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Abstract
In order to provide a high resilience and to react quickly to link failures, modern computer networks
support fully decentralized flow rerouting, also known as local fast failover. In a nutshell, the
task of a local fast failover algorithm is to pre-define fast failover rules for each node using locally
available information only. Ideally, such a local fast failover algorithm provides a perfect resilience
deterministically: a packet emitted from any source can reach any target, as long as the underlying
network remains connected. Feigenbaum et al. showed [3] that it is not always possible to provide
perfect resilience; on the positive side, the authors also presented an efficient algorithm which
achieves at least 1-resilience, tolerating a single failure in any network.

Interestingly, not much more is known currently about the feasibility of perfect resilience. This
brief announcement revisits perfect resilience with local fast failover, both in a model where the
source can and cannot be used for forwarding decisions. By establishing a connection between graph
minors and resilience, we prove that it is impossible to achieve perfect resilience on any non-planar
graph; On the positive side, we can derive perfect resilience for outerplanar and some planar graphs.
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1 Introduction

The dependability of distributed systems often critically depends on the underlying network,
realized by a set of routers. To provide high availability, modern routers support local fast
rerouting of flows: routers can be pre-configured with conditional failover rules which define,
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46:2 Brief Announcement: What Can(Not) Be Perfectly Rerouted Locally

Table 1 Summary of our results on perfect resilience for specific graph classes.

Graph class Without source matching With source matching
Outerplanar Perfect resilience: Thm 1 Perfect resilience (see left)

K4 Perfect resilience: Thm 2 Perfect resilience (see left)
Planar graphs |V | = 7 counterexample: Thm 5 |V | = 8 counterexample: Thm 5

Non-planar graphs Perfect res. impossible: Thm 4 Exact classification open

for each incoming port and desired target, to which port a packet arriving on this incoming
port should be forwarded deterministically depending on the status of the incident links
only: as routers need to react quickly, they do not have time to learn about remote failures.

This paper is motivated by the following fundamental question introduced by local fast
rerouting mechanisms: Is it possible to pre-define deterministic local failover rules which
guarantee that packets reach their target, as long as the underlying network is connected? This
desired property is known as perfect resilience. The challenge of providing perfect resilience
hence lies in the decentralized nature of the problem, where routers only have local information
on failed links; achieving perfect resilience is straightforward with global knowledge.

Unfortunately, perfect resilience cannot be achieved in general: Feigenbaum et al. [3]
presented an example with 12 nodes for which, after certain failures, no forwarding pattern
on the original network allows each surviving node in the target’s connected component to
reach the target. Chiesa et al. [2] expanded on their result to require only two failures, but
required over 30 nodes. On the positive side, Feigenbaum et al. showed that it is at least
always possible to tolerate one link failure, i.e., to be 1-resilient. Interestingly, not much more
is known today about when perfect resilience can be achieved, and when not. Our results
are summarized in Table 1, with the full proofs and further results being available in [4].

2 Model

Let G = (V, E) be a network represented by an undirected graph of nodes (“routers”) V

connected through undirected links E along which packets are exchanged. Initially, an
arbitrary set F ⊂ E of links fail (rendering them unusable in both directions). We study the
class of local routing (forwarding) algorithms, in which every node v ∈ V takes deterministic
routing decisions based solely on the target t of the packet to route, the set of incident failed
links F ∩E(v), and the receiving or incoming port (in-port) of the packet at node i. Note
that without knowledge of the in-port, already very simple failure scenarios prevent resilience.
We also study the model where the forwarding may depend on a source node s. In particular,
this implies that neither the state of the packet nor the state of the node can be changed,
e.g., by header rewriting or using dynamic routing tables. We say that a forwarding pattern
is perfectly resilient if it always succeeds in the connected component of the target.

3 Possibility of Perfect Resilience

For outerplanar graphs there exists a planar embedding such that all nodes are part of the
outer face and this property holds also after arbitrary failures as long as the graph remains
connected. Thus we can route along the links of the outer face of a planar graph using the
well known right-hand rule [1] despite failures. Note that the face-routing pattern is even
target-oblivious: starting on any node, it will visit every node. Moreover, this approach can
also be applied for planar graphs if source and target are on the same face.
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I Theorem 1. Let G = (V, E) be i) an outerplanar graph or ii) a planar graph where
the packet starts on the same face as the destination. Then, there is a perfectly resilient
forwarding pattern which does not require source matching.

So far, we established that perfect resiliency is possible on outerplanar graphs as well as
on the same face of planar graphs. This raises the question if perfect resilience is possible on
some non-outerplanar planar graphs, which we answer in the affirmative for the clique K4:
we employ forwarding along a cyclic permutation, unless the destination is a neighbor.

I Theorem 2. K4 allows for perfectly resilient forwarding patterns without source matching.

4 Impossibility of Perfect Resilience

We observe that a perfectly resilient algorithm is also perfectly resilient on subgraphs and
contractions of its original graph, by a simulation argument. As subsetting and contracting
are the two fundamental operations in the minor relationship, we deduce that the existence
of a perfectly resilient algorithm on a graph G implies its existence on any minor of G.

I Theorem 3. If G permits a perfectly resilient forwarding pattern, so do its minors, for
both with and without source matching.

We can hence prove that if a graph is not planar, it does not allow for perfect resilience
without source matching, as both K5 and K3,3 do not allow perfect resilience: the latter can
be shown by case distinction, where the routing cycles along nodes the three or four nodes
no longer neighboring the destination. In contrast, for the K4 after failures that leave the
graph connected, at most two nodes are not direct neighbors of the destination.

I Theorem 4. If G is not planar, then it is not perfectly resilient without source matching.

We now show that there are planar graphs that do not permit perfect resiliency, using
case distinction and further arguments in Figure 1. We can extend the result to include a
source s, with slightly different argumentation, connected to the nodes 3 and 5:

I Theorem 5. There exists a planar graph G on 7 nodes such that no forwarding pattern
without source matching will succeed on G (8 nodes with source matching).

t
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2

<latexit sha1_base64="K3jd2BNR89ScLkbhVGeZoFZ7Ams=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkpqLeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszoold2KuwBZJ15OypCjMSh99YcxSyOUhgmqdc9zE+NnVBnOBM6K/VRjQtmEjrBnqaQRaj9bHDojl1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2RRtCN7qy+ukXa14tcpts1auV/M4CnAOF3AFHlxDHe6hAS1ggPAMr/DmPDovzrvzsWzdcPKZM/gD5/MHezGMsg==</latexit>

3

<latexit sha1_base64="QKC9FA6gEirxlD+jfHpl9yrNT0c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgHoLePGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjat+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvWr5tlEt1SpZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AXy1jLM=</latexit>

4

<latexit sha1_base64="yHG9TncjQp5PXXpe73pRbByYO/E=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJJSUG8FLx4r2A9oQ9lsJ+3azSbsboQS+gu8eFC8+pu8+W/ctjlo64OBx3szzMwLU8G18bxvp7S1vbO7V953Dw6Pjk8q7mlHJ5li2GaJSFQvpBoFl9g23AjspQppHArshtO7hd99RqV5Ih/NLMUgpmPJI86osdJDY1ipejVvCbJJ/IJUoUBrWPkajBKWxSgNE1Trvu+lJsipMpwJnLuDTGNK2ZSOsW+ppDHqIF8eOieXVhmRKFG2pCFL9fdETmOtZ3FoO2NqJnrdW4j/ef3MRDdBzmWaGZRstSjKBDEJWXxNRlwhM2JmCWWK21sJm1BFmbHZuDYEf/3lTdKp1/xG7bbarBdhlOEcLuAKfLiGJtxDC9rAAOEF3uDdeXJenY9VY8kpJs7gD5zPHxPTi4o=</latexit>

5

<latexit sha1_base64="JCjcMUauxUwSIgV6qdKqfi9cYyE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiHoLePGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjat+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvWr5tlEt1SpZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AX+9jLU=</latexit>

6

<latexit sha1_base64="bJElc2eKM7qjdfTdF+xmzopsnJc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyG4OMW8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGlf9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9XybaNaqlWyOPJwBudwCR5cQw3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A4FBjLY=</latexit>

a)

<latexit sha1_base64="+qq3B8BVjfUeR+PKnA52Ydl2GX4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgvVW8OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3dOLfrniVt05yCrxclKBHM1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmrPsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vksfLqlerXt/VKo16HkcRTuAUzsGDK2jALTShBQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gAns40a</latexit>

b)

<latexit sha1_base64="w81HpqP5fIDl02MLqMVLl2jKzfk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgvVW8OKxirWFNpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHjyZONeMtFstYdwJquBSKt1Cg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6T646JcrbtWdg6wSLycVyNHsl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6KYd3PhEpS5IotFoWpJBiT2dtkIDRnKCeWUKaFvZWwEdWUoQ2nZEPwll9eJY+XVa9Wvb6rVRr1PI4inMApnIMHV9CAW2hCCxiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AEpOI0b</latexit>

c)

<latexit sha1_base64="U6vuxr9nSmJU8oQYa19fBUTy3Uc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgvVW8OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3bOLfrniVt05yCrxclKBHM1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzSKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmrPsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vksfLqlerXt/VKo16HkcRTuAUzsGDK2jALTShBQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gAqvY0c</latexit>

Figure 1 Planar graph with no perfectly resilient forwarding pattern. If the dashed links fail, a
pattern that attempts to be perfectly resilient will be stuck in one of the loops shown in bold in the
figures, depending on the routing at node 1, even though there is at least one remaining path.
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