
11.1 INTERIOR-POINT 
METHODS FOR CONVEX 
QUADRATIC PROGRAM 



Setup 

•  The form of the problem solved:  



Optimality Conditions 

•  In original form: 

•  With slacks:   



Idea: define an “interior” path to the solution 

•  Define the perturbed KKT conditions as a nonlinear system:  

 
•  Solve successively while taking mu to 0 solves KKT:   

F x µ( ), y µ( ),! µ( );µ,"( ) = 0; yi µ( )!i µ( ) = µ" > 0

µ# 0 $ x µ( ), y µ( ),! µ( )( )# x*, y*,!*( )  satisfies KKT



How to solve it ?   

•  Solution: apply Newton’s method for fixed mu: 

•  New iterate: 

•  Enforce:   



How to PRACTICALLY solve it?  

•  Eliminate the slacks: 

•  Eliminate the multipliers (note, the 22 block is diagonal and 
invertible)  

 
•  Solve (e.g by Cholesky  if G is PD and modified Cholesky if 

not ).  



Projected CG:  

•  The QP has the SAME structure as an EQP and can use 
projected CG: 

•  We would have to do QR on [A –I] first.   



How to choose the step?  

•  We need to enforce positivity.  
•   A typical approach: 

•  Here tau is a user defined parameter (say 0.1 – 0.01).   



A practical primal-dual method 

•  First, compute an affine scaling step (that is, drive to solution 
and not to center)           . This allows us to move faster. Denote 
it by 

•  Then, move towards the center to make sure that, taking a 
Newton from this point to the center.  

! = 0



A practical primal-dual algorithm 



11.2 INTERIOR-POINT 
METHODS 



Outline 

•  Same idea as in the case of the interior-point method for QP.  
•  Create a path that is interior with respect to the Lagrange 

multipliers and the slacks that depends on a smoothing 
parameter mu.  

•  Drive mu to 0.  
 



Interior –point, “smoothing” parth 

•  Formulation (with slacks) : 

•  Interior-point (smoothing path; mu=0: KKT)  



Barrier interpretation 

•  The nonlinear equation is the same as the KKT point of the 
barrier function:  



Newton Method:  

•  Linearization for fixed mu: 



Choose the step 

•  The new iteration: 

•  Where: 

•  And,    

! = 0.99 " 0.995



How do I measure progress?  

•  Merit function: 

•  I try to decrease it as much as I can.   



Basic  Interior-Point Algorithm 



How to solve the linear system 

•  Rewriting the Newton Direction: 

•  Can use indefinite factorization LDLT.  
•  Or, projected CG (since it is in saddle-point form)  



Linear System, part II 

•  Or, we can eliminate p_s and use LDLT 

•  And even p_z:  



How do we deal with nonconvexity and non-
LICQ? 

•  Regularization 

•  Choose delta so that signature of the matrix corresponds to 
positive definiteness of reduced matrix:  

•  For signature, can use LDLT 



But, how do I know how far to go in a direction?  

•  Backtracking search for merit function (based on barrier 
interpretation) : 

•  Directional derivative (for line search)  
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How do we update barrier parameter?  

•  Decrease of barrier (example): 

•  Step update:   



A practical interior-point algorithm 


