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ABSTRAK 

Pengoptimuman tak berkekang adalah asas kepada teori dan amalan bagi 

pengoptimuman. Oleh itu, pemodelan matematik bagi permasalahan pengotimuman tak 

berkekangan merupakan salah satu masalah yang mencabar dalam matematik dan fizik 

gunaan yang digunakan secara meluas dalam bidang sains, kejuruteraan, perubatan, 

ekonomi, sains sosial mahupun dalam bidang telekomunikasi. Kajian ini mencadangkan 

algoritma bagi famili kaedah lelaran pengubahsuaian Newton untuk menyelesaikan 

permasalahan pengoptimuman tak berkekangan berasaskan kepada empat struktur 

matriks Hessian iaitu matriks Hessian tiga pepenjuru, matriks Hessian anak panah, 

matrik Hessian blok pepenjuru dan matriks Hessian padat. Menerusi pendekatan matriks 

Hessian ke atas pendekatan famili lelaran pengubahsuaian Newton (PNewton) ini, 

penjanaan sistem persamaan linear Hessian berskala-besar dapat dibangunkan dengan 

matriks pekalinya adalah bersifat jarang dan padat. Untuk mendapatkan penyelesaian 

hampiran ke atas sistem linear Hessian tersebut, maka perumusan dan pelaksanaan 

famili kaedah lelaran PNewton "berpemberat" ini adalah kombinasi antara kaedah lelaran 

Newton terubahsuai dengan kaedah lelaran titik dan blok bagi famili pengenduran 

berlebihan berpecutan (AOR). Dalam konteks pendekatan lelaran blok "berpemberat", 

kaedah Kumpulan Tak Tersirat bagi famili pengenduran berlebihan berpecutan (EGAOR) 

dengan lelaran dua titik- dan empat titik- yang masing-masing disimbolkan sebagai 2 

Titik-EG dan 4 Titik-EG telah dipertimbangkan. Selanjutnya perbincangan mengenai 

pembangunan perumusan dan kekompleksan pengiraan bagi kaedah lelaran titik dan 

blok bagi famili lelaran PNewton-AOR yang dikaji juga dimuatkan. Bagi menguji 

pelaksanaan famili lelaran tersebut, 18 ujian permasalahan pengoptimuman tak 

berkekangan telah dipertimbangkan untuk menilai prestasi keberkesanan pengiraan dari 

segi bilangan lelaran, masa lelaran dan ralat mutlak. Keputusan berangka untuk 

permasalahan pengoptimuman tak berkekangan bagi setiap struktur matriks Hessian 

dianalisis dan dibandingkan dengan kaedah lelaran PNewton yang berasaskan lelaran 

Gauss-Seidel (PNewton-GS). Keputusan berangka berdasarkan bilangan lelaran dan 

masa pelaksanaan juga telah dianalisis dengan menggunakan profil prestasi oleh Dolan 

dan More. Hasil keputusan berangka menunjukkan bahawa kaedah 4 Titik-PNewton­

EGAOR atau 4 Titik-PNewton-EG adalah lebih cekap dari segi bilangan lelaran dan masa 

pelaksanaan untuk kesemua struktur matriks Hessian yang dipertimbangkan. Oleh itu, 

dapat dirumuskan bahawa kaedah famili blok PNewton-AOR yang dicadangkan di dalam 

kajian ini merupakan kaedah yang cekap untuk menyelesaikan permasalahan 

pengoptimuman tak berkekangan dengan matriks Hessian daripada jenis tiga pepenjuru, 

anak panah, blok pepenjuru dan padat. 
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ABSTRACT 

MODIFICATION OF THE HESSIAN MATRIX FAMILY OF NEWTON'S METHOD 

FOR LARGE-SCALE UNCONSTRAINED OPTIMIZATION PROBLEMS 

Unconstrained optimization is a fundamental to both the theory and practice of 

optimization. Therefore, mathematical modelling for unconstrained optimization 

problems is one of the most challenging problems in applied mathematics and physics 

that are widely used in science, engineering, medical, economics, social science and 

even in the field of telecommunications. This study proposes an algorithm for family of 

modified Newton block iterative methods for solving unconstrained optimization 

problems based on four structure of Hessian matrix namely tridiagonal Hessian matrix, 

arrowhead Hessian matrix, block diagonal Hessian matrix and dense Hessian matrix. 

Through the approach of the Hessian matrix on the family of modified Newton 

(PNewton), the system generation of large-scale Hessian linear equations can be 

developed with its coefficient matrix is sparse and dense. To obtain the approximate 

solutions of the linear systems Hessian, the formulation and implementation of the family 

of iterative methods modified Newton iterative method with "weighted" is a combination 

of modified Newton iterative methods with point and block iterative methods with for 

family accelerated over relaxation (AOR). In the context of the "weighted" block iteration 

approach, the Explicit Group method for family accelerated over-relaxation (EGAOR) with 

two-point- and four-point- iterations symbolized as 2-Point-EG and 4-Point-EG 

respectively has been considered. Further discussions on the development of formulation 

and computational complexity for point and block iteration methods for family of 

PNewton- AOR was also included. To test the implementation of the family iterative 

method, 18 unconstrained optimization problems tests were considered to evaluate the 

performance of computational effectiveness in terms of number of iterations, the 

iteration times and absolute errors. Numerical results for the unconstrained optimization 

problems for each structure of Hessian matrix were analysed and compared with the 

PNewton iteration which is based on the Gauss-Seidel iteration (PNewton-GS). Numerical 

results based on the number of iterations and execution time were also analysed using 

performance profiles by Dolan and More. The numerical results show that the 4 Point­

PNewton-EGAOR or 4 Point-PNewton-EG method is more efficient in terms of number of 

iteration and execution time for all the Hessian matrix structures considered. Therefore, 

it can be concluded that the PNewton-AOR block family method proposed in this study 

is one of the efficient methods to solve unconstrained optimization problems with 

Hessian matrices of the tri-diagonal, arrowhead, block-diagonal and dense. 
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