
•  Can	  be	  dealt	  with	  using	  an	  appropriate	  gauge	  transforma5on	  on	  a	  structured	  mesh	  
	  
•  Quasiperiodicity	  on	  an	  unstructured	  mesh:	  	  
•  Master-‐slave	  paradigm	  similar	  to	  mortar	  elements	  
•  Requires	  point	  loca5on	  
•  Introduces	  implicit	  coupling	  not	  captured	  by	  the	  mesh	  topology	  
•  Residual/Jacobian	  assembly	  requires	  slave-‐to-‐master	  transfer	  
•  Slaves	  are	  linear	  combina5ons	  of	  master	  variables	  
•  Linear	  constraints	  complicate	  linear	  solve	  
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GL	  model	  
● Time-dependent Ginzburg-Landau 

Discre.za.on/Meshing	  

Boundary	  condi.ons	  

● Quasiperiodic conditions define the current 
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Total current: J=Js+Jn	  

cri5cal	  current	  Jc:	  
•  no	  unique	  defini.on	  
•  usually	  defined	  when	  voltage	  V	  is	  a	  small	  

percentage	  ±	  (here	  1%)	  of	  the	  free	  flow	  value	  Vff	  
•  Jc	  calculated	  e.g.	  by	  a	  bisecGon	  method	  

Shape	  op.miza.on	  

	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  

	  
	  

● Long-time integration 

Simula.on	  

Precondi.oners	  

Master-‐Slave	  contact	  	  
Mortar	  Elements	  

•  Violates	  ellip.city:	  	  
•  No	  longer	  symmetric	  
•  Or	  posi.ve	  definite	  

•  Standard	  itera.ve	  methods	  underperform	  
•  Need	  appropriate	  precondi.oners	  

•  For	  GL	  coupling	  S	  to	  M	  is	  an	  appropriate	  gauge	  transforma.on	  

	  
•  Use	  spliEng	  to	  isolate	  the	  constraints	  
•  Constraint	  elimina5on	  results	  in	  an	  SPD	  Schur	  complement	  S	  	  
•  Precondi5on	  S	  

•  Matrix-‐free	  using	  block	  P	  
•  Assemble	  S	  
•  Use	  mul5grid	  or	  domain-‐decomposi5on	  

•  PETSc	  provides	  flexible	  spliEng/recombina5on	  precondi5oner	  machinery	  
•  PCFieldSplit	  

	  

SoQware/algorithm	  stack	  
● Leveraging power of SciDAC Institutes 

libMesh 
(mesh/AMR) 

TAO 
(optimization) 

	  
	  
 
 

SUPER 

Performance tuning 

	  
	  
 
 

FASTMath 

PETSc 
(core solvers) 

CUBIT 
(meshing) 

MOOSE 
(FEM) 

Paraview 
(viz) 

•  AMR:	  memory/cycles	  savings	  once	  solu5on	  features	  have	  stabilized	  
•  Mapping	  to/from	  refined/derefined	  geometry	  carries	  substan5al	  overhead	  
•  Needs	  to	  be	  used	  sparingly	  and	  intelligently	  

•  Mesh	  coarse	  geometry	  
•  Refined	  uniformly	  
•  Relax	  solu5on	  on	  uniformly	  refined	  mesh	  
•  Derefinement	  to	  focus	  on	  the	  features	  of	  relaxed	  solu5on	  

	  

•  Assembly	  of	  constraints	  nontrivial	  in	  current	  soRware	  framework	  
•  Requires	  parallel	  point	  loca5on	  
•  Prealloca5on	  of	  Jacobian	  entries	  of	  ordinarily	  disconnected	  nodes	  
•  Underalloca5on	  harmful:	  inser5on	  of	  elements	  into	  sparse	  matrix	  
•  Overalloca5on	  harmful:	  transfer/inser5on	  of	  many	  zero	  entries	  from	  

Slave	  to	  Master	  
• 	  	  	  	  Zero-‐current	  boundary	  condi5ons	  simula5ons	  highly	  scalable	  

Determining	  opGmal	  pinning	  landscape:	  
•  OpGmize	  criGcal	  current	  
•  Minimize	  deviaGons	  from	  best	  case	  
•  Min-‐max	  or	  min	  rms	  

jc	  

pinning	  configura.ons	  µ 

“robust”	  
op.mum	  

	  
•  Requires	  solu.on	  of	  adjoint	  operator	  
•  How	  does	  noise	  enter	  into	  the	  adjoint?	  
•  How	  to	  compute	  deriva.ves	  with	  respect	  to	  shape?	  
•  Preliminary	  work	  on	  the	  temperature	  modula.on	  model	  of	  inclusions	  

•  Adjoint	  must	  be	  solved	  back	  in	  .me	  –	  final	  condi.on	  for	  GL	  generates	  an	  ini.al	  for	  adjoint	  
•  Forward	  problem	  state	  must	  be	  stored	  and	  reused	  later	  


