Operations Research and Fuzziology 3Z& 5112, 2025, 15(2), 302-312 Hans X
Published Online April 2025 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2025.152085

—RFHRREENO R EI Y

Sy
Bl SN 5 £ R |

ot

Wk H . 202542 H6H: FHEM: 20254F3H27H: & A HM: 2025F4H8H

R

AT — KRR RN L R ZABES MR AT ZNA, nRRASER. £S5
BEABHRDBE. (FARGBR RUALFRE, FHNP-hard e 8 R HUR S R AR T I BCR PR AR -
AR T ZMRETTEE: BRAERTREE. B S EURFEEENRETE. B,
BRARR TREEEL RSN R, EERFRBER; LK, B SEFERTEP I
WM, RET &RBRUERRERE. &5, F6RRAERTREMS EFERNAR, RET—
R E TS, AR RA T EREHAIGRINE S S TR RSERE, BATHERIRER, R
BRARR IR . SCRRY, R AR T RSN R 4E F L3y B B2 it RS . 5sap
MGurobiRAFSAELL, BETERIL T EMERAERE.

X 5in
REBHE KL, BRAEETRE, 23XER

The Study of Convex Quadratic Optimization
Problems with Indicator Variables

Zongdan Liu

School of Science, Beijing University of Posts and Telecommunications, Beijing

Received: Feb. 6%, 2025; accepted: Mar. 27, 2025; published: Apr. 8", 2025

Abstract

This paper studies a class of convex quadratic optimization problems with indicator variables,
which have broad applications in various fields such as portfolio selection, signal processing, and
resource allocation. As a mixed-integer quadratic optimization problem, its NP-hard nature makes
solving large-scale instances challenging. This paper proposes three solution methods: a heuristic
search descent method, an exact branch-and-bound method, and a hybrid method combining the
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two. First, the heuristic search descent method provides approximate solutions through local opti-
mization, significantly improving solving speed. Second, the exact branch-and-bound method en-
sures global optimality by gradually decomposing the problem space. Finally, a new hybrid method
is introduced, combining the advantages of both approaches by using the initial solution provided
by the heuristic method to accelerate the convergence of the branch-and-bound method, reducing
computational resource consumption while ensuring solution accuracy. Experimental results show
that the heuristic search descent method exhibits significant computational efficiency advantages
in both low-dimensional and high-dimensional problems. Compared with the Gurobi and SCIP solv-
ers, the hybrid method demonstrates superior solving efficiency.
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Table 1. Search-based heuristic descent method average solving time (Seconds)

F# 1 BANIRRTEEF KR E(R)

Ue Ja R AR A
10 0.005
30 0.047
50 0.151
70 0.319
90 0.559
110 1.276
130 1.924
150 2.776

Table 2. Average solving time for different methods (Seconds)

2. ARG ETFYIRMEETE) (7))

YrpE AR AR T % RETE 93 SCSE K SCIP Gurobi
3 0.0003 0.0003 0.0002 31.6260 0.0238
5 0.0008 0.0010 0.0005 46.6370 0.0411
7 0.0030 0.0050 0.0024 48.0953 0.0435
9 0.0059 0.0130 0.0175 52.1391 0.0512
11 0.0045 0.0288 0.1098 56.5138 0.0548
13 0.0069 0.1365 0.5998 56.5818 0.0591
15 0.0175 0.4905 3.1246 59.5619 0.0604

1 SRIREE R R R AR T AR LA e 4 1) L SR DL AR 7 TSR . £ 10 % 150
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R4 im] (3 & 15 4) b, BRI R FRE R R ) 8 Z 00 T HAR I VE . IR %5 208 & 77 R
KA o

SiaAc 20 R 3 HIRGERTTLIE H: IRE IR SOE FHEAEARYE )RR L 2R 3 H A = R SR AR I 1
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5t

(1009%6), E LR AR IS 18] Bt 4 SERE 0 M0 2 28 7, JUHGR AR w4 ) A BTSRRI Rk, I AR i
B TE 0T SR AR B 1k S SR v L BB N 3 55t . SCIP A2 T T4 B2 1 #4 BE LRALE 1009614 5K e 1T
R, (SRR A2 25 T oAbk, JCHGR AR LE I ERBUCVHIR . AIE, SCIP & S {E T+
B e AL EUHE R PR SR AR s i S A . Gurobi ZESR AR AL P < (R B T 3 br (1 P, (HLAE
AR i L PR SR AN TR 47 7 TR R A R R Feik, HLHGSR I IE I 3R iR TR & VA A 7y 30 Fhid. Rtk
Gurobi I & £ i B ISR MHE R R R 37 S A

Table 3. Accuracy of solutions for different methods

3. FRIGEKMIERE

s AR AR T % RAE I3 E FHk sCIP Gurobi
3 100% 100% 100% 100% 89%
5 94% 100% 100% 100% 91%
7 95% 100% 100% 100% 94%
9 94% 100% 100% 100% 92%
1 96% 100% 100% 100% 92%
13 93% 100% 100% 100% 95%
15 94% 100% 100% 100% 93%

5. &g

ARSCHRM T =MORMETT % BRI R NIRE. K0 S8 SR #E S G R G 7%, It %
{E IR XR L TEBEAT TR RESSIEAN LLEL Mo SRR 45 AR WY, A A s R TN BRI AR IR 4 A i 4 17 L
B EA B Z R RS, JUHAE 10 2 150 4ERMlKrh, SRR P22, § Ve RIF. K052
SE FHEANR A J7 IR AEARYE ) YR U 10006FK SR AR IEAA 3, (H HLR AR 18] Bt 45 08 i 2% L7, &
2 R T SRR AR 38 A0 SRR AE A SR e HL R RN 3 e IR TR R K
RN EEEIR BRI, & 170 S8 FHER SIS RS, R R MR RN, 32 1 oRACR, L
FAE N R R IR o SCIP SVELE P A A ZEFZ LI RENS (RAE 100%F) KR AR IETRAS, (Hli T3
THEEI A, JEHAEAEARYE (Al AU, R QR R AR T k. L, SCIP BEE M T it IR TE A2
X HER I SR AR = (13757 . Gurobi PR SR RIS [A] 55 HER 1t 2 (RIS B 1 800y 1P, R AEARAE el B E
SRARI T84T T A A s R T Bk, (AR 7R BB SR AR VR A S 3 5 b B — L. 4%
ERnA, AWFFIGIUE 1R R R T ERER BN, R TIRE AR SRR SR RIS, {Th6E
TRIRMG e R AR . ASRAIBT FE AT 3 — AU IR BT, SR TF AR SR 52 4% 1) 8 o #1522 e

SEEk
[1] Tillmann, A.M., Bienstock, D., Lodi, A. and Schwartz, A. (2024) Cardinality Minimization, Constraints, and Regulari-
zation: A Survey. SIAM Review, 66, 403-477. https://doi.org/10.1137/21m142770x

[2] Bienstock, D. (1996) Computational Study of a Family of Mixed-Integer Quadratic Programming Problems. Mathemat-
ical Programming, 74, 121-140. https://doi.org/10.1007/bf02592208

[3] Ceria, S. and Soares, J. (1999) Convex Programming for Disjunctive Convex Optimization. Mathematical Programming,
86, 595-614. https://doi.org/10.1007/s101070050106

[4] Manzour, H., Kiglkyavuz, S., Wu, H. and Shojaie, A. (2021) Integer Programming for Learning Directed Acyclic
Graphs from Continuous Data. Informs Journal on Optimization, 3, 46-73. https://doi.org/10.1287/ij00.2019.0040

DOI: 10.12677/0rf.2025.152085 311 BE 51


https://doi.org/10.12677/orf.2025.152085
https://doi.org/10.1137/21m142770x
https://doi.org/10.1007/bf02592208
https://doi.org/10.1007/s101070050106
https://doi.org/10.1287/ijoo.2019.0040

X F

(5]
(6]
[7]
(8]

(9]

[10]

[11]

[12]

Liu, P., Fattahi, S., Gémez, A. and Kiigiikyavuz, S. (2022) A Graph-Based Decomposition Method for Convex Quadratic
Optimization with Indicators. Mathematical Programming, 200, 669-701. https://doi.org/10.1007/s10107-022-01845-0

Powell, M.J.D. (1998) Direct Search Algorithms for Optimization Calculations. Acta Numerica, 7, 287-336.
https://doi.org/10.1017/s0962492900002841

Wang, Y., Jia, Z. and Wen, Z. (2021) Search Direction Correction with Normalized Gradient Makes First-Order Methods
Faster. SIAM Journal on Scientific Computing, 43, A3184-A3211. https://doi.org/10.1137/20m1335480

Zaoui, B., Benterki, D. and Khelladi, S. (2024) Complexity Analysis and Numerical Implementation of a New Interior-
Point Algorithm for Semidefinite Optimization. Operations Research Letters, 57, Article 107192.
https://doi.org/10.1016/j.0rl.2024.107192

Mohammadi, A. and Sheikholeslam, F. (2023) Intelligent Optimization: Literature Review and State-of-the-Art Algo-
rithms (1965-2022). Engineering Applications of Artificial Intelligence, 126, Article 106959.
https://doi.org/10.1016/j.engappai.2023.106959

Liang, H., Wang, S., Li, H., Zhou, L., Zhang, X. and Wang, S. (2024) BiGNN: Bipartite Graph Neural Network with
Attention Mechanism for Solving Multiple Traveling Salesman Problems in Urban Logistics. International Journal of
Applied Earth Observation and Geoinformation, 129, Article 103863. https://doi.org/10.1016/j.jag.2024.103863
Salahi, M., Ansary Karbasy, S., Almaadeed, T.A. and Hamdi, A. (2024) Improved Branch and Bound Algorithm and an
Interpolation-Based Search Algorithm for Quadratic Minimization with One Negative Eigenvalue. Optimization Letters,
19, 527-549. https://doi.org/10.1007/s11590-024-02149-2

Gupta, O.K. and Ravindran, A. (1985) Branch and Bound Experiments in Convex Nonlinear Integer Programming.
Management Science, 31, 1533-1546. https://doi.org/10.1287/mnsc.31.12.1533

DOI: 10.12677/0rf.2025.152085 312 18 %5 S 2


https://doi.org/10.12677/orf.2025.152085
https://doi.org/10.1007/s10107-022-01845-0
https://doi.org/10.1017/s0962492900002841
https://doi.org/10.1137/20m1335480
https://doi.org/10.1016/j.orl.2024.107192
https://doi.org/10.1016/j.engappai.2023.106959
https://doi.org/10.1016/j.jag.2024.103863
https://doi.org/10.1007/s11590-024-02149-2
https://doi.org/10.1287/mnsc.31.12.1533

	一类带指示变量的凸二次优化问题的研究
	摘  要
	关键词
	The Study of Convex Quadratic Optimization Problems with Indicator Variables
	Abstract
	Keywords
	1. 引言
	2. 背景
	符号说明

	3. 基于启发式搜索下降法和分支定界法的优化求解框架
	3.1. 启发式搜索下降法
	3.1.1. 构建二维子问题
	3.1.2. 求解二维子问题
	3.1.3. 新解的扩展方式
	3.1.4. 维度索引更新原则
	3.1.5. 算法终止条件

	3.2. 分支定界法
	3.2.1. 分支规则
	3.2.2. 剪枝规则
	3.2.3. 定界规则
	3.2.4. 分支定界算法框架

	3.3. 基于启发式搜索下降法的分支定界法

	4. 数值实验和结论
	5. 结论
	参考文献

