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Abstract— Recent advances in photonic switching have paved the way
for realizing all-optical time switched networks. The current technology
of Wavelength Division Multiplexing (WDM) offers bandwidth granularity
that match peak electronic transmission speed by dividing the fiber band-
width into multiple wavelengths. However, the bandwidth of a single wave-
length is too large for certain traffic. Time Division Multiplexing (TDM)
allows multiple traffic streams to share the bandwidth of a wavelength effi-
ciently. While introducing wavelength converters and time slot interchang-
ers improve network blocking performance, it is often of interest to know
the incremental benefits offered by every additional stage of switching.

As all-optical networks in future are expected to employ heterogeneous
switching architectures, it is necessary to have generalized network model
that allows to study these networks under a unified framework. In this pa-
per, a network model, called Trunk Switched Network (TSN), is proposed to
facilitate modeling and analysis of such networks. An analytical model for
evaluating the blocking performance of a class of TSN’s has also been devel-
oped. Using the analytical model, it is shown that a significant performance
improvement is obtained with a time-space switch with no wavelength con-
version at each node in a multi-wavelength TDM switched network.

Keywords—Opticalnetworks, WDM/TDM switching, Performance mod-
eling

I. I NTRODUCTION

AVELENGTH DIVISION MULTIPLEXING (WDM)
has emerged as an efficient mechanism for information

transport in all-optical networks. WDM divides the available
fiber bandwidth into a set of wavelengths (WDM channels).
Early research in optical networks focused on single-fiber multi-
wavelength wavelength-routed networks. Nodes in these net-
works can switch wavelengths across ports. Wavelength Con-
verter (WC) is a device that allows optical signal on one wave-
length to be converted into another wavelength. If wavelength
converters are not available, a call arriving at a node on a cer-
tain wavelength has to be switched to the same wavelength at
the output. Although wavelength converters improve network
blocking performance, the high cost of wavelength converters
have made it impractical to employ full-wavelength conversion
at all nodes. The role of wavelength converters in wavelength-
routed networks has been studied in [1], [2], [3], [4], [5], and
[6]. The role of sparse-wavelength conversion, where only a few
nodes in the network have full-wavelength conversion capabil-
ity, has been analyzed in [6]. The effect of limited-wavelength
conversion, where a given input wavelength can be converted
into a set of, but not all, output wavelengths has been studied
in [7] and [8]. Multi-fiber multi-wavelength wavelength-routed
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networks have been shown to offer blocking performance simi-
lar to that of networks that employ limited- or sparse-wavelength
conversion in [9], [10], and [11].

WDM offers bandwidth granularity close to the peak elec-
tronic transmission speed. The bandwidth of a single wave-
length is too large for certain traffic requirements. While some
traffic may have a requirement of fractional wavelength, another
traffic that is already using a full-wavelength might want to ex-
pand its capacity, but not want to pay for an entire new wave-
length. This motivates the need for providing fractional wave-
length capacity to the network traffic.

Provisioning fractional wavelength capacity is achieved by
dividing a wavelength into time slots and multiplexing traffic
on the wavelength. The resulting optical time division multi-
plexed networks (OTDM networks) can be classified into two
categories [12]: dedicated-wavelength TDM (DW-TDM) net-
works and shared-wavelength TDM (SW-TDM) networks. In
DW-TDM networks, each source-destination pair is connected
by a lightpath, where a lightpath is defined as an all-optical
connection between two nodes. Calls between the source and
destination are multiplexed on the lightpath. If the bandwidth
required by a new call at a node is not available on any of the ex-
isting lightpaths to the destination, a new lightpath to the desti-
nation is established. On the other hand, in SW-TDM networks,
if a call cannot be accommodated on an existing lightpath to
the destination, it is allowed to be multiplexed onto an exist-
ing lightpath to an intermediate node. The call is then switched
from the intermediate node to the final destination either directly
or through other nodes. However, if none of the existing light-
paths from the node can accommodate the call, a new lightpath
to the destination is established.

The performance of SW-TDM networks depend on efficient
merging of the fractional wavelength requirements of the nodes
into a full or almost-full wavelength requirement. This merg-
ing of traffic from different source-destination pairs is called
traffic grooming. Nodes that can groom traffic are capable
of multiplexing/de-multiplexing lower rate traffic onto a wave-
length and switching them from one lightpath to another. The
grooming of traffic can be either static or dynamic. In static traf-
fic grooming, the source-destination pairs whose requirements
are combined are pre-determined. In dynamic traffic grooming,
connection requests from different source-destination pairs are
combined depending on the existing lightpaths at the time of
request arrival.

Recent advances optical switching technology, as in [13],
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[14], and [15], have shown the possibility of realizing fast
all-optical switches switches with switching time less than a
nanosecond. The use of such fast switches along with fiber de-
lay lines as time-slot interchangers [16], [17] have opened up the
possibility to realize optical time switched networks. These net-
works will be referred to asOTDM Switchednetworks in the rest
of this paper. Connection between a source and destination in an
OTDM switched network is realized by assigning a time slot on
every link of a chosen path, with the constraint that the slot on
one link can be switched to the next link by the intermediate
node. OTDM switched network can be considered as a special
case of SW-TDM network, where all the nodes in network are
capable of grooming traffic and lightpaths to the neighboring
nodes are established permanently. The bandwidth granularity
offered by an OTDM network is determined by the duration of
a time slot which, in turn, depends on the speed at which the
switching can be accomplished. In general, an OTDM switched
network is a multi-fiber, multi-wavelength, TDM-switched all-
optical network.

Routing individual slot dynamically requires information pro-
cessing in optical domain. However, the technology in opti-
cal processing and storage has not matured to achieve run-time
routing decisions at high-speeds. Therefore, OTDM switched
networks are expected to becircuit-switchedin nature. As the
information in a time slot is not read by an intermediate node
at run-time, the switching employed here is also referred to as
transparent optical switching.

In [12], a single-fiber multi-wavelength TDM-switched net-
work has been analyzed for blocking performance, as an exten-
sion of the link-independence model proposed for wavelength-
routed network in [3] and [4]. The equivalence of single-fiber
multi-wavelength TDM-switched network to multi-fiber multi-
wavelength wavelength-routed networks has been shown in [10]
and [11]. A wavelength-routed network is a special case of
OTDM switched network when every wavelength has one time
slot.

It is well understood that all-optical networks in future would
comprise of nodes that employ heterogeneous switching archi-
tectures, like wavelength-routing switch, OTDM switch with or
without wavelength conversion, etc. The existing work on the
analysis of optical networks in literature study the role of switch-
ing functionalities, like wavelength conversion, time slot inter-
change, etc. in isolation. In other words, the network model that
is considered has nodes that either have or do not have the spe-
cific functionality that is studied. However, in order to analyze
a network with nodes employing heterogeneous switching ar-
chitectures, it is necessary to have a generalized network model
that would enable the modeling of realistic networks and eval-
uate them under a unified framework. In this paper, a network
model, called Trunk Switched Network (TSN), is proposed to
facilitate modeling and analysis of such networks.

The paper is organized as follows: Section II describes
OTDM switched network architectures. Section III introduces
the concept of a trunk switched network and modeling of an
OTDM switched network as a TSN. An analytical model for
evaluating the blocking performance of a class of TSN’s is de-
veloped in Section IV. A multi-wavelength TDM switched net-
work is analyzed using this framework and the network blocking

performance is compared against three different switch archi-
tectures. Section V discusses the performance results obtained
using the analytical model. Section VI concludes the paper.

II. OTDM SWITCHED NETWORKS

An OTDM switched network consists of switching nodes in-
terconnected by one or more optical fibers. Each fiber carries a
certain number of wavelengths. Each wavelength is divided into
frames which are further sub-divided into time slots. Let� de-
note the number of links at a node,� denote the number of fibers
per link, � denote the number of wavelengths per fiber, and�
denote the number of time slots per frame on a wavelength.

Every slot within a frame can be denoted by a 4-tuple,���
	��
	���	����
, where ��� � ��� , ��� � ��� , ��� � ��� , and��� � ��� . For example, the tuple

� � 	 � 	���	 � � (read from right
to left) denotes first time slot in a frame on the second wave-
length of the first fiber on the first link. Achannelon a link is
defined as a collection of a particular time slot across successive
frames. Hence, the number of channels in a link is the same as
the number of slots in a frame,����� �!� . Each channel is
also represented by a 4-tuple,

���
	��
	���	����
, similar to the repre-

sentation of a slot. It can be observed that if a frame has only
one time slot,��"#� , an OTDM switched network reduces to
a multi-fiber multi-wavelength wavelength-routed network. A
switch at a node maps an input channel to an output channel.
The constraints on the mapping of an input channel to an output
channel is determined by the nature of the switch.

The simplest switch architecture is a space switch. In this
switch, an input channel,

���$	��
	��%	&����'
, could be mapped to an

output channel,
���
	��
	���	����$(

, if and only if
� ' " ��( , � ' " �)( ,

and
� ' " �*( . With a time slot interchanger (TSI), an input chan-

nel
�+�$	��,	���	����&'

could be can be mapped to an output channel���
	��
	���	���� (
, where

�$'�-" � ( , by delaying the signals. A combi-
nation of time and space switching can be employed in multiple
stages to realize more permutation of space and time. If the
switches do not employ wavelength conversion, then the wave-
length of the input and output channels must be the same, hence�.' " � ( . In networks with multiple fibers connecting two nodes
an input channel,

���$	��
	��%	&��� '
, can be mapped to an output chan-

nel
�+�$	��,	���	���� (

, where
�/'0-" � ( .

III. T RUNK SWITCHED NETWORKS

A trunk switched network (TSN) consists of switching nodes
interconnected by links. Each link has a set of channels. The
number of channels in a link, denoted by1 , is the same on all
the links in the network. A node in a TSN views a link as a
set of 2 trunks with 3 channels per trunk, where2435"#1 .
Fig. 1 shows the node architecture in a TSN. The node has four
links connected to it. Each link is viewed as a set of 4 trunks
by the node. Switching at every node obeys the following two
conditions:6

A full-channel interchanger (FCI) is employed at the input
for every trunk, as shown in Fig. 1.6
Switching at a node obeys trunk-continuity constraint, i.e.,
the channels cannot be switched across trunks.

The definition of a trunk could be different across nodes. For
example, one node could view a link as287 trunks with 397 chan-
nels per trunk while another node could view the link as2�:
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trunks with 3 : channels per trunk, where287;397<"�2 : 3 : "=1 .
Fig. 2 shows two nodes in a TSN connected by a link. The in-
put to switch from other links at the node are not shown in the
figure. Fig. 2(a) shows two nodes that view the link as a set of
4 trunks. In Fig. 2(b), the first node views the link as 3 trunks
while the second node views the link as 4 trunks.

Switch1
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3

4

2
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Fig. 1. Node architecture in a TSN.
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Fig. 2. Two nodes connected by a link in a TSN. (a) The link is viewed as 4
trunks by both the nodes. (b) The link is viewed as 3 and 4 trunks by the
first and second node, respectively.

A TSN is said to behomogeneousif the collection of chan-
nels that constitute a trunk at a node is the same for all the nodes
in the network. Otherwise, it is said to beheterogeneous. The
nodes shown in Fig. 2(a) could form a part of homogeneous
TSN if the channels that constitute a trunk for the two nodes are
the same as that at the rest of the nodes. Note that two nodes
could view a link as a set of2 trunks, but could still be hetero-
geneous if the channels within the trunks are not identical. On
the other hand, the nodes shown in Fig. 2(b) form a part of a het-
erogeneous TSN. Although the trunk definition is the same for
all the nodes in a homogeneous TSN, the switching employed
within a trunk could be different at different nodes. As channels
cannot be switched across trunks at a node, by the definition of

a trunk at the node, a homogeneous TSN imposes anend-to-end
trunk-continuity constrainton the connections.

A trunk on a link, as viewed by a node, is said to bebusyif all
the channels in the trunk are busy, otherwise it is said to befree.
Fig. 3 shows a node in a TSN and one of its input and output
links. The link is viewed as a set of 4 trunks by the node. The
number of channels busy on a trunk at the input of a node is the
same as the number of channels busy on the trunk at the input
to the switch at the node. However, the distribution of the busy
channels on the trunk at the input of the node is different from
that at the input of the switch. The number of trunks busy at the
input of a node is the same as the number of trunks busy at the
input of the switch at that node.

FCI

FCI

FCI

FCI

Node

Switch

Switch

Switch

Switch

Link Link

Fig. 3. Two links connected by a node.

Consider a trunk on a two-link path (a trunk at the input and
output of the node shown in Fig. 3). The trunk is said to be
availableon the two-link path if there is a free channel in the
trunk on the first link that can be switched by the node to a free
channel in the second link, subjected to the constraints of the
switch. Hence, if a trunk is free on two links individually, it does
not necessarily imply that the trunk is available on the two-link
path. For example, consider a scenario when the switch at the
node shown in Fig. 3 is a space-only switch7 . Hence channel
continuity constraint is imposed by the switch. Also, assume
that there are 5 channels per trunk. Let channels 1 and 2 on a
trunk be busy at the input of the switch and channels 3, 4, and
5 be busy at the output of the switch. The free channels at the
input of the switch (hence, at the node) cannot be switched to
the free channels at output of the switch. Hence, the trunk is not
available on the two-link path.

A connection between a source and destination is established
over a path. Each path consists of a set of links and the number
of links in a path denotes the length of the path. The selection
of a path in the network could be either static or dynamic. A
connection between a source and a destination over a path is
realized by assigning a channel on each link on the path such
that every node on the path can switch the channel assigned on
its input link to the channel assigned on its output link. A call is
said to be blocked if such a channel assignment is not possible.

A. Modeling an OTDM switched network as a TSN

An OTDM switched network can be modeled as a TSN. Al-
though a trunk can be defined as an arbitrary collection of chan-
nels, only a few make a meaningful trunk definition in reality. A
few possible trunk definitions at a node are discussed here with
an example.>

Although the switch at a node is space-only the node behaves like a channel-
space switch.
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Consider a link with one fiber, 4 wavelengths per fiber and 5
time slots per wavelength (�?"=� , �@"?A , �?"CB ). Each slot on
a link
�

is denoted by a 4-tuple tuple
���
	��
	���	����

, where
� "D� ,�0� � ��A , and �E� � �FB .6

If time slot interchange and wavelength conversion are not
permitted, then, for any link

�
, each wavelength and time

slot combination can be treated as a trunk, i.e.,�EGIHKJML NPO."QR���$	 � 	���	�����S . In this case, a link is viewed as�?� trunks
with one channel per trunk.6
If time slot interchange is permitted, but not wavelength
conversion, then for a given link

�
, every wavelength can be

considered as a trunk, i.e.,�EG J " QT���
	 � 	��%	&���/U �.� � ��� S .
Thus, a link is viewed as� trunks with � channels per
trunk. Note that, the switch at a node need not provide
full-permutation switching capability.6
If full-wavelength conversion is permitted, but not time slot
interchange, then for a given link

�
, a time slot on all the

wavelengths can be grouped to form a trunk, i.e.,�EG N "QR���$	 � 	���	����VU �W� � �X� S . Thus, a link is viewed as�
trunks with � channels per trunk.6
If both full-wavelength conversion and time slot inter-
change are permitted, then the entire link is treated as one
trunk with �?� channels.

A multi-fiber multi-wavelength wavelength-routed network
with � fibers and� wavelengths with no wavelength conver-
sion can be viewed as� trunks with � channels per trunk.
If full-wavelength conversion is available, then a link can be
viewed as a single trunk with��� channels. However, net-
works that employ limited-wavelength conversion, as defined in
[7] and [8], cannot be modeled as a TSN, as a full-permutation
wavelength-conversion is not employed.

IV. A NALYSIS OF TRUNK SWITCHED NETWORKS

Consider a trunk switched network withY nodes. An analyt-
ical model for evaluating the blocking performance is developed
in this section based on the following assumptions:6

The call arrival at every node follows a Poisson process
with rate Z\[ and is equally likely to be destined to any other
node. The choice of Poisson traffic is to keep the analysis
tractable.6
The traffic is assumed to be point-to-point (no broadcast or
multi-cast traffic is considered).6
The bandwidth requirement of every call is assumed to be
of one channel capacity.6
The holding time of every call follows an exponential dis-
tribution with mean 7] . The Erlang load offered by a node

is ^ [ "5_a`] .6
The path selection is pre-determined (fixed-path routing),
eg: shortest-path.6
Blocked calls are not re-attempted.6
A call is assigned a channel randomly from a set of avail-
able channels.

The network blocking probability is computed as the aver-
age blocking probability experienced over different path lengths.
Consider ab -link path model as shown in Fig. 4.

pT Tl

Th

Tf

D

First hop with (z−1) links Second hop

T

T1

2
1 2 z

Fig. 4. A z-link path model

Let c9d � �,e � denote the probability of�
e trunks being avail-
able on ab -link path as viewed by the last node on the path:
(node b ). The definition of the trunk is as viewed by the node
denoted by the suffix forc . cfd � �
e4"�g � denotes the blocking
probability over theb -link path. The ensemble average of the
network blocking probability, denoted byc9h , is obtained as:

c h " i0j 7k dml97 cfd � �
en"Cg � c � b � (1)

where c � b � denotes the probability of selecting ab -link path.c � b � depends on the network topology and routing strategy em-
ployed in the network, and can be easily computed for most reg-
ular network topologies and routing strategies.

Let c9d � �,e 	 �,o � denote the probability of�
e trunks being
available on ab -link path with � o trunks free on the last link.
It can be seen that the last link should have at-least� e trunks
free, therefore�
oMpq�
e . c9d � �,e � can then be written as:

c9d � �
e � " rtskuTv l uTw cfd � �
e 	 �
o � (2)

where 2�d denotes the number trunks in the link as viewed by
nodeb .

A b -link path can be analyzed as a two-hop path by consid-
ering the firstb�xy� links as the first hop and last two links as
the second hop, as shown in Fig. 4. Let�{z and �R| denote the
number of trunks available on the first hop and that which are
free on the last link of the first hop (linkb}x�� ) as viewed by the
last node on the first hop (nodeb.x�� ). Let � 7 and �{: denote the
number of trunks free on the first hop and number of trunks free
on the last link of the first hop as seen by the node in the second
hop (nodeb ). c d � � e 	 � o � can then be recursively computed as:c d � � e 	 � o � "n~�� s
�R����V�R� ~C� s
�R����V����� ~C� s� � ��� w ~C� s�m�$�\� ����;� >/���R�*���*�V� � ���\>������*� �T�I�P�I�V� � �����*���T��� �\>������m� (3)

wherec � �
e 	 �,o U �97 	 � : � denotes the probability of�
e trunks be-
ing available on the second hop with� o trunks free on the last
link of the second hop given that�97 trunks are available on the
first hop with � : trunks free at the input to the node on the sec-
ond hop.c � �97 	 � : U �{z 	 �R| � denotes the probability that the num-
ber of trunks available on the first hop and number of trunks free
on the last link of the first hop as viewed by the node in the sec-
ond hop are�f7 and � : , respectively, given that the trunk avail-
ability as viewed by the last node on the first hop is��z and �R| .�

The destination is not considered as the last node in the path.
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For homogeneous TSN’s,c � �f7 	 � : U �{z 	 �T| � is defined as:

c � �97 	 � : U �{z 	 �R| � "�� � if �{z�"?�97 and �T|�"?� :g otherwise
(4)

For a homogeneous TSN, Eqn. (3), therefore, reduces to:

c9d � �
e 	 �
o � " rku � l uTw
rku � l u � c9d j 7 � �{z 	 �R| � c � �,e 	 �
o U ��z 	 �R| �

(5)

where2 denotes the number of trunks in a link as viewed by the
nodes in the network. The computation ofc � � 7 	 �{: U � z 	 � | � for
different trunk definitions is currently being studied by the au-
thors. Hence, the scope of the analysis presented in this section
is limited to homogeneous TSN’s.

The starting point of the recursion, forb�"=� , is defined as:c 7 � � e 	 � o � " � c � � o � if � e "�� og otherwise
(6)

where c � � o � denotes the probability of� o trunks being free on
a link. The computation ofc � � o � is discussed in Section IV-B.c � �
e 	 �
o U �{z 	 �R| � is computed by conditioning on the number
of trunks free on the last link as:

c � � e 	 � o U � z 	 � | � " ���  ��¡
c � �
e U �{z 	 �T| 	 �,o � c � �
o U ��z 	 �T| �

if � z pq� eg otherwise

(7)

where c � �,o U ��z 	 �T| � denotes the probability of�,o trunks being
free on the last link given that�{z trunks are available on the first
hop with �R| trunks free on the last link of the first hop. The
number of trunks free on the last link depends on the number
of trunks free on the previous links. If the correlation of traffic
on a link is assumed to be only due to its previous link, then it
is referred to as theMarkovian correlation. With the assump-
tion of Markovian correlation,c � � o U � z 	 � | � can be reduced toc � �,o U �R| � . Hence, Eqn. (7) can be written as:

c � � e 	 � o U � z 	 � | � " ���  ��¡
c � �,e U �{z 	 �T| 	 �
o � c � �
o U �R| �

if � z p¢� eg otherwise

(8)

c � �
e U �{z 	 �T| 	 �,o � denotes the probability that�
e trunks are
available on the two-hop path given that�,o trunks are free on
the last link and�{z trunks are available on the first hop with�R|
trunks free on the last link of the first hop.c � � e U � z 	 � | 	 � o � is
computed by considering a two-link path as shown in Fig. 5.
The number of trunks free on the first link and that which are
free on the second link are denoted by� | and � o , respectively.

The trunk on a two-link path can be in any one of the follow-
ing four states, as shown Fig. 6:6

Case 1: The trunk is busy on both the links. The trunk can
be either partially or fully occupied by continuing calls. Let£R¤

denote the number of trunks busy on both the links.6
Case 2: The trunk is busy on the first link but not on the
second.

Tp Tl

0 1 2

Fig. 5. A two-link path model.
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§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§{§¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨{¨
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Fig. 6. A pictorial representation of the states of a trunk on a two-link path.6
Case 3: The trunk is busy on the second link but not on the
first.6
Case 4: The trunk is free on both the links. Let�
h denote
the number of trunks free on both the first and second links.
However, this does not imply that these trunks are avail-
able on the two-link path. Let��³ ( �{³´�µ� h ) denote the
number of trunks available on the two-link path. When the
node connecting the two links employs a full-permutation
switch, a trunk is available on the two link path if it is free
on both the links. Hence,� ³ "?�
h .

Let c � �{³ 	 � h U �R| 	 �
o � denote the probability that� h trunks are
free on both the first and second link with� ³ among them being
available on the two-link path given that� | and � o trunks are
free on the first and second links, respectively.c � �
e U �{z 	 �T| 	 �,o �
can then be written as:

c � �,e U �{z 	 �R| 	 �
o � "¢¶ ' [ H u � L uTv OkuT· l u w ¶
' [ H u � L uTv OkuT¸ l uT· c � �
e U ��³ 	 � h 	 �{z 	 �R| 	 �,o �c � � ³ 	 �
h U � | 	 � o �

(9)

where c � �
e U �{³ 	 � h 	 �{z 	 �T| 	 �,o � denotes the probability of�
e
trunks being available on the two-hop path given that� z trunks
are available on the first hop,�R| trunks are free on the first link
(the first link in the two-link model is the last link on the first
hop), � o trunks are free on the second link,�
h trunks are free on
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both the first and second link and��³ among them available on
the two-link path.

T
h

T
f

Ta

aT − T
f
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Fig. 7. A pictorial representation of the free trunks on the last link of the first
hop and that on the two-link path.

Fig. 7 shows the pictorial view of the distribution of free
trunks on the last link of the first hop and that of the two-link
path model. From this figure,c � � e U � ³ 	 �
h 	 � z 	 � | 	 � o � can be
computed along the lines of the following argument: Given�R|
trunks are free on the last link of the first hop with� z among
them available on the first hop. Also, given�
h trunks are free
on the first and second link of the two-link path with�{³ among
them being available on the two-link path. Among the��³ avail-
able trunks on the two-link path exactly�
e trunks overlap with
the � z trunks available on the first hop. The remaining trunks
that are available on the first hop,� z xÁ� e , are not available on
the two-link path. This could occur in two cases: (1) the corre-
sponding trunk is busy on the second link of the two-link path,
or (2) the trunk is free on the second link but is not available on
the two-link path (due to switching constraints). The number of
trunks that satisfy the latter case is� h x���³ . The required proba-
bility is computed by assuming thatÂ of the trunks that are free
on both the first and second link, but not available on the two-
link path, overlap with the remaining� z x�� e available trunks
of the first hop. The trunks on the second link corresponding to
the remaining�{z%x!�
e�x!Â available trunks on the first-hop are
busy. Thus,c � � e U � ³ 	 �
h 	 � z 	 � | 	 � o � can be written as:

c � �
e U �{³ 	 � h 	 �{z 	 �T| 	 �
o � "�+Ã �Ã w �m� Ã � � Ã �Ã · � Ã w � ~?Ä � Ã � � Ã wÄ ��� Ã � � Ã � � Ã ·/Å Ã wÃ ¸ � Ã · � Ä �� Ã �Ã ¸ �m� Ã ¸Ã · � (10)

where ÆÈÇRÉ � g 	 � hfÊ �{zËx!�R|%x!�
e � �ÁÂn�?ÆÈÌ�Í � �{z%x!�
e 	 � h x� ³ � . For the special case, when the switch at a node has full-
permutation switching capability, the above equation reduces to:

c � �,e U �{³ 	 � h 	 ��z 	 �R| 	 �
o � " �����  ����¡
� Ã �Ã w ��� Ã � � Ã �Ã · � Ã w �� Ã �Ã · �

if � ³ x!� e ��� | xÁ� zg otherwise
(11)

Also, for this case,c � � ³ 	 �,h U � | 	 � o � "Dg if � ³ -"Î�
h . Hence,
Eqn. (9) can be written as:

c � �,e U �{z 	 �R| 	 �
o � "
¶ ' [ H u � L uTv OkuT· l u w c � �
e U ��³ 	 �{³ 	 �{z 	 �T| 	 �,o �c � � ³ 	 � ³ U � | 	 � o � (12)

The probability values,c � ��³ 	 � h U �T| 	 �
o � , c � �
o U �R| � , and c � �,o �
are computed by considering a switch model as explained in the
following subsections.

A. Estimation of call arrival rates on a link

Typically, the network traffic is specified in terms of offered
load between node pairs. The call arrival rates at the nodes have
to be translated into arrival rates at individual links in the net-
work. The computation of blocking probability depends on the
link arrival rates, and the link arrival rates, in turn, depend on the
network blocking probability. However, if the blocking proba-
bility in the network is small, then its effect on the link arrival
rates can be ignored. The estimation of the link arrival rates has
also been discussed in [6].

Consider a network withY nodes and� links. The mean path
length of a connection in the network is given by:Ï ³�Ð " i0j 7kdml97 bEc � b � (13)

wherec � b � denotes the path-length distribution. The arrival rate
of calls at a node is denoted byZ�[ . The average link arrival rate,
denoted byZ , is computed as:ZÈ" Y4Z [ Ï ³�Ð� Ñ (14)

To account for link-correlation, the arrival rates of calls to
a link that continue to a next link also needs to be computed.
The only known parameter of the path length distribution is the
mean path length,

Ï ³�Ð . Hence, the probability that a call on
a given link will continue to the next link can be computed in
several possible ways. One possible approach is to assume that
the probability that a call on a link continues to a next link is
independent of the number of links traveled by the call. Hence,
at each node, the probability that a call is destined to that node
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is given by 7Ò ·;Ó . Hence, the probability that a call is continuing
at a given node is�0x 7Ò\·�Ó . Let the number ofexit links for a
path at a node be denoted byÔ , whereexit links for a path is
defined as those links at a node that do not connect the node to
any of the previous nodes in the path. The arrival rate of calls to
a link at a node that continue to a specific output link is denoted
by Z ¤ "¢Õ ¤ Z , whereÕ ¤ is the correlation factor given by:Õ ¤ "×Ö{�.x �Ï ³;Ð{Ø �Ô (15)

B. Free trunk distribution

Consider a two-link path model as shown in Fig. 8. LetÙa| ,Ù\o , and Ù ¤ denote the number of channels busy on the first link,
number of channels busy on second link, and number of chan-
nels occupied by calls that continue from the first link to the
second, respectively. Note thatÙ ¤ �yÆ8ÌPÍ � Ù | 	 Ù o � . The number
of channels busy on a trunk at the input of node 1 is the same as
the number of channels busy at the input of the switch (after the
FCI) at the node, while the distribution of the busy channels at
the input of the switch is independent of the distribution at the
input of the node. Also, the state of a trunk (busy or free) at the
input of the node is the same as that at the input to the switch.
Therefore, the first link as referred in this subsection henceforth
would correspond to the link viewed at the input of the switch.

0 1 2

up u
l

uc

Fig. 8. Channel occupancy on a two-link path model.

Let Z�| denote the arrival rate for calls to the first link,Z\o
denote the arrival rate for calls to the second link, andZ ¤
[ Z ¤ �5Æ8ÌPÍ � Z�| 	 Z�o � ] denote the arrival rate of calls to the first
link that continue to the second link. If the link loads are as-
sumed to be uniformly distributed, it follows thatZa|�"yZ\of"�Z .
The Erlang loads corresponding to the calls that occupy the first
link, second link, and that which continue from the first to sec-
ond can be written as,^ | " _ �] , ^ o " _ v] , and ^ ¤ " _*Ú] , respec-
tively.

The channel distribution on a two-link path can be character-
ized as a 3-dimensional Markov chain. The state-space is de-
noted by the 3-tuple

� Ù | 	 Ù o 	 Ù ¤ � . The steady-state probability
for the states can be computed as [18]:Û � Ù�| 	 Ù�o 	 Ù ¤ � " H�Ü � j Ü Ú O�Ý � � Ý ÚHKÞ � j Þ Ú O�ß Ü�Ý ÚÚÞ Ú ß H�Ü v+j Ü Ú O�Ý v � Ý ÚHKÞ v+j Þ Ú O�ß~ rEàá l{â ~ rEà' l á ~ rEàã l á H�Ü � j Ü Ú Oåä � ÄH ' jTá O�ß Ü Ä ÚH á O�ß H�Ü v�j Ü Ú O�æ � ÄH ã�jRá O�ß

(16)

where g��çÙa|D�ç243 , g��çÙ\o��è243 , and g��çÙ ¤ �ÆÈÌ�Í � Ùa| 	 Ù�o � .
Let
£ | , £ o , and

£ ¤
denote the number of trunks busy on the

first link, number of trunks busy on the second link, and number
of trunks that are busy on both the first and second links, respec-
tively. It can be observed that

£ ¤ �?ÆÈÌ�Í � £ | 	 £ o � . The number of

trunks free on both the links is given by,� h "C2Áx � £ | Ê £ o$x £T¤ � .
The number of trunks available on the two-link path is denoted
by � ³ . The state-space of the trunk distribution is captured by
the 4-tuple

� £ | 	 £ o 	 £R¤ 	 ��³ � . The steady-state probability of the
states can be computed by conditioning on the channel distribu-
tion,
� Ùa| 	 Ù\o 	 Ù ¤ � as:

é � £ | 	 £ o 	 £T¤ 	 ��³ � " rEàkÞ Ú l{â
rEàkÞ � l Þ Ú
rEàkÞ v l Þ Ú c � £ | 	 £ o 	 £ ¤ 	 � ³ U Ù | 	 Ù o 	 Ù ¤ �Û � Ù�| 	 Ù�o 	 Ù ¤ �

(17)

where c � £ | 	 £ o 	 £T¤ 	 �{³ U Ù�| 	 Ù\o 	 Ù ¤ � denotes the probability that
the trunk distribution is in state

� £ | 	 £ o 	 £ ¤ 	 � ³ � given that the
channel distribution is

� Ù�| 	 Ù\o 	 Ù ¤ � . The following probability
values that are required to complete the analytical model, de-
scribed in the previous section, can then be derived from the
above steady-state probability.c � � ³ 	 �
h U � | 	 � o � "ê H rËj\u � L rËj�u v L rEë\uT¸
j�u � j�u v L uT· O~íì ä `mî Ã �Iï Ã v�ðñ ·�ò�ó ~�ì ä `mî Ã �aï Ã v�ðñ ¸ ò ñ · ê H rËj\u � L rËj�uTv L rEë N ¸ j�u � j�uTv L N · O

(18)

c � �
o U �R| � "~�ì ä `mî Ã �*ï Ã v�ðñ ·�ò�ó ~�ì ä `mî Ã �aï Ã v�ðñ ¸ ò�ó ê H rËj\u � L rËj�uTv L rEë N ¸ j\u � j�uTv L N · O~Cô{õñ v òaó ~íì ä `mî Ã � ï ñ vKðñ ·mò�ó ~íì ä `mî Ã � ï ñ v�ðñ ¸ òaó ê H rËj\u � L rËj N v L rEë N ¸ j�u � j N v L N · O
(19)

c � �
o � " ~ rN � l{â ~ ¶ ' [ HKN � L uTv ON · l{â ~ ¶ ' [ HKN � L u v ON ¸ l N ·é � 2Îx � | 	 2�xö� o 	 2 Ê � hMx � | x÷� o 	�� ³ �
(20)

The trunk occupancy probability for a given a channel distri-
bution, is computed as:

c � £ | 	 £ o 	 £ ¤ 	 � ³ U Ù | 	 Ù ¤ 	 Ù o � " Y ã l r � £ | 	 £ o 	 £ ¤ 	 � ³ U Ù | 	 Ù o 	 Ù ¤ �ø ã l r � Ùa| 	 Ù\o 	 Ù ¤ �
(21)

whereY ã � £ | 	 £ o 	 £R¤ 	 �{³ U Ù�| 	 Ù\o 	 Ù ¤ � denotes the number of ways
of arranging acrossù trunks, Ùa| busy channels on the first link,Ù o busy channels on the second link, withÙ ¤ channels among
them being occupied by calls that continue from the first link to
second, such that

£ | trunks are busy on the first link,
£ o trunks

are busy on the second link with
£R¤

among them busy on both
the links, and�{³ trunks being available on the two-link path.ø ã � Ù | 	 Ù o 	 Ù ¤ � denotes all possible ways of arranging acrossù
trunks, Ùa| busy channels on the first link,Ù�o busy channels on
the second link withÙ ¤ channels among them being occupied by
calls that continue from the first link to second.

ø ã � Ù | 	 Ù o 	 Ù ¤ �
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is recursively computed as:ø ã � Ù�| 	 Ù�o 	 Ù ¤ � " ~ ¶ ' [ H à L Þ Ú Od;l{â ~ ¶ ' [ H à L Þ � Oú l
d ~ ¶ ' [ H à L Þ v Oû l
dø 7 � É 	�ü\	 b � ø ãaj 7 � Ù | xÁÉ 	 Ù o x ü�	 Ù ¤ x÷b �
(22)

where g%�FÙa|��qù\3 , g%�?Ù�o9�Fù\3 , and g%�?Ù ¤ �?ÆÈÌ�Í � Ùa| 	 Ù�o � .
The definition of

ø 7 � É 	�ü\	 b � depends on the nature of switch.Y ã � £ | 	 £ o 	 £T¤ 	 ��³ U Ùa| 	 Ù\o 	 Ù ¤ � (written as Y ã � Ñ � for short due
to space constraints) is assigned 0 if any of the following condi-
tions hold true:6 Q £ | 	 £ o 	 £ ¤ 	 � ³ 	 Ù | 	 Ù o 	 Ù ¤ SËý g6 Q £ | 	 £ o 	 £ ¤ 	 � ³ S%þ ù6 Q Ùa| 	 Ù�o SËþ ù�3 or Ù ¤ þ Æ8ÌPÍ � Ù�| 	 Ù\o �6 Ù | ý £ | 3 or Ù o ý £ o 3
Otherwise, it is computed recursively under one of the following
four cases, as described in Section IV, Fig. 6:

Case 1: If
£ ¤ þ g

The required probability is obtained by conditioning on a trunk
being busy on both the links.Y ã � Ñ � " ãÿ Ú ~ àdml{â ø 7 � 3 	 3 	 b �Y ã�j 7 � £ |%xq� 	 £ o,x¢� 	 £T¤ xq� 	 �{³ U Ù�|ËxÁ3 	 Ù\o
x÷3 	 Ù ¤ x�b �

(23)

Case 2: If
£R¤ "yg , £ | þ g

The required probability is obtained by conditioning on a trunk
being busy on the first link but free on the second link.Y ã � Ñ � " ãÿ � ~ ¶ ' [ H à\j 7 L Þ Ú Odml{â ~ ¶ ' [ H à\j 7 L Þ v Oû l
d ø 7 � 3 	�ü�	 b �Y ã�j 7 � £ |�x¢� 	 £ o 	 £T¤ 	 ��³ U Ùa|0x 3 	 Ù\o,x ü�	 Ù ¤ x�b �

(24)

Case 3: If
£R¤ "yg , £ |�"yg , £ o þ g

The required probability is obtained by conditioning on a trunk
being free on the first link but busy on the second link.Y ã � Ñ � " ãÿ*v ~ ¶ ' [ H à\j 7 L Þ Ú Odml{â ~ ¶ ' [ H à\j 7 L Þ � Oú l
d ø 7 � É 	 3 	 b �Y ã�j 7 � £ | 	 £ o,x?� 	 £R¤ 	 ��³ U Ùa|0x É 	 Ù�o\x÷3 	 Ù ¤ x b �

(25)

Case 4: If
£R¤ "yg 	 £ |�"yg 	 £ o,"Cg

The required probability is obtained by conditioning on a trunk
being free on both the links. Two possible cases need to be con-
sidered: (1) the trunk is available on the two-link path or (2)
the trunk is not available on the two-link path. Let

� 7 � É 	�ü�	 b �
denote the number of ways of arranging on a trunk,É busy
channels on the first link,

ü
busy channels on the second link,

with b channels among them being occupied by calls that con-
tinue from the first link to second, such that the trunk is not
available on the two-link path. Similarly, let� 7 � É 	�ü�	 b � denote
the arrangement of the busy channels on a trunk such that the
trunk is available on the two-link path. It can be observed that� 7 � É 	�ü�	 b � Ê � 7 � É 	�ü�	 b � " ø 7 � É 	�ü\	 b � . Y ã � Ñ � can then be com-
puted as:

Y ã � Ñ � " ~ ¶ ' [ H à\j 7 L Þ Ú Odml{â ~ ¶ ' [ H à\j 7 L Þ � Oú l
d ~ ¶ ' [ H à\j 7 L Þ v Oû l
d� � 7 � É 	�ü�	 b � Y ãaj 7 � £ | 	 £ o 	 £T¤ 	 �{³}xF� U Ù�|0x�É 	 Ù\o�x ü\	 Ù ¤ x�b �Ê � 7 � É 	�ü�	 b � Y ãaj 7 � £ | 	 £ o 	 £T¤ 	 ��³ U Ùa|0x É 	 Ù�o\x ü�	 Ù ¤ x�b ���
(26)

The starting point of the recursion (forù�" � ), denoted byY�7 � £ | 	 £ o 	 £R¤ 	 �{³ U Ùa| 	 Ù\o 	 Ù ¤ � , is assigned 0 if any of the follow-
ing conditions hold true:

1.
£ | "Cg and Ù | "C3

2.
£ of"yg and Ù�o{"C3

3.
£R¤ "Cg and Æ8ÌPÍ � Ù�| 	 Ù ¤ � "C3

Otherwise, it is defined defined in terms of
� 7 � Ù | 	 Ù o 	 Ù ¤ � and� 7 � Ù | 	 Ù o 	 Ù ¤ � as,

Y 7 � Ñ � "è���  ��¡
� 7 � Ù | 	 Ù o 	 Ù ¤ � if � ³ "=� and£ |�" £ of" £R¤ "Cg� 7 � Ù�| 	 Ù�o 	 Ù ¤ � if ��³Ë"Cgg otherwise.

(27)

The definitions of
ø 7 � Ùa| 	 Ù�o 	 Ù ¤ � , � 7 � Ù�| 	 Ù\o 	 Ù ¤ � , and� 7 � Ùa| 	 Ù\o 	 Ù ¤ � depend on the switch architecture.

C. Example switch models

Two kinds of switches are modeled in this section: space-only
switch and full-permutation switch. For a space-only switch,
channel continuity constraint is enforced by the switch. Hence,
a call continuing from the first link to second occupies the same
channel at the input and output of the switch. Note that al-
though the switch is space-only, the switching provided by the
node is channel-space due to the full-channel interchanger at
the input of the node. A full-permutation switch, on the other
hand, can switch any free channel at the input to any free chan-
nel at the output. For a trunk with3 channels,

ø 7 � Ùa| 	 Ù\o 	 Ù ¤ �
and

� 7 � Ù�| 	 Ù�o 	 Ù ¤ � for the two switch models are defined as be-
low:

Space-only switch:

ø 7 � Ùa| 	 Ù\o 	 Ù ¤ � " �  ¡
� àÞ ��� � Þ �Þ Ú � � à\j Þ ÚÞ v+j Þ Ú � if g��qÙa| 	 Ù\of�?3

and Ù ¤ �FÆ8ÌPÍ � Ù�| 	 Ù\o �g otherwise.
(28)

� 7 � Ùa| 	 Ù\o 	 Ù ¤ � " ���  ��¡
� àÞ ��� � Þ �Þ Ú � � Þ � j Þ Úà\j Þ v � if g%�?Ù | 	 Ù o �q3Ù ¤ �qÆ8ÌPÍ � Ù | 	 Ù o � , andÙa| Ê Ù�o
x÷Ù ¤ pq3g otherwise

(29)

Full-permutation switch:

ø 7 � Ùa| 	 Ù\o 	 Ù ¤ � " �  ¡
� àÞ � � � àÞ v � if g��?Ùa| 	 Ù�o �F3

and Ù ¤ �¢ÆÈÌ�Í � Ùa| 	 Ù\o �g otherwise.
(30)
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� 7 � Ùa| 	 Ù�o 	 Ù ¤ � " �  ¡
� àÞ ��� � àÞ v � if ( Ùa|�"y3 or Ù�o{"y3 )

and Ù ¤ �?ÆÈÌ�Í � Ù | 	 Ù o �g otherwise.
(31)

It can be observed that the analytical models proposed earlier in
the literature can be derived from this generalized model as:6 2D"�� ; 3ö" � ; Õ ¤ "�g ; [3], [4]6 2D"�� ; 3ö" � ; [6]6 2D"�� ; 3ö"?� ; Õ ¤ "Cg ; full-permutation switch [12]6 2D"�� ; 3ö"y� ; full-permutation switch [9]

V. PERFORMANCEEVALUATION

The blocking performance of a multi-wavelength TDM
switched network is analyzed in this section. Each link has 20
time slots (channels). Four combinations of number of wave-
lengths (trunks) and time slots are considered: (1)� "Î2 "� g 	 � "è3@" � ; (2) � " 2 " � 	 � " 3@" � g ; (3)�ç"=2×" �\	 �?"�3´"��Vg ; and (4) � "�2 "CA 	 �?"=3�"�B .
Each wavelength is treated as a trunk. Hence, no wavelength
conversion is assumed. However, the second case with a full-
permutation switch can be treated as any combination of wave-
length and time slots with full-wavelength conversion, time slot
interchange, and full-permutation switching.

A node that views a link as2 trunks with 3 channels per
trunk is referred to as a2 � 3 node. A node that employs full-
permutation switching is denoted by FP and that which provides
time-space (channel-space) switching is denoted by CS.

Three kinds of network topologies are considered for perfor-
mance evaluation:

1. a 25-node uni-directional ring network (Õ ¤ "Cg Ñ
	 � )2. a 25� 25 bi-directional mesh-torus network (Õ ¤ "?g Ñ
� � )3. a 10-dimensional hypercube network (Õ ¤ "yg Ñ g 	 )The networks are assumed to employ shortest-path routing. If
more than one shortest path is available, one of them is chosen
at random. The path length distribution,c � b � , and the number
of exit links, Ô , for the three networks are given below.

1. Uni-directional ring network with N nodes:c � b � " �YÎx¢� �E�?b��qYµxq� Ñ (32)Ô " � (33)

2. M � M bi-directional network (if M is odd):

c � b � " �  ¡
� d
 � j 7 if �0�Fb�� 
Wj 7:

� H 
Wj d O
 � j 7 
Wj 7: ý b���� xF� (34)

Ô " � (35)

3. Í -dimensional hypercube (YÎ" � [ ):c � b � " �Y�x?� Ö Í bRØ �0�Fb �FÍ (36)Ô " Í x?� (37)

Fig. 9 shows the blocking performance with varying link
load for a 25-node uni-directional ring network. The perfor-
mance obtained by time-space and full-permutation nodes are

almost the same in this network. It can be also be observed
that a maximum of two orders of magnitude performance gain
can be achieved by employing full-permutation switching. The
maximum performance gain that can be achieved by switching
depends on the correlation factor in the network. As the ring
network has a very high correlation, a maximum of only two
orders of performance improvement is possible.

Fig. 10 shows the blocking performance for a 25� 25 bi-
directional mesh-torus network. At low loads (1 Erlang), the
performance gain obtained by time-space and full-permutation
nodes over a node with neither time-slot interchangers nor wave-
length converters are approximately 10 and 12 orders of mag-
nitude, respectively. At high loads (7 Erlangs), the blocking
performance of the time-space and full-permutation nodes are
lower by 1 and 3 orders of magnitude, respectively as com-
pared to the performance obtained with nodes not employing
time-slot interchange and wavelength conversion. Such a high
performance gain, especially under low link loads, indicates the
effectiveness of switching in networks with moderate link cor-
relation.
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Fig. 9. Blocking probability versus link load for a 25-node uni-directional ring
network.

Fig. 11 shows the blocking performance for a 10-dimensional
hypercube network. The performance trends observed in this
network are similar to that observed in a mesh-torus network. At
low loads (1 Erlang), performance gain of upto 6 and 8 orders of
magnitude can be obtained with time-space and full-permutation
nodes, respectively over nodes that do not employ time-slot in-
terchange and wavelength conversion. However, at high loads (7
Erlangs), the performance gain obtained reduces to 1 and 3 or-
ders of magnitude for time-space and full-permutation switches,
respectively.

It can also be observed that the performance offered by a��� � g , � �Á�/g , and AÈ�4B full-permutation switches are almost
the same. However, for a given capacity of a link, the switch-
ing speed of a�%� � g switch has to be 4 times higher than that
of a Aö��B switch. On the other hand, aA4��B CS switch (4
wavelengths with 5 time slots per wavelength) requires four sets
transmitters and receivers, although each of them could work at
lower speeds. Also, the performance offered by their respective
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Fig. 10. Blocking probability versus link load for a 25x25 bi-directional mesh-
torus network.
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Fig. 11. Blocking probability versus link load for a 10-dimensional hypercube
network.

time-space switches are within two-orders of magnitude differ-
ence, indicating that a significant improvement in performance
can be achieved by employing time-space switches.

The performance results show that switching is effective in
networks with low or medium link correlation achieving high
performance gain. Also, in such networks, a significant perfor-
mance gain is achieved with just a time-space switch, thus indi-
cating the feasibility of realizing optical time switched networks
in the near future offering good performance with simple switch
architectures.

VI. CONCLUSION

The concept of trunk switched network is proposed in this
paper to facilitate modeling and analysis of networks with het-
erogeneous node architectures. An analytical model for eval-
uating the blocking performance of a class of trunk switched
networks is also developed. Using the analytical model, it is
shown that a significant performance gain can be achieved with

a time-space switch with no wavelength conversion in a multi-
wavelength TDM switched network.

The scope of the analytical model presented in this paper is
limited to homogeneous TSN’s. However, the analysis can be
extended to heterogeneous TSN’s by mapping the trunk distri-
bution viewed by a node employing one switch architecture to
that viewed by a node employing another switch architecture.
This mapping is currently being investigated for a general trunk
definition.
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