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A Probabilistic Algorithm for the s-t Connectivity Problem

SATOSHI IKEDA,t YUJI SHINANOt and MARIO NAKAMORIt

This paper investigates a certain version of the s-t connectivity problem for a directed or
undirected graph G = (V, E). In 1979, Aleliunas, et al. proposed the “random walk”-based
probabilistic algorithm of time complexity O(|V||E|log|V|) and space complexity O(log|V]).
This work presents a variant of that algorithm. The mean hitting time of random walks is
analyzed and our algorithm variant is shown to improve the time complexity to O(|V|? log |V])
for an undirected graph. The same time complexity O(|V'|?log |V|) holds for a directed graph,
where the implied constant multiplier depends only on the diameter and the degree of the
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graph.
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Fig.1 Each neighbor has the same probability for being
selected.
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Algorithm s-t connectivity

begin
ri=s;
for i =0 to f(|V|,|E|) do
begin
for all j € N(r) do
begin
deg(j) DOOO;
end;
0000000 ke N(r)0OO;
ri=k;
ifr=tthen00000;
end;
oooooo;
end;
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while Receive(Origin, Message, Tag) do
begin
case Tag of
Token:
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begin

if Message.step > f(|V||E|) then
o0oo0oooooog;

if Message.t = r then
oooooooogd

else

begin
s := Message.s;
t := Message.t;
step := Message.step + 1;
if ,,O0O0O0ODO0ODOODOO

then
begin
for all j € N(r) do
begin
Send(j, NULL,
DegreeRequest);
end;
end
else
begin
ooooooooooo
keN(r)0oQoQo;

Message.s := s;
Message.t :=t;
Message.step := step;
Send(k, Message, Token);
end;
end;
end;
DegreeRequest:
begin
Send(Origin, deg(r),
DegreeReply);
end;
DegreeReply:
begin
if N(r) 00000 DegreeReply
000 then
begin
P.O0000O0 (DOODODO
Oo0ooooooooo,
ooooooooogo

ke Nr)OQoQo;
Message.s := s;
Message.t := t;

Message.step := step;
Send(k, Message, Token);
end;
end;
end;
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Fig.2 Two transition rules.
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