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SDN Taxonomy

e SDN
[5Z DSDN

Abstraction
Virtualization
* Cloud Resource Orchestration
* Service control

* Workflow Automation

e Flow/Path Programmability
Hybrid Model (vs Controller/Agent Model)

- BESEaY O—ILTL—UIEET
- Scaling, Robustness
- Fault Detection, Protection, LAG..
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SDN Taxonomy ?!

SDN-Japan 2013 : 35 sessions
M cloud/xaas

Abstraction
E Network
Virtualization Virtualization
O NFV

Cloud Resource
Orchestration

M Data-plane

SDN HI753.( ?! programmability

Service Control

E Network
Operation
Workflow
_ M Others
Automation
Controller- ) .
Agent Model RZBEHRIEILRTE !

{ Path/Flow P>
Programmability ‘
Hybrid Model

*  “Virtualization Japan” (2249 5? (JLEXTY)
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Flow/Path Programmability — lessons learnt

e LAN Emulation (LANE)

e |P Switching

IP Switch
Controller

GSMP 0 $ Control Channe
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ATHM Switch 1
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http://www.cse.wustl.edu/~jain/cis788-97/ftp/ip switching/

index.htm Z&Z(Z{ERL

Innovative,
but just emulation is NOT good !!
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http://www.cisco.com/en/US/tech/tk436/tk798/
technologies_configuration_example09186a00801c2d73.shtml



Flow/Path Programmability 2L D Hf=H
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Segment Routing

Network Service
Chaining

Policy-aware
forwarding

REELEE! .




Segment | ng — Background
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Segment Routing

MPLS Segment
Routing
BREA YA | LDPAORSVPIZLY | IGPIZ&LY
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Segment Routing — = E1E

IGP flood
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« &/—FIEZB5SDSegment IDZ. IGPIZKYLERT 5

« OSPFMDI5HE. opaque LSAZ{# [ (draft-psenak-ospf-segment-routing-extensions)

o 2FEFEMDSegment ID

e Node Segment ID (Node-SID) : /—k~(Mbest pathx 3R

« Adjacency Segment ID (Ajd-SID) : € 237 — A~ Done hop path
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Segment Routing — = E1E

SR-Tunnel
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2z

User packet

User packet

User packet

User packet
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(Segment ID=global significant <->c.f. MPLS Label = local significant)




Segment Routing — Controller|Z & 4 il il
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Segment Routing - Controller|Z &4 i1
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Segment Routing - Source Routing
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Controller : PCEP Capability Negotiation

1 2 3
/’ 012345678901234567890123456789°01
. 7 B s o St I S o S
SR Cap TLV in PCEP . | Type- TED | Lengthed
Open message /’ Fotetetet ettt et ettt ottt ot ettt =ttt =t =+ —+
s | Flags
/’ B s s T S I s s e SeE o ¥
/
// Figure 1: STATEFUL-PCE-CAPABILITY TLV format

draft-sivabalan-pce-segment-routing
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Controller : Topology Information Gathering

SNMP, CLI,
ONE-PK,
BGP-LS




Controller : Stateful PCEP

1 2 3
// 0123456789 0123456789012345617189°01
, T s
Ve
P || Type | Length | sT | Flags |F|s|

PCCreate 7 M M S s S s S g S g -
PCRpt 7 | STD |
P T s

PCU pdate 7 // NAI (variable) //
e T s

/7

© 2010 Cisco and/or its affiliates. All rights reserved

! type
SID: Segment ID
NAI: Node or Adjacency Information (IPv4/v6)

igure 2: SR-ERO Subobject format
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SR-TEME%TE — PCEP extension

1 Stateful PCE:
>  Constraintl 2ty Cf-path computationZ 175
>  SRTE tunnelM A % 4T (stateful PCE)

O PCEIZEKYETEEIMNT=SR pathld. Segment ID (SID)MDstackEL THRITREN S
>  MPLS networkMD iz &
v' Segment=Label(20-bit)
v TTL 8 KU TC bits (exp bits) [XPCCIZ&LYvbEn b

draft-sivabalan-pce-segment-routing



Segment Routing — Hybrid SDN
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Use case #1

BT: Performance Based LSPs

Path Constraints and Technology Options.

* Requirement for a number of types of constrained service/flow routing:
- Co-routing.
-  Considering SRLG/Node/Link diversity or bi-directional paths.
- Affinity-based routing.
- Diverging from SPT based on constraining available paths by colour/admin-group.

- Performance-managed services.
- Latency, available bandwidth, etc.

* Clearly, a number of these constraints can be delivered by RSVP-TE today.

RSVA-TE Quewe Occupancy

A0

* Per-service/flow routing requires a significant
increase in the number of RSVP-TE LSPs when

compared to current deployments: ==
—  Number of LSPs is greater than full mesh (already b oo

35008

not recommended). —==
—  Scale limit of mid-point signalling during large il
failures. s |-

* Limited additional functionality is offered by
having mid-point state.
- Generally only admission control.
- Required in a subset of path routing
scenarios.

Mid-point Overloading — Post-Mortem Model

D N | D N © I |
http://www.ietf.org/proceedings/87/slides/slides-87-status-0.pdf



Use case #2

DT:

MPLS OAM

Segment Routing based OAM use case
IETF 87, Berlin

Rudiger Geib, Deutsche Telekom

Segment based Routing allows for scaleable LSP monitoring

Monitoring MPLS data plane liveliness Example of a measurement packet, sender and
receiver is the LSP Monitor

= source based routing allows execution of data| 20 | 25 | 24
arbitrary LSP chains.

) , ) Label 24
= then a ping with data plane loop can be built. Label 20 LSR N

s —==_ Regional
= by ISIS the LSP Monitor is aware of the LSP == WSS LER|
network topology and its state. MOrIlItOl' / 25 | 20 |data

= a single LSP monitor is able to adress all Regional

LSPs of a domain. A redundant design is 5 Label 21 LER1...n
possible if desired. Core PoP Label 25
= Example to the right: the LSP monitor LER 3 RﬁgEi;n_al
J

checks data plane liveliness between LER i
and LER j. In general, by the method shown
all LSPs can be monitored.

LSR 20 |data
LSP Monitor based LSP measurement, here
with 3 LSP segments

http://www.ietf.org/proceedings/87/slides/slides-87-status-1.pdf




Use case #3
DT: Disjoint Path and QoS based routing

Merged network: Optimized future network with SR:
=Topology tailored for both disjoint paths and =Basic topology optimized for IP-FRR and
IP-FRR.

efficiency.

=Sigtran traffic constrained with A/B anycast
segment to provide disjoint paths.

=Limited efficiency.
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’III‘ I | LIFE IS FOR SHARING. Dr. Martin Homeffer / SR Use Cases @ DT 72972013
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http://www.ietf.org/proceedings/87/slides/slides-87-status-2.pdf




Use case #4
Orange: FRR (Fast Reroute)

Incremental deployment in a LDP network

= As first step, Segment Routing use may be restricted to FRR backup path.
— Keeping LDP for nominal traffic, like the way it currently is.

= |f nodes are already SR capable, SR FRR can be deployed incrementally on a
per PLR basis. (with incremental benefit).

— i.e. enabling SR FRR on P1 @ 10

10 "‘
®2) 5

= |In the absence of SR capable node in the network, SR FRR can be deployed
incrementally on a per PLR + (last) P + (first) Q basis.
— i.e. enabling SR FRR on P1 (PLR) & SR on P2 (P) and PE (Q)

— Note that on the Q, SR may be replaced by a T-LDP session (which is natively
the case in the above example)

= More details in draft-filsfils-rtgwg-seament-routing-use-cases-01#section-6.4

D N | D N © I |
http://www.ietf.org/proceedings/87/slides/slides-87-status-3.pdf




Use case #5

Rogers: Converged Multi-network operation
Programming and SDN Interaction

. . Programming
- Automation of the network is Classifier (ACL. poiicy, N
o . signature, efc)
essential for future operation l !
- J.‘ s' A
— Current operational modes not M
— —> C Dynamic Path D)
scalable Flow [x] ingress
Flow [y] ingress - — |TrafficB ( Expiict Path )
Flow [z] ingress -\
« SDN (path programming within —| |— (Explici 7 Resticied Paih )
this document's context) is 9
. . . Edge Node
desired, with per-flow/service C

network freatment

Program on ingress nodes

« Minimize the number of elements
where programming must occur,
and simplify configuration
required

\

Internal nodes forward
and managed low state

D N [ I n
http://www.ietf.org/proceedings/87/slides/slides-87-status-4.pdf




Use case #6

Comcast : IPv6 use case

Use Case Diagram

Cloud Provider X Cloud Provider Y

Service Provider Service Provider Network
Network A

B

Service Provider
Network C

Comcast Cloud

alternative
access
provider

Comcast Network

user
device

Home Network

Traffic forwarded based
on dst v6 address

Traffic forwarded based
on SR header Comcast

D N | D N © I |
http://www.ietf.org/proceedings/87/slides/slides-87-status-11.pdf



Segment Routing® A1)k

1. Simple !l!
- {$F9 %Control PlanelXIGPTZlF, LDP, RSVPIFESAELY,
 LDP-IGP syncZi & Mstate syncHIAEZLLLD

2. ZRERH DScalableZiTraffic Engineering
 ServiceE Mdisjoint topology
- g, latency’d & Z MOK L 7=CSPF(Constraint SPF)

e Stateless ! Bl-&-71-.
* RSVP stateZxF DA EHVELN FELLY,
« £ TDstatelENyH (Label Stack)IZdH 5 ﬁq]&ﬁj\fiwﬁaﬁ
3. TransportfIpathMERAIZtHFH ZZ{B D Hybrid SDN

« ControllerlZ&ABAR/\NRIERE

* MPLS-TP OAM, Bi-directional Co-routed LSP, Path Protection
D N [ D O © N |



Related I-Ds

* Architecture (draft-filsfils-rtgwg-segment-routing)

» Use-Case (draft-filsfils-rtgwg-segment-routing-use-cases)

* |SIS extension for SR (draft-previdi-isis-segment-routing-extensions)

* OSPF extension for SR (draft-psenak-ospf-segment-routing-extensions)

* FRR with SR (draft-francois-sr-frr)

e PCEP extension for SR (draft-sivabalan-pce-segment-routing)

* Performance Engineered LSP using SR (draft-shakir-rtgwg-sr-performance-

engineered-Isps)

http://www.segment-routing.net/
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