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Abstrak 

Algoritma Sinus Kosinus (SCA) ialah kaedah berasaskan populasi yang telah 
digunakan secara meluas untuk menyelesaikan pelbagai masalah pengoptimuman 
disebabkan oleh keupayaannya menstabilkan antara penerokaan dan eksploitasi. 
Walau bagaimanapun, SCA jarang digunakan dalam permasalahan pengoptimuman 
diskret seperti Masalah Umpukan Kuadratik (QAP) kerana ia menghasilkan 
penyelesaian nilai selanjar dan menjadikannya mencabar untuk menyelesaikan 
masalah pengoptimuman diskret. SCA juga didapati terperangkap dalam lokal optima 
memandangkan ia mempunyai kelemahan mengingati pergerakan. Selain itu, strategi 
carian lokal diperlukan dalam mencapai penyelesaian terbaik dan kebiasaannya ia 
direka berdasarkan permasalahan yang dikaji. Oleh itu, kajian ini bertujuan untuk 
membangunkan satu model hibrid SCA terubah suai dengan Carian Tabu (MSCA-TS) 
untuk menyelesaikan QAP. Dalam QAP, satu set fasiliti diumpukkan ke satu set lokasi 
untuk membentuk satu padanan satu-ke-satu dengan kos umpukan yang minimum. 
Pertamanya, model SCA terubah suai (MSCA) dengan strategi carian lokal berasaskan 
kos dibina. Kemudian, MSCA dihibridkan dengan TS untuk menghalang ulangan 
lawatan terhadap solusi yang lalu. Akhirnya, kedua-dua jenis model (MSCA dan 
MSCA-TS) diuji ke atas 60 data QAP dari QAPLIB. Analisis sensitiviti dilaksanakan 
untuk mengenalpasti tetapan parameter yang sesuai untuk kedua-dua model. 
Perbandingan keputusan menunjukkan MSCA-TS memiliki prestasi yang lebih baik 
berbanding MSCA. Peratus ralat dan sisihan piawaian untuk MSCA-TS adalah lebih 
rendah berbanding MSCA iaitu masing-masing 2.4574 dan 0.2968. Keputusan 
pengiraan juga menunjukkan yang MSCA-TS adalah kaedah yang berkesan dan 
terbaik dalam menyelesaikan QAP apabila dibandingkan dengan solusi yang 
dibentangkan dalam kajian terdahulu. Model yang telah dibangunkan boleh membantu 
pembuat keputusan dalam mencari umpukan yang paling sesuai untuk fasiliti dan 
lokasi dengan kos yang minimum.  

 
Kata Kunci: Masalah umpukan kuadratik, Algoritma sinus kosinus, Metaheuristik 
berasas populasi, Carian lokal, Penerokaan dan eksploitasi.
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Abstract 

Sine Cosine Algorithm (SCA) is a population-based metaheuristic method that widely 
used to solve various optimization problem due to its ability in stabilizing between 
exploration and exploitation. However, SCA is rarely used to solve discrete 
optimization problem such as Quadratic Assignment Problem (QAP) due to the nature 
of its solution which produce continuous values and makes it challenging in solving 
discrete optimization problem. The SCA is also found to be trapped in local optima 
since its lacking in memorizing the moves. Besides, local search strategy is required 
in attaining superior results and it is usually designed based on the problem under 
study. Hence, this study aims to develop a hybrid modified SCA with Tabu Search 
(MSCA-TS) model to solve QAP. In QAP, a set of facilities is assigned to a set of 
locations to form a one-to-one assignment with minimum assignment cost. Firstly, the 
modified SCA (MSCA) model with cost-based local search strategy is developed. 
Then, the MSCA is hybridized with TS to prohibit revisiting the previous solutions. 
Finally, both designated models (MSCA and MSCA-TS) were tested on 60 QAP 
instances from QAPLIB. A sensitivity analysis is also performed to identify suitable 
parameter settings for both models. Comparison of results shows that MSCA-TS 
performs better than MSCA. The percentage of error and standard deviation for 
MSCA-TS are lower than the MSCA which are 2.4574 and 0.2968 respectively. The 
computational results also shows that the MSCA-TS is an effective and superior 
method in solving QAP when compared to the best-known solutions presented in the 
literature. The developed models may assist decision makers in searching the most 
suitable assignment for facilities and locations while minimizing cost. 

 
Keywords: Quadratic Assignment Problem, Sine Cosine Algorithm, Population-
based metaheuristics, Local search, Exploration and exploitation.
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CHAPTER ONE 

 INTRODUCTION 

This chapter briefly describes on the overall content of the thesis in general. The 

discussion in this chapter includes background of the study, problem statement, 

research questions, research objectives, scope of study, significance of study and thesis 

organization. 

 

1.1 Background of Study 

Quadratic Assignment Problem (QAP) is known as a popular problem in operation 

research field. It was initiated by Koopmans and Beckmann in 1957 (Koopmans & 

Beckmann, 1957). QAP is defined as a problem of assigning a set of facilities to a set 

of locations with a given distance and flow between locations and facilities while 

minimizing the assignment cost of each facility to each location (Syed-Abdullah, 

Abdul-Rahman, Benjamin, Wibowo & Ku-Mahamud, 2018). The product of flows 

between the facilities and the distance between the locations of the facilities is 

described as assignment cost occurred (Abdelkafi, Idoumghar & Lepagnot, 2016). The 

same perspective on QAP was also discussed by Gabrielsson (2008) where QAP is a 

set of facilities allocated to a set of locations where the distance between the locations 

and the flow between the facilities exists. QAP achieved optimum solution when the 

facilities allocate to locations respectively based on one-to-one assignment that 

minimize the total cost appointed as the grand total of the products of flows and 

distances.  

 

Lim, Wibowo, Desa and Haron (2016) stated that QAP is an assignment model 

pertaining to allocate each facility to each location to attain goal of minimizing the 
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