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Last class: Memory disaggregation vision
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Last class: Swap-based memory disaggregation
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Last-class: CXL-based memory disaggregation
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Data placement critically impacts app performance
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Data placement problem is more general
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Processor has access to di�ferent "memory tiers"



OS Tiered Memory Management

Default tier

Alternate tier

Memory tiers

Cache-coherent access via load/store

Uniform memory consistency semantics

Di�ferent performance (latency, bandwidth)

Goal

Transparently adapt data placement
to maximize application performance



Recap: NUMA memory management

NUMA nodeNUMA node

Mechanisms: Access tracking, page migration

Policies: When to migrate? Which pages to migrate?



Zero-CPU NUMA node
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Why not just use NUMA memory management?
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Zero-CPU NUMA node

NUMA node

Why not just use NUMA memory management?

Default tier

Alternate tier

Page promotion
(migration)

No memory left!

What happens?



Zero-CPU NUMA node
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Why not just use NUMA memory management?
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TPP [ASPLOS'23]



Zero-CPU NUMA node
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TPP: Page demotion

Default tier
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Zero-CPU NUMA node

NUMA node

TPP: Access tracking

Default tier

Alternate tier

Identifying cold pages

LRU lists

Page access bits

Identifying hot pages

Hint page faults

Active

Inactive



TPP: Other aspects

Decoupling allocation and reclaim watermarks

Page type aware allocation



Thoughts on TPP paper?



HeMem [SOSP'21]



HeMem key contributions

Access tracking via memory access sampling

Page migration using DMA engines

Userspace implementation



HeMem access tracking motivation



HeMem: PEBS-based access tracking

In-memory bu�fer

Sample 1 in N memory acceses

Interrupt when full



HeMem: Page migration using DMA engines



HeMem: Userspace implementation


