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ABSTRACT

In this paper, we investigate burst-level bandwidth reservation schemes in ATM LANSs and compare the performance of
REQ/ACK and on-the-fly fast reservation schemes for a client-server model with a single ATM switch. To compare performance,
we derive an analytical model for the mean burst transfer delay, blocking probability and throughput. We discuss the dependence
of these performance parameters on the propagation delay-to-burst duration ratio and peak rate-to-link speed ratio. We show that,
for moderate propagation delay-to-burst duration ratio, the on-the-fly scheme is more desirable since the REQ/ACK scheme has
limited achievable throughput for fast reservation traffic due to unused bandwidth during the REQ-ACK cycle. Also, for a given
burst length (in bits), the delay performance of REQ/ACK scheme is more sensitive to increase in the peak rate than the on-the-fly

scheme.
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I. Introduction

ATM-based Local Area Networks (ATM
LAN) are currently being developed for high-
speed LANs, for high-speed LAN backbones
and for Customer Premises Networks in B-
ISDN (1. 2]. ATM LANs have the advantages
of high-speed networking/multimedia service
capabilities., seamless interworking with B-
ISDN, virtually unlimited scalability and cost
effectiveness in comparison to Gb/s shared
medium designs (2).

In many applications of ATM LANSs such as
distributed computing. multimedia, high-
speed file transfer and image retrieval, traf-
fic exhibits high peak rates and long burst
lengths (in bits). Also, the burst lengths are
variable and unpredictable. Due to a relative-
ly high peak rate-to-link speed ratio in ATM
LANs, statistical multiplexing at the call
level with moderate buffer size fails. To
obtain a substantial network efficiency, a
dynamic bandwidth management at the burst
level is more desirable.

The Fast Reservation Protocol (FRP) was
originally proposed for efficient resource man-
agement for bursty traffic in B-ISDN. but
the FRP is expected to be more suitable for
ATM LANs due to small propagation delay.
In traditional FRP schemes, the network allo-
cates a bandwidth equivalent to the peak rate
for each burst (3]-(6). But, in many applica-
tions of ATM LANs, the throughput for each
burst could be negotiated between source and
network as long as the burst transmission
delay is kept within an acceptable range. By
dynamically adjusting the bandwidth alloca-
tion to the transfer rate, it is possible to
achieve guaranteed zero cell loss (7).
Recently, some analytical models for the FRP

schemes are available in some literatures (4)-

(8). but the most of papers assume an infi-
nite population and Poisson arrivals (4)-(6).
However, our analysis considers finite and
ON/OFF sources.

In this paper. we investigate the FRP
schemes in ATM LANs and compare the per-
formance of REQ/ACK and on-the-fly reser-
vation methods for a client-server model
using a single ATM LAN switch. To compare
performance, we use as performance criteria
the mean burst transfer delay, the burst
blocking probability and the burst through-
put. Using the analytical results, we discuss
the dependence of these performance parame-
ters on the propagation delay-to-burst dura-
tion ratio and peak rate-to-link speed ratio.
We also investigate the impact of peak rate
increase on the performance as network and

workstation speeds increase.
I. Network Model and Analysis

1. FRP Schemes Considered

In this section, we describe two FRP
schemes considered, REQ/ACK and ON-THE-
FLY. both of which are assumed to use the
random backoff and the peak bandwidth
methods. If the peak bandwidth is not avail-
able upon request, the source tries again
after an exponential backoff time. For sim-
plicity of analysis, we consider a client-server
model connected through a single ATM LAN
switch, in which distributed client computers
share a single server. As shown in Fig. 1. N
identical clients are connected to the ATM
switch by each line and the peak bandwidth
requests are assumed to be 1/M of the total
output link capacity.

Fig. 2 shows procedural sequences in each
FRP scheme. Before transmitting a burst, the

client first sends a reservation_request
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Figure 1. A client-server model.
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Figure 2. The FRP schemes considered.

1422

(RES_REQ) cell. and after transmitting the
last cell of the burst it sends a
release_request (REL_REQ) cell. In the
REQ/ACK scheme, bandwidth is reserved for
each burst during a round-trip delay between
client and switch plus a burst transmission
time, while in the ON-THE-FLY scheme,
bandwidth is reserved just during the burst

transmission time.

2. Assumption and Notation

We consider an interactive data communica-
tion between N statistically identical clients
and a single server as shown in Fig. 1, in
which only idle clients can generate a burst.
The idle duration of each ON/OFF source can
be considered as the time period for waiting
response from the server and thinking time in
the client. We focus on the bandwidth shar-
ing of the output link to the server by
clients. In effect. this system is self-regulat-
ing. since the arrival rate of bursts becomes
smaller as the system gets busier.

We assume that the idle and burst dura-
tions of each ON/OFF source are exponential-
ly distributed. However, in the analysis we
approximate the bandwidth holding time and
the additional burst delay for each blocking
as being exponentially distributed with means
1/# and 1/8, respectively. If the round-trip
delay is small enough in comparison to the
mean burst duration and the mean backoff
time, these approximations would be accurate
for a constant round-trip delay. The band-
width usage by reservation-related cells and
cell queueing delay at the switch will be
neglected. and the round-trip delay is
assumed to be the same as the round-trip
propagation delay. Since the output channel
for each burst plays the role of a server in a

queueing model, the system can be considered
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as a multi-server queueing model.

We define following notation which will be

used in the analysis:

* B,,: the mean burst length (in bits).

« R, the peak rate for each ON/OFF source
(in b/s).

+ C: the output link rate to server (in b/s).

* Torr: the mean idle duration of each
source 1/7

* Ton: the mean burst duration of each
source = B/R,.

+7,: the mean backoff time for each burst
blocking instance.

+7,° the one-way propagation delay between
client and switch.

+1/8: the mean burst delay for each burst
blocking.

*M: the maximum number of channels
which can be supported at the peak
rate = (C/R,)

+ N: the total number of sources.

*W: the mean reservation delay from the
instant a burst is generated until the
bandwidth reservation is successful.

+H: the mean bandwidth holding time 1/¢

*D: the mean burst transfer delay from the
first attempt until the last bit is suc-
cessfully transmitted = W + H.

We can consider the output link to the

server as consisting of M channels, each of

A burst ressrves The burst releases
bandwidth sucossshilly the ressrved bandwidth
H
v Torr —
i drme
L > f
Burst occurs Burst occurs

D: the mean burst transier delay
Tors : the menn iiie durstion

W: the mean ressrvation delay
H: the mean BW holding time

Figure 3. The relationship between some notations.

which has the capacity of the burst peak
bandwidth. In Fig. 3, we describe the rela-
tionship between the various time parame-
ters.

In the REQ/ACK scheme, bandwidth is
reserved for each burst during the round-trip
propagation delay plus the burst duration.
while in the ON-THE-FLY scheme, bandwidth
is reserved just during the burst duration. We
can then represent the mean bandwidth hold-

ing time. 1/k, for each reservation schemes as

1 ={2r,,+ Ton for the REQ/ACK 1)
u Ten for the ON— THE—~FLY.

For every burst blocking instance, burst
transmission is delayed by a round-trip delay

plus a backoff time. Hence, the mean burst
delay for each blocking, 1/8, is given by

Oyf—

=1y + 21, (2

3. Closed Queueing Network Model

Each source alternates between three
states: idle, backoff and active as shown in
Fig. 4. A source must wait for service in the
backoff state if all M channels are busy when
placing a reservation request, and then
retries after an exponential backoff time. We
say that a source is in the active state if it is
in the period which begins with sending a
RES_REQ cell which is accepted successfully
until completing the transmission of the
REL_REQ cell. We can then represent the
REQ/ACK and ON-THE-FLY schemes as a
closed queueing model as shown in Fig. 5. In
this queueing model, the residence time for
each source in the idle state can be consid-
ered as its idle duration, while the residence
time in the active state is equivalent to the
bandwidth holding time. In the backoff state,

the residence time is identical to the sum of a
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Figure 4. The system states of the REQ/ACK and
ON-THE-FLY schemes.

round-trip propagation delay and a backoff
time.

In the queueing model of Fig. 5, if all M
channels are busy, a source from a backoff
state reenters the same state after its resi-
dence time in the backoff state. But, in a
continuous-time Markov chain, since the sys-
tem state cannot go into the same state, we
consider each backoff state with all servers
busy as consisting of a pair of odd/even
states internally and the system as alternat-
ing between odd/even states whenever a
backed-off source requests bandwidth.
However. since we are concerned only with
the number of backed-off sources. it doesn’t
matter whether the system resides in the odd
or even backoff states. Therefore, we don’t
have to identify even and odd states and can
consider them as if they were the same state.
Letting the number of sources which are in
the active and backoff states as i and j
respectively, a pair (i,j) forms a two-dimen-
sional Markov chain, and the total number of
system states is (N-M+1)(M+1) as in Fig. 6.

Denoting 7, "’as the steady-state probability
of the N-source system being in a state (i, j).
we can represent the global balance equations

1424
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Figure 5. Closed queueing model of the REQ/ACK
and ON-THE-FLY schemes.

for each state (i.j), 0<i<M, 0<jSN-M, as
follows:
1) 1<i<M-1, 0 KN-M-1:
Lint (N=i=Dy+i8 ] 2§V = (N—i—j
+ Dyl ¥+ G+ Durl Y+ GHDorl 2,
2) 1i<M-1, FN-M:
[ iu+(M=Dy+(N-M8 ] zi™) =
(M—=i+Drzl W oy +G+Durt N o
3) =0, 1<j<N-M:
[ (N=Dy+78 ) 2l"V = punl N,
4} M, 0(KN-M-1:
[ Mu+(N=-M=py ] 2" = (N-M—;
+ Dyrl ) +(N—M—j+1)77r£,,ﬂ‘vll
+0+Derh N

5)1=0. FO0:
N?’”(EUN] =/17f1[uN] ,
6) M. FN-M:
Murld =yl Nkt vl o,
7) =M. FO:
[ Mu+(N=My ] zlg¥? =
(N=M+Dyal 8] +enl Nl (3)

We note that # has a different value for
the REQ/ACK and ON-THE-FLY schemes as
shown in the equation (1).

Representing the steady-state probabilities

{m/"’} as a row vector /7. the global balance
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Figure 6. The state transition diagram of the
REQ/ACK and ON-THE-FLY schemes.

equations can be expressed in matrix form as
Q=0 @)

where Q is a transition rate matrix of (N-
M+1) (M+1)x(N-M+1)(M+1). Also, the total sum
of 7] ’must be equal to 1, hence it is given by

N—M

120 éu”'[j "= 1. (5)

Since the rate matrix Q is very sparse (the
maximum number of nonzero elements of
each column is 4), if we use a sparse matrix
technique, we can obtain numerically the
steady-state probabilities 7" 'for large values
of N and M from (4) and (5). Actually, we
are interested in highly bursty and high
peak-rate traffic, so M may be at most a few
tens and N would be an order of magnitude
more than M.

4. Performance Measures
The burst blocking probability Ppex at the

first attempt for an N-source system is the
same as the probability that all M channels
are busy for (N-1)-source system at a random
instant. For simplicity of notation, we let

N-M
(v =S ®

where 2, "'denotes the probability that the
number of sources in the active state is equal
to i for the N-source system. Hence, Pblock
can be obtained as

Pua=4™ ', {7

If we define total burst throughput 4 as
the total rate at which bursts are successfully
transferred through the output link to the
server, 4 (in bursts/sec) is given by

M
A= sl M ®

For a stability condition, the total burst
arrival rate from sources should be equal to
4. Hence, for an N-source system. the mean
cycle time for a source is obtained from
Little's formula as

the mean cycle time=W+ H+ Topr= (9)

Therefore, from (9) the mean burst trans-
fer delay D can be represented as

D=w +H=H -1y, o

If we normalize the total burst throughput
by link capacity. the normalized burst
throughput ¢ represents the effective link
utilization, and p is obtained as

_ ATon
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. Numerical Results and Discussion

When burst blocking occurs, the ON-THE-
FLY scheme wastes bandwidth which other-
wise could be exploited by best-effort service.
However, from the viewpoint of fast reserva-
tion traffic, both the REQ/ACK and the ON-
THE-FLY schemes waste bandwidth since the
bandwidth reserved until receiving the NAK
cell cannot be used for other traffic. For a
single switch ATM LAN, the bandwidth is
wasted only on input links to the switch. it
therefore does not affect the bandwidth effi-
ciency of the output link to the server. In
order to compare the performance of
REQ/ACK and ON-THE-FLY schemes. we use
as performance criteria the mean burst trans-
fer delay, the burst blocking probability and
the total throughput. In all numerical exam-
ples. the output link capacity C is assumed to
be 100 Mb/s for simplicity.

Table 1. Parameters considered in Figs. 7 - 10 (Ton
and Topr are normalized to the mean burst

duration).

Source Type Rp M | (Ton. Tors) a
Medium 10 0
peak rate | Mb/s 10 (1.9) 0.01

High 100 0.1
1 (1.99)
peak rate || Mb/s 1

We first investigate the dependence of these
performance parameters on the peak rate and
propagation delay. We consider two different
peak-rate sources with the same activity:
medium peak-rate traffic Rp = 10 Mb/s and
high peak-rate traffic Rp = 100 Mb/s. The
mean backof{ value 7, is assumed to be three

times of the mean burst duration Toy if not

1426

specified otherwise (9). The mean burst
transfer delay is normalized to the mean
burst duration, and for simplicity of notation
we let a=2t/Toy and f=1/Toy. In Table 1,we
summarize the parameter values considered.

Fig. 7: shows burst delay and blocking
probability characteristics for different peak
rates for zero propagation delay. When the
propagation delay is zero, there is no funda-
mental difference between the REQ/ACK and
ON-THE-FLY reservation schemes. This fig-
ure shows that the medium peak-rate traffic
can be multiplexed with high utilization while
ensuring short burst transfer delay and low
burst blocking probability. However. the high
peak-rate traffic experiences larger burst
delay and high burst blocking probability
unless the network utilization is very low.
From this result, we conclude that the per-
formance of FRP schemes is highly dependent
on the peak rate-to-link speed ratio.
Therefore, to get high utilization for high
peak-rate traffic in ATM LANs, channel or
trunk grouping to provide higher output link
capacity may be desirable.

Figs. 8 - 9 show burst delay and blocking
probability characteristics with different
propagation delay for the medium peak-rate
traffic, respectively. The circle mark indi-
cates the simulation results for constant
round-trip propagation delay. These figures
show that there is no significant difference
between the REQ/ACK and ON-THE-FLY
schemes for relatively low propagation delay-
to-burst duration ratio. But, for higher prop-
agation delay-to-burst duration ratio, the
REQ/ACK scheme exhibits limited achievable
throughput since bandwidth goes unused for
fast reservation traffic during the REQ-ACK
cycle. For example, in the case of @ = 1, the

maximum achievable throughput cannot
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Figure 7. Burst delay and blocking characteristics for
different peak rates for zero propagation delay (2
=0,8=3). (a) Mean burst transfer delay (b) Burst
blocking probability

exceed over 0.5. We know that the efficiency
of REQ/ACK scheme is highly sensitive to the
propagation delay-to-burst duration ratio
while the ON-THE-FLY scheme is insensitive.
Therefore, we conclude that for higher propa-
gation delay-to-burst duration ratio, the ON-
THE-FLY scheme is more desirable than the
REQ/ACK scheme in terms of fast reservation
traffic performance.

Fig. 10 shows the sensitivity of delay per-

formance of FRP schemes to backoff values
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Figure 8. Mean burst transfer delay versus normalized
throughput for different propagation delays
(M=10, £=3). (a) The REQ/ACK (b) The ON-
THE-FLY

for the medium peak-rate traffic with a = 1.
In this figure, the dotted. dashed and solid
lines indicate for £ =0, 0.5 and 3, respective-
ly. Other parameter values are the same as
in Table 1. This figure shows that, for low
utilization, the burst delay performance is
insensitive to backoff values, and that the
REQ/ACK and ON-THE-FLY schemes exhibit
almost the same degree of sensitivities to
backoff values. In the single switch ATM
LAN considered, since bandwidth waste
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occurs only on the input line to the switch,
zero backoff gives lowest burst transfer delay
for single source per input line applications.
However. in multiple switches. there would
be a nonzero backoff value optimizing the
burst delay-throughput curve.

We next investigate the effect of peak rate
increase on performance in order to assess the
impact of network and workstation speed
increases. We can classify bursty traffic into
two types. For the first traffic type. the
peak rate is determined by intrinsic source
characteristics such as coding scheme. A typi-
cal example is variable bit-rate video. For the
second traffic type, the peak rate is depen-
dent on external characteristics such as net-
work and workstation speeds. In the latter
case, the peak rate increases as network and
workstation speed increases, thus making the
traffic more bursty. Most data traffic such as
may arise in distributed computing. file
transfer and image retrieval belong to this
case. We investigate the performance depen-
dence for the second type traffic on the input
rate increase.

We consider two different input link speeds:
10 Mb/s medium input rate and 100 Mb/s
high input rate. We assume that the peak
rate of each source is the same as the input
link speed. We also assume that the mean
burst length (in bits) and burst arrival rates
are the same for these two cases. For a given
burst length (in bits). the burst duration {in
sec) decreases as the peak rate increases. In
other words. the propagation delay-to-burst
duration ratio increases as network and work-
station speed increases. If we denote each
mean burst duration for the medium and
high input speeds as TYon and T%y. then T9oy
is one tenth of T,y . Other traffic parame-

ters for the medium and high input rates are

www.dbpia.co.kr
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the same as those for the medium and high
peak rate traffics in Table 1. respectively.
We here denote 2t,/T",y as @',

Fig. 11 compares the impact of peak rate
increase on delay-throughput performance for
the REQ/ACK and ON-THE-FLY schemes
with ¢” = 0,01, 0.1. In this figure, zero back-
off value is assumed, and the solid and dot-
ted lines indicate the high input speed and
medium input speed, respectively. To compare
the absolute delay, the burst delays for dif-
ferent input rates are normalized by Ty.
This figure shows that the ON-THE-FLY
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Figure 11. The impact of peak-rate increases on delay
performance for a given burst length (in bits)
(B=0). (a)e’=0.01 (b) 2’ = 0.1

scheme always gives lower burst delay for
higher input speed with the same output link
capacity. The REQ/ACK scheme however does
not guarantee lower delays for higher input
rates beyond some traffic load because the
maximum achievable throughput decreases as
the input speed increases for a given burst
length. Therefore, the delay performance of
REQ/ACK scheme is more sensitive to
increase in the peak rate than ON-THE-FLY
scheme as network and workstation speed

increases.

V. Conclusions

In this paper, we investigated burst-level
bandwidth reservation schemes in ATM LANs
and compared the performance of REQ/ACK
and ON-THE-FLY reservation schemes for a
client-server model with a single ATM switch.
As results, we showed that the performance
of FRP schemes is highly dependent on the
peak rate-to-link speed ratio irrespective of
the reservation method. For a given burst
length (in bits), the delay performance of
REQ/ACK scheme showed to be more sensitive
to increase in the peak rate than ON-THE-
FLY scheme. For low propagation delay-to-
burst duration ratio, the performance differ-
ence between the REQ/ACK and the ON-THE-
FLY schemes appeared insignificant.
However, for moderate propagation delay-to-
burst duration ratio, the performance of
REQ/ACK scheme exhibited limited achievable
throughput for fast reservation traffic due to
unused bandwidth during the REQ-ACK
cycle. In this case, therefore, the ON-THE-
FLY scheme is more desirable in terms of
fast reservation traffic performance.
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