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Design and Analysis of Discrete Algorithm for
Time-Varying Linear Inequality Solving

GUO Dongsheng, XU Feng

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract: A numerical algorithm for time-varying linear inequality solving is proposed. By introducing a time
-varying vector (of which each element is greater than or equal to zero) , we convert the time-varying linear ine-
quality to a time-varying matrix-vector equation. A continuous-time model (i. e. , the neural network) is then
presented to solve such an equation. Using Euler’s difference formula to discretize the continuous-time model,
we propose the corresponding discrete algorithm. Both theoretical analysis and numerical results further sub-
stantiate the efficacy of such algorithm. These results also indicate that the steady-state residual error (SSRE)
of the proposed discrete algorithm changes in an O(z*) manner with being ¢ the sampling gap; when the z val-
ue decreases by 10 times, the SSRE reduces by 100 times.
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Fig.1 Numerical results of using discrete algorithm (z=0.01, h=0.5) to solve time-varying linear inequality (1)
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Fig. 2 Numerical results of using discrete algorithm (z=0. 001, h=0.5)

to solve time-varying linear inequality (1)
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Fig.3 Error state trajectory of using discrete algorithm under

different ¢ values (h=0.4) to solve time-varying linear inequality (1)
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Fig.4 Error state trajectory of using discrete algorithm under

different 7 values (h=0.6) to solve time-varying linear inequality (1)

d & 3.4 AT X T E « MBUE SR FHARTRI A B0, 39 800 2% 09 1 35 1 RE AR AT 9T AS [) CRIAH B
AIRR AS TR ZEEBA —HE ). 500 M L X T 18 72 1 A By o BRI B RICRD G O TH 5 M RE RE 18 1 21 3E AT A0
P, FART S 24 o BORUE 0 10 A5 B BRI I R AR IR 22 BE W6 08 /N 100 475, BRIV BIT $i2 th 19 B 10k 1
FRABRZERA O B2 AL HUAE. 31X 0wl 38 VR 35 AT 3a a1 JHL M 080/ 0N — B (0 AT 2580 3t 396 1 17 552 B v
T BEHRTBE . BRI Y B S 0 A SR AR SR W T 4R R R A R

4 ZEFRIB

SRR AR 20 (1) 25 A L 2 4 2 0 ) — B0 BT O 920 A 0 06 25
TS Al 3 5 06— A R E T B 8 0B 1RO 04 O 25 R T B o8 0 B 150

http: / www, hdxb. hqu. edu. cn



736

LN S QNN = N D) 2017 4F

MRS IR Z G RAEMBE « BA O ISR R a] RUAT ROt SR g i A2 2 v A 25 50 (D).

S E 3LHK
(1] FERMOAE, S ZIMEEATEREEHE HOR B EL]. B K2R CHRBF 220D, 2017,38(2) . 147-

(2]

(3]

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

152. DOI:10. 11830/ISSN. 1000-5013. 201702003.
RGN, FT K- LT BT Heinz A 858 20 A9 RS B Al TH LT 1. AR R 222 R (B AR B 24 M - 2014, 35(3) : 354-357.
DOI:10. 11830/ISSN. 1000-5013. 2014. 03. 0354.
KLAPPER A. Improved multi-covering bounds from linear inequalities and supercodes[J]. IEEE Transactions on In-
formation Theory,2004,50(3):532-536. DOI:10. 1109/ TIT. 2004. 825504,
GUO Dongsheng,ZHANG Yunong. Acceleration-level inequality-based MAN scheme for obstacle avoidance of re-
dundant robot manipulators[J]. IEEE Transactions on Industrial Electronics,2014,61(12):6903-6914. DOI; 10.
1109/TIE. 2014. 2331036.
GUO Dongsheng, LI Kene. Acceleration-level obstacle-avoidance scheme for motion planning of redundant robot ma-
nipulators[J]. Proceedings of IEEE International Conference on Robotics and Biomimetics. Qingdao: IEEE Press,
2016:1313-1318. DOI:10. 1109/ROBIO. 2016. 7866508.
XIAO Lin,ZHANG Yunong. Dynamic design. numerical solution and effective verification of acceleration-level ob-
stacle avoidance scheme for robot manipulators[ J]. International Journal of Systems Science,2016,47(4):932-945.
DOI:10. 1080/00207721. 2014. 909971.
YANG Kai, MURTY K G,MANGASARIAN O L. New iterative methods for linear inequalities[ J]. Journal of Opti-
mization Theory and Applications,1992,72(1):163-185. DOI:10. 1007/BF00939954.
CICHOCKI A,BARGIELA A. Neural networks for solving linear inequality systems[ J]. Parallel Computing.1997,
22(11) :1455-1475. DOI:10. 1016/S0167-8191(96)00065-8.
LABONTE G. On solving systems of linear inequalities with artificial neural network[J]. IEEE Transactions on
Neural Networks,1997,8(3) :590-600. DOI.10. 1109/72. 572098.
XIA Youshen, WANG Jun, HUNG D L. Recurrent neural networks for solving linear inequalities and equations[ ] ].
IEEE Transactions on Circuits and Systems [ ,1999,46(4):452-462, DOI;10. 1109/81. 754846.
XIAO Lin,ZHANG Yunong. Zhang neural network versus gradient neural network for solving time-varying linear
inequalities[ ] |. IEEE Transactions on Neural Networks, 2011, 22(10);:1676-1684. DOI; 10. 1109/ TNN. 2011.
2163318.
GUO Dongsheng,ZHANG Yunong. A new variant of the Zhang neural network for solving online time-varying lin-
ear inequalities[ J ]. Proceedings of the Royal Society A,2012,468(2144):2255-2271. DOI;10. 1098/rspa. 2011.
0668.
GUO Dongsheng,ZHANG Yunong. ZNN for solving online time-varying linear matrix-vector inequality via equality
conversion[ J ]. Applied Mathematics and Computation,2015,259(C) :327-338. DOI:10. 1016/j. amc. 2015. 02. 060.
GUO Dongsheng,ZHANG Yunong. Zhang neural network for online solution of time-varying linear matrix inequal-
ity aided with an equality conversion[J]. IEEE Transactions on Neural Networks and Learning Systems,2014,25
(2):370-382. DOT:10. 1109/ TNNLS. 2013. 2275011,
MATHEWS ] H,FINK F D. Numerical methods using MATLAB[ M]. 4th ed. New Jersey: Prentice Hall,2004 :1-
696.
SRV S A AR L AR EE AL R0 H AR B B — O BB B A SR IE 5 S2ER LT ], HON B A2 4R, 2009, 21 (1) 13-
18. DOI1:10. 3969/j. issn. 1004-0366. 2009. 01. 005.
TR TR o A5 o5 5 - B8R A= A T T 1 22 0 B — B BB o U IE 5 S B [T ], B i SE B 50 2012.,42(3) 1 199-
204. DOI:10. 3969/j. issn. 1000-0984. 2012. 03. 031.
MITRA S K. Digital signal processing: A computer-based approach[ M]. 3rd ed. Beijing: Tsinghua University
Press,2006.
GRIFFITHS D F, HIGHAM D J. Numerical methods for ordinary differential equations: Initial value problems
[M]. London: Springer-Verlag London Ltd,2010.

(RERE: KEK RCER: HOH)

http: / www, hdxb. hqu. edu. cn



