

from parameters of and of a zero-centered
bell-shaped function given by

or (20)

or (21)

and

or (22)
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On the other hand, the simulation model for obtaining CLP2
is a system that adopts QLT policy and has a Poisson process
with an arrival rate of a buffer size of and total
available links. Here, the QLT policy is modified. If the queue
length is equal to or greater thanall links are available;
otherwise, no links are accessible. This model differs from the
one shown in Fig. 1, in which type-2 traffic can use at least

links whenever the queue length is equal to or greater than
Hence, the cell-loss probability of type-2 traffic in the table

is also overestimated.
The procedures for establishing the power-spectrum-based

connection admission control table cac_tableare described
in the following.

FUNCTION cactable
BEGINFUNC

Initialize the values of traffic load for type-2
traffic and dc component ,
average power , and half-power bandwidth

for type-1 traffic
Set the desired ranges of , and
Set the increments steps of ,

and
For within the desired range of traffic load

Call type-2simulation
For within the desired range of bandwidth

For within the desired range of average
power
For within the desired range of dc

component
Call power-spectrumto 2-state-MC

Call type-1simulation
Write to cactable with format

, CLP2, CLP1)
Increase by

EndFor
Increase by
EndFor

Increase by
EndFor

Increase by
EndFor

ENDFUNC

FUNCTION type-2simulation
BEGINFUNC

Generate type-2 traffic according to a Poisson
process with mean rate

Simulate the system described in the second
paragraph of this subsection that has
buffer size,
available links, and queue-length-threshold.

Calculate the CLP2
Return CLP2

ENDFUNC

FUNCTION power-spectrumto 2-state-MC

BEGINFUNC
Calculate the mean arrival rate in on-state,

the on-off transition rate , and the off-on
transition rate ,
from parameters , according to
(20), (21), and (22)

Return
ENDFUNC
FUNCTION type-1simulation
BEGINFUNC
Generate type-1 input traffic according to a 2-state

Markov process with parameters
Generate type-2 input traffic according to

the Poisson process with mean rate
Simulate the system described in the first paragraph

of this subsection that adopts the QLT scheduling
policy and has system parameters of

, and .
Calculate CLP1
Return CLP1
ENDFUNC

IV. SIMULATION EXAMPLES AND DISCUSSIONS

In the simulations, the system parameters were given by
the buffer sizes the total number of links

the number of reserved links and the queue-
length threshold of the QLT policy For simplicity,
the QoS requirement of cell-loss probability was assumed to
be for voice service, for video service, and
for data service. We considered several simulation examples,
but showed only an example in which a switch supports
multimedia services of voice, video, and data calls.

In the example, the call parameters were defined as follows:
call arrival rates for voice, video, and data were 10.115,
0.0743, and 0.4246 calls/s; the call holding time for voice,
video, and data were 1, 5, and 30 s; and the peak ratewas
64 kb/s, the mean rate was 27.6 kb/s, and the peak duration

was 1.366 s for a voice call. was 6 Mb/s, was 2.04
Mb/s, and was 3.86 s for a video call. The arrival rate
for a data call was 9.0 cells/slot. We compared results with
the system using the equivalent-capacity allocation method
proposed in [3], under the same call parameters mentioned
above.

Fig. 5(a) shows the number of accepted voice calls versus
time. In it, we can see that the number of accepted voice
calls using both control methods is similar. Fig. 5(b) shows
the voice-call-blocking probability versus time. It shows that
the power-spectrum-based control method outperforms the
equivalent-capacity allocation method. Fig. 5(c) shows that
the number of accepted data calls for both control meth-
ods is also similar. Fig. 5(d) shows the number of accepted
video calls versus time. We can see that the system using
the power-spectrum-based control method can accommodate
more video calls than the one using the equivalent-capacity
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(a)

(b)

(c)

Fig. 5. (a) Number of accepted voice calls versus time. (b) Voice-call-blocking probabilities versus time. (c) Number of accepted data calls versus time.

allocation method. Fig. 5(e) shows the video-call-blocking
probability versus time. It also reveals that the system us-
ing the power-spectrum-based control method has a lower
video-call-blocking probability than the one using equivalent-
capacity allocation method, and Fig. 5(f) shows overall system
utilization versus time. In the simulations, the cell-loss prob-
abilities are all zero using both methods. It shows that the
power-spectrum-based connection admission control method
can achieve 9% greater system utilization than the equivalent-
bandwidth allocation method. Therefore, the power-spectrum-
based connection admission control method is more efficient
than the equivalent-capacity allocation method, because the
former method takes the correlation (second-order statistics)
effect of cell-arrival process into account.

V. CONCLUDING REMARKS

This paper has designed a power-spectrum-based connec-
tion admission controller for ATM switches in multimedia
communication applications. Such a power-spectrum-based
connection admission controller in the switch takes the cor-
relation characteristics (second-order statistics) of cell-arrival

processes into account. Whether an incoming call is accepted
by a switch is determined by whether the cell-loss probability,
obtained by reference to a power-spectrum-based connection
admission control table, satisfies the QoS requirement or not.
We presented a procedure for establishing the power-spectrum-
based connection admission control table which contains the
cell-loss probability indexed by type-1 traffic power-spectrum
parameters and type-2 traffic arrival rate. In order to sim-
plify the lookup table, we approximated the composite power
spectrum, which is the sum of the power spectra of existing
calls and new incoming calls, as a bell-shaped function. The
results show that the system using the power-spectrum-based
connection admission control method achieves a 9% higher
utilization than the one using the equivalent-capacity allocation
method [3].

In a real ATM network, where many ATM nodes are
included, the CAC should be made for the global decision,
instead of the local decision studied in this paper. Because the
acceptance or rejection of the global decision is determined
by the local decision of each node traversed by the call, the
scheme we proposed can be extended to the global decision.



58 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 45, NO. 1, FEBRUARY 1998

(d)

(e)

(f)

Fig. 5. (Continued.)(d) Number of accepted video calls versus time. (e) The video-call-blocking probabilities versus time. (f) The overall system utilization
versus time, for a switch that accepts voice, data, and video calls.

APPENDIX A

Consider a bell-shaped power spectrum with
a half-power bandwidth From (8) and (9), must
satisfy

(A1)

We can then find from (A1), which is given by

(A2)

APPENDIX B

We know that the steady-state probability of the -
state MMPP constructed by i.i.d. two-state Markov chain is

binominally distributed. The probability that there aretwo-
state Markov chains in the “on” state, is
given by

(B1)

where is defined as

(B2)

Therefore, we can have the mean rateof the -state
MMPP by

(B3)

Using (14), (15), and (B3), we can obtain the transition rate
by

(B4)
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