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Problem 1: Direct Method
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Problem 1: Adjoint Method
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Problem 2

– Consider the function g = U3 where U is determined from 
K(x)U = F as:

– Given x0 = [1.0, 1.0, 1.0, 1.0]T, determine the gradient dg /dx
using (1) the direct method, and (2) the adjoint method.
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Problem 2: solution
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Problem 3

𝑐 = 0, 𝑚ଵ = 𝑚ଶ = 1, 𝑘 = 1 →
𝑑𝜇
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=?

using (1) direct method and (2) Nelson’s method
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Problem 3: solution
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Problem 3: Direct method

1
1 2

2

1

2

1 1 0 11
1: 1

1 1 0 12

1
1 1

2
1

1 1
0 21

1 12 0
2 2

T

T
T

u
μ u u

u

du

d dd dx
μμ dudx dxdx

dμ dxd
dμdx dx
dx

       
                   

                                  
                 

 

u Mu u

K Mu
uK M Mu

u W W
u u

1

2

1
0.17682

0 0.1768

0 0.5000

du

dx
du

dx
dμ

dx

                         
       

      
        



Structural Optimization Sensitivity - 90

Problem 3: Nelson’s method
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