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DBR server

Abstract—We propose an approach, called design-based
routing (DBR), whereby optimized paths computed offline
are used to guide online label swicthed path setups. By
means of simulation, we show performance improvement of
DBR compared to standard SPF and CSPF under static and
dynamic connections with different protection modes. The
results emphasize the robustness of DBR even in the face of @S
substantial uncertainty in traffic demand estimate.

I. INTRODUCTION

Fig. 1. Path setup process.

A Traffic Engineering (TE) system for connection pro-
visioning in a (G)MPLS-based network involves threg tabase for future use.
components: (1) resource discovery and distribution, (2 In this model, a connection request triggers a node (typ-
path design/selection (working and protection), and (?’c)ally the ingre’ss node) to issueRath Requesmessage
path setup. Although the first and third components o . . . -

. . 0 the server, which immediately replies with an explicit
are standardized, the second component is left as aaqh(s) that is already pre-computed. We note that DBR

|mplementat|on-d_epenq|ent module. Existing |mplemen an also be extended to the case where the path computa-
tions of path design widely use shortest path first (SPE‘%l L .
ion process is distributed to all ingress nodes.

and constraint SPF (CSPF). We propose a hybrid online-

offline approach for path selection and show via simulation

that the approach outperforms the widely used schemes.
Our approach takes into account some informatidh Definitions and Notations

gbout_the traffig demand between each pair of nodes. W%e consider a network topology represented by a graph
!nvestlga_\te the impact of the accuracy of the traffic demar(»]d(v, E) whereV’ denotes the set of vertices (nodes) and
information on the performance of the proposed SCherEedenotes the set of edges (links). Each edge E has

under a variety of conditions. In particular, we considea{ capacity ofC, and a length of,. The length may be
. . . . e e-
static connectiong/here established connections stay PE€L function of actual distance or other salient parameters

manently, andlynamic connectionshere connections ar- used in the optimization criteria. Our interest in this paper

five ans dePﬁr;_gt random. We alsodcorllsuier survwal?geto focus on a transport network, where the edges and the
networks with different protection modes: (1) no Prote&onnections are typically bi-directional. Furthermore, we

tion: (2) dedicated path protection, and (3) shareo_l Path PLA< ime that each connection is a label switched path (LSP)
tection. To the best of our knowledge, path design baqﬁz/ﬂh integral multiples of a fixed capacity

on imprecise or uncertain traffic demand information has
not been quantified.

I1l. PATH DESIGN wWITH DBR

Let K denote the set of all node pairs in the network.
For static connections, the traffic demaddis expressed
in terms of the total number of connections that need to
be routed for node pait € K. For dynamic connections,
Fig. 1 shows the basic model of the path setup procdhs traffic demandy, is the offered load in Erlangs for node
of the proposed scheme, hereforth referred to as Desigairk € K. Let P, denote the set of all paths for node pair
Based Routing (DBR). The DBR server automatically cok, and letP denote the set of all paths for all node pairs;
lects the network topology and link capacities via a linkhat is,P = |J,, P,. The output of path design determines
state protocol, and collects and estimates the traffic dbe amount of demand (flow) that needs to be assigned to
mand. Based on this information, the DBR server coreach path. Let the quantity, represents the amount of
putes the optimized paths offline and stores the results idemand, in predefined fixed units, assigned to pathP.

II. DBR MODEL AND COMPONENTS



Finally, letQ. denote the set of all paths that traverse edgeabject to
e. The subsequent sections present DBR formulations for

the case with no protection. Pr{d zy>di}>1—e, VEkeK (7)
PEP
B. DBR with Static Demand Information Z Ty <Dy, Ve€E (8)
The optimal path design in DBR minimizes the total PEQe
bandwidth-length product. Furthermore, the optimization Ae <Ce, Ve€E )
problem is subject to meeting the designated end-to-end zp, >0, VpeP (20)

demands while not exceeding the edge capacities. If all _ o
connections cannot be established in the existing netwdtg IN @1, the above stochastic optimization problem pro-

due to constraint by the edge capacities, the problem ne¥§s z», the flow assignment to each path There are

to be solved in two stages. In stage 1, the demands are $fy€ral ways to solve Q2, of which the most direct solu-
propriately re-scaled to fit into the existing network. WEON is as follows. Define),, such that

leave out the stage-1 formulation in this paper for brevity.

L . f =1- 11
The stage-2 optimization problem is as follows: erf(m) k (11)
Q1(X\ x length) where 1 Ty
min 3" Aele 1) erf(z) = Nezs [ ey (12)
eckE
_ © Then the constraint set (7) can be rewritten as
subject to
Tp > di + Moy, (13)
S oz, >dy, VkeK ) p%;k g
pEPy
Thus this procedure transform to the deterministic op-
< Ao, E 3 . L ) :
pEZC; = vee 3) timization problem by substituting Eq. 2 in Q1 with Eq. 13.
Ae < Ce, Vee l (4) . DBR with Dynamic Connections
z, >0, VpeP (5)

When connections are dynamic, there is always a

The output of the optimization problem Q1 provides thi1ance of blocking even with generous dimensioning of

assignments of demands to paths for each node pair (t3€ Paths. In this case, the DBR objective is to minimize

z,). It is readily seen that when the edge capacities igtwork resource usage subject to meeting the traffic de-
arbitrarily large, the effect of performing this optimizatior{n"‘mfj up to a given level of bIock.lng pro'bablllty. Variants
is simply to let each node pair use the shortest path. In tRistiS Problem have been c.on3|dered in [1] where three
case, ho concurrent optimization is necessary. Indeed, @pProaches were proposed: complete partitioning, com-
which is minimization of the total bandwidth-length prodP!€t€ sharing and virtual partitioning. For simplicity and
uct subject to (edge) capacity constraints can be thou@lft"Ity Of the presentation, we only discuss complete parti-
of as the simplest non-trivial extension of the shortest patRNing in this paper. However, DBRis naturally extensible
routing when there are capacity constraints on the edget® 2l three approaches. _
The above formulation assumes exact end-to-end traffi¢ SSUMe that connection requests between nodekpair
demand information. However, DBR does not generallg”\'e according to a Poisson process with offered ijad
require accurate traffic demand information. To explofe/angs, and alogical path with capacity (= 3¢ p, zp)
this issue further, we assume thgt € A(dy, o) and unlts_ls aSS|gne.d_ for node paﬁ:; _Th(_en the end-to-end
reformulate Q1 when end-to-end demands are no londipcking probability for node patt is given by the Erlang

fixed but are random variables. In this case, we propose 6ormula 84/ Ly

meet each end-to-end demanlj)(with a given probabil- B(dg, Lg) = ]Ivckik' (14)
ity (1 — €). We can then formulate DBR with inaccurate 2iZo O/t

demand estimate as follows: The optimization procedure for DBR with dynamic con-

nections can be formulated as follows:
Q2(\ x length)
Q3(X\ x length)
min Y Ale (6) min Y Acle (15)

ecE eckE



subject to end demand is previously defined between a pair of nodes
k = (i,7)). Note that the demand is symmetric; that is

Bk, Lk) < B, Vk €K (16) d;j = dj;. For dynamic modelD = [§;;]. In the sub-
> ap>Ly, VEkEK (17) sequent simulation results, we consider the practical case
PEP; where the network has been designed so that the link ca-
Y z,< A, Ve€E (18) pacities are optimized (e.g., via Q1).
PEQe
X <Co, Ve€E (19)
©,>0, VpeP (20)

Note that the non-linear constraint (17) can be eliminated
by first solving forLy. In this case, the optimization prob-
lem can be simplified by using the following procedure:

Q4(\ x length)
1. ComputeL; = argminy, {B(d, Li) < B},Vk € K.
2. Solve Q1 withi, < Lj,,Vk € K (using pre-processing

P1 if necessary). Fig. 2. Network topology.

The formulation of DBR with protection (dedicated or ,
shared) follows similar approaches presented in the pfs- NO Protection
ceding discussions. For details of these formulations andwe investigate the case where connections are not pro-
the computations of link capacities for the case of accurateted. We first consider the static connection model where
static demand, see [2]. the traffic demand matrix is assumed to be accurate for
DBR. The network is initially unloaded, and a total of
>_i.j dij = 3495 connection requests are to be provisioned.

We assume a transport network that supports dynariiic emulate the online operational model, we assume that
routing (e.g., OSPF-TE) to distribute link-state informaconnection requests arrive one by one in a given order.
tion and a signaling protocol (e.g., RSVP-TE) to setup Each request is provisioned until all requests have been
and teardown connections on demands. We consider stptiscessed. The performance measure of interest here is
and dynamic connection models. In the static model, cdie total number of connections that are successfully es-
nection requests arrive one-by-one. If the connectiontablished (routed). Because the order of requests deter-
successfully routed, it will stay indefinitely (i.e., the holdmines the number of connections that can be successfully
ing time is infinite). In the dynamic model, connectiorestablished, we perform a number of trials where each trail
requests arrive at random and the holding time of a carerresponds to a given permutation of requests. Fig. 3
nection is finite. The dynamic model may be more suitammpares the performance of three path computation ap-
when the transport network is optical and the clients are plpoaches (SPF, CSPF, and DBR). In this example, DBR is
networks that use bandwidth on demand. able to route all connection requests. As expected, CSPF

The transport network may be operated under differgoérforms better than SPF. CSPF can route about 80% of all
protection scenarios depending on service requirememegjuests, while SPF can route about 75% of them.

IV. PERFORMANCEINVESTIGATION

We consider three path protection scenarios: Next, we consider the case where the traffic demand ma-
« N0 protection, trix used in DBR can be inaccurate. To model the inaccu-
« 1+1 or 1:1 dedicated path protection, and racies, we independently perturb each original traffic de-
« 1:1 shared path protection. mand,dy, by a gaussian nois¥ (0, o), properly truncated

and rounded, so that the value of the perturbed traffic de-

A. Network Model mand is a non-negative integer. The degree of inaccura-

In our simulation experiment, we consider the topologsies in the traffic demand is determined by the coefficient
of a generic U.S. transport network, as shown in Fig. @f variationc = o1 /d. The larger the value of the coef-
The network has 30 nodes and 38 links with each lirficient of variation, the worse the original traffic demand
assumed to be bi-directional. For static model, the iestimate is.
put to the simulator is driven by the traffic demand ma- We compare the performance of DBR relative to another
trix D = [d;;], for eachs,j € V (note that the end-to- path computation approach by a measure catfmupeti-
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Fig. 4(a) plots the competitive ratio against the coefficient 1 :
of variation for SPF and CSPF. Here, the expected value is ° ' (foeﬁicienfofvanaﬂjn ° °
obtained by averaging the results of 500 independent tri- (b)

als, where each trial corresponds to a particular order of _ o _ _
requests. The point where= 0 corresponds to the CaseF'g' 4. Static case with |n§ccurate traffic dgmand: (a) without
where the traffic demand is perfectly known a priori. This trunk reservation, (b) with trunk reservation.
ideal operating point reveals that DBR can route 20% more
connections than CSPF, and about 25% more connectivtile remains aggressive under normal loading.
than SPF. As expected, the advantage of DBR diminishesVe now consider the dynamic model without protec-
as the traffic demand estimate becomes less accurate (i@), We assume that connection requests arrive according
c increases). However, notice that DBR still outperforri® a Poisson process, and that the holding time of a connec-
SPF and CSPF even wherbecomes very large, indicat-tion is exponentially distributed. Fig. 5(a) compares SPF,
ing the robustness of DBR against errors in traffic demafBPF, and DBR with respect to the path blocking proba-
estimates. Notice an interesting case where SPF outgality as the normalized total offered load is varied. As can
forms CSPF as is greater thar2. The reason is that thebe seen from the figure, DBR reduces the blocking prob-
total number of connection requests increases whes ability by at least an order of magnitude less than others
comes large. This in turn causes CSPF to greedily chosg&ler moderate load. Fig. 5(b) shows the corresponding
a longer path in an attempt to satisfy the current requegtrves under heavy load. Observe that SPF outperforms
without regard to any possible future requests. CSPF when the network is congested.

It is well known trunk reservation may be applied to _
two-hop paths to reduce resource usage. The benefitsCofPrOteCtlon
trunk reservation in the context of CSPF paths is illus- We now turn our attention to the scenario where the tran-
trated in Fig. 4(b), wheré® indicates the trunk reservationport network employs path protection for each node pair.
level. If the number of available bandwidth units divide@®ath protection requires a path computation algorithm for
by the total capacity on a particular link along the CSP#o disjoint paths between each node pair. To this end, we
path that is different from the SPF path is less tiathen adopt the disjoint-path computation algorithm due to [4]
a new connection request is rejectdél.= 0 corresponds for SPF and CSPF.
to the case where no trunk reservation is applied. ;As With dedicated protection, the protection path is allo-
increases, CSPF becomes less greedy. But whdre- cated with the same amount of bandwidth as the corre-
comes too large, CSPF becomes too conservative. Notigonding working path.
that R = 5 appears effective in combating against greed The performance results with dedicated protection for
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6. Dedicated protection: (a) Static case with inaccurate

traffic demand, (b) dynamic case.

static and dynamic models are displayed in Fig. 6. As ex-

pected, DBR again outperforms CSPF which in turn ouiacies, can be utilized to improve the performance of an
performs SPF. Looking into more detail, we note two intepnline path setup mechanism.

esting observations. First, comparing Fig. 6 with Fig. 4(a),
observe that CSPF continues to outperform SPF even in
congested state under dedicated protection. This is [at-
tributed to the fact that CSPF is less able to choose long
disjoint paths than long single paths. Second, observe that
CSPF slightly outperforms DBR when the coefficient of
variation is very high. This is because CSPF has a ricHér
set of two-disjoint paths, and can take advantage of this
fact without incurring the penalty for being too greedy.

For shared protection, our simulation results show ingj
proved benefits due to DBR compared to dedicated pro-
tection. 4]

V. CONCLUSION

We have presented an approach, called design-based
routing (DBR), that utilizes a server which collects rele-
vant data, computes paths offline, and responds to requests
for routes. We showed that DBR is superior to widely de-
ployed online path computation approaches such as SPF
and CSPF under static or dynamic connections with or
without protection. Our results indicate that load infor-
mation, even in the presence of uncertainties and inaccu-
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