
Example from Chap 13

min
x

−x1 + x2

s.t. x1 + x2 ≤ 40

2x1 + x2 ≤ 60

x1, x2 ≥ 0

min
x

cTx

s.t. ATx = b

x ≥ 0

c =






−1
1
0
0




 x =






x1
x2
x3
x4






b =

(
40
60

)
A =

(
1 1 1 0
2 1 0 1

)



Newton’s method

F (x, λ, s) =




ATλ+ s− c
Ax− b

XSe



 = 0, for x, s ≥ 0

J =




∇xrc ∇λrc ∇src
∇xrb ∇λrb ∇srb
∇xrXS ∇λrXS ∇srXS



 =




0 AT I

A 0 0
S 0 X





J(x, λ, s)




∆x
∆λ
∆s



 = −F (x, λ, s)

(xk+1, λk+1, sk+1) = (xk, λk, sk)− αkJ(xk, λk, sk)
−1F (xk, λk, sk)



x =






x1
x2
x3
x4




 =






5
30
5
10






-10 0 10 20 30 40 50
-10

0

10

20

30

40

50

s =






s1
s2
s3
s4




 =






.1
2
.1
.1






λ = A−T (c− s) =

(
−0.96
−0.06

)



x =






x1
x2
x3
x4




 =






5
30
5
10






s =






s1
s2
s3
s4




 =






.1

.1

.1

.1






λ = A−T (c− s) =

(
0.266
−0.366

)
-10 0 10 20 30 40 50

-10

0

10

20

30

40

50



The central path

• The trajectory that 

solves F=0 for 

τ = [0,300]
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F (x, λ, s) =




ATλ+ s− c
Ax− b

XSe− τe



 = 0, for x, s ≥ 0



Path following algorithm




0 AT I

A 0 0
S 0 X








∆x
∆λ
∆s



 =




−rc
−rb

−rXS + σkµke





• Search direction is the solution of the 

following system,

• Duality measurement

• Centering parameter σk.

µ =
1

n

n∑

i=1

xisi =
xT s

n



Short-step path following

x =






x1
x2
x3
x4




 =






5
30
5
10






s =






s1
s2
s3
s4




 =






1
2
1
.25





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• No line search

• Fixed σk.

• N2.



Long-step path-following

x =






x1
x2
x3
x4




 =






5
30
5
10






s =






s1
s2
s3
s4




 =






1
2
1
.25






• Line search

• Varied σk.

• N-∞.
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