Contents

S = 7 T -

Introduction . .. ... L T e P s P
Invariant Sets and Attractors ... ...... ... ... .. ... .......

Functional Differential Equations on Manifolds ...........
3.1 RFDE on manifolds ............. . ... .. ... ........
3.2 Examples of RFDE on manifolds .........................
3.3 NEDE on manifolds . icviies svsn comivwmindon obinliii o
34 NFDEODR™ ... ..iiiiitiiiiiiiicinaneneaavadaenninns

3.4.1 General properties...........c.viiirirnnnennan..

3.4.2 Equivalence of point and compact dissipative ........
3.5 Anexampleof NEDE®BR SY oilvuis ibsii st vms snmnsos 3 &
3.6 A canonical ODE in the Fréchet category..................

The Dimension of the Attractor . .........................
Stability and Bifurcation .............. ... . ... ... .

Stability of Morse-Smale Maps and Semiflows ............
6.1 Morse-Smalemaps .........ccciiiiiiiiiaiitaesashaivath
6.2 Morse-Smale semiflows............ ... .. ... ... ...
6.3 Anexample. ... ... .. ...

One-to-Oneness, Persistence, and Hyperbolicity ..........
7.1 The semiflow of an RFDE on a compact manifold M ........
7.2 Hyperbolic invariant sets .......... ...,
7.3 Hyperbolic sets as hyperbolic fixed points .................
7.4 Persistence of hyperbolicity and perturbations
with one-to-oneness .. ..................... i S S o
7.5 Nonuniform hyperbolicity and invariant manifolds ..........
7.5.1 Nonuniform hyperbolicity .......... ... ... .. .. ...
752 Regularpoints ....... ...
7.5.3 Hyperbolic measures and nonuniform hyperbolicity . . .
7.5.4 The infinite dimensional case ......................



viii Contents

8 Realization of Vector Fields and Normal Forms........... 129
8.1 Realization of vector fields on center manifolds ............. 129
8.2 Normal forms for RFDE in finite dimensional spaces ........ 140
8.3 Applications to Hopf bifurcation.................. ...t 149

8.3.1 Hopf Bifurcation for Scalar RFDE: The General Case . 149
8.3.2 Hopf bifurcation for a delayed predator-prey system .. 156

8.4 Applications to Bogdanov-Takens bifurcation .............. 161
8.4.1 Bogdanov-Takens bifurcation for scalar RFDE:
The general €ase ........ccovvvnevnereeeiinnennes 161
8.4.2 Square and pulse waves ........ ... i 164
8.5 Singularity with a pure imaginary pair
and a zero as simple eigenvalues . ........... ... ..o 167
8.6 Normal forms for RFDE in infinite dimensional spaces ...... 170
8.7 Periodic RFDE on R™ and autonomous RFDE
on Banach spaces. ..........ooiiiii 186
8.8 A Viscoelasticmodel . ... .. ... i 189
9 Attractor Sets as C'-Manifolds ........................... 195
10 Monotonicity . ...... ot 209
T01 TISUAL CONBE . . \ove st é S5 sias 0 s s ickn ', bhoa,s wiamecs somimis vmin + siwie 209
10.2 Cones of rank K - ..ottt e 210
10.3 Monotonicity in finite dimensions . ......... .. ... 212
10.4 Monotonicity in infinite dimensions .......... .. ... ... 216
10.4.1 The Chafee-Infante problem ....................... 217
10.4.2 An infinite dimensional Morse-Smale map ........... 219
10.5 Negative feedback: Morse decomposition. ... ............... 221
11 The Kupka—Smale Theorem .......................oonno 229
A Conley Index Theory in Noncompact Spaces.............. 241
R OreICes . . . o v o oottt e e e e e e 267



