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Introduction 

Polynomial optimization problems (POPs), 
types of convex relaxations 
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► Relaxation 
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Reformulated 
convex POP 

● Nonconvex POP 
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EXAMPLE 1 

● Global minimum 

► 2 contraints 

► 14  contraints 
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LAGRANGIAN RELAXATION 
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● Inequality constrained optimization 

● Lagrange relaxation 
Feasible sets 
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    BB  METHOD 

● Let a 4th degree polynomial function   

  2 3 41.5 2.8821 1.2774 0.0955 0.0051p x x x x    

where  0,7 .x

● Define        L UL x p x x x x x   

► make  L(x)  convex by overpowering the  
nonconvexities of  p(x)          



Conclusion 

● Lagrange and SDP relaxations;  ● 

polynomial/bilinear matrix inequality 
(PMI/BMI); ● trigonometric convex 

underestimators 
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Primal POP                                                        Lagrangian dual 
 
 
 
 
 

Primal SDP relaxation                                Dual SDP relaxtion 

LAGRANGE AND SDP RELAXATIONS 
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SINE FUNCTION: CONVEX ENVELOPE 
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► Convex envelope 

2 minima which value  is -1 at             
 
                     and  

/ 2x  

3 / 2x 

2 global minima  
which value is -1 at: 
  

/ 2x  

 / 2,3 / 2x   



09/13/2014 Convex relaxation methods 11 

SINE FUNCTION: TRIGONOMETRIC 
CONVEX UNDERESTIMATOR 

● Origin: Caratzoulas & Floudas 

(2005) 

   sinp x x s 
● The functional form for the 

function                               
with                         is 
 
     sin sx a k x x b    

,L Ux x x  

     sin 1.5 , 0,10.984p x x x  

● For this example we obtain 

 
     24.91sin 0.0979 10.11 21.83x x    
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GENERAL TRIGONOMETRIC FUNCTION: 
CONVEX TRIGO. UNDERESTIMATOR 

● Example adapted from 

Caratzoulas & Floudas (2005)  
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sin sin log 0.84
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● The functional form is 

                                                        
 
where  
 

 1.5,12.484x

● The figure shows the translated 

function                    on                    
and the convex trigonometric 
underestimator. 

 1.5p x   0,10.984


