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ﬁbfﬁrsagg—This pahper proplcl)sgsé a kéierafrchicalI _Iallbel-switcheoll Time,
pat %) setup scheme, called ConSet, for multi-layer general- :
ized multi-protocol label switching (GMPLS) networks. ConSet (1111 1]
allows a Path message to be tfransmitted to the downstream
neighbor node without waiting for the establishment of the \ Peh (igher orden) ———»
higher-order LSP, Confirmation of the establishment of the | e i Resy (igher order) +——
higher-order LSP is performed at the ingress node of the higher- Pt Jower xda) e
order LSP before a Resv message of the lower-order LSP is Reov (awer orde) -
transmitted to the upstream neighbor node. ConSet is able to set
up hierarchical LSPs faster than the sequential scheme.

Index Terms— GMPLS, signaling, RSVP, multi layer

|. INTRODUCTION ( )> ] )

Lower-order LSP

Generalized Multi-Protocol Label Switching (GMPLS) is Higher-order LSP
being developed in the Internet Engineering Task Force (IETFY. 1. Sequential scheme
[1]. It is an extended version of Multi-Protocol Label Switch-
ing (MPLS). While MPLS was originally developed to control
packet-based networks, GMPLS controls several layers, such-he sequential scheme is possible within the existing GM-

as IP-packet, Time-Division-Multiplexing (TDM), wavelength o) 5'rsvp protocol [4], [5]. However, it takes the sequential

and optical-fiber layers, in a distributed manner. cheme a lona ti ; ;
. g time to establish a lower-order LSP, especially
A photonic MPLS router has been developed by NTT [2];hen the number of hierarchical levels is large and/or when
It offers both IP/Multi-Protocol Label Switch (MPLS) packettge hop number of the high-order LSP is large.

switching and wavelength-path switching. Wavelength path ’%his paper proposes ConSet, a concurrent a hierarchical-

called lambda label switched paths (lambda LSPs) are set setup scheme. ConSet allows a Path message to be trans-

released in a distributed manner based GMPLS. Since ; - e

. Pty = nited to the downstream neighbor node without waiting for
photonic MPLS router has both types of switching capabilitighe establishment of the highe?—order LSP. The confirmat?on of
and can hﬁ‘”dle GMPLS, it en@blesfus to preate,hm a dlsérlbul § Gatablishment of the higher-order LSP is performed at the
manner, the optimum network configuration with regard to ngress node of the higher-order LSP before a Resv message

and optical network resources. Multi-layer traffic engineeringeina jower-order LSP is transmitted to the upstream neighbor
which yields the dynamic cooperation of IP/MPLS and opticgioqe 'ConSet can set up hierarchical LSPQS faster thgn the
layers, is required to provide IP services cost-effectively. No, quential scheme.

that a packet LSP and a lambda LSP correspond to t

lower-order LSP and the higher-order LSP, respectively. In the

following, we use terms of "lower-order LSP” and ”higher- Il. CONCURRENTSCHEME

order LSP” when describing general signaling procedures. We describe the use of ConSet in setting up a unidirectional
The concept of hierarchical LSPs was introduced in [3LSP for simplicity, but it also supports bidirectional LSP setup.

The GMPLS signaling protocol RSVP (Resource ReSerVation

Protocol) allows hierarchical LSPs to be set up. When a new

lower-order LSP is set up, the lower-order LSP setup triggers ~ Time )

the establishment of a higher-order LSP, if it does not exist; ‘ [T
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the lower-order LSP uses the higher-order LSP as a link along ]
the lower-order LSP. Here, the higher-order LSP is taken as &

TE link of the lower-order LSP. The bandwidth of the high- , Rese (igherorde) <~
order LSP is equal to or larger than that of the lower-order e o
LSP.

A hierarchical-LSP setup scheme was described in [1].
Fi%ure 1 shows an example of the hierarchical-LSP setup
scheme based on GMPLS RSVP. Node 1 transmits a Patt 0 ) ] )
message to node 2 to setup a lower-order LSP. The lower- =
order LSP setup triggers the establishment of a higher-ordel Higher-order LSP
LSP as a link at node 2, which is an ingress node of th. 2. ConSet
higher-order LSP. The higher-order LSP is setup from node
2 to node 5 by way of node 3 and node 4. Node 2 waits to Figure 2 shows the ConSet procedure. Node 1 transmits
transmit a Path message of the lower-order LSP to the next hpjPath message to node 2 to setup a lower-order LSP. When
node, node 5, until it (node 2) receives a Resv message fragde 2 receives the Path message, it initiates the establishment
the higher-order LSP. In other words, the Path message of tifea higher-order LSP, if necessary, as a link of the lower-
lower-order LSP is transmitted to the downstream neighberder LSP. The lower higher-order LSP is established at node
node, only after a higher-order LSP is established. We call which is the ingress node of the higher-order LSP. Node

Path (higher order) ——*

this scheme the sequential scheme. 2 transmits the Path message of the Tower-layer LSP to its
downstream neighbor node, which is node 5, without waiting
1Eiji Oki is a corresponding author for confirmation of the establishment of the higher-order LSP.



In other words, node 2 does not wait to receive a Resv messaf¢he lower-order LSP dominates the lower-order LSP setup
for the higher-order LSP before it transmits the Path messagee. This is the case presented in the example shown in
of the lower-order LSP to its downstream neighbor node. Figure 2. On the other hand, wheén; > hys + 1, the Resv
When node 5 receives the Path message of the lower-orde¥ssage of the lower-order LSP arrives earlier than the Resv
LSP, the node must not issue a PathErr message, even if tiessage of the higher-order LSP. In this case, the arrival time
higher-order LSP, has not been established between it and noflthe Resv message of the higher-order LSP dominates the
2. This is because the higher-order LSP is in the processlofver-order LSP setup time. Whery = hyo + 1, the Resv
being established. messages of the lower-order and higher-order LSPs arrive at
When the destination node, node 6, receives the Path miiee same time. In examples of Figures 1 and’'2= 13p and
sage of the lower-order LSP, it also does not issue a Path&yr= 9p.
message, even if the link, i.e., higher-order LSP, has notThe reduction effectk, on the LSP setup time offered by
been established between it and its upstream neighbor nodenSet compared to the sequential scheme is given by,
The destination node issues a Resv message for the lower-
order LSP, whether the higher-order LSP has been established poLi—Tc 3)
between it and the upstream neighbor node or not. T,
When a node receives a Resv message of the lower-order L
LSP, the node must not issue a ResvErr message eveM$ing Egs. 1, 2, and 3% is given by,
the higher-order LSP, has not been established between the oo )
node and its downstream neighbor node, provided that the St if hg < hpa +1
time elapsed since the first Resv message of the session was 1= dhy/3+2 if iy > hpo+ 1
received at the node, has not exceeded a guard time, which is 2hp1+4hro+2hu+3 :
defined for ConSet. In this case, the node receiving the Resv
message ignores and discards it. The node issues a ResvErr
message, If the higher-order LSP has not been established
between the node and its downstream neighbor node only if the
elapsed time exceeds the guard time. A node receiving a Resv
message for the lower-order LSP transmits a Resv message
to its upstream neighbor node after the higher-order LSP is
established between the node and the downstream neighbor
node, in other words, after the node receives a Resv message
of the higher-order LSP, provided that the elapsed time has
not exceeded the guard time. @h,=0 ®h,=s
If the ingress node receives a Resv for the lower-order LSRy. 3. Reduction effect for lower-order LSP setup time
the lower-order LSP is established after the higher-order LSP
is established between the ingress node and the downstreamhe numerical results gained from Eq. 4 usitig; = 0 and

“4)

neighbor of the lower-order LSP. _ Hy, =5 are shown in Figure 3. The difference in LSP setu
us, ConSet is able to set up hierarchical LSPs faster thgfles between the sequgential scheme and ConSet, WhiChpiS
the sequential scheme. T,—T,, does not depends diy, . Therefore, the smallefl,
is, the largertR is, as shown in Figure 3. We also observe that a
[Il. COMPARISON OFLSP SETUP TIME ridge appears wheh g = hry+ 1. This means that ConSet is

We compared LSP setup times for ConSet and the sequenfiigist effective when the Resv messages of the lower-order and
scheme.Nj,, gress. . @Nd Ngreqs 1, are the ingress node andhigher-order LSPs arrive at the same time. For example, when
egress node of a lower-order LSP. When the lower-ordep = hr2 +1 = 4 andhyy = 0, the LSP setup reduction
LSP is setup, an new higher-order LSP must be setup frtiect is more than 60%.

Ningress,H to Negress,Ha w ereNin ress,H andNegress,H are
the ingress node and egress node of a higher-order LSP. We IV. CONCLUSIONS

?\?sume th%tnlcljntlilsogoerftrgfﬁl\(f)wer-ordteor ZIQSP rdmg%eg‘i’r’éég This paper proposed a concurrent hierarchical-LSP setuB
esl?é]lgfi?hléd For the Iower-%qrréésr’{sp té(iregsﬁ%h be they scheme, called ConSet. ConSet allows a Path message to be
number of hops fromV: to N 1 andlighat from transmitted to the downstream neighbor node without waiting
N t ][\3[ mgmsv% | ’I’ggm:[SHH high-ord LSPf-Or the establishment of the higher-order LSP. The confirma-
cqress, i 10 Negress 1,respectively. For the high-order tion of the establishment of the higher-order LSP is performed
let hzr be the number of hops froViygress i 10 Negress. 1= at the ingress node of the higher-order LSP before a Resv
We assume that LSP setup times are mainly dominated Bssage of the lower-order LSP is transmitted to the upstream
the time to process signaling messages at each node. fyhbor node. Numerical results showed that ConSet is able
transmission time of signaling messages is assumed 10 1g&et yp hierarchical LSPs faster than the sequential scheme.
included in the processing time. Therefore, only the processifig also observe that ConSet is most effective when the Resv

time for signaling messages are discussed hereatfter. 3 i y i
The setup times for the lower-order LSP and the highqﬂgsssgr%%sti%éhe lower-order and higher-order LSPs arrive at

order LSP are denoted & and T, respectively. The pro-
cessing time at each node is definedpag is assumed to
be the same at every node. Therefore, the LSP setup time is REFERENCES
equal to (the number of nodes in which the 5|gnalln% packets] A. Banerjee, J. Drake, J. P. Lang, B. Turner, K. Kompella, and Y.
are processed at each node.p. T, andT, are given by, Rekhter, “Generalized Multiprotocol Label Switching: An Overview of
’ } ,\S/Ilgnallng %Egigien]ertgo%qd Recovery Techniques,” IEEE Commun.
= ag., . - , JUl. .
Ty = (2hr1 +4hpa + 2hpg + 3)p @) [2] K. %atg‘,) N. Yamanaka, Y. Takigawa, M. Koga, S. Okamoto, K. Sh-
iomoto, E. Oki, and W. Imajuku, “GMPLS-based Photonic Multilayer

T. = {2hL1 4 max(th +3,2hy + 1)}p Router (Hikari Router) Architecture: An Overview of Traffic Engineer-
. Kompella et al., IETF draft, draft-ietf-mpls-Isp-hierarchy-08.txt,
Note that whermhy < hrs +1, a Resv message of the higher- _ Description,” IETE RFC 3471, January 2003.

in69 and Signalin% Technology,” IEEE Commun., vol. 40, no. 3, pp.
= @hot bz 3 i ha Shia+ 1 oy g @ iGmpeia ot 4
(2hpy +hg+1)p if hy > hpo + 1. September 2002. (work in progress)
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order LSP. In this case, the arrival time of the Resv message



