




of vj in the subtree of Tsp(n + 1) rooted at vb, and the
condition (gi,n+1 + gn+1,l) < gil must be true. The
proof of these properties is similar to the proof for the
relationship between F(a,b) and Rab and hence is not
repeated. These properties also explain the correctness
of algorithm 5.

S := ∅; Q.enqueue(a);
while Q.notEmpty do

t := Q.pop; S := S ∪ {t};
for all vu that are children of vt in Tsp(n + 1) do

if gu,n+1 + wn+1,b < gu,b then
Q.enqueue(u);

end if
end for

end while
for all u ∈ S do

Q.enqueue(b);
while Q.notEmpty do

t := Q.pop; gut := gtu := gu,n+1 + gn+1,t;
for all vs that are children of vt in Tsp(n + 1)
do

if gs,n+1 + wn+1,a < gs,a then
Q.enqueue(s);

end if
end for

end while
end for

Algorithm 5: Construction of shortest paths that are
shortened because of vn+1.

D.1 Complexity Let H = {(i, j) : A better shortest
path appears between vi and vj because of vn+1 }. By
an argument similar to the complexity of constructing
F , we can see that the complexity of finding H and
then revising the corresponding geodesic distances in
algorithm 5 is O(q|H|+ |A|2). The O(|A|2) time is due
to the construction of L.

Appendix E Overall Complexity for Geodesic
Distance Update

The neighborhood graph update takes O(nq) time.
The construction of Rab takes O(q|Rab|) time, while
the construction of Fab takes O(q|Fab|) time. Since
|Fab| ≥ |Rab|, the last two steps take O(q|Fab|) time
together. As a result, the time to construct F based
on the removed and inserted edges is O(q|F |). The
time to run the Dijkstra’s algorithm is difficult to
estimate. Let µ be the number of vertices in A that
have edges incident on them, and let ν ≡ maxi fi

as defined in Appendix C. In the worst case, ν
can be as large as µ, though this is highly unlikely.

To get a glimpse of the typical values of ν, we can
utilize concepts from random graph theory. It is easy
to see that ν = maxl{A has a l-regular sub-graph}.
Unfortunately, we have not been able to locate any
result on the behavior of the largest l-regular sub-graph
in random graphs. On the other hand, the properties of
the largest l-complete sub-graph, i.e., a clique of size l,
have been well studied for random graphs. The clique
number (the size of the largest clique in a graph) of
almost every graph is “close” to O(log µ) [18]. We
conjecture that, on average, ν is also of the order
O(log µ). This is in agreement with what we have
observed empirically. Under this conjecture, the total
time to run the Dijkstra’s algorithm can be bounded by
O(µ log µ log log µ + q|F |). Finally, the time complexity
of algorithm 5 is O(q|H|+|A|2). So, the overall time can
be written as O(q|F | + q|H| + µ log µ log log µ + |A|2).
In practice, the first two terms dominate, and we can
write the complexity as O(q(|F |+ |H|)).




