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 جديند  ال نه ين ن  من   ااح النانصط الالقنك الت مننس  لت  نتبن  جنت ص ه من  سانتل ه  نص يمنتقن يت قنت الهدف 

(Sparse Jacobi iterative linear solvers)  لشننن ك يدقننديت ( Nvidia ) معتلجننك ال ننه يمنن د ت نندا 

فه الدمل التتام انذك ن اعمتنتط الت شنت هك  تل دمنقل لا عننف ماند ال ننديت  تالدجنصا   (GPUs) الناصمت 

 .البنثقك

ال لبقن  ت ن ا  الاا عناض ماد الهقمل الت  تبن لاتمدصفك ما ادك  شمل تااد تال ه يع تد ماد مجتلا  ت شف

الت منننس  الت  ننتبن  مانند العننتله منن  الناننصط الالقننك  اعااح الثت ننو ت مانند النمننصط  بنننف فننه يلنننت ينننديت 

ت ن   ال ننديت  يشنتل ماند تانصط التمندصفك الت  نتبن   شنمل م  ا نل . (GPUs) النانصمت  معتلجك ت دا 

 العتاقنت  الادقدنكلا ا ن  ت يضت تاصط التمدصفك الت جهك   يمصن  شمل م  ا ل لا ا ن  تمصازيك ال نتقل  نق  

(threads) تاس س   ت(warps). 

 قصينك لهن   التشنت ل  التتقناا  لتعتلجنك من  تاانعك مجتصمنك  اا  الن عان العتقن  ال نه ي ن ادم   لنصين قت ت لتد 

 اا  الننل ال مناسينك ال نه . عيظتنك التعتالنك الالقنك الت  نتبن لاناصط ال مناسيك  لا ااي  تاا دمتح  ي ب طنيتك

٪ ٥٢ ااح  ماند    نبك  اق نا  ت  ظهن. اق ن  ت ت ين اخ بتس ت ماد التمدصفت  التتامك م  مشت ل العتلن النتقتقك

 .(GFLOPS)جىداص س  ال  دق  ت   متتسيك مد اعمتتط اعخنف م   قث تقو 

قت نت   لنصين الشنبمك العمنبقك . م ت تتيه فنه النانتلك يشنتل ماند   ندق ال ت قنت  فنه يت قنك ال اناي  الت  نتبن  

 .عيظتك التعتالك الالقك الت  تبن لاناصط ال مناسيك  العتقتك  إا ادام الامتئص الجديد  ت يضت قدم ت  اا 
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Abstract 

 

 Sparse Matrix-Vector multiplication (SpMV) is one of the key operations in 

linear algebra that lies at the heart of diverse domains such as scientific computing, 

engineering, economic modeling, and information retrieval, to name a few. They 

play a significant role in solving linear system of equations using iterative methods. 

Sparse Kernels are computational operations on matrices whose entries are mostly 

zero so that computations with and storage of these zero elements may be eliminated. 

The emergence of parallel architectures, especially GPU, while offering higher 

computational performance, has led to the redesign of existing algorithms to suit the 

architecture. 

 

          The aim of this thesis is to design novel techniques that improve the 

performance of sparse Jacobi iterative linear solvers on Nvidia based GPUs. A 

detailed review of the relevant literature is carried out to identify the challenges and 

the research gaps. The review revealed that the matrix sparsity structures vary widely 

based on the application domains and this poses major challenges in obtaining 

consistent high performance from sparse iterative solvers on Nvidia Tesla K20 

GPUs. These challenges include coalesced memory access to the sparse matrix and 

vector and load balancing among threads and warps.  We have developed a deep 

learning tool that uses an extended set of features to dynamically address these 

challenges and invoke the most suitable storage format for the iterative solution of 

sparse linear equation systems. The iterative solver tool has been tested on matrices 

arising from real world problems. Compared to other leading works, our tool 

demonstrated 25% or higher performance on average in terms of the execution time 

and GFLOPS. 

 

       The contributions of this thesis include a state of the art survey on sparse storage 

schemes, a deep learning based novel methodology based on an extended set of 

sparse matrix features and a tool for the iterative solution of sparse linear equation 

systems.  
   

 


