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What iIs GMPLS?

A Developed from MultProtocol Label Switching (MPLS)

A Designed to control a variety of devices, such as IP routers,
DXC, OXC and others

A Provides routing, signaling and other functions

A Routing

I Topology discovery and route computation
A Signaling

I Provisioning of Label Switched Paths (LSPs)
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LSP provisioning in GMPLS

A With GMPLS, LSPs may be provisioned through

l.  Network Management Systengy clicking on the
starting and ending network element of the LSP

lI.  User Network Interface by sending a request on a
standardized interface, may be embedded in an
application

A More convenient and muchfaster than traditional
per-hop provisioning (NE based)

A This opens up opportunities forew applications
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| essons learned

A Real demand

I Science, even commercial applications are generdititge amounts of
data

I Computing islands with huge computing power are being built
A Private, public, scientific and commercial
A They aredistributed

A Connecting such systems with optical networks
I Aheavy weightbut seemdeasiblesolution

A What is the challenge?

O Applications arelynamicin general, can GMPLS provides such
dynamicity?
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3TNetc a regional testbed in China

A Duration: 2001~2007
A Funding body: China High Tech Program (863)
A Total budget: 250M RMB (35M US$)

A Purpose: to build afP+Opticabverlay network to support
reaktime media (IPTV) distributiceind high speed internet
access

A Current status
I Operational in Eastern China (Yangtze River Delta)
I Carrying 250K users (household + campus)
I 1st phase concluded, 2nd phase already started
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LSP provisioninghe 3Tnet example
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Performance Dimensioning in 3TNet

A At the time of designing the application models, GMPLS
Implementation is not available/mature
i Yr. 20022003
I Limited information about LSP provisioning performance

A Finally, a fairlypessimistiand simple estimation is used
I LSP setup delay: 1 second
I LSP release delay: 1 second
I No LSP setup failures

A This estimate results ilow network utilization ratio
I Less than 80%
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Performance of dynamic P2MP operations

UNI-C NE 1 NE 2 UNI-C

Setup 2 70
Grafting 3/4 56/63
Pruning 4/2 23/22
Teardown 2,34 335

NB: Data obtained at 05/2006 by CATR

Conclusion: Tree operation in the GMPLS control plane can well
meet typical application needs.

See more: Xueqing Wei, Yaohui Jin et al., ECOC 2005, Sept. 2005
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Performance of dynamic P2P LSP provisioning

Delay vs. time

Setup Delay for a 2 hop LSP
1000
800+
800 -
600+
600 -
400 - m Setup Delay
200 -
O —
09/2004 05/2005 10/2005 10/2006

Data source: Obtained by testing equipments fromultiple vendet;
ConclusionY *SYR2NBRQ AYLI SYSVY U I Apks

sunwg@sjtu.edu.cn ACCESS 2009, Honolulu, USA, Nov. 2009



Performance of dynamic P2P LSP provisioning

Delay and variance vs. number of hops (num. of NES)
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Performance of dynamic P2P LSP provisioning

Delay and variance vs. number of hops (num. of NES)
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Performance of dynamic P2P LSP provisioning

Delay and variance vs. traffic load
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w About the test
¢ LSP contains 2 hops (2 NES)
¢ Variable interarrival time, fixedholdtime

w Conclusions

¢ Mean and variancencreasess traffic loadncreases
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Performance of dynamic P2P LSP provisioning

Something that is not intuitive
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Conclusion: provisioning delay may be dominated by
determlnlstlc factors and IS |mplementat|on dependent

expenences submltted to IEEEComMag June, 2009. Also available at: http://front.sjtu.edu.cn/~sunwg/
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Conclusions on Performance Measurement

A Characteristic of GMPLS LSP provisioning

I Implementations of GMPLS signaling is getting stable

A With typical LSP setup delay-I60ms per hop (for GMPLS controlled SDH
devices)

I Randomness increases when the number of hops increases
I Can be highly implementation dependent

A There may be dominating factors
I May encounter setup failures, esp. when traffic load is high

A Implications to application design

I To build robust applications, applications must take into account
A random delay
A Setup/release failures

I Mathematical modeling?

A Difficult, because of deterministic factors that are implementation
dependent
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A Ways to improve provisioning delay/stability
I Fine tune execution path in signaling protocols
I Use control element with more computing power
I Improve interaction between DP and CP
i X
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The GMPLS LSP Dynamic Provisioning Performanc
Metrics (DPPM)

A draft-ietf-ccamplsp-dppm
I First submitted on Feb. 2007
I Now in IESG review (as of Dec. 1, 2009)

A Defined a set of metrics to characterize dynamic LSP
provisioning in GMPLS networks
I (single/multiple)Uni/Bi-directional LSP(s) setup delay
I LSP graceful release delay

A Typical testing cases to obtain samples of metrics
I When no LSP existsclean network
I When a number of LSPs exist®aded/operational network
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The MPLS protection drafts

A Motivation and Methodologieg two drafts
A Current status: in Working Group Last Call (as of Oct. 2009)

A Defines metrics that relates to an LSP failure

I Failover packet loss, reversion packet loss, failover time, reversion time
and additive backup delay

A Methodologies can be used to characterize
I Automatic Protection Switching (APS)
I Virtual Router Redundancy Protocol (VRRP)
I StatefulHigh Availability (HA)
I Fast Reroute (MPLEERR)
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Remaining gaps (l)

A Control plan vs. data plan

O There may be differences in completion of the signaling process and data path
configuration

O Possible causes:
O Implementation deficiency
O Efficiency consideration
O Hardware constraint

O Recent drafts
O KoheiShiomotoet al., when it is safe to send data? IETF CCAMP, March 2009

O Weigiang Sun et al., Label Switched Path (LSP) Data Path Delay Metric in
Generalized MPLS/MPIT& Networks, IETF CCAMP, June 2009
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Remaining gaps (I)

A Defining a GMPLS performance MIB?
I Probablyyed

I For operators to monitor the provisioning performance in rexae
I May help to identify control plane performance degradation in
advance

I Especially useful when network is dynamic, i.e., LSPs are frequently
setup/released
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