
Exploring Memory Hierarchy Design With
Emerging Memory Technologies Lecture

In the field of computer architecture, memory hierarchy plays a crucial role in
determining the overall performance of a computer system. As technology
advances, so does the need to explore new memory technologies and design
efficient memory hierarchies. The lecture on Exploring Memory Hierarchy Design
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With Emerging Memory Technologies delves into this evolving area of study,
providing invaluable insights into the future of computer memory systems.

The Importance of Memory Hierarchy

Memory hierarchy refers to the organization and management of different levels
of memory in a computer system. From the fastest, but smallest cache memory,
to the larger, but slower main memory, and further to the long-term storage of
secondary memory, the memory hierarchy aims to optimize the access time,
capacity, and cost of storing data.
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With the increasing demand for faster and more efficient computing systems, the
memory hierarchy design becomes critical. The lecture presents various
approaches to organizing and balancing the different memory levels, taking into
account factors such as cost, power consumption, and performance.

The Emergence of New Memory Technologies
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Traditionally, memory hierarchies have been composed mainly of two types of
memory: volatile memory (such as SRAM and DRAM) and non-volatile memory
(such as hard disk drives and solid-state drives). However, with the recent
advancements in technology, emerging memory technologies have gained
attention as potential candidates to revolutionize memory hierarchy design.

Some of the notable emerging memory technologies include:

Phase-Change Memory (PCM)

Spin-Transfer Torque Magnetic RAM (STT-MRAM)

Resistive RAM (ReRAM)

Memristor-based Memory

3D XPoint

These emerging memory technologies possess properties such as non-volatility,
high density, and low power consumption, making them potential alternatives to
existing memory technologies. The lecture explores the characteristics,
advantages, and challenges associated with these new memory technologies,
shedding light on how they can be incorporated into memory hierarchy design.

Improving Memory Hierarchy Performance

While emerging memory technologies offer promising features, their integration
into memory hierarchy design presents unique challenges. The lecture analyzes
various trade-offs and considerations that need to be taken into account when
designing memory hierarchies with these emerging memory technologies.

Furthermore, the lecture discusses novel design techniques such as hybrid
memory systems, which combine different memory technologies to achieve



optimal performance. It also explores memory management strategies, cache
coherence protocols, and other optimization techniques to fully exploit the
benefits of emerging memory technologies.

The Future of Memory Hierarchy Design

The lecture on Exploring Memory Hierarchy Design With Emerging Memory
Technologies concludes with a glimpse into the future of memory hierarchy
design. It highlights ongoing research and development efforts in the field, along
with potential advancements that may shape the next generation of memory
hierarchies.

As technology continues to evolve, memory hierarchy design will play an
increasingly critical role in maximizing the performance and efficiency of
computer systems. Understanding the potential of emerging memory
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technologies and their integration into memory hierarchies is an essential area of
study for computer architects, researchers, and enthusiasts.

Attending the lecture on Exploring Memory Hierarchy Design With Emerging
Memory Technologies will provide attendees with valuable knowledge and
insights, equipping them to tackle the future challenges and opportunities in
memory hierarchy design.
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This book equips readers with tools for computer architecture of high
performance, low power, and high reliability memory hierarchy in computer
systems based on emerging memory technologies, such as STTRAM, PCM,
FBDRAM, etc.  The techniques described offer advantages of high density, near-
zero static power, and immunity to soft errors, which have the potential of
overcoming the “memory wall.”  The authors discuss memory design from various
perspectives: emerging memory technologies are employed in the memory
hierarchy with novel architecture modification;  hybrid memory structure is
introduced to leverage advantages from multiple memory technologies; an
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analytical model named “Moguls” is introduced to explore quantitatively the
optimization design of a memory hierarchy; finally, the vulnerability of the CMPs
to radiation-based soft errors is improved by replacing different levels of on-chip
memory with STT-RAMs.
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