&T

Abstract

minimize ϕ (c,x =^1⁄2 (x)c − y(x)_2 ,

where Φ^p →^{n×} and y^p →^n

ϕ (c,x

ϕ̂ (x =^1⁄2 P_Φ^⊥ y(x)_2

where P_Φ^⊥ = P_{Φ (x)}^⊥ Φ (x minimizes ϕ̂ : ( )^− y( ), where Φ^− Φ (i.e., − − )^{T −} , ϕ. Let r(x = P_{Φ (x)}^⊥ y(x J = J(x r

J_{i,j} r_i (x)/∂x_j ϕ̂ ϕ̂ (x) =^1⁄2 r(x)_2 ^ of ϕ̂

^ (x) = J T r(x

∇^2 ϕ̂ (x) = J^T J +_{i =1}Σ^n r_i (x)∇^2 r_i (x). (2)

J^T J

Σ_i^r i^{∇ 2 r} i ϕ̂). j

J ._{,j} (x) P_Φ^⊥ ∂x_j

Φ^− ) + (P_Φ^⊥ ∂x_j

Φ^− )^T ]y(x) (3) + P_Φ^⊥ ∂x_j ∂y (x).

Thus J J = K + L K._{,j} = P_Φ^⊥ [ ∂x_j

∂y (x) −

∂x_j

Φ^− y(x K

Φ^T L Φ, K^T L = 0, ^ = KT r LT r = 0 ing J by K K^T K K^T K + L^T L

PORT3

K^T K + L^{T T} K only Problem n p

Φ (x) as Q 0 R 0 R Z where Q

R ∈ , R Φ Z

P_Φ^⊥ = Q 0 0 I_n 0 Q^T (5)

(where I_n n )×(n Φ^− is

Φ^− = Z^T 0 R^{− 1} (I_ρ ,0)Q^T .

r(x = P_{Φ (x)}^⊥ y(x K._{,j} = P_Φ^⊥ [ ∂x_j

∂y (x) −

∂x_j

Φ^− y(x

r̃(x = Q^T r(x K̃(x = Q^T K(x

Q ^ = K^T r = K̃^T r̃ and K^T K = K̃^T K̃.

PORT3 subroutine

library.

Φ

Φ (x) = G G . . . G with q G = G(x) ∈^{n_×} _ , n = qn _ = q _ . n _ y

Φ factor G as

G = Q̃ 0 R̃ 0 R̃ Z̃ Q = I_q ⊗ Q̃ and R = I_q ⊗ R̃ q^{− 3}.

When q = P_Φ^⊥

∂x_j

Φ^− y(x Q^T

0 0 I_n 0 Q^T ∂x_j

Φ^− y(x K̃._{,j} P_Φ^⊥ ∂x^j [Φ^− y(x or

0 0 I_n 0 Q^T ∂x^j [Φ^− y(x

Q^T ing ∂x_j c c^− y(x

q > y x J ._{,j} or K̃._{,j} Q̃^T to

∂x_j ∂G c d G y x ρ pq − d)ñ + dq Q̃ y x Q̃ Q̃^T ∂ ∂x_j M = M(x ñ×d of G ñ > d J or K̃ Q̃^T M modify Q̃ ñ M Q̃^T M K̃ d = M Q The PORT3

J^T J or K^T K

y does x c^− y of c , c , , c^{(q} )^T Φ K^T K =

1 ≤ i ≤ j ≤

_Σ_{k=1}Σ^{q c}i,j^{(k)}^{Wi,j ,}

where W_{g,h}^{i,j} =_{i,j} ) ∂x^g ∂G._{,i} T P_G^⊥ ∂x_h

∂G._{,j}

REFERENCES

[1] The PORT

7 (1981),

ACM 7

SIAM 10

in

BIT15