
Compute the gradient of the following quality functions:

Extra exercises.

E(x) = ⟨∥x∥2x, y − z⟩ where x, y, z ∈ ℝn×1

E(x) = ⟨B(x − y), αCx⟩ where x, y, ∈ ℝn×1, B, C, ∈ ℝn×n, α ∈ R

E(x) = ⟨D(x + y), αx⟩ + ∥x − y∥2 where x, y, ∈ ℝn×1, D ∈ ℝn×n, α ∈ R

E(x) = ∥B(x − y)∥2 where x, y, ∈ ℝn×1, B ∈ ℝn×n

E(x) = ⟨By, Ax⟩ where x, y, ∈ ℝn×1, A, B ∈ ℝn×n

E(x) = ⟨Ax, Ax⟩ where x, y, ∈ ℝn×1, A ∈ ℝn×n



E(x) = ⟨∥x∥2x, y − z⟩ where x, y, z ∈ ℝn×1

E(x) = ∥x∥2⟨x, y − z⟩ = (∑
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= 2xp⟨x, y − z⟩ + (yp − zp)∥x∥2

∇E(x) = 2x⟨x, y − z⟩ + (y − z)∥x∥2



E(x) = ⟨B(x − y), αCx⟩ where x, y, ∈ ℝn×1, B, C, ∈ ℝn×n, α ∈ R

E(x) = α⟨B(x − y), Cx⟩ = α∑
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∇E(x) = αB⊤Cx + αC⊤B(x − y)



E(x) = ⟨D(x + y), αx⟩ + ∥x − y∥2 where x, y, ∈ ℝn×1, D ∈ ℝn×n, α ∈ R

E(x) = α⟨D(x + y), x⟩ + ∥x − y∥2 = α∑
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i

(xi − yi)2

∂xp
E(x) = α∑

i

∂xp
xi ∑

j

Dij(xj + yj) + α∑
i

xi∂xp ∑
j

Dij(xj + yj) + ∂xp ∑
i

(xi − yi)2

= α∑
i

δip ∑
j

Dij(xj + yj) + α∑
i

xiDip + 2(xp − yp)

= α∑
j

Dpj(xj + yj) + α∑
i

D⊤
pixi + 2(xp − yp)

∇E(x) = αD(x + y) + αD⊤x + 2(x − y)



E(x) = ∥B(x − y)∥2 where x, y, ∈ ℝn×1, B ∈ ℝn×n
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∇E(x) = 2B⊤B(x − y)



E(x) = ⟨By, Ax⟩ where x, y, ∈ ℝn×1, A, B ∈ ℝn×n

= ∑
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∇E(x) = A⊤By



E(x) = ⟨Ax, Ax⟩ where x, ∈ ℝn×1, A ∈ ℝn×n
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