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Abstract: In this paper, we propose a new non-monotone line search algorithm for unconstrained optimization problems.
We incorporate the proposed non-monotone strategy in [3] into an inexact Wolfe-type line search approach to construct a
more relaxed line search procedure. The global convergence is subsequently proved under some mild classical
assumptions.
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INTRODUCTION
We considerthe following unconstrained optimization problem

min f (X). ()

xeR"
where f (X) is twice continuously differentiable. Many iterative methods for (1) produce a sequence Xo1 Xs X, , -+~ Where

X1 is generated from X, , the current direction d, , and the step-size v, > 0 by the rule

X1 = % +ad, .

In monotone line search methods, v, is chosensothat (X, ;) < f(X,).In 1982, Chamberlain et al. [2] proposed a

watchdog technique for constrained optimization problems, in which some standard line search condition is relaxed to
overcome the Maratos effect. Based on this idea, Grippo, Lampariello and Lucidi introduced a non-monotone line search
technique for the Newton method in [1]. Their approach was roughly the following:

FO A+ < g +00, g dye @
where ¢ € (0,1) and
fioo = O<rjn<6rln>§k){ f i} k=012, 5

where m(0) =0 and 0 <m(k) <min{m(k —1) +1, N} with N > 0. Non-monotone techniques [1,3,4,5,9,10,12]
can improve convergence rate in the case that a monotone technique is forced to creep along the bottom of a narrow curved

valley; also, they can improve the possibility of finding the global optimum. Encouraging numerical results have been
reported [7,8,9,11,14].

Although the traditional non-monotone line search technique has many advantages, there are some drawbacks
[3,6,12,14]. In order to overcome those disadvantages, Ahoohosh etal.[3] introduced a new formu la instead of fl(k) in (2).

In detail, they define
R, = fl(k) +@=n)f,
where 0 <7 <N <L and 1 € [Mins e ] -
In this article, we proposed a new line search algorithm for solving unconstrained optimization problems. In the

algorithm, we combine a non-monotone strategy into a modified Wolfe-type rule and design a new algorithm that possibly
chooses alarger step-lengthin each step. We define that
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f(x, +d,) <R, —|—6akggdk. )
f(x, +d)"d >og/d, (5)
where dk is a descentdirection. This direction is determined by the following formula (see [15])
d =-Bg,, d, =9,
Where B, is an approximation of the Hessian matrix at x, and updated by Perry and Shanno formula:

2 T 2
Bk+l — || ka || I + ylfryk _ T“ yk || - Sks'kl' (6)
Yy Sk VS S Y llsll
where
Yo =0ka —Or S =X — X
Then the next iteration can be written as
T T T T
- yk Sk yk gk+1 Sk gk+1 Sk gk+l
dk+1 = _Bkilngrl = O t+ ( -2 )Sk + Yy - ™
Iy, I Iyl sl Tyl

The rest of this article is organized as follows: in Section 2, we describe a new non-monotone line search algorithm. In
Section 3, we prove that the proposed algorithmis globally convergent. Finally, some conclusions are expressed in Section
4.

NEW ALGORITHM
Now, we can outline our new non-monotone line search algorithm is as follows:
Algorithm 1

Step 1 Aninitial point X, € R" and symmetric matrix B, € R™" are given. The constants 0 < ¢
<0 <L0<n <M <Ny <L N >0 and € >0 are also given. Set kK =0,m(0) =0.
Step 2 Compute @, .If || g, ||<e, stop.

Step 3 Generate a descentdirection dk satisfying (7).

Step 4 Compute f,,, and R, set X, = X+, d, where o, satisfies (4) and (5).

Step 5 Update B, ,; according to (6). Set K = K 4-1 and return to Step 2.

CONVERGENCE ANALYSIS
To prove the global convergence of the new algorithm, the following assumptions is proved throughout this paper:
(H1) The objective function f is continuously differentiable and has a lower bound on the level set

LOG) ={xeR"[ () < f (X))}

(H2) g(x) of f(x) is Lipschitz continuous function, there exists a constant L > 0 such that
9 —g < Llx=yl, vxyeR".

(H3) There exist positive constants C, and C, such that
gty <G, [ 9¢ IP ©)
ld i<, g ©
Lemmal (See Lemma 1and Corollary 1 in [14]) Suppose that the sequence {Xk} is generated by Algorithm 1and (H1)
and (8) holds. Then the sequence {f,(k)} is non-increasing and convergent.
Lemma 2 Suppose thatthe sequence {Xk} is generated by Algorithm 1, (H1) and (H2) hold and
the direction dk satisfies (8) and (9). Thenwe have
fim £y = Jim ()= Jim R @
Proof. The proof can be found Lemma 2 and Corollary 2 in [14].
Lemma 3 Assume that Algorithm 1 generates an infinite sequence {Xk} and (H2) holds,then we have

324



Xiao Wu et al., Sch. J. Eng. Tech., 2015; 3(3B):323-326

o\ 19edi |
_J——) (11)
o Id, |
Proof. From (5) and (H2), we have
Loy [ d [F> (9 (% +ydy) =9 (%))  d > (0 —1)gid, >0. (12)

Thus, we can conclude that
T
a >(U_1)gkd (1 U)lgk k|
k — 2
Li[d |l Id, I
This completes the proof.
Theorem 4 Suppose that the sequence {Xk} is generated by Algorithm 1 and (H1), (H2) and (H3) hold. Then we have

13)

fim | g, 0. a4
Proof. We first show that
fr <R —Bllg. |’ (15)
Where
6(1—o)c
ﬁ — g (16)
Lc?

Using (4) and Lemma 3, we get

(6(1 U))(gk k)

fii <R +6Oékg;dk <R — L Id, | 7
From (8) and (9), we obtain
6(1—
fasR D% g, a8)

This indicates that (15) holds.
By setting (3 as (16), it follows that 3 > 0. Also by (15), we have

2
Rk - fk+l 25” Ok H >0.
This fact along with (10) give (14). This completes the proof.
Theorem 5 Suppose that the sequence {Xk} is generated by Algorithm 1and (H1), (H2) and (H3) hold, then there is no

limit point of the sequence {X, } being a local maximum of f(x).
Proof. The proof of this fact is similar to the proof given by Grippo et al. in [1], hence we omit the details.

CONCLUSIONS

In this paper, we propose anewnon-monotone Wolfe-type line search algorithm forsolving unconstrained optimization
problems. After we analy zed the properties of the new algorithm, the global convergence theory is proved. We believe that
there is considerable scope for modifying and adapting the basic ideas introduced in this paper. In the near future, we would
like to combine the new algorithm with trust region algorithm in order to sufficiently use the information which the
algorithm has already derived.

Acknowledgements
This work is supported by the Natural Science Foundation of Hebei Province (Grant No. A2014201003,
A2014201100).

REFERENCES

1. Grippo L, Lampariello F, Lucidi S: A nonmonotonic line search technique for Newton’s method, SIAM J. Numer.
Anal, 1986; 23:707-716.

2. Chamberlain RM, Powell MJD, Lemarechal C, Pedersen HC; The watchdog technique for forcing convergence in
algorithm for constrained optimization, Math. Program. Stud, 1982; 16:1-17.

3. Ahookhosh M, Amini K; An efficient non-monotone trust-region method for unconstrained optimization, Numer.
Algor, 2012; 59:523-540.

4.  Ahookhosh M, Amini K; A nonmonotone trust region method with adaptive radius for unconstrained optimization,
Comput. Math. Appl., 2010; 60: 411-422.

325



Xiao Wu et al., Sch. J. Eng. Tech., 2015; 3(3B):323-326

10.
11.

12.

13.

14.

15.

Ahookhosh M, Amini K, Peyghami MR; A class of nonmonotone Armijo-type line search method for
unconstrained optimization, Optimization, 2012; 61: 387-404.

Ahookhosh M, Amini K, Peyghami MR; A nonmonotone trust-region line search method for large-scale
unconstrained optimization, Appl. Math. Model, 2012; 36:478-487.

Dai YH; A nonmonotone conjugate gradient algorithm for unconstrained optimization, J. Syst. Sci. Complex,
2002; 15:139-145.

Grippo L, Lampariello F, Lucidi S; A truncated Newton method with nonmonotone line search for unconstrained
optimization, J. Optim. Theory Appl, 1989;60: 401-419.

Panier ER, Tits AL; Avoiding the Maratos effect by means of a nonmonotone line-search, SIAM J. Numer. Anal,
1991; 28: 1183-1195.

Shi ZJ, Shen J; Convergence of nonmonotone line search method, J. Comput. Appl. Math., 2006; 193: 397-412.
Toint PhL; An assessment of non-monotone line search technique for unconstrained optimization, SIAM J. Sci.
Comput, 1996;17:725-739.

Zhang HC, Hager WW; A nonmonotone line search technique and its application to unconstrained optimization,
SIAM J. Optim, 2004; 14:1043-1056.

Zhang H; A Few Nonmonotone Methods in Nonlinear Optimization, Master’s Thesis, ICMSEC, Chinese
Academy of Sciences, Beijing, China, 2001.

Amini K, Ahookhosh M; An inexact line search approach using modified nonmonotone strategy for
unconstrained optimization, Numer Algor, 2014; 66:49-78.

Yu ZS, Pu DG.; A new nonmonotone line search technique for unconstrained optimization, J. Comput. Appl.
Math, 2008; 219:134-144.

326



