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Jrs PRI 44 R Jr s PRI 44 PR e BRI H A4 PR
1 Randay 1(3 000) 15 Diadonal 4(5 000) 29 ARGLINB(300)
2 Randay 1(5 000) 16 Extended PSC1(3 000) 30 ARWHEAD(500)
3 Extended Rosenbrock(3 000) 17 Extended PSC1(8 000) 31 NONDIAC(5 000)
4 Extended Rosenbrock(5 000) 18 Full Hessian FH2(50) 32 NONDIA(10 000)
5 Extended Rosenbrock(8 000) 19 Extended BD1(10 000) 33 Broyden Tridiagonal(5 000)
6 Extended Rosenbrock(12 000) 20 Extended Maratos(3 000) 34 LIARWHD(5 000)
7 Extended Beale(3 000) 21 Extended Maratos(8 000) 35 LIARWHD(S8 000)
8 Extended Beale(8 000) 22 Extended Wood(12 000) 36 ENGVALI(5 000)
9 Randay 2(8 000) 23 Extended Hiebert(1 000) 37 GENHUMPS(1 000)
10 Extended Freudenstein & Roth(3 000) | 24 Extended Hiebert(5 000) 38 GENHUMPS(3 000)
11 Generalized Tridiagonal 1(3 000) 25 Extended quadratic penalty QP2(3 000)| 39 NONSCOMP(5 000)
12 Generalized Tridiagonal 1(5 000) 26 Extended Tridiagonal 2(8 000) 40 LIAREHD(8 000)
13 Generalized Tridiagonal 1(8 000) 27 FLETCBV3(100) 41 Diagonal 7(5 000)
14 Extended TET (1 000) 28 FLETCHCR(500) 42 HIMMELH(8 000)
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Tab.2 The numerical results of the test functions
- MHZ TTPRLS MHZ HCDLS
I Lepu/s E I tepu/s E I tepu/s E I Lepu/s E
1 — — — — 34.77 3.40E—02 — 38.15 5.59E—05 — 20.97 6.31E—04
2 — — — — 12.61 1.10E—03 — 14.22 4.59E—06 1480 6.57 8.24E—06
3 1205 0.15 8.98E—07 142 0.04 8.86E—07 — 0.12 2.62E—05 71 0.02 1.32E—06
4 1646 4.81 9.58E—04 106 0.28 4.52E—07 984 0.39 9.36E—07 108 0.26 1.26E—06
5 1363 7.45 9.51E—07 123 0.71 3.19E—07 173 0.26 5.06E—07 100 0.52 2.83E—06
6 1140 14.33 9.64E—07 89 0.87 9.89E—07 — 2.13  5.25E—05 82 0.53 4.07E—07
7 186 7.39  9.01E—07 72 2.13  3.71E—07 42 0.25 6.51E—07 32 0.32 2.67E—07
8 252 14.75 9.06E—07 43 2.47  4.79E—07 51 0.58 5.44E—08 32 0.51 3.38E—07
9 — — — 203 3.64  9.85E—05 — 38.15 5.59E—05 7 0.02 1.72E—07
10 — — — — 5.09 1.57E—07 1866  14.22 4.59E—06 554 1.01  4.43E—07
11 43 0.32 6.97E—07 32 0.94 9.68E—07 47 0.12 2.62E—05 56 0.52 4.30E—07
12 57 5.67 7.74E—07 54 3.29 8.75E—07 47 0.39 9.36E—07 57 0.95 9.18E—07
13 575 20.25 7.89E—07 42 1.89 9.12E—07 57 0.26 5.06E—07 37 0.83 8.41E—07
14 — 0.41 — 42 0.17 8. 60E—07 115 2.13  5.25E—05 34 0.05 5.61E—07
15 227 0.18 9.68E—07 70 0.17 2.06E—07 1436 0.25 6.51E—07 52 0.13 6.31E—07
16 431 5.24  9.30E—07 — 18.44 3.98E—05 103 0.58 5.44E—08 67 0.55 9.37E—07
17 1951  78.04 6.84E—07 — 66.19 2.57E—07 43 0.87 1.71E—07 39 0.85 2.88E—07
18 1700 0.29 8.79E—07 644 0.06 9.63E—07 489 0.05 5.75E—07 507 0.03 7.60E—07
19 43 1.69 8.48E—07 27 3.24 3.57E—07 33 2.05 5.8l1E—07 24 2.95  9.87E—07
20 — 1.73 1.16E—07 235 0.19 9.47E—07 — 0. 15 509. 32 210 0.11 3.40E—07
21 — 5.92 1.77E—07 — 7.74  2.46E—07 — — 1.20E+03 836 3.04  5.92E—07
22 1697  17.06 9.61E—07 333 3.28 5.52E—07 — — 1.37E403 209 1.64 5.13E—07
23 — — — — — 57.39 — 0.01 1.22E—07 620 0.01 6.79E—07
24 — — — — — 0. 38 — 0.25 3.49E+06 — 2.49  7.96E—07
25 976 31.32 9.81E—07 — 21.08 4.47E—06 217 0.38 9.36E—07 65 0.28 9.71E—07
26 — 1.12 — — 11.99 7.07E—06 — 12.88 3.41E—06 285 1.76  7.70E—07
27 — 0.14 1.10E—03 1227 0.97 7.67E—09 — 0.22 6.95E—04 1626 0.99 1.32E—04
28 — 0.27 1.20E—03 — 0.15 8.36E—05 — 0.05 3.59E—03 — 0.05 9.98E—07
29 — — — — 33.65 1.69E—04 — 34.67 1.62E—04 — 35.11 2.19E—07
30 — 0.37 3.23E—04 — 0.43 1.61E—05 — 0.39 6.75E—05 55 0.01 8.49E—07
31 — 7.53 3.20E—03 1242 1.61 9.67E—07 — 0.48 2.40E—04 63 0.05 5.44E—07
32 — 21.13 1.62E—02 890 2.11 6.91E—07 — 19.34 2.64E—06 90 0.21 4.24E—07
33 46 1.09 9.96E—07 101 6.60 7.66E—07 693 3.08 9.87E—07 79 0.66 4.19E—07
34 — 8.63 1.09E—04 153 0.36 2.09E—07 — 0.68 7.70E—03 110 0.18 4.65E—07
35 — — 1. 27 93 0.29 5.78E—07 — 0.96 9.93E—04 107 0.21 1.02E—07
36 606 1.69 8.87E—07 870 2.54 7.56E—07 915 2.63 3.58E—07 402 1.15  7.10E—07
37 — 0.10 2.52 — 0.11 0. 06 — 0.01 3.7 — 0.05 7.45E—07
38 119 1.27  9.94E—07 65 2.36  7.54E—07 894 1.28 9.64E—07 63 0.61 4.19E—07
39 64 0.49 5.73E—07 — 8.15 1.36E—07 1196 0.16 9.94E—07 39 0.03 6.42E—07
40 — 15.72 1.27 93 0.30 5.78E—05 — 0.94 9.93E—04 107 0.25 3.45E—07
41 34 2.60 8.24E—06 — 35.12 4.52E—07 41 0.50 3.35E—07 17 0.18 1.59E—07
42 — 4. 44 - — 67.08 1.34E—05 217 5.87 9.16E—07 140 3.63 4.58E—07
TP =78 12>2 000 MR ZEE L, 8 E RSB, ek EZ=107 0 1oy BRI
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Tab.3 The running time.frequency and peak signal-to-nois ratio of image denoising

NHN Rpsue =10 log

TTPRLS LLS2 JH] HCDLS
SRES W75 L

I tepu/s Rpsar I tepu/s Rpsar I tepu/s Rpsar I tepu/s Rypsar

30% 19 3.25 35.71 16 2.34 36. 82 61 4.19 36.16 13 2.12 36. 95
50% 28 6. 36 33. 84 19 4.12 34.16 85 9. 04 33.55 13 3.62 34. 14
Lena
70% 23 7.25 27.29 24 5.06 30. 10 81 9. 84 30. 09 16 4. 37 31.03
90 % 18 6.75 17.92 37 7.13 24.63 99 11.90 25.55 22 5.82 25. 90
30% 20 2.66 26.51 13 2.12 26.52 43 3. 36 26.43 11 2.02 26.55
50% 18 4. 89 24. 25 16 3. 86 24.54 48 6.10 24. 44 13 3.51 24.55
Baboon
70% 17 5.41 21.74 23 4.98 22.45 62 8.12 22.34 16 4.39 22.46
90 % 15 5. 85 16. 89 32 6.73 19.92 85 10. 72 20.03 20 5.66 20. 10
30% 28 1. 05 29. 49 18 0. 64 29.58 80 1. 37 29. 34 14 0.57 29.62
50 % 28 1.77 26.63 20 1. 06 27. 17 68 2. 00 26. 94 14 0.92 27. 30
Man
70% 19 1. 91 20. 92 29 1. 43 24. 28 90 2.78 24. 46 18 1. 15 24.70
90% 17 1.61 15. 22 45 1.94 20. 22 77 2. 49 20. 85 26 1. 45 21.09
30% 23 3. 15 28.61 16 2.29 28. 66 59 4. 11 28.49 11 2.01 28. 66
50% 12 3.82 22.65 18 4. 04 26. 66 62 7.19 26. 42 13 3.59 26.70
Barbara
70% 27 8. 10 24.11 28 5.57 24.59 78 9. 58 24. 37 17 4.52 24.63
90 % 13 5. 46 15.72 38 7.17 21.59 96 11. 85 22.19 23 5.93 22.47

TE < AR B 5505 08 A TR Bk TP B iR (L4 2R
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Fig. 3 Numerical results of image denoising (90% salt and pepper noise)
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Fig. 4 Numerical results of image denoising (90% salt and pepper noise)
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WA 3 AT LA FICDLS ¥4 375 55 Ak 3 7 ok M ] 00 58 . AL RO HORN 75 6 T 550 20
4 Hig

ASCHE T — IR A LR B (HCDLS) L 1% J7 B A ANA] DLk 50 % 22/ 0 KL OF BA B 09 4 Jmy W 8tk .
H g R a2 2 TR, B SR RNERE T, L EEMAE T . T LI 38] HCDLS 14 /it
SCPE I T A 3 R Hh 8 T 24 RO Ak 0 4K R E5RT AR 2 MR ) v, B S B B . 1) SR TG 20 SRR Ak T 3K pR
AR IR B R —HE N, HCDLS 2 9 iz 17 B ] DL e a2k AR O AR I T MHZ . TTPRLS 1 LLS2 3. JF H X T
“Extended Hiebert”[n] {8, 4 HCDLS ] LIGAE]“ | g, [<<107°7, 2) SR ER 21 W) 81, HCDLS 27T AR5 5
MHZ ., TTPRLS FI LLS2 1A [ ) 06 {17 M LY o (H 26 AR R ECRZ A7 i ] 24 51 70

Kt N IR LA R E , HCDLS 4L T MHZ ¥ . TTPRLS % fil LLS2 ¥,
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A Class of Sufficiently Descending Hybrid CD-LS Conjugate Gradient Methods

YIN Yuling, PENG Zaiyun, LIANG Renli, WANG Peng

(College of Mathematics and Statistics, Chongqing Jiaotong University, Chongqing 400074, China)
Abstract: In order to combine the good theoretical properties of Conjugate Descent (CD) method and the good numerical effect of
Liu-Storey (LLS) method, it is necessary to reduce the adverse effect of small steps on iteration, and make the decline of search
direction independent of the selection of line search. By mixing the molecules of the CD method and the LS method, the gradient
function was modified accordingly. The sufficient descent of direction is independent of the selection of line search and can be applied
to a variety of line searches. Based on the Wolfe line search, the global convergence of the algorithm is proved. The results of 42
classes of unconstrained test function and image denoising show that based on the same termination conditions, the number of
iterations and iteration time of the proposed algorithm are lower than those of the previous three types of conjugate gradient
algorithms.

Keywords: mixed conjugate gradient method; sufficient descent; unconstrained optimization; image denoising
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