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1. Introduction and Light-mesh Concept  
 

The growth of broadband services like Video-on-Demand (VoD), 
online-gaming, IPTV and Triple Play have propelled the need for high-
speed broadband access using fiber technology. Passive optical 
networks (PONs) are currently emerging as optical layer solutions in 
the access and are based on a dual-wavelength star solution, 
interconnecting end-user ONUs to service-provider  Central Office 
(CO) based OLT, in technology flavors that range from LAN (EPON, 
GEPON) to TDM (GPON) variants. The primary deployment deterrent 
in the access area for PONs is the high-costs due to fiber laying. A 
technology solution that can alleviate this problem is the light-frame 
based mesh approach, first described in [1, 2] that uses a mesh topology 
for providing end-user connectivity. As can be seen from Fig. 1 and Fig. 

2, mesh architecture is (1) more naturally suited for the 
access and (2) results in significantly lower fiber costs. A 
mathematical explanation of mesh approach resulting in 
lower fiber requirement is shown in [1] while intuitively is 
evident from Fig. 1 and Fig. 2. The mathematical constraint 
shown in [1] determines the condition when a mesh network 
results in lesser fiber requirements than a PON (star) 
solution, and is based on the theory that end-users are close 
to each-other with the average-distance between the end-
users and the CO being greater than the spread of the 
network (diameter of area of coverage) as shown in Fig. 3.  
We define such a mesh-based
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Fig. 2. Proposed Light-mesh network. 

mesh and characterize this as an N2 connected network that has two types of nodes – OOO and OEO. The light-mesh 
is interconnected through strings and threads, where, strings are all-optical buses while threads are point-to-point 
all-optical paths that connect a node in one string to a node in another.  In principle, the light-mesh is a graph which 
has multiple DAGs such that each DAG is further characterized by OEO nodes at the periphery and all other nodes 
being of OOO type. The light-mesh potentially reduces fiber costs in the access area by 45 % ~ 90 % for networks 
with 16 ~ 64 nodes [1]. This potential fiber savings is significant from a network planning perspective and 
potentially offsets all network-element costs. Technically the light-mesh is based on pragmatic optical packet 
transport technology that enables all-optical sub-wavelength access using a smart collision detection algorithm and 
supporting node-architecture. OOO nodes are purely passive nodes with 
electronics for client/local t when an access 
network is configured as a FF, the network 
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virtual topology of the light-mesh to be able result in a low-cost, service-
aware access network [3]. Section 2 describes the light-mesh node 
architecture while Section 3 details heuristic algorithms for topology 
design. Section 4 presents simulation results.  
 
2. Node architecture and Problem Definition  
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 architecture of OOO nodes is shown inThe node
3x3 configuration with 2-ports allocated for local access (I/O) and the 
remaining 4-ports for network access. Two of the network ports are 
connected to a string while the remaining 2 are potentially connected to 
threads. Optical signal entering the node (at the string input) in form of 
optical frames is split into 3 copies at the first splitter called the DBC 
(drop and bifurcate coupler). The first-copy is locally dropped for 
possible electronic processing; the second copy is forwarded all-optically to the second coupler, while the third copy 
is possibly sent to a thread input. The second coupler (AAC – add and admittance coupler) is a 3x1 combiner that 
can possibly receive packets from (1) local input – a burst-mode transmitter, (2) the DBC and (3) from a thread. A 
thread that enters the node is split into two parts using a splitter, with one copy of the input signal being locally 
processed using a burst-mode receiver. The OEO variant of the node has a disconnect between the string input and 
string output as well as between the thread input and the AAC as compared to the OOO version.  

Transmission in the light-mesh is based on op

Fig. 4. Light-mesh node architecture

nel (string) and if no upstream node on the string is transmitting data then it inserts its own packet (locally). 
Collisions in the light-mesh can happen and are dealt with using a novel collision detection scheme now described. 
The principle of this scheme is that any two inputs that receive a packet in overlapping time-interval, do so, such 
that the packet is split into two copies – one stored locally and the other undergoes collision. Hence, if two local 
buffers receive packets in overlapping time-intervals then the node knows that a collision occurred at the optical 
layer and has also saved electronically a copy of the two packets that collided. The node then transmits the two 
copies that were locally saved and in this way collision detection and recovery is performed.  

While the cost benefit of a mesh in access is evident from Fig. 1 and Fig. 2, the o
nd opportunistic scheduling mechanism of CSMA result in a higher average delay as compared to a star. 

However, by efficiently designing the logical topology (that leads to the creation of strings and threads), it is 
possible to keep a service-aware delay bound while maintaining N2 connectivity essential for a service provider 
access network [4].  
 

stic Algorithms for3. Heuri

d  by N: {N1,…, Nv}; the set of all OEO 
nodes denoted by NE: {N1e ,…, Nve}; and the set 
of all OOO nodes denoted by NO: {N1o, …, Nvo}. 
Thus, N = (NE U NO). We want to produce as an 
output a graph G (V, E) which is obtained by 
connecting the nodes such that the end-to-end 
delay between any two nodes does not exceed a 
service maxima of ∆max and the power of the 
optical signal at any point does not drop below a 
threshold Pth. 

 To de

Main algorithm 

n i is part of a string. Once all the strings are formed, we create threads between these strings to achieve N2 
connectivity while ensuring that the end-to-end delay and the optical power loss constraints are satisfied. 
 We begin by taking an empty set Y, to which we will assign nodes as they are included in a 
al  works as follows: We start by selecting and OEO node that is connected to the CO. This node becomes 
the start-node of the first string. The end-node and OOO members of this string are determined by the power 
threshold and delay constraint as shown in Main algorithm. Once a string if formed, all the nodes of the string are 
added to Y. The next string is formed by making the last node of the previous string as the start-node of the next 
string. We continue in this fashion until all nodes have become a part of a string, that is, until Y = V.  Thus, we now 
have a graph that contains all the nodes, with each being part of a string and is denoted by stringList. To create 
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∈  S2, and NE2 is the end-node of S2 and NE1 is 
convener node of S1, then all optical path from
to NE2 (assuming Ni and Nj connected) tisfies the 

 loss constraint  
Ni is not a start-node of any string 
To obtain the final graph G (V, E) we now
 to create threads. There a

we consider: (1) random-threadi
imal-threading. In random threading, a thread 
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4. Simulation  
We simulated light-mesh network with 16, 32 and a 

64-node config
for the two topo

ackets are generated at a node. In the simulation, we 
varied λ from 100 packets/sec to 1500 packets/ sec in 
increments of 100. Packet size was fixed at 1500 bytes and 
line-rate was 1 Gbps. Maximum power-threshold was 28 dB 
and allowable end-to-end delay was pegged at 5 ms. We 
simulated the two heuristics to design the topology and 
computed delay statistics.   

The results shown in Fig. 5 through Fig. 7 for 16, 32 an
outperforms maximal threading in terms of delay but has a highe
magnitude). The case of 64

Fig. 8. Sample topology (approach 1) 
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Fig. 5. Arrival rate versus delay for 16 nodes.  Fig. 6. Arrival rate versus delay for 32 nodes.       Fig. 7. Arrival rate versus delay for 64 nodes 

d 64 nodes respectively show that random

 average delay rises with the load but drops between λ=600 to λ=800. As we further increase the load the 
average delay rises again. This is due to the fact that at any given load, the number of collisions experienced by a 
packet from a node far from the CO is higher than a packet sent by a node close to the CO.  As the load is increased, 
this phenomenon is more prominent. Since the average delay is computed on the packets that reach the CO, at high 
loads, this average delay is governed primarily by packets reaching the CO from closer nodes. Finally, shown in Fig. 
8 is a graphical illustration of how random threading results in creation of strings and threads as part of light-mesh 
topology.  
 
5. Conclusion 
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