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Abstract— In an Open Shortest Path First (OSPF) based best make the alternate path loop free. If the alternate patropodt
effort network, when a packet experiences congestion, theuting  js not loop free, then a separate loop detection mechanism
subsystem cannot send it through an alternate path. Thus, flails 35 to be put in place. This approach may not be attractive

to provide desired Quality of Service (QoS) during congestin. . : :
A Load Sensitive Routing algorithm (LSR) has been reported to implementers, since that would mean changing the packet

which finds alternate path based on ospf property. The operang forwarding engine. [3] reported an alternate path routing
parameter (or coefficient) of LSR was chosen such that total algorithm calledLSRthat provides a loop free alternate path
number of alternate paths in the network is maximized. In this  routing. The performance of LSR algorithm dependsL&R
paper, we argue that a better operating parameter would be - coefficient which decides how many alternate paths a node
the constraint that maximul#n number of node% haveua{ least W'" ha\(e for a particular dest|nat|o_n._ In [3.]' a method@og
one alternate path_ Using simulation, we show that this new IS prOVIded to calculate LSR coefficients in which the total
algorithm, called Efficient LSR (E-LSR) performs better than number of alternate paths in the entire network is maximized
OSPF and LSR in terms of delay and packet loss. Besides, But that may lead to number of alternate paths, that is skewed
this paper presents more efficient algorithm for determining  {gwards some nodes. That is, some nodes in the network may

the optimal operational E-LSR coefficient by pruning the search
space and using a simple objective function. In E-LSR algothm, have too many alternate paths whereas some other nodes may

the number of alternate paths depend on the topology and cost NOt have any alternate path. We argue that a better way is
assigned to the links. Hence, this paper provides dopology to maximize the total number of alternate paths such that

guideline that may be followed by the implementers to make maximum number of nodes have at least one alternate path.
E-LSR more effective. Towards this goal, we have developed an objective function
that achieves this optimality. Further, we have devised eemo
g INTRODUCTION . o efficient algorithm to calculate the LSR coefficients. lastef

There has been an upsurge in real time applications li§ging an exhaustive search, this algorithm reduces thetsear
\Voice over IP, video streaming on the Internet. These agpace to only intervals where there is a possibility of figdin
plications require Quality of Service (QoS) to perform sathe optimal operational coefficient . We refer to the resaglti
isfactorily. But the current Internet is built obest effort algorithm as Efficient LSR (E-LSR) algorithm. We show by
infrastructure. Hence there is need for providing QoS on temulation that E-LSR outperforms LSR and OSPF in terms
of best effort network. There are few mechanisms available ¢+ delay and packet loss.
provide QoS to VOIP calls when a request for call arrives. For The method used by E-LSR algorithm to find alternate path
example, Cisco VOIP gateways have Call Admission Contrgbpends on the topology of the network and on the costs
meChanlsmS. In place to a.dm|t calls with an_accepte.d level égsigned to the links. Hence, top0|ogy and link costs p|ay a
QoS at the time of call arrival [1]. But there is no satisfayto vital role in the performance of E-LSR algorithm. So, in this
method for providingmid call routing' to VOIP or video paper, we provide a topology guideline that may be followed
applications. One effective way would be to provide mid Caﬁy the implementers so that they can exploit our algorithm
routing support at the routing layer. and improve the performance of applications running in the

Typically, routing sub-system uses shortest path alggetwork.
rithm [2] like OSPF to route packets. But the routing dedisio QoS routing has been studied quite extensively. A cheapest
in this case, is solely based on the destination addresseof §th algorithm from one source to all destinations whenslink
packets. Hence, packets for a particular destinationvotite  have two weights (cost and delay) such that the delay of the
same path, even though there may be better alternate pgfhigh is not more than a certain threshold is studied in [4]. In
available. Thus, QoS demand of the packets are not cond@le{@, the properties of path weight functions are investgat
while routing the packets. If routing protocol can providgo that hop-by-hop routing is possible and optimal paths
support for routing packets along alternate paths, thdrire& can be computed with the generalized Dijkstra’s algorithm.
applications like VOIP can perform satisfactorily when thgew studies have analyzed the costs associated with QoS
shortest path gets congested. Obviously, this can be éagloirouting [6], [7]. Some other solutions in the literature use
for mid call routing. ~ source routing along with shortest path routing to achiéee t

But routing the packets through better alternate pathstis I’%al [8]. But security is a major concern in source routing.
as straight forward as it may look. One of the challenges is f&uting on alternate paths based on shortest path first leas be

studied in [9]. But the disadvantage of this method is that th

CO;‘\%‘:ggﬂ a V?'t'?]ecg”o és Oﬁ'ftehaed%aﬁogggtigfmggdtrt]';% twe E’Dﬁgttiiﬁs are alternate paths may have loops. Hence a loop detection modul
used to reroute the call in a different path to repair the QBSs should is needed in the system. There are few solutions proposed
happen transparently without affecting the call. that use flooding to advertise QoS parameters [8], [10]. But



overhead and protocol convergence are main concerns in When Node(k) receives theCongestionOver(i,j) it
these approaches. E-LSR does not use flooding to update checks the set of all destinations for which packets
QoS parameters, rather the change in routing information is forwarded fromNode(k) to Node(i) would go out on
confined to theegionwhere the QoS has deteriorated. Further, congested link.ink(i, j). For each destination in this set,
alternate paths in E-LSR are loop free. Thus, it has low it resets the next hop entry in the active routing table to
protocol overhead and low convergence time and does not need the ospf next hop.
a separate loop detection mechanism. )
B. Properties of Alternate Path
Il. SYSTEM MODEL

We model a network consisting af nodes. A node is
identified by Node(i), 0 < i < N. Nodes in the network
are connected by physical link&Vode(i) and Node(j) are
said to be neighbors if they are connected by a physical
link Link(i,j). A link Link(i,j) has a cosCost(i,j) > 0
associated with it.

The network runs OSPF protocol to build the routing table
which is used by the packet forwarding engine. The routing
table containsospfcost and ospfhopcount along with the Fig. 1. Topology for our simulation

nexthop for a a particular destinationsp fcost is the cost of  For finding alternate paths, we have assumed that the OSPF
the ospf path to the destination. This is the sum of the cost9dsed network is operated by a service provider and thecservi
each link along the ospf patlsp fhopcount is the number provider would like to provide QoS along ospf path between
of hops along the ospf path. Thezthop is set to ospf next an ingress and egress router. That is, alternate paths \euld
hop to forward packets along the ospf path, whereas it is $fbvided to the congested links in the ospf path.

to E-LSR next hop to send it along E-LSR alternate path. pjternate paths in E-LSR are determined based on the
We denote ospf cost fromVode(p) to destinationNode(r) as  following two ospf properties. Firstly, the number of hopsrh
OC(p,r) and the corresponding ospf hop count is denoted ggpf next hop to a given destination along the ospf path & les
HC(p,r). than the number of hops from the current node to the same
_There are two control messages used by E-LSR alg§estination. Secondly, for a given destination, ospf comif
rithm.Congestion Notificatioomessage is sent by a node tspf next hop is less than the ospf cost from the current node.
all its neighbors (except the one connected to it over thes Node(q) is the ospf next hop oV ode(p) for destination

congested link) when it detects congestion on that outgoing,qe(r) then combining the above said two properties we
link. When a link, which was congested earlier, is no longgfaye

congested;ongestion Ovemessage is sent out to all the
neighbors (except the one connected to it over the congested HC (q,r)+bxOC(q,r) < ax HC(p,r)+bxOC(p,r) (1)

k). where,a > 0 b > 0 and(a,b) # 0. The notation(a,b) # 0
I11. E-LSR ALGORITHM means thats and b cannot be zero simultaneously. In fact,
In this section, we start out with the overview of E-LSRNIS constraint is the basis for loop free property of LSR and
algorithm followed by a detailed description of alternattp E-LSR. A formal proof of loop free property can be found

computation. in [3]. _ _ _ _ .
. . For a particular node, a neighbor is considered as eligible
A. Overview of E-LSR Algorithm alternate next hop if inequality(1) holds and if the neighiso

« WhenNode(i) detects congestion on the lidkink(i, j), notthe OSPF next hop. andb are called E-LSR coefficient
it sendsCongestionNotification(i,j) message to all pair. For a particular destination, a_II _the no_des in therentll
its neighbors excepVode(5). network use the same E-LSR coefficient pair. This constraint

« When Node(k), a neighbor of Node(i), receives is necessary for loop free alternate path forwarding.
CongestionNoti fication(i, j) message it first gets the - .
set of all destinations for(wh)ich packets forwarded frorfy- COefficient Calculation
Node(k) to Node(i) would go out on congested link In this section, we provide the detailed method by which
Link(i, j). For each such destination, it finds the alternate-LSR coefficients are calculated. We begin with a theorem
E-LSR next hops to forward packets. The method faeported in [3] which gives the possible cases of finding
calculating E-LSR alternate next hop is described in traternate paths. We provide the theorem here for ease of
next section. If there are more than one alternate Eeference.
LSR next hops, then the one with theast costto the Theorem 1:Let OC(i,d) and HC(i,d) be the ospf cost
destination is chosen (in this case, LSR chooses oneasfd ospf hop count fromVode(i) to destinationNode(d)
them randomly. This new E-LSR next hop is put intorespectively. LetOC(j,d) and HC(j,d) be the ospf cost
next hop entry of active routing table so that packe@nd ospf hop count froniVode(j) to destinationNode(d)
are routed through E-LSR alternate paffiode(i) also respectively. [fNode(j) is a neighbor ofNode(i) and not the
follows the same procedure for finding E-LSR alternatespf next hop for destinatioVode(d), Node(j) will qualify
next hop. as alternate next hop fa¥ode(i) in the following cases.

« WhenNode(i) detects that the congestion is over on link Case 1:If HC(j,d) < HC(i,d) andOC'(j,d) < OC(i,d)
Link(i, j), then it send€ongestionOver(i, j) to all its  then Node(j) can be accepted as alternate next hop if
neighbors excepNode(j). a>0andb > 0.



Case 2:If HC(j,d) < HC(i,d) andOC(j,d) > OC(i,d),
then Node(j) can be accepted as alternate next hop if

b<z=xa (2)

wherez = (HC(i,d)—HC(j,d)/(OC(j,d)—0C(i,d))
Case 3:If HC(j,d) > HC(i,d) andOC(j,d) < OC(i,d),
then Node(j) can be accepted as alternate next hop if

b>yxa (3

wherey = (HC(j,d) - HC(i,d))/(OC(i,d) - OC(j, d))
Proof: Please refer to [11].
In Theorem 1 without loss of generality, we choase=

that g1 < g¢2.. < gm, Whereg;, (1 < i < m) are the
distinct greater thanconstraint parameters.

Similarly SLT,;(d) contains all thdess thanconstraint
parameters and LT (d) is the corresponding ordered list
for distinctless thanconstraints i.eSLT(d) is given by
(I1,l2,...4n), such that}, < ls.. < I,, wherel;, (1 <i <

n) are the distinctess thanconstraint parameters.
GTmin(s,d) represents the minimum value among all
the greater thanconstraint parameters dVode(s) for
destinationN ode(d).

Similarly, LT},.2 (s, d) represents maximum value among
all the less thanconstraint parameters dVode(s) for
destinationN ode(d).

1 for all destinations. Now the task is to determine value « No_of_Constraints-GT(g;,d) represents the number of
of coefficientd. For this purpose, we define two notations  GT constraints that will be satisfied if; < b < git1
GT(i,p,d) and LT(i,p,d) representing the constraints on  whereg; andg; 1 belong toSGT'(d). If C{ is the number
value ofb. of greater thanconstraints inSGT,;; (d).

« Inthe casel and3, the value ofb should be greater than

. — g9
0 andy respectively. Since is a positive quantity, the No-of ‘CO"Strm.ntS‘GT(gl’d) - Clg )
two constraints can be combined to one constraintihat No-of _Constraints-GT(gi,d) = C;
should be greater thajn We refer to it aggreater than + No.of _Constraints GT(g;—1,d) (5)

(GT for short) constraint. The'” greater than constraint ]

of Node(i) for destinationNode(d) is denoted byb > wherel <i <m. .

GT(i,p,d). Thus, for a destinatiodVode(d) if the pth ~ « Similarly No_of Constraints_LT(l;,d) represents the

greater than constraint is due to neighbésde(j) then number of LT constraints that will be satlsflecjll;f_l <

GT(Z,pa d) is equa' toy given in equation(g)_ b< lz Whereli_l and lz belong tOSLT(d) If Cz is the
« In the case, the value ofb should be less than. Simi- number ofless thanconstraints inSLT,,(d) , then

larly, we denote the'” less than(LT for short) constraint

. e
of Node(i) for destinationN ode(d) by LT'(i, p, d). Thus, No-of Constraints_LT (I, d) = Ch, (6)
for destinationN ode(d), if the p'" less than constraint is No.of Constraints_LT(l;,d) = C|
due to neighboiVode(j) then LT (i, p, d) is equal tox + No.of_Constraints_LT (i1, d) 7)

given in equation(2).

Thus, for a particular destination, if a node satisfies
number of constraints (LT and GT), th@otentiallyit hasm Now we introduce theobjective functiorthat is used for
alternate paths for that destination. But omly(0 < n < m) our coefficient calculation. This function is designed irctsu
out of them potential alternate paths will actually be useé way that the number of alternate paths is maximized with
for alternate path routing, depending on thetwork wide the constraint that maximum number of nodes will have at
operational value ob decided by our algorithm. Thus, fixingleast one alternate path. The objective function takes four
the network wide value afperationalb (denoted aé,,(d) for ~argumentsilow_limit and highlimit specify the range in
destinationN ode(d)) appropriately is crucial for the efficient which the value ob is tested foroptimal operational E-LSR
operation of E-LSR algorithm. Remember that we are trying twefficient. Path(i, j) represents the path along which the
provide QoS along the ospf path of an ingress nddele(s) optimization criteria is appliedNode(d) is the destination
and an egress nod¥ode(d) (Node(d) is the destination). node.

Let this path be denoted byspfPath(s,d). The criterion Pprocedure 1 objectivefunction{ow limit, highlimit,
used for choosing the value 6, (d) is that the total number pu1(; ), Node(d))

of alternate paths is maximized subject to the constrait th—-

maximum number of nodes inspf Path(s,d) have at least for all mode(p) in Path(i, §) do

one alternate path. The rational behind this optimizatiothat L o i ) O gt it S ETaman(p ) fen

there will be more number of nodes which has alternate paths  enair
to avoid congestion along the ospf path and hence it will lead "' number o nodes it i, 5) having at feast one atemnate pain

to better performance. NowofaconstraintsGT (lowdimit. a0 T (highotimit @)

In Subsequent dISCUSSIOI’lS, OUI’ fOCUS W|” be On the OSpf Z.NUWmrepresentstmalnumberofaltematepatHsiakesavaluebetweah)w_limz't andhigh.limit
path ospf Path(s,d) between an ingress nod€ode(s) and cmEmem
egress nodeVode(d) with the egress nodé&ode(d) being
the destination. We introduce few more notations which areThe above objective function defines two parameters,

needed to calculate,, (d). namely, » and m. n represents number of nodes with at
 For destinationNode(d), let SGT,;(d) contains all the least one alternate path andrepresents number of alternate
greater thanconstraint parameteiGT (i, p,d) of all the paths other than those alternate paths (if the value @fis
nodes along the ospf path. Now remove duplicate entriesosen betweetvw_limit and high_limit). The final value
from SGT,;(d) and sort them in increasing order. Letreturned is(N * N xn + m). The following theorem shows
this sorted list beSGT'(d). Let there bem elements in thatobjectivefunction()will always return a value that would
SGT(d) denoted by the ordered lisgi(g2,...gm) Such represent maximum alternate paths subject to the conistrain

wherel < i < n.

intn =0, m = 0;

AownhR

m =

9. retunN + N « n + m; /* N is the total number of nodes */




that maximum number of nodes have at least one altern&tgorithm 1 coefficientcalculationfspf Path(s, d))
path 1: valueold = 0;

2: In finity = alarge number such that it is greater than any constranainpeter (LT or GT);
/* Go through all greater than constraints in increasingeortd
/¥ m is the number of elements I8 G T (d) */
. if m = 0 then
L bop(d) =11 — ¢ /* where(l] —e) > 0%
I* n is the number of elements if L T'(d) */

g else ifn = 0 then
7

| | |, LessThan Constraints
1 ) ‘

—
—+—

|
t
[ 5,9, g, Greater Than Constraints bop(d) = gm + & I+ where (g + €) < Infinity */

. elseifly > gm then

8 bop(d) = (gm +11)/2
8: else
V2= objecive funcion (g, 1 Paths,d) Node(d) 10:  sGT'(d) = insert0 to the beginning ofS G T'(d);
11: SLT'(d) =insertIn finity tothe end ofS LT (d);
V3= objectve._function (g 1 Path(s, ), Node(d) 12:  forall constraintg; in SGT’(d) do
13: find next high value inS LT (d), letit be
14:

VL= abjctive_funcion (g, Patis, ), Node(c)

Fig. 2.

with at least one alternate path to a destinatiosde(d) and

m be the total number of alternate paths excluding these 22:

Coefficient calculation for destinatiaNode(d) along Path(s, d) i?

Theorem 2:When the E-LSR coefficienk is chosen be- 18
tweenlow_limit andhigh_limit, letn be the number of nodes %é;

if gj4q1 < lj then
continue;
end if
value = objective-function(g;,lj, ospfPath(s, d),
Node(d));
if value > value.old then
bop(d) = (g; +1;)/2;value.old = value;
end if
end for

end if

alternate paths in the topology. I¥ is the total number of
nodes in the topology, thefiV? x n + m) represents a value

that leads to maximum alternate paths subject to the camstraode to some other nodes in the topology. But a new link can
that maximum number of nodes have at least one alternaifly be added in topology if the following two constraintg ar

path.
Proof: Please refer to [11].

The coefficient calculation routine makes use aijjec-
tive_function() to get the optimal value ob along the ospf
path from Node(s) to Node(d). This path is denoted as
ospfPath(s,d). It first checks for trivial cases, where there
may be only LT constraints (step 3) or only GT constraints
(step 5). Then in step 13 and 14, note that constraint pa-
rameters are not exhaustively tested for optimality. ladte
only intervals between two consecutive GT and LT constraint
where the LT constraint parameter is greater than the GT
constraint parameter, are tried. To understand this, refer
Figure 2. Since GT constrainf; and LT constraint/; are
consecutive and, > gy, the interval is tested for optimality.
There is no point in trying the intervdl,, ¢g»), since a value
of b in that interval will produce at least one less alternate
path than & value chosen in the intervéy; , ;) (it will lose
alternate path correspondingitq. Similarly, interval(g, g3)
should not be tried, because it is better to get a valué of
in the interval(gs, l>) so that at least one more alternate path

satisfied.
1) OSPF Constraint: ospf path should remain un-

changed even after making changes to topology. Let
ospfPath(A, D) be the ospf path betweeNode(A)

and Node(D). Also, assume that there is no alter-
nate path fromNode(A) to destinationNode(D) and
Node(B) is a neighbor ofVode(A) which is not present

in ospfPath(A, D). A new link Link(A, B) with link
costCost(A, B) is put to provide an alternate path for
Node(A) to destinationVode(D). If ospf path fromA

to D should remain unchanged then

OC(A, D) < OC(B, D) + Cost(A, B) @)

) E-LSR Constraint: A new link should only be added

from Node(A) to Node(B) for destinationNode(D)

if Node(B) can become eligible alternate next hop of
Node(A). Node(B) has to satisfy one of the cases in
Theorem 1. Note that the cost @fink(A, B) does not
play a role in E-LSR constraint.

(corresponding tqy3) can be obtained. Hence, step 13 and In order to explain the algorithm for topology guide-
14 examine only consecutive LT and GT constraints, wheliaes, we will define these constraints in the following
the LT constraint parameter is greater than the GT constraway. LSR_constraints(A, B, D, b,,(net)) returns TRUE
parameter. The algorithm then computes an objective fanctiif Node(B) can become eligible alternate next hop of
value for b that belongs to this selected range. Finally, th& ode(A) for destination Node(D) when operating E-
value of b which results in maximum objective functionLSR coefficient isb,,(net). Otherwise, it returnd"ALSE.

value is chosen as operating E-LSR coefficieny, (d)) for
a destinationNode(d).

OSPF _constraints(A, B, D) returns the minimum cost of
Note that, with little modification, Link(A, B) for destinationNode(D), so that ospf constraint

this coefficient calculation algorithm can be used for npléti given in equation (8) is satisfied.
ingress-egress pairs. It is clear that the time complexity o Service provider will specify a set of nhodes on ospf path
coef ficient_calculation() is O(N?). The coefficient calcu- for which alternate paths need to be provided. Let this set

lation algorithm reported in [3] has time complexity@f N*).

So it is a significant improvement.
IV. TOPOLOGYGUIDELINES

be nodes_to_be_protected(D) for destinationNode(D). The
following theorem enables our topology guideline algarith
in making topology decision efficiently.

Performance of E-LSR depends on nodes having E-LSRTheorem 3:Let Node(i) be a node onospfPath(s,d)
alternate paths, which in turn, depends on the topology dm Node(s) to Node(d), for which an alternate next hop
the network and the costs assigned to the links. If a nodeigto be found. LetVode(p) be the closest (in terms of cost)
the ospf path does not have any alternate path to a particulaighbor of Node(d) which is not inospf Path(s,d). For a
destination node, then the performance of E-LSR algorithgiven operating E-LSR coefficiemt,,(d), if Node(p) cannot
will be affected. To overcome this problem, we propose @e an eligible alternate next hop féfode(i), then no other
algorithm thatmay suggest to establish new links from thimnode in the network can be an alternate next hop.



Algorithm 2 T'opology-Guidelines(nodes_to_be_protected[], ~ 1) Scenario A:This scenario simulates voice traffic along

) . i i
ospfPath(s,d)) the ospf path. We model each voice traffic flow as
1: Let theobjective functiorvalue that led to existing E-LSR coefficiehtp (d) be O B Jy, . Constant B|t Rate CBR traffIC W|th bandW'dth re Ulre-
P op
2. Find the node im odes_to-be_protected(d) which has least OSPF cost to destinatidiode(d). Let ment of 64kbps (packet size 160bytes and interval :
this node be denoted adosest-node(d). .
3: sind tIhde clclsest neighbor L;{bdestlr;atidﬁcde(d) which is not inosp f Path(s, d). Let this node be 002 SeC) A numbel’ Of SUCh ﬂOWS deSt'ned tO n(ﬂe
osest_-net or . .. . . .
B TS T it ode(d)s elosestmeighbor originate at noded. Thus, it simulates the scenario of
Be e e e e rotected(d) do voice flows sent along the ospf path from source node
O B oneEink(Node(e) closestncighbor(d) of cost A to destination nodé&:.
(), Node(d)y o eenesimener 2) Scenario B:This scenario simulates data traffic along
. end for . .
é: else the ospf path from source nodé to destination node
I forall Node(z) in nodes-to-be-protected(d) d ; : ¢ ;
10 DI'Ae;sume thatLink(Node(z), cloiesi_neighbar?d)) is present in topology. G EaCh ﬂOW IS Exponentlal ON/OFF traﬁlc (paCket Size
110 endfor . . o . : 576 bytes [14], mean ON periodi0msec, mean OFF
/* Due to Theorem 3, we cannot find alternate next hop viith, (d), we need to find a different operating . ..
. E-LSR coefficient. ¥/ o o period :50msec, average ratel28kbps) and originates
12: Recalculate E-LSR coefficierit on the new topology for destinatioW ode(d). Let it be bop (d) and the .
corresponding objective function valued@B Jy, . fl’om nOdeA a.nd tel’mlnates at no(@.
op
13: oy, > 0B, tn We generate cross traffic in other paths in b&tenario
igf bop (4) = bopd.. A and Scenario B to account for the network traffic flowing
18 e e ey otecteatd @ through other nodes. This cross traffic is generated asaisilo
17 :;Z““-"eigffbf(d% fzoddd)l’ bop (4)) }heib ) f source and destination nodes are chosen randomly from among
: OSPFconsiraints(Nodels), closestintiahbartiy, &) “ all the nodes in the network. Then each source and destinatio
ig o pair exchange traffic which follows poisson distributiorttwi
S endit average rate of4kbps.
21: endif
B. Results

Proof: Please refer to [11] For performance comparison between E-LSR, LSR and
| ; y P : OSPF algorithms, we have usaderage delayf packets and
The algorithm for topology guidelines is as Shown%ercentage packet drof®PD) as performance parameters. The

in Algorithm 2. We first check whether the node fro . : .
. umber of voice flows and data flows is gradually increased
nodes_to_be_protected(D) which has the least OSPF cos n Scenario Aand Scenario Brespectively.

to destination Node(D) (say Node(p)) can have eligible : . . .
. Figure 3 shows the average delay of voice flowSaenario
alternate next hop in topology. Wode(p) can have alternateA for different routing algorithms, as the number of voice

path then all other nodes fromodes.to_be-protected(D) = ¢ increases. Clearly, average delay in the case E-LSR is
will have the same eligible alternate next hop for destin Ssser than LSR which is lesser than OSPE. The maximum
tion Node(D). This is due to the fact that other nodes i eductions in average delay of E-LSR &% aﬁd67% over

nodes_to_be_protected(D) have greater hop count and ops ; ;

cost thanVode(p). From Theorem 3, if the least cost neighbo esrsu?ensfjp(;slf elisr?hsr%icgtﬁ/ Zﬁi’éﬂ ;tgepz\t/ﬁgtv%fﬁn%ﬁ% l';)SR
of destinationNode(D) cannot be eligible alternate next ho lav than OSPE. But E-LSR performs even better than LSR
for Node(p), then no other node can become eligible alterna Y ' b

next hop for Node(p) (step 8). In that case, we have td terms of delay. This can be explained as follows. LSR

. _ e Iculates operational coefficient such that the total remb
recalculate the value of operating E-LSR coefficient. Nogalternate paths in the entire network is maximized. But E-

gft?L%tgeig\&iglgﬁt“?Q fgi'g eth(;%”?)?)?: aﬂ/lggﬂ'jﬂ ng\r/]v \\ZIIS SR maximizes total number of alternate path subject to the
corresponding to existing E-LSR coefficient then we corgin onstraint that maximum number of nodes should have at least
- ‘o o : ne alternate path. For our simulation topology, nétidoes
with the existing value of E-LSR coefficient otherwise w
o ot have any alternate path and noBehas three alternate
change the value of E-LSR coefficient to the new value. The . .
we identify the nodes which can be provided with at least o gths when LSR is used, whereas when E-LSR is used, both
alternate path with the new value of E-LSR coefficient 0de B and nodeC’ have at least one alternate path. Also,
' E-LSR always chooses the least cost alternate path among all
. V. PERFORMANCEEVALUATION available alternate paths whereas LSR chooses one randomly
A. Simulation Topology In Scenario Bthe same trend is observed across the three
The topology used in our simulation is shown in Figure &lgorithms (Figure 5).
We have chosen Nodé as ingress node and Nodg as the Figure 4 shows the corresponding comparison based on PPD
egress node for our experiment. The ospf path from nddein Scenario A Here also E-LSR has lower PPD than LSR
to nodeG is A, B,C, D, E, F,G. Thus, QoS will be provided which is lesser than that of OSPF. The maximum reductions
along this path. ospf costs of the links are shown in the figuie PPD of E-LSR are71% and 81% over LSR and OSPF
Cost of links are assigned according to the guideline giveaspectively. One interesting observation for E-LSR i tha
in [12] as follows PPD decreases even when the number of flows increases from
cost = [1000000/link bandwidth in bps] (9) 2to6. This is because, for that range of number of flows, E-
LSR started rerouting packets through alternate pathsshwhi
All the links along the ospf path are monitored for congesre not much congested. The effect of E-LSR alternate path
tion. The congestion threshold is setd@ i.e if utilization of routing is experienced more as the number of flows increases,
a link exceed®0%, then the link is assumed to be congestedvhich leads to decrease in PPD. But when number of flows
Our simulation is done using NS2 simulator [13]. We haviecreases beyon@l the alternate paths also become congested.
simulated different scenarios as follows. Hence, PPD increase beyond this point. The same behavior is
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not exhibited by LSR algorithm because it chooses an alterngerformance of E-LSR and propose an effective route flapping
path randomly. This leads LSR algorithm to choose inefficiemechanism for it. We would like to study how traffic can be
alternate paths. The same trend is observed across the tls between the ospf and the alternate path to improve the
algorithms inScenario B(Figure 6). performance. We want to look at different schemes of spjtti

In order to show the effectiveness tfpology guidelings the traffic between the ospf and the alternate paths: eqligl sp
we specifiednodes_to_be_protected(G) = {D, E, F} (since splitting based on the relative cost of the paths, splitiaged
they do not have alternate path). The closest neighbor @i the current load along the paths. In this paper, we pravide
destination nod&? which is not inospf Path(A,G) is node topology guideline for one ingress-egress pair. We woue li
K (or node@). Since nodéeX is not an eligible alternate nextto extend it to multiple ingress-egress pairs.
hop of nodeF (which is the closest node to the destination ACKNOWLEDGEMENT
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