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Abstract: We proposed an improved approximate optimal gradient method to solve the unconstrained
objective function in the graph partition problem. We first used the modified BFGS updating formula
and selected the linear combination of BB class step sizes as scalar matrices to obtain the approximate
optimal step sizes, then we introduced parameters to improve the classical Zhang-Hager line search
form, construced the algorithm framework and gave the proof of R-linear convergence. The
experimental results show that the improved algorithm improves the performance of the original
algorithm.
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Table 1 Experimental results of algorithm (GM_AOS) in reference [9] and proposed improvement

algorithm (algorithm 1) based on framework of reference [ 19 ] under the first set of data

HL % 4 bR A {H ISR PR BT UKL AT ] /s
syl SCERLOJBRE Bkl JCERL9JE: Bk SGB[oJRE Rk SGEl)BE B
1" 390. 26 389. 27 400 403 401 405 0.50 0.55
2 613.39 613.38 365 502 367 504 0.92 1.29
37 1 698.01 1 850. 54 1220 752 1223 755 2.69 1.70
4" 989. 94 1 000. 29 3112 2196 3121 2199 8.02 5.53
57 4 073.22 4173.17 338 230 342 234 1. 05 0.78
6°" 1.957.90 1 955. 60 1117 690 1122 691 3.52 2.16
7 1271.35 1 318.40 1460 3117 1462 3127 6. 04 12.79
8" 2 362.27 2 210.72 4 262 3 948 4 279 3 952 29.50 26.19
9 876. 58 1 282.71 1495 3 895 1 500 3 900 7.66 19.71
10°" 1762. 86 1532.78 2 812 3011 2 823 3023 21.64 30. 47
11 1 315.05 1 322. 46 1670 2132 1675 2 137 10. 62 17.18
12~ 3 351.97 3 367.10 5 247 3 362 5 267 3 370 45.92 28.72
13777 1555.02 1 550.09 1797 1722 1 808 1725 18.58 20.15
14 3 263.17 3 883. 86 2 145 3999 2 150 4 007 45.28 77.10
1577 4 021.12 3 883.86 1616 3518 1623 3 526 51.06 106. 65
16" 2 506.13 2 322.69 3 166 2 378 3172 2 383 108. 51 80. 88
177" 3 622.68 3 557.78 1069 1925 1076 1928 42.03 73.43

18" 3 373.33 3 584.01 2 060 1823 2 067 1835 92.81 79.49
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Table 2 Experimental results of algorithm (GM_AOS) in reference [9] and proposed improvement

algorithm (alogorithm 1) based on framework of reference [ 19 ] under the second set of data

HL Kl H b R B fE AR AL CE SRRV BATI ]/ s
Sripit ScERCO)BR . Bkl SomoFk Bkl SomDoIBk Rl SumDoIBE Rk
1 428.72 379.68 652 452 658 453 0. 87 0.58
2" 663.91 649. 67 707 516 712 517 1.85 1.33
3" 1850.62 1 824.87 1167 1158 1170 1159 2.53 2.52
4 993. 25 1154.71 1 650 2 888 1 657 2 891 4.22 7.27
5° 3615.52 4 195.35 456 367 462 368 1.45 1. 20
6" " 1993.42  1992.46 967 756 969 757 3.09 2.40
7 1270.00  1332.71 1703 1751 1715 1753 6.98 7.23
8" 2344.76 2 313.19 4 349 5731 4 356 5738 29. 84 39.01
9 1047.59 1 450.95 2 362 2014 2 371 2017 12.33 10. 26
10°°"  1775.31  1768.59 3315 2 121 3324 2126 26. 98 16. 96
11°""  1304.60 1 306.62 2 285 1895 2 296 1901 14. 82 12.54
12777 3493.99  3419.91 2 900 2 649 2917 2 655 24.55 22.36
137" 1537.24  1482.33 2 059 2 420 2 063 2 431 20. 89 25. 28
147" 3255.90  2591.85 2 320 5813 2 330 5828 50. 31 124.25
15°°°  4063.99 382517 3532 2 428 3547 2 437 104. 26 74.03
16 2314.10 2 329.33 2 062 2739 2 067 2 747 71.82 98.69
17" 3608.90 3 575.50 1121 1482 1124 1486 47.46 57.47
18" 3551.61  3517.39 2 180 2 306 2191 2 321 98.33 104. 27

I 1M1 2 AT UL« AR o o o F FQL S S 2 ] A3 B0 3 14 o 5L R 0k AR B U8 7 SR L9 1530 1 9
SR REUR B 33,3306 B x < 114 H %K S T R B ) R BCIE A5 R T SCRRL9 1Bk mo 285
o ()RR 25 %05 AR R AR SCTE PRI 43 1) AT e Ak A S RORASE [0 T, ICAR Sk B 12 7 R 8IS
R G0 T b TR AR, A T RS g3 R RE R AT IR < AR K g 1] A A5 R LR
ot (A UE LAY 16. 700, RARIC A BHs R R EGE AR, & R RBUERAY 2500, A5 DAL SRR A5 AR
B 70 A AT DL s AR SCCIHE A ST AL i D10 A6 R 125 ) 80RO T SCHIR L9 T3l ) e LB B 2k

LR LIRS R OB BE ML AT 1 et . I LN IR R e R R O, B R
T S A ASE R B R B AT IR AL (B IE Y BFGS B 2 238 Hesse B W4 (19 305 {6 B o [] Hof 356 B
S JERAIREg NP (SN e S T | T VAU B (V6 -4 v 2 KPS Y Q- F IRy UL @ 3 A 3 B [ S
TR R, 45515 B A9 I D0 A0 1R At St ) 30 0 e D0 B B 3 5 -0, 0 et 1 L e I JBE Bk
PEAT WS S0 B, IR 20t T WS IE A 5 de S e BRI R O3 TR) R A A RSN AT N LS SRR
S R T AL e DI AR Y P RE O T I ) e I B R 1%

Z % X #t

[1] CAUCHY A. Méthode Générale Pour la Résolution des Systéms Déquations Simultanées [J]. Comptes Rendus,
1847, 25 536-538.

[ 2] BARZILAI]J, BORWEIN J] M. Two-Point Step Size Gradient Methods [J]. IMA J Numer Anal, 1988, 8(1):
141-148.

[ 3] RAYDAN M. The Barzilai and Borwein Gradient Method for the Large Scale Unconstrained Minimization Problem
[J]. SIAM J Optimiz, 1997, 7(1): 26-33.

[4] DAIY H, LIAO L Z. R-Linear Convergence of the Barzilai and Borwein Gradient Method [J]. IMA ] Numer
Anal, 2002, 22(1): 1-10.

[5] DAIY H, YUAN J Y., YUAN Y X. Modified Two-Point Stepsize Gradient Methods for Unconstrained
Optimization [J]. Comput Optim Appl, 2002, 22(1): 103-109.

[6] XIAOY H, WANG Q Y. WANG D. Notes on the Dai-Yuan-Yuan Modified Spectral Gradient Method []J].



272

oMK A R (B 2R RO %62 %

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

J Comput Appl Math, 2010, 234(10): 2986-2992.
BIGLARI F, SOLIMANPUR M. Scaling on the Spectral Gradient Method [J]. J Optim Theory Appl, 2013,
158(2): 626-635.

MILADINOVIC M, STANIMIROVIC P, MILJKOVIC S. Scalar Correction Method for Solving Large Scale
Unconstrained Minimization Problems [J]. J Optim Theory Appl, 2011, 151(2): 304-320.
LIU Z X, LIU H W. An Efficient Gradient Method with Approximate Optimal Stepsize for Large-Scale
Unconstrained Optimization [J]. Numer Algor, 2018, 78(1): 21-39.
ZHANG H C, HAGER W W. A Nonmonotone Line Search Technique and Its Application to Unconstrained
Optimization [J]. SIAM J Optim. 2004, 14(4): 1043-1056.
LIU Z X, LIU H W, DONG X L. An Efficient Gradient Method with Approximate Optimal Stepsize for the
Strictly Convex Quadratic Minimization Problem [J]. Optimization, 2018, 67(3): 427-440.
ZHANG J Z, DENG N Y, CHEN L H. New Quasi-Newton Equation and Related Methods for Unconstrained
Optimization [J]. J Optimiz Theory Appl, 1999, 102(1): 147-167.
WEIZX,LIGY, QI L Q. New Quasi-Newton Methods for Unconstrained Optimization Problems [J]. Appl
Math Comput, 2006, 175(2): 1156-1188.
HELMBERG C, RENDL F, WEISMANTEL R. Quadratic Knapsack Relaxations Using Cutting Planes and
Semidefinite Programming [ C]//International Conference on Integer Programming and Combinatorial
Optimization. Berlin: Springer, 1996 175-189.
WIEGELE A, ZHAO S D. SDP-Based Bounds for Graph Partition via Extended ADMM [J]. Comp Optim Appl,
2022, 82(1): 251-291.
PNSCHT , FRAR. AR TC 29 o) g A0 A0 B A5 T MR R B o uB AR BT vk [T, R E B BoE, 2012, 42(5):
527-543. (SUN W Y, XU D. A Filter Trust-Region Method Based on Conic Model for Unconstrained
Optimization [J]. Scientia Sinica: Mathematica, 2012, 42(5);: 527-543.)
LIU H W, LIU Z X, DONG X L. A New Adaptive Barzilai and Borwein Method for Unconstrained Optimization
[J]. Optim Lett, 2018, 12(4): 845-873.
LIU Z X, LIU H W. Several Efficient Gradient Methods with Approximate Optimal Stepsizes for Large Scale
Unconstrained Optimization [J]. J Comput Appl Math, 2018, 328: 400-413.
FREH, X2, s, S JET 2R MR e 2 R BRI R [T 35 AR 22 i (22 D, 2023, 61(3)
540-546. (WANG X Y, LIU H W, WANG T, et al. Multi-constraint Graph Partitioning Problem Based on
Semidefinite Programming [J]. Journal of Jilin University (Science Edition), 2023, 61(3): 540-546.)
BUSTANY I, KAHNG A B, KOUTIS I, et al. SpecPart: A Supervised Spectral Framework for Hypergraph
Partitioning Solution Improvement [ C]//Proceedings of the 41st IEEE/ACM International Conference on
Computer-Aided Design. New York: Association for Computing Machinery, 2022 13-1-13-9.

(FAE% 4. & #)



