1. Explain how parallel computing addresses bottlenecks in
memory systems despite faster processors.

In modern computing systems, processor speeds have increased much faster than
memory speeds. Processors have improved by about 40% per year, while memory access
times have improved by only about 10% per year. This difference creates a problem known
as a memory bottleneck, where the processor spends time waiting for data from memory
instead of performing computations.

Parallel computing helps reduce this bottleneck in several ways.

First, parallel systems provide higher memory bandwidth by allowing multiple processors
to access memory simultaneously. This increases the rate at which data can be
transferred between memory and processors.

Second, parallel architectures often include multiple memory modules and larger
aggregate caches, which distribute memory access across several components instead
of relying on a single memory unit.

Third, data and tasks can be distributed across multiple processors, allowing each
processor to work with its own portion of data. This reduces waiting time and improves
overall system efficiency.

As aresult, parallel computing improves performance by reducing delays caused by slow
memory access.

2. Describe how advancements in programming environments
have influenced the adoption of parallel computing.

In the past, developing parallel software was complex and time-consuming. Programmers
had to manually manage task distribution, synchronization, and communication between
processors, which required significant expertise.

However, advancements in parallel programming environments, libraries, and
development tools have made parallel computing much easier to implement.

Modern programming frameworks provide built-in functions for:
task distribution e

communication between processes e



memory management e

These tools simplify the development process and reduce the amount of low-level
programming required.

As aresult, developers can focus more on solving the main problem rather than managing
the underlying hardware complexity. This has significantly reduced development time
and effort, encouraging wider adoption of parallel computing in both research and
industry.

3. Discuss the potential impact of parallel computing on data
mining in a commercial context.

Data mining involves analyzing very large datasets to discover patterns, trends, and useful
business information. In commercial environments such as banking, marketing, and e-
commerce, the amount of data generated is extremely large.

Parallel computing greatly improves the efficiency of data mining by allowing large
datasets to be processed simultaneously across multiple processors.

This provides several advantages:

First, it significantly reduces the time required to analyze large volumes of data,
enabling faster insights.

Second, businesses can analyze customer behavior, purchasing patterns, and market
trends more effectively.

Third, parallel computing supports large-scale commercial systems such as:
search engines o

recommendation systems e

financial analysis platforms e

large web and mail servers e

By enabling faster and more efficient data analysis, parallel computing helps companies
make better strategic decisions, optimize marketing strategies, and improve overall
business performance.



