3T EE 1Y Vol.37 No.1
2016 1 H Jan. 2016

MR AR (A AR AR
Journal of Jinggangshan University (Natural Science) 15

TEHES: 1674-8085(2016)01-0015-07

— KRR IT AR AL el @R RIS IE ARt E R X

FIHess,

TR S5 AR A2

R, Bt

I, M7 530004)

B OF. ST MORIBEA AL RSB IR KIS B, SRR R R T S R B RAT
IR, SIANZEEAMLRAT TS T B R IR ARG 2 45 P BT AR slert o B fer 4 SR th R WZ X Dk i)

2l
KRR JLHORARE; PRAE; IEM; Fe TR
FESES: 0224 XEkFRIRAD: A

DOI:10.3969/].issn.1674-8085.2016.01.004

MODIFIED CONJUGATE GRADIENT ALGORITHM FOR
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Abstract: A modified conjugate gradient method with function information and acceleration scheme of line

search for unconstraint optimization problems is presented. Furthermore, the proposed method not only possesses

sufficient descent property but also has global convergence in mild conditions. The numerical results indicate that

the presented method is effective for the test problems.
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Table 1 Test results for Algorithm N
Sphere . NI/NF/f NI/NF/f NI/NF/f NI/NF/f
) (-2,2,...-2) 22,..2) (-2,0,-2,0,...) (2,0,2,0,..)
30 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000
Dim 500 2/2/4.831773e-027 2/2/4.831773e-027 2/2/2.415887e-027 2/2/2.415887e-027
1000 2/2/2.415887e-027 2/2/2.415887e-027 2/2/1.207943e-027 2/2/1.207943e-027
Schwefel’s Xy (-0.001,-0.001,...) (0.001,0.001,...) (-0.001,0,-0.001,0,...) (0.001,0,0.001,0,...)
30 8/8/3.841514e-007 8/8/3.841514e-007 12/12/6.366277e-007 12/12/6.366277e-007
Dim 100 16/16/9.387227¢-007 16/16/9.387227e-07 33/33/5.118726e-007 33/33/5.118726e-007
300 7/7/1.063914e-001 7/7/1.063914e-001 244/244/8.875045e-007 244/244/8.875045e-007
Rastrigin Xy (-0.001,-0.001,...) (0.001,0.001,...) (-0.001,0,-0.001,0,...) (0.001,0,0.001,0,...)
30 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000
Dim 500 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000
1000 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000 2/2/0.000000e+000
schwefel X, (-420.5,-420.5,...) (-420.1,-420.1,..) (-420.5,0,-420.5,0,...) (-420.1,0,-420.1,0..)
30 2/2/3.818270e-004 2/2/3.818270e-004 1/1/6.285159e+003 1/1/6.286172e+003
Dim 500 2/2/6.363784e-003 3/3/6.363784e-003 1/1/1.047527e+005 1/1/1.047695e+005
1000 2/2/1.272757e-002 3/3/1.272757e-002 1/1/2.095053e+005 1/1/2.095391e+005
Grewank X, (21,21,..,21) (32,32,....32) (-21,0,-21,0,...) (32,0,32,0,...)
30 7/53/1.283343e+000 13/75/0.00000e+000 36/251/1.742645e+000 5/35/8.729174e-001
Dim 500 3/18/3.163330e-010 3/3/2.553291e-012 3/3/1.865093e-010 3/3/2.484568e-012
1000 3/18/3.710632e-011 3/3/5.963452e-012 3/18/6.275258e-011 3/3/5.206946e-013
% 2 CG_DESCENT B 8{E4 R
Table 2 Test results for CG_ DESCENT method
Sphere NI/NF/f NI/NF/f NI/NF/f NI/NF/f
X, (-2,2,...2) 22,..2) (-2,0,-2,0,...) (2,0,2,0,...)
30 2/2/8.590273e-020 2/2/8.590273e-020 2/2/4.295136e-020 2/2/4.295136e-020
Dim 500 2/2/1.431712e-018 2/2/1.431712e-018 2/2/7.158561e-019 2/2/7.158561e-019
1000 2/2/2.863424e-01 2/2/2.863424e-018 2/2/1.431712e-018 2/2/1.431712e-018
Schwefel’s X, (-0.001,-0.001,...) (0.001,0.001,...) (-0.001,0,-0.001,0,...) (0.001,0,0.001,0,...)
30 23/23/9.213356e-007 23/23/9.213356e-007 16/31/2.806430e-006 16/31/2.806430e-006
Dim 100 36/51/1.595691e-005 36/51/1.595691e-005 34/49/9.606893e-006 34/49/9.606893e-006
300 17/227/NaN 17/227/NaN 40/55/1.489226¢-004 40/55/1.489226¢-004
Rastrigin Xy (-0.001,-0.001,...) (0.001,0.001,...) (-0.001,0,-0.001,0,...) (0.001,0,0.001,0,...)
30 3/3/2.811129e-008 3/3/2.811129e-008 3/3/7.027950e-009 3/3/7.027950e-009
Dim 500 4/4/0.000000e+000 4/4/0.000000e+000 4/4/0.000000e+000 4/4/0.000000e+000
1000 4/4/0.000000e+000 4/4/0.000000e+000 4/4/0.000000e+000 4/4/0.000000e+000
schwefel X, (-420.5,-420.5,...) (-420.1,-420.1,..) (-420.5,0,-420.5,0,...) (-420.1,0,-420.1,0..)
30 4/4/3.818270e-004 5/5/3.818270e-004 1/1/6.286172e+003 1/1/6.286172e+003
Dim 500 5/5/6.363784e-003 5/5/6.363784e-003 1/1/1.047527e+005 1/1/1.047695e+005
1000 5/5/1.272757e-002 5/5/1.272757e-002 1/1/2.095053e+005 1/1/2.095391e+005
Grewank X, (-21,-21,...,-21) (32,32,...,32) (-21,0,-21,0,...) (32,0,32,0,...)
30 63/396/1.767733e+000 28/118/6.363065e-001 41/297/2.798860e+000 7/22/1.342944e+000
Dim 500 2/2/4.286571e-013 2/2/4.996004e-014 2/2/2.353673e-013 2/2/2.819966e-014

1000

2/2/4.994893e-013

2/2/5.195844e-014

2/2/2.708944e-013

2/2/2.908784e-014
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Table 3 Test results for HS method

NI/NF/f(-2,0,-2,0,...)

NI/NF/(2,0,2,0,...)

Sphere o NUNF/R(-2,2,...,-2) NIUNF/f(2,2,...2)
30 2/2/3.590273¢-020 2/2/8.590273¢-020

Dim 500 2/2/1.431712¢-018 2/2/1.431712¢-018
1000 2/2/2.863424¢-018 2/2/2.863424¢-018

Schwefel’s X, (-0.001,-0.001,...) (0.001,0.001,...)
30 6/21/7.409251e-005 6/21/7.409251e-005
Dim 100 6/21/2.664951e-003 6/21/2.664951e-003
300 6/21/7.127432¢-002 6/21/7.127432¢-002
Rastrigin X, (-0.001,-0.001,...) (0.001,0.001,...)

30 3/18/1.023182e-012 3/18/1.023182e-012

Dim 500 3/3/2.728484¢-012 3/3/2.728484¢-012
1000 3/18/3.637979¢-012 3/18/3.637979¢-012

schwefel X, (-420.5,-420.5,...) (-420.1,-420.1,..)
30 3/18/3.819093¢-004 3/3/3.830492¢-004
Dim 500 3/3/6.365155¢-003 3/18/6.384153¢-003
1000 3/3/1.273031e-002 3/18/1.276831e-002

Grewank X, (-21,21,...,.21) (32,32,..32)

30 4/34/1.432366e+000 10/55/9.514236¢+001

Dim 500 2/2/4.286571e-013 2/2/4.996004¢-014
1000 2/2/4.994893¢-013 2/2/5.195844¢-014

2/2/4.295136€-020

2/2/7.158561e-019

2/2/1.431712e-018
(-0.001,0,-0.001,0,...)
6/21/1.852107e-005

6/21/6.537876e-004
6/21/1.767486€-002

(-0.001,0,-0.001,0,...)
3/3/5.115908e-013

3/3/1.818989¢-012
3/3/1.818989¢-012

(-420.5,0,-420.5,0,...)

1/1/6.285159e+003
1/1/1.047527¢+005
1/1/2.095053e+005

(-21,0,-21,0,...)
8/98/6.723494¢+001

2/2/2.353673e-013
2/2/2.708944e-013
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(0.001,0,0.001,0,...)
3/3/5.115908e-013

3/3/1.818989¢-012
3/3/1.818989¢-012

(-420.1,0,-420.1,0..)
1/1/6.286172e+003

1/1/1.047695e+005
1/1/2.095391e+005

(32,0,32,0,...)
3/18/3.918663e+000

2/2/2.819966e-014
2/2/2.908784e-014

X BRI 5 AR, R 18 3 W LA

th: Algorithm N HIE i LI ZAL T CG_DESCENT
SR BRI, WAL T HS Fkm S e R I,
el & Algorithm N tb CG_DESCENT Fy2 Al
HS BV A . Bkt T Algorithm N XFJ-3K
fift T LT A e PR A R

S

(1]

(3]

[4]

(6]

(8]

Fletcher R, Reeves C M. Function minimization by
conjugate gradients[J]. The computer journal,1964, 7(2):
149-154.

Hestenes M R, Stiefel E. Methods of conjugate gradients
for solving linear systems[J]. NBS,1952,49:409-436.

Wei Z, Yao S, Liu L. The convergence properties of some
new conjugate gradient methods[J]. Applied Mathematics
and Computation, 2006, 183(2): 1341-1350.

Shengwei Y, Wei Z, Huang H. A note about WYL'’s
conjugate gradient method and its applications[J].
Applied Mathematics and computation, 2007, 191(2):
381-388.

Zhang H, Hager W W. A nonmonotone line search
technique and its application to unconstrained
optimization[J]. SIAM Journal on Optimization, 2004,
14(4): 1043-1056.

Gilbert J C, Nocedal J. Global convergence properties of
conjugate gradient methods for optimization[J]. SIAM
Journal on optimization, 1992, 2(1): 21-42.

Hu Y F, Storey C. Global convergence result for
conjugate gradient methods[J]. Journal of Optimization
Theory and Applications, 1991, 71(2): 399-405.

Hager W W, Zhang H. A new conjugate gradient method

(]

[10]

[11]

[12]

[13]

[14]

[13]

[16]

with guaranteed descent and an efficient line search[J].
SIAM Journal on Optimization, 2005, 16(1): 170-192.
Hager W W, Zhang H. Algorithm 851: CG_DESCENT, a
conjugate gradient method with guaranteed descent[J].
ACM Transactions on Mathematical Software (TOMS),
2006, 32(1): 113-137.

Yuan G, Lu X, Wei Z. A conjugate gradient method with
descent direction for unconstrained optimization[J].
Journal of Computational and Applied Mathematics, 2009,
233(2): 519-530.

Yuan G, Wei Z, Li G A modified Polak—Ribi¢re—Polyak
conjugate gradient algorithm for nonsmooth convex
programs[J]. Journal of Computational and Applied
Mathematics, 2014, 255: 86-96.

Hager W W, Zhang H. A survey of nonlinear conjugate
gradient methods[J]. Pacific journal of Optimization,
2006, 2(1): 35-58.

Wei Z, Yu G, Yuan G, et al. The superlinear convergence
of a modified BFGS-type method for unconstrained
optimization[J].
applications, 2004, 29(3): 315-332.

Yuan G , Wei Z. Convergence analysis of a modified
BFGS
Computational Optimization and Applications, 2010,
47(2): 237-255.

Andrei N. Acceleration of conjugate gradient algorithms

Computational ~ optimization  and

method on convex minimizations [J].

for unconstrained optimization[J]. Applied Mathematics
and Computation, 2009, 213(2): 361-369.

Andrei N. Another conjugate gradient algorithm with
guaranteed descent and conjugacy conditions for
large-scale unconstrained optimization[J].Journal of

Optimization Theory and Applications,2013,159(1): 159-182.





