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Abstract: We propose a wavelength assignment algorithm 
for full mesh node connectivity of two connected, 
bidirectional ring networks. It is proved to minimize the 
necessary number of wavelengths. We also propose novel 
ring-connecting nodes that can reduce switch size by 
90-50% compared to conventional arrangement. 
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1. Introduction 

Large scale deployment of reconfigurable optical add-drop 
multiplexer(ROADM)-based ring networks has recently 
started in Japan and North America. The ring networks will 
be utilized extensively in  long-haul, metro-core 
metro-edge, and access networks, to create large 
bandwidth networks cost-effectively. At present, ring 
interconnection is done in the electrical layer with OE/EO 
conversion. The  development of optical path routing 
allows us to remove the costly and power consuming 
OE/EO stage. Wavelength selective switch (WSS)-based 
and optical space switch based cross-connect systems 
have been investigated. Unfortunately, current optical 
cross-connects require many large scale WSS (1xN; 
N>9-16) or large scale optical switches, which prevents cost 
effective implementation.  
This paper first clarifies the lower bound of the number of 
wavelengths required for connecting nodes on two 
connected 2-fiber bidirectional rings (see Fig. 1). We then 
present the optimal wavelength assignment that achieves 
the bound. The assignment allows us to handle inter-ring 
and inner-ring traffic separately. Next we propose two 
optical nodes, designed for connecting two rings, that use 
much smaller-scale optical switches than conventional 
architectures. This is made possible by exploiting the traffic 
separation and introducing a hierarchical optical path 
structure. The proposed architecture is particularly effective 
in developing cost sensitive metro-core/edge networks.  

2. Wavelength Assignment and Node Architectures 

2.1 Preliminaries 
We assume the simple network topology shown in Fig. 1; a 
gateway node connects two 2-fiber bidirectional rings where 
the number of nodes in each ring is odd. This assumption 
simplifies the exact analysis of resource utilization, however, 
it provides the basis for realizing more complicated 
networks. The network can be divided into four areas, A, B, 
C and D (see Fig. 1). The shortest path is always assigned 
to each working path that may or may not traverse the rings. 
We assign the same wavelength for each working path and  
protection path so as to avoid use of costly wavelength  

 
 
 
 
 
 
conversion. In terms of protection, we discuss OCh layer 
protection, which uses failure adjacent-node switching [1], 
so that process is confined within the ring. 
 
2.2 Analysis of minimum number of required 
wavelengths and assignment algorithm 

Uniform traffic demand is assumed where each node pair is 
connected by an optical path. Let the number of nodes in 
ring 1 and ring 2 be         and         , respectively. 
Due to the assumption of shortest path assignment, 
inner-ring traffic is uniformly distributed in each ring [2] 
while inter-ring traffic concentrates on the connecting node. 
Thus the total amount of traffic in each ring provides a lower 
bound on the number of wavelengths as follows, 

swavelengthofJJI #}max{ 21 ≤++  (1) 
where    is the number of optical paths from one ring to 
the other and       are the numbers of optical paths for 
inner-ring traffic in each fiber of ring 1 and ring 2, 
respectively. 
We propose an optimal assignment scheme that yields the 
above lower bound. It has been shown that            
and             [2,3]. The classification of inter-ring trafic  
shown in Table 1 is critical in allowing the following 
discussions. Optical paths that share a part of a directional 
ring obviously can not use the same wavelength. Thus we 
must assign different wavelengths to type i and type iii 
optical paths. No type i working path overlaps type ii paths 
whereas type i  protection paths overlap type ii working 
paths. Two non-overlapping optical path groups in each 
type, for example an optical path from A to C and one from 
D to B, can use the same wavelength. Considering 
wavelengh re-use capability among the different types, we 
can conclude that each type needs to be assigned 
non-overlapping sets of wavelengths. Because we 
assumed uniform traffic, traffic patterns i, ii, iii and iv contain 
two sets of     optical paths, none of the optical paths of 
different sets overlap.  

direction in rings type (source area, 
destination area) in ring 1 in ring 2 

i (A , C) and (D, B) clockwise clockwise 
ii (B, D) and (C, A) counterclockwise counterclockwise
iii (A, D) and (C, B) clockwise counterclockwise
iv (B, C) and (D, A) counterclockwise clockwise 

Table 1 : Inter-ring traffic assignment 
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with connecting node 
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Thus the optimal assignment is to simply assign    
different wavelengths to optical paths in each set. 
In  summary,  the  proposed  algorithm  assigns 

          wavelengths to inner-ring traffic and 
then       wavelengths to the four types of inter-ring traffic. 
It requires                           wavelengths in 
total which satisfies the lower bound in Eq.(1).  
 
2.3 Switch Scale Reduction of Ring Connecting Nodes  

We adopt the number of equivalent 1×2 element switches 
as the switch size metric. A conventional ring connecting 
node architecture is shown in Fig. 2. The switch consists of 
32L 1×2 switches, where L is the number of wavelength 
paths multiplexed in a fiber. We propose two principles to  
realize switch scale reduction. 

a. Separation of inter-ring and inner-ring traffic. 
Assume that the ratio of the necessary wavelengths for 
inter-ring traffic to total traffic is α. That is, αL wavelengths 
are assigned to inter-ring traffic and the rest to inner-ring 
traffic for each fiber. For each group (inter-/inner ring) of 
wavelengths, the switch can be divided and each part is 
optimally designed for its specific routing requirement. This 
traffic separation is demonstrated to greatly reduce the 
number of switch elements as shown in Fig. 3, and its 
impact is verified numerically in Sec. 3. The value of α will 
be defined in advance on the basis of traffic predictions.  

b. Hierarchical switching for inter-ring traffic 
Next we introduce the waveband (WB) concept, a group of 
wavelength paths. This allows us to reduce the switch scale 
by routing multiple wavelength paths simultaneously as a 
waveband path [4,5]. Let W be the number of wavelengths 
multiplexed in a waveband;  inter-ring traffic is equally 
divided into K wavebands (This means αL=WK). Inter-ring 
traffic falls into four categories as shown in table 1. Since 
routing efficiency heavily depends on the number of 
wavebands that need to be demultiplexed to wavelength 
paths, wavelength paths in the same category must be 
aggregated into the same waveband as much as possible. 

 

 

 

 

 

 

 

Note that waveband introduction places no other 
restrictions on wavelength assignment since the other 
nodes than ring-connecting nodes on each ring are simple 
ROADM nodes that handle only wavelength paths. The 
categorization in Table 1 makes it possible to arrange 
wavelength paths so that only three wavebands contain 
wavelength paths that belong to different categories and so 
need to be demultiplexed at the connecting node for 
cross-connection of wavelength paths. An example of such 
wavelength assignment is shown in Fig. 4.  λ1 to λKW are 
assigned to inter-ring traffic (Type i-iv is defined in Table 1) 
while λKW+1 to λL carry inner-ring traffic. WB2, WBi and WBK 
contain wavelength paths that belong to different types (for 
example, WB2 contains type i and ii inter-ring traffic). 
Demultiplexing these three wavebands is necessary for 
independent cross-connection and multiplexing. WBi must 
always be decomposed into wavelength paths because it 
contains different types working paths of inter-ring traffic on 
the same fiber. On the other hand, WB2 and WBk need to 
be decomposed only for failure recovery.  
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Figure 3 : Connecting node 
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3. Numerical Evaluation on Switch Scale Reduction 

For the case of L=96, W=4, Fig. 5 shows the evaluated 
switch size for the three (Ι-ΙΙΙ) node architectures  
discussed in 2.3 a. - b. Details of the node switch 
architectures that implement the above discussions will be 
shown elsewhere [6]. It is demonstrated that the separation 
of traffic (ΙΙ-ΙΙΙ) is quite effective in minimizing switch scale. 
Hierarchical switching (ΙΙΙ) further reduces switch scale. By 
applying the proposed schemes, switch scale can be 
reduced by 50% to 75% compared to the conventional node 
at α=0.5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 : An example of wavelength assignment 
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Figure 5 : Comparison of switch size 
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