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Abstract

Connections in an ATM network are made
using virtual channel connections which can
be either permanent (PVCC) or switched
(SVCC). SVCC requires a signalling proto-
col which is being standardised by interna-
tional standards organisations. Because of the
cost effectiveness of SVCCs over PVCCs for
data communtcation in an ATM environment,
a significant amount of work has been car-
ried ouf to deterrnine the most cost-efficient
and effective ways to operate SVCCs. These
include issues such as holding time policies,
pricing schemes, effect of call blocking, etc.
The aim of this paper is to survey the work
done in the area of SVC with special empha-
sis to the above mentioned issues.

1 INTRODUCTION

Various standardisation activities (e.g. [10,
6, 7) are currently in progress to enable
transportation of existing of data communica-
tions applications over future Asynchronous
Transfer Mode (ATM) networks. Existing
data communications protocols are based on
connection-less concept; routing is performed
on every data frame based on the destination
address contained in the header of each frame.
Since ATM is designed as a connection-
oriented network, one of the main issues in
supporting data commuxnications over ATM is
the design of mechanisms to carry connection-
less traffic over connection-oriented network.

International Telecommunications Union
(ITU) has standardised a connection-less ser-
vice {16] where the user of the service does
not have to establish an end-to-end connec-

193

Monash University, Clayton Gampus
Clayton VIC 3168, Australia

atiqg@eng.monash.edu.au

tion. This is achieved by building a network of
connection-less servers (CLS) within the ATM
network. The user terminals are connected to
one of these CLSs through an ATM connec-
tion. A CLS is capable of routing each data
frame separately based on the destination ad-
dress contained in the frame header, assem-
bling and reassembling of frames into ATM
cells, and switching ATM celis to appropri-
ate ATM VCs to forward the cells to the next
CLS or to the destination user terminal. This
type of connection-less support over ATM is
also referred to as direct [21] or server-based
(5] method.

While the server-based method is simple
and may be attractive to the users because
of the lack of end-to-end comnection establish-
ment at the user terminal, maintaining 2 net-
work of CLSs is expensive for the ATM net-
work provider which will probably result in
an extra charge for the users of this service.
The alternative to using the server-based
connection less service is implementing end-
to-end connection management technigues at
the user terminal. Such techniques are also re-
ferred to as tndirect or connection-based meth-
ods and are similar to existing data commu-
nications over connection oriented data net-
works, e.g., [P-over-X.25 [2].

An end-to-end connection between two user
terminals connected to an ATM network
is called an ATM virtual channel connec-
tion (VCC). A permanent or semi-permanent
VCC (PVCC) may be established a priori be-
tween every pair of terminals. The advantage
of using PVCs is the elimination of the use of
signalling protocol and associated VCC setup
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delay. Connection management at the user
terminal involves simply a table lockup to de-
termine the correct virtual circuit identifier
(VCI) depending on the destination address
of the data frame.

PVCs, however, require a mesh connection
among all the user terminals. In fact, there
may be more than one PVCs required between
a pair of terminals if different applications
running on the same terminal require differ-
ent quality of service (QoS). Hence PVCs do
not scale well with large networks.

In order to alleviate the scalability problem,
Chao et al. [4] have proposed a PVC-based
approach which maintains a number of PVCs
between ATM ports in an ATM switch instead
of PVYCCs between every pair of user termi-
nals. A central connection manager main-
tains a free-list and an allocated-list for all
the PVCs. A terminal has to exchange a set
of query-response messages with the central
manager inorder to obtain a PVC. Although
this method reduces the total number PVCs,
it introduces some delay through negotiation
with the central connection manager. This
method also does not scale well with large
ATM switches with many ports and hence is
not suitable for wide area ATM network.

An end-to-end connection can also be setup
dynamically as needed through the use of
switched VCC (SVCC). The user terminals
ase a signalling protocol (e.g. [17]) in order
to setup a VCC with the destination termi-
nal whenever one is needed. The benefits of
transporting connecless-less data over SVCC
is twofold. Firstly, the scalability problem
is greatly reduced as a SVCC can be closed
when not in use. Secondly, closing down an
idle VCC eliminates any resource waste asso-
ciated with an idling open VCC. SVCC will
be, therefore, one of the popular methods for
data communications over ATM.

The purpose of this paper is to summarise
the issues regarding data communications
over ATM using SVCC with a focus to iden-
tify the problems.

The rest of the paper is organised as fol-
lows. In Section 2, we examine the timing
issue of closing an idle open VCC and its im-
pact on the total cost of data communications.
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The performance of file transfer using a widely
used data communications protocol — Trans-
port Control Protocol (TCP) — over ATM
using SVCC is reported in the next section.
Section 4 describes analytical and simulation
methods reported in the literature to mea-
sure various performance parameters of data
communications over SVCC-based ATM net-
works.

2 HOLDING POLICIES

The main idea of nsing SVCC instead of
PVCC is to close a2 VCC when it is not
needed any longer. The simplest way 10 man-
age SVCCs is to open a SVCC when a data
frame arrives and close it after the last cell
of the frame has been transmitted over the
VCC (19]. However, using this method, ev-
ery data frame will experience the VCC setup
delay which both degrades the performance
of data communications and creates excessive
signalling traffic in the ATM network. Since
each setup might attarct an additional charge,
a frame-by-frame setup method might be too
expensive. .

If after transmitting a frame it is expected
that more frames will arrive soon, then it may
be wise to keep the VCC open for a while.
This will amortise the cost VCC setups over
many frames. A VCC holding policy refers
to the policy which decides on how long to
hold an idle VCC. The aim of such holding
policies is to minimise the total cost based on
some cost model.

To make a decision on how long to hold
the idle VCC open using some holding policy
involves some processing time and resource.
Therefore, the less often the decision has o
be made the better. For very high speed ATM
connections, a frame will be transmitted be-
fore the next one arrives. Such high speed
connections were studied in {20, 18, 9] and
hoiding decisions were made when the VCO
becomes idie after transmitting each frame.
A slow VCC model, where the frame arrival
rate in a burst could be greater than the VCC
bandwidth, was studied in [13]. In that study,
the arriving frames are buffered in a FIFO
gueue while a VCC is being setup or is busy
transmitting a frame. The holding decisions
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for such slow VCC model with buffer have to
be made only when the buffer becomes empty.

Mast of the holding policies praposed in the
literature make use of an inactivity timer [7].
A timer is set when a VCC becomes idle or
the buffer becomes empty. The VCC contin-
ues to be open even if there is no data to send.
If no frame arrives within the timeout period,
the timer goes off and the VCC is closed. If
a frame arrives before the timer expires, the
timer is cleared (it will not go off); a new
timer is set when the VCC becomes icle again.
One holding policy differs from the other on
kow to select the timeout interval of the inac-
tivity timer.

Based on the selection of timeout, the
timer-based holding policies can be broadly
classified into two groups:

¢ Fixed timer. The same timeout is used
This is very
simple and implemented by the ATM
adapter card vendors.

each time a timer is set.

e Adaptive timer. The timeout is recalcu-
lated for every timer based on the past
frame interarrival times.

The selection of the timeout for both fixed
and adaptive timers wil depend on the un-
derlying cost model. Since ATM is a con-
nection oriented network and will allocate
some resource to an open VCC, a time-based
charge in addition to a setup charge is rea-
sonable (like the existing telecommurications
network). For such cost model, there are two
main cost factor — setup cost and holding
time cost.

Saran and Keshav [20] studied holding poli-
cies with both fixed and adaptive timers us-
ing a time-based cost model. The study
was based on empirical data collected from
different LANs. Omne of the holding poli-
cies, referred to as LRU-based (Least Recently
Used), is based on the temporal locality of
packet arrival times in the empirical data sets.
The underlying theory of this policy is that
the predicted arrival time of the next packet
since the last arrival to an idling VCC in-
creases monotonically with elapsed time.
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Saran and Keshav [20] uses a linear mono-
tonic function which predicts the next ar-
rival time to be a positive constant times the
elapsed time since the last arrival. For the em-
pirical data sets, it was found that a positive
constant of 2 gives the best cost performance.
Therefore, the LRU-based holding policy is
simply to close a VCC if it has been idle for
‘% time units where S is the ratio of VC setup
cost to VC holding cost. Note that for LRU-
based policy, a fixed timeout is used for ev-
ery timer and can be easily implemented with
the available commercial ATM adapter cards.
However, one disadvantage of the LRU-based
policy is that it will not work well if the tem-
poral locality does not exist.

Saran and Keshav [20] suggested another
policy where a new timeout is calculated
each time a VCC becomes idle. Estimation
of mean p and standard deviation ¢ of the
packet interarrival times are updated at each
packet arrival using a simple estimation tech-
nique. Upon becomirg idle, the VCC is closed
if 4 > &, otherwise a timer is set with a time-
out equal to max{u+2e, ’g) Although tempo-
ral locality is not important for this policy, it
has more overhead in updating and maintain-
ing estimation of mean and deviation and re-
setting a timeout for each timer. It was shown
that LRU-based policy performed better than
this policy for the empirical data sets.

Later, Lund et. al. [18] and Keshav et al
[9] have shown that better performance can
be achieved with adaptive timers where the
timeout is calculated based on the distribu-
tion of the packet interarrival times. The ar-
rival distribution is approximated by main-
taining a histogram of the last 10-20 arrival
times. However, this method requires storage
of some past data for each VC and is more
complex computationally.

The above policies are all based on very
high capacity VCCs. It was assumed that the
time it takes to process a data packet (seg-
mentation into cells and transmission of cells
over the VCC) is less than the packet interar-
rival times. VC setup delay was also consid-
ered negligible. Therefore, queueing of pack-
ets at the VC was not considered.

Even with very high capacity VCC, some
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buffer is required for non-negligible VCC
setup delay to hold the arriving frames while
a VCC is being setup. It was argued in [1]
that with small buffers, there may be some
loss of data and therefore, frame loss should
be considered as a cost factor. Based on the
new cost model and an ON-OFF traffic ar-
rival model it was shown through simulation
(1] that fixed timer based holding policies can
not optimise the total cost. The least cost is
achieved either by closing the VCC immedi-
ately after buffer becoming empty or leaving
it open permanently depending on the cost
associated with a VCC setup, frame loss or
unit of holding time.

Later, an analysis of slow VCC model (dur-
ing a burst frames arrive faster than the VCC
can process and transmit) with infinite buffer
[11] confirmed that for ON-QFF traffc model,
fixed timers can not optimise cost for a time-
based cost model. It is shown in [11] that
the optimum holding policy is to close the
VCC immediately on buffer becoming empty
if the holding cost for the mean silence period
is greater than the setup cost, leave it open
otherwise.

3 TCP PERFORMANCE

In this section, results of performance stud-
ies of TCP over ATM networks are reported
for various kinds of data applications.

3.1 Bulk Data Transfer

Most reliable transport layer data commu-
nications protocols, including TCP, imple-
ment some kind of sliding window flow con-
trol mechanism. With sliding window, the
transport layer can transmit a number of data
frames { equal to the window size) without
receiving any acknowledgement from the re-
ceiver. For sufficiently large window, an ac-
knowledgement will be received before the en-
tire window is transmitted and the transport
entity will be able to transmit continuously
without having to stop for acknowledgement.
Therefore, for large windows the VCC will not
be idle in the middle of a fille transfer and
hence the performance of SVCC will be the
same as the PVCC.

However, if the window size is not large
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bandwidth end-to-end path, the transport en-
tity will stop after transmitting a window full
of frames and the VCC will get idle. If VCC
gets idle, there is a possibility that an inac-
tivity timer will go off and the VCC is closed.
The performance of bulk TCP connections for
a simple holding policy — the VCC is closed
immediately upon becoming idle — is anal-
ysed in [15] for such small window cases. It
was shown that the relative throughput loss
(cf. PVCC) for TCP due to VCC setup de-
lay could be significant in the case where the
ratio of VCC setup delay to the round-trip
propagation delay is large.

3.2 Small File Transfer

TCP implements a dynamic window size
mechanism as a preventive measure against
congestion in the network. When a new TCP
connection starts or a new file transfer starts
on a TCP connection which has been idle for
a while, the window size is initially set to one
and incremented by one for each packet ac-
knowledged. This is called slow-start [3]. Af-
ter the window size reaches a threshold, the
window size is incremented by one only af-
ter all the packets of the previous window are
acknowledged (congestion-avoidance [3]). If a
TCP packet is lost, the TCP retransmit timer
will go off and TCP will enter the slow-start
phase. For bulk TCP analysis in [15}, the
TCP performance was analysed at the steady
state with no loss, i.e., when the window size
reaches the maximum size. For steady-state
and loss-less environment, TCP analysis is the
same as a fired window size sliding window
protocol.

A performance analysis of dyramic window
size TCP conections over SVCC is presented
in {14]. A number of TCP connections were
simulated multiplexed onto the same SVCC
managed by a fixed inactivity timer. It was
found that TCP performance can be severely
degraded if a timeout less than the round-trip
time is selected for the fixed inacativity timer
of the SVCC connection.

3.3 Interactive Data

The performance of interactive data trans-
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fer (e.g. TELNET) is not measured by
throughput but by the delay each individual
data frame experiences. If the interframe gap
is large compared to the VCC transmission
rate, it is possible that the VCC buffer will
become empty often and the possibility that
a frame will have to experience a VCC setup
delay will be very high. Therefore, it will be
necessary to multiplex a number of such low
rate connections onto the same VCC when-
ever it is possible to do so.

3.4 Effect of Call Blocking

With SVCC, a connection request may be
rejected by the connection admission control
(CAC) functions of the ATM network if there
is not enough resources in the network to
meet the quality of service of the connection.
This is somewhat analogous to the collission
scenario of Ethernet LAN. Upon detecting a
collision, terminals connected to an Ether-
net LAN wait a random time before trying
to send the frame again. The random dura-
tions for successive retries (exponential back-
off ) are standardised in IEEE 802.3. However,
the retry techniques are not yet standardised
for SVCC-based ATM networks. The analy-
ses of SVCC in [11, 12, 14, 1, 13, 15, 8] are all
based on negligible call blocking probability.
Further study is necessary to evaluate the per-
formance of SVCC under non-negligible call
blocking probability.

4 MODELING AND ANALYSIS

When using a fixed timeout based inactiv-
ity timer to manage a SVCC, selection of the
timeout plays a crucial role in determining
a number of parameters — VCC setup rate,
number of concurrent VCCs in the network,
fraction of time a VCC is idling, average delay
of a data frame in the VCC buffer, the average
size of the VCC buffer and so on. Clark et al.
(8] have studied the VCC setup rate and the
number of concurrent VCCs as a function of
the timeout of the inactivity timer by simulat-
ing various ATM configurations to support an
existing campus network. The study showed
that the VCC setup rate and the number of
concurrent VCCs increases rapidly if a time-
out less than 90 second is selected.
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An analytical mode} of a SVCC was devel-
oped in [12] and analysed to obtain the VCC
setup rate, SVCC idling fraction, average de-
lay of a data frame and the average queue
size for a Poisson traffic arrival model and a
fixed timeout based inactivity timer to man-
age the SVCC. Simulation of TELNET data
over SVCC verified the accuracy of the pro-
posed model.

5 CONCLUSION

This paper has summarised the work that
has been carried out in different issues relat-
ing to the operation of the SVC. There is now
a need to integrate the isolated studies to ob-
tain a feeling of the overall performance of
SVCCs. It has been observed that most of the
work has been carried out using simulation.
Some of the authors have reported results of
simulation studies using emperical data col-
lected from a specific network configuration.
Although these results provide useful insight
into the performance of the operation of the
SVCC, it is necessay to develop models which
would enable one to study the performance of
SVCCs under known traffic patterns.
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