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LINEARLY CONSTRAINED SIGNAL RESTORATION LINE SEARCH FOR BARRIER FUNCTION MINIMIZATION

Noi PRACTICAL IMPLEMENTATION DAMPED BACKTRACKING LINE SEARCH |1, 2]
olSe
T
_ € _ Problem 77&1) (or P,Sz)) s solved Iteratively using Newton's algorithm * lm_tlahzatloh with = fay, 6 ;Iose to one
Signal Direct model ) ‘ Observations e’/ =T1a/, T € (0,1), until o satisfies the first Wolfe condition.
X —’\ y ) y=Hx+e Xicy1 = Xk + tidy INTERPOLATION-BASED LINE SEARCH [3]
where o, ensures a sufficient decrease of a merit function e Initialization with o’ = B, 6 close to one

AIM Given noisy measurements y, reconstruction of x that fulfills some linear constraints C(x) > 0 o Trial steps {a/} defined from an interpolation procedure, until o sat-

fu(a) = Fu(Xe + ady). isfies the two Wolfe conditions.

min F(x) st C(x)=Cx+p>0 with CeR"N and c RV 1 | N o . .
xRN (x) (x) P P (1) For example, a fulfills the strong Wolfe conditions: e Specific interpolating functions fy + fia + Hho?—ulog(fz — o).
INTERIOR POINT FRAMEWORK fu(o) < 1,(0) + craf,(0) i 01 PROPOSED MAJORIZE-MINIMIZE LINE SEARCH [4]
F(an)] < olf.(0) . with (¢, ) € (0,1). h(., /) tangent majorant for #,

Replace problem (1) by a sequence of subproblems P, with barrier parameter values p ™\, O. at o 1.e.,

i DIFFICULTY £, is a barrier function for the constrained domain. ( h(a, od) > (o
Primal method: 73&1) Primal-dual method: 735,,2) . ) h((ocf ocf; g fugaf))
~ Find x that minimizes ~+ Find (x, A) such that [ f,(cr) unbounded for o ¢ (a_, o) where : \ ’ K
Fu(x) = F(x) + uB(x) Cxi + pl, Cxi + pl, fu(e) - Majorize-Minimize recurrence
. . . VF(x)—C'A=0 o_ = max , oL = min . | N\ .- ot = argming h(a, of), j < J
with the barrier function | ilicddi>0  [Cdyk]; ilicddi<o  [Cd]; | | S N
\NCi(xX)=p, i=1 ..M ; S . with h(a, o) =
M - ' - a_ o Q Q 2 o
Bix) = — Z 00 (C,(x)) under the constraint (C(x), A) > 0. [1 Special-purpose line search procedures have to be designed. + po+ pra + ppa—pslog(a — o).
— ; |
i=1
APPLICATION TO SPARSE SIGNAL RECONSTRUCTION CONCLUSION
AIM Recovering a sparse spike train sequence x° € RV Primal [1]| Primal-Dual [2] : | | | | | | | | | > \When dealing with the primal algorithm, the best stepsize strategy
from y = hx x° + e € R”, where h is a filter of length i Kl T | K T | _ corresponds to a very rough minimization of the merit barrier function.
L and e is a white centered Gaussian additive noise. 0.5 502 1104 9 5.5 1 ‘h ] | L » The primal algorithm performs better, in term of convergence speed,
M 0.2 169 381 | 9 55 S |‘ | ‘ \ I when the stepsize is obtained with the proposed MM search.
BASIS PURSUIT RECONSTRUCTION a 0.1 1511 365 | O 55 ‘ » In contrast, the choice of the line search procedure has very little impact
001 1144 358 O 55 fo w0 wo se  ao e so w0 o 100 on the performances of the primal-dual algorithm.
min ||y — h*ng + x|, cgc & K| T |K T Simulated spike train sequence x°, N = 1000 In prospect:
x€RN 10-L 05166 174 | 9 5 7 . ; Non linearly constrained problems
00 107! 0.9 78 180 9 58 gl ] _ine search for primal-dual algorithms
reformulated as a quadratic programming problem '—I'_J 1071 099 86| 216 | 9 6 Ow M\MM - -irst order algorithms for barrier minimization
Z 1072 0.5/67 175 9 b.5b ol ]
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in F —llv — h 2 . 107- 0.99| 91 | 202 | 9 6 . . B
min F(x,u) = |ly —h*x|3+n > _u Noisy blurred signal y, P = 1020, SNR = 13dB o |
x.u 1 J K| T | K T : | | | | | | | | | [1] S. Boyd and L. Vandenberghe, Convex Optimization, 1st ed. New York: Cambridge
subjectto —u; <x;<wu, i=1,..., N 1 73 1 185 |10 6.6 ol University Press, 2004.
2 62 168 9 h 3 T ‘ h | N | | [2] P. Armand, J. C. Gilbert, and S. Jan-Jégou, “A feasible BFGS interior point algorithm
> 5 62 173 | O 55 _:_ " ‘ |‘ ] ‘ | RN I l" '|' | T ‘ ) ‘ for solving strongly convex minimization problems,” SIAM J. Optimization, vol. 11,
» Table 1 summarizes the computational results for: 10 60 175 9 59 pp. 199-222, 2000.
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DB Damped backtracking line search for 6 = 0.99 Table 1: K denotes the sum of inner iterations and T S . function,” SIAM J. Optimization, vol. 4, no. 2, pp. 229-246, 1994.
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