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                                                   Abstract 
Two important improvements on the framework of the Fuzzy Transform (FT) 
methodology are discussed in this thesis, which would ultimately be prepared 
for its applications in function approximation and numerical analysis with 
uncertainties in data. The first novelty is hybrid FT-PCHIP methodology, 
which includes low-dimensional fuzzy approximations that can generate the 
same global trend as well as local accuracy to be preserved shape from the 
Piecewise Cubic Hermite Interpolating Polynomial method (PCHIP). This 
contribution took into account the limitations of standalone FT when it comes 
to handling local variations through interpolation of the PCHIP, monotonic 
and minimizing oscillations while dealing with the residuals. The 
performance of the method was compared through experiments, where the 
mean square error was improved by more than 98% over classical FT. In this 
sense, the framework effectively connects discrete empirical readings with 
continuous modeling and analytical applications and hence is the best fit for 
engineering and experimental applications for sensor or irregularly sample 
data. 

The second contribution is a GA-based optimization framework for FT, which 
allays intrinsic problems like fixed node placement and local optima 
inaccuracy. The method traverses through a dual-phase GA, which first 
adaptively derives the little number of nodes required for any ε-convergence 
and then optimizes FT coefficients via a truly global search mechanism. The 
time complexity of vectorized implementation: real-valued GA is O(N), 
theoretical convergence under elitist selection and good empirical 
performance proved by benchmark functions. Therefore, the optimized FT 
achieved not only a 94% reduction in mean square error by reducing the basic 
functions but also improving efficiency and accuracy. This makes the method 
a very strong alternative being data-driven to real-time approximation tasks in 
signal processing, control, and scientific computing.  

The cumulative contributions of these will strengthen considerably FT-based 
approximation in theory robustness and practical performance, hence 
equipping the numerical analysis under uncertainty with a scalable, accurate, 
and proper tool. 
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(، واΗϳγ ϲΗϟم إϋدادΗFT  Ύϫحϳϧϳγن ϳϣϬϣن Ϡϋى إطΎر ΔϳΟϬϧϣ اΗϟحوϳل اϲΑΎΑοϟ )   اϟرϗΎϧΗ ΔϟΎγش ϫذه  
  ΔϣϫΎγϣ اϲϓϟ اΎϧΎϳΑϟت. ϋدم اϳϘϳϟن ΔϳΎϬϧ ϲϓ اϣϟطΎف ΗϟطϘΗ ϲϓ ΎϬΗΎϘϳΑرϳب اϟدوال واΗϟحϳϠل اόϟددي ϣع  

ϟى ا�و  ϲϫ    ΔϳΟϬϧϣFT-PCHIP    دϳϟوΗ ΎϬϧϛϣϳ دΎόΑض ا�ϔخϧϣ ϲΑΎΑο بϳرϘΗ نϣοΗΗ ϲΗϟوا ،ΔϧϳΟϬϟا
، ΔϓΎο𿿿ΎΑ إϟى دϣ ΔϗحϠϟ ΔϳϠحΎϔظ Ϡϋى ϣ ΎϬϠϛηن طرΔϘϳ اΎϔϳΗγء ϳϫرϳϣت όϛϣب  اϔϧϲϣϟΎόϟس ا��ΎΟΗه  

ϠόΗϳ Ύϣϳϓق    اϘΗγϣϟل اΗϲΑΎΑοϟحوϳل  اϟ(. أخذت ϫذه اϲϓ ΔϣϫΎγϣϟ ا��ΎΑΗϋر ϳϗود  όΗϣPCHIPدد اϟحدود )
اΎϔϳΗγء   خ��ل  ϣن   ΔϳϠحϣϟا اϳϐΗϟرات   ΔΟϟΎόϣΑPCHIP  ءΎϧΛأ اΗϟذΑذΎΑت  وϳϠϘΗل   ،ΔΑϳΗرϟا واΗϟذΑذΎΑت   ،

 ϟع اϣ اΎΟΗϟرب، حϳث Ηم Ηحϳγن Ηϣوγط  Αواϲϗ اϣΎόΗϟل  اϟطرϣ ΔϘϳن خ��ل  ϣرΑع  . ϣΗت ΎϘϣرΔϧ أداء 
ϣن   Λϛ΄Αر  ΎϘϣرΔϧً  98اϟخط΄   %ΑϟΎ  لϳحوΗ ϲΑΎΑοϟدي  اϳϠϘΗϟا  ΔϳϟΎόϔΑ ا��طΎر  ϳرΑط  اϧόϣϟى،  وϬΑذا   .

اϘϟراءات اΟΗϟرΔϳΑϳ اϔϧϣϟصϣϧϟΎΑ ΔϠذΔΟ اϣΗγϣϟرة واΗϟطΎϘϳΑت اΗϟحΔϳϠϳϠ، وόُϳ ϲϟΎΗϟΎΑد ا�γϧب ΗϠϟطΎϘϳΑت  
 .ΔϣظΗϧϣϟر اϳت غΎϧϳόϟر أو اΎόηΗγت ا��ΎϧΎϳΑϟ ΔϳΑϳرΟΗϟوا ΔϳγدϧϬϟا 

Ηϟحϳγن    اϲϫ ΔϳϧΎΛϟ إطΎر ϣϋل   ΔϣϫΎγϣϟاϟل  اϳحوΗ ئمΎϗ  ϲΑΎΑοϟا  ا اϟخوارزΎϳϣت  اϟذي  ΔϳϧϳΟϟ وϠϋى 
Αϋر    ΔϘϳطرϟا ϣΗر   .ΔϳϠحϣϟا اϠΛϣϟى  اϳϘϟم   Δϗد وϋدم  اϘόϟد  ϳΑΛΗت  Λϣل   ΔϳرϫوΟϟا اϛΎηϣϟل  ϣن  ϳخϔُف 
خوارزΔϳϣ وراΎϧΛ ΔϳΛئΔϳ اϟطور، واΗηΗ ϲΗϟق أو��ً ϛηΑل ϲϔϳϛΗ اόϟدد اϳϠϘϟل ϣن اϘόϟد اϣϟطϠوΔΑ �ي  

Αϋر آΑ Δϳϟحث ΔϠϣΎη. اϳϘόΗϟد اϟزϳϔϧΗϠϟ ϲϧϣذ اϲϬΟΗϣϟ:  اΗ  ϲΑΎΑοϟحوϳل  اΛ ،ϟم Ηحγُّن 򟿿ϣΎόϣت  ΎϘΗεرب  
  ϲϫ ΔϳϘϳϘحϟا ΔϣϳϘϟذات ا ΔϳΛوراϟا ΔϳϣخوارزϟاO(N)  ،ويΑخϧϟر اΎϳΗظل ا��خ ϲϓ ظريϧϟرب اΎϘΗϟوا ،

اϣُϟحγّن اϧخΎοًΎϔ  اΗ ϲΑΎΑοϟحوϳل اϳϟحϘق  وا�داء اΟΗϟرϲΑϳ اϳΟϟد اϟذي أϪΗΗΑΛ دوال اΎϘϣϟرϟ .Δϧذϟك، ϟم 
Ηϣ ϲϓ  ΔΑγϧΑوγط   ϳϠϘΗل دوال ا�Ύγس، Αل حγّن أΎοًϳ  94خط΄ اΗϟرϳΑع    اΎϔϜϟءة % Ϙϓط ϋن طرϳق 

 ΖقϮϟا ϲريب فϘΘϟم اΎϬϤϟ ،تΎنΎϴΒϟى اϠد عϤΘόΗ ΎϬنϮك ،ΔيΎغϠϟ ΎًيϮدي�ً قΑ ΔϘطريϟل اόهذا يج .Δدقϟوا    ϲϠόϔϟا
ΔΟϟΎόϣ ϲϓ ا��Ύηرات واΗϟحϛم واϟحوΔΑγ اΔϳϣϠόϟ. إن اΎϣϫΎγϣϟت اΗϟراϬϟ Δϳϣϛذه اΎΗϧϟئج γوف ϣόΗل  

ϛηΑل ϳΑϛر ϣن حϳث اϘϟوة اϧϟظرΔϳ وا�داء اϲϠϣόϟ،    اΗϲΑΎΑοϟحوϳل اϠϋϟى όΗزϳز اϘΗϟرϳب اΎϘϟئم Ϡϋى 
 ΔΑγΎϧϣو ΔϘϳϗر ودϳطوΗϠϟ ΔϠΑΎϗ داة΄Α نϳϘϳϟدم اϋ ظل ϲϓ دديόϟل اϳϠحΗϟد اϳزوΗ ϲϟΎΗϟΎΑو. 

 


