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Abstract— In this paper, we consider a new type algorithm
for the generalized linear complementarity problem over
a polyhedral cone in engineering and economic equilibrium
modeling(GLCP). To this end, we first develop some equiva-
lent reformulations of the problem under milder conditions,
and then an easily computable global error bound for the
GLCP is established, which can be viewed as extensions of
previously known results. Based on this, we propose a new
type of solution method to solve the GLCP, and show that
the algorithm is global and R—linear convergence. Some
numerical experiments of the algorithm are also reported
in this paper.

Index Terms— GLCP, engineering and economic equilibrium
modeling, global error bound; algorithm, globally conver-
gent, R-linear convergent

I. INTRODUCTION

Let F(z) = Mz + p,G(x) = Nz + ¢, where
M,N € R™™"™ p,q € R™. The generdized linear
complementarity problem, abbreviated as GLCP, isto find
vector z* € R™ such that

F(z*)eK, G(z*)ek®, F@")'Gx*)=0, (1)

where K is a polyhedral cone in R™ and K° is its
dua cone. Certainly, for polyhedral cone K, there exist
matrices A € R**™ B € R™™ such that £ = {v €
R™ | Av > 0, Bv = 0}, and its dual cone KC° assumes
the following form

Ke={ue R™|u=A"\+B" X2, \; € R}, \» € R'}.

We denote the solution set of the GLCP by X* and
assume that it is nonempty throughout this paper.

The GLCP is a direct generalization of the classical
linear complementarity problem and a specia case of
the generalized nonlinear complementarity problem which
finds applications in engineering, economics, finance, and
robust optimization operations research (Refs. [1], [2]).
For example, the balance of supply and demand is central
to al economic systems; mathematically, this fundamental
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eguation in economics is often described by a comple-
mentarity relation between two sets of decision variables.
Furthermore, the classical Walrasian law of competitive
equilibria of exchange economies can be formulated as
a generalized nonlinear complementarity problem in the
price and excess demand variables ( [2]), and be aso
found applicationsin contact mechanics problems(such as
a dynamic rigid-body model, a discretized large displace-
ment frictional contact problem), structural mechanics
problems, obstacle problems mathematical physics, elas-
tohydrodynamic lubrication problems, traffic equilibrium
problems(such as a path-based formulation problem, a
multicommodity formulation problem, network design
problems), etc. Up to now, the issues of numerical meth-
ods and existence of the solution for the problem were
discussed in the literature (e.g., Refs. [3]-{7]).

Among all the useful tools for theoretical and nu-
merical treatment to variational inequalities, nonlinear
complementarity problems and other related optimization
problems, the global error bound, i.e., an upper bound
estimation of the distance from a given point in R™ to
the solution set of the problem in terms of some residual
functions, is an important one due to the following
reasons. First, the global error bound can not only give
us a help in designing solution methods for it, eg.,
providing an effective termination criteria, but also be
used to analyze the convergence rate; second, it can be
used in the sensitivity analysis of the problems when
their data is subject to perturbation (Refs. [8], [9]). The
error bound estimation for the GLCP was fully analyzed
(e.g.,Refs. [10]-{12]. This motivates us to consider a
new type agorithm for GLCP based on the error bound
estimation for the GICP. So, in this paper, we first develop
some equivalent reformulations of the GLCP, and then
we are concentrated on establishing a global error bound
for the GLCP via an easily computable residual function
under mild conditions which can be taken as an extension
of that for GLCP, Based on this, we propose a new
type of solution method to solve the GLCP, and show
that the algorithm is global and R—linear convergence
under milder assumptions. Compared with the existing
solution methods in [6], [7], the conditions guaranteed
for convergence are weaker in this paper.Some numeri-
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cal experiments are also reported, and indicate that this
method has nice stability and high computation efficiency.

Some notations used in this paper are in order. The
norm || - || denote the Euclidean 2-norm, for matrix M,
the norm | M|/ denote Frobenius-norm, i.e, | M||r =
[tr(M T M)]'/2, where the transpose of a matrix M
be denoted by M T, trace of matrix M be denoted
by tr(M T M). Without making confusion, we denote a
nonnegative vector z € R™ by = > 0.

Il. SEVERAL EQUIVALENT REFORMULATION OF GLCP

In this section, we will establish an equivalent reformu-
lation of the GLCP. we first give the needed assumptions
for our analysis.

Assumption 1 For the matrices A, B, M, N involved
in the GLCP, we assume that the matrix UN or BM
have full-column rank, where U = (I, 04x¢)Q4Y, Q =
(AT, BT), Q% ¢ Q{1,4},Q{1,4} is set of Moore-
Penrose generalized inverse matrix.

The following results is straightforward.
Theorem 1 A point z* € R" is a solution of the GLCP
if and only if there exist \} € R*, \5 € R?, such that

AF(z*) > 0, BF(z*) = 0
F(xz*)TG(z*) =0 5
Gle*) = AT + BTA (2)
AT >0

To establish an equivalent reformulation of the GLCP,
we need the following conclusion in [13].

Lemma 1 Suppose that the non-homogeneous linear
equation system Hy = b has solution, then y = H1:9p
is minimum norm solution of its, where H € R™*" b €
R™.

Combining lemma 1, we can establish the following
result.

Lemma 2 Suppose that the equation G(z) = AT\ +
BT )y holds, then for any z € R, the following state-
ments are eguivalent.

(1) There exist \; € R5, X2 € R' such that G(z) =
ATA + BT\,

QUG(z) > 0,QG(z) = 0, where U =
(I, 05x)QMY, @ = QUMY — I, Q is defined in
Assumption 1.

Proof Set

_ o | G(x)=ATA + BT

Xi=(rekR for some \; € RS, X\, € R* [

Xo={zr € R" | UG(x) > 0,QG(x) = 0}.

Certainly, to show the assertion, we only need to show
that these two sets are equal.

For any = € X, there exists \; € R, A2 € R' such
that

G(:c):Q( i; ) &)
By Lemma 1, we obtain
Qe = () ). @
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Combining this with (3), one has

(QQRMY = I,)G(z) = 0. ()

Since \; > 0, by (4), one has (I,, 0sx¢)QMYG(z) > 0.
This, along with (5), yields that « € Xs.
On the other hand, for any = € Xo, let

)\1 == (Isaosxt)Q(lA)G(x)v
A2 = (O¢xs, 1) QY G ().
Then X} € R%, X5 € R'. From (5), one has

Ge) = QRMG)
— s () )eow
= AT}‘l"'B )\27

i.e., x € X;1. The desired result follows.

From this conclusion, we can transform system (2) into
a new system where neither parameter \; nor parameter
A2 is involved. Combining this with Theorem 1, the
GL CP can be equivalently transformed into the following
system:

AF(z) >0,
BF(z)=0
F(x)"G(x) =0 (6)
UG(z) > 0,
QG(z) =0
For this system, by the first and last equalities, one has
F(z)"G(x)
= F@)T1QR"G(x)]
7
(4)r] (4 2o ©

= (AF(2)) " [(L, 05x0) QMG ().
Thus, system (6) can be further rewritten as

AF(z) > 0,
BF(z) =0
(AF(x))T[UG(x)] =0 ®)
UG(z) = 0,
QG(z)=0

Moreover, from (7), for any © € R™ suchthat AF(x) >
0, UG(z) > 0, it holds that F'(z) " G(x) > 0.

Under Assumption 1, we can establish the following
optimization reformulation of the GLCP based on (8) in
the sense that z* is a solution of the GLCP if and only
if 2* is its global optima solution with the objective
vanishing:

min  H(z) = (Mxz+p)T (Nz +q)
+ | B(Mz +p)|?* + p|U(Nz + g)|I?
st. e X
)
where 1, ps, -, u, ae the egenvalue of matrix
MTN + NTM, respectively, constant

1
p > §{HM1H5 HM2||5"W||HH”}7
X ={x € R" [A(Mz +p) >0, U(Nxz +q) > 0}.
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Without loss of generality, we assume that the ma
trix UN has full-column rank. Hence, the Hessian ma-
trix of H(z), i.e, M'N + N'M +2M"BT"BM +
2pNTUTUN, is poditive definite, so H(x) is a convex
function. Furthermore, the feasible set X is a polyhedral.
Thus, problem (9) is a standard strongly convex optimiza-
tion. By the related optimality theory ( [14]), we know
that its solution set coincides with its stationary point
set, i.e., with the solution set of the following variational
inequality problem: find z* € X such that

(x —2*) (Mz* +q§) >0, VYzelX, (10)

where
M=MTN+NTM+2M"B"BM +2pNTUTUN,
Gq=MTqg+NTp+2MT"B"Bp+2pNTU Uq.

That is, the variational inequality problem (10) is adso an
equivalent reformulation of the GLCP.

I1l. THE ERROR BOUND FOR GLCP

In this section, we would establish the global error
bound of the GLCP, we first need the definition of
projection operator and some relate properties( [15]).

For nonempty closed convex set 2 C R™ and any
vector x € R™, the orthogonal projection of = onto €,
i.e, argmin{|ly — z|||y € 2}, is denoted by Pq(z).

Lemma 3

(1) (Pa(u) —u,v— Po(u)) >0,Yue R",veQ,

(ii) [|Po(u) = Pa(v)]| < flu— o], Vu,v € Q.

For (10), e(z) := z — Poz — (Mz + q)] is called
projection-type residual function, and let r(z) := ||e(x)]|.
The following conclusion provides the relationship be-
tween the solution set of (10) and that of projection-type
residual function( [16]).

Lemma 4 z isa solution of (10) if and only if r(z) = 0.

To establish the global error bound of the GLCP, we
give a conclusion which is easy to deduce.

Lemma 5 Under Assumption 1, for any « € R™, there
exist constant fipmin > 0, thmaz > 0 such that

||xH2/1'mzn S mTMm S Nmaw||x||2v

WhEre fiymin s fhmaz are the mnimum and maximum eigen-
value of matrix M, respectively.

In this following, based on Lemma 3-5, we establish
error bound of the GLCP which is crucia to convergence
of algorithm.

Theorem 2 Suppose that Assumption 1 holds, for any
x € R", there exist a solution x* of (1) such that

(H=M[+1)" (@) < [lz—27|| < (|M ||+ 1)pmi,r ().

Proof Since = — e(z) = Px[z — (Mz + ¢)] € X, by
(10),
(x —e(z) —z*) " (Mz* 4+ q) > 0. (1)
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Combining z* € X with Lemma 3(i), we have

(z* — Px[z — (Mz + q)], Px[z — (Mz + q)]

—[z — (Mz +q)]) > 0. (12)

Substituting Px [« — (M +q)] in (12) by = — e(z) leads
to that

(x — 2" — (@) [e(x) — (M +q)] 20.  (13)
Using (11) and (13), we obtain

(& —2") —e(2)] " [e(x) + M (2" — )] >0,
i.e,

(=)' M(z* — ) +e(@) [(z —2*) = M(a* — z)]
—e(z)Te(z) >0,

a direct computation yields that

(x—2*)T M(x — z*)

< e(e) [(z - %) + M@ — 27)]  e(a) Te(a)
< e(@)"[(w — %) + M(z — 2*)]

< le(@)[I([Jz = 2*[| + [[M (z — z")|))

< r(@)([M] + 1)z — 2=

Base on Lemma 5, we have
(x—x*) T M(x —2*) > pmn ||z — =*||%,
SO, fiman ||z — || < (IM| + Dr(z)||z — z*||. ie,
l =2 || < (M| + 1) prppsr().- (14

On the other hand, for (10), z € R™ z* € X*, we

have
r(z) = lle(x) —e(@™)

= [le = Px[z — (Mz + q)]

—a* + Px[a” — (Mz* + )]
<lz—a*|

+ || Pxle — (Mz + q)]

— Px[z* — (Mz" + g)]|
<o —z*| + [[[z — (Mz + )]

— o7 — (Mz* +q)]|

= |z = 2*|| + |(I = M)(z — 2*)]|
< (IF = M) + Dz — 2.

where the first equation is by Lemma 4, the second
inequality is by Lemma 3.1(47). Thus,

lz =2l > (17 = M| + 1)~ r(), (15)

Combining (14) with (15), then the desired result
follows.

Remark. The error bound obtained in Theorem 2 is an
extension of Theorem 4.1, Theorem 4.2 in [10], Theorem
3.1in[11], Lemma 5.6 in [12] for GLCP.
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1V. ALGORITHM AND CONVERGENCE

In this section, we give a new-type method to solve
GL CP based on the error bound in section 3, and present
the proof for its global R—linear convergence rate. First,
we give some technical lemmas.

Lemma 6 Under Assumption 1, let 7 = 4%, we have
" Mz > 7| Mz|> (16)
Proof By Lemma 5, we have
z" Mz > MmmeH
2 pomin| M| 2?IIM:EII2
MTILZTLHM‘T”
Lemma 7 Under Assumption 1, and z* is a solution

of GLCP, then
(Mz+ g,z —2*) > 7|M(x — JJ*)HQ,VI e X,

where 7 is defined in Lemma 6.
Proof By Lemma 6, we have
(Mz +q) — (Ma* + @),z — z¥)
=(zx—a*)"M(z — z*)
> 7| M(x — 2)|%.
Since z* is a solution of (10), so for any = € X, we have
(Mx* 4+ g,z — «*) > 0, and the desired result follows.
Now, we formally state our algorithm.
Algorithm 1
Stepl. Teke ¢ > 0, v > Fmim n = tr((I —

M)T(I = M)), po = 505597, and take initial
point 2° =2 ¢ R". Set k 20
Step2. Compute

"t = APy [Jck — (Mxk +9);

Step3. Take A\**! € R such that |(I —
NFLAT)| # 0, and
If n > 1, we take

(17)

Xo > max{\/n/[ntr(MTM)], po},

and

max{y/n/[ntr(MTM)], uo} < \FF1 < 71\,

If n <1, we take
n/ntr(MTM)] < Ao
< min{y/n/[ntr(MTM)], o},

and

—/n/[ntr(MTM)] < 7~ 1Ak < \k+1

< min{y/n/[ntr(MTM)], uo};
Ifkn =1, we take A\ > o, and pg < A1 <
/L\e£ AR Ua (Vi L B L
Step4. If ||zFT! — z*|| < & stop, otherwise, go
to Step 2 with k £ k + 1.
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Remark The algorithm is based on the error bound
estimation of problem (1) as discussed below. Obviously,
if 21 = 2%, combining Theorem 2, then z* is asolution
of GLCP. In the following theoretical analysis, we assume
that Algorithm 1 generates an infinite sequence.

By the definition of projection operator, we can easily
get that problem (17) can be equivalently reformulated as
the following constrained optimization problem

min  y(z — zF)T (2 — 2¥)
+2y(x — 2F) T (Mz* + q)
st. zeX.

(18)

Theorem 3 Under Assumption 1, then the sequence
{z*} converges globally to a solution of (1).

Proof First, we prove that the convergence of sequence

Suppose that z*+! £ 2% and let

V(W) =2v(w —2*) " (Ma* + ) + v]lw - z*||?,

where x* € X*. Since M is positive definite, combining
the definition of ¢(w) with (10), we know that
P(w) > |lw —z*||* > 0. (19)

We claim that the nonnegative sequence {v(z*)} is
monotonically decreasing. In fact, since problem (18) can

be equivaently reformulated as the following variational
inequalities, for any w € X, we have

(@ gk o P (M 2k 4 g, w— 2" ) > 0, (20)
it follows that

Y(a*) = p(at ) :

= (e —a*)T (¢ — a*) + 2y(Maz* + g, 2" — z*)

— (@ — )T (@ )
—2y(Mz* + g, 2%+t — a%)
= y(a*) Tk —y(a*)Ta* — 2y (z"

_,y(xk+1)Txk+1 +’7( )Tl'*

,zk —a*)

+ 2’y(a:* x’““ o) + 2y(Mz* + q,oF — 2F 1)
+2’Y< q kal’k+1>
( )T k _ ( k+1)'|' k+1
_ 2,7< k+ 1, ok — .Tk+1>
ozt — g xk 21y
+2’y<Mx +q, xF — kL)
_ ’Y( k+1) (.%'k k+1)

- 27<Mx + g, x* — xht!
+ 2’y<Mz +q,z* — xk+1
—’Y( k+1) ( k _ k+1)
+ 27<MCE +q,xF — 2%)

— 2y(Mz* + g, 2 — 2™ 1)
k _

+ 2vy(Ma* + g, 2% — zk+1)
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> (ah — M Tk — 2" ) + 27| M (b — )2
— (2yM (2" — 2%), 2% — 2™+1)
> ylla? — aF P + 297 (| M (2* — 2¥)||?
— 2y M (& — a*)|? + g l|2F — 2+ |2)
Z ,nyk o xk+1||2 o %ka o xk+1||2,
where the first inequality is obtained by letting w = z*
in inequality (20); the second inequality follows from
Lemma 7 by letting = = 2%, and the last inequality
follows from the Cauchy-Schwarz inequality.
Since v > 5=, we conclude that ¢ (z) — 1 (zaq1) >
0 and thus the nonnegative sequence {v(z*)} is strictly
decreasing and convergent. Consequently,

klim |z% — 2" = 0. (22)
Moreover, {1 (z*)} is bounded since it is convergent, and
so is {x*} according to (19). Combining Theorem 2 with
(21), we have

dist(z", X*) < (| M|+1) s

Homin
where dist(x*, X*) = ||a* — z*||,z* denote the closest
solution to z*.

Since {z*} is bounded, let {z*:} be a subsequence of
{«*} and convergesto z, for {z*}, we also have
dist(z*, X*) < (M| + 1)z, || — 2*
(i — 00),
by Theorem 2, we get Z is a solution of GLCP. Since
{(2*)} converges, subgtituting =* in (19) by z leads
to that ¢ (a%) — 0(i — oo). Thus, ¥(z*) — 0k —
oc). Using (19) again, we know that the sequence {z*}
converges to 7.
Secondly, we prove that the sequence {z*} converges
globally to z. For any € > 0, we have
k+1 _ jH — ||>\k+1l,k+1 + (1 _ )\k—&-l)xk o j”
< ”)\kJrll.kJrl _\kH1g
F(L = Nk — (1 - Az
< )\k+15+ (1 _ )\k+1)€
=¢&.
Lemma 8 Under Assumption 1, according to the ac-
ceptance rule of \**1 in Algorithm 1, let

B = (I = NM)"Hpll( = N M) p|(1 = M)||F,
then g < 1.
Proof Since
1(I = XEHIAD) |15
=tr((I — NFHLM)T (I — ML)
=tr(I — \FTY M + MT) + (A\ETH2(M T M)
=n — 2T (M) + (V)20 (M T M),
Similarly,
(I = NeM)||2 = n — 2XFtr(M) + (V)2 tr(M T M) |
then we have
B == M) p|(I = N M)||p|[(I = M)

_ (r(I=M)TI=M)(n=2X T tr (M) + (1) 2t (M T M)
- n—2\ktr(M)+(X\F)2tr(MT M)

— 0

Iz

O

=7 FOF)
(22)
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where np = tr((I — M)" (I — M)),
f(z) =n —2xtr(M) + z*tr(M " M).

According to the acceptance rule of A*+! in the third step
of Algorithm 1, we have that the following conclusion
hold.

D) If n > 1, we take

max{y/n/[ntr(MTM)], po} < A1 <~ tAF,

where pig = (tr(M))/(tr(M T M)). A direct computation
yields that

nf D) < FOATY) < Flm™ " AF) = F(A9),
where the first inequality is obtained by

NHL S In/[ntr(MT M),

the second inequality follows from the fact that f(x) is
monotonic increasing when A1 > ;5. Combining (23)
with (22), we have g < 1.

(2 1If 0 <n <1, wetake

/]I (TR0 < Ak < Akt

< min{/n/[ntr(MTM)], o}
A direct computation yields that

nf ) < F@ARFY) < fm ™t AF) = F(AF),
where the first inequality is obtained by

—\/n/ntr(MTM)] < \EFL <\ /n/[ntr(MT M)],

the second inequality follows from the fact that f(x) is
monotonic decreasing when A1 < 15, Combining (24)
with (22), we have g < 1.

() If n = 1, we take g < A1 < M*, then f(x)
is monotonic increasing. A direct computation yields that
FONFHL) < f(A\F). Combining this with (22), we have
0 < 1.

Theorem 4 Under Assumption 1, the sequence {z*}
globally converges to a solution of GLCP R—linearly.

Proof For (18), by using KKT condition, there exist
uf € R ,uf € R such that

(23)

(24)

2y(z* T — 2F) 4 2y(Ma* 4+ q) = (AM) Tuf + (UN)u§,

i.e,

oh Tt = (I — M)z + &* (25)

where ¥ = o= ((AM)Tuf + (UN)uf) — g. Using (25),
we have

Zk+1 — )\k+1$k+1 4 (1 _ )\k+1)l‘k

= (I — Ne+LAL )2k + Ak+1ck, (26)
Using the technique of (26), we can also get
2P = (I = NFM) Pt 4 NEh—t (27)
By the definition of z* in Algorithm 1, we have
2P = Mok (1= \Fyzht (28)
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Pre-multiplying (28) by (I — A\*M), one has

(I - )\kM)zk_ )
= NP (I = N M) 2k + (1 — Mo (I — Aokt

(29)
Pre-multiplying (27) by (1 — \*), one has
(1 — Ak)2k B (30)
= (1= M) (I = XNeM)ah=1 (1 — AF)ARch—L,
By (29)-(30), we have
(I — M)z" = (I = NM)ab — (1= A1 (3D)
Pre-multiplying (31) by (I — A\**' M), one has
(I — NFHLNTY(I — M)z
= (I — Ne+1INL) (I — Ne D)k (32)
(1= NEY(I = ARHLAT) kT,
Pre-multiplying (26) by (I — A\*M), one has
(I _ )\kM)Zk"—l
= (I — NEM)(I — NF+UAT ) (33)

+ AT — NE D)k
A direct computation yields that
(I — NFIM (T — XM = (T — NFM) (T — NEHAT).

Using (33)-(32), and combining the third step of Algo-
rithm 1, we can obtain

L = (T = XNeM) T[T — MM (T — M) 2R 4+ Ay,

(34)
where A, = M+ — MNACE + (1 — AT —
ML) ck=1. Since the sequence {z*} is bounded ac-
cording to the proof above, combining (25), there exist
constant > 0, « > 0 such that||c*|| < », and

(I = NeM)TH(T = NEFLMY (T — M)z + AF] - 2| < o
(35)
By using (34) and (35), we obtain

|25 — z|

= |(I = A*M)~ (I = N M)(I — M)(2" — 2

+ (T = XNeM)=H(I = MM (I — M)z + AF] — z|
<N = AM)=HT = XM (I — M) || (25 = 2)|| +
<B|(zF = D) +

< BPGEF = 3)| + Ba

< B2 = )| + BFa

= B*HII° = 2) + 41l

where 3 = (I — MM)~!|p||(I — XM -
M)||r, combining Lemma 8, we have 3 < 1, thus, the
sequence {z*} converges to a solution of (1) at globally
and R—linear convergence rate.

V. COMPUTATIONAL EXPERIMENTS

In the following, we will implement Algorithm 1 in
Matlab and run it on a Pentium 1V computer. Throughout
our computation, Iter denotes the number of iterations.

d(n) = ||* = 271,
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where k denotes the number of iterations when the
agorithm terminates, and v denotes the parameter we
take.

Example 1 This problem is a linear complementarity
problem (LCP) used by Harker and Pang ( [17]), in which
F(z) = Mx + p, where

12 2 2 2 i
01 2 2 2 .

M=o | =]
000 - 1 2 .
000 - 01

For this problem, we take the initial point z° =
(1,1,---,1)" and parameter ¢ = 10~ 18, Harker and Pang
( [17]) used the damped-Newton method (DNA), and
He and Yang ( [18]) used the projection and contraction
method(PCA), and Han ( [19]) used a hybrid general-
ized proximal method(HGPA), and Wang ( [7]) used the
Newton-type method (NTA). The results for the above
four methods and several values of the dimensions n are
summarized in Table 1. In Table 2, we summarize the
results of our algorithm for several values of dimensions
n. From Table 1 and Table 2, we can conclude that our
agorithm excels the other four methods, and it has nice
stability and high computation efficiency.

To illustrate the stability of our algorithm, under n =
64 and the initial point 2° is produced randomly in (0,5),
we use it to solve example 1, and the results are listed in
Table 3. Table 2 and Table 3 indicate that our algorithm

is not sensitive to the change of initial point and the
dimension, thus it is very stable.

TABLE 1.
Numerical Results by DNA, PCA, HGPA, NTA

for Example 1
Dimension 8 |16 32| 64 128
DAN iter.num. 9 |20 | 72 | 208 | > 300
PCA iternum. [ 24| 25| 27 | 29 32
HGPA iter.num. | 7 9 10| 11 13
NAT iter.num. 131218 99 99
TABLE 2.

Numerical Results of Our Algorithm for Example 1

Dimension | 8 16 | 32 | 64 | 128 | 256
iter.num. 5 6 7 8 9 10
~y 1112|1212 12| 12
d(n) 0 0 0 0 0 0
TABLE 3.

Numerical Results of Our Algorithm by Random Initial

Point for Example 1

Trial 12 3 4| 5
iternum. | 9| 9 9 91 9
d(n) 0[0]54738x100™ [0 ] O
Tria 6|7 8 91| 10
iternum. | 9| 9 9 91 9
d(n) 0|0 0 0| O
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Example 2 This example is a general variational inequality
used by Noor and Wang ( [20]). Let F(z) = Mz + p, where

4 -2 0 0 1
1 4 =2 0 1
0 1 4 0 1
M = , p= ,
00 0 - -2 1
0 0 0 - 4 1

thedomainset C ={z € R" |0<2; <1,i=1,2,---,n}.
By Theorem 2.2 in [12], the problem in Example 2 can be
rewritten as the following GLCP:

reC F(x)eC® aFz)=0,

where C° is dua cone of set C.

For this test problem, table 4 give the results for this ex-
ample with starting point z° = —M~'p and parameter ¢ =
1071, 4 = 6 for different dimensions n. Compared with the
results of Table 4.2 in [20], we can conclude that our algorithm
excels method in [20].

TABLE 4.

The Numerical Experiments Result for Example 2

Dimension 10 20 50
iter.num. 1 1 1
CPU Time 0 0.0310 | 0.1880
d(n) 0 0 0
Dimension 80 100 200
iter.num. 1 1 1
CPU Time | 0.6570 | 1.2500 | 14.6410
d(n) 0 0 0

Example 3 This example is GLCP used by Wang ([21]). Let

4 2 2 -8
zek, Gx)=( 2 4 0 Jz+ [ -6 | ek®,
2 0 2 —4

where K = {z € R® |Az > p}, where
1100 -1 0 0
Al=—(1 010 0 -1 0 |,
1001 0 0 -1

It is easy to verify that its polar cone K°

Table 5 list the numeric results of Algorithm 1 with different
starting points. We take parameter ¢ = 107'%,~ = 6.5.
Compared with the results of Table 2 in [21], we can conclude
that our algorithm excels the method in [21], and it has nice
stability

To illustrate the stability of our algorithm, the initial point z°
is produced randomly in (0,5), we use it to solve example 3, and
the results are listed in Table 6. Table 5 and Table 6 indicate
that our algorithm is not sensitive to the change of initial point,
thus it is very stable.

TABLE 5.

The Numerical Experiments Result for Example 3
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TABLE 6.
The Numerical Experiments Result for Random Intinal Point

of Example 3 (1e-16)

Trial 1 2 3 4 5
Iter.num. 2 1 1 1 1
d(n) 0 6.3777 | 8.1584 | 6.3777 | 8.1584
CPU time 0 0.0160 0 0 0
Trial 6 7 8 9 10
Iter.num. 1 2 1 1 1
d(n) 8.1584 0 8.1584 | 4.1541 | 6.8439
CPU time | 0.0150 0 0.0150 0 0

Starting point | Iter.num. d(n) CPU time
(0,0,0)" 1 4.5776 x 1071 | 0.0160
(1,0,0)7 2 0 0
(0,1,0)" 1 7.1089 x 10718 0.0160
(0,0,1)7 2 0 0

© 2010 ACADEMY PUBLISHER

VI. CONCLUSION

We present an easily computable global error bound for the
GLCP, which can be viewed as extensions of previously known
results. Based on this, we also propose a new type of solution
method to solve the GLCP, and show that the algorithm is global
and R—linear convergence.
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