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Abst ract
Rl FT extensions for dragonfly topol ogies.
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1. I nt roducti on

RI FT today is standardized to deal with CLOS variant fabrics with

sonme horizontal |ink exceptions.

G ven that

i nterconnecting nmultiple

CLOS via a dragonfly and its variants is an interesting topol ogy
(whether it’s a full mesh or sone kind of non-conpletely neshed
regular lattice) this docunment addresses the resulting changes
necessary to base RIFT specification to support dragonfly

i nterconnected CLCS fabrics. The reader
conplexity of figures involved the ASClI
present those in sinplified fashion.
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Figure 1: Sparse Dragonfly of CLOS Fabrics

To start with, Figure 1 visualizes three sinple single plane fabrics
i nterconnected via a DragonFl y+ backbone. The behavi or of standard
RIFT is better understood if we | ook at the honmonorphic version of
the sane topology in Figure 2. W can see that it is nothing el se
but a multi-plane CLOS with a |ot of broken links for standard RI FT
The planes consist of S x 1 and S x 2 ToFs in each CLOS. Gven this,
| eaf LBl shoul d be connected to SA1 to be in the plane and since it
is not, SAL will deduct that leaf LBl fell off the plane 1 and
negatively disaggregate it. Unfortunately the sane is true for |eaf
LBl fromthe viewthe SA2 in 2nd plane and it will negatively

di saggregate it as well. Hence, leaf LAL will not have any
possibility to forward to LBl using standard Rl FT conput ed
forwarding. This points us already to the first nodification needed;
we have to relax RIFT to forward through the horizontal |inks on ToFs
and this will be the starting point of the next section.
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Fi gure 2: Hormonor phic View of Sparse Dragonfly as a Miulti-Plane CLOS
2. dossary
The following terms are used in this docunent.

DF+ capabl e ToF
ToF that provides DF+ extensions, both in recognizing the inter
fabric links and conputati on procedures necessary to support
those. The resulting conbination allows the use of RIFT with
dragonfly topol ogi es overall

Hori zon
We define horizon as a concept differentiating between inter
fabric links and sout hbound pointing standard RIFT intra fabric
links on a ToF. Both type of links need a different FIB to
support alternate next hop when routing between fabrics. A link
can only be on one side of the horizon but not both sides.

Inter Fabric Planes or |FL-planes:
Mul ti-Plane that spans nultiple fabrics.

Inter Fabric link or IFL Iinks:
A horizontal ToF |ink between two fabrics.
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K-Al ternate Next Hops or KNHs:
Next hop used by the originating fabric on a k-shortest path
[EPPSTEIN] to the destination fabric. The receiver on the other
side nust subsequently use as next hop shortest path next hop to
the destination fabric.

3. Hori zont al Li nk Behavior at ToF Leve

Dragonfl y+, being basically, when seen a single fabric, a multi-plane
CLCS with many broken links (which we will call inter fabric planes
or IFL planes to distinguish themfrommulti-plane within a fabric
later) will somehow need to change the behavior of RIFT to allow
forwarding via horizontal links at ToF |level lest we end up inverting
the fabric and force leaves to deal with transit traffic. Moreover,
the necessity to deal with new m s-cabling concepts |leads us to
change the solution framework and consider this configuration not as
a single fabric but as a nulti-fabric setup with dragonfly I|inks
building inter fabric planes now Additionally we will have to allow
adj acenci es on ToF horizontal links to another fabric and permit
those to forward through such inter fabric planes while

di stingui shing such inter fabric (or IF) links fromnormal horizonta
ToF "multi-plane ringing". Hence in Figure 2 instead of the first
assunption of a single fabric we break out fabric A and fabric B and
consider the |links SA2-SB2 and SAl1-SBl1 as two "inter fabric DF+"
links, or in short, as already introduced, IFL Iinks. And
fortunately enough, IFL links, just like all other horizontal ToF
l'inks, are considered northbound from both sides and nort hbound
flooding rules apply, an ideal thing since with that ToFs will see
full topology of their inter fabric plane.

RI FT used in such DF+ configuration will require on ToF not only a
DF+ capability flag but a fabric I D now which has to be distinct in
each of the CLCS or dragonfly cliques. In case of non-DF+ npode a ToF
wi Il declare such links m scabl ed, once enabled to operate in DF+ it
will mark those links as IFL links. Gven ‘fabric_id" is an optiona
schena el enent a ToF operating in DF+ node will reject all links to
other ToFs without ‘fabric_id' value set or not indicating DF+ node
as ms-cabled to prevent a m xture of non-DF+ and DF+ ToFs in a
setup. On the other hand, a ToF indicating DF+ capability and
showi ng matching fabric id is clearly a normal horizontal nmulti plane
ring in the sane fabric.
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4.

4.

First Route Conputation Change

Now t hat we can detect IFL links reliably we can al so renove those
fromthe conputations used in negative disaggregation as first step
This will prevent ToFs in fabric A negatively disaggregating Fabric B
prefixes, a desirable behavior. Not being able to forward from
Fabric A to fabric B is obviously a far |ess desirabl e behavior and
hence a ToF in DF+ nmobde needs to extend its route conputation by a
speci al sout hbound DF+ conputation where we use SPF taking in first
step all IFL links and the nodes behind them as candi dates. This
conmputation will result in a "direct inter fabric forwarding

dat abase" contai ni ng anongst others shortest path to prefixes in
fabric B or in other words, direct inter fabric next hops.

1. Additional Bi-Sectional Bandw dth Route Computation Change

One of the DF+ properties is that it not only provides a direct path
to a destination but guarantees that destinations are reachable via
KNHs to increase the bi-sectional bandwidth. |In our first sinple
exanple SB1 forwarding to LAl can take instead of SAl directly a path
through SC1 relying on it forwarding to SAL. And in | ess dense DF+
backbones we can even encounter |onger indirect paths. To support
this we introduce an additional SPF conputation which conputes for
each IFL interface k-shortest-paths whereas K shoul d be obviously
reasonably constrained. To illustrate this by an exanple Figure 3
introduces a 17 fabrics rather sparse dragonfly mesh where a 3 hops
alternate paths are viable (if so chosen). FID O forwarding to FID 2
has obviously the shortest path via FIDL but a k-shortest path
conputation will yield FID 13 and FID 16 as vi able 3 hops k-shortest-
pat hs. However, only the originating fabric can choose a k-shortest
pat h and every subsequent non origi nator MJST fol |l ow equal cost
shortest paths to prevent |ooping or excessive bowtying through the
fabric. Not only MIST it follow the shortest path to the destination
fabric, the shortest path MJST be actually conputed on a topol ogy
where the sender node is excluded to prevent | ooping.

For the sake of clarity Figure 3 does not visualize the full path
diversity since, e.g. FID 13 can viably choose FIDs 3, 6, 9 beside
FID 12 as shortest path next hops providing very significant path
diversity on a 3 hops path. Further "steering" of chosen nexthops
can be achi eved by e.g. DSCP marking or congestion notification
schenes but such approaches are outside the scope of this docunent.

Conputing such alternate next hops will have the other benefici al
effect of actually providing a backup path in case the direct IFL
pl ane link to another fabric becones unavail abl e.

m ssing TDB
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Figure 3: Milti-Plane CLOS Fabrics Connected in Sparse Dragonfly
4.2. Dragonfly with Miulti-Plane CLOS Fabrics

Most conpl ex case of RIFT deploynment woul d be a dragonfly topol ogy of
CLCS fabrics which are in thenselves already nmulti-plane fabrics. To
present it as hononorphic graph Figure 4 is included. The symetry
is obvious, we end up with the normal RIFT ringing within the fabric,
e.g. r_Afor fabric A and then for the inter fabric planes dragonfly
is basically the according ringing itself, here IR 1 and IR 2.
observe that the northbound fl ooding occurring on all those |inks
will present each ToF with the full topology of the dragonfly, a
necessary condition for proper disaggregation and further
reachability conputations. |If the intra fabric ToF ringing should be
avoi ded a tunnel between the ToFs within a fabric are necessary and
may go all the way down to the | eaves. How such tunnels are
provisioned is outside the specification here but it will necessitate
basically flat distribution of the | oopbacks of the ToFs across whol e
fabric via e.g. redistribution of some RIFT routes in northbound and
sout hbound direction or an equival ent schene.
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Figure 4: Milti-Plane CLOS Fabrics Connected in Sparse Dragonfly
For war di ng Consi der ati ons

Since RIFT is being extended with the concept of KNH and | P packets
do not carry any nmarking as the path they have taken indiscrimnate
forwardi ng using non-shortest paths at ToF |level may loop in inter
fabric case. To prevent this the ToFs have to maintain the concept
of a "split horizon" on the arriving traffic. Any traffic arriving
at the ToF that is targeted at the prefix within its fabric can be
forwarded without any further considerations. On the other hand,
traffic not targeted at the fabric of the ToF arriving at a inter
fabric link MJST use a FIB generated by Section 4.1. The sol ution
will naturally limt any non-shortest inter fabric path in ToF case
to shortest paths conputed w thout including the sender. As |ast
case, traffic arriving fromwithin its own fabric but targeted at
anot her fabric can use any of the k-shortest paths as next hop as
described in Section 4.1. Observe that per interface specific FIBis
not hing particularly special, any technol ogy supporting VPN or
trunking today is already capable of provisioning interface specific
f orwar di ng behavi or.

Partitioning of inter Fabric Planes

A special case where a plane within a renote fabric breaks down is
not noticeable in another fabric and hence the traffic can bl ack hol e
since we do suppress the IFL links during negative di saggregation
normal ly. To detect the condition reliably a ToF has to conpute the
inter fabric view of all the other ToFs in its own fabric while
including IFL links and consider the resulting difference as "inter
fabric negative disaggregation". This is possible but at scale can
present significant conmputational |oad and is left therefore as
optional behavior. Additionally, even when the fabric is a single
pl ane fabric it nust be then ringed at ToF | evel since otherw se the
ToFs do not see the inter fabric planes they are not part of as an

I FL ring.

The sane conputation will deal with an even stranger case of a double
failure on the IF links where a ToF becones conmpletely separated from
the other fabrics. It will detect this and initiate negative

di saggregation for the accordi ng prefixes.
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10.

Speci fication

Preci se schema changes and conputation algorithns are to be provided
in future version of the draft in detail. Basically the LIEs and
Node TIEs need to be extended by fabric_id and DF+ node indication
and conputations described conceptually in forner chapters tightly
speci fi ed.

Sunmary Overvi ew

A final Figure 5 is provided to nap things back to the usua
dragonfly sparse topol ogy and show the concepts in action.

We see three fabrics, each of themmulti-plane (though m xes are
absol utely possible as |ong the nunber of ToFs connected to dragonfly
are kept the sanme). The fat links represent the "I FL horizon", i.e.
any traffic comng fromthose |inks cannot use alternate next hops to
the destination. 1In this exanple traffic fromLALl goi ng through
PA11 and SA2 towards LCl11 is given two choices of next hops, either
SC2 or SB2. Now that it entered the IFL horizon in case SB2 receives
it no further alternate next hops will be used but traffic will be
handed off to SC2 which applies the same rule and in this case
actually forwards the traffic into the fabric.

[[ Overview of the solution,
Refer to PDF for Picture ]]

Figure 5: Milti-Plane CLCS Fabrics Connected in Sparse Dragonfly
For the nore conplex case of alternate paths | onger than 2 hops and
the resulting forwardi ng behavi or and path diversity Figure 3 has
been described in the docunent.

I ANA Consi derations
Thi s docunent requests allocation for the following R FT codepoints.
TBD

Security Considerations

TBD
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