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Nonlinear'MIP'B&B'Algorithms'
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•  (Dynamic)'LP'Based'B&B''

–  Few'cuts'='high'speed.'
–  Possible'slow'convergence.'
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•  NLP'(QCP)'Based'B&B''
•  (Dynamic)'LP'Based'B&B''

–  Few'cuts'='high'speed.'
–  Possible'slow'convergence.'

•  Li\ed'LP'B&B''
–  Extended'or'Li\ed'relaxa/on.'
–  Sta/c'relaxa/on'

•  Mimic'NLP'B&B.''
–  Dynamic'relaxa/on'

•  Standard'LP'B&B'
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Nonlinear'MIP'B&B'Algorithms'

•  NLP'(QCP)'Based'B&B''
•  (Dynamic)'LP'Based'B&B''

–  Few'cuts'='high'speed.'
–  Possible'slow'convergence.'

•  Li\ed'LP'B&B''
–  Extended'or'Li\ed'relaxa/on.'
–  Sta/c'relaxa/on'

•  Mimic'NLP'B&B.''
–  Dynamic'relaxa/on'

•  Standard'LP'B&B'
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Sta/c'Li\ed'LP'for'Conic'Quadra/c'MIP'

•  Approxima/on'of'Second'Order'
Cone'of'dimension'n by'BenQTal'and'
Nemirovski'(Glineur).'

•  '''''''''''''''''''''''''''variables'and'
constraints'for'quality''''.'
–  Exponen/al'increment'in'#'of'
constraints'through'projec/on.'

•  Problem:'
–  Fixed'aQpriori'quality:'no'dynamic'
improvement'(e.g.'''''''''''''''''''best'for''
some'porcolio'op/miza/on'problems)'

r
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Correct'Quality'='Significant'Improvement'

•  Results'from'V.,'Ahmed'and''Nemhauser'’08.'
Introduction Lifted LP Algorithm Computational Results Final Remarks

Avg. of Solve Times [s] for n 2 {20, 30} (CPLEX v11)
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Dynamic'Li\ed'LP'for'Separable'Problems''

•  Mo/va/ng'example'from'Hijazi'et'al.'‘14'
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Dynamic'Li\ed'LP'for'Separable'Problems''

•  Mo/va/ng'example'from'Hijazi'et'al.'‘14'
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Dynamic'Li\ed'LP'for'Separable'Problems''

•  Mo/va/ng'example'from'Hijazi'et'al.'‘14'
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Significant'Improvement'For'Many'Problems'

•  Tawarmalani'and'Sahinidis'’05:'
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Significant'Improvement'For'Many'Problems'

•  Tawarmalani'and'Sahinidis'’05:'

•  Polynomial'(degree'n)'increment'in'#'of'constraints'through'
projec/on'

Li\ed'Relaxa/on'of''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''':''
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Separable'Approach'for'Conic'Quadra/c?'

•  “Separable'Sets”'include'many'quadra/cs:'
–  Euclidean'Ball'

–  Paraboloids'

•  Does'not'include'Lorentz/SOCP'cone:'
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•  From'Euclid'to'Lorentz''

Separable'to'Conic:'Homogenize'
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•  From'Euclid'to'Lorentz''

Separable'to'Conic:'Homogenize'
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Li\ed'Relaxa/on'for'Separable'Conic'Sets'

Li\ed'Relaxa/on'of'''''''''''''''''''''''''''''''''''':''
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Li\ed'Reformula/on'for'Conic'Quadra/c'Sets'

•  Li\ed'Reformula/on'of'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''':'
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Li\ed'Reformula/on'for'Conic'Quadra/c'Sets'

•  Li\ed'Reformula/on'of'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''':'

•  Li\ed'polyhedral'relaxa/on'automa/c'from'standard'polyhedral'
approxima/on'of'(rotated)'SOCP'cone:'
–  'Dynamic'Li\ed'LPQbased'algorithm:'

1.  Replace'every'SOCP'cone'with'li\ed'reformula/on'
2.  Solve'with'standard'LPQbased'algorithm''
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Computa/onal'Experiments'1:'Solvers'
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Computa/onal'Experiments'1:'Solvers'

•  NLPQbased'BranchQandQBound:'
–  CPLEXCP''
–  GurobiCP''
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•  CPLEX'v'12.6'and'Gurobi'v'5.6.3'
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Computa/onal'Experiments'1:'Solvers'

•  NLPQbased'BranchQandQBound:'
–  CPLEXCP''
–  GurobiCP''

•  Tradi/onal'LPQbased'BranchQandQBound:'
–  CPLEXLP'
–  GurobiLP''

•  Dynamic'Li\ed'LPQbased'BranchQandQBound:'
–  CPLEXSepLP':'CPLEXLP'on''li\ed'reformula/on'
–  GurobiSepLP:'GurobiLP'on''li\ed'reformula/on'

•  CPLEX'v'12.6'and'Gurobi'v'5.6.3'
•  Time'limit'of'3,600's'on'i7Q3770'3.40GHz''
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Computa/onal'Experiments'1:'Instances'

•  Porcolio'op/miza/on'problems:'

Classical:'
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Results'for'CPLEX:'100'instances'per'n'
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Results'for'Gurobi:'100'instances'per'n'
Time'[s]'

n'
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Computa/onal'Experiments'2:'More'Solvers'

•  Sta/c'Li\ed'LPQbased'BranchQandQBound:'
–  Li0edLP:'from'V.,'Ahmed'and''Nemhauser'’08'

   '''''''''''''''''''''''''''''''''''''''''''''''''
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Computa/onal'Experiments'2:'More'Solvers'

•  Sta/c'Li\ed'LPQbased'BranchQandQBound:'
–  Li0edLP:'from'V.,'Ahmed'and''Nemhauser'’08'

•  Sta/c/Dynamic'Li\ed'LPQbased'BranchQandQBound:'
–  CPLEXSepLazy'/'GurobiSepLazy':'Li\edLP'+'Refinement'
through'Separable'extended'formula/on'
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Computa/onal'Experiments'2':'More'Instances'

•  Porcolio'op/miza/on'problems:'

Classical:'
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Computa/onal'Experiments'2':'More'Instances'

•  Porcolio'op/miza/on'problems:'

Shorcall:'

Extended'Formula/ons'for'MIQCP' 15'/'16'



Computa/onal'Experiments'2':'More'Instances'

•  Porcolio'op/miza/on'problems:'

Robust:'
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Performance'Profile'for'n'“=“'20Q60,'100'and'200''
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