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Abstract- We propose a high-speed protection scheme for 

multiple-priority-class traffic in WDM ring networks. The 
proposed scheme achieves high-speed protection with a rapid 
suspension procedure for low-priority traffic. Each node in 
the proposed scheme suspends low-priority traffic that 
corresponds to an impaired primary path after receiving a 
failure notification and looking up a path-information table 
including primary paths on the node, backup paths that 
correspond to the primary paths, and low-priority traffic 
transmitted by the node. This scheme rapidly suspends low-
priority traffic by a process where a failure- detecting node 
sends a single failure notification for each ring to a source 
node of the primary path and nodes on the route sequentially 
suspend low-priority traffic. The simulation results revealed 
the proposed scheme reduces the failure-recovery time by up 
to 60 % compared with the conventional scheme. 

I. INTRODUCTION 

A network fault, such as a cut fiber-optic cable or 
equipment failure, causes extensive data losses in high-
speed and large-capacity photonic networks, and it 
severely affects network services such as IPTV, video 
conferencing, and other applications that require a high 
degree of bandwidth. High-speed protection is very 
important in photonic networks to reduce data losses and 
mitigate service degradation arising from network faults. 

Furthermore, bandwidth demand is expected to 
continuously increase, and efficient path utilization with 
limited wavelength resources will be required as well as 
highly reliable networks. A 1:1 path protection scheme 
has been proposed as exists in photonic networks [1–5], 
where a backup path is not used for data transmission 
when there is no network fault in a primary path, unlike in 
1+1 protection. Therefore, the 1:1 protection scheme can 
accomplish high bandwidth efficiency by carrying low-
priority traffic on a backup path. Low-priority traffic is 
preemptive and has no backup path. In contrast, high-
priority traffic is that on a primary path. The 1:1 
protection scheme that allows the network to 
accommodate low-priority traffic on backup paths needs 
to switch a primary path to a corresponding backup path 
after low-priority traffic is suspended when a network 
fault occurs. A low-priority traffic-suspension scheme that 
limits the nodes sending low-priority traffic to the source 
and destination nodes of a primary path has been proposed 
[6]. However, this scheme does not allow the network to 
carry low-priority traffic between arbitrary nodes. In other 
low-priority traffic-suspension schemes, a failure-
detecting node sends requests to suspend low-priority 
traffic to all nodes transmitting low-priority traffic, and 

sends a request to switch the primary path to a backup 
path after it has received acknowledgments of the 
suspensions from the nodes [7]. This scheme enables the 
network to carry low-priority traffic between arbitrary 
nodes, but the processes for the requests for suspension 
and acknowledgments could make it difficult to provide 
high-speed protection. 

 We propose a high-speed protection scheme in this 
paper for multiple-priority-class traffic, which 
accomplishes high-speed protection with a rapid 
procedure of suspending low-priority traffic. Each node 
using the proposed scheme suspends low-priority traffic 
that corresponds to an impaired primary path after 
receiving a failure notification and looking up a path-
information table including primary paths on the node, 
backup paths that correspond to the primary paths, and 
low-priority traffic transmitted by the node. This scheme 
rapidly suspends low-priority traffic by a process where 
the failure-detecting node sends a single failure 
notification for each ring to a source node of the primary 
path and nodes on the route suspend it sequentially. The 
proposed scheme is intended to be applied to Wavelength 
Division Multiplexing (WDM) ring networks with a 
Reconfigurable Optical Add/Drop Multiplexer (ROADM) 
function that is mainly used in metropolitan areas. The 
simulation results revealed the proposed scheme was 
extremely effective. 

II. CONVENTIONAL SCHEME 

This section explains the conventional scheme for 
suspending low-priority traffic [7] applied to WDM ring 
networks. In this paper, control information such as 
failure notifications, requests to suspend low-priority 
traffic, and requests to switch paths is transmitted on the 
control channel. First, we will give an overview of the 
conventional scheme, where a destination node of a 
primary path detects a failure as path failure by losing the 
data signal on a data channel. The node sends requests to 
suspend low-priority traffic to all nodes transmitting this 
traffic. The node sends a request to switch paths to the 
source node of the primary path in both directions 
(clockwise and counterclockwise) after receiving 
acknowledgments of the suspensions from the nodes 
transmitting low-priority traffic. The source node switches 
the primary path to a corresponding backup path after 
receiving the request to switch paths, which arrives first. 
The destination node receives data from the backup path, 
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and protection is completed. Next, we will explain 
specific operations in the conventional scheme. 

Figure 1 shows the network topology and an example of 
wavelength-path configuration under multiple-priority-
class traffic. The topology is a two-fiber-ring network. 
Each node has optical add/drop ports and achieves cut-
through transmission. The wavelength for the primary 
path is different to that for the backup path. The 
wavelength for low-priority traffic is the same as that for 
the backup path, and all the nodes are eligible to transmit 
and receive low-priority traffic. The control channel is 
assigned a dedicated wavelength. 
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Fig. 1. Network topology and example of wavelength-path 

configuration under multiple-priority-class traffic. 

Figure 2 shows an example of path protection in the 
conventional scheme. The solid arrows from each node 
indicate the flow of the control signal on the control 
channel, and the two-dots and chain (-- –) arrow from 
source switching to destination switching indicates the 
flow of the data signal on the data channel. The heavy line 
on each node indicates the process time for each operation. 
The wavelength assignment of primary paths, backup 
paths, and low-priority traffic is the same as that in Fig. 1. 
Here, Nodes A and E have the path-information tables 
including the primary paths sent by each node, the 
corresponding backup paths, and low-priority traffic 
transmitted by other nodes on the wavelengths of the 
backup paths. In this case, Nodes B, D, F, and H transmit 
low-priority traffic on the wavelength (λ2) of the backup 
path. Therefore, Nodes A and E have information about 
the low-priority traffic transmitted by Nodes B, D, F, and 
H. 

Let us consider two fiber cuts between Nodes B and C, 
as shown in Fig. 2. Nodes A and E detect each path 
failure; however, here, we will explain the case of failure 
detected by Node E. Node E detects path failure, then 
looks up the path-information table, as seen in Fig. 2, and 
sends requests to Nodes B, D, F, and H to suspend low-
priority traffic. The nodes that receive the requests from 
the detecting node suspend low-priority traffic and send 
acknowledgements of the suspension to Node E, which 
detected the path failure. In this case, Node B cannot 
receive the request for suspension in the counterclockwise 
direction directly and ends up indirectly receiving it in the 
clockwise direction. Also, Node B cannot directly notify 
acknowledgement of the suspension in the clockwise 
direction and ends up indirectly notifying it in the 
counterclockwise direction. Node E that receives the 
acknowledgements sends a request for path switching to 

the source node of the primary path, i.e., Node A, in both 
directions. Node A switches the primary path to a 
corresponding backup path after having received the 
request for path switching in the clockwise direction. 
Node E receives the data from the backup path, and 
protection is completed. 
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 Fig. 2. Example of path protection in conventional scheme. 

In the conventional scheme, a destination node that 
detects a path failure sends requests to suspend low-
priority traffic to all the nodes that deal with this traffic on 
the wavelength of the backup path, and it also receives 
acknowledgements of the suspensions from the nodes. 
These operations in the destination node are needed 
before the node sends a request for path switching to the 
source node. As the number of nodes transmitting low-
priority traffic increases, it takes a substantial amount of 
time to start path-switching operations in the conventional 
scheme. Therefore, the conventional scheme has difficulty 
in providing high-speed protection especially under 
conditions where numerous nodes are transmitting low-
priority traffic. 

III. PROPOSED SCHEME 

To address problems with the conventional scheme, we 
propose a protection scheme that rapidly suspends low-
priority traffic. We will first give an overview of the new 
scheme, where each node has a path-information table 
including primary paths transmitted or passed through by 
the node, corresponding backup paths, and low-priority 
traffic transmitted by the node. A node adjacent to a 
failure point detects a failure as a link failure through the 
optical loss of the control signal in the physical layer. The 
signal is terminated by each node on the control channel. 
The adjacent node that immediately detects the link 
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failure checks if the node is transmitting low-priority 
traffic on the backup paths by looking up the path-
information table. If the node transmits low-priority traffic, 
it suspends this. Furthermore, the node sends a failure 
notification to the source nodes of the primary paths 
through intermediate nodes in both directions (clockwise 
and counterclockwise). The control signal for failure 
notification includes the location information on the failed 
link. Each node (except the source node) that receives the 
failure notification looks up the path-information table 
and checks if each node is transmitting low-priority traffic 
on the backup paths by referring to information about the 
failure notification and the path-information table. If the 
node is transmitting low-priority traffic, it suspends this. 
The source nodes that receive the failure notification in 
both directions switch the primary paths to corresponding 
backup paths after checking if the nodes are transmitting 
low-priority traffic and suspending it. The destination 
nodes receive data from the backup paths, and protection 
is completed. Next, we will discuss specific operations in 
the proposed scheme. 

Figure 3 shows an example of path protection in the 
proposed scheme. The solid arrows from each node in the 
processing of the control signal, the two-dots chain (-- –) 
arrow from source switching to destination switching in 
the processing of the data signal, and the heavy line on 
each node are the same as those in Fig. 2. In addition, the 
wavelength assignment of primary paths, backup paths, 
and low-priority traffic are the same as in Fig. 1. Here, 
Nodes A, B, C, D, and E have information about the 
primary path between Nodes A and E and the 
corresponding backup path in each node’s own path-
information table, and Nodes B, D, F, and H have 
information about low-priority traffic transmitted by each 
node. For example, the path-information table for Node D 
is shown in Fig. 3. 

 Let us consider two fiber cuts between Nodes B and C, 
as shown in Fig. 3. Nodes B and C immediately detect 
each link failure through the loss of the control signal. We 
will now explain the case of detection carried out by Node 
C. Node C detects the link failure and then confirms that 
the node is not transmitting low-priority traffic on the 
backup path by looking up the path-information table. The 
node sends a failure notification to Node A, i.e., the 
source node of the primary path in the clockwise direction, 
through intermediate nodes in both directions. Nodes D 
and F receive the failure notification and then check 
whether each node is transmitting low-priority traffic on 
the backup path by referring to each node’s own path-
information table and the location information on the 
failed link included in the failure notification; the nodes 
then suspend low-priority traffic. For example, Node D 
confirms that the primary path between Nodes A and E is 
impaired by referring to the location of a failed link, i.e., 
the link between Nodes B and C in the clockwise 
direction. It also checks if the node is transmitting low-
priority traffic on the corresponding backup path. The 
low-priority traffic from Nodes D to F is transmitted on 
the backup path between Nodes E and A in the clockwise 
direction. Therefore, Node D suspends this low-priority 

traffic. Nodes E and G receive the failure notification and 
they then confirm that no nodes are transmitting low-
priority traffic on the backup path by referring to the 
failure notification and each node’s own path-information 
table. In this case, all low-priority traffic transmitted by 
Nodes B and H is suspended by a failure notification from 
Node B. Node A receives the two failure notifications in 
both directions and then confirms that the node is not 
transmitting low-priority traffic by referring to the failure 
notification and the path-information table. Moreover, the 
node switches the primary path to a corresponding backup 
path. Node E, i.e., the destination node of the primary path 
in the clockwise direction, receives the data from the 
backup path, and protection is completed in one direction. 
Protection is simultaneously processed and completed in 
the same way in the other direction. 
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 Fig. 3. Example of path protection in proposed scheme. 

Table I Comparison of conventional and proposed schemes 

 
Each node in the proposed scheme suspends low-

priority traffic by autonomously referring to a failure 
notification and each node’s own path-information table. 
Moreover, a control signal for failure notification is 
sequentially sent from the node that detects the failure 
immediately to the source node of the primary path 
through intermediate nodes, and each node rapidly 

Items Conventional 
Scheme Proposed Scheme 

Failure-detecting 
Node Destination node Node adjacent to 
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Failure Detection Loss of data signal Loss of control signal 

Traffic-suspension 
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Receive request to 
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ACK of suspension None 
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Type of  
Control Signal 
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Failure notification 
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suspends low-priority traffic. As a result, the proposed 
scheme can provide high-speed protection. In addition, 
the amount of control signal traffic in the proposed 
scheme is reduced compared with the conventional 
scheme because only the control signal about failure 
notification is needed in the proposed scheme. The 
conventional and proposed schemes are compared in 
Table I. 

IV.  PERFORMANCE EVALUATION 

We evaluated the failure-recovery time of both schemes 
using computer simulations. The failure-recovery time is 
defined as the period that a destination node cannot 
receive data when failure occurs. The network topology is 
a two-fiber WDM ring. There are 159 data channels, and 
one control channel. The data signal is transmitted on the 
basis of the Optical Transport Network (OTN) frame 
defined in G.709. The data-channel bandwidth per 
wavelength is 10 Gbps, and the control-channel 
bandwidth is 155 Mbps. A control signal is transmitted on 
the control channel in the same way packets are forwarded. 
The packet in the control signal includes the source 
address, the destination address, the type of packet, and 
location information on the failed link. The type of packet 
indicates “Request for suspension”, “ACK of suspension”, 
“Request for path switching”, or “Failure notification”. 
Location information on the failed link is only used in the 
proposed scheme. We assumed that there would be two 
types of failures, i.e., link and span failures. A link failure 
means one fiber cut (uni-directional), and a span failure 
means two fiber cuts (bi-directional). 

We considered a full-mesh path configuration because 
it is expected to be dominant due to the rapid increase in 
P2P traffic in the near future. Full-mesh primary paths 
were set up and assigned odd wavelengths (λ1, λ3, …). 
Corresponding backup paths were setup in the reverse 
direction of the primary paths, and assigned even 
wavelengths (λ2, λ4, …). All low-priority traffic was one-
hop traffic. Hub-and-spoke path configurations are typical 
in the present WDM ring networks. In addition to full-
mesh path configuration, we considered and will discuss a 
hub-and-spoke configuration. 

A. Full-mesh Path Configuration 
Figure 4 plots the failure-recovery time versus the 

proportion of low-priority traffic. The proportion of low-
priority traffic is defined as the proportion of wavelength 
links used for low-priority traffic to all links in the 
wavelengths assigned for backup paths. There are eight 
nodes, and each link distance is 20 km. From Fig. 4, we 
can see that the proposed scheme provides high-speed 
protection compared with the conventional approach 
where the proportion of low-priority traffic is more than 
0.25. As this proportion increases, nodes far from the 
destination node are likely to transmit low-priority traffic. 
Therefore, it takes a substantial amount of time to start 
path-switching operations in the conventional scheme. In 
addition, the failure-recovery time of span failure is longer 
than that of link failure in the conventional scheme. This 
is because requests to suspend low-priority traffic and 

acknowledgements of these suspensions are indirectly 
sent in span failure in the conventional scheme. We also 
found the failure-recovery time increased as the 
proportion increased in the conventional scheme. As the 
proportion increased, the processes for suspending low-
priority traffic and receiving acknowledgements increased, 
and consequently the delay caused by the processes 
increased the failure-recovery time. 
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Fig. 4. Failure-recovery time versus proportion of low-priority traffic. 

We found the proposed scheme achieved the same 
performance even if the proportion of low-priority traffic 
changed in both link and span failures. In the new scheme, 
a failure-detecting node sends a failure notification to the 
source nodes of the primary paths through intermediate 
nodes in both directions. This operation time is the same 
regardless of the failure type or the proportion. 

Figure 5 plots the failure-recovery time versus the link 
distance. There are eight nodes, and the proportion of low-
priority traffic is one. From the figure, we can see that the 
differences in the failure-recovery times in both schemes 
increase as the link distance increases. This is because the 
transmission delay of requests for suspension and 
acknowledgements of suspension increases in the 
conventional scheme as the link distance increases. 

Fig. 5. Failure-recovery time versus link distance. 

Figure 6 plots the failure-recovery time versus the 
number of nodes. Each link distance is 20 km, and the 
proportion of low-priority traffic is one. From Fig. 6, we 
can see that the failure-recovery time in the conventional 
scheme increases exponentially as the number of nodes 
increases, and the time in the proposed scheme increases 
linearly as the number of nodes increases. The 
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transmission delay of the control signal and data signal 
increase linearly as the number of nodes increases in both 
schemes. The amount of low-priority traffic drastically 
increases as the number of nodes increases. Therefore, the 
process delay in suspending low-priority traffic and 
receiving acknowledgements exponentially increases as 
the number of nodes increases in the conventional scheme. 
Where there are 24 nodes and two fiber cuts, the proposed 
scheme can reduce the failure recovery time by about 
60 % compared with the conventional approach. 

0

5

10

15

5 10 15 20 25

Number of Nodes

Fa
ilu

re
-r

ec
ov

er
y 

Ti
m

e 
(m

s) Conventional (Link failure)

Conventional (Span failure)

Proposed (Link failure)

Proposed (Span failure)

 
Fig. 6. Failure-recovery time versus number of nodes. 

B. Hub-and-spoke Path Configuration 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Hub-and-spoke primary paths used in clockwise direction. 
 

In a hub-and-spoke path configuration, the number of 
impaired primary paths is different in the location of the 
failed links. Therefore, we evaluated the difference in the 
location of failed link(s). Figure 7 shows hub-and-spoke 
primary paths used in the clockwise direction. There are 
eight nodes, and the hub is Node A. Corresponding 
backup paths are set up in the reverse direction to the 
primary paths. All low-priority traffic is one-hop traffic. 
The link distance is 20 km, and the proportion of low-
priority traffic is one. Figure 8 plots the failure-recovery 
time versus the location of failed link(s). From Fig. 8, we 
can see the failure-recovery time, except that of link 
failure in the conventional scheme, is different in the 
location of failed links. This is because the number of 
impaired primary paths is different. For example, the 
primary paths with one to four hop(s) are impaired when 
the link between Nodes A and B is the failed link, and 
only a primary path(s) with four hops is (are) impaired 
when the link between Nodes D and E is the failed link. In 
addition, we found that the failure-recovery time was the 
same regardless of the location of failed link(s) in the 
conventional scheme (link failure). The total transmission 

delay of the control signal and data signal involves about 
two circuits of the ring regardless of the location of failed 
link(s) after a destination node has detected a failure. As a 
result, the delay is always constant. 

As a result, Fig. 8 indicates the proposed scheme 
provides high-speed protection compared with the 
conventional approach for hub-and-spoke path networks. 
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Fig. 8. Failure-recovery time versus location of failed link(s). 

V. CONCLUSION 

We proposed a high-speed protection scheme for 
multiple-priority-class traffic in WDM ring networks. 
This scheme rapidly suspends low-priority traffic by a 
process where a failure-detecting node sends a single 
failure notification for each ring to a source node of the 
primary path and nodes on the route sequentially suspend 
it. The simulation results revealed the proposed scheme 
reduced the failure-recovery time by about 60 % 
especially for a higher proportion of low-priority traffic 
and in large-scale WDM ring networks. In addition, we 
demonstrated that the proposed scheme provides higher-
speed protection than the conventional approach to hub-
and-spoke path networks. 
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