- EFFICIENT COMPUTING OF DISASTER-DISJOINT
A e AL e A PATHS: GREEDY AND BEYOND

(111
"avave " |1
ull_"?‘mn_"_lml [ n

MUEGYETEM 1782 BALAZS VASS*, ERIKA BERCZI-KoOVAcST, PETER GYIMESIT, JANOS TAPOLCAT*
*BUDAPEST UNIVERSITY OF TECHNOLOGY AND EcoNOMICS, AND "TEOTVOS LORAND UNIVERSITY

EOTVOS LORAND
UNIVERSITY | BUDAPEST

EFFICIENT ALGORITHM REFERENCES

Paper [1] introduces the so-called regional dual [1] E. Bérczi-Kovacs et al., “Efficient Algorithm for Region-

graph G;/? with related weighting c; (see below). Disjoint Survivable Routing in Backbone Networks,” 1n
: : Co. . IEEE INFOCOM, 2024.
There are k non-crossing disaster-disjoint sz-paths

MODEL AND GREEDY APPROACHES

Model assumptions:

Problem 1: Maximum number of disaster-disjoint s#-paths

e Input graph G = (V, E) 1s planar Input: A planar graph G = (V, E), rotation system,

* Incident edges for each node are given in nodes s, t € V, disasters/regions %# c 2° exactly if ¢, is conservative. This can be decided [2] B. Vass et al., “Efficient computing of disaster-disjoint
clockwise order (rotation system). Output: A maximum number of disaster-disjoint and the p atchs can be computed in sub-squared ggtzhji Greedy and beyond,” in IEEE INFOCOM WKSHPS,

) I.JiSt of disaSteI; ts encoded as a list of sepaths PuFo-o P worst-case, or w.h.p. in near-linear expected time. [3] D. Bienstock, “Some generalized max-flow min-cut prob-
link sets % < 2 Theorem 1. The Simple Greedy doesn’t always find an opti- T o lems in the pl’ane,” Mathematics of Op. Res., 1991.

 Each disaster causing the outage 1sacon-  yal solution for Problem 1 even supposing node-disjointness. [4] Y. Kobayashi et al., “Max-flow min-cut theorem and faster

nected destruction area; consequently,
the corresponding dual edges of each

algorithms 1n a circular disk failure model,” in IEEE INFO-
COM 2014, April 2014.

Fig. (1) 1s an example where the Simple Greedy does not find
a disaster-disjoint path pair.

disaster r € £, form a connected sub- . . 1 ,/ 3 [5] S Neumayer et al: , “Assessing the vulnerability of the fiber
graph in the dual graph G* [6] * Der V.lSh [6] a(:lds d secoond 1“1.1163 Searflhll}g for the k™ disaster- 1P 5.__:_,3.::,{-"-r‘_"f;.;fft':'-..._::‘i_l infrastructure to disasters,” IEEE/ACM ToN., vol. 19, 2011.
L : disjoint path, 1t starts with disaster-disjoint paths P,..., Pr_1, TR TS B. Vass et al., “Polynomial-time algorithm for the regional
T?ed.alm N dtO .ﬁnd 4 maﬁ( lm;mbilumbler with Py := P;._;. A new path P; should be (non-strictly) SRLG-disjoint paths problem,” in Proc. IEEE INFOCOM,
?Fh' 1§a§t63;JE1ng ls)t—p ;t s (Problem 1). clockwise to P;_;. In presence of the node failures, the ) May 2022.
G 15 1; 15 ] all; y 3] Dervish 1s guaranteed to solve Problem 1 with node-disjoint (@) Regional dual D*.. Cost (h) Topology G, with th
reedy approaches: : C L : : : egional dual D_,. Cos opology G, wi e
. , paths in polynomial time, ?D practice, ngiarefl mn |V| Eg’ ¢ of black-and-dotted, red- regions being exactly the CONTACT INFORMATION
* Simple Greedy: we are given an st-path  on (c), (d), when searching for the 3™ disaster-disjoint and-dashed, and blue-and- nodes v € V' \{s, #}. Num-
P;. Then, for each i € {2,3,...}, P; 1sthe  path, starting from P;,P», Dervish generates paths: Pg — dashdotted arcsis 1, 1-k,and  bers on the faces form Web lendulet.tmit.bme.hu, egres.elte.hu
nearest clockwise disaster-disjoint path  {s, va, va, 1}, PP ={s, v, 1}, PP =1{s,v0, 1}, PP =1{s,v4, 1}. Note that | | 1 7% resp. For ¢g=s5, thered —a feasible potential  for Email {vb,tapolcai}@tmit.bme.hu, erika.berczi-
: D D 4 D U 6 D closed arc encodes a negative  c¢j—4.  Boundaries be- K @ttk elte. h 1234 @stud lte h
to P;—1 (formally defined in [6]). P,, P, and Py are pairwise node- and disaster-disjoint. eycle. tween values form paths. ovacs @ttk.elte.hu, peti student.elte.hu

EXAMPLES

While subfigures a) and e) show the input graph, 1n the rest of the subfigures, for easier visualization, ¢ 1s drawn 1n multiple copies. b) shows three disaster-disjoint paths, ¢) and d) combined show a cycle of paths
the simple greedy generates, in which no 3 consecutive 1s disaster-disjoint. Paths traversing vertices s-v;-f and s-vo-t are non-crossing, while those traversing s-vy-v2-t and s-vp-v;-t are crossing. Finally, 1) shows
an example where there exist disaster-disjoint path pairs (e.g., s— vy — ¢ and s — v4 — ¢), but, starting from an unfortunate path, the Simple Greedy does not find such a pair: the red-orange-brown-green 1s a cycle of
non-disaster-disjoint paths; this means the Simple Greedy 1s not necessarily suitable for computing routing for 1+1 protection.
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(a) Graph G and disasters (b) Paths Q1,Q>, Q3 (¢) Paths Py, Po, P3 (d) Paths P4, Ps5, Pg (e) Distances computed in [1] (f) Simple Greedy bad cycle for 2 paths



