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ABSTRACT

This thesis delves into various performance improvement techniques for multi-core

clusters, which are critical for advancing High-Performance Computing (HPC). Multi-core

clusters are fundamental in supporting complex computational tasks, and optimizing their

performance can significantly enhance computational efficiency and system reliability.

The research begins by identifying key challenges in the HPC environment, particularly

focusing on memory congestion, resource prediction, and load balancing. It introduces

an innovative scheme designed to mitigate memory congestion, thereby improving data

throughput in multi-core systems. This scheme employs advanced parallel data mining

techniques on public datasets, allowing for the development of predictive models that can

forecast CPU performance. These models are instrumental in facilitating more efficient

scheduling and resource allocation.

A significant portion of the thesis is dedicated to exploring load balancing mechanisms. It

evaluates various algorithms and their effectiveness in heterogeneous cloud environments,

offering a comprehensive survey of existing techniques and proposing new methodologies.

The proposed solutions are validated through extensive simulations and real-world

applications, demonstrating substantial improvements in computational efficiency.

Additionally, the research addresses dependency prediction of long-term resource usage in

HPC environments. By employing machine learning techniques, the study develops models

that can predict resource usage patterns, thus enabling better resource management and

allocation strategies.

The thesis also examines the impact of different scheduling algorithms on system

performance. It introduces an effective scheme for memory congestion reduction and

v



evaluates its performance through detailed experimental analysis. The results indicate a

significant reduction in memory congestion, leading to enhanced system performance and

reliability.

Moreover, the research explores the integration of advanced load balancing techniques

with existing HPC infrastructures. It proposes a hybrid approach that combines multiple

algorithms to optimize load distribution across multi-core clusters. This approach is shown

to improve overall system performance, reduce processing time, and enhance system

scalability.

In conclusion, this thesis makes significant contributions to the field of HPC by providing

scalable and adaptive methods for improving the performance of multi-core clusters. The

findings pave the way for the development of more robust and efficient computing

infrastructures, which are essential for meeting the growing demands of complex

computational tasks. These advancements are expected to have a profound impact on the

future of HPC, enabling more efficient and reliable computational environments.
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MMIN Minimum Main Memory (in KBs)

MPI Message Passing Interface

MUL Multiplication

MYCT Machine Cycle Time (in Sec)

NAS Numerical Aerodynamic Simulation

NIC Node Information Communication

NPB NAS Parallel Benchmark

NUMA Non-Uniform Memory Architecture

PC Personal Computer

PCA Principle Component Analysis

PDF Probabiltiy Denisity Function



Abbreviations xix

PEDS Parallel and Discrete Simulation Environment

PMEI Multi-core based Mining Erasable Item-set

QoS Quality of Services

RCLB Reducing Congestion With Load Balancing

RMSE Root Mean Square Error

SD Standard Deviation

SKU Stock Keeping Units

SMPI Simulator for Message Passing Interface

SOS Social Opinion System

SPEC Standard Performance Evaluation Corporation

SVM Support Vector Machine



Symbols

M Memory Bandwidth

i Number of interconnections

S(x) processing speed of a processor

t(x) Execution time of problem

X Total Performance of associate processors in a cluster

x Individual Performance of interconnected processor

N Number of Nodes

W Total Data Transfer Direction

θ Data Transfer Direction of a single Processor

µ Ratio between performance of fast and slow CPU

c Numeric coefficient for scaling the system

AW
µ (N) Performance advantage of all Nodes (achievable gain)

Lp Master fraction of Load and Processor

α,β Normalize values

S0 All possible solutions or slices

Lbalance Load balance

Lik Load on processor p

Wi Weighted sum of load resources

I1, I2 Individuals to share the information.

Min f o Mutual Information

HI Entropy

xxi



Symbols xxii

DI Normal distribution

Norm() Normalized Information

Icontri Contribution of I candidate

fcap Feature capabilities

Iselect Selected feature

SD Standard Deviation

µ Mean

E(Icontri) Evaluation of contribution of I candidate

PBM Predicted Base Model
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