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Preface 

Through th e academi c yea r 2005-2006 , th e Field s Institut e ra n tw o program s 
in dynamic s an d relate d areas : "Renormalizatio n an d universalit y i n mathematic s 
and mathematica l physics " i n the fall and "Holomorphi c dynamics , laminations an d 
hyperbolic geometry " in the spring . A  festive highligh t o f the yea r wa s a  Worksho p 
on Holomorphi c Dynamics , whic h was held o n Marc h 7-11 , 2006 to celebrat e Joh n 
Milnor's 75t h birthday . Thre e generation s o f dynamicist s gathere d a t th e Field s 
Institute t o tak e stoc k o f th e explosiv e developmen t th e subjec t ha s experience d 
since the early 1980's . Closel y related themes of Renormalization i n Dynamics were 
discussed a t th e Worksho p hel d i n Novembe r 2005 . 

The paper s collecte d i n thi s volum e reflec t som e o f th e direction s o f researc h 
presented a t th e tw o Workshops . Belo w w e wil l provid e th e reade r wit h a  brie f 
(and incomplete ) guid e t o th e mai n themes . 

The volum e open s wit h a  pape r b y A . Bonifan t an d J . Milno r o n dynamic s 
of fibere d cylinde r maps . I t show s tha t th e observe d dynamica l feature s depen d 
strongly o n th e sig n o f the fibered  Schwarzia n derivative . 

Dynamics of polynomial mappings , particularly quadratics , has by now reached 
a matur e stat e o f development . B y comparison , muc h les s i s know n abou t non -
polynomial rationa l maps . I n particular , som e o f th e combinatoria l tools , suc h a s 
puzzle partitions , whic h hav e bee n s o powerfu l fo r polynomia l maps , hav e no t ye t 
been adequately develope d in the non-polynomial setting . Descriptio n of paramete r 
spaces, eve n i n specia l cases , i s a  challengin g problem . Th e reade r wil l be le d int o 
the worl d o f non-polynomia l rationa l dynamic s b y th e paper s o f R . Devane y an d 
V. Timori n i n thi s volume . 

Transcendental dynamic s exhibit s many commo n features , a s well as significan t 
differences, wit h polynomia l dynamics . A  surve y o f L . Remp e an d D . Schleiche r 
presents a  compariso n o f th e tw o fields.  Findin g root s o f entir e function s usin g 
Newton's metho d lead s t o iteratio n o f a  meromorphic ma p o f the Rieman n sphere . 
Here method s o f comple x dynamic s beautifull y intertwin e wit h root-findin g algo -
rithms, a s see n i n th e paper s b y J . Rucker t an d D . Schleiche r i n thi s volume . Th e 
latter pape r contain s amusin g application s t o searc h o f th e root s o f th e Rieman n 
^-function. 

The volum e contain s a  surve y b y V . Nekrashevyc h o n Iterate d Monodrom y 
Groups o f rationa l mappings . Thi s subjec t link s geometri c grou p theor y t o combi -
natorics o f rational maps . Translate d int o thi s language , man y question s relate d t o 
Thurston's theor y o f branche d covering s o f the sphere , suc h a s the "twiste d rabbi t 
problem" ca n b e answere d explicitly . 

Another approac h t o understanding o f covering properties of polynomials base d 
on the "Gree n tree" o f the basin a t infinity i s presented i n the paper by L. DeMarco. 

First introduce d int o th e field  b y Douad y an d Hubbar d an d Sulliva n i n mi d 
1980's, Renormalizatio n Theor y no w occupie s a  centra l plac e i n moder n Comple x 

vii 



V l l l Preface 

Dynamics. Th e progres s i n understandin g th e structur e o f th e Mandelbro t set , 
polynomial Juli a sets , an d Feigenbaum-typ e universalitie s stem s fro m renormal -
ization techniques . A  centra l ope n proble m o f ML C (loca l connectednes s o f th e 
Mandelbrot set ) ha s been connected t o renormalization theor y throug h th e work of 
Yoccoz. 

Renormalization o f critica l circl e map s an d Siege l disk s ha s attracte d muc h 
attention recently , du e to a  breakthrough b y Inou-Shishikura, an d subsequen t wor k 
of Buff-Cheritat, whic h completed Douady' s Program of constructing Juli a sets with 
positive area. Th e paper of M. Yampolsky in this volume develops a renormalizatio n 
theory of Siegel disks, its relation to the work of Inou-Shishikura, an d the connection 
with Douady' s Program . 

Renormalization o f circle maps an d rotatio n domain s ca n b e understood i n th e 
context o f th e classica l KA M theory . Correspondin g phenomen a i n highe r dimen -
sions, suc h a s universa l scalin g i n area-preservin g map s i n 2D , o n th e boundar y o f 
KAM, stil l pos e a  challengin g problem . A n approac h t o it , base d o n renormaliza -
tion of Hamiltonian vecto r fields,  has come to fruition i n the work of H. Koch. Thi s 
volume contain s hi s surve y o n th e subject , whic h introduce s th e reade r t o thes e 
important questions , an d describe s th e curren t state-of-the-art . 

Mikhail Lyubic h 
Michael Yampolsk y 

June 200 8 
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