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Abstract

Cardinality-Constrained (CC) optimization problems are widely used in many fields such as port-
folio optimization and statistical regression. Such problems are difficult to deal with, because it
involves a constraint that is not continuous neither convex. A classical way to deal with this diffi-
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cult cardinality constraint consists of introducing continuous variables and then rewriting this
kind of problem as a continuous nonlinear problem. The standard constraint qualifications are
usually violated for the NLP-reformulation. It is necessary to consider suitable constraint qualifi-
cations for cardinality-constrained optimization problems. In this paper, we first define a new con-
straint qualification for cardinality constrained problems. We show that this constraint qualification
ensures optimality conditions for constrained problems. Moreover, we discuss the relations be-
tween the old and new constraint qualifications.
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1. 5l
R T BRI A AL 7] @ (cardinality constrained optimization problems, f&#% CCOP):
mjn f(x)
st g, (x)<0,i=1,,m,
h, (x) =0,i=1-,p,

<
I, < .

Het, fog b R"— RABESETIHE, x|, Fom i x MIEEs B HH5E.

B A I BLEVE 2 7 A BT, B3R T2 0 R m [ 1], S5m0 T s 4
A 2]5 . BT IR x|, <« BIFEAEARMER AR, FTLA 1996 £F Bienstock [3]42 Hiilid 5| 51&
(1 AR R TR, A IR AR Ak 7] R P DA — MRS B R . 2016 4 Oleg P.
Burdakov %5 A [4 ¥R A 8500 85 55 8 BT TR 3K S AL 1) -

ik

(1.1)

minf(x)

X,y

s.t. gl.(x)SO, i=1-,m,
hi(x)zoaizla"'spn (1.2)
eTyZn—K,

0<y <Li=Ll--n,

X,y =0,i=1,--,n.
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(mathematical programs with complementarity constraints, & MPCC)in] @l [FIZI AR, FrLALE 2016 4F
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FUAMHER 2 S0, ARFRATINEG FE NLP [7 4R
mxinf(x)
s.t. g,.(x)SO,i:L---,m, 2.1)
hl.(x)=0,i=1,~-,p.
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E N 2.1 WX (2. D) ATAT
(i) B LICQ 7E x" JRL[5]: W fmh B 4H
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Figure 1. Relations among several constraint qualifications for nonlinear program

1. NLP (SR 2R FE 2 [B#9 5% &

mmm)  ACQ

HAr, RCPLD 3T ACQ, W2 WICFE[S]e HoAth I A AT LA #- A A A E L E AT 2
N HEHATES HNLP S — SR A& A
X 2.2 [9] (AKKTHEAT x" € Sl AKKT % 1F, WA 2 > 5", {2 er", 220,
(W} R", 1513
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EETH.
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(@ x= z A
ie{l,m,m}U./
b) ad >0, Vied:
© iy, REERPETCRIN.

g»iamfﬂf%ﬁﬂﬂ CC-rCPLD A& [l @ (1.2) LR FE, EUEWIZ AT, AT H TNLP (x7) B AKKT
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i=1 Jj=1 7=1

l[k =0, ieélg(x*),
=0, re[i(x*).

N FRATTARUE R CC-rCPLD 7 (x*, y*) Ab 2 1A R (1.2) B — N 2O SRRINE , FRATT B SR E B, it CC-rCPLD
X TNLP (x°), fEAJAT A x" Abor, 875 AKKT 24t ar, U x" /& TNLP (x ) — KKT .

EFE 3.4 W x" & TNLP (x7) ERATAT A, f#48 AKKT &0, nRAE x° sS4kl /£ CC-rCPLD, I
x"J& TNLP (x" )f— KKT .

UEM: B AKKT (58 X, FEFAle, >0, X >x", Af ZO,VieIg(x*) , ,uf eR’, y*eR", ¥

B TAER &V (+)+ S AVe (¢)+ D Vi, () + S rte, =, - HIRIRHRIE I, < (1,0, p} 578
i=1 j=1 =1
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LR BRS04 AE— AP0 {7 ) < R, %f Vi (+')= X BV, () .

I, FRATAT LA
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iely Jjelp rely
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> ivg, (x*)+ D i Vh, (x*)+ > 7.e =0.

iel Jel rely

HBL7E x50 Vg, (x7), Vi (x) e lie ], je b, re L} RAYERIKM, B T4 " B4k,
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Vf(x*)-i- iﬁi*Vgi (x* ) + Zp:,u;th (x*)-i- Z";y:er =0.
i=l =1 =

TAEEN k A >0, Xﬂ“?&%ﬁﬁ‘]ie@(f) A =0, B kAR, TSI AT =0,Viel, (x) ,
14 AKKT [5E 3 WIS AT LMEE] y) =0, Ve e L, (x7) B ATHER x* & TNLP (x")If—4~ KKT i
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. 1 «||2
mmf(x) +E||x—x "
s.t. g(x)<0,
h(x) =0, (32)
x, =0, ie]o(x*),
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2

¥ p(x)=|g(x),
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iely|x

min f(x)+%||x—x*||2+%p(X) (3.3)
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S PAF R LL 5, FFBURIR, 7113 p(3)<0. ik, ¥ RFAME2)MATE. BAp(x*)20,
Bt CARRYE 7] #1(3.4) o] 15
£ )l < (),
K%ﬁﬁﬁ@ﬁﬁﬁ@ﬂﬁfﬁhaﬁﬂTsf@ﬂo%?f%ﬂ@@@%%#é%&¢ﬁ,%u

—EfEY=x, WX >x",
AR ] 78 (3.3) ) b B A A 2 A FT 15
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s S By =0,Viel (x"). Blx"/& TNLP (x")Lf AKKT .
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Vh(x') d,=0,i=1-p,
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T #F5E CC-rCPLD 5 CC-ACQ Z[A] 5855 5K 5, FATSEL 15| BIIER .

SIEE 44 B (x",)") REEA2MAATE, HFEMBR CCrCPLD 78 (x',y") AL, WX TE
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Figure 2. Relations among several constraint qualifications for Cardinality-constrained optimization problems
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