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Fig.2 For Thompson’s escape equation (1) with 8 =0.1, ¢ = 180°, the global diagrams
of bifurcations along the optimal escape route w = 0.83.

The period-1 attractor P(2) is marked by the symbol “#”, the period-1 attractor P(3) is marked
by the symbol “W”. The chaotic saddle in the boundary B(2, 3) is marked by the symbol “a”,
the chaotic saddle is marked by the symbol “¥". The period-1 saddle 2, is marked by
the symbaol “07, the period-1 saddle 12y, is marked by the symbol “$7. A transient process
is marked by the symbol “O”. The domain of attraction B(1) of the sink cell P(1) is marked by
the symbol .7, the domain of attraction B(2) of the attractor P(2) is marked by
the symbol “x ", the domain of attraction B(3) of the attractor P(3) is marked by
the symbal “+”. The boundary B(1,2) is marked by the symbal “k”, the boundary B(1,3) is marked by
the symbal “17, the boundary B(2, 3) is marked by the symbol “2”,
the boundary B(1,2,3) is marked by the blank space
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Fig.2 For Thompson’s escape equation (1) with # = 0.1, ¢ = 180°, the global diagrams (continued)
of bifurcations along the optimal escape route w = (L83,

The period-1 attractor P{2) is marked by the symbol “e”, the period-1 attractor P(3) is marked
by the symbol “®”. The chaotic saddle in the boundary B(2,3) is marked by the symbol “a”,
the chaotic saddle is marked by the symbol “¥”. The period-1 saddle I, is marked by
the symbol “0O07, the period-1 saddle 12y, is marked by the symbol “07. A transient process
is marked by the symbol “O”. The domain of attraction B(1) of the sink cell P(1) is marked by
the symbol “. ", the domain of attraction B(2) of the attractor P(2) is marked by
the symbal “= ", the domain of attraction B(3) of the attractor P(3) is marked by
the symbal “+7. The boundary B{1,2) is marked by the symbol “k”, the boundary B(1,3) is marked by
the symbal “17, the boundary B(2, 3) is marked by the symbol “z”,
the boundary B(1,2,3) is marked by the blank space
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A CHAOTIC SADDLE IN A WADA FRACTAL
BASIN BOUNDARY Y

Hong Ling Xu Jianxue
(Institute of Nonlinear Dynamics, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract In this paper, bifurcations near optimal escape for Thompson's escape equation are
numerically studied by means of Generalized Cell Mapping Digraph (GCMD) method. We find
a chaotic saddle embedded in a Wada fractal basin boundary. The chaotic saddle is an unstable
(nonattracting) chaotic invariant set. The Wada fractal basin boundary has the Wada property
that any point that is on the boundary of that basin is also simultaneously on the boundary
of at least two other basins. The chaotic saddle in the Wada basin boundary plays an extremely
important role in the bifurcations governing the escape. We demonstrate that the chaotic saddle in
the Wada basin boundary leads to a local saddle-node fold bifurcation with globally indeterminate
outcome. In such a case, the attractor (node) and the saddle of the saddle-node fold are merged
into the chaotic saddle and the chaotic saddle also undergoes an abrupt enlargement in its size as
a parameter passes through the bifurcation value, simultaneously the Wada basin boundary is also
converted into the fractal basin boundary of two remaining attractors, in particular, the chaotic
saddle after the saddle-node fold bifurcation is in the fractal basin boundary, this implies that the
saddle-node fold bifurcation has indeterminate outcome, namely, after the system drifts through
the bifurcation, which of the two remaining attractors the orbit goes to is indeterminate in that it
is sensitively dependent on arbitrarily small effects such as how the parameter is changed and for
noise and/or computer roundoff, obviously, this presents an extreme form of indeterminacy in a
dynamical system. We also investigate the origin and evolution of the chaotic saddle in the Wada
basin boundary and demonstrate that the chaotic saddle in the Wada basin boundary is created
by the collision between two chaotic saddles in different fractal basin boundaries. We demonstrate
that a final escape bifurcation is the boundary crisis caused by the collision between a chaotic
attractor and a chaotic saddle, and this implies that Grebogi’s definition of the boundary crisis by
the collision with a periodic saddle is generalized.

Key words global analysis, Wada basin boundary, indeterminate bifurcation, boundary crisis,
chaotic saddle
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