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Abstract

This paper proposes a novel failure recovery framework for multi-link Shared Risk Link Group (SRLG) failures in
optical mesh networks, called Failure Presumed Protection (FPP). The proposed framework is characterized by a failure
dependent protection (FDP) mechanism where the optical layer in-band failure identification and restoration tasks for
route selection are jointly considered. FPP employs in-band monitoring at each node to obtain on-off status of any
working lightpath in case the lightpath is terminated at (or traversing through) the node. Since the locally available
failure status at a node may not be sufficient for unambiguous failure localization, the proposed framework reroutes the
interrupted lightpaths in such a way that all the suspicious links which do not have 100% restorability under any SRLG
failure are kept away. We claim that this is the first study on FDP that considers both failure localization and FDP
survivable routing. Extensive simulations are conducted to examine the proposed FPP method under various survivable
routing architectures and implementations. The results are further compared with a large number of previously reported
counterparts. We will show that the FPP framework can overcome the topological limitation which is critical to the
conventional failure independent protection method (e.g., shared path protection). In addition, it can be served as a
viable solution for FDP survivable routing where failure localization is considered.
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1. Introduction

High reliability and robustness in optical network back-
bones, plays an important role in success of provisioning
high service availability for applications in the upper layers
of the Internet. The high reliability is achieved by adopting
fast recovery schemes which can restore all unexpectedly
interrupted lightpath/connection, when a failure happens.
To avoid redundant recovery actions at higher layers, the
interrupted lightpaths should be recovered within a few
tens of milliseconds. In addition, path protection, such
as dedicated or shared protection, can be implemented
for each working lightpath to meet the stringent recov-
ery time requirement. Compared to link protection, such
as p-Cycle, path protection can cope more efficient with
dynamic traffic variation and demand on class of services
for each flow. A common property of different variations
of path protection is that the protection switching is per-
formed without any knowledge of failed shared risk link
group (SRLG), thus they are also referred to as Failure
Independent Protection (FIP). Note that FIP requires an
end-to-end SRLG-disjoint protection path for the targeted
working path that could be very resource-consuming and
possibly infeasible in the case of sparse topologies.
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Failure Dependent Protection (FDP) [1–10] was reported
as a perspective alternative solution to FIP, where the
switching node of an interrupted lightpath performs the re-
store of the lightpath according to which links failed in the
network. With FDP, multiple protection paths (that may
not be disjoint with the working path) are pre-planned,
and upon a failure, the node which is responsible for traf-
fic switchover (i.e., the source of the lightpath), identifies
the failed SRLG and activates a set of protection paths for
the restoration accordingly.

The merits of FDP against FIP mainly lie in better
capacity efficiency and better feasibility when the network
topology is sparse. This is because the protection paths of
a FDP connection are allowed to traverse through one or a
number of common links with their corresponding working
path. Thus the working capacity of links which is not hit
by any failure along the original lightpath, could be pos-
sibly reused during the recovery phase. Such a protection
strategy is supposed to be the most efficient particularly
when spare capacity sharing is allowed [5]. However, the
key problem in implementing FDP is the additional com-
plexity in achieving fast failure localization at each switch-
ing node. Fast failure localization is considered as a very
difficult task due to the transparency in the optical domain
along with various design requirements [11, 12]. However,
all-optical monitoring via a set of dedicated or working
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lightpaths has been considered an effective approach to
achieve fast failure localization in all-optical backbones
[13–26, 26].

The paper investigates a novel framework of FDP, called
Failure Presumed Protection (FPP), where failure localiza-
tion is jointly considered for achieving 100% restorability
against single SRLG failure. We aim to come up with
an all-in-one solution for ultra fast recovery of any SRLG
failure, moreover the proposed framework will be able to
deal with some extreme circumstances where traditional
FIP schemes could easily fail, such as the ones with very
sparse network topologies and heavy traffic loads.

It is obvious that by using the locally available on-off
status of traversing lightpaths, the source node may not
be able to unambiguously localize the failed SRLG. With
FPP, instead of acquiring exact network failure state, the
source node simply ”presumes” the network failure state
by identifying those suspicious SRLGs which could be hit
by the failure based on available information. After that,
the source node implements FDP to restore the failed con-
nections by not taking any of those suspicious SRLGs.
Therefore, because it does not perform unambiguous fail-
ure localization, the network can launch a minimum num-
ber of dedicated supervisory lightpaths (if it is not any)
for the failure localization purpose. Furthermore, due to
its failure dependent in nature, FPP requires much less
sparse resources and it can work well in very sparse topolo-
gies with high traffic loads and stringent restoration time
requirement. With the proposed FPP framework, the pa-
per investigates the possible compromise between the pre-
cision of failure localization, amount of information ex-
change and capacity efficiency of failure restoration, aim-
ing to construct a practical approach for high-availability
service provisioning in the future Internet.

The rest of the paper is organized as follows. In Sec-
tion II we give a short overview on failure localization and
failure dependent protection schemes. In Section III, we
present the proposed path restoration framework, Failure
Presumed Protection (FPP), where each node assumes the
location of the failed network elements according to the
local connection status information which is available at
each node. In Section IV, the possible implementation of
FPP is discussed. In Section V, we evaluate and compare
the performance of each FPP scheme with the previously
reported counterparts.

2. Background

2.1. Failure localization

Several failure localization approaches have been re-
cently proposed [13–25, 8, 26]. They can be categorized
according to the following three aspects: the type of fail-
ures they can identify, the type of network resources that
can be used for network status acquisition, and the sig-
naling overhead required in collecting the alarm messages.
Table 1 classifies the prior art according to these three
categories.

2.1.1. The type of failures

A failure could be either hard or soft [25]. A hard fail-
ure involves immediate interruption due to links and/or
node function disorder typically due to fiber cuts or net-
work node failure, while a soft failure simply degrades the
performance of one or multiple wavelength channels. The
failures can be further categorized according to their geo-
graphic location. Most previous studies focused on single-
link failures, which nonetheless account for just one third
of total failures by referring to the network failure statis-
tics [27]. Node failure occurrences approximately have the
portion of 20% in total failures. The rest of the failure
occurrences, including operational errors, power outage,
and denial of service (DOS) attack, etc., can suffer mul-
tiple links/nodes. These failures are often modeled by a
Shared Risk Link Group (SRLG), which is a group of net-
work elements which share a common risk of simultane-
ous failure. There are two main failure models: sparse
SRLG model where few typically non-overlapping SRLGs
are considered, and dense SRLG model where many highly
overlapped multi-link SRLGs are considered.

2.1.2. Network resources for monitoring

Network elements can be monitored via either in-band
or out-of-band monitoring. In-band monitoring obtains
the network failure status only by way of monitoring the
existing (or working) lightpaths, while out-of-band mon-
itoring launches supervisory lightpaths for failure status
acquisition [21]. Out-of-band monitoring is favored for its
simplicity and data independency, although it is more ex-
pensive because of larger capacity consumption. Several
monitoring structures, including cycle, paths, and non-
simple trails, etc., have been extensively studied [13–21,
26], and its detailed comparison and descriptions can be
found in [22]. For in-band monitoring [23], the problem is
to reduce the number of redundant alarms for a given set
of established lightpaths. In [24] an optimal upgrade in
the monitors is investigated if there is any change in the
set of lightpaths. Moreover, in [25] multiple failures and
soft failures are also considered.

2.1.3. The signaling overhead

Optical monitors are placed at a node. They gener-
ate alarms if any irregularity happens for the lightpaths
which traverse or are terminated at the node. We define
a lightpath is local to a node if its status can be moni-
tored by the node. Note that a node can only monitor
the links/components of a local lightpath which are up-
stream to the node. The generated alarms are collected
and used for failure localization at the node. However, it
is possible that multiple nodes share their failure status via
control plane alarm dissemination1 in order to increase the
precision of the failure localization. Such alarm dissemina-
tion is at the expense of signaling overhead in the control

1The dissemination can be by way of OSPF emergence notifica-
tion message
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plane and decreases the robustness of the failure localiza-
tion mechanism.

2.2. Failure Dependent Protection (FDP)

Table 2 shows the categorization of different FDP schemes
in terms of capacity usage and restoration process. The
studies on FDP [1–8], can be categorized according to
whether wavelength links along the working lightpath can
be reused in the restoration phase or not. Moreover, in the
category of capacity reuse can be further divided accord-
ing to whether the reuse of released working capacity can
be considered in restoration processes of all other affected
connections, or it can only be used by the protection path
of the corresponding working connection. In this paper, we
focus on the category which allows reuse of working capac-
ity by any protection path [1, 6, 7, 9]. Note that, it is the
most general case and is referred to true-path restoration
or simply path restoration. Note that path restoration is
not a completely pre-planned protection mechanism, be-
cause the restoration path selection and the spare capacity
allocation take place only after the failure is detected. Ob-
viously, path restoration relies on fast and precise failure
localization in order to achieve desired capacity efficiency
and restorability. Studies in [6, 7] aimed to simplify the
dynamic routing algorithms at the expense of less capac-
ity efficiency. In [7] a heuristic algorithm based on shortest
path search and an Integer Linear Program (ILP) is pro-
posed to provide solutions with optimal bandwidth utiliza-
tion.

Most traditional link protection schemes, if not all of
them, assume that the switching node can perform pre-
cise failure localization for a set of designated SRLGs, and
restore the affected traffic by circumventing the failure.
This design concept leads to some simple and scalable im-
plementations, such as ring and p-cycle based [29–32] pro-
tection which impose higher capacity expenses to capacity
requirement [32] and lower flexibility to sparse topologies.
In [33], link protection of dual-link SRLGs was studied in
a way that the restoration route should not pass through
both links of an SRLG. Such a requirement is referred
to Backup Link Mutual Exclusion constraint. Moreover,
ring-based link restoration with mesh-based architectures
was further investigated by introducing generalized loop-
back switching in mesh networks [34, 35].

3. Proposed Framework - Failure Presumed Pro-
tection (FPP)

This section introduces the proposed framework - Fail-
ure Presumed Protection (FPP), regarding its system and
problem formulation, along with the proposed approach
for an easy and comprehensive implementation.

3.1. Problem and System Formulation

We consider the dynamic survivable routing problem
for a single connection request which can be recovered

from any single SRLG failure. Without loss of general-
ity, our design does not consider any knowledge of future
request arrivals and does not apply prediction-based rout-
ing strategies on the statistics of the past requests.
The inputs of the problem are listed as follows.

(1) The network topology, which is represented by an undi-
rected graph G(V,E) with a set of links E and nodes
V . The cost for allocating a unit capacity on link j is
denoted by cj ∀j ∈ E. The unreserved free capacity
along link j is denoted by fj ∀j ∈ E.

(2) The source and destination nodes and the desired band-
width of the new connection request denoted as s, d
and b, respectively.

(3) The set of SRLG considered in the restoration plane,
where |SRLG| is the number of SRLGs. Without loss
of generality, each SRLG contains a set of links.

(4) The sharable spare capacity matrix S with size |E| ×
|SRLG|, where entry (j,S ) of S is denoted by S(j,S )
for j ∈ E and S ∈SRLG. It is the amount of capacity
along link j which can be shared with other protection
paths if the working path is involved in SRLG S . See
also [36, 37] on computing S.

(5) The set of W s operating connections W s
1 ,W

s
2 , . . . ,W

s
|W s|,

which are the operating lightpaths passing through
and terminating in s.

The goal is to find a working path W between s and d and
a set of protection paths PS for each SRLG S involved
in W such that the following objective function is minimal

Minimize
∑
j∈E

cj · bj (1)

where bj denotes the newly reserved bandwidth along link
j. PS is a path between s and d disjoint with SRLG S .
Besides the newly reserved bandwidth can fit in the free
capacity on the links, formally bj ≤ fj for ∀j ∈ E. The
calculation of bj is described in Section 3.3.

3.2. Approximate Failure Localization and ACT Configu-
ration

In FPP node s ∈ V is able to monitor a set of W s con-
nections denoted W s

1 ,W
s
2 , . . . ,W

s
|W s| which are the work-

ing lightpaths traversing through or terminated at node s.
These lightpaths are defined to be local to node. Upon
a failure event, the lightpaths which traverse the failed
SRLG, are interrupted, and consequently the nodes local
to these lightpaths generate alarms. At node s, an alarm
code [a1, a2, . . . , a|W s|] can be formed based on the on-off
status of the local lightpaths, where aj = 1 means that
lightpath W s

j is failed, and aj = 0 otherwise. Note that
generating the alarm code in such a way no signaling is
required among the nodes. Intuitively, a node can obtain
more precise network failure status if it can access the sta-
tus of more lightpaths, and thus with longer alarm codes
we favorable have a more precise knowledge on the failure.
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single link sparse-SRLG multiple fail-
ures

out-of-
band

alarm flooding [11, 15, 14, 21] [26] [19]
min. monitoring lo-
cation

[28] [20]

in-band alarm flooding [23, 24] [25, 13]

Table 1: Classification of hard failure localization techniques

Failure Dependent Protection

Working capacity can be reused a.k.a span
release

Working capacity cannot be reused

by any connection
e.g. (True)-Path
Restoration [1, 6, 7,
9]

link e.g. MPLS Fast
Re-route one-to-one
backup [4, 35]

segment e.g. for
multiple connection
MPLS Fast Re-route
facility backup [8]

link e.g. MPLS Fast
Re-route one-to-one
backup [4, 10]

Table 2: Classification of Failure Dependent Protection Schemes

5

4

3

2

10

W2

W3

W1

(a) Topology and working lightpaths.

SRLGs W1 W2 W3

(3,4) 1 0 1
(1,3) 1 0 0
(5,4) 1 1 0
(0,5) 0 1 0

(0,3),(2,4) 0 0 1
∅,(1,2),(5,2) 0 0 0

(b) Alarm code table at node 4
(ACT 4) of FPP .

Figure 1: Approximate failure localization based on connection sta-
tus information, where each link is an SRLG.

Let a(S , s) denote the alarm code resulted by the failure
of SRLG S at node s.

Figure 1 shows an example with three connections {W 4
1 ,W

4
2 ,W

4
3 }

corresponding to node 4. If SRLG of link (3, 4) fails, both
lightpaths W 4

1 and W 4
3 generate alarm to produce an alarm

code [1, 0, 1] at node 4. However, if the failure hits SRLG of
link (0, 3) or SRLG of (2, 4), it will result in the same alarm
code [0, 0, 1], and consequently the failed SRLG cannot be
recognized unambiguously. Finally, there is no information
at node 4 for the failure of SRLGs containing links (1, 2)
and (5, 2), because they all generate alarm code [0, 0, 0]
that is nonetheless the same as the case of no failure.

To achieve signaling free failure localization, each net-
work node s maintains its own alarm code table (ACT),
denoted by ACT s, which is built up from the set of W s

and contains all the possible alarm codes that the node

may receive. Each row of the ACT is assigned to one or a
set of SRLGs with a common alarm code. Let us denote
the set of SRLGs with a common alarm code a at node s
by Ra

s . When Ra
s has multiple SRLGs we call it code col-

lision. Obviously, the smaller the size of ACT in addition
to more code collisions, the obtained failure localization
result is less precise. So it can lead to more ”suspicious”
links and thus less usable links for restoration path selec-
tion.

We adopt failure dependent protection, where a work-
ing path and a set of protection paths are pre-determined
at the source node s of the connection. The main novelty
of our scheme is that we also consider the failure local-
ization, and assign each protection path to some rows of
ACT s. Thus, in FPP each row of ACT s contains one or
a few SRLGs, an alarm code and optionally some protec-
tion paths. The pre-planned traffic restoration process is
the following: when node s sense an interruption of any of
its local working lightpath, after a short time it generates
alarm code a corresponding to the failure. Next, it per-
forms the restoration by setting up the protection paths
assigned to the alarm code a in the ACT s. Note that the
restoration is always initiated at the source node of the
connection.

To achieve 100% restorability we need to properly as-
sign the protection path with the alarm codes in the ACT s

which is further explained in the next section. Note that
in the case of setup and tear-down for any working light-
path, the ACTs of the nodes along the working lightpath
need to be updated accordingly.

3.3. Connection Setup in FPP

When a new connection demand arrives from node s
to node d a single working path W and a set of protection
lightpaths are determined and assigned to alarm codes in
ACT s. It is done in a way that if W is interrupted, node
s will generate an alarm code a and will activate the pre-
planned protection lightpaths assigned to alarm code a.
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Table 3: Notations

V ,E The node set and link set of the input topology.
cj The cost for allocating a unit capacity on link j.
fj The free capacity on link j.

s, d, b The source and destination nodes, and the bandwidth of the new connection request.
S An SRLG.

S(i,S ) The amount of capacity on link i which can be shared with other protection paths if the working
path is involved in SRLG S .

W s
i The i-th operating lightpaths passing through (or terminating) in s.

ACT s The alarm code table at node s.
a(S , s) The alarm code after failure of SRLG S at node s.
Ra

s The set of SRLGs with a common alarm code a at node s.
W Working path of the new connection.
P a Protection path for the new connection assigned to alarm code a.

These protection paths should be disjoint with the failure
to restore the traffic. Note that the alarm code is gen-
erated according to the local information available in the
node, thus it requires no signaling and results ultra-fast
failure localization. In the previous section we have seen
how to build up the ACT s. This subsection focuses on
how the working and the set of pre-planned lightpaths are
determined and assigned to alarm codes via a survivable
routing process.

The proposed survivable routing process employs a two-
step-approach, where W is determined in the first step
using shortest path search and it is followed by finding
the protection lightpaths according to W . Path W is cal-
culated using shortest path search in a graph with links
fj ≥ b and link cost cj . We set bi = b along the links of
W .

In the next step we calculate PS for every SRLG S
involved in W . When W is determined, first the ACT s

is updated. Next we partition the set of SRLGs that are
involved in W into groups of SRLGs whose failure can
not be distinguished at node s. Note that each group of
SRLG corresponds to an alarm code. The two extreme
situation is (1) if every SRLG can be localized and thus
each group contains a single SRLG, (2) none of the SRLGs
involved in W can be distinguished and we have a single
partition with every SRLG involved in W . The latter is
always the situation if W s was an empty set. The former
is the ideal situation which is also called as Unambiguous
Failure Localization.

Since the SRLGs with the same alarm code cannot be
distinguished at node s a single protection path is assigned
to each group of SRLG. Let P a denote the protection path
assigned to the group of SRLG with alarm code a, formally

PS = P a ∀S ∈ Ra
s , a = a(S , s).

Recall that Ra
s denotes the group of SRLG corresponding

to alarm code a at node s, and a(S , s) denotes the alarm
code of the failure of SRLG S at node s. A row of ACT s

with alarm code a is said to be involved in W , if the failure
on the SRLGs corresponding to a interrupts W . To protect

every single SRLG failure, we consider each row a of ACT s

involved in W one-by-one, and calculate a protection route
P a which satisfies the following properties.

1. the protection route P a is disjoint from all the SRLGs
with common alarm code a, i.e. P a ∩S = ∅ for all
SRLG S ∈ Ra

s ,

2. the protection route P a has sufficient restoration ca-
pacity for the protection of the working routes in-
terrupted by any single failure of S ∈ Ra

s . The
bandwidth requirement along link i for the protec-
tion route P a is denoted by bai . It equals to

bai = max{0, b− bi − min
S∈Ra

s

S(i,S )}. (2)

where minS∈Ra
s
S(i,S ) is the amount of spare ca-

pacity that can be shared with other protection paths
along link i.

Each protection route Pa is calculated using shortest
path search in a graph with links that satisfy the baj +bj ≤
fj property, disjoint with Ra(S ,s) and has link cost baj · cj .
After calculating a protection route Pa we set bi = bi + bai
for every link along Pa. Finally, each Pa is assigned to
alarm code a in ACT s.

3.4. Illustrative Example of Connection Setup

Figure 2 shows an example with all single-link SRLGs.
A new request arrives between Roma (Ro) and London
(Lo), after that a connection can be setup by FPP as fol-
lows. First the working path W is calculated. Since no
disjoint path from W can be found due to topological lim-
itation, FIP is not feasible unless a different W is chosen.
After allocating W at Rome ACTRo is updated as shown
on Figure 2(b). Note that, the connections on the fig-
ure all terminated in Rome, and they are WRo

1 from Lyon,
WRo

2 form Munich, WRo
3 from Frankfurt, and the new con-

nection WRo
4 . Figure 2(c) shows the set of links with the

same alarm code at Rome, where each of them corresponds
to a row in the ACTRo. It is possible that some failure
events on all the other links cannot be identified at Rome,
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Ro 

Lo 

Ly 

Mu 

Fr 

W1 W2 

W3 

W4 

Mi 

Ro 

Ro 
Ro 

Ro 

Zu 

(a) Lightpaths terminating in
Rome.

SRLGs WRo
1234

(Lo,Am)(Am,Br) 0001
(Br,Fr)
(Fr,Mu) 0011
(Mu,Mi) 0101
(Mi,Ro) 1101
(Ly,Zu)(Zu,Mi) 1000
(Mu,Vi)(Vi,Za) 0010
(Za,Ro)
otherwise 0000

(b) The updated ACTRo

Ro

Lo

Mu

Fr

Mi

1101

0101

0011

0001

1000

0010

Br

Am

Vi

Za

(c) Links with the same alarm
code at Rome.

Rome 

P1101 

P0011 and P1011 
and P0101 

(d) The protection paths as-
signed to alarm codes at Rome
for the new connection.

Figure 2: Illustrative example of a connection is setup with FPP
scheme.

Table 4: Reference networks
name nodes average max nodal

distance distance degree

German 17 2.69853 6 3.05882
European 22 2.46753 5 4.09091

USA 26 3.30769 8 3.23077
North American 39 4.20513 10 3.12821

which results in an all-zero alarm code. With ACTRo,
we have 4 protection routes for W , where the first should
protect failures on link Rome-Milan, the second for the
link Milan-Munich, the third for link Frankfurt-Munich,
and the fourth for segment between London and Frank-
furt. These 4 protection routes are calculated and added
to the corresponding rows of ACTRo.

ACTRo is shown in Figure 2(c). We may have pro-
tection routes which protect single link failures of Rome-
Milan, Milan-Munich, Munich-Frankfurt, or the segment
London-Amsterdam-Brussels-Frankfurt. Note that in Fig-
ure 2(d) we have only two protection routes because the
failure of the three links Rome-Milan, Milan-Munich and
Munich-Frankfurt are protected with the same protection
route.

4. Simulation Results

Extensive simulation is conducted to explore perfor-
mance of the proposed FPP framework under various sur-
vivable routing strategies. We assume full knowledge of
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Figure 3: Reference networks

the network resource status is available at each node. The
simulations are conducted on four different network topolo-
gies as shown in Table 4 and Figure 3 in details. The aver-
age distance of a topology depicts the average hop distance
between every node-pairs in the topology. We implement
dynamic survivable routing schemes using a traffic demand
matrix estimated in year 2010 [38], in which a dynamic
traffic pattern is generated according to the traffic matrix
with Interrupted Poisson Process arrival times and expo-
nential holding times. The link costs are set according to
Traffic Engineering administrative link weight function by
[39].

Four different dynamic survivable routing methods are
implemented:

SPP Shared Path Protection with two-step-approach,
where the working path is firstly routed at first using
Dijkstra’s, while in the second step a link-disjoint
protection paths are calculated with shortest path
algorithm [40–42].

SDP Shared Dual-link Protection with two-step-approach,
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where the working path is routed in the shortest
path, while in the second step two link-disjoint pro-
tection paths are calculated with Suurballe’s algo-
rithm. We adopt a simple sharing rule of backup ca-
pacity and do not specify any activation order among
the protection paths [40–42].

FDP Failure Dependent Protection with two-step-approach
called SP-PPFL in [7]. The working path is routed
in the shortest at the first step, while in the second
step the SRLG disjoint protection routes are calcu-
lated with shortest path search.

FPP Failure Presumed Protection, where the correspond-
ing routing problem was implemented with the two-
step-approach of FDP using shortest path search as
described in Section 3.3.

FPP r Failure Presumed Protection, when each node can-
not perform optical layer tapping and the source
node the status of every monitoring, and FPP is re-
sorted to monitor the status of the connections ter-
minating in the node.

4.1. Simulation results on single link failures

In the first simulation we consider all single-link SRLGs,
where 1000 demands were routed. For each call request,
SRLGs which form a cut between node s and d are omit-
ted. A call request is completed if there is a working path
and any SRLG failure can be protected. Otherwise, we
regard the incoming request as being blocked. Since FPP
cannot deal with networks without traffic, an initial net-
work state was calculated routing 1000 demands without
protection.

All of the connections were successfully routed, and
the blocking was 0% for all the three scenarios. Figure
4 shows the average cost of the connections. The cost of
a connection is the sum of the cost of the links allocated
for the connections, where the links have administrative
costs. Note that, for single failure SPP can be a special
solution for FPP, thus FPP never requires more network
resources than SPP. In our simulation experiments shows
that FPP can save an average of 20% network resources
that is because of high efficiency of the failure dependent
protection in capacity sharing along the protection path.

The average number of rows in ACT s was between 4
and 6 and the blocking at released was less than 0.1% for
all methods, which is the probability that the connection is
not released promptly. During connection released, some
operating connections might relay on its status informa-
tion, thus their protection routes must be re-calculated.
Figure 5 shows the average time for recalculating the pro-
tection route during its lifetime that is still supportable.

4.2. Simulation results on dual link failures

In the second simulation, extreme conditions are set up
on sparse networks (see Table 4 and Figure 3 for details).
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Figure 6: The probability that a connection cannot be protected
against every dual failures.
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Figure 7: The precision of failure localization, average number of
rows at ACT s.

We have every single and dual link or node failures for
SRLGs. In this simulation 1000 demands were routed.
Figure 6 shows the average number of blocked demands
over all network topologies, divided by the total number
of demands in the simulation. As it is shown in Figure
6, despite the bad conditions FPP was able to protect
an average of 45% of all the demands, while for SDP it
was 25%. FPP implements a failure dependent protection,
where the protection path can flexibly by-pass the failed
elements.
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Figure 10: The calculation time of each routing method.

We have observed that FPP can perform better if a
higher precision of fault localization is achieved, which de-
pends on both the amount of available connection status
information and the route diversity of these connections.
Figure 7 shows the average number of rows in ACT s that
is related to the precision of failure localization.

Figure 8 shows the probability of ”blocked at release”,
which is the probability of not releasing promptly the con-
nection. Intuitively, FPP has a higher chance for blocking
at release than FPP r, because in FPP more demands rely
on each other.

In the phase of releasing connection, some working
lightpaths that might relay on the status information of
the released lightpath may need to recalculate their pro-
tection routes. Figure 9 shows the average number of re-
calculation of protection route for each connection during
its lifetime. However, networks that are equipped with
FPP clearly requires a higher degree of maintenance than
traditional methods, which can be treated as the expense
of providing highly reliable connections with optimized re-
source utilization.

The calculation time of the proposed routing methods
was in the range of ten milliseconds. Figure 10 illustrates
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Figure 11: Blocking probability versus average distance.

the average calculation time of each demand on a computer
with AMD Athlon(tm) MP 2000 processor.

To summarize the simulation result, Figure 11 shows
the blocking probability performance in respect to the av-
erage hop distance between every node-pairs. FPP is sen-
sible on the distance of the source destination pair, as it
is easier to localize failures which are closer to the source
node.

5. Conclusive Remarks

Failure dependent protection (FDP) has been consid-
ered an advanced strategy for improving network surviv-
ability with much better capacity efficiency than failure
independent protection (FIP). This is due to the assump-
tion that complete failure status information is available
at the switching node, which can fully reuse the capac-
ity of the interrupted connections. The paper introduced
a novel survivable routing framework, called Failure Pre-
sumed Protection (FPP), where FDP survivable routing is
performed based on an in-band monitoring and failure lo-
calization system at source node. By maintaining an alarm
code tables (ACT) in the source node, the failed SRLG
can be ”presumed”. Thus, the survivable routing task is
performed by avoiding the use of any suspicious link, in
order to guarantee 100% restorability of interrupted con-
nections. We claim that this is the first study on FDP
that jointly considers failure localization and FDP surviv-
able routing. We have investigated a number of different
survivable routing strategies under the FPP framework,
which are further examined by extensive simulations and
they are compared with a number of previously reported
counterparts. We conclude that the FPP framework can
significantly overcome the topological limitation that is
critical to the conventional failure independent protection
method (e.g., shared path protection), while serving as a
viable solution for FDP survivable routing where failure
localization is considered.
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[39] G. Rétvári, J. B́ıró, T. Ciinkler, T. Henk, A precomputation
scheme for minimum interference routing: The least-critical-
path-first algorithm, in: Proc. IEEE INFOCOM, volume 1,
IEEE, pp. 260–268.

[40] S. Thiagarajan, R. Ranganathan, L. Blair, J. Berthold, Eco-
nomical evolution to high availability networks, in: Proc. IEEE
DRCN, pp. 311–316.

[41] W. He, A. K. Somani, Path-based protection for surviving
double-link failures in mesh-restorable optical networks, in:
Proc. IEEE GLOBECOM, pp. 2558–2563.

[42] L. Guo, H. Yu, T. Zhou, L. Li, Dynamic shared-path pro-
tection algorithm for dual-risk failures in wdm mesh networks,
in: International Conference on Parallel Processing Workshops
(ICPPW), IEEE Computer Society, pp. 394–398.

9


