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Abstract
We propose a novel multicast tree construction algorithm for video distribution/multicasting. The algorithm
successfully handles the optical signal impairments caused by transmission and branching, and optimizes 3R
regenerator placement simultaneously.
Introduction
To create nation-wide or metro region video
distribution/multicasting networks that can costeffectively deliver broadband videos such as high
definition (the non-compressed bit rate is 6 Gbps),
ultra-high definition (72 Gbps) TV programs and 4kcinemas (6 Gbps), the development of optical
multicast networks that utilize optical drop and
continue capability at nodes is critical. So far, the
multicast tree (MCT) construction problem that
considers 1+1 protection has been studied [1, 2].
These studies, however, focused only on minimizing
the total number of links of the MCT and did not
consider the optical signal impairments caused by
transmission and branching at nodes. Moreover,
costly 3R regenerator placement has not been
optimized in conjunction with MCT construction.
This paper proposes a novel algorithm that
constructs a pair of link-disjoint working and backup
MCTs that attains 1+1 protection with the minimum
number of links while keeping signal impairment to
an acceptable level. First, we formulate the signal
impairment of each path as a function of number of
hops and optical signal branch ratios at nodes. We
then define a novel multilayered graph structure that
enables us to effectively take 3R regeneration into
consideration. Based on the graph structure, we
develop an ILP (Integer Linear Programming)
formulation to find a pair of MCTs that satisfy the
impairment constraint. In numerical experiments, we
test two different situations: in one, we construct a
pair (1+1) of MCTs that satisfy the signal
impairment constraint without 3R regeneration; in
the other, 3R regeneration is applied. Numerical
experiments on the former demonstrate that the
required signal quality can be achieved with just a
slight increase in the number of links compared to
the case where there is no signal impairment
constraint. For the latter, the optimization of 3R
regenerator placement is verified.

(a): MCT expressed as multilayer graph

Estimation of SNR degradation
The important design parameter values used are
shown in Table1. We derived a formulation of
optical signal SNR by extending the SNR
evaluations given in [3] and [4] (see formulas 2.183
in [3] and 2.37 in [4]) as

SNR ≈

10 5

where k is the number of nodes passed, including
the source and destination nodes, and 0 < Xi ≤ 1 is
the power ratio after splitting operation at node i.
SNR at the destination node of each path must
meet the given specification. Hereafter, we call this
requirement the SNR constraint.
The direct introduction of the SNR constraint into
ILP formulations is impossible. The denominator of
the right hand side of (1) indicates that SNR
depends mainly on the number of hops. We exploit
this and utilize the limitation of hop count constraint
that is derived from the SNR constraint.
Multilayered graph considering 3R regeneration
and hop count limitation
In order to introduce the limitation of hop count
between 3R regenerators, we developed the graph
shown in Fig. 1. The upward arcs connecting layers
represent 3R regeneration at nodes. We define a
multilayer operation and the weights of the arcs
reflect the cost of 3R regeneration.
Link Loss

20 dB

Amp. Noise Figure

Opt. SW Loss

10 dB

Noise Bandwidth

Pre-amp. Gain

20 dB

Optical Input Power

6 dB
12GHz
1 mW

Table 1: Parameters employed for SNR evaluation

(b): 1st layer of multilayer graph

Figure 1: MCT design via multilayer graph
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(c): vertical projection of multilayer
graph on a surface
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For each destination node, a pair of link-disjoint
paths, Working Path (WP) and Backup Path (BP),
connecting each source/destination node pair is
defined (see Fig.1(c)). Working Tree (WT)/Backup
Tree (BT) is a graph that consists of links where at
least one WP/BP goes through each link. The
number of hops between a pair of 3R regenerators
on each path is exactly same as the number of
traversed links in each layer (see Fig. 1(b)). As
discussed in the previous section, the SNR
constraint regarding the ILP is taken into
consideration by the limitation set on the number of
traversed links in each layer.
The proposed ILP formulation is derived by defining
(i) binary variables that stand for the occupation of
each link in each layer regarding paths/trees and (ii)
some constraints relating to the hop count limitation,
the disjointness, continuity of a path/tree, and
inclusion of paths in trees. The objective is to
minimize the total number of traversed links on the
pair of trees. Due to the lack of space, we omit the
details.
Summary of proposed MCT construction
The proposed method first derives an upper bound
of hop count by assuming no branching (X0=…=Xk1=1). Next, we solve the ILP subject to the upper
bound. SNR in (1) is calculated at all destination
nodes. If any of these violate the SNR constraint,
we decrease the hop count limit by one for each
violating destination and solve the ILP again. This
procedure is repeated until all paths satisfy the
constraint.
Result
We tested the ladder-like topology with 45 nodes
and 128 links as shown in Figs. 2 and 3. At branch
nodes, we assumed that input signals are split
evenly into output links (i.e. optical star couplers are
used). The lowest acceptable SNR is set at 20dB,
so the maximum number of hops is 14 when there is
no branch.
Impact of the hop count limitation is illustrated in Fig.
2. We constructed a pair of MCTs, each has 26
destinations. Figure 2(a) shows a pair of MCTs that
was designed without considering the SNR
constraint. Figure 2(b) shows the corresponding pair
with SNR limitation considered. The results, worst
SNR and the total number of traversed links,

(a) MCT designed without
considering SNR limitation

(b) MCT designed considering
SNR limitation

Figure 2: Impact of SNR constraint

are shown in Table 2. At the cost of a slight increase
in the number of links, the SNR constraint was
shown to be satisfied.
Next, 3R regeneration was considered. We
constructed a pair of MCTs, each with 4
destinations, by applying the multilayered graph with
2 layers (i.e. one regenerator is enough in this case).
In this evaluation we halved input optical signal
power so the maximum acceptable hop count is 6.
We assumed here that the cost ratio of a 3R
regenerator to that of a link/λ was 50:1. Figure 3(a)
demonstrates the result where at first trees are
created without considering the SNR constraint and
then 3R regenerators are placed every 6 hops from
the source node. The result obtained by the
proposed algorithm is shown in Fig. 3(b). The
number of traversed links and 3R regenerator
number are shown in Table 3. It verifies that 3R
regenerator numbers were successfully reduced.
Conclusion
We proposed a 1+1 protected MCT construction
algorithm that considers the SNR constraint and 3R
regenerator placement optimization. It has been
shown that these objectives can be achieved
simultaneously.
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Worst SNR

Without SNR
Constraint
17 dB (27 hops,
20 branches)

With SNR
Constraint
20 dB (13 hops,
10 branches)

69

71

# of Traversed Links

Table 2: Impact of SNR limitation
No Optimization

With Optimization

# of Traversed Links

25

25

# of 3R Regenerators

4

2

Table 3: Optimization of 3R regenerator

(a) MCT without optimized
3R regenerator placement

(b) MCT with optimized 3R
regenerator placement

Figure 3: Optimization of 3R regenerator placement
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