
Thesis Topic:

Hardware and Software Support for Hybrid PIM-CPU Architectures

Background:

The integration of Processing-In-Memory (PIM) with traditional CPU architectures is

emerging as a suitable solution to meet the increasing demands of data-intensive

applications. This hybrid approach leverages the strengths of both data-centric and

CPU-centric processing, enabling efficient handling of large datasets and complex

computations while reducing memory-processor data transfers. However, one of the

significant challenges in these hybrid systems is ensuring data reliability,

especially in the presence of silent data corruptions (SDCs) caused by bit errors.

While the addition of on-die Error Correction Code (ECC) in memory systems provides

the illusion of errorless memory, capable of correcting and detecting single and

double bit errors, respectively, it cannot fully eliminate the risk of SDCs. In

reality, varying degrees of bit error rates persist, which, if undetected, can lead to

system crashes, not to mention that ECC is not fully avaliable in some occasions.

These bit flips are often localized, affecting neighboring bit positions within a

word. To mitigate this risk, transitioning from a single continuous data

representation (word view, e.g., 32-bit word) to a distributed representation (radix

view, e.g., 8-bit radix), coupled with ECC protection at the radix level, can

significantly reduce the likelihood of multiple bit flips within a single word,

thereby enhancing system reliability.

Project Description:

This thesis will focus on developing hardware mechanisms and software strategies that

optimize data representation to improve the reliability and efficiency of hybrid PIM-

CPU architectures. The research will cover several key areas:

1. Data Representation Optimization: Investigate and implement a dual

representation of data in both word view and radix view.

                              The aim is to reduce the impact of bit errors by 

distributing data more granularly and applying ECC at the radix level,  

                              thus minimizing the risk of multiple bit flips 

within a single word.

2. Memory Management Techniques: Create memory management strategies that support

dynamic transitions between word and radix views.

              These techniques will be designed to maximize the efficiency of 

data-centric operations in PIM-CPU systems while safeguarding against SDCs.

3. Compiler Support: Implement compiler optimizations that facilitate the

transparent allocation and management of memory across different data

representations,

              ensuring that applications can leverage these improvements 

without manual adjustments.
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