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”	
  Self-­‐tuning	
  complex	
  systems:	
  	
  Integra7ng	
  
equa7on-­‐free	
  methods	
  with	
  dynamical	
  systems,	
  

machine	
  learning	
  and	
  sparsity“	
  	
  
We	
   demonstrate	
   that	
   the	
   integra7on	
   of	
   data-­‐driven	
   dynamical	
   systems	
   and	
   machine	
   learning	
  
strategies	
   with	
   adap7ve	
   control	
   are	
   capable	
   of	
   producing	
   efficient	
   and	
   op7mal	
   self-­‐tuning	
  
algorithms	
  for	
  many	
  complex	
  systems	
  arising	
   in	
  the	
  engineering,	
  physical	
  and	
  biological	
  sciences.	
  
The	
   adap7ve	
   controller,	
   based	
   upon	
   a	
   mul7-­‐parameter	
   extremum-­‐seeking	
   control	
   algorithm,	
   is	
  
capable	
  of	
  obtaining	
  and	
  maintaining	
  op7mal	
  states	
  while	
  the	
  machine	
  learning	
  and	
  sparse	
  sensing	
  
techniques	
  characterize	
  the	
  system	
  itself	
  for	
  rapid	
  state	
  iden7fica7on	
  and	
  improved	
  op7miza7on.	
  
Addi7onally,	
   we	
   can	
   use	
   the	
   data	
   directly	
   to	
   construct,	
   in	
   an	
   adap7ve	
   manner,	
   governing	
  
equa7ons,	
   even	
   nonlinear	
   dynamics,	
   that	
   best	
   model	
   the	
   system	
   measured	
   using	
   sparsity-­‐
promo7ng	
  techniques.	
  Recent	
  innova7ons	
  also	
  allow	
  for	
  handling	
  mul7-­‐scale	
  physics	
  phenomenon	
  
in	
  an	
  adap7ve	
  and	
  robust	
  way.	
  The	
  overall	
  architecture	
  is	
  equa7on-­‐free	
  in	
  that	
  the	
  dynamics	
  and	
  
control	
  protocols	
  are	
  discovered	
  directly	
  from	
  data	
  acquired	
  from	
  sensors.	
  The	
  theory	
  developed	
  is	
  
demonstrated	
   on	
   two	
   example	
   physical	
   systems:	
   (i)	
   a	
   mode-­‐locked	
   laser	
   driven	
   by	
   nonlinear	
  
polariza7on	
   rota7on	
   in	
   conjunc7on	
   with	
   waveplates	
   and	
   a	
   polarizer	
   and	
   (ii)	
   a	
   metamaterial	
  
antenna	
   array.	
   We	
   suggest	
   how	
   such	
   a	
   mathema7cal	
   architecture	
   can	
   be	
   ideal	
   for	
   controlling	
  
emerging	
  neuro-­‐s7mula7on	
  devices	
  as	
  well.	
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