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ABSTRACT

Since Routing and Wavelength Assignment (RWA) in op-
tical networks is NP-complete problem. Many researches
have proposed from simple to complex heuristic algorithms
for solving this RWA problem. The shortest path of Dijkstra
and sometimes the shortest pair of disjoint paths of Suur-
balle are used for solving this problem. Such simple heuristic
algorithms are usually prejudged as inefficient leading to the
conception of complex algorithms. In this paper we analyse
quantitatively to see how the simple algorithms of Dijikstra
and of Suurballe are good in solving RWA problem in sur-
vivable optical networks. The comparisons are made against
the optimal solution, when it is available, and against a lower
bound, otherwise. The results show that simple algorithms
once give solutions, they give very good solutions.
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1. INTRODUCTION

Thanks to the ability to provide large bandwidth, the
optical networks have become more and more popular in
backbone, metro core and access networks. The modern
optical networks are moving from exploiting a single wave-
length per fiber in the first generation optical networks to
exploiting multiple wavelengths by using Wavelength Divi-
sion Multiplexing technique in the second generation optical
networks. Moreover, in the second generation optical net-
works, the switching task as well as intelligent functions are
moved to the optical layer eliminating the need to convert
optical signal to electrical form by expensive devices. Conse-
quently, each network connection needs to use single wave-
length along all its links. The routing problem in optical
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networks is usually divided to two sub-problems:
e Routing, i.e., identifying a path for each connection.

e Wavelength assignment, i.e, choosing a wavelength for
using by each connection.

The entire problem is so called RWA (Routing and Wave-
length Assignment) although the two steps can be performed
in any order. Once a connection path has been assigned a
wavelength is called a lightpath.

There are different possible objective functions for RWA
problem, such as minimising the number of used wavelengths
per link, or minimising the total number of used wavelength
in the entire network. The RWA problem has been proven
NP-complete in [2]. Some researches have proposed Inte-
ger Linear Programs (ILP) for modelling the optimal solu-
tions for this problem [3,6,9]. The common weakness of
these ILPs is that they can only be solved in small size net-
works. Therefore, many researches have proposed heuristic
algorithms for this RWA problem with the expectation to
obtain solutions in larger size network in acceptable delay
while approaching the optimal solutions. Those heuristic
algorithms include both simple ones, as listed in [15], and
complex ones as listed in [1,5,8,10,14].

Intuitively, we think that the simple algorithms are not as
efficient as the complex algorithms. That is why researchers
usually forget simple algorithm but spend times and energy
to design complex algorithms. However complex routing al-
gorithms consume a lot of computation resource and are
difficult to implement in the practice. We suspected that
simple routing algorithms are not so bad, thus it might be
not necessary to investigate computation resource on com-
plex algorithms. The objective of this paper is to analyse
simple algorithms for solving RWA problems to see how good
those algorithms are. The answer of this question would help
researchers to decide to orient their researches to complex or
simple algorithms while dealing with RWA related problems.

The two simple algorithms usually used in the Routing
task for RWA problem in general, and RWA problem in
survivable network in particular, are the shortest path al-
gorithm of Dijkstra [4] and the shortest pair of disjoint path
algorithm of Suurballe [11,12]. In this research, we will
estimate the efficiency of these simple routing algorithms
in solving RWA problem in survival optical networks. The
algorithms will be evaluated against the optimal solutions
when this later is available and against a lower bound oth-
erwise.
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The rest of the paper is organised as follows: Section 2
will present some background concepts on the survivability
issue and RWA problem in survivable optical networks. In
this section, we will also list the simple routing algorithms
as well as the well-known wavelength assignment strategies
usually used in solving RWA problem. In Section 3, the op-
timal solution for RWA problem for survivable networks is
modelled mathematically. Section 4 comes up with 2 com-
plete RWA heuristics that use two simple routing algorithms
in evaluation. Section 5 presents a way to estimate a lower
bound of the optimal solution. Then, Section 6 summaries
the numerical experiments and analysis. Finally, Section 7
concludes the paper.

2. BACKGROUND ON SURVIVABLE ROUT-
ING IN OPTICAL NETWORKS

Optical networks function mainly on circuit switching style
due to very fast large bandwidth of fiber while network nodes
have limited processing function. This circuit switching
style makes data transmission processes follow strictly sta-
ble routes assigned to them during all the transmission time.
This characteristic implies that optical networks are very
sensible to fiber cuts or optical node failures. The optical
nodes are maybe Optical Line Terminal, Optical Network
Units, Optical Cross-connects etc.. Those optical nodes can
be recovered easily if we reserve another backup optical node
for each of them. The backup node will replace the failed
nodes when failures happen. However, it is more complex
to recover the network from fiber cuts. The fiber cuts hap-
pen principally because of mistaken cuts during construc-
tion events. According to [13] there are in average 4.39
cuts/year/1000 miles of fiber. Even the fiber cut rate is not
high for a single fiber, it increases quickly in networks with
high density. Fiber repair takes many hours or even several
days which cause unacceptable interruption of data trans-
mission service. The common solution to avoid this long
service interruption is to employ a path protection scheme
to make the network survivable even while fiber cuts.

In path protection scheme, each transmission connection,
called working connection, must have a backup connection
that shares the same source and destination nodes with the
working connection. The backup connection needs to be re-
served before hand and will replace the working connection
when the latter fails due to any error. Consequently, the
backup connection must not be affected when the working
connection fails. The transmission connection is thus sur-
vivable. If all transmission connections are survivable then
the network is said survivable.

For the sake of simplification, it is usually assumed that
there are at most a single failure in the network at a time.
That means a failure must be recovered before another fail-
ure may occur. Under this single failure circumstance, a
backup connection needs only to be disjoint with the work-
ing connection in order to be unaffected when the working
connection fails.

The RWA problem for survivable network is stated as fol-
lows:

e Given a physical topology G containing all nodes and
links of the networks. The number of maximum avail-
able wavelengths in a link is W for each direction.

e Given a set of connection requests M = {(s,d,bw)}

where (s,d,bw) is a connection from s to d and re-
questing for bandwidth equivalent of bw wavelengths,
bw > 1.

e The goal is to find route and to assign wavelengths
to each connection request in M such that each con-
nection request has a working path and a link-disjoint
backup path. The solution must also minimise the total
number of used wavelengths in all links of the whole
network.

This RWA problem is more complex than that in non sur-
vivable networks due to principally more complex routing
task. In order to solve it, the problem is also broken to two
sub-problem: Routing sub-problem and Wavelength Assign-
ment sub-problem. Following subsections list some simple
algorithms for the Routing sub-problem and the Wavelength
Assignment sub-problem.

2.1 Simple survivable routing algorithms

In non-survivable networks, the shortest path algorithm of
Dijkstra [4] can be used for secking the path for each connec-
tion as the shortest path between the source node and the
destination node of the connection. Then, a wavelength can
be assigned to this path by using a wavelength assignment
strategy amongst those are listed in 2.2. However, in surviv-
able networks, for each connection request, we need to find a
working path and a backup path disjoint with it. These two
paths can be found by using one of two algorithms described
below.

2.1.1 Two shortest paths

For each connection request r = (s,d, bw) in the network
G, this algorithm works as follows:

e The working path is searched first as the shortest path
between the source node s and the destination node d
in the network G.

e All the links used by the working path are then tem-
porary excluded from G.

e The backup path is searched as the shortest path be-
tween the source node s and the destination node d in
the residual network G. In so doing, the backup path
is surely link-disjoint with the working path.

The complexity of the algorithm is roughly two times the
complexity of Dijkstra algorithm, so it is in the order of
O(|E| + |V]log |V|) where |E| is the set of network links and
V is the set of network nodes.

The algorithm is very simple, the working and backup
paths satisfy the disjoint condition. Since the working and
the backup paths are two shortest paths, they will use prac-
tically small amount of resources.

2.1.2  Shortest pair of disjoint paths

sec:Suurballe Suurballe have been proposed in [11,12] a
simple algorithm for finding a pair of disjoint paths be-
tween a source and a destination such that the total length
of the two path are minimal. If we use this algorithm in
the Routing step of the RWA problem for survivable net-
works, we are sure to find for each connection request the
two disjoint paths that go through the least of links and thus
use the least of resources. The Suurballe algorithm requires
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two iterations of Dijkstra algorithm so its complexity is also
O(|E| + |V|1log |V]). The details on the Suurballe algorithm
is not explained in this paper but can be found in [11,12].

In comparison with using simply two times Dijkstra algo-
rithms as in the ”"two shortest paths” approach, Suurballe
algorithm provides the optimal pair of working path and
backup path in terms of resource usage.

2.2 Simple wavelength assignment strategies

This section list the wavelength assignment strategies that
are usually used in simple RWA solutions for non-survivable
as well as survivable optical networks. The objective of
Wavelength assignment task is to chose wavelengths for us-
ing by each connection whose path has been identified by the
Routing step. From the original network topology G, we
build different graphs Gi1,G32,Gs,...Gw so that graph Gj
contains only edges where the wavelength )\; is available.
Then, routings are performed on these graphs separately.
The process may result in up to W lightpaths, one for each
graph. A lightpath amongst them is selected as the final
RWA solution for the request by using one of the following
methods:

e First Fit: select the first shortest lightpath found
when performing routing successively from G1 to Gw.

e Best Fit: select the shortest lightpath from all light-
paths found in all graphs.

e Densest Fit: select the lightpath found in the the
graph with the most edges. If no lightpath is found in
that graph, then try on the second densest graph and
SO on.

e Random Fit: select randomly a lightpath in from
those found in all graphs.

The work in [7] have evaluated the efficiency of 8 non-
survivable RWA simple algorithms that use the shortest path
algorithm for the Routing step and First Fit, Best Fit, Dens-
est Fit or Random Fit for the Wavelength assignment step.
In this paper, we evaluate only simple routing algorithm in
the whole RWA solution in survivable networks. Although
the wavelength assignment task may be similar to those
listed above, the Routing step in our case is definitively dif-
ferent to that in non-survivable networks.

3. MATHEMATICAL MODEL FOR OPTI-
MAL SOLUTIONS

This section presents a mathematical model for the op-
timal solution of the RWA problem in survival optical net-
works.

3.1 Variables

The network topology G = (V,E) is seen as a directed
graph where V is the set of nodes and E is the set of arcs.
Each link between two nodes 4, j € V has as two arcs (¢,5) €
E and (j,7) € E in opposite direction, each arc has W wave-
lengths. Let T'" (i) be the set of arcs going out from node 4
and I'" (¢) be the set of arcs coming into node 1.

Following decision valuables define the paths and the wave-

length for each connection request. s,d,,j are node in V:

1 if the request for connection
sdw (s,d,bw) € M wuses wavelength
Xy = w on arc (i, j) for its working path

0 otherwise

1 if the request for connection
sdw (s,d,bw) € M wuses wavelength
g w on arc (, ) for its backup path

0 otherwise

1 if the request for connection

(s,d,bw) € M uses any wave-
agl = length on arc (i,j) for its working
path

0 otherwise

1 if the request for connection

(s,d,bw) € M uses any wave-
ff: length on arc (i,7) for its backup
path

0 otherwise

1 if the request for connection

w (s,d,bw) € M wuses wavelength
sd = w in the working path

0 otherwise

1 if the request for connection
Y = (s,d,bw) € M wuses wavelength

w in the backup path
0 otherwise

3.2 Objective function

The objective of the RWA problem is to minimise the total
wavelength used in all links by both working and backup
paths of connection requests in the whole network.

min 3 S 3 (arr4syt)

(3,7)€E (s,d,bw)eM weW

3.3 Constraints

The variables must satisfy the following constraints:

e For each request (s,d,bw) € M, following constraints
form its working connection:

vt =d
s — af}iw =< -1y ifl=s (2)
ier— (1) JET+(1) 0 else
VieV,VweW
ozfjdw = aff x bw*?, (3)
weWw
v(i,j) €E
> Ly =bw™ (@)
weW

Constraints (2), (3) and (4) guarantee that all bw re-
quested wavelengths of a connection are routed on
identical path.

e For each request (s,d,bw) € M, following constraints

138



form its backup connection:

Z Bt — Z gfjdw =< -1y ifl=s (5)
i€l = (1) JET+ () 0 else
VieV,YVweW
> B =B b, (6)
weWw
v(i,j) €E

> U= bw* (7)

weW
Constraint (5), (6) and (7) guarantee that all bw wave-

lengths of a connection are routed on identical path.

e Working path and backup path of a connection do not
share any common link:
aif +agl + 8+ 85 < 1 (8)
Y(i,7) € E, (s,d,bw) € M

e A wavelength in a link can be used by at most one con-
nection, regardless it is working or backup connection.

off 1+ Y g <1 o)
s,d s,d
Y(i,) € E, (s,d,bw) € M

4. SIMPLE RWA ALGORITHMS FOR EVAL-

UATION

In order to evaluate the efficiency of Dijkstra based al-
gorithm “Two shortest path” and “Shortest pair of disjoint
paths” of Suurballe in solving RWA problem for survivable
networks, these two algorithms will be combined with the
Best Fit strategy for creating a complete RWA algorithm
as follows. For each connection request r = (s,d,bw) € M
to be allocated in the network G in a survivable style, a
set of bw wavelengths required by the connection is sought
first. Then, we try to find a path between the source s and
the destination d of the request in the network composing
of only those wavelengths. If we cannot obtain a path, we
another wavelength set will be tried.

Obviously, with a connection request r = (s, d, bw), there
are C% possible wavelength sets that r can use. However,
trying with such a large number of sets does not allow the
RWA algorithm running in acceptable time. Consequently,
we propose a method for selecting a significantly smaller
number of trial wavelength sets, but still maintain a rea-
sonable number of choices. Routing algorithm is performed
iteratively with all selected trial wavelength sets resulting
in different paths. After all, the shortest path amongst all
obtained paths is picked as the final result and the corre-
sponding trial wavelength set is assigned to the path.

4.1 Trial wavelength sets

For each connection, a trial wavelength set is selected as
follows. We rely on the total number arcs of the graph G
that still have a particular wavelength available. Let us in-
dexing wavelengths by wo, w1, w2, ..., ww—_1. Let EoW be an

array to store the total number available arcs for each wave-
length. Then, EoW [w;] gives the number of arcs of G where
wavelength w; is still unused.

e Sort(EoW) sorts array EoW in the increasing order
and removing zero elements so that

0 < EoWws,] < EoWw;, ]| < ... < EoWwiy_,]

Trial wavelength sets are groups of bw wavelengths
present in bw consecutive elements of the FoW array.
The first set is { EoW [wy, ], EoW [wy, ], ..., EoW [wq,,, _,]}.
The second set is { EoW [w;, |, EoW [wi,], ..., EoW [w;, ]},
and so on.

In so doing, we obtain W — bw + 1 sets of wavelengths
sorted in increasing order of their popularity in net-
work edges.

e getFirstEoW() picks the bw first wavelengths of EoW.
This is the first trial wavelength set. These wave-
lengths are available in the least number of arcs.

e getNextEoW() picks the next set of bw trial wavelengths.
These wavelengths are available in more number of
arcs.

4.2 Shortest Path-Based RWA

This section presents how the above selected trial wave-
length sets are injected in the routing algorithm “T'wo short-
est paths” in order to form the whole RWA solution. The
whole RWA solution in this case is called Shortest Path-
based RWA (SPH). For each connection request (s,d, bw),
the working path is sought first, then the backup path. The
main idea of SPH is as follows:

e For each trial wavelength set, we create Giriar as a
subgraph of G which contains only the edges where all
wavelengths in the trial set are available. Then Dijk-
stra algorithm is run on Gy,;q; for finding the shortest
path between the source and the destination of the
request.

e The final working path is selected as the shortest one
amongst all found after trying all trial wavelength sets.
The working path uses the wavelengths of the Girias
it comes from. This wavelength assignment follows, in
some extend, the Best-Fit strategy.

e Then all edges of the working path are temporarily
excluded from G and the backup path for it is sought
in similar way as what happens for the working path.

The algorithm is illustrated in pseudo-code in Alg. 1

4.3 Suurballe-Based RWA

Suurballe-based RWA solution (SBH) uses Suurballe for
the routing step with the selected trial wavelength sets. For
each connection request and for each trial wavelength set,
the working and backup paths are jointly routed by using
Suurballe algorithm. As a result, the working and backup
paths use the same wavelength set. The best path pair
amongst all the pairs found is selected as the final work-
ing and backup path. The algorithm is illustrated in Alg. 2.
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Algorithm 1 SPH

1:
o trialW <«getFirstEoW() {get the first trial wavelength

N

sort(EoW);

set}

: while trialW # 0 do

p + dijkstra(s,d);
if p is shorter than workPath then
workingPath < p;
workingW avelength <+ trialW,
end if
trialW <—getNextEoW();

: end while

: assign workingW avelength to workingPath;
: remove edges of workingPath from G

: sort(EoW);

¢ trialW <—getFirstEoW();

: while trialW # () do

p +dijkstra(s,d);

if p is shorter than backupPath then
backupPath < p;
backupW avelength < trialW,

end if

trialW <+getNextEoW();

: end while
: assign backupW avelength to backupPath;

Algorithm 2 SBH

—_ =

v I o S oy

: sort(EoW);
: trialW <—getFirstEoW();
: while trialW # 0 do

pathPair <Suurballe(s,d);

if pathPair is shorter than bestPair then
best Pair < pathPair;
bestWavelength <+ trialW;

end if

trialW <+getNextEoW();

: end while
: assign bestWavelength to best Pair;

S. LOWER BOUND OF THE OPTIMAL SO-
LUTION

Since it is not easy to get the optimal RWA solution for
large size networks, in this section, we estimate a lower
bound for each RWA optimal solution. The lower bound
will be used instead of the optimal solution for benchmark-
ing heuristics in large size networks.

Let SP*? be the total length of the shortest disjoint path
pair between node s and node d while ignoring the wave-
length constraint. The total length of the working and
backup paths of a connection request (s, d, bw) is never smaller
than SP*?. Thus a lower bound of the optimal solution is
derived as:

LB.= Y  SP%xbw (10)
V(s,d,bw)€eM

The value SP*¢ can be easily identified by using Suurballe
algorithm for the pair of nodes s and d.

The lower bound is in fact the optimal solution of the orig-
inal RWA problem when the number of wavelength per link
W is set to ilimited so that the wavelength assignment task
can be eliminated. The lower bound is always smaller or
equal to the optimal value, and the optimal value is always
smaller or equal value of the objective function of the heuris-
tic solution. Although the lower bound may be far from the
optimal value, the closer to the lower bound the heuristic is,
the closer to the optimal it is. Figure 1 illustrates the rela-
tionship between the lower bound, the optimal value and the
heuristic solution value. When the heuristic value is equal
to lower bound value, they must be all the optimal values.

LBe Optimal Heurstic objective function value

Figure 1: Relationship between lower bound, opti-
mal value and heuristic solution value.

6. NUMERICAL EVALUATION

6.1 Data Description

For evaluate the efficiency of the Shortest path algorithm
of Dijkstra and the Shortest pair of disjoint paths of Suur-
balle in solving RWA problem for survivable networks, we
evaluate the performance of SPH and SBH algorithms. The
two algorithms are tested on networks of different sizes and
densities. The network size varies from |V| = 15,20, 25, to
50. The network densities vary by changing average nodal
degree of network nodes. Connection request set M are gen-
erated so that there are connection requests between every
pair of nodes. Each connection request asks for a bandwidth
of bw =1...3 wavelengths.

6.2 Performance evaluation against optimal so-
lution in small size networks

We define the network capacity as the total number of
wavelengths available in all network links. The network ca-
pacity is competed as: |E| x [W|, where |E| is the set of arcs
of the network. The network capacity can also be roughly
calculated in function of the number of network nodes and
the average node degree d by the expression |V| x d x |W|.
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Table 1: Performance of SPH s

ind SBH in small networks

Networks LB. | Opt. | SPH | SBH | SPH vs. SBH vs. | Network SPH vs. SBH vs.
Opt. (%) | Opt. (%) | capacity | Net. cap. (%) | Net. cap. (%)
|[V|=5, d=4, W=8 75 75 87 75 16 0 160 54 47
|V|=7, d=4, W=8 116 | 116 | 127 | 116 9 0 224 57 52
|V|=7, d=5, W=8 133 | 133 | 152 136 14 2 272 56 50
|V|=9, d=4, W=12 | 280 | 280 - - - - 432 - -
|[V|=9, d=4, W=14 | 280 | 280 | 296 - 6 - 504 59 -
|V|=9, d=5, W=8 220 | 220 - - - - 352 - -
|[V|=9, d=5, W=10 | 220 | 220 | 257 | 227 17 3 440 58 52
|[V|=9, d=5, W=12 | 220 | 220 | 252 | 220 15 0 528 48 42
Table 1 shows the total number of wavelengths used by all

connections in the networks in lower bound, in optimal so-

lution, in SPH, in SBH and the percentages of wavelengths

that SPH and SBH use more than optimal solution in small 35 Ry p—

size networks, the network capacity, the percentage of wave- 7 SBHLB —a—

lengths that SPH, SBH use in comparison with the network E 2| Net.cap 18

capacity. The differences between SPH and the optimal so- o

lutions remain between 6 and 16%, meanwhile these differ- g

ences are much smaller in the case of SBH, i.e., from 0 to 8 55|

3%. These number demonstrates that, when it can find a £

solution Suurballe based algorithm finds nearly or even op- %

timal solutions in most of cases. This is understandable g 2

since Suurballe algorithm finds the shortest pairs of working 2

and back up path (in term of number of links in the case @

of this paper) so these two paths uses the least number of g 15

wavelengths along their links. That characteristic leads SBH g

approaches to the optimal solutions. . L. ‘ T e e e e e e e e e e

Differently, SPH uses the Shortest path algorithm for iden- 20 24 28 32 36 40 44 48 52
tifying the working path, then the backup path is the short- [w|

est one obtained after excluding links of the working path.
The working path can be thus very short but the backup
path may be very long if the working path has used some
critical links in the networks. That explains why SPH does
not perform as well as SBH. Even though, the largest gap
of 16% over the optimal solutions is still very good for the
simple algorithm SPH.

However, we remark that in few cases when the problem
is feasible (cases marked with hyphen in numerical tables),
SPH cannot find a solution, SBH even cannot find a solution
more frequently. This is explained by the fact that the Rout-
ing and wavelength assignment of these simple heuristics are
solved separately so that with the selected trial wavelength
sets, the routing step could end unsuccessfully.

When we tried to reduce network capacities by reducing
the number of wavelengths [W|, no optimal solution can be
found, that means those networks become infeasible, or they
cannot be survivable for the given request set M. We remark
also that while increasing network capacity by increasing |W|
for each network topology, as soon as the there exist the opti-
mal solution, the network capacity get to two times greater
than the optimal value. That means at least the network
capacity must be twice the amount of resources required by
the optimal solutions for making survivable RWA problem
feasible.

6.3 Performance evaluation against lower bounds

in large size networks

Since ILP model of the optimal solution could not be run
on these big networks, therefore in those networks we com-

Figure 2: Result in networks with 15 nodes, 4 aver-
age degree
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pare SPH and SBH against the lower bounds. Figures from
2 to 17 show normalised wavelength usages of SPH, SBH.
The normalised wavelength usage is defined as ratio between
a solution value and the lower bound. Concretely, the nor-
malised wavelength usage of SPH (or SBH) is the ratio be-
tween the total number of wavelength used by SPH (or SBH)
in the network and LB.. For comparison, we show also in
these figures the normalised wavelength usage of network ca-
pacity as the ratio between network capacity and the LB..

According to (10), for each network topology, the lower
bound L B. is independent of the network capacities, i.e. the
number of wavelength W. Therefore in Figures from 2 to 17,
we can see that the normalised network capacity increases
linearly with W. The normalised network cost lines for SPH
and SBH are nearly horizontal at most of figure with a light
decline at the beginning. This phenomena can be explain by
the fact that the increment of network capacities can help
SPH or SBH find better until the network capacity become
sufficient large to give SPH and SBH any route choices. Be-
yond that point, bigger network capacity does not provide
additional alternative route choices and thus does not lead
to better solutions.

The figures show that SBH provides always better solu-
tions than SPH. This confirms again that Suurballe algo-
rithm performs better than using Two shortest paths using
Dijsktra algorithm in the RWA problem for survivable net-
works. In most of case the normalised values for SBH are
1, i.e., SBH gives the optimal solutions (see Figure 1 for
illustration). SPH provides solutions that are just slightly
above lower bound so they are also very close to the optimal
solutions.

For each network topology, when increasing the number
of wavelength |W|, the network capacity increases. We re-
mark that, SPH begins to find solution when the network
capacity is around 2 times the lower bound (see point lines
in the figures) which is even smaller or equal to 2 times the
optimal values. Remember that in the previous section, we
have found that for making the RWA feasible, at least the
network capacity must be 2 times the optimal values in small
size networks. Therefore, we suspect that even in large size
networks, SPH has a very good capability in finding solu-
tion.

SBH starts finding solution when the network capacity is
much larger than in the case of SPH. Hence, the capacity
to find a solution of Suurballe based algorithm in low ca-
pacity network is much weaker than that based on Dijkstra
algorithm.

With the above analysis, we suggest to use Suurballe algo-
rithm for routing when we would like to find nearly optimal
solution in robust capacity networks. On the other hand,
we should you Dijkstra algorithm for routing step in order
to find very good solution in any networks.

7. CONCLUSION

In this paper, we have conducted several tests for analysing
the efficiency of two simple but well-known algorithms: the
shortest path algorithm of Dijkstra and the shortest pair
of disjoint path algorithm of Suurballe in solving the RWA
problem in survivable networks. We have also proposed a
way to calculate the lower bound of the RWA problem for
survivable networks since this problem is NP-complete. The
results show that counterintuitive, simple algorithms such as
Suurballe based RWA solution demonstrates a high ability
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to solve this problem nearly optimally. Meanwhile, Dijkstra
based RWA solution find very good solution in any networks.
However Dijkstra based RWA solution are clearly more ca-
pable to find solution in low capacity network than Suurballe
based RWA solution.
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