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/8 / n Itr/NF/NG/Tcpu /|lg. | Itr/NF/NG/Tcpu /|lg.l Itr/NF/NG/Tcpu /|l g.|l Itr/NF/NG/Tcpu /|lg. | Itr/NF/NG/Tcpu /|lg. |l
bdexp 10 3/1/3/0.000/2.71e-49 3/1/3/0.000/5.63¢-49 3/1/3/0.000/1.27e-57 3/1/3/0.000/1.93¢-53 3/1/3/0.000/2.50e-48
bdexp 100 3/2/3/0.000/1.18¢-82 3/2/3/0.001/1.24¢-82 3/2/3/0.000/4.38¢-84 3/2/3/0.000/2.19¢-83 3/2/3/0.000/1.33¢-82
bdexp 1000 3/2/3/0.001/4.44e-107 3/2/3/0.001/4.45¢-107 3/2/3/0.001/2.84e-107 3/2/3/0.001/3.52e-107 3/2/3/0.001/4.45¢-107

bdexp 10000

3/2/3/0.005/1.14e-109

3/2/3/0.008/1.14e-109

3/2/3/0.007/1.08e-109

3/2/3/0.005/1.11e-109

3/2/3/0.005/1.14e-109

bdexp 20000

3/2/3/0.010/1.07e-109

3/2/3/0.010/1.07e-109

3/2/3/0.010/1.05e-109

3/2/3/0.009/1.06e-109

3/2/3/0.012/1.07e-109

himmelbg 200

3/6/7/0.001/7.11e-29

3/6/7/0.001/7.12e-29

3/6/7/0.001/6.77e-29

3/6/7/0.001/6.94e-29

3/6/7/0.001/7.14e-29

himmelbg 1000

3/6/7/0.002/1.59¢-28

3/6/7/0.002/1.59¢-28

3/6/7/0.002/1.51e-28

3/6/7/0.002/1.55¢-28

3/6/7/0.001/1.60e-28

lhimmelbg 2000

3/6/7/0.002/2.25¢-28

3/6/7/0.002/2.25¢-28

3/6/7/0.002/2.14¢-28

3/6/7/0.002/2.19¢-28

3/6/7/0.001/2.26¢-28

himmelbg 5000

3/6/7/0.003/3.56¢-28

3/6/7/0.004/3.56¢-28

3/6/7/0.005/3.39¢-28

3/6/7/0.005/3.47¢-28

3/6/7/0.006/3.57e-28

genquartic 1000|

15/169/71/0.020/7.28¢-06

21/355/161/0.028/5.20e-06

27/528/264/0.034/5.10e-06

825/22847/11405/1.456/9.34e-06|

193/5713/2806/0.380/4.52e-06|

genquartic 1500)

23/356/169/0.027/1.90e-06

33/643/311/0.051/7.09e-07

45/977/449/0.074/2.49¢-06

537/15802/7761/1.196/8.55¢-06

54/1216/619/0.095/6.27¢-06

biggsbl 5

38/872/415/0.043/3.33e-06

60/1453/714/0.070/2.67e-06

70/1741/825/0.086/2.44e-06

398/11468/5710/0.526/9.99e-06

165/4458/2173/0.206/1.12¢-06

biggsbl 10

52/1196/542/0.057/9.94e-07

88/2225/1052/0.102/2.58¢-06

115/2783/1334/0.128/6.01e-06

227/6502/3172/0.293/7.70e-06

197/5285/2619/0.245/9.47e-06

fletcbv3 10

1/1/1/0.000/5.97¢-06

1/1/1/0.000/5.97¢-06

1/1/1/0.000/5.97¢-06

1/1/1/0.000/5.97¢-06

1/1/1/0.000/5.97¢-06

nonscomp 50

47/887/414/0.042/5.24e-06

53/1047/487/0.052/2.35¢-06

593/15629/7714/0.773 /7.84¢-06

F/F/F/F/ F

F/F/F/F/ F

[dixmaana 1500

16/266/117/0.229/3.88e-06

17/260/118/0.222/3.02e-06

14/207/89/0.173/8.73e-06

125/3316/1652/2.850/1.87e-06

47/1121/547/0.983/7.68e-06

dixmaanb 1500

11/140/49/0.112/2.90e-06

11/140/53/0.113/2.90e-06

11/140/55/0.115/2.90e-06

74/2015/952/1.736/5.65e-07

66/1811/863/1.526/5.31e-06

dixmaanc 1500

19/327/139/0.274/3.51e-06

21/363/165/0.309/1.82¢-06

16/279/121/0.232/3.67e-06

58/1378/654/1.165/8.55¢-06

20/360/164/0.302/2.88e-06

dixmaand 1500

14/184/72/0.152/6.33e-06

16/214/90/0.179/4.25¢-06

28/562/236/0.479/6.04e-06

F/F/F/F/ F

90/2456/1229/2.129/5.37¢-06

dqdrtic 1000

173/4509/2021/0.278 /3.87¢-06|

554/15900/7084/1.006/9.16e-06|

95/2428/1097/0.166/2.99¢-06

F/F/F/F/ F

269/6858/3468/0.495 /8.88¢-06|

ldqdrtic 3000

238/6667/2993/0.812/6.39¢-06|

648/19134/8363/2.687/7.49¢-06|

151/3769/1731/0.473/1.58¢-06

152/4145/2037/0.425/8.57¢-06

138/3480/1691/0.353/8.54¢-06)

dqrtic 50

18/230/92/0.016/6.86¢-06

17/202/72/0.012/5.09¢-06

19/209/86/0.013/1.31e-06

F/F/F/F/ F

47/1018/489/0.061/3.53e-06

dartic 100

22/296/115/0.024/2.25¢-06

30/482/227/0.039/6.40e-06

27/427/190/0.034/7.88e-06

F/F/F/F/ F

32/564/270/0.047/7.40e-07

ledensch 100

43/896/395/0.070/4.70e-06

53/1147/576/0.094/3.38e-06

45/1054,/482/0.082/7.38e-07

F/F/F/F/ F

F/F/F/F/ F

ledensch 200

38/836/379/0.100/2.72¢-06

36/831/368/0.097/8.20e-06

41/954/430/0.112/1.75-06

F/F/F/F/ F

F/F/F/F/ F

ledensch 1000 37/726/311/0.303/4.07e-06 | 49/1121/525/0.456/8.17¢-07 | 43/893/407/0.364/9.54¢-06 F/F/F/F/ F F/F/F/F/ F
fletcher 100 145/3951/1768/0.177/5.66e-06| 146/4018/1823/0.180/8.84e-06 | 134/3521/1733/0.159/3.73¢-06 F/F/F/F/ F F/F/F/F/ F
liarwhd 20 130/3516/1574/0.173/8.75¢-07| 130/3464/1612/0.164/8.04e-06 | 161/4205/2002/0.212/4.95¢-06 | 103/2732/1357/0.133/6.80e-06 F/F/F/F/ F

penaltyl 1000

14/243/93/0.718/2.34e-06

14/243/93/0.717/2.34e-06

14/243/93/0.711/2.34e-06

19/406/178/1.232/9.37e-07

14/241/98/0.725/4.82e-07

penaltyl 2000

10/129/39/1.287/5.53e-06

10/129/39/1.284/5.53e-06

10/129/39/1.238/5.53e-06

18/385/157/3.881/3.60e-08

17/364/144/3.624/6.45¢-06

lquarte 20

16/222/85/0.011/3.86e-06

16/218/81/0.011/2.11e-06

20/347/149/0.017/1.05¢-06

30/571/276/0.028/6.25¢-06

23/337/145/0.017/4.72¢-06

lquarte 100

22/296/115/0.024/2.25¢-06

30/482/227/0.041/6.40¢-06

27/427/190/0.035/7.88¢-06

F/F/F/F/ F

32/564/270/0.045/7.40e-07

raydan2 1000

11/173/64/0.013/6.93¢-06

11/173/59/0.013/6.97¢-06

11/173/59/0.013/6.97¢-06

11/173/66/0.014/6.95¢-06

F/F/F/F/ F

raydan2 7000

14/237/100/0.078/6.45¢-06

14/237/91/0.115/4.29¢-07

13/235/82/0.113/8.25e-06

14/237/72/0.103/2.29¢-06

F/F/F/F/ F

raydan2 10000

14/266/117/0.168/3.35¢-06

14/238/94/0.177/5.55e-07

13/235/91/0.190/9.14e-06

13/206/83/0.177/2.74e-07

F/F/F/F/ F

diagonall 12

105/3134/1543/0.159/6.45e-06|

105/3134/1481/0.151/6.46e-06

105/3134/1533/0.151/6.46e-06

F/F/F/F/ F

135/3580/1781/0.161/7.50e-06|

diagonal2 20

82/2383/1162/0.108/7.31e-07

108/3227/1550/0.146/6.21e-07

36/818/373/0.036/7.72¢-06

F/F/F/F/ F

F/F/F/F/ F

diagonal3 40

57/1355/639/0.064/3.74e-06

49/1019/502/0.051/7.82e-06

112/2845/1324/0.136/6.09e-06

F/F/F/F/ F

298 /8064 /3951 /0.383/8.62e-06

bv 1000 1/1/1/0.000/4.99¢-06 1/1/1/0.000/4.99¢-06 1/1/1/0.000/4.99¢-06 1/1/1/0.000/4.99¢-06 1/1/1/0.000/4.99¢-06

bv 10000 1/1/1/0.000/5.00e-08 1/1/1/0.000/5.00e-08 1/1/1/0.000/5.00e-08 1/1/1/0.000/5.00e-08 1/1/1/0.000/5.00e-08

ie 200 14/225/93/3.573/3.73e-06 14/225/92/3.504/3.06e-06 11/166/71/2.701/5.48e-06  [222/6471/3237/103.941/9.77e-06| 58/1497/755/24.210/3.22e-06
gauss 3 15/364/162/0.034/5.78e-06 | 24/589/263/0.045/3.96e-06 22/588/256/0.046/5.33e-06 14/313/137/0.025/3.58e-06 20/528/273/0.042/9.38e-06

lin 500

2/2/2/0.022/9.93e-14

2/2/2/0.022/9.93e-14

2/2/2/0.016/9.93e-14

2/2/2/0.016/9.93¢-14

2/2/2/0.018/9.93¢-14
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THE IMPROVED FR CONJUGATE GRADIENT METHOD WITH

SUFFICIENT DESCENT PROPERTY

MA Guo-dong, JTANG Xian-zhen, JIN Wen-hui

(College of Mathematics and Physics, Guangzi University for Nationalities, Nanning Guangzi 530006)

Abstract: In this paper, we consider solving large-scale unconstrained optimization, based

on the improved parameter formula of the FR method, a conjugate gradient method that is

proposed. Without any line search, we proved that the search direction always satisfied sufficient

descent condition at each iteration. The global convergence of the proposed method is proved

under the standard Wolfe inexact line search condition. Finally, some elementary numerical

experiments are reported, which show that the algorithm is promising.
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global convergence
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