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Abstract An efficient signaling protocol, Tell-and-go, is proposed to perform fast lightpath provisioning

for distributed-controlled optical wavelength-routed networks, in which switch reconfiguration can be

performed in parallel at each node along the path. Simulation results indicate that the Tell-and-go

signaling protocol achieves better network performance than the backward signaling protocol, in terms of

lower blocking probability, shorter average lightpath setup time, in spite of slightly higher control

bandwidth requirement.
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0 Introduction

In general, connection provisioning in optical
networksl can be divides into route selection and
signaling mechanism. For optical networks, the route
selection problem is known as routing and wavelength
assignment ( RWA )'" | which has been extensively
studied. In order to set up a lightpath, a signaling
protocol is required to exchange control information
among nodes and reserve wavelengths at each link
along the path'*?*
distributed signaling mechanism, namely forward and

. In the literature, two kinds of

backward signaling protocol , have been explained'*’.
In this paper, an efficient signaling protocol is
proposed to perform rapid connection provisioning
across distributed-controlled optical networks. This
protocol improves the backward signaling protocol to
reserve, occupy and release wavelengths as rapid as
( TAG)
mechanism. The goal to develop the efficient signaling

possible by employing the tell-and-go
protocol is to shorten average lightpath setup time
through performing switch reconfiguration in parallel
along the request routes. The main features of the
protocol are: 1) No global state information exchange
among network nodes is required; 2) The scheme is
able to achieve a low average lightpath setup time
( ALST ) compared to that of BSP; 3 ) Signaling
messages are transferred rapidly and the possibility of
resource contention among contemporary requests are
greatly reduced. These features lead to lower call
blocking probability.
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1 Background

In the network model we considered here, the
optical core network consists of multiple optical cross-
connects ( OXC ) nodes interconnected by optical
links. An electronic controller at each node controls its
local switch fabric and handles signaling messages
transferring among them in the data communication
network ( DCN). We assume that each node performs
wavelength switching by configuring purely optical
switch and that none of OXCs have wavelength
Reliable
sequence over the DCN either in-band or out-of-band.

conversion, messages are delivered in

In each optical switch, a local connection status
table ( LCST) is used to maintain the details about
connections passing through. Every wavelength at a
link has one of three statuses: RESERVED, FREE or
ALLOTTED. Here, if the status of a wavelength is
RESERVED, the wavelength is being reserved by a
connection but is not occupied by other connections;
FREE indicates that the wavelength is free and can be
used to establish a connection; ALLOTTED means that
the wavelength is allotted by a connection.

When a node need to establish a lightpath, a few
control packets will be exchanged among the nodes on
the path. Here we only explain the backward signaling
protocol ( BSP) breifly. As shown in Fig. 1(a), at the
source, a Prob packet, in the backward signaling
protocol, is sent to next nodes up to the destination
along the forward path to collect the set of common
wavelengths among all the physical links in the route.
If no common wavelength is available, as shown in
Fig. 1(b), a NACK message is sent back and the call
is blocked. Here no retry is considered. When the
Prob packet reaches the destination, the destination
may choose a wavelength from the set of available
wavelengths and send a Setup message to the source
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node along the reverse path. When an intermediate
node receives the Setup message, they configure their
switches to allot the wavelength to the connection and
forward the Setup message to its previous. If the status
of the selected wavelength is not FREE, a NACK
message may be sent to the source node and a Fail
message to the destination node to release the occupied
wavelength on the forward path, as illustrated in Fig. 1
(c), and then the call is blocked. Note that in Fig. 1
(a) the interval transferring the Setup packet from the
destination to the source node is much longer than that
of delivering the Prob message, since switch fabric is
reconfigured in sequence while the Setup proceeds to
the source node.

@ ® ©
(a)Successful reservation : (b)Unsuccessful reservation due to insufficient
resources . (¢)Unsuccessful reservation due to race condition

Fig. 1 The signaling process of BSP
In the BSP,

condition among multiple contemporary calls may lead

insufficient resource and race

to call blocking'®’. The former is an issue resolved via
effective routing algorithms and is out of our scope.
Shadow areas in Fig. 1 represent the occupation of
network resources as a connection is established.
Efficient signaling protocols are required to be designed
to reduce the connection establishment time as well as
the blocking possibility. Therefore, we propose the
TAG ( tell-and-go )
networks  to

signaling protocol for optical

perform  connection  establishment

efficiently.

2 Proposed scheme

In the signaling process of the BSP, when an
intermediate node receives a Setup message, it checks
the status of the selected wavelength. If it is FREE,
the wavelength is allotted and the optical switch is
required to reconfigure. The Setup message is
forwarded until the reconfiguration is over. Thus the
reconfiguration operation at each node is executed
serially while the Setup message flows to the source
along the reverse path. Thus the connection setup time
is

T.=(2H+1)P+2HD+C(H+1) (1)
Here, C is the switch time of switch matrix at each
node; P is the average message processing time; D and
H are the average propagation delay and average hop
distance between any two nodes, respectively.

Formula (1) shows that the switch time has a

significant impact on the connection setup time since
the switch time is generally much larger than others in
mediate-sized networks.

We propose tell-and-go (TAG) signaling protocol
to improve the BSP signaling process via performing
switch fabric reconfiguration at each node in parallel.
It resulis in shorter connection setup time, as well as
lower blocking probability.

As illustrated in Fig. 2 (a), a new message,
Confirm, is introduced into the TAG signaling
Unlike the BSP, the Setup message is
forwarded without waiting for the completeness of

protocol.

switch reconfiguration and the Confirm message is
delivered in order to inform that switch reconfiguration
is over at all nodes that Setup packet passes.
Therefore, while the Setup message proceeds forward to
the source node, each node along the path configures
its switch matrix in parallel. After the source receives
the Confirm packet, the connection is established
successfully and the data may be transferred at once.
Unsuccessful reservation shown in Fig. 2 (b), is
If at

selected wavelength s

similar with the signaling process of BSP.
intermediate nodes the
unavailable, a Fail message is sent to the destination
and a NACK message to the source, as shown in Fig.2
(c). In addition, after the connection is already
released, the Confirm messages received later are

discarded.

@
(a)Successful reservation;(b)Unsuccessful reservation due toinsufficient
resources;(c)Unsuccessful reservation due to race condition

Fig.2 The signaling process of the TAG protocol
At each intermediate node, the TAG algorithm is
executed as follows:
Receive a Setup message.
Check the status of the selected wavelength.
If the status = FREE
The status = RESERVED
A setup message is forwarded to the previous
immediately
Perform reconfiguration
Wait until the reconfiguration finishes or no
reconfiguration is performed
If a Confirm message is not received
. Wait for the confirm message originated from the

next node

End If
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The wavelength status = ALLOTTED

A Confirm message is sent to the previous

Else

A Fail message is sent to its next node up to the
destination

A NACK message is also delivered to its previous
node

The call is blocked.

End If

For the TAG signaling protocol, one round trip
propagation delays and processing time are also
required to establish the connection. But compared
with the BSP algorithm, the last item in formula (1) is
reduced to only one unit of switch reconfiguration.
Therefore, the time required by the TAG algorithm to
set up a connection is

T, =(2H+1)P+2HD +C (2)

3 Performance evaluation

For evaluating the impact on the network
performance of our proposed approach, we conduct a
series of simulations to obtain numerical results for
TAG compared with BSP in distributed
environment implemented by C + +. Our experiments
use the Pacific-Bell network in Fig. 3, which has 21
links and 15 nodes. Each link in the network has two

unidirectional fibers, which have 8 wavelengths. Each

control

node has enough transceivers. The traffic is uniformly
distributed on all node pairs. Request arrives one by
one following Poisson process and holding time is
exponentially distributed with mean 100 ms. The
switch time, C is fixed at 10ms and the average
processing time P is set to be 1.5 ms. Shortest-path
fixed routing and random wavelength assignment are

used as specified RWA algorithm.
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Fig. 3 The pacific-bell network topology
We obtain simulation results on the Pacific-Bell
network topology by simulating 105 requests that arrive
and depart over time. Three metrics are employed to
evaluate the performance
1 ) Blocking probability; probability that a
connection cannot be established due to resource

unavailability or contention.

2 ) ALST ( Average Lightpath Setup Time ) :
average time interval required to establish a connection
between a call amrival and the acceptance of the
RESERVEACK message at the source node.

3)ACP ( Average Control Packets) : ratio of total
number of control packets in the network to the total
number of requests that are tested with the network.
3.1 Average lightpath setup time

In Fig. 4, the relationship of the ALST vs. traffic
load is illustrated. It is shown that the TAG can
achieve lower ligthpath setup time than the BSP. The
reason is that switch reconfiguration at each node on
the path is performed in parallel for the TAG rather
than in sequence for the BSP. The plot alse supports
the above analysis of the connection setup time.
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Fig.4 ALST vs. traffic load

3.2 Blocking probability

Fig. 5 shows the plot of blocking probability vs.
load for the TAG and BSP, in which the blocking
probability of the TAG decreases significantly compared
with that of the BSP. When the network load is low,
the advantage of the TAG is very apparent. This is
because the TAG can reduce the connection setup time
greatly and shorten the time interval of occupation
when the connection is established, as well as the
possibility of race condition is-greatly reduced.
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Fig.5 Blocking probability vs. traffic load

3.3 Average control packets

In Fig. 6, the plot of ACP vs. network load is
illustrated. Because the Confirm message is introduced
into the TAG, the ACP of TAG is higher than that of
the BSP. The worst case emerges when the traffic load

Blocking probabil

is relatively low. However, it is not a serious problem
since the control bandwidth requirement for the TAG

increases only almost 12. 9% in the worst case.
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Moreover, while the load increases, the distinction of
them decreases rapidly. Note that when the load is
higher than 90, the TAG performance is better than the
BSP. It is because for the TAG more lightpaths are
established than the BSP and fewer control packets are

required.
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Fig. 6 Average control packet vs. traffic load

4 Conclusion

We have proposed an efficienti TAG signaling
protocol for GMPLS-based optical wavelength-routed
networks, in which switch reconfiguration may he
performed in parallel at each node along the path

results show that the TAG signaling protocol achieves
better network performance than the BSP signaling
protocol, in terms of lower Dblocking probability,
shorter ALST and MLST, in spite of slightly higher

control bandwidth requirement.
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