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١.٢Introduction 
אאאאאא

אKאאאאpath-

following methodKאאא
אאinterior-point methodsKאאאא

אאאאאKא
אאא،אKא

אאא central path אאK
אאא



אאא 

 

٢٦
אאbarrier problem אא

אאK 
 

٢.٢אThe Barrier Equation 
אא،אאאprime

אW 
 

F١.٢E
maximize      ( )
subject to    

0

Tf x c x
Ax b

x

=
=
≥

 

אאdual אW  
minimize      
subject to    

T

T T

y b
y A c

y 0
≤

≥
  

 

אאאאFאEא
אאW 

F٢.٢E
maximize     
subject to    

, 0

Tc x
Ax+w= b

x w ≥
 

  
minimize      
subject to    

,

T

T T

y b
y A- z c

y z 0
=

≥
  

 
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٢٧
א،א

KאאאKאא
אאK،אF٢.٢Eאאא

،אx،אא
xא،אK

אאאKא
،אאאאאא

אאאKאאא
אאx

xx
אKא smoothnessאאא

אא
אKאאאאK

אאא
אW 

 

F٣.٢Emaximize log log

subject toe

T
j i

j i
c x x w

Ax+w= b

µ µ+ +∑ ∑ 
 

אאא،אא
א،אµFא
EאF٣.٢EאF٢.٢E. 
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٢٨
אF٣.٢E אאF٢.٢EK

א،אK
אµKאאא

אKאאאא
אאאK 

 

 
١.٢WµK(d)אא 

 
אאאאאK

אאאא
אא

אאאKאא
אKאא



אא 

 

٢٩
אאאא

אKא١.٢אאא
µKµא

אא،אאµאא
אאא אאאאF

אKEאאµ،אא
אאאאאאK

אאאcentral pathKאא
אאאK אאLagrange 

multipliersK 

 
٣.٢אLagrange Multipliers  

אאאאאא
אאאאKאא

א،K
Kאאא

אW 
 

maximize ( )
subject to ( ) 0

f x
g x =

 
 

אאאאKאאf
אf∇،אאfא



אאא 

 

٣٠
Kאאf∇

אf،אא
אKא( ) 0g x =،

אאאאK
אאאא{ }: ( ) 0x g x =K

xאא،( )g x∇،
אאאx

א*x א
א*( )f x∇*( )g x∇،א

W 
 

*( ) 0g x = 
 F٤.٢E                           * *( ) ( )f x y g x∇ = ∇    

 

y،א،א
אKאאאK 

אאW 
 

                    ( )f xmaximize 
subject to 

1

2

( ) 0
( ) 0

( ) 0m

g x
g x

g x

=
=

=

 

 
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٣١
 

 
٢.٢Wאאאא

1( ) 0g x =2 ( ) 0g x =Kא*xא،אא
אאK 

 
אאאm،א

٢.٢אKאאאאאx
،אאאאא

FאאmEאאאאKא
*( )f x∇אאKאאאא

אW 
 

*( ) 0g x = 
* *

1
( ) ( )

m

i
i

f x y g x
=

∇ = ∇∑ 



אאא 

 

٣٢
،אא

אKא
אאK 

( , ) ( ) ( )i i
i

L x y f x y g x= −∑ 

 אyx،א
אאא،

אW 

0, 1,2,......, ,

0, 1, 2,......, ,

i
i

ij j j

i
i

gL f y j n
x x x

L g i m
y

∂∂ ∂= − = =
∂ ∂ ∂

∂ = − = =
∂

∑
 

 

،אא
אאKאאא

אfirst-order optimality conditionsKא
אאאאא،אא

אKאא
אאFאEא

אW 
2

( )
i j

fH x
x x

⎡ ⎤∂= ⎢ ⎥∂ ∂⎢ ⎥⎣ ⎦
 

 
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٣٣
אאfאxHessian matrix  K 

 

 ١.٢ 
אא،אא*x

א 
 F٥.٢E                                                   *( ) 0Tu Hf x u <    

0u ≠ 
F٦.٢E                *( ) 0, 1, 2,......, .T

iu g x i m∇ = =    
 אW 

אfא*x 
 

* * * * 21( ) ( ) ( ) ( ) ( ).
2

T Tf x u f x f x u u Hf x u uο+ = + ∇ + + 

אuאאאא*xKאאא
אאאאאKu

אאאF٦.٢EKF٤.٢EF٦.٢E*( ) 0Tf x u∇ =،
א 

* * * 21( ) ( ) ( ) ( ).
2

Tf x u f x u Hf x u uο+ = + + 

F٥.٢EאK 
 

אF٥.٢E*xx،
*xאאאאKאא

אאאאאK 



אאא 

 

٣٤
٤.٢אאLagrange function  

אא،אא
אKאµ

אKµ
،אאאאאK

אאאאK
אאאאאאא،א

אאאK  
אW 

maximize log log

subject toe

T
j i

j i
c x x w

Ax+w= b

µ µ+ +∑ ∑ 

،אאא
אאאאKאW 

log logT T
j i

j i
L(x,w, y)= c x x w y (b - Ax - w)µ µ+ + +∑ ∑ 

 

אא،
אאאW 

1 0, 1, 2,...., ,

1 0, 1, 2,....., .

0, 1, 2,...., .

j i ij
ij j

i
i i

i ij j i
ji

L c y a j n
x x

L y i m
w w
L b a x w i m
y

µ

µ

∂ = + − = =
∂

∂ = − = =
∂
∂ = − − = =
∂

∑

∑

 



אא 

 

٣٥
אW 

 

1

1

TA y X e c
y W e
Ax w b

µ
µ

−

−

− =
=

+ =
 

,X Wאא,x wK
eאאא

K 
1z X eµ −=אא

אאW 

1

1

T

Ax w b
A y z c
y W e
z X e

µ
µ

−

−

+ =
− =

=
=

 

א،אאאWאאאX 
אאאאאW 

 

 F٧.٢E                                       
T

Ax w b
A y z c
YWe e
XZe e

µ
µ

+ =

− =
=
=

      

 

 אאאאאא،
אאאאאK

אאאאאאW  



אאא 

 

٣٦
, 1, 2,...,

, 1, 2,..., ,
j j

i i

x z j n

y w i m

µ
µ

= =

= =
 

אאKאµ
א،אא،א
אאKאאא،אאK 

אF٧.٢Eאאא
mn 22 +mn 22 +K،אא

אGaussian elimination،
אאK

אאאאK
אאאij zxK

אאאאאK 
אאF٧.٢E

אאK 
 

٥.٢אאאא 
 Second-Order Optimality Condition and Existence    

א،אאאא،K
אאאאW 

 

 F٨.٢E                ( log logT
j i

j i
f x,w)= c x x wµ µ+ +∑ ∑    

אאW 
 



אא 

 

٣٧
, 1, 2,...., ,

, 1, 2,....., ,

j
j j

i i

f c j n
x x

f i m
w w

µ

µ

∂ = + =
∂

∂ = =
∂

 

אאW 
 

2

2 2

2

2 2

, 1, 2,...., ,

, 1, 2,....., .

j j

i i

f j n
x x

f i m
w w

µ

µ

∂ = − =
∂

∂ = − =
∂

 

 

א،אאא
אאKאא١.٢

א،אא
K 

א،אאאאא؟אWאK
אאאאא،אא

W 
 

0maximize 
0≥xsubject to 

 

א،אאW 
xxf log)( µ= 

 



אאא 
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Fאא∞=xKE

אKאאאא
0=xאאאW 

 

maximize
subject to 0

x
x
−
≥

 

،אאאW 
xxxf log)( µ+−= 

אאµ=xK 
אאW 

 

 ٢.٢ 
אאאאא

אאK 
אWא[Va]K 

אאא
אW 
 ٣.٢ 

אאאאא
FאE،0µ >

( , , , )x w y zµ µ µ µF٧.٢EK 
אW٢.٢K 

א{( , , , ) : 0}x w y zµ µ µ µ µ >אאא
אKאאאאאK



אא 
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אאאאאאKא

אאאא،א
אאאאK 

 
אא 

 ١.٢אאאאאW 
x x x1 2 34 3+ +maximize 
subject to 

2 2 4
1

0

1 2 3

1 3

2 3

x x x
x x
x x

− + =
− =

≥,
 

 ٢.٢א{ , 0}x : Ax b x≤ ≥Knr ∈
ms ∈   Kא אאK

אאW 

0

T

Ax w b
A y z c
YWe s
XZe r
x y z w

+ =
− =
=
=

>, , ,

 

 
 



 


