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Abstrak

Nombor rapuh bipolar merujuk kepada dua fungsi dan maklumat yang berbeza dalam
sesuatu sistem, iaitu positif dan negatif komponen. Maklumat kebolehjadian dan tak
kebolehjadian mampu digambarkan secara serentak dalam nombor rapuh bipolar
berbanding dengan nombor rapuh klasik. Walau bagaimanapun, memandangkan
nombor rapuh bipolar tidak mampu menangani masalah ketidakpastian, maka nombor
kabur bipolar (BFN) digunakan. BFN dalam persamaan matrik Sylvester (SME)
memain peranan yang penting dalam sistem kawalan seperti kawalan elektrik. Satu
kawalan litar elektrik RLC yang terdiri daripada perintang (R), induktor (L), dan
kapasitor (C) digunakan untuk mengawal jumlah arus elektrik sepanjang litar elektrik
tersebut. Di samping itu, nombor kompleks yang mengandungi nombor nyata dan
nombor khayalan digunakan untuk menyelesaikan litar RLC, dengan nombor nyata
melambangkan perintang, manakala nombor khayalan melambangkan induktor atau
kapasitor. Berdasarkan pengetahuan kami, pembinaan penyelesaian yang
mengintegrasikan SME dengan BFN atau kompleks BFN masih belum diterokai. Oleh
yang demikian, kajian ini bertujuan untuk membangunkan pendekatan analitik untuk
menyelesaikan persamaan matrik Sylvester kabur bipolar (FSME), kompleks bipolar
FSME, persamaan matrik Sylvester kabur penuh bipolar (FFSME), dan persamaan
sistem linear kabur kompleks penuh bipolar (FFLS) dalam nombor kabur segi tiga
bipolar kiri-kanan (LR). Untuk mendapatkan penyelesaian, bipolar FSME, kompleks
bipolar FSME, dan bipolar FFSME perlu ditukarkan kepada sistem linear bipolar
dengan menggunakan hasil darab Kronecker dan pengoperasi-Vec. Seterusnya, sistem
kabur bipolar sepadan (EBLS), sistem kabur kompleks bipolar sepadan (ECBLS),
sistem kabur bipolar bersekutu (ABLS), dan sistem kabur kompleks bipolar bersekutu
(ACBLYS) telah dibangunkan. Kemudian, penyelesaian akhir untuk kaedah ini dapat
diperolehi dengan menggunakan kaedah songsang. Maka, empat pendekatan analitik
telah dibangunkan dalam untuk menyelesaikan bipolar FSME, kompleks bipolar
FSME, bipolar FFSME, dan kompleks bipolar FFLS dalam bentuk LR. Beberapa
contoh dikemukakan untuk menggambarkan kaedah yang dibangunkan. Sebagai
tambahan, aplikasi litar RLC dengan kompleks bipolar FSME dan kompleks bipolar
FFLS juga dilaksanakan. Kesimpulannya, hasil dapatan pendekatan analitik baharu
memberikan sumbangan tambahan kepada bidang ilmu persamaan kabur dengan
aplikasi bererti dalam kawalan elektrik bipolar.

Kata kunci: Nombor kabur bipolar, Persamaan sistem linear bipolar, Persamaan

matrik Sylvester bipolar, Nombor kabur kompleks bipolar, Nombor kabur segi tiga
bipolar LR.
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Abstract

Bipolar crisp numbers refer to two different functions and information in a given
system, namely positive and negative components. Likelihood and unlikelihood
information can be simultaneously represented by bipolar crisp numbers rather than
classical crisp numbers. However, since bipolar crisp numbers are inadequate in
dealing with uncertainty problem, bipolar fuzzy numbers (BFN) are used instead. BFN
in Sylvester matrix equations (SME) plays an essential role in the control system such
as in electrical controller. An electrical controller of RLC circuit consisting of
resistor (R), inductor (L), and capacitor (C), is used to control the amount of electric
currents flowing across the electric circuits. Besides, complex numbers which consist
of real and imaginary parts are used in solving RLC circuit, where real numbers denote
resistance, while imaginary numbers denote inductance or capacitance. To the best of
our knowledge, the integration of SME with either BFN or complex BFN is not yet
explored. Therefore, this study aims to construct analytical approaches in solving
bipolar fuzzy Sylvester matrix equation (FSME), complex bipolar FSME, bipolar fully
fuzzy Sylvester matrix equation (FFSME), and complex bipolar fully fuzzy linear
system (FFLS) in left-right (LR) bipolar triangular fuzzy numbers. In order to obtain
the solutions, bipolar FSME, complex bipolar FSME, and bipolar FFSME are
converted into the bipolar linear system by utilizing Kronecker product and Vec-
operator. Next, an equivalent bipolar linear system (EBLS), equivalent complex
bipolar linear system (ECBLS), associated bipolar linear system (ABLS), and
associated complex bipolar linear system (ACBLS) are established. Then, the final
solutions of the constructed methods are obtained using inverse method. Therefore,
four analytical approaches have been constructed in solving bipolar FSME, complex
bipolar FSME, bipolar FFSME, and complex bipolar FFLS in LR forms. Several
examples are presented to illustrate the constructed methods. Moreover, the
application of RLC circuits with complex bipolar FSME and complex bipolar FFLS
are also carried out. In conclusion, the new findings of analytical approaches add to
the fuzzy equations body of knowledge with significant applications in bipolar
electrical controllers.

Keywords: Bipolar fuzzy numbers, Bipolar linear systems, Bipolar Sylvester matrix
equations, Complex bipolar fuzzy numbers, LR bipolar triangular fuzzy numbers.
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CHAPTER ONE
INTRODUCTION

This chapter presents the background of the study, problem statement, research
objectives, scope of the study, the significance of the study, and organization of the

study.

1.1 Background of the Study

A controller is a component of control theory that is used to develop and design a
control system to determine an efficient model. It is considered an essential tool and
is applied in almost all mechanisms and systems to ensure smoother operations. A
controller is located inside a plant and receives input variables before transforming the
information into the desired output or commanded variables (Douglas, 2019). For
example, an electrical controller of an RLC electric circuit consisting of a resistor (R),
an inductor (L), and a capacitor (C) is used to control the amount of electric current
flowing across the electric circuit (Scarciotti & Astolfi, 2016). The solution to the RLC
electric circuit involves complex numbers in the form of a + ib, where a is real

number and b is an imaginary number.

In the engineering control system, a controller is commonly used to monitor
temperature, pressure, force, flow rate, weight, position, and speed (Asari &
Amirfakhrian, 2016). A controller can be expressed mathematically, such as a linear
system and a Sylvester matrix equation (SME). Solutions of the linear system and
SME can be regarded as the steady-state behaviour of the controller (Scarciotti &
Astolfi, 2016). The general form of a linear system and SME are commonly denoted

as:



REFERENCES

Abbasbandy, S., & Alavi, M. (2005). A method for solving fuzzy linear systems.
Iranian Journal of Fuzzy Systems, 2(2), 37-43.

Abbasbandy, S., Ezzati, R., & Jafarian, A. (2006). LU decomposition method for
solving fuzzy system of linear equations. Applied Mathematics and
Computation, 172(1), 633—-643. https://doi.org/10.1016/j.amc.2005.02.018

Akram, M., Ali, M., & Allahviranloo, T. (2020). Certain methods to solve bipolar
fuzzy linear system of equations. Computational and Applied Mathematics,
39(3), 1-28. https://doi.org/10.1007/s40314-020-01256-x

Akram, M., Allahviranloo, T., Pedrycz, W., & Ali, M. (2021). Methods for solving
LR-bipolar fuzzy linear systems. Soft Computing, 25(1), 85-108.
https://doi.org/10.1007/s00500-020-05460-z

Akram, M., Muhammad, G., & Allahviranloo, T. (2019). Bipolar fuzzy linear system
of equations. Computational and Applied Mathematics, 38(2), 1-29.
https://doi.org/10.1007/s40314-019-0814-8

Akram, M., Muhammad, G., Allahviranloo, T., & Hussain, N. (2020a). LU
decomposition method to solve bipolar fuzzy linear systems. Journal of
Intelligent and Fuzzy Systems, 39(3), 3329-3349. https://doi.org/10.3233/JIFS-
201187

Akram, M., Muhammad, G., & Hussain, N. (2019a). Bipolar fuzzy system of linear
equations with polynomial parametric form. Journal of Intelligent and Fuzzy
Systems, 37(6), 8275-8287. https://doi.org/10.3233/JIFS-190764

Akram, M., Muhammad, G., Koam, A. N. A., & Hussain, N. (2019b). Iterative
methods for solving a system of linear equations in a bipolar fuzzy
environment. Mathematics, 7(8), 1-25. https://doi.org/10.3390/math7080728

Allahviranloo, T., & Afshar Kermani, M. (2006). Solution of a fuzzy system of
linear equation. Applied Mathematics and Computation, 175(1), 519-531.
https://doi.org/10.1016/j.amc.2005.07.048

Allahviranloo, T., Ghanbari, M., Hosseinzadeh, A. A., Haghi, E., & Nuraei, R.
(2011). A note on “fuzzy linear systems.” Fuzzy Sets and Systems, 177(1), 87—
92. https://doi.org/10.1016/j.£ss.2011.02.010

140



Allahviranloo, T., Lotfi, F. H., Kiasari, M. K., & Khezerloo, M. (2013). On the fuzzy
solution of LR fuzzy linear systems. Applied Mathematical Modelling, 37(3),
1170-1176. https://doi.org/10.1016/j.apm.2012.03.037

Allahviranloo, T., Mikaeilvand, N., Lotfi, F. H., & Jelodar, M. F. (2011a). Fully
fuzzy linear systems. International Journal of Applied Operational Research,
1(1), 35-48.

Allahviranloo, T. (2004). Numerical methods for fuzzy system of linear equations.
Applied Mathematics and Computation, 155(2), 493-502.
https://doi.org/10.1016/S0096-3003(03)00793-8

Allahviranloo, T. (2005a). Successive over relaxation iterative method for fuzzy
system of linear equations. Applied Mathematics and Computation, 162(1),
189-196. https://doi.org/10.1016/j.amc.2003.12.085

Allahviranloo, T. (2005b). The Adomian decomposition method for fuzzy system of
linear equations. Applied Mathematics and Computation, 163(2), 553-563.
https://doi.org/10.1016/j.amc.2004.02.020

Anton, H., & Rorres, C. (2013). Elementary linear algebra: Applications version
(11th ed.). John Wiley & Sons.

Araghi, M. A. F., & Hosseinzadeh, M. (2012). ABS method for solving fuzzy
Sylvester matrix equation. International Journal of Mathematical Modelling &
Computations, 02(03), 231-237.

Araghi, M. A. F., & Zarei, E. (2018). Dynamical control of computations using the
iterative methods to solve fully fuzzy linear systems. Advances in Fuzzy Logic
and Technology 2017, 55-68. https://doi.org/10.1007/978-3-319-66830-7

Asady, B., Abbasbandy, S., & Alavi, M. (2005). Fuzzy general linear systems.
Applied Mathematics and Computation, 169(1), 34—40.
https://doi.org/10.1016/j.amc.2004.10.042

Behera, D., & Chakraverty, S. (2014). Solving fuzzy complex system of linear
equations. Information Sciences, 277, 154—-162.
https://doi.org/10.1016/j.ins.2014.02.014

Ben-Israel, A., & Greville, T. N. E. (2003). Generalized inverses: Theory and
applications. Springer Science & Business Media.

Buckley, J. J. (1989). Fuzzy complex numbers. Fuzzy Sets and Systems, 33(3), 333—
345.

141



Daud, U., Gemawati, S., & Mashadi. (2020). Solution alternative of complex fuzzy
linear equation system. International Journal of Innovative Science and
Research Technology, 5(11), 21-26.

Daud, W. S. W., Ahmad, N., & Malkawi, G. (2018). Positive solution of arbitrary
triangular fully fuzzy Sylvester matrix equations. Far East Journal of
Mathematical Sciences (FIMS), 103(2), 271-298.
https://doi.org/10.17654/ms103020271

Daud, W. S.W., Ahmad, N., & Malkawi, G. (2018a). Solving arbitrary fully fuzzy
Sylvester matrix equations and its theoretical foundation. AIP Conference
Proceedings, 2013(October). https://doi.org/10.1063/1.5054225

Daud, W. S.W., Ahmad, N., & Malkawi, G. (2021). A modification of fuzzy
arithmetic operators for solving near-zero fully fuzzy matrix equation.
Telkomnika (Telecommunication Computing Electronics and Control), 19(2),
583-598. https://doi.org/10.12928/ TELKOMNIKA.v19i2.18023

Daud, W. S. W., Ahmad, N., & Malkawi, G. (2016). A preliminary study on the
solution of fully fuzzy Sylvester matrix equation. AIP Conference Proceedings,
1775. https://doi.org/10.1063/1.4965126

Daud, W. S. W., Ahmad, N., & Malkawi, G. (2017). An algorithm for solving an
arbitrary triangular fully fuzzy Sylvester matrix equations. AIP Conference
Proceedings, 1905. https://doi.org/10.1063/1.5012158

Daud, W. S. W., Ahmad, N., & Malkawi, G. (2018b). Positive fuzzy minimal
solution for positive singular fully fuzzy Sylvester matrix equation. AIP
Conference Proceedings, 1974. https://doi.org/10.1063/1.5041615

Dehghan, M., & Hashemi, B. (2006). Solution of the fully fuzzy linear systems using
the decomposition procedure. Applied Mathematics and Computation, 182(2),
1568—1580. https://doi.org/10.1016/j.amc.2006.05.043

Dehghan, M., Hashemi, B., & Ghatee, M. (2006). Computational methods for
solving fully fuzzy linear systems. Applied Mathematics and Computation,
179(1), 328-343. https://doi.org/10.1016/j.amc.2005.11.124

Dehghan, M., Hashemi, B., & Ghatee, M. (2007). Solution of the fully fuzzy linear
systems using iterative techniques. Chaos, Solitons and Fractals, 34(2), 316—
336. https://doi.org/10.1016/j.chaos.2006.03.085

Dinagar, D. S., & Priyam, A. H. S. (2021). Solving fuzzy linear systems applied to
economic model. Malaya Journal of Matematik, S(1), 340-342.

142



Dookhitram, K., Lollchund, R., Tripathi, R. K., & Bhuruth, M. (2015). Fully fuzzy
Sylvester matrix equation. Journal of Intelligent and Fuzzy Systems, 28(5),
2199-2211. https://doi.org/10.3233/IFS-141502

Douglas, B. (2019). The fundamentals of control theory an intuitive approach from
the creator of control system lectures on youtube.
https://www.youtube.com/user/ControlLectures

Dubois, D., & Prade, H. (1978). Operations on fuzzy numbers. International Journal
of System Science, 9(6), 613—-626.

Dubois, D., & Prade, H. (2008). An introduction to bipolar representations of
information and preference. International Journal of Intelligent Systems, 29(2),
866—877. https://doi.org/10.1002/int

Elsayed, A. A. A., Ahmad, N., & Malkawi, G. (2020). On the solution of fully fuzzy
Sylvester matrix equation with trapezoidal fuzzy numbers. Computational and
Applied Mathematics, 39(4). https://doi.org/10.1007/s40314-020-01287-4

Ezzati, R. (2011). Solving fuzzy linear systems. Soft Computing, 15(1), 193—-197.
https://doi.org/10.1007/s00500-009-0537-7

Friedman, M., Ming, M., & Kandel, A. (1998). Fuzzy linear systems. Fuzzy Sets and
Systems, 96(2), 201-209. https://doi.org/10.1016/S0165-0114(96)00270-9

Ghanbari, R. (2015). Solutions of fuzzy LR algebraic linear systems using linear
programs. Applied Mathematical Modelling, 39(17), 5164-5173.
https://doi.org/10.1016/j.apm.2015.03.042

Ghanbari, R., Ghorbani-Moghadam, K., & Mahdavi-Amiri, N. (2018). A direct
method to compare bipolar LR fuzzy numbers. Advances in Fuzzy Systems,
2018(1), 1-7. https://doi.org/10.1155/2018/9578270

Guo, X.-B. (2011). Approximate solution of fuzzy Sylvester matrix equations.
Proceedings - 2011 7th International Conference on Computational
Intelligence and Security, CIS 2011, 52-56.
https://doi.org/10.1109/CIS.2011.20

Guo, X., & Bao, H. (2013). Fuzzy symmetric solutions of semi-fuzzy Sylvester
matrix systems. International Journal of Engineering and Innovative
Technology, 3(3), 32-37.

Guo, X., & Shang, D. (2012). Fuzzy symmetric solutions of fuzzy matrix equations.
Advances in Fuzzy Systems, 2012. https://doi.org/10.1155/2012/318069

143



Guo, X., & Shang, D. (2013). Approximate solution of LR fuzzy Sylvester matrix
equations. Journal of Applied Mathematics, 2013.
https://doi.org/10.1155/2013/752760

Guo, X., & Wu, L. (2020). Inconsistent LR fuzzy matrix equation. Mathematical
Problems in Engineering, 2020. https://doi.org/10.1155/2020/4065809

Guo, X., & Zhang, K. (2016). Minimal solution of complex fuzzy linear systems.
Advances in Fuzzy Systems, 2016, 1-9. https://doi.org/10.22111/ijfs.2015.1863

Han, Y., & Guo, X. (2016). Complex fuzzy linear systems. International Journal of
Engineering and Applied Sciences (IJEAS), 3(12), 30-34.

He, Q., Hou, L., & Zhou, J. (2018). The solution of fuzzy Sylvester matrix equation.
Soft Computing, 22(19), 6515-6523. https://doi.org/10.1007/s00500-017-2702-
8

Inearat, L., & Qatanani, N. (2018). Numerical methods for solving fuzzy linear
systems. Mathematics, 6(2), 1-9. https://doi.org/10.3390/math6020019

Jerkovi¢, V. M., Mihailovi¢, B., & Malesevi¢, B. (2018). A new method for solving
square fuzzy linear systems. Advances in Intelligent Systems and Computing,
642, 278-289. https://doi.org/10.1007/978-3-319-66824-6 25

Kaufman, A., & Gupta, M. M. (1991). Introduction to fuzzy arithmetic. New York:
Van Nostrand Reinhold Company.

Kargar, R., Allahviranloo, T., Rostami-Malkhalifeh, M., & Jahanshaloo, G. R.
(2014). A proposed method for solving fuzzy system of linear equations.
Scientific World Journal, 2014. https://doi.org/10.1155/2014/782093

Kumar, A., Bansal, A., & Babbar, N. (2013). Fully fuzzy linear systems of triangular
fuzzy numbers (a,b,c). International Journal of Intelligent Computing and
Cybernetics, 6(1), 21-44. https://doi.org/10.1108/17563781311301508

Laub, A. J. (2005). Matrix analysis for scientists & engineers. Siam.

Liu, H. K. (2010). On the solution of fully fuzzy linear systems. International
Journal of Computational and Mathematical Sciences, 4, 29-33.

Liu, K., Li, H., & Guo, Y. (2019). Perturbation analysis of the fully fuzzy linear
systems. Advances in Computational Science and Computing, 877, 94—-101.
https://doi.org/10.1007/978-3-030-02116-0 12

Malkawi, G., Ahmad, N., & Ibrahim, H. (2012). Revisiting fuzzy approach for
solving system of linear equations. ICDeM 2012, 13-16 March, Kedabh,
Malaysia, 157-164.

144



Malkawi, G., Ahmad, N., & Ibrahim, H. (2014). Solving fully fuzzy linear system
with the necessary and sufficient condition to have a positive solution. Applied
Mathematics and Information Sciences, 8(3), 1003—-1019.
https://doi.org/10.12785/amis/080309

Malkawi, G., Ahmad, N., & Ibrahim, H. (2015a). An algorithm for a positive
solution of arbitrary fully fuzzy linear system. Computational Mathematics and
Modeling, 26(3), 436—465. https://doi.org/10.1063/1.5012158

Malkawi, G., Ahmad, N., & Ibrahim, H. (2015b). Solving the fully fuzzy Sylvester
matrix equation with triangular fuzzy number. Far East Journal of
Mathematical Sciences, 98(1), 37-55.
https://doi.org/10.17654/FJMSSep2015 037 055

Malkawi, G., Ahmad, N., Ibrahim, H., & Alshmari, B. (2014a). Row reduced
echelon form for solving fully fuzzy system with unknown coefficients. Journal
of Fuzzy Set Valued Analysis, 2014, 1-18. https://doi.org/10.5899/2014/jfsva-
00193

Malkawi, G. O., & Alfifi, H. Y. (2017). The consistency of positive fully fuzzy
linear system. AIP Conference Proceedings, 1905.
https://doi.org/10.1063/1.5012144

Matinfar, M., Nasseri, S. H., & Sohrabi, M. (2008). Solving fuzzy linear systems of
equations by using householder decomposition method. Applied Mathematical
Sciences, 2(52), 2569-2575.

Mavré, F., Anand, R. K., Laws, D. R., Chow, K. F., Chang, B. Y., Crooks, J. A., &
Crooks, R. M. (2010). Bipolar electrodes: A useful tool for concentration,
separation, and detection of analytes in microelectrochemical systems.
Analytical Chemistry, 82(21), 8766—8774. https://doi.org/10.1021/ac101262v

Mikaeilvand, N., Noeiaghdam, Z., Noeiaghdam, S., & Nieto, J. J. (2020). A novel
technique to solve the fuzzy system of equations. Mathematics, 8(5), 1-18.
https://doi.org/10.3390/MATH8050850

Mosleh, M., Otadi, M., & Khanmirzaie, A. (2010). Decomposition method for
solving fully fuzzy linear systems. lIranian Journal of Optimization, 2(2), 150—
158.

Muruganandam, S., Razak, K. A., & Rajakumar, K. (2019). Solving fully fuzzy
linear systems by gauss Jordan elimination method. Journal of Physics:
Conference Series, 1362(1). https://doi.org/10.1088/1742-6596/1362/1/012087

145



Otadi, M., & Mosleh, M. (2015). Minimal solution of fuzzy linear systems. Iranian
Journal of Fuzzy Systems, 12(1), 89-99. https://doi.org/10.1155/2016/5293917

Powell, P. D. (2011). Calculating determinants of block matrices. ArXiv Preprint
ArXiv:1112.4379. http://arxiv.org/abs/1112.4379

Rahgooy, T., Yazdi, H. S., & Monsefi, R. (2009). Fuzzy complex system of linear
equations applied to circuit analysis. International Journal of Computer and
Electrical Engineering, 1(December), 535-541.
https://doi.org/10.7763/ijcee.2009.v1.82

Rahman, M. M., & Rahman, G. M. A. (2017). Graphical visualization of FFLS to
explain the existence of solution and weak solution in circuit analysis. Soft
Computing, 21(21), 6393-6405. https://doi.org/10.1007/s00500-016-2197-8

Sadat Asari, S., & Amirfakhrian, M. (2016). Numerical solution of Sylvester matrix
equations: Application to dynamical systems. Journal of Interpolation and
Approximation in Scientific Computing, 2016(1), 1-13.
https://doi.org/10.5899/2016/jiasc-00097

Salkuyeh, D. K. (2011). On the solution of the fuzzy Sylvester matrix equation. Soft
Computing, 15(5), 953-961. https://doi.org/10.1007/s00500-010-0637-4

Santiago, J. M. (2013). Circuit analysis for dummies. John Wiley & Sons.

Scarciotti, G., & Astolfi, A. (2016). Moment-based discontinuous phasor transform
and its application to the steady-state analysis of inverters and wireless power
transfer systems. IEEE Transactions on Power Electronics, 31(12), 8448-8460.
https://doi.org/10.1109/TPEL.2016.2519382

Senthilkumar, P., & Rajendran, G. (2009). Solution of fuzzy linear systems by using
fuzzy centre. Applied Mathematical Sciences, 3(49), 2411-2419.

Senthilkumar, P., & Rajendran, G. (2011). New approach to solve symmetric fully
fuzzy linear systems. Sadhana - Academy Proceedings in Engineering Sciences,
36(6), 933-940. https://doi.org/10.1007/s12046-011-0059-8

Trzaskalik, T., Sitarz, S., & Dominiak, C. (2019). Bipolar method and its
modifications. Central European Journal of Operations Research, 27(3), 625—
651. https://doi.org/10.1007/s10100-019-00615-2

Wang, K., & Zheng, B. (2006). Inconsistent fuzzy linear systems. Applied
Mathematics and Computation, 181(2), 973-981.
https://doi.org/10.1016/j.amc.2006.02.019

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.

146



Zhang, W. R. (1998). (Yin) (Yang) bipolar fuzzy sets. 1998 IEEE International
Conference on Fuzzy Systems Proceedings - IEEE World Congress on
Computational Intelligence, 1(June 1998), 835-840.
https://doi.org/10.1109/FUZZY .1998.687599

Zhang, W. R., & Zhang, L. (2004). YinYang bipolar logic and bipolar fuzzy logic.
Information Sciences, 165(3-4), 265-287.
https://doi.org/10.1016/j.ins.2003.05.010

147



LIST OF PUBLICATIONS

. Thape, N. C. S., & Ahmad, N. (2021). Solving bipolar fully fuzzy sylvester
matrix equations. AIP Conference Proceedings, 2365(July), 050004.

https://doi.org/10.1063/5.0057002

. Thape, N. C. S., & Ahmad, N. (n.d.). Solving bipolar fully fuzzy sylvester
matrix equations with negative fuzzy numbers. International Journal of

Theoretical Physics. (submitted)

. Ahmad, N., Thape, N. C. S., Daud, W. S. W., & Ibrahim, H. (n.d.). Solving
arbitrary complex fully fuzzy linear systems for a simple electric circuit. AIP

Conference Proceedings. (accepted)

. Thape, N. C. S., Ahmad, N., & Daud, W. S. W. (n.d.). Solving complex bipolar
fully fuzzy linear systems for a simple electric circuit. AIP Conference

Proceedings. (submitted)

148



	FRONT MATTER
	COPYRIGHT PAGE
	TITLE PAGE
	CERTIFICATION
	PERMISSION TO USE
	ABSTRAK
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF ABBREVIATIONS

	MAIN CHAPTER
	CHAPTER ONE: INTRODUCTION
	1.1 Background of the Study
	1.2 Problem Statement
	1.3 Research Objectives
	1.4 Scope of the Study
	1.5 Significant of the Study
	1.6 Organization of the Study

	CHAPTER TWO: LITERATURE REVIEW
	2.1 Matrix Systems
	2.2 Triangular Fuzzy Numbers
	2.2.1 Parametric Fuzzy Numbers
	2.2.2 LR Fuzzy Numbers
	2.2.3 Complex Fuzzy Numbers
	2.2.4 Parametric Bipolar Fuzzy Numbers
	2.2.5 LR Bipolar Fuzzy Numbers
	2.2.6 Complex Bipolar Fuzzy Numbers

	2.3 Methods of Fuzzy Systems
	2.3.1 Linear Systems
	2.3.1.1 Analytical Approach
	2.3.1.2 Numerical Approach

	2.3.2 Bipolar Linear Systems
	2.3.3 Complex Numbers Systems
	2.3.4 Sylvester Matrix Equations Systems

	2.4 Control System in Electric Circuits
	2.4.1 Linear Equations in Simple Electric Circuits
	2.4.2 Sylvester Matrix Equations in Electric Circuits

	2.5 Framework of Literature Review

	CHAPTER THREE: SOLUTION OF LR BIPOLAR FUZZY SYLVESTERMATRIX EQUATIONS
	3.1 Fundamental Theory
	3.2 Construction Method and Solution
	3.3 Examples
	3.4 Summary

	CHAPTER FOUR: COMPLEX SOLUTION OF LR BIPOLAR FUZZY SYLVESTERMATRIX EQUATIONS
	4.1 Fundamental Theory
	4.2 Construction Method and Solution
	4.3 Examples
	4.4 Summary

	CHAPTER FIVE: SOLUTIONS OF LR BIPOLAR AND LR COMPLEX BIPOLARIN FULLY FUZZY SYSTEMS
	5.1 Solution of LR Bipolar Fully Fuzzy Sylvester Matrix Equations
	5.1.1 Fundamental Theory
	5.1.2 Construction Method and Solution

	5.2 Solution of LR Complex Bipolar Fully Fuzzy Linear Systems
	5.2.1 Fundamental Theory
	5.2.2 Construction Method and Solution

	5.3 Summary

	CHAPTER SIX: APPLICATION OF ELECTRIC CIRCUITS
	6.1 LR Complex Bipolar FFLS in RLC Electric Circuits
	6.2 LR Complex Bipolar FSME in RLC Electric Circuits
	6.3 Summary

	CHAPTER SEVEN: CONCLUSION
	7.1 Contributions of the Study
	7.2 Limitations of the Constructed Method
	7.3 Suggestions for Future Studies

	REFERENCES
	LIST OF PUBLICATIONS




