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Maximum score is 60, time limit is 120 minutes. There are 5 problems in total. Clearly write all
your assumptions and steps. No marks will be given for correct answers without any steps.

1. Derive the form of the equality constraint f(x, y) = 0 so that it is convex. Both x, y ∈ R. (5)

2. Consider a three-bar truss member as shown. Derive the equilibrium equation for the truss in the
form of K u = F where u consists of all the displacement degrees of freedom and F contains
the force components along those degrees of freedom. (10)
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3. The volume of the four-bar truss needs to be minimized under the constraint that the elongation
of bar 1, δ ≤ δ0. The external force P is positive. All the bars have length ℓ and Young’s
modulus E. Also, the cross-sectional areas satisfy the relations A3 = A2 and A4 = A1. The
design variables are the cross-sectional areas A1 and A2. Define A0 = Pℓ/(10δ0E). The bounds
on areas are 0.2A0 ≤ Ai ≤ 2.5A0. Formulate the optimization problem. Clearly write the
objective function and constraints in terms of A1 and A2. (15)

4. Consider the truss compliance minimization problem as covered in class.

(a) Compute the derivative of the compliance C(x) w.r.t. xj, the cross-sectional area of the
jth member of the truss. (5)

(b) Using the Lagrangian L of the compliance minimization problem under the volume constraint∑
i

xiℓi ≤ V0, and the box constraints xmin
i ≤ xi ≤ xmax

i , derive the bounds on stress of

bars. (5)

(c) Use the MMA approximation for the compliance. Formulate the approximate Lagrangian
using the volume constraint. Derive the dual function ϕ(λ) for λ ≥ 0. (5)

(d) Show that −ϕ(λ) is a convex function. (10)

5. For a quadratic function f(x) =
1

2
xTHx − bTx + c, derive the value of the optimum step size

αk at step k → k + 1 defined using,

xk+1 = xk + αkd
k,

where dk is the steepest descent direction at xk. (5)
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