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Abstract

This draft introduces nethods that | everage the concept of ARC to
enabl e bi casting operations.

Requi renent s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTI ONAL" in this docunent are to be interpreted as described in RFC
2119 [ RFC2119].

Status of this Mno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I1ETF). Note that other groups nay al so distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mnum of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on April 14, 2013.
Copyright Notice

Copyright (c) 2012 I ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’s Legal
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents

Thubert & W | nands Expires April 14, 2013 [ Page 1]



I nternet-Draft ARC bi casti ng Cct ober 2012

carefully, as they describe your rights and restrictions wth respect
to this docunent. Code Conponents extracted fromthis docunent nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided w thout warranty as
described in the Sinplified BSD License.
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1. I nt roducti on

Traditional routing and forwardi ng uses the concept of path as the
basic routing paradigmto get a packet froma source to a destination
by follow ng an ordered sequence of arrows between internedi ate
nodes. In this serial design, a path is broken as soon as a single
arrow is, and getting around a breakage can require path
reconmput ati on, network reconvergence, and incur delays to til

service is restored.

Avai |l abl e Routing Constructs [I-D.thubert-rtgwg-arc] (ARC) introduces
the concept of ARC as a routing construct made of a sequence of nodes
and links wwth 2 outgoing edges, that is this resilient to one
breakage so that an ARC topology is resilient to one breakage per
ARC.

The routing graph to reach a certain destination is expressed as a
cascade of ARCs, which termnates in an abstract destination Orega,
each ARC providing its own independent domain of fault isolation and
recovery:

Figure 1. ARC Representation

This cascade of ARCs appears ideally suited to the operation of

bi casting (a.k.a. duocasting), which consists in sending two copies
of a single packet, if possible over divergent - that is fully or
partially non-congruent - paths, in order to augnment the chances that
at | east one of the copies reaches the destination tinely.
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2. Term nol ogy
The draft uses the term nology defined in [I-D. thubert-rtgwg-arc].

This specificatin also introduces Sided ARCs, that is ARCs with at

| east an Edge that is known as Left and an Edge that is known as
Right. The sense of Left and Ri ght adds up to the existing sense of
hei ght that is already defined in [I-D.thubert-rtgwg-arc].

R========| ========|_
| |
| L====J====R
| | |
L====H==== | R=====K=====L
| | | | |
——==D==== L====fF====R L====F====R R===G====
| | || | |
Re========B=========|_ | | Re=========C==========|_
| .

Figure 2. Oienting ARCs
One way of doing this is

0 The basic rule is that an ARC MJUST have at | east one Left and one
Ri ght Edge.

o The leg of an ARC between the cursor and the Edge inherits the
side of the Edge. In a Conb, the whole buttressing ARC i nherits
the side of the Edge.

0 An Edge ending in Orega can arbitrarily beconme Left or Right as
long as the basic rule is satisfied.

0 An Edge that does not end in Orega inherits the side of an ARC it
termnates into, again as long as the basic rule is satisfied.

o Acollision occurs if all the Edges end up on the sane side. The
shortest path is used to resolve the collision and restore the
basic rule: the Edge closer to Orega and all butressi ng ARCs on
the sane side of the cursor keep the side, and the other Edges are
toggled. 1In case of equal cost, an other tie breaker nust be
used.
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o For instance, this situation occurs in the representati on above
for ARC F, which has both ends ending in a Right side of ARCs, and
since the Edge closer to Orega is the one that ends in ARC C, that
Edge becones Right and the other becones Left.

3. Downward Bicasting Operation

Two copi es of a sanme packet froma given node are forwarded downwards
al ong opposite side of the cascadi ng ARCs, each packet bearing an

i ndication (such as a tag or a label) of its intended side, Left or

Ri ght .

The packets exit the ARCs along their paths through an Edge t hat
mat ches the indication in the packet.

packet |
rerrercrrrrrrreVILL
r I
r [11]=J====R
r I |
L====H=rrrr | R=====K=====L
| r | | |
R====D==== L==rrrrrrrr | 1] ==F====R R===G====
| | | ro| | |

Figure 3: Bicasting Down an ARC ascade

As it goes, the nmethod does not guarantee a full non congruence of
the paths, as illustrated above. 1n case of a breakage, this can be
conpensated by the capability to return a packet along an ARC upon a
failure, that is already used to protect unicast traffic.
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packet
| Left packet path reerrrrrrrrrrer I
R Ri ght packet path r I
I

<—

r 111 =3J====R
r I |
L====H=rrrr | R=====K=====L_
| r | | |
R====D==== L==rrrrrrrr | 1| ==F====R R===G====
| | rol | |
R=========B=========|_ r | Re=========C==========|_
| ro| |
| reerrerrereN/ LT |
| r N |
------------------------------------------------------------------ Orega

Figure 4. Breakage at a Congruent Link

4. Upward Bicasting Operations

It is also possible with a downward bicasting to place states in the
internmedi ate routers in order to provision an upward bicast path from
Omega to a source D. In that case, if the graph is biconnected, it is
possi ble to resol ve the pathol ogi cal cases so as to ensure a real
separation of the left and R ght paths.

4.1. Resolving crossing ARCs
The first pathol ogical case occurs when both Left and Ri ght packet

cross over the same ARC, as illustrated below. Say that the R ght
reservation cones first and sets up the right path

r |

R====D==== L==rrrrrrrr L====F====R R===G====
| | | ro| | |
R=========B=========|_ r | Re=========C==========|_
| ro| |

Figure 5. crossing: Right packet

Then comes the |left reservation which collisions:
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r |

R====D==== L==rrrrrrrr | 1| ==F====R R===G====
| | rol | |
R=========B=========|_ r | Re=========C==========|_
| rl

Figure 6: crossing: |left packet approaching
The segnent between the two incomi ng point of the common ARC is
common to both path and expose the bicasted traffic. The resolution

is to | eave the second packet through but prune the unwanted states
al ong the collision segnent of the ARC afterwards.

r |

Figure 7: crossing: Resolved state
States al ong the ARC between the two incom ng points are cl eaned, up
and the paths that were generated by the Left and R ght packets are
now crossed. This results in two non-congruent upward paths.
4.2. Single Point of Failure
The second pat hol ogi cal case occurs when both Left and Ri ght packet

reach a same ARC at the sanme node, which is this a Single Point O
Fai l ure (SPoF) for both paths.
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r |

R====D==== L==rrrrrrrr L====F====R R===G====
| | | ro| | |
R=========B=========|_ r / Re=========C==========|_
| r/ |

Figure 8. SPoF. Ri ght packet

The resoution is to reject the second packet and send it back al ong
the incomng ARCto exit on the other side. The rejected packet
clans up the states that it has created on its way back and then
creates states on the other side of the ARC

r

[
R====D==== L==rrrrrrrr TLLILTTTTT] R===G====
| | | r 111 I |
R=========B=========| ro 11 Re====I11111111101010L0IT]I
| ril |

Figure 9: SPoF. Left Packet

At this point the dowward packet will exit the incomng ARC in the
wong side for its own indication.

r |
[

R====D==== L==rrrrrrrr L=lTI1TII1] R===G====
I I I ro| I
R=========B=========|_ ro| Re====I11111111101L1L0IT]I
I ro I '
|
[

|
| L======Arrrrrrrr
|

Figure 10: SPoF: Resolved state

This is in fact what happens also in the case of a nobnoconnected
zone, or if a breakage cause the downward packet to bounce.
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5. Applicability

5.1. In conjunction with Protocol |ndependent Milticast
(To be refined in 01) Upwards bicasting can be used for Protocol
| ndependent Multicast PIM[RFC4601] and Point-to-Miltipoint and
Mul tipoint-to-Miltipoint Label Swtched Paths nlLDP [ RFC6388]. A
bi cast ed downards Joi n nessage woul d establish two non congruent
return paths, each path joining the receiver and Orega that is the
set of existing receivers.

6. Manageability
This specification describes a generic nodel. Protocols and
managenment will cone |ater

7. | ANA Consi der ati ons

This specification does not require | ANA action.

8. Security Considerations

This specification is not found to introduce new security threat.
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