
























































BEGIN
1. D_Outside_Partial(d, sr(q)(v1-a;, v1-ax))-

2. dyg spey(v1-aj,v1.a5) = min{d, sr(a)(v1-4;, vl.ak),min{du,sR(G)(vl.aj,p'l) +
dys sr(c) (1, P2) + du.sr(a) (P2, v1-0k), du.sr(c)(v1-a5, ) +
dys sr(c) (P2, P1) + du.sra)(P1, v1-ax)}}

END.
(b.2.b) General solution : Let R be the root of S(G,) and v € u.G, where u is a child of R.

PROCEDURE D_Outside_General(d(vy.a;, v1.at))
BEGIN
1. D_Outside_Partial(d,  sr(q)(v1-¢;, v1-ax))-

2. d(vy.a;,v1.05) = min{de.SR(G)(’U].aj,'Ul.(I,k),mill{de'SR(G)(’Ul.aj,’l)S'.H,Tn)+

D-Outside_General(df( .).SR(G (vq U, Vs.41)) +

dys.sR(q)(Vs-a1,v1.08)} }

END.
END. (* End of algorithm Query_Outerplanar. *)

A.4 The single-source query algorithm for planar digraphs

The algorithm for answering a query asking for the shortest path tree rooted at a specified vertex
s is based on a generalization of lemma 2.3. Let H be the hammock where s belongs to and let
a;, 1 <1i < 4 be its attachment vertices. Let G’ be a subgraph of G. A node ¢,; in DSP(a;,G") is
called critical with respect to s (s € V(H)) if: (i) d(s, a;) + d(ai, cq;) > d(s, a;) + d(a;, cq;), a; # a;,
and (ii) d(s,a;) + d(ai,z) < d(s, a;) + d(aj,z), where @ is the parent of ¢,; in DSP(a;, G). A node
¢s in DSP(s, H) is called crucial with respect to a; if: (i) d(s, a;) + d(a;, a;) + d(a;j, ¢;) < dp(s,cs),
a; # aj, and (ii) d(s, a;) + d(a;,a;) + d(aj,¢) < dg(s,z), where @ is the parent of ¢, in DSP(s, H).
It is not difficult to see that lemma 2.3 holds for any O(1) number of separation pairs (between G
and () along with the above generalized definitions of critical and crucial nodes. The algorithm
is as follows.

ALGORITHM Query_Planar DSP_Tree(G, s)
BEGIN
1. Compute DSP(s, H) and DSP(a;, (G — H) U {q;]j # i}).
2. Determine for each tree DSP(a;, (G — H)U {a;|j # i}) its critical nodes c,; with respect to

. Prune each DSP(a;,(G — H) U {g;|j # i}) at nodes c,,, resulting in trees T5.
. If a; € T (i # j), then find crucial nodes ¢, in DSP(s, /) with respect to a;.
. Prune DSP(s, H) at crucial nodes ¢;. Let the subtrees rooted at nodes ¢, be denoted as 7.
6. Graft T; at its associated node a; in DSP(s, H) (for those T; which this is applicable). Let,
the new tree resulted, be denoted by DSP(s, H)U T;.
7. Arrange the nodes of each T in a DSP way rooted at their associated a; node. This is done
in the same way as it is described in the proof of lemma 2.3. Hence, new trees T}, are created.
8. Graft each T, at its associated node a; in DSP(s, H)U T3.
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END.
Lemma: Algorithm Query_Planar-DSP_Tree constructs a shortest path tree rooted at a specified

vertez of an n-vertex planar digraph in O(n + ¢\/loglogq) time using a single processor, in se-
quential computation. Algorithm Query-Planar_DSP_Tree, in either model of parallel computation,

constructs a shortest path tree rooted at a specified verter of an n-vertex planar digraph in O(n)
time using a single processor.

Proof (sketch): By generalization of lemma 2.3 and [11]. In parallel computation the algorithm
Query_Planar DSP _Tree runs in O(n) time using a single processor, since the trees DSP(a;, (G —
H)U {a;|j # i}) have already been computed (or updated) from the preprocessing (updating) of
G. i
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