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The performance of the classical Ordinary Least Squares (OLS) method can be very 

poor when the data set for which one often makes a normal assumption, has a heavy- 

tailed distribution which may arise as a result of outliers.  The problem is further 

complicated when the variances of the error terms are not constant. 

 

In this thesis, a Reweighted Least Squares based on Robust Distance and a 

combination between the S and M-estimates (called S/M Estimates).  The resulted 

estimates will be called (RLSRDSM) estimates, which proposed to overcome the 

problem of outlier.  The RLSRDSM estimates are proposed to estimates the 

parameters of a regression model with both continuous and categorical variables.  

The Robust Distance S/M Estimates are computed in three stages where on the first 

stage the Minimum Volume Ellipsoid (MVE) estimator is computed to identify 

leverage points, then a weighted S/M weights and scale is calculated in the second 

and third steps respectively. 
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In many applications, one may encounter errors which are heteroscedastic and not 

normally distributed.  Therefore, in this thesis, a weighted RLSRDSM 

(WRLSRDSM) is proposed to remedy these two problems simultaneously.  This 

method first computes the residuals scale estimates for each level of the categorical 

variables based on RDSM residuals.  A weighted scheme is then developed and 

incorporates in the model. 

 

In addition to RLSRDSM and WRLSRDSM, another estimator which is referred as 

2D-RDLS procedure that use two-dimensional weighting scheme is also proposed.  

However, the performance of the 2D-RDLS estimates is not as good as the 

RLSRDSM and therefore seldom referred in the discussion.   

 

A number of numerical examples and simulation studies have been performed to 

compare the robustness of the RLSRDSM, and WRLSRDSM with some existing 

methods in the regression model with both continuous and categorical regressors.  

Data with various outlier contamination were simulated and analyzed.  Design 

parameters were varied, include sample size (n=20, 50, 100, 300, and 500), number 

of continuous regressors (p=1,3, and 5) and categorical data (q=1,4), outliers density 

(0%, 5%, 10%, 20%, 30%, 40%, and 50%), and different error distribution scenarios 

(N(0,0.25), N(0,0.5), N(0,1), N(0,2), N(0,3),  N(0,4), t(3), and EXP(1)).   

 

Criteria used to measure the performance of the regression methods are p-values, 

residual scale, 2R %, and 2100R %for the real data analysis and The Root Mean 

Square Error (RMSE) of the overall simulation replications which summarized the 

variance and  bias for the simulated data.   
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The results in this thesis indicate that the Ordinary Least Squares (OLS) estimators 

are very sensitive to the presence of outliers and heteroscedastic errors.  In the 

presence of outliers, the RLSRDSM and RLSRDL1 are better than OLS, by 

producing robust estimates to such kind of data points.  The RLSRDSM is slightly 

better than RLSRDL1 and sometimes their performances are indistinguishable in the 

presence of outliers.  Nonetheless, the RLSRDL1 posed certain computational 

problems such as producing degenerate solution or singular matrices.  The advantage 

of RLSRDSM is that it has no computational problems.  The performance of 

WRLSRDSM is better than the WLSRDL1 when both outliers and heteroscedastics 

occurs together. 

 

 

In order to support the numerical findings, Bootstrap simulation procedures and 

visual analysis are also been carried out to justify that the RLSRDSM is the most 

robust estimator compared to the OLS and RLSRDL1, on a ground that this estimator 

result with robust and stable in the presence of outliers, combined models with 

continuous and categorical variables, and even heteroscedasticity problem.  The 

results indeed show that they are in close agreement with the earlier conclusion. 
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Prestasi kaedah Kuasadua Terkecil Biasa Klasik boleh menjadi lemah bila set data 

yang sepatutnya dianggap normal, mempunyai taburan berhujung tebal yang 

disebabkan oleh titik terpencil.  Masalah ini menjadi semakin rumit, apabila varians 

bagi ralatnya tidak konstan.   

 

Dalam tesis ini, Kaedah Kuasadua Terkecil-Berpemberat berasaskan Jarak Teguh 

Angaran S-estimator dan M-estimator S/M  (RLSRDSM)  dicadangkan untuk 

mengatasi masalah titik terpencil.  Anggaran RLSRDSM dicadangkan untuk 

menganggar parameter suatu model regresi yang mempunyai pembolehubah selanjar 

dan berkategori.  Anggaran Jarak Teguh S/M dikira dalam tiga tahap, di mana tahap 

pertama penganggar `Minimum Volume Ellipsoid` (MVE) dikira untuk 

mengenalpasti titik `leverage`.   

 

Dalam banyak penggunaan, seseorang boleh menjumpai ralat yang ber 

heteroskedastik dan tidak tertabur secara normal. Oleh yang demikian, dalam tesis 

ini, RLSRDSM berpemberat (WRLSRDSM) dicadangkan untuk mengatasi dua 
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masalah ini secara serentak.  Kaedah ini dimulakan dangan mengira anggaran skala 

reja bagi setiap paras pembolehubah berkategori berasaskan reja RDSM.  Skim 

berpemberat kemudiannya dibina  dan dimasukkan ke dalam model.   

 

Selain daripada RLSRDSM dan WRLSRDSM, penganggar lain yang dirujuk sebagi 

prosedur 2D-RDLS yang menggunakan skim pemberat dua-dimensi juga 

dicadangkan.  Bagaimanapun, prestasi penganggar 2D-RDLS tak sebaik RLSRDSM 

dan RLSRDL1 dan oleh yang demikian ia jarang dirujuk dalam perbincangan.  

Beberapa contoh numerik dan kajian simulasi telah dijalankan untuk 

membandingkan keteguhan RLSRDSM, dan WRLSRDSM dengan beberapa kaedah 

yang sedia ada dalam model regresi dengan pembolehuban selanjar dan berkategori.   

 

Data dengan pelbagai pencemaran titik terpencil dijana dan dianalisis. Rekabentuk 

parameter   dipelbagaikan termasuk saiz sampel (n=20,50,100, 300, dan 500), 

bilangan pembolehubah selanjar (p=1,3,dan 5) dan bilangan pembolehubah 

berkategori (q=1,4), ketumpatan titik terpencil (0%, 10%, 20%,30%, 40%, dan 50%), 

dan senario taburan ralat berbeza (N(0,25), N(0,0.5),N(0,1),N(0,2),N(0,3),N(0,4), t(3) 

dan Exp(1)).  

 

Kriteria yang digunakan untuk mengukur kaedah regresi adalah nilai-p, skala-reja, 

R
2
, dan 2100R untuk analisis data nyata, dan  Punca Min Kuasa Dua Ralat (RMSE) 

bagi semua replikasi simulasi yang merengkaskan varians dan `bias` data simulasi. 

 

Keputusan yang diperolehi dalam tesis ini menunjukkan bahawa penganggar 

Kuasadua Terkecil Biasa (OLS) sangat sensitif kepada kehadiran titik terpencil dan 
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 ralat berheteroskedastik.  

  

Dalam kehadiran titik terpencil, RLSRDSM dan RLSRDL1 adalah lebih baik 

daripada OLS.  RLSRDSM lebih baik sedikit daripada RLSRDL1, dan kadang-kala 

prestasinya lebih kurang sama dengan kehadiran titik terpencil.  

Walaubagaimanapun, RLSRDL1 memiliki masalah pengiraan tertentu seperti 

menghasilkan jawapan yang buruk atau matriksnya `singular`. Kelebihan yang 

dimiliki oleh RLSRDSM ialah ianya tidak memiliki masalah pengiraan.  

Prestasi WRLSRDSM adalah lebih baik daripada WLSRDL1 apabila kedua-dua 

masalah titik terpencil dan ralat berheteroskedastik wujud bersama.  

 

Tatacara Simulasi `Bootstrap` dan analisis visual juga dijalankan untuk 

menjustifikasikan behawa RLSRDSM adalah pengangger paling lasak berbanding 

dengan OLS dan RLSRDL1 .  Keputusan yang didapati menunjukkan pencapaian 

mereka hampir sama dengan kesimpulan yang terdahulu. 
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