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 
   

    
Path Following Method  

  
••

NT•
NT 

•
•

µ •
•
                 

   
19Introduction 

 



1.7

0µ >µ 
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



NT[DPRT]

[Ji]
predictor-corrector

NT 

29NT 
  The Path Following Approach and the NT Search Direction  

0µ >µ−( ) ( )( ),X Sµ µ


( ) ( )( )tr ,X S nµ µ µ=µ−
nµ 

( ) ( )( ),X Sµ µ
µ 

( ), ( )X S ∈ ×P D
0µ >( ),X S∆ ∆

X X+ ∆ ∈PS S+ ∆ ∈D 
1.9   ( )( )X X S S Iµ+ ∆ + ∆ = 

1.5


 
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NT
[NT] 

NT
NT0X f

0S f 
 

 

2.9  ( )1 1 1 1
2 2 2 2D S S XS S− −= 

1D X SD− = 
 
 

3.9  1 1 1 1
2 2 2 2D XD D SD V− − = = 

DXS
V 

 

4.9  1 1
2 22    V D X S D XS−= ∼ 

4.9( ), ( )X S ri∈ ×P D
 

( ) 2

2

2

1

tr tr ( )

( )
n

i
i

XS V

V

Vλ
=

=

=

= ∑

 

 
 

1 1
2 2  XD D X D− −= ∆  

 
1 1
2 2  SD D S D= ∆  

 

o b e i k a n d l . c o m 
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( )tr 0X SD D =

 
V X SD D D= + 

D2.91.9
 

5.9  ( ) ( )X SV D V D Iµ+ + = 

5.9
 

( ) ( ) ( )( )( )1
2

T
X S X SV D V D V D V D Iµ + + + + + =

 
  

و   S X X SD D D D ،

  
6.9 ( ) ( )( ) 21

2 X S X SD + D V+ V D + D I Vµ= − 

6.9Lyapunov equation
 

1
V X SD D + D V Vµ −= = − 

VD1
2DNT 

7.9 1X D SD S Xµ −∆ + ∆ = − 
 

8.9 
( )

1

tr 0,     1,...,i

m

i i
i

A X i m

S y A
=

∆ = =

∆ = ∆∑
 
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 
1

1

1

tr ( ) tr ( ) tr ( )

                              tr ( ) ,     1,...,

n

j i j i i
j

i i

y ADA D AS AX

AS b i m

µ

µ

−

=

−

∆ = −

= − =

∑ 

 


y∆S∆8.9

X∆7.9( ),X S∆ ∆NT 
( ), ( )X S ri∈ ×P D0µ >

 
( )

1

1 1, ,   
2

1 1  
2

VX S D

V V

δ µ
µ

µ
µ

−

=

= −
 

 

[Ji]( ), , 0X Sδ µ ≥ 
( ) 2, , 0X S V I XS Iδ µ µ µ= ⇔ = ⇔ = 


[JRTP]

[Ji]( ), ,X Sδ µ
directional derivative

NT
( ),X S∆ ∆NT( ),X Sf µ

 
( ) 1, ,  tr ( ) log  det( )f X S XS XSµ µ

µ
= −  

o b e i k a n d l . c o m 
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f µ( ),X SNT
 

( )( )( ) ( )( )( )
1 1

  tr  , ,  tr  , ,

1 1 tr tr

X Sf X S X f X S S

S X X X S S

µ µ

µ µ
− −

∇ ∆ + ∇ ∆

      
= − ∆ + − ∆      

      

 

( )

1 1

1

2 2

1 1 tr tr

1 tr

1  tr 4

X S

V

V

V V D V V D

V V D

D

µ µ

µ

δ
µ

− −

−

      
= − + −      

      
  

= −  
  

= − = −

 

δ
NT 

 
 

1.9 
  ( , ) ( )X S° ° ∈ ×P D 
1τ < 

 0µ° >( , , )X Sδ µ τ° °
° ≤ 

0ε > 
     ,  , S S y y µ µ° °= = = o 

     ( )tr XS ε> 
,X S∆ ∆7.97.9 

(0,1]X ∈ 
 
 

X X X
S S S

α
α

= + ∆
= + ∆

 
0 1θ< < 

( )1µ θ µ= − 
 

 
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 
( ) ( ), : ,X S X X S S+ + = + ∆ + ∆ 

NT 
( ) ( ), : ,X S X X S Sα α α α= + ∆ + ∆ 

 

NT0 1α< < 

39NT 
 Feasibility of the Full NT Step  

( ), ( )X S ri∈ ×P D0µ >
 

 

2.9 
0X f0S f 

 

( )det 0,       0X Sα α α α> ∀ ≤ ≤ 
 

αS S Sα α= + ∆X X Xα α= + ∆0Xα f
0Sα f 

 
 

( ) ( ) ( )det  det   det  X S X Sα α α α= 
 

( ) ( ) ( )det   i i
i i

X S X Sα α α αλ λ= ∏ ∏ 

[0, ]α
XαSα[0, ]α0Xα f0Sα f 
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
 

3.9 

( ), ( )X S ri∈ ×P D0µ >( ), , 1X Sδ µ <
NT 

 
determinantX Sα α1α ≤

( ) ( )1 , 1 0X S f2.9 
 

( )( )

( ) ( )

( )

( )

2 2

2 2 2

2

         
1         
2

1         
2

1         
2

X S

X S X S

X S S X

X S S X

X S X S

X S V D V D

V D V VD D D

V I V D D D D

D D D D

D V VD VD D V

α α α α

α α α

α µ α

α

α

+ +

= + + +

= + − + +

+ −
+ + − − 

∼

  

 

6.9
[ ]X Sα α

 

( )2 2 21( ) : ( )
2 X S S XM V I V D D D Dα α µ α= + − + + 

( )M α 
 

( ) ( )2( ) 1
2 X S S XM V I D D D Dα

α α αµ
µ

 
= − + + + 

 
 
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( ) 0M α >1α ≤    

( )
2

1
2

X S S XD D D D
µ
+

< 

1δ < 

( )
22

2 2

1 1
2 2

1 1
4

X S S X
X S S X

V

D D D D D D D D

D

µ µ

δ
µ

+
= +

≤ = <

.  


NT 

4.9 
( ), ( )X S ri∈ ×P D0µ >( ), , 1X Sδ µ < 

( )tr X S nµ+ + = 
NT 

 
3.9 

( )1
2 X S S XX S I D D D Dµ+ + + +∼ 

9.9  ( ) ( )1 1
2 2X S S X X S X SD D D D D V VD VD D V + − + − − −  

  

A B∼ 
tr ( ) tr ( ), , n nA B A B ×= ∈¡ 

 
( ) ( )tr trX S I nµ µ+ + = = 

 
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( )tr 0X SD D =
 

 

49 
   Quadratic Convergence to the Central Path      

9.9M
 

( )1
2XS X S S XD D D D D= + 

NT 

5.9 
 

( ) ( )2 2
min ( ) 1Vλ µ δ+ ≥ − 

minλ   
 

9.9 
 

( ) ( )2
min min( ) XSV I D Mλ λ µ+ = + + 

 

M 
 

( ) ( )2
min min

2

( )

                   
XS

XS

V I D

D

λ λ µ

µ

+ ≥ +

≥ −
  

 

2XSD 
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( ) ( )22 2
min

1( ) 1
4 VV Dλ µ µ δ+ ≥ − = − 

6.9 
 

2 41
8XS VD D≤ 

 
 

( ) ( )2 21
2X S S X X S X SD D D D D D D D + = + − −  

 

( )tr 0X SD D =V X SD D D= +V X SQ D D= −
 

 

( )

( )

( )
( )

2
2 2 2

4 4 2 2

2 22 2

4 4 4

1
4
1           tr

16
1           

16
1 1            

16 8

XS V V

V V V V

V V

V V V

D D Q

D Q D Q

D Q

D Q D

= −

= + −

≤ +

≤ + =

 

 

7.9 
NT 

 

( )
( )

2

2
, ,

2 1
X S δδ δ µ

δ
+ + += ≤

−
 

 
NT 

 
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( )

( )

( )

2 21

21 2

22 1 2
max

1 ( )
4
1         ( ) ( )

4
1         ( ) ( )

4

V V

V I V

V I V

δ µ
µ

µ
µ

λ µ
µ

+ + − +

+ − +

+ − +

= −

= −

≤ −

 

5.9 
( ) ( )

2 22
2 2

1 ( )
4 1

I Vδ µ
µ δ

+ +≤ −
−

 

 
2 22( ) XSI V Dµ +− ≤ 

 
 

( ) ( )

( ) ( )( )

2 22

1

2 2

1

( )

                      tr .

n

i XS i
i

n

i XS XS
i

I V I D M I

D M D M

µ λ µ λ µ

λ

+

=

=

− = + + −  

= + = +  

∑

∑
 

 

M 
 

 

( )
( )

22 2

2

2

( ) tr ( )

tr

T
XS

XS

XS

I V D MM

D

D

µ +− = −

≤

=

  

 

6.9 
 

 
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8.9 

( ) 1
2

, ,X Sδ µ <( ) ( )2, , , ,X S X Sδ µ δ µ+ + <
µ−

( ) 2
3, ,X Sδ µ <( ) ( ), , , ,X S X Sδ µ δ µ+ + <،

 
6.97.9 

 

5.9µUpdating the Barrier Parameter 
( ), ( )X S ri∈ ×P D

( ) ( )( ),X Sµ µ 
 

( ) 1
2, ,X Sδ µ ≤ 

 

µ 
 

( )1µ θ µ+ = − 
 

0 1θ< < 
1

2 n
θ =

( ) 1
2

, ,X Sδ µ ≤NT
( ), ( )X S ri+ + ∈ ×P D( ) 1

2, ,X Sδ µ+ + ≤
 

µ
µ 
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9.9 

( ), ( )X S ri∈ ×P D( )tr XS
n

µ =( ), ,X Sδ δ µ=
( )1µ θ µ+ = −0 1θ< < 

( )( ) ( ) ( )
22 2, , 1

4 1
nX S θδ µ θ δ

θ
+ = + −

−
 

 
1U V

µ
=

 

( )( )

( )

2
2 1

2
1

14 , , 1
1

                          1
1

X S U U

U U U

δ µ θ
θ

θ
θ

θ

+ −

−

= − −
−

= − − −
−

.  

 

 
 

( ) ( )2 2 21tr trU U U n
µ

= = = 
 

U1U U− − 

 

( )( ) 21tr 0U U U n V− − = − = 
 

 

( )( ) ( )
222 214 , , 1 .

1
U

X S U U
θ

δ µ θ
θ

+ −= + − −
−

  
 

1 2U U δ− − =
2U n= 
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
( ), ( )X S ri∈ ×P Dµ( ) 1

2, ,X Sδ µ ≤
µ1

2
(1 )

n
µ µ+ = −( ) 1

2
, ,X Sδ µ + ≤

NT  

( ), ( )X S ri+ + ∈ ×P D  ( ) 1
2, ,X Sδ µ+ + + ≤

1
2δ ≤

1
2

1
n

−
NT

 


 

10.9 

1
2

τ =1
2 n

θ =1.9
NT 

 

2  log nn µ
ε

° 
 
 

 
 

( ), ( )X S ri∈ ×P D ( )tr XS ε≤ 
[Dk] 
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6.9 
Long Step Path Following Method  

NT
µ( ) 1

2, ,X Sδ µ ≤
µ( )1µ θ µ+ = −

line 
search 

( ) ( ) ( )1, , tr log  detf X S XS XS nµ µ
µ

= − − 
 

 
 

11.9 
 ( , ) ( )X S° ° ∈ ×P D 

0τ > 
 0µ° >( , , )X Sδ µ τ° °

° ≤ 
0ε >  

1θ < 
      ,  , S S y y µ µ° °= = = o 

   ( )tr XS ε> 
( ), ,X Sδ µ τ≤ 

( )1µ θ µ= − 
( , )d Sδ µ τ> 

,X S∆ ∆ 
7.97.9 

α 
S S Sα= + ∆ 
y y yα= + ∆ 

 
 

o b e i k a n d l . c o m 
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( )arg   minimize  ,f X X S Sµα α α= + ∆ + ∆ 
 

 

12.9 

11.9 
 

log nO µ
ε

  
    

o 
 

( )* *, ( )X S ri∈ ×P D
( )* *tr X S ε≤ 

[Ji] 
 

7.9Predictor Corrector Methods 



SeDuMi

SDPT3SeDuMiNT
SDPT3

[MTY]


NTtr ( )XS nµ =
( , ) ( )X S ri∈ ×P D 
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13.9θ
µ( )1µ θ µ+ = −

θ،
( ), ,X Sδ µ τ≤ 

13.9 
 ( , ) ( )X S° ° ∈ ×P D 
0τ > 

 0µ° > 
( , , )X Sδ µ τ° ° ≤o( )tr X S

nµ ° °
=o  

0ε > 
0 1θ< < 

                ,  , S S y y µ µ° °= = = o 
   ( )tr XS ε> 

 
,X S∆ ∆7.97.9 

,   X X X S S S= + ∆ = + ∆NT 
 

( )  X X D S D∆ = − + ∆ 


1

m

i i
i

S y A
=

∆ = − ∆∑ 

,X X X S S Sθ θ= + ∆ = + ∆ 
 

( )1µ θ µ= − 
 

 
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14.9 

1
3τ =( ), ,X Sδ µ τ≤

( ), ( )X S ∈ ×P D13.9 
10.9

( )1
2

2

1 1 13 a a a a
X S X SD D D D

θ
µ

=
+ + +

 

a
XDa

SD
a a
X SD D V+ = − 

 
[RTV]

 

13.91.9
 

15.9 
1

3τ =θ10.913.9
 

( )tr131 1 log
2

X S
n

ε

° °  
 + +     

 

( ), ( )X S ri∈ ×P D( )tr XS ε≤ 
[MTY] 

16.9[KSS] 

 

1 2

2 0 0 1 0 0 2
,   ,   ,   

0 0 1 2 0 1 0
A A C b

− −       
= = = =       −       

 
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 
* * *1 0 0 0 0

,   ,   
0 0 0 1 0

X S y     
= = =     

     
 

( ) ( )* * *, , , ,k k kX S y X S y→
 

( ) ( )1 211
: ,   : ,   :

1 2
kk kk

k k k
k k kk k

cc c
X S y

cc c

εε εε
ε ε εε ε

   + + − 
 = = =      − +    

 

0kε →0c >1
32c =1010 k

kε −=
30,......,80k =( ), , 0.13X Sδ µ ≤

 
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 
 

1.9 
2

1 2

1 2

maximize    ,    
1 0 0 0 0 1

subject to  
0 1 1 1 1 0

y y y

y y

+ ∈

     
+     

     

¡

≺
 

1.9Xα
Sα 

  

2.9[ ]1 0 0 ,  3b n m= = = 

1

2 3

0 0 0 1 0 0
0 0 0 ,  0 0 0 , 
0 0 1 0 0 0

0 0 1 0 1 0
 0 1 0 ,  1 0 0

1 0 0 0 0 1

C A

A A

   
   = =   
      
   
   = =   
      

 

( )
( )

2

2
, ,

2 1
X S δδ δ µ

δ
+ + += ≤

−
 

3.9 
2n =3m = 

[ ]1 2 1 Tb =1 1
1 0

C
 

=  
 



1 2 1

1 1 1 0 1 1
, , ,

0 0 0 0 1 0
A A A

     
= = =     

     
 

119139 
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 
 

Symbols 
 

TA    
TA−   1( )TA − 

ija   ijA 
A B∼   1A T BT−=T 
A B∼    ABsimilar 
A Bf   A B− 
A Bf  A B− 
A B≺  A B− 
A B≺   A B− 

(A)R   n nA ×∈¡ 
rI   r r× 

I    
m nO ×   m n× 

O    
ne   n¡ 

e    
n¡  n 
n
+¡  n¡ 
n¢  n 
n
+¢  n 
n n×¡  n n× 
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nS = {  ,  }n n TX X X X×∈ =¡ 

n
+S = {  ,  0}nX X X∈ fS 

n
++S = {  ,  0}nX X X∈ fS 

nC = {  , }n
nA A x+

+∈ ∀ ∈ ¡S 

nN = {  0,  , 1,....., }nA a i j n∈ ≥ ∀ =S ij 
svec ( )n

+S = 
1
2 ( 1){  smat( )  }n n

nx x+ +∈ ∈¡ S 
{ 1,1}n− = {  {-1,1}, 1,......,  }n

ix x i n∈ ∈ =¡ 
( )i Aλ  thiA( )j Aλ ∈ ¡     j∀ 

max ( )Aλ  A( )j Aλ ∈ ¡     j∀ 
min ( )Aλ  A( )j Aλ ∈ ¡     j∀ 

tr ( )A = ( )ii ii i
a Aλ=∑ ∑n nA ×∈¡ 

,A B = tr ( )TAB 

det( )A = ( )i
i

Aλ∏n nA ×∈¡ 
2A = 

2tr ( )T
ijij

AA a= ∑ 
2A = 

2 ( )ii
Aλ∑nA∈S 

2A = 
1
2

max( ( ))TA Aλ  
2A = max ( )Aλ0A f 

( )Aρ = max ( )ii
AλA 

  
( )Aκ = max

min

( )
( )
A
A

λ
λ

( ) 0i Aλ >   i∀ 

( )Aκ   condition number A0A f 
1
2A  0 A≺ 

Diag( )x  n n×nx ∈¡ 

diag( )X  nn nX ×∈ ¡ 
vec( )A = 11 21 1 12 22[ , ,...., , , ,....., ]T

n nna a a a a a n nA ×∈¡ 
svec( )A = 11 12 1 22 23[ , 2 ,.... 2 , , 2 ,...., ]T

n nna a a a a anA∈S 
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smat(.)  svec(.) 
( )ri C  C 

dim( )L  L 
∗C  n ⊃¡ C 
∗C = {  0,  }n Tx x y y∈ ≥ ∀ ∈¡ C 

P    
D   

∗P   
∗D   

L = 1span{ ,....., }mA A 
log( )t  0 t< 

( )tψ = log(1 )t t− +    1t > − 
( )p Xµ = 1 tr ( ) log  detCX Xµ − 
( , )d S yµ = 1 log  det( )Tb y Sµ + 
( , )f X Sµ = tr ( ) log  det( )XS XS nµ µ− − 

D  =  
1 1 1 1 1
2 2 2 2 2[ ( ) ]X X SX X( , ) ( )X S ri∈ ×P D 

D  NT 
V = 

1 1 1 1
2 2 2 2D XD D SD− − = 

( , , )X Sδ µ = 11 1
2 || ||V V

µ
µ − − 

XD = 
1 1
2 2D XD− −∆X ⊥∆ ∈L 

SD = 
1 1
2 2D SD∆S∆ ∈L 

( , )G V E=
 

= V
E 
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