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Problem

minimize f(z) = %HF(%)H2
c(x) =0,

14

subject to

IN
8
IN
s

where F : R" — R"E and ¢ : R™ — R™ are C2.

References
o

(CNLS)



Introduction SQD systems Algorithm Convergence Numerical Experiment Remarks
©000000000 0000 o 00 000 o

Problem

f(z) = 3llF @)

c(x) =0,
x>0,

minimize
subject to

where F : R" — R"E and ¢: R™ — R™ are C2.
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Friedlander and Orban [5] primal-dual exact regularization

Quadratic programming primal

minimize %JJTQ.'E +clx
subject to Ax =0, x> 0.
Dual of (QP)
maximize by — %mTQ;U

subject to —Qr+ATy+ 2z =c, z>0.

References

[e]

(QP)



Introduction SQD systems Algorithm Convergence Numerical Experiment Remarks References
0000000000 0000 [e] [e]e) 000 o] o]

Friedlander and Orban [5] primal-dual exact regularization

Regularized quadratic programming primal

minimize 127 Qx + Tz + Jpllz — @pl|* 4+ L6]r + yvi? (RP)
subject to Ax + or =b, x> 0.
Regularized dual of (QP) - similar to dual of (RP)
maximize 6Ty — 107Qw — Loy — yl — Lplls + o (=0)

subject to —Qr+ATy+2 — ps=c, z>0.
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Arreckx and Orban [2]

minimize  f(z) + Splle — a2 + S6]u + el
subject to c(x) + ou=0.
Dehghani et al. [3]

minimize ¢z + 3||Cz — d||?> + Spllz — apl|* + 26w+ yi?

subject to Az + ou =0, x> 0.
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Regularization of (CNLS)

sIF@IP + gplle — ap]* + 30w + yi||?
c(z) + ou=0,
x> 0.
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Regularization of (CNLS)

minimize  3l|r||* + Splle — 2l + 50]u+ yrl?
subject to Fz)—r=0
c(x) + ou =0,

x> 0.
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KKT

plx — ) — A(z)Tw" — B(x)Ty —2=0
r+w =0
d(u+yr) —dy=0

F(z)—r=0
cx) +du=0
Xz=0
(x,2) >0

A(z) = VF(x), B(z) = Ve(x).
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KKT

plx —xp) + A(x)Tr — B(z)Ty —2=0
Flz)—r=0

c(x) +0(y —yk) =0

Xz=0

(z,2) >0

A(z) = VF(x), B(z) = Ve(x).
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KKT

Gr(z,ry,2) =
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KKT

p(z —xp) + A(@)'r — B(a)Ty — 2

F(z)—r
Grlx,r,y,z) =
g of@) + 6(y — )
Xz

Wi = (Thy Thy Ak» 2k) Aw = (Azg, Arg, Ay, Azy)
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H, AT

JGk (wk) =

Hk—pI—I—ZVF .’L‘k Tk

i=1
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Newton interior point step

Ja, (wr) Aw = =G (wy) + pié

e’ =(0,0,0,¢e")

Hk AZ 7BIZW -1 Ax Zk — A%Tk + B]?yk
Ak —I 0 0 Ar - e — F(I‘k)
B, 0 oI 0 Ay —c(xy)

Zk 0 0 Xk Az HK€ —szk
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Symmetric Quasi-Definite systems

Symmetric Quasi-Definite: K is SQD if there is some permutation matrix P such that

M AT
A —-N

PTKP =

where M and N are symmetric positive definite.
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Symmetric Quasi-Definite systems

Theorem (Vanderbei [10])

An SQD matrix is strongly factorizable, that is, if K is SQD, then for any permutation matrix

P, there are matrices L and D such that
PTKP=LDL",

where L is lower triangular with unit diagonal and D is diagonal.
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Symmetric Quasi-Definite systems

BY
0
—o1
0

_Z;/2
0
0

— X5

Az
Ar
—Ay
7P Az

2k — Agrk + Bgyk
T — F(xk)

—c(x)
Z,imxk - ,uka_l/Qe
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Symmetric Quasi-Definite systems

Hy+ X, 'z, AT BF Az e X, te — ALry, + By,
Ak —1I 0 Ar Te — F(l‘k)
By, 0 —dI —Ay —c(zk)
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Framework of Armand et al. [1]
k-th iteration

1: Choose jf >0 and 7 € (0, 1).

2: Compute Awy, solution of
Ja, (wi) Awy, + Gr(wy) — pi € = 0.
3: Compute «y, as the largest « € (0, 1] such that
(2 + @Az, 2z + aAzg) > (1 — 1) (2g, 2k)-

xp +ap. x Az >0
2z +af. x Az, > 0.
5: Set fix = pk + ozk(,uz — pg) and Wy = wg + ag. x Awg.

4. Choose ay, = (af,ak,ap,ai) € [ag, 1]V such that {
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Choose pij,+1 between u; and fix, and choose ¢ > 0.
if ||Gri1(0r) — prr1€l] < 0||Gr(wy) — pré|l + €, then

Wpt1 = W,

© ©° N o

else

10: Perform inner iterations with barrier parameter px 1 to identify wy,1 such that
(Try1, 2k11) > 0 and [|Grpr(wiyr) — pry 1€l < 0)|Gr(wr) — préll + €.

11: end if
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Global convergence

Assumptions
Al The sequences {Hy}, {Ar} and {By} are bounded.
A2 6 = Q).

1

A3 The matrices Hj, + Xk_le + pel + 5
k

k € N.

AT Ay, + BF By, are uniformly positive definite for

+
A4 The sequences {/J} and {pu} satisfy lim sup Br < 1.

k—oo Mk
A5 The inner iteration are globally convergent, i.e., we can always find wy41.
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Global convergence

Theorem (3.1 of Armand et al. [1], adjusted to our problem)

Assume A1-A5, that {1} is bounded away from zero, and €;, — 0. Then the algorithm

generates a sequence {wy} such that {pu} and {Gy(wy)} converge to zero.
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Implementation

Implemented in Julia with the JuliaSmoothOptimizers [7] tools;

Regularization update following Wéchter and Biegler [11];

System solved with LDL factorization;
® Approximation of the Hessian using Dennis et al. [4];

® |nner iterations consist of line search on Merit Function
Y(x,r, A n) *IITIIQ—MZIH% IJL‘—ﬂ%II2 ||A||2+

+[lle(@) +0(A = )l + 1 F() = s
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Comparison

® Preliminary results;
® Comparison against NLPLSQ [8, 9], which uses similar approach;
e Compared with 286 problems from NLSProblems (part of [7]) and CUTEst [6] NLS

problems;
® 191 problems are unconstrained;
® 17 problems are only bounded;
® 43 problems have only equality constraints;

® 35 problems are more general;
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Comparison

Function evaluation — 286 problems

NLSCON
NLPLSQ

a
T

Proportigh of problefns
8
T

o
N
o

T

: : :
Within this factor of the best (log scale)
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Comparison

Function evaluation — any kind of constraints — 95 problems

NLSCON
NLPLSQ

2 3 4
Within this factor of the best (log scale)
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Future work

® Factorization-free implementation;
* Extension for f(z) = g(z) + 3| F(2)[|%

® |arge scale application.
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