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Abstract

For the extended linear complementarity problem (ELCP), by virtue of a new residual
function, we establish a new type of global error bound under weaker conditions.
Based on this, we respectively obtain new global error bounds for the vertical linear
complementarity problem and the mixed linear complementarity problem. The
obtained results presented in this paper supplement some recent corresponding
results in the sense that they can provide some error bounds for a more general ELCP.
Their feasibility is verified by some numerical experiments.
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1 Introduction
Consider the extended linear complementarity problem (ELCP) of finding vector (x,y) €
R" x R" such that

Mx-Nyek, x>0,y>0,x'y=0,

where M,N € R"*" and K = {Qz + g|z € R'} with Q € R"*/, g € R™. The solution set of the
ELCP is denoted by X* which is assumed to be nonempty throughout this paper.

The ELCP finds applications in various domains, such as engineering, economics, fi-
nance, and robust optimizations [1, 2]. It was first considered by Mangasarian and Pang
[1] and was further considered by Gowda [3] and Xiu et al. [4]. For more details on its
development, see [5] and the references therein. It is well known that the global error
bound plays an important role in theoretical analysis and numerical treatment of opti-
mization problems such as variational inequalities and nonlinear complementarity prob-
lems [5—14]. The global error bound for the classical linear complementarity problems is
well studied (see, e.g.,[6, 15-19]). For a class of generalized linear complementarity prob-
lems, the global error bound was fully analyzed in [20-22]. Zhang and Xiu [4] presented
an error bound for the ELCP with the column monotonicity and for the Ry-ELCP. In this
paper, we give a further consideration on this issue by establishing a global error bound
estimation for the ELCP under a milder condition motivated by the work in [4].
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2 Results and discussion

Here we are concerned with the global error bound on the distance between a given point
in R?" and the solution set of the ELCP in terms of some residual functions. This paper
is a follow-up to [4], as in this paper we establish a new global error bound for the ELCP
under weaker conditions than those used in [4].

Some error bounds for the ELCP have been presented in [4], and they hold under some
stringent condition, that is, the underlying matrices M, N satisfy the column monotonic-
ity with respect to K or Ry-property. Furthermore, we can only get the error bound of any
points in the set Q = {(x,y) € R¥'|Mx — Ny € K} by the results in [4]. Then the following
two questions are posed naturally: Can the conditions imposed on the matrices M, N in
[4] be relaxed or removed? How about the global error bound estimation in R?" for the
ELCP? These constitute the main topics of this paper. In this paper, we shall deal with
the two issues. In fact, based on some equivalent reformulation of the ELCP and using a
new type residual function, we present a global error bound for the ELCP in R** under
a milder condition, and the requirement of the column monotonicity, or Ry-property, or
non-degenerate solution, and so on is removed here. Furthermore, the global error bounds
for the vertical linear complementarity problem (VLCP) and the mixed linear complemen-
tarity problem (MLCP) are also discussed in detail.

3 Methods and notations

The aim of this study is to design a new global error bound for the ELCP. More specif-
ically, the ELCP is firstly converted into an equivalent extended complementarity prob-
lem, which eliminates the variable z in the ELCP. Then, we define a residual function of
the transformed problem, based on which we derive some new error bounds for the trans-
formed problem and the original ELCP. Furthermore, we deduce some global error bounds
for the two special cases of the ELCP: VLCP and MLCP. Note that the obtained results can
be viewed as some supplements to the results in [4].

We adopt the following notations throughout the paper. All vectors are column vectors
and the superscript T denotes the transpose. The x, denotes the orthogonal projection
of vector x € R” onto R”, that is, (x,); := max{x;,0}, 1 <i <#u; thenorm || - | and | - |I;
denote the Euclidean 2-norm and 1-norm, respectively. For x,y € R", use (x;) to denote
the column vector (x",y") T, and min{x, y} means the componentwise minimum of x and y.
We use I, to denote an identity matrix of order m, use D* to denote the pseudo-inverse of
matrix D, use diag(as, a, ..., a,) to denote the diagonal matrix with elements a1, ay, ..., a,.
For any # x n real matrix A, we denote by AT the transpose of A, by ||A || the matrix norm of
A, thatis, [|A]| := max(A(ATA))2, where A(ATA) is an eigenvalue of the matrix A" A, denote
a nonnegative vector x € R” by x > 0, denote an absolute value of the real number a by |4/,
and use Clyf to denote the combinatorial number, which is the number of combinations

when k elements are arbitrarily taken from # elements. We denote the empty set by ¢J.

4 List of abbreviations
In this section, we give the following tabular for abbreviations used in this paper (see Ta-
ble 1).
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Table 1 Abbreviations in this paper

Abbreviations Description

ELCP The extended linear complementarity problem
VLCP The vertical linear complementarity problem
MLCP The mixed linear complementarity problem

5 Global error bound for ELCP

In this section, we first present an equivalent reformulation of the ELCP in which param-
eter z is not involved and then establish a global error bound for the ELCP under weaker
conditions.

From the definition of the ELCP, the following result is straightforward.

Proposition 5.1 Vector (x*;y*) is a solution of the ELCP if and only if there exists z* € R!
such that

x* >0,y >0, (x*)Ty* =0, Mx* = Ny* —Qz" —q=0.

Let w = (x;9) and U = QQ* — I,,,. Using the fact that x = A*b is a solution to the linear
equation Ax = b if it is consistent, we conclude that the last equation in Proposition 5.1 is
equivalent to

UM, -N)w - Uq = 0. (5.1)

Define block matrices A = (1,;,0,), B = (0,,1,). Then the ELCP can be equivalently refor-

mulated as the following extended complementarity problem w.r.t. w:

Aw >0, Bw >0,
(Aw)"Bw =0, (5.2)
UM,-N)w-Ugq =0.

We denote its solution set by W*, and let

fw) = | (=w). ||2 + [sen(w" Mw)|w' Mw + | UM, -N)w - Ug 2

(5.3)
where

1 ifw Mw>o0,
A 0 I N A
M= (1 0)’ sgn(w'Mw) = 10 ifw Mw =0,
-1 ifw Mw<O.
Then it holds that {w € R*|f(w) = 0} = W*.
From the definition of f(w), a direct computation yields that
fw) = | (-w). ”2 + WT[sgn(wTMw)]Mw + | U@, -Nyw - LIqH2

=w' diag(oy,09,...,00,)w+w' [sgn(wTMw)]Mw
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+w (M, -N)"UTUWM,-N)w-2¢q"UTUWM,-N)w+q U Ug
= wT{diag(al,oz,...,crzy,) + [sgn(wTMw)]M +M,-N)TU UM, —N)}w
—2¢"UTUM,-N)w+q'U"Ug
=w'Qw-— 2" U UM, -N)w+q' U" Ug,
where
Q:= M, + M,. (5.4)
Set
M, = [sgn(w' Mw)]M + (M, -N)"UTUM,-N), M, = diag(c1,02,...,02,), (5.5)

with

1 ifw;>0,
0 ifw;<0

o; =

and H = {M, € R¥*?"|M, = diag(o1, 03, ...,09,)}. Then, by the definition of o;, we can get
that the cardinality of the set H is

0 1 2 2n-1 2n _ n2n
G+ G, + G+ -+ Gy + G5 =27

Applying the related theory of linear algebra and (5.4), we give the following result for

our analysis.

Lemma 5.1 For f(w) defined in (5.3), there exists an affine transformation w = C1v + p;
with an orthogonal matrix C; € R***" and vector p; € R*" such that

f) =g):=) aw?-> av}-> gy+1,

i€l iel_ jel

where a;,c;,T €R,a;>0,icl, UL, je],

L ={ie{1,2,...,2n}|%; > 0},
I ={ie{1,2,...,2n}|2; < 0},

J={ief{1,2,...,2n}|x; = 0},
and hy, Ay, ..., Ay are real eigenvalues of the matrix Q

Proof Since the matrix Q is symmetric, there exists an orthogonal matrix C; € R¥**" such
that

C]QCy = diag(h1, Ag, ..., Aaw). (5.6)
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Let w=C1& and

2" UTUWM,-N)Cy = (c1,C5 ..., Con). (5.7)
Then

fw)=&£7CIQC1E —2¢" UTUM,-N)Ci€ +q"U"Ug

2n 2n
Y nE =Y cEivq U'Ug
i=1 i=1

S\ 2 2
Z Ai(&‘—%) —ZC;E;'— Z %JWITUTU% (5.8)

el Ul jeJ iel Ul

Let

g-4L, ifiel, UL,
&, ifie].

Vi =

Then there exists vector p, such that v = £ — p,. This and w = C1& imply w = Cyv + p; with
p1 = Cy1p,. By (5.8), letting

2
a=d, icl, a=-h, icl, T=- Y ;—i+unTUq (5.9)

ier,ur. Tt
yields the desired result as follows. d
In the following, we present our main error bound result for the ELCP.

Theorem 5.1 Suppose that W* = {w € R*|f(w) = 0} is nonempty. Then there exists a con-
stant po > 0 such that, for any w € R*", there exists w € W* satisfying

lw =l < po([fw)| + [Fw)|2).

Proof Applying Lemma 5.1, there exists an affine transformation w = Cyv + p; such that

fwW)=gW):=> ani-Y aw; - cu+t, (5.10)

i€l iel_ jeJ
where a; >0, ¢;,T € R, i €I, UL, j€] are defined in (5.9), I,, I_, and ] are respectively

non-overlapping subsets of {1,2,...,2#x}, and C; is an orthogonal matrix. Therefore, given

w= (w1, Wa,...,Wa,)| €R?, one has

v=Cl (w=p1):= i, va,...,v2,) .

Now, we break the discussion into three cases.
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Case 1. If ] # (), we take an index j € J such that |¢;| = max({|¢;||i € J} > 0, and let v with
entries

_ Vis ifi #j,
V=
v+ Cljg(v), ifi=j.

Then |lv-7| = ‘6—1]_||g(v)| and

gv) = Zaﬁ/f - Zaif/? - Zcﬁq +7

iel, iel_ ie]
= Zaiviz - Zaiviz - <Z Civi +g(V)> +T
iel, iel_ i€]
- [Z aiv? - Zaivf - ZCM + r} -g(v)
iely iel_ i€]
=g(v)—glv)=0.

From w = Cyv + p;, we get w = C1v + p; and f(w) = g(v) = 0. Thus, w € W*. Furthermore,

lw=wll = [(Crv+p1) - (Civ+p1) |
- a9

lv—vll
1
il

1
—|fw)|
il

1

lg)]

=<
| Cmin |

)

where the second equality follows from the fact that C; is an orthogonal matrix. Since the
cardinality of the set H is 2%, then |cmin| = min{|¢;||j = 1,2,...,2%"}, 50 |Cmin| is independent
of selection of the matrix My, i.e., |cmin| is independent of selection of vector w. Thus, the
last inequality holds. The desired result is proved for this case.

Case2.1f ] = f and t < 0 where 7 is defined by (5.9). Let v,,,1 = /-7 and I =1U {2n +
1}. Then

W) =g, vaun) =Y _aw; -y _an}, (5.11)

iely iel_

where a; € R, a;>0,i€l, UL, ay,.1 =1,and I,, I are respectively non-overlapping sub-
sets of {1,2,...,2n,2n + 1}. Let

Jaw, iel,UL,

v; otherwise.

zZi=
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Then one has

where
CZ = diag(gl: 025045 QZn);
and

Jai ifiel,UL,
1 ifiel, UL.

0;i =

Combining (5.11) with (5.12) yields

&, vani1) = h(z) := Zzlz - sz

iely iel_

Without loss of generality, suppose that /(z) > 0. Let

9 ( Zz’el Ziz ) % (Zz’ef Zzz) %
h(z) + Zz’ef_ Zi2 Zz’eh Zz’2 ,

then0 <0 <1. Let

— inr i€ I+;
zZ; =
z;, otherwise.

This together with the definition of 6 implies that

h@) =0%) z22-> 7

i€l iel_

-(g25)ze-r s

€L 71/ el il
_ 2 2
= E z; — E zZ;
iel_ iel_

=0.

Usingw=Civ+p; andv= C2_1Z2n’ one has w=C; C2‘122n +p1,

- —1=
w=CCy 2o + 1,

and v = C;'z,,. Applying (5.15), combining (5.10),(5.11) with (5.14) yields

f(ﬁ}) :g(f/) =§(17, V2n+1) = h(TZ') =0.

Thus, w € W*.

Page 7 of 16

(5.12)

(5.13)

(5.14)

(5.15)

(5.16)
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In addition, based on the definition of z and 6, we get

lz—z| = (Z(zzy—z)zyZ

iel,
= (Z(Zi - 92;‘)2) '
iely
(1-62) 2
- (29

iely

_ 1 Zid_ Zi2 2 %
“ 140 (1 ")+ Ziej_z?> (Zz)

i€l
R 2\ 2
T 0T, D) (Zz)

iel

_ h(z)

L +6)(Ler, )2
_ h(z)

(Zieh Ziz)% + Q(Zieh Ziz)%
) he)

(Zl€1+ l) +( ZEL (Zl€]+ z
) LG

(Zzeh z) +(Zzel Z %
- h(z)

(ZlEL, i T Ztel 22)2

_|(

)12, (5.17)

h(z) 3

where the first inequality comes from the fact that a2 + b2 > (a + b)?, Va,b € R,, the
second inequality uses assumption /(z) > 0 and the fact that h(z) < Y",; 27 + Y ;i 2
Using (5.12), (5.16), and (5.17), one has
lw =l = [(C1C5 zan + 1) = (C1C5 2o + 1) |

< |GG | llzan = Zanl

< |GG =~z

< it ||

= lac! o

= Vra (GG (GG o0

= Vi ((G) () 0|
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< ¢ lfom)?

< maX{ 1, % } [f(w)

where the fourth equality comes from the fact that C; is an orthogonal matrix, the last

1

2 (5.18)

inequality uses the fact that ||C;!|| < max{1, %}, and ¢ > 0 is a constant.
In fact, using the related theory of linear algebra, by the definition of the matrix Q, one
has A; = )L?/Il +1or A?’Il (i=1,2,...,2n), where )wal (i=1,2,...,2n) is a real eigenvalue of

the matrix M;. Set

o :min{|kfw1

A A #0or A +14#0,i=1,2,...,2n) > 0.
Combining (5.13) with (5.9), one has

Vil ifiel, UL,

1 ifi¢l, UL

i =

and C;! = diag(o7%, 031 .+, 05}), and thus we obtain

|G = max{oMli=1,2,...,2n)
< max{ 1 i }
< VAR
On the other hand, the matrix

M,-N)TUTUM,-N) + M ifw Mw>0,
My =1 (M,-N)"UTUM,-N) ifwT Mw=0,
(M,-N)TUTUM,-N)-M ifw Mw<O0.

Thus, we deduce that ¢ is independent of selection of the matrix M;. The desired result

follows for this case.
Case 3.1If J =¥ and 7 > 0. Then it follows from

{weR”|f(w) =0} = {we R - f(w) =0} (5.19)
and (5.10) that

—f(w) =—-g(v)=- Zaivf + Z%’V,-Z +(-1).

iely el

Let f(w) = —f(w), §(v) = —g(), I, =1, I =1,, £ = —7 < 0. Then

f’(w) =g(v) = Zaivf - Zuivf +T.

ie}+ iel_
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Considering this together with (5.19), using a similar argument to that of Case 2 above,

there exist constant & > 0 and w € W* such that
_ i [ [ 1
lw=—wl <&|fw)]? =&|-fW)|? = &|f(w)]>.
The desired result follows for this case. O

Now, we give another error bound for the ELCP.

Theorem 5.2 Suppose that X* is nonempty. Then, for any (x;y) € R?, there exists a con-
stant py > 0 such that

|G9) - @) < o | (| minte, 3} |* + | L@, -N)(59) - Ug]||* + |27 ))

1
+ (||min{x,y} || + || UM,-N)(x;y) - Uq“ + |xTy|2)}.
Proof By Theorem 5.1, one has

lw =l < po([f(w)] + | w)|?)
o (]| (=w), ||2 +w' [sgn(wTMw)]Mw + |t -Nyw - anz)

+ (||(—w)+ ||2 + wT[sgn(wTMw)]Mw + || UM, -N)w — L[q“z) }

([ * + [ Bw). |* + 20x"y] + U, -Nyw - tg])*)

IA

b (|l + [w" [sen(w" A1w)]A1w|® + | UM, ~Nyw - Ug])))
Lo
(

< po{ (| (=w).|* + [w [sgn(w” Aw) ] #tw| + |, -Nyw - Uq]®)
4 (| caw, | + | =B, | + vV2[xTy| + | U, -N)w - Ug])}
<

{
< po{ (2| min{Aw, Bw} ||2 +2[xTy| + UM, -N)w - Uq||2)
+ (2||min{Aw,Bw} || + \/5|x—ry|% + || UM, -N)w - L[q||)},

where the first equality is by (5.3), the second and third inequalities follow from the fact
that

Va+b+c<Ja+b++Jc foranya,bcecR,,

and the fourth inequality is obtained by the fact (-a), <|min{a, b}| for any a,b € R. By the
definitions of A, B, w, and setting p; = 209, we obtain the desired result. O

Remark 5.1 Obviously, the condition needed in Theorem 5.2 in this paper is strictly
weaker than that needed in [4]. The requirements of column monotonicity, Ro-property,
and rank Q =/ are removed here. In addition, we establish this global error bound in R
rather than that in © which is defined in [4]. On the other hand, we also present the fol-

lowing examples to compare.
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For the ease of description, denote the function used in Theorem 5.2 by

o1(x,9) = ||min{x,y} ||2 + || UM, -N)(x;y) — LIq”2 + ||xTy

’

1
@2(x,9) = [minfx, y} | + |UM, -N)(x;9) - Ugq| + | 5]|2,
and denote the function used in Theorem 6 of [4] by
s 9) = [ (=), || + [|(=9)+ | + (xTy)+. (5.20)

Example 5.1 Consider the ELCP such that

01 0 1 0 0 0
M=]10 0 0], N=|0 1 0], K= 0
0 01 0 01 0

Its solution set is

W* = {(5:9) €R® [ =0,y > 0,2y =0,Mx =y}

N (x5y) RS x1=%x3=0,%>0,
' Y1 =%2,92=0,y3=x3=0
U () € R® xy =x3=0,01 >0,
' y1=%=0,92=0,y3=x3=0

Furthermore, it has no non-degenerate solution [4].

Take &% = (~k~*; k% k1), y* = (k% 0; k1) with k is a positive integer. Denote the clos-
est point in W* by (X;x). A direct computation gives that | MxX — y*|| = 0, (s ) =
(0;k%;0;k%;0;0) as k is sufficiently large, and

[T

[6459) = @3 = [(%) +0+ (k) 40+ 0+ (k)]

[T

= (k% +2k7%)2. (5.21)
Then

x99 — sy k8 4 2k2)3
Il( kyk) ( k}]’(k)|l( _ ( ) A
P15 00) + a5 7) (k8 4 k2) + (k8 + k)2

as k — oo. Therefore the function ¢; (x*;y*) + ¢,(xX;y*) provides an error bound for the
point (xi; yi)-

On the other hand, from (5.20), we see that s(x*,y*) = k* for the point (x;yx). Then
from (5.21), it follows that

165y = Gl (B +2k)7 VIeRE -
s(xk, y%) +s%(xk,yk) Tkt 4k 14k
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and

165595 — @l (k8 +2k2)3

= =+1+2k6 —
&0 = + +00

as k — oo. Thus, the function s(x,y) + s2 (%,y) and s(x,y) cannot provide an error bound
for the point (xx; yi)-

6 Global error bound for special cases of ELCP
In this section, we respectively establish the global error bound of the VLCP and the MLCP
based on Theorem 5.2.

6.1 Global error bound for VLCP
Consider the VLCP of finding vector x € R” such that

Ax+a>0, Bx+b>0, (Ax +a)" (Bx + b) = 0.

Denote its solution set by X*. Certainly, the VLCP is a special case of the ELCP with

) ) el e

where A,B € R"™*", a,b € R™,and A #0 or B #O0.
Applying Theorem 5.2 to the VLCP, we have the following conclusion.

Theorem 6.1 For the VLCP, suppose that X* is nonempty. Then, for any x € R", there exists
a constant py > 0 such that

dist(x,X*) < ,52(||min{Ax +a,Bx + b} ||2 + ||min{Ax +a,Bx + b} ||

+|(Ax +a)" (Bx +b)| + || (Ax +a)" (Bx + b)| %)
Proof Forany x € R",letx = Ax +a, y = Bx + b. Then
Mx-Ny=Qx+gq, (6.2)

where M, N, Q are defined in (6.1). Using the fact that x = A*b is a solution to the linear
equation Ax = b if it is consistent, one has

UL (M, -N)(%:9) - thq =0,

where U = QQ* — I, = (‘;) (2)+ — I, Let w = (%;9). Then the VLCP can be equivalently
reformulated as the following ELCP w.r.t. (;)):

(L,0)&5) >0,  (0,D(3) =0,
((1,0)&:3) T ((0,1)(2;7)) =0, (6.3)
Uy (M, -N)(3;3) — Uy q = 0,
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and we denote its solution set by w. Apply Theorem 5.2 to system (6.3) for (x;%). Then
there exists (x*;5*) € W* such that
[653) = 355°) | < oo (Imint&3) [ + | 20, ~N)Gs5) ~ Ehg |+ [575))
. - 1
+ ([mingz, 3} + | 0 (M, -N)(&:3) - Thg| + [275]%)}
= pg{ Hmin{Ax +a,Bx + b} ||2 + ||min{Ax +a, Bx + b} ||
+ H (Ax +a)"(Bx + b) || + H (Ax +a)"(Bx + b) || : }, (6.4)
where p; > 0 is a constant, the first equality follows from (6.2).

For (6.2), using the fact that x = A*b is a solution to the linear equation Ax = b if it is
consistent, one has x = Q*[(M, -N)(%; ) — q], x* = Q*[(M, -N)(%*; ") — q], and a straight-
forward computation gives

dist(x,)A(*) < Hx —x* ||
= Q' [M,-N)&3) - q] - Q' [(M,-N) (3%5") - q]) |
< |Q N[ G~ (357) -

Combining this with (6.4) and letting o = p2||Q* (M, —N)|| vield the desired result. O

Compared with the error bounds established in [4, 20—23], we remove the assumptions
such as monotonicity, positive semidefiniteness, and so on.

6.2 Global error bound for MLCP
Consider the MLCP of finding vector (x,z) € R" x R™ such that

x>0, Cx+Dz+b=>0, x"(Cx+Dz+b) =0, Ax+Bz+a=0, (6.5)

where A € R>", Be R*", C € R, D € R™" g e R, b € R". Denote the solution set

by X*. Let y = Cx + Dz + b. Then system (6.5) can be rewritten as
x>0,y>0,x"y=0, Cx—y=-Dz-Db, Ax—-0y=-Bz—a. (6.6)

Certainly, the MLCP is a special case of the ELCP with

“l) ) o) 0

From Theorem 5.2, we have the following conclusion.

Theorem 6.2 For the MLCP, suppose that X* is nonempty. Then, for any x € R",z € R™,
there exists a constant p3 > 0 such that

dist((x; z),)_(*) < ,53{ Hmin{x, Cx + Dz + b} ”2 +||Ax + Bz + a|® + ‘xT(Cx +Dz+ b)|

}.

[SE

+ Hmin{x,Cx+Dz+b}” + ||Ax + Bz + a| + ’xT(Cx+Dz+b)|
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Proof By Theorem 5.2, it follows from system (6.6) that, for (x;y) € R" x R”", there exists a
constant ps3 > 0 such that

(5:3) = &) < pa{ (Jmintx, ) |* + U@, -N)@9) - Ug " + =" y1)

+ (”min{x,y} ” + ” UM, -N)(x;y) — LIqH + ‘xTy’%)}, (6.7)

where (x; ) is a solution of system (6.6). For (6.6), using the fact that x = A*b is a solution
to the linear equation Ax = b if it is consistent, we know that

Q' [M,-N)(x:y) —q] =z
is equivalent to the last two equalities in (6.6). By U = QQ* — I, we can get

UM, -N)(x;y) - Ug = Q[Q*(M,-N)(x:y) — q] - [(M, -N)(%;%) - q]

= Qz - [(M,-N)(x;y) — q].

Combining this with (6.7) and using y = Cx + Dz + b, we further obtain

(®%9) - ®3)| < ps{(|minfx, Cx + Dz + b} |*

+ ] Qz - [(M, -N)(%;%) - q] ||2 + |x"(Cx + Dz + b))

+ (”min{x, Cx + Dz + b} ||

+ ] Qz - [(M,-N)(%;9) - q] || + ‘xT(Cx+Dz+b)|%)}
< p3{(||mintx, Cx + Dz + b} |*

+ |Ax + Bz + a|* + |x " (Cx + Dz + b))

+ (”min{x, Cx + Dz + b} ||

[T

+ ||Ax + Bz + a|| + |xT(Cx+Dz+b)|

)}- (6.8)

Foranyx € R", z € R", from y = Cx + Dz + b, and using the fact that x = A*b is a solution
to the linear equation Ax = b if it is consistent, we obtain that z = D*(-Cx + y — b),z =
D*(-Cx + y — b). Combining this with (6.8), one has

x2) - (%2)| < |

x2) - (%2)|,

= ¥ =Xl + llz -zl

= |x—%|1 + |D*(y - Cx—b) - D*(y- Cx - )|,
<|lx—xl1 + || D*|||(y- Cx - b) - (- Cx - b)|,
< llx =%l + [D*[ (I =Fll1 + ICIlllx = %]11)

= (1+ [P ucn) (e = &l + 1 - 711)

< (L+ [ D]ICH)v2n|
< p3(1+ || D*||ICII)v/2n{ (| minfx, Cx + Dz + b} |

@) — %)



Sun et al. Journal of Inequalities and Applications (2018) 2018:258 Page 15 0f 16

+ | Ax + Bz +al|* + | (Cx + Dz + b)|)

+ (||min{x, Cx + Dz + b} ||

+ ||Ax + Bz + al| + |xT(Cx+Dz+ b)ﬁ)}, (6.9)

where the first and fourth inequalities follow from the fact that ||lx|| < ||lx||; < +/7|x]|| for
any x € R". Let p3 = p3(1 + ||D*||||C||)»/2n. Then the desired result follows. a

7 Conclusions and remarks

In this paper, we established some new global error bounds for the VLCP and the MLCP
based on the global error bound for the ELCP. These global error bounds extend some
known results in the literature, which is verified by a numerical comparison.

As the error bound analysis has important applications in the sensitivity analysis and
error bound estimation for optimization methods, it would be interesting to investigate
whether our new error bound results will give effective global error estimates for some
particular methods in solving a non-monotone ELCP (VLCP and MLCP) that does not re-
quire any non-degeneracy assumption, such as the Newton-type with quick convergence
rate. These will be further considered in the future research.
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