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•  High	
  capacity	
  
•  Low	
  energy	
  
•  Error-­‐free	
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Op7cal	
  Transmissions	
  
..0110101001! ..0110101001!

•  High	
  capacity	
  
•  Low	
  energy	
  
•  Error-­‐free	
  

Op7cal	
  resources	
  should	
  be	
  used	
  more	
  efficiently	
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Dynamic	
  Op7cal	
  Networks	
  
•  Op7cal	
  devices	
  are	
  becoming	
  dynamic	
  
•  ROADMs,	
  modulators,	
  tunable	
  lasers,	
  and	
  filters	
  

•  Modern	
  networks	
  are	
  sta7c	
  
•  Overprovisioned,	
  manual	
  configured,	
  fragile	
  





Dynamic	
  Op7cal	
  Networks	
  
•  Op7cal	
  devices	
  are	
  becoming	
  dynamic	
  
•  ROADMs,	
  modulators,	
  tunable	
  lasers	
  and	
  filters	
  

•  Modern	
  networks	
  are	
  sta7c	
  
•  Manual	
  configured,	
  overprovisioned	
  

•  Op7cal	
  Performance	
  Monitors	
  (OPMs)	
  as	
  enablers	
  





Our	
  Contribu7ons	
  

•  We	
  formulate	
  power	
  control	
  problem	
  for	
  
dynamic	
  opera7on	
  

•  We	
  develop	
  a	
  measurement-­‐based	
  algorithm	
  
•  We	
  evaluate	
  the	
  performance	
  of	
  the	
  
algorithm	
  using	
  a	
  realis7c	
  op7cal	
  simulator	
  
and	
  in	
  an	
  op7cal	
  testbed	
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Performance	
  Measurements	
  

•  Op7cal	
  Performance	
  Monitors	
  (OPMs)	
  provide	
  
OSNR,	
  BER	
  func7ons	
  

•  Convex	
  	
  func7ons	
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Problem	
  Formula7on	
  



Algorithm	
  (SiMPLE)	
  
•  Simultaneous	
  Mul7-­‐Path	
  
Lambda	
  Enhancement	
  (SiMPLE)	
  

•  Convex	
  solver	
  
•  Unique	
  requirements	
  
–  Runs	
  on	
  live	
  op7cal	
  network	
  
–  SLA	
  requirements	
  are	
  more	
  	
  
important	
  than	
  op7mality	
  

–  Func7ons	
  and	
  deriva7ves	
  are	
  not	
  known	
  
–  Runs	
  con7nuously	
  

•  Propose	
  algorithm	
  based	
  on	
  direct-­‐search	
  method	
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Algorithm	
  (SiMPLE)	
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Gain	
  Stealing	
  Impairment	
  

Input	
   Output	
  

•  Since	
  the	
  output	
  power	
  is	
  constant,	
  one	
  
wavelength	
  steals	
  the	
  gain	
  of	
  the	
  other	
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Simula7on	
  setup	
  
•  Network-­‐level	
  Op7cal	
  Simulator	
  
– Géant	
  	
  
topology	
   WDM Fiber

2.5  Gbps

Simulated  node

10  Gbps



Sample	
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  Results	
  



Effect	
  of	
  Parameters	
  
✓+ = 1.2

✓� = 0.6

Trade-­‐off	
  between	
  fluctua7on	
  and	
  convergence	
  speed	
  



Effect	
  of	
  Noise	
  

•  Increasing	
  noise	
  value	
  creates	
  fluctua7ons	
  
•  Prevents	
  convergence	
  
– Mi7gated	
  by	
  the	
  con7nuous	
  opera7on	
  



Experimental	
  Setup	
  

•  1-­‐hop	
  experiment	
  
–  25km	
  fiber	
  
–  8	
  wavelengths	
  that	
  can	
  be	
  controlled	
  in	
  two	
  groups	
  

•  Uses	
  off-­‐the-­‐shelf	
  telecom	
  equipment	
  
•  Central	
  controller	
  manages	
  power	
  levels	
  

Controller
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Our	
  Contribu7ons	
  

•  We	
  formulate	
  control	
  problem	
  for	
  dynamic	
  
opera7on	
  

•  We	
  develop	
  a	
  measurement-­‐based	
  power	
  
control	
  algorithm	
  

•  We	
  evaluate	
  the	
  performance	
  of	
  the	
  
algorithm	
  using	
  a	
  realis7c	
  op7cal	
  simulator	
  
and	
  in	
  an	
  op7cal	
  testbed	
  

•  First-­‐step	
  towards	
  SDN	
  for	
  op7cs	
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