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Abstract

Shared Risk Link Group (SRLG) has been widely recognized as an important concept in sur-
vivable optical networks. The issues of avoiding “traps” (to be defined later) in path determination
and maximizing bandwidth sharing, are more challenging in providing shared SRLG protection than
in providing shared path protection without considering SRLGs. In this paper, we proposed a novel
survivability approach called PROtection using Multlple SEgments (PROMISE) to provide efficient
SRLG protection, which can achieve a higher bandwidth efficiency and lower blocking probability at
quick speed compared to previous schemes.

. INTRODUCTION

Dense Wavelength Division Multiplexing (DWDM) is a promising technology to accom-
modate the explosive growth of Internet and telecommunication traffic. Because of the large
amount of traffic a fiber carries, a single failure will cause a severe service loss. Hence, surviv-
ability is a critical problem in network design.

Recently, the concept of SRLG has been proposed as the fundamental input for failure man-
agement in the Generalized Multi-Protocol Label Switching (GMPLS) control plane [1]. An
SRLG is a group of network links that share a common physical resource (cable, conduit, node
or substructure) whose failure will cause the failure of all links of the group [2, 3]. In general,
the information on SRLGs are obtained manually by the network operator with the knowledge
of the physical fiber plant of the network, although some SRLG auto-discovery schemes have
been proposed [1, 4].

To protect a mission-critical client (e.g. IP, ATM) connection from any single SRLG failure,

a straightforward solution is to choose a SRLG-disjoint paths of Active (e and Backup
Path(BP) from a source (ingress) node to a destination (egress) node. That is, links along
AP must not share any common SRLGs with links along the corresponding BP. Since a fiber
can traverse several conduits, a network link may belong to several SRLGs, finding a pair of
SRLG disjoint paths is more complicate than finding link/node-disjoint path (the latter may be
considered as a special case as each link or the set of links incident upon each node could be a
what we call a “trivial SRLG”). In fact, the former is a NP-complete problem, while the later
has a polynomial time solution [5-8].

In SRLG failure-independent protection schemes, backup bandwidth can be either shared
or not shared. A (backup bandwidth) shared protection scheme is much more bandwidth ef-
ficient, and cost-effective. In shared SRLG protection, two or more BPs can share backup
bandwidth (called BBW) as long as their corresponding APs do not fail at the same time. The
challenge is to find a pair of SRLG-disjoint paths for a given request such that the total band-
width consumption is minimized. It require more complex algorithms to determine routing and
bandwidth requirement. Generally, providing end to end connections survivable to any single
SRLG failure requires much more resources (e.g., bandwidth) usage and a longer recovery time
than protection against any single link or node failure.
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To date, only a few Integer Linear Programmithg P) models [5] and heuristic algorithms
[6] have been proposed to find SRLG disjoint paths. Although it just takes seconds to obtain
SRLG-disjoint paths with the ILP [5], thisasic ILP model does not consider BBW sharing.

On the other hand, the computational time ofaaprehensive ILP solution with additional
constraints to facilitate BBW sharing becomes prohibitive, especially for a large network size
and/or a large number of SRLG’s. A practical solution, which we call the Enhanced Two-
Stage ILP hereatfter, is to first determine the paths using the basic ILP without considering
BBW sharing, and then adjust (reduce) the bandwidth to be allocated along the BP by taking
advantage of BBW sharing. However, as to be shown in Sec. V, the BBW sharing potential is
far from being fully explored.

Not surprisingly, heuristics such as Active Path F{&PF), which finds an AP first, fol-
lowed by an SRLG-disjoint BP, have always been attractive alternatives for its simplicity as
well as ability to support policy-based routing and/or optimize the primary working path. The
major problem in using the APF heuristic, however, is that once an AP is found, one may not
be able to find an SRLG-disjoint BP (even though SRLG-disjoint path pair does exist). This
is the so-called trap problem, which is rarely present when finding link/node-disjoint paths
using APF [9], but can occur much more frequently (e.g., with probability of 10% to 30% in
a typical network) in SRLG networks. To our best knowledge, no effective algorithms have
been proposed so far to address the trap problem. In [10], we propose an APF-based heuristic
that not only avoids the avoidable traps effectively, but also achieve near-optimize bandwidth
efficiency. In this paper, we also adapt an APF heuristic, but attack the trap problem using a
different approach.

Recently, we have proposed an innovative scheme called PROtection using Multlple SEg-
ments(PROM I SE) for shared protection against link/node failures (without SRLG) [11]. As
illustrated in Fig. 1, the basic idea behind PROMISE is to divide an active paiPR ¢along
which a survivable connection is established) into several possible overlappittiye seg-
ments orAS’s, and then protect each AS with a detour called backup segmég @nstead
of protecting the AP as a whole as in path protection schemes).

In this paper, we will apply the new PROMISE scheme for shared protection design in
SRLG networks. It can achieve superior bandwidth efficiency with moderate computation
complexity, which is still polynomial time. At the same time, it can deal with traps effectively
due to its flexibility in choosing the AS’s and BS’s. The rest of the paper is organized as
follows. We first presents some definitions of trap problems and an overview of the proposed
PROMISE scheme in Sec. Il. Sec. Il describes closely related prior work. Sec. IV presents
our proposed PROMISE algorithm for shared protection in SRLG networks. Sec. V presents
the performance evaluation model used as well as numerical results of the comparison between
the proposed PROMISE algorithm and other existing approaches. Finally, Sec. VI summarizes
our contributions.

II. BACKGROUND

In this section, we first describe the trap problem in more detail, then provide an overview
of the proposed PROMISE scheme and discuss its major benefits over existing link or path
protection schemes.

A. Trap Problem

In order to define the trap problem, we first discuss the optical network layer architecture.
As shown in Fig. 2. A typical optical network can be classified into two layers: optical layer
and physical layer [5, 6, 12]. The physical layer includes fiber spans (e.g. cable, conduit, et

! As to be discussed later, when a common link used by the AP belongs to two AS’s, it is protected by only one BS.



al) and fiber span nodes. And the optical layer consists of optical links and nodes (a subset
of the nodes in the physical layer) where Optical Cross-connects (OXC) or Optical Add/Drop
Multiplexer (OADM) locate. An optical link in the optical layer is a connection in the physical
layer, which may traverse over several fiber spans and/or fiber span nodes. At the same time,
several optical link may pass through the same fiber span. Therefore, a single failure in the
physical layer can cause multiple optical link failures. If we treat each fiber span as a SRLG,
then a single SRLG failure may result in multiple optical link failures.
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Fig. 1 llustration of PROMISE

(b) Physical Layer

Fig. 1. lllustration of PROMISE Fig. 2. Layered Architecture of Optical Network

We define the following for SRLG protection. If we replace the word “SRLG” with “link”
or “node”, the definitions below are also applicable to link or node protection. If an algorithm
fails to find a pair of SRLG-disjoint paths for a given source and destination node pair, we say
that the algorithm falls into &rap. From this definition, traps can be classified into real traps
and avoidable traps.

Real Traps: It is connectivity-induced (where connectivity refers to topology and link band-
width or capacity). In other words, there does not exist any SRLG-disjoint paths between a
given source and destination node pair. Thus, a real trap cannot be avoidegdbgorithms.

Avoidable Traps: These are traps to a given algorithm but restl traps. Then, avoidable
traps to a given algorithm are capable to be avoided by other more elaborate algorithms, e.g.,
Integer Linear Programming.

Clearly, it is desirable to find an appropriate algorithm that falls into no or only few such
avoidable traps. How to effectively avoid (the avoidable) traps for SRLG protection using
heuristics is still an open issue. As to be discussed in Sec. lll, only a few heuristics have been
proposed [13, 14], and none of them can significantly eliminate the possibility of falling into
an avoidable trap.

B. Overview and Major Benefit of PROMISE

As mentioned earlier, the basic idea of PROMISE is to provide protection foacine
segment (or AS) at a time using a detour callédckup segment (or BSY. The BS starts and
ends at the same two nodes as the corresponding AS, but is otherwise node-disjoint with the
AS, not just link-digoint.

A valid AS set (or Active Segmentation) for a given AP need follow two constraints:

e Every link along the AP belongs to at least one AS and at most two AS'’s.
e An AS can not be a proper subset of any other AS.

In addition, each link belonging to two overlapping AS’s needs to be protected by only one
BS corresponding to one of the two AS’s. In an SRLG network, each BS just needs to be
SRLG-disjoint with (and have enough backup bandwidth) its protected active links (instead of
all the links of its corresponding AS).

Zhereafter, a segment refers to a channel on one or more consecutive links.



It is worth noting that the proposed PROMISE approach is more than just a trivial com-
bination (or compromise) of link and path protection. More specifically, due to its inherent
flexibility in partitioning an AP and protecting it with multiple BS's, PROMISE enjoys the
following two major advantages: (1) more bandwidth efficient; more importantly, and (2) can
succeed in satisfying a request for a survivable connection, especially requests with certain
constraints on the lengths of the detours, and efficiently deal with either real (i.e., network
connectivity-induced) or avoidable (algorithm-induced) traps.

In addition, the proposed PROMISE approach can readily be applied to MPLS networks by
extending the existing protocols for local repair/recovery in MPLS networks [15].

I1l. RELATED WORK

In this section, we review several existed shared SRLG protection schemes. In addition, we
will briefly describe some relevant multiple segments protection schemes with a focus on their
suitability in SRLG networks.

A. Shared SRLG Protection

Existing approaches for shared SRLG protection can be mainly classified into two types:
deterministic [14] and stochastic [13]. In [14], an APF-based deterministic approach called
survivable routing (SR), (as well as its variation called successive SR or SSR), was proposed.
It is similar to ordinary APF except that it can provide shared SRLG protection (by treating
each SRLG as a so-called “failure” in SR). In [13], a stochastic approach was proposed to
determine the SRLG-disjoint paths for shared SRLG protection. It is similar to Simple APF
with the major difference being in how the cost of each link is assigned before BP is determined
using a shortest-path algorithm. More specifically, while ordinary APF assigns, say 1 unit (e.qg.
a channel) to each link that can possibly be used by the BP, this algorithm assighsinits,
wherep is the probability that BBW sharing cannot occur on the link. Its main advantage is
that it is simple to implement, but as a price paid, its bandwidth efficiency is not as good as its
deterministic counterparts. However, none of these approaches addressed the trap problem.

B. Multiple Segments Protection

Note that, several other segmented protection approaches have been proposed [16,17]. In
[16,17], an APF-based heuristic algorithm was proposed, which cannot avoid the trap problem
efficiently and in addition, like the Enhanced Two-Stage ILP, does not consider BBW sharing
until the paths are found. The scheme in [18] requires the node immediately upstream from the
link/node failure to restore traffic along an alternate outgoing link, which limits its flexibility
(and bandwidth efficiency), especially in SRLG networks. Finally, in [19], each segment of
an AP is protected using pre-designed BLSR’s, and exhaustive search algorithms (with back-
tracking) and rudimental heuristics were suggested with no performance results.

IV. PROMISEIN SRLG NETWORKS

In this section, we will show in detail how PROMISE scheme works. More specifically, we
will describe efficient algorithms for finding an AP, determining its partition into AS’s, and
their corresponding BS’s for a given request in the on-line case.

As expected, joint optimization of AP and its protecting BS’s in PROMISE is much more
challenging than similar tasks in path and link protection especially because PROMISE allows
AS’s (and their corresponding BS’s) to overlap (and “criss-cross”) one another, thus making it
very difficult to formulate the flow constraints. To simplify the task of determining AP and its
protecting BS’s, we propose to find an AP first, followed by the set of BS’s to protect the AP
(the set of BS’s uniquely determines how the AP is partitioned into a set of AS’s).



A. Find the Backup Segments

We start with the case with complete information on the existing connections and link status,
in addition to the information on the set of all SRLG’s, denotedibyMore specifically, we
assume that for every link, the total amount of BBW allocated and the residual bandwidth
available), denoted bg. andR., respectively, are knowrt, is useful only in networks whose
links have limited bandwidth as to described in more detail later). Moreover, for every SRLG
g € G, S;, which denotes the total amount of bandwidth required by the set of connections
whose AS'’s traverse any link in SRLgand whose correspondirgotecting BS's traverse
link e, is also known.

Given the above complete (aggregate) information, we can calculate the additional amount
of BBW needed to satisfy a new connection requiringnits of bandwidth as follows. Assume
that the new AS (AP) uses at least one link belonging to SBLGhen, the minimum BBW
needed on link if link e is used by the newrotecting, is BC; = max{S; + w — B, 0}. If
e also belongs tg, BC; should be infinity. Accordingly, leg, be the SRLG's to which link
a belong, the minimum BBW needed on lirkto protect linka is BC; = maxy,cg, BCY.
Finally, given the new AP, and 4 p, which is the union of the SRLG’s to which the links along
the AP belong, the cost that will be assigned to kink BC® = maxy,cg,, BCy.

In the case of partial information (and distributed control) [20], a major difference is that a
scalarP,, = maxy, S5 for every SRLGy € G, thenBC§ = max{min(Py, +w — B., w),0}.

Actual required BBW will be adjusted after path determination as in [20].

In the remainder of the section, we will describe how to determine the set of BS’s using
a simplified ILP or dynamic programming once a AP is found. Both approaches take into
consideration the sharing of backup bandwidth among BS’s for different APs (inter-sharing)
as well as for the same AP (intra-sharing), and are capable of incorporating QoS constraints
such as the limitation on the BS’s hop count. In addition, both can be applied when either
complete aggregated information on existing connections and link status is available, or only
partial aggregated information is available [14, 20, 21].

The main difference between the ILP and dynamic programming approaches is that the
former can select an “optimal” set of BS’s for the given AP, but is feasible only for medium-
to-large networks; On the other hand, the latter results in a polynomial time algorithm, but will
still achievebetter performance than shared SRLG path protection schemes using Enhanced
Two-Stage ILP, as to be shown later.

B. AnInteger Linear Programming Approach

Even though an AP is given, the ILP formulation to find an optimal set of protecting BS’s can
be very challenging. In fact, the problem cannot be easily modeled and perhaps is harder than
modeling the general multi-commodity flow problem because here, the source and destination
for each BS and the number of BS are not known beforehand. We address the challenge by
developing a uniquéink-labeling scheme that labels each link along the given AP such that
there is a one-to-one mapping between how the links are labeled and how the AP is divided
(and thus protected with BS'’s).

Fig. 3 shows two possible mappings for a 7-link AP. As can be seen from the example,
the labels (integer numbers) are assigned to the links along the AP in an ascending order, by
labeling the first link along the AP with & Compared with the label of the link preceding a
node, if the node does not start or end an AS, the label of the link following it will have the
same label. Otherwise, if it (only) ends AS (except if it is destination node) or (only) starts at
a node (except if it is source node), the label of the link following it will be increased by 1.
Finally, if the node ends and starts two AS’s respectively, the label of the link following it will
be increased by 2.

3For the purpose of the discussion, the AP, as well as all its links and AS’s, has a start and an end.



i+l +2 +3 +4
(a) Dynamic Programming Step 1

/ / i BS,i+2

i i+2 i +3
(b) (c) Dynanmic Programmng Step 3

Fig. 3. Two ways to label links or divide an AP Fig. 4. Dynamic Programming lllustration

The basic idea of the ILP formulation is that if we can compardealible BS sets cor-
responding to givempartition of the given AP, we can select the best BS set as a candidate
solution. Then, for all possiblpartitions of the AP, the best candidate will be the optimal
solution.

The following symbols are used in the ILP formulation:

e H,: number of hops along the given AP. This is also an upper bound on the number of BS’s.
e N,p: set of nodeqn} along the AP, whose source and destination nodes are denoted by
andd, respectively.

e K: Specified maximal number of BS’s to be used. We can specify an appropriate value less
than H, to obtain a sub-optimal result to save time Aifis set to 1, the solution is reduced to
providing shared path protection (with a node-disjoint path pair).

e K*: Current number of BS’s to be used. We will riintimes with differenti* value, from

1 to K. The best result of thes€ sub-ILP problems will be used as the final solution.

e '(n): Set of linksfrom (i.e. beginning with) node that are not on the AP (i.ez AP).

e T'(n): Set of linksto (i.e. ending with) node: that areZ AP.

Variables used in Integer Linear Programming
e Si.: Should be 1 if linke is used by or protected by theS;,, where the subscrigt is from
Oto K* — 1; 0 otherwise.
® Sk (n)(= Xeer(n) Sk.): Should be 1ifB.S, is either from (i.e. begins at) nodeforn € N4p
or uses node as an intermediate node far¢ N 4p; O otherwise.

o Si(n)(= DeeT(n) Sk.): Should be 1 ifBS), goes to node: for n € N,p or uses node as
an intermediate node for ¢ N 4p; O otherwise.

e S¢(n)(= Xk Skr(n),n € Nap) Should be 1 if node: is the beginning of any BS; 0 other-
wise.

e Si(n)(= Xk Ski(n),n € Np) Should be 1 if node is the end of any BS; 0 otherwise.

e L,,: The labels assigned to links € AP (as discussed above). For thth and(i + 1)-th
link on AP, we havel,,, < L,,., < L,, + 2, wherei > 0. In addition, we specify_,, = 0. In
this way, theB S, protects links labeledk — 1 or 2k.

® Fi(= X nenyp MSkp(n)): Theorder of the node startings S;..

o Ti(= Y nen,p Mk (n)): Theorder of the node ending Sy

e L;,(n): InLabel of noden, i.e. the label of the link precedingalong the AP.

e L,.:(n): Out Label of noden, i.e. the label of the link following: along the AP.

The objective function in the ILP formulation can be writtemaia >° .. BC® since the AP
is already given and hence we only need to minimize the total backup bandwidth requirement.

The following are the constraints:

Ski(s) = 0; Sis(s) = 1if k=0, O otherwise (1)
Spp(d) = 0; Spi(d) = 1if k= K* — 1, 0 otherwise 2)



The above equations state that the source nagteould be (and only be) the beginning of
the 0-th BS, while the destination nodeshould be (and only be) the ending of the last BS.

Sy(n) 4+ S¢(n) = Lout(n) — Lin(n) = Lo, < La,,, < Lo, +2 (Hy—1>i2>0),n#s,d; ne€ Nap (3)
Eq. (3) is aresult of the link labeling scheme.

Fr <Ty; Fip < Fry1, T < Thgr, Frpr ST T < Fryo (4)
Eq. (4) implements the two criterium of valid Active Segmentation as discussed in Sec. 1I-B.

Sks(n) = Sw(n)  n & Nap (5)
Eqg. (5) ensures flow balance at nodes that are not along the AP.

OSZQk‘SkG_LaSLZSkazl a€ AP (6)
k k

From Eq. (6),5;, will be setto 1, only wherk — 1 < L, < 2k. i.e., active linka is protected
by the BS;..

BC® > BCOS(Sy, + Sy, —1)  Va € AP, Ve ¢ AP 7)

Eq. (7) states the minimum additional backup bandwidth required orelih&ctive link a is
protected by a BS traversing link where BCY is determined as discussed in Sec. IV-A.

Ske, Skf(n),Skt(n),Sf(n), St(n) € {O,l},w > BC®>0 (8)

Moreover, the range of the value of some of the variables are constrained as above.
Finally, if we want to limit the length of each BS (in hops)ng we can add the following
constraint:y-__ap Sk, < m

C. A Dynamic Programming Based Solution

Although solving the ILP formulation will result in an “optimal” set of BS’s for a given AP,
its exponential time complexity makes it impractical for very large networks. In this section,
we describe an alternative using dynamic programming heuristic that has only a polynomial
time complexity and thus is feasible for very large networks.

Let us number the nodes along the AP from G#o In addition, assume an AS covers node
i to nodey, and letB, ;, where0 < i < j < H,, be the minimum-cost BS for the AS. After
removing all edges on AP, the cost for links estimated asaxyyeg,s BC;, whereG s is the
union of the SRLG’s to which the links along the AS belong, then the BS can be found using a
shortest-path algorithm.

Now let D; ; be the “best” way (known to dynamic programming) to protect the part of AP
from node: to node; by possibly dividing it into multiple (overlapping) AS’s, and protecting
them with corresponding BS’s, without considering how other parts of the AP are protected.

The algorithm works by determining; ; as follows: In Step 1, piclB; ;. to beD, ; 1, (see
Fig. 4 (a)); In Step 2, pick either the combination/of;, with D, ;.o, Or B; 12, Whichever
is better, to be), ;;» (see Fig. 4 (b)); In Step 3, pick the best among the following four choices
to beD, ;5 (see Fig. 4 (c)): the combination &F; ;; with D, 5, the combination oD, ;-
with D; 1,45, the combination ofD; ;,» with D, 5,3, and B; ;5. The process ends when
Dy g, is decided (after thé/,-th step).

To facilitate a more detailed description of the algorithm, let Comb(X,Y) denote a heuristic
function which accepts two BS sets X and Y as parameters, and outputs a new BS set, which



is essentially a union of the two BS sets after removing any redundant BS (in order to reduce
the backup bandwidth required). More specifically, each BS will be assigned a cost, which
is the total bandwidth allocated to it divided by the number of links protected by the BS (i.e.,
along the corresponding AS). All the BS’s in sets X and Y are then sorted in the decreasing
order according to their costs. Then, each BS is examined, starting from the highest-cost BS,
to see if it can be removed. If all the links on its corresponding AS are also covered/protected
by another BS (or a combination of other BS’s) in sets X and Y with a (combined) lower cost,
the BS is considered redundant and will be removed. This part of the algorithm has a time
complexity ofO((|X| + |Y])?), where|X| and|Y'| are the number of BS'’s in sef§ andY’,
respectively.

The pseudo-code of the dynamic programming based algorithm is shown below. There, JT
is a variable used to specify whether we want to protect against all single-link failure or all
single-node failure. Its value is set to O if we want the former and 1 otherwise.

form=1+JTtoH,do
fori=0to H, — mdo
Di,i+m — Bi,i+m
for j =1+ JT (up) tom — 1 do
for k=1toj — JT do
Di,ier — min(COmb<Di,i+j7 Di+k,i+m)a Di,i+m)
end for
end for
end for
end for

Once the BS set is chosen, the minimum amount of additional backup bandwidth will be
allocated on each link used by one or more BS's, taking into consideration inter-sharing as well
as intra-sharing. As to be shown later, this dynamic programming heuristic can obtain near-
optimal results (with respect to PROMISE with ILP) that are still better than those achieved by
shared path protection using Enhanced Two-Stage ILP.

D. Find a candidate AP

Due to the flexibility of PROMISE, the proposed PROMISE rarely fails to find a BS set
to protect an AP found using a shortest-path algorithm even in SRLG networks infested with
avoidable traps. However, as a safety measure, we can make use of the results from the ILP
in [5]. More specifically, for each node pair, we compute an SRLG-disjoint path Paiarid
Ps) between them with the basic ILP off-line,(which can obtain results quickly), and keep the
union of the directed edges #, andP, as the “Preferred Set’?. In case we cannot find a
BS set to protect an AP candidate, we exclude one edge in AP that does not beR o
the selection of all future AP candidates, and then finds a new AP candidate. The algorithm
will give up if no new AP candidate can be found (e.g., due to real traps). In a network with
unlimited bandwidth on each link (i.e., an uncapacitated network), we can prove that, as long
asP exists between a pair of end nodes, for any AP consisting of the ed@egrtdtead of just
P1), a SRLG-disjoint BS set is guaranteed (the proof is omitted from this paper due to space
limitation.)

V. PERFORMANCEEVALUATION

In this section, we evaluate the performance of four PROMISE schemes, all of which use
the same APF function to determine AP candidates for a given request. The differences among



them are that two of them use complete information (called PROMISE with CI or simply PCI),
while the other two used partial information (called PROMISE with Pl or simply PPI). The
two PCI schemes are further classified i#G1-1 and PCI-D where the last letter indicates
whether ILP or dynamic programming is used to determine the set of BS’s for a given AP.
Similarly, the two PPl schemes will be referred toRRI-1 andPPI-D. As the comparison,
we also implement Enhanced Two-Stage ILP (ETI). Note that in ETI, once the AP and BP are
chosen, minimal BBW< w) will be allocated on each link along the BP, whether complete
or partial information is available. In fact, since it determines the same path pair with whether
complete or partial information is available, ETI performs the same in either case.
The two PCI schemes are compared to ETI. More specifischeme BSR EER
cally, we have simulated these five approaches by injectingg 13.6% | 76.50%
large number (e.g., few hundreds) of randomly generated SO 58.0% | 93.80%
guests (one after another in an on-line fashion) into netWOfkéCl-D 56.0% | 89.70%
with various topologies. The following are the performanceppl_I 19'2% 84.50%
metrics used and typical results that have been obtained f'eprpl_D 17'90/ 82.30fV
. . . . . 0 . 0
a typical carrier-like transport backbone network, which con
sists of 119 nodes, 190 bi-directed edges and 388 SRLG’s. TABLE |
A. Performance Metrics BSR & EFR

1) Bandwidth Saving Ratio (BSR): is defined as the saving of total bandwidth consumed
by each of the five approaches compared to that by basic ILP scheme (without BBW sharing).
Note that, even if an ideal scheme that achieves maximum BBW sharing is used, the bandwidth
saving ratio will be upper-bounded by 50% (achievable only if no BBW is needed at all) [20].
To make fair comparison between different schemes, the results are obtained assuming net-
works where links have a sufficiently large capacity, and that each connection has a sufficiently
long duration.

2) Earning Fulfillment Ratio (EFR): In a different set of experiments (simulations), we
assume that each link has a finite capacity and fluctuating traffic (i.e. an established connec-
tion may terminate after a certain duration). More specifically, each link is assumed to have
a capacity of 48 units in each direction (to model an OC-48 link). As a result, some requests
may be rejected under a heavy traffic load. In addition to blocking probability, we use the total
earnings (or revenues) as a metric as in [20], which based on a scheme-indei&ndent
Rate matrix whose entry ai, j) represents earnings per bandwidth unit and time unit by sat-
isfying a connection from ingress nodeo egress nodg. The earnings from a connection
from i to j is thus the product of the earning rate, requested units of bandwidth, and the con-
nection duration. We compare the Earning Fulfillment Ratio (EFR), which is the percentage
of the total possible earnings obtained by each scheme (if a scheme satisfies all the requests,
its EFR is 100%). Note that the blocking probability may not be a fair metric since it does not
differentiate the blocking of two requests with completely different resource requirements (e.g.
hop lengths) [20].

B. Performance Results

Table | shows the results on BSR and EFR on capacitated and un-capacitated network respec-
tively. It shows that the PROMISE schemes consistently outperform their share path protection
counterparts with ETI in simulation either in capacitated and un-capacitated network, and with
either complete or partial information.

Fig. 5 shows blocking probability for above simulation on capacitated network as comple-
ment. From this figure, we can find the similar results.

VI. CONCLUSION
In this paper, we have developed a scalable (with polynomial time-complexity) and efficient



solution for shared SRLG protection. Our solution is to use dynamic programming algorithm
based on PROMISE scheme for finding a set of backup segments (BS’s) to protect a given
active path (AP) in case of a single SRLG failure.

We have found that PROMISE can achieve o —
a superior bandwidth efficiency than shared SRLG- 2 7= p
disjoint path protection (with enhanced two- .| —™" .
stage ILP), and at the same time, deal with both ..., 2
real and avoidable traps effectively in SRLG
networks using only a fast polynomial time al-
gorithm, due to its inherent flexibility in parti-
tioning an AP and protecting it with multiple ...

BS’s.
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