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What are the most under-appreciated challenges with new memory?

* Innovator’s Dilemma

» A Chicken-and-Egg Problem

« Custom Memory vs. Standard Memory

* Near-Memory Computing — A Potential Hegemonic Battle

* "It takes a village to raise a child”
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What is the most misunderstood or under-appreciated
challenge you encounter with memory?

Optimization for
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Memory Bandwidth clﬁlﬁ

Sudeep Bhoja, Co-founder & CTO, d-Matrix )’
Prior: CTO Inphi (acquired by Marvell), Broadcom, TI, Luﬁe
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3D DRAM Test Vehicle

Logic Die l' ', uBump .‘ s ﬂ SOV E S AR ‘ G
0000000000 0000000 BRI .\. . . . . . ' . . .

DRAM die | W DRAM die | _ oy S e S S s e e e Sy
D0 00O 0 00 @ i _ DRAM interposer

Substrate [ D2D S o

e o §

* Top die: TSMC N5 logic | 0] d-Matrix® |
* Bottom die: 3D DRAM B |

UBCO38, OA o e
* Integration: 36 Face to Face (F2F) stacking ] g;ggggw %

AMADE (N TAmAN

* Demonstrated 0.35pJ/bit in silicon
* Proven low cost, high volume, high yield process
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Kim Keeton, Google

Background

e Principal Software Engineer, SystemsResearch@ Google
e Former Distinguished Technologist, Hewlett Packard Labs
e PhD in Computer Science, UC Berkeley

Memory-related research interests

Keywords: efficiency,
memory tiering and
disaggregation, memory
management

Hyperscale and cloud platform efficiency
Memory tiering and disaggregation

Memory management software stack

Memory tiering benchmarking

Near-data processing for memory and storage
Memory-aware data structures



Memory reclamation in data center !=

traditional
Traditional setting (a single desktop) Memory tiering detects cold pages and
® Fixed-size cache problem: maximize migrates them to lower cost, slower memory
performance with pre-configured cache size
® Reactive reclamation: reclaim under memory Ty o %
pressure $ DRAM %,
/]
Hyperscale setting (server in a cluster)
® Cluster scheduling to place jobs: packing more C*:Zﬁg; SL?;Vrer
jobs leads to better TCO Y

@® Variable-size cache problem: reclaim as much
memory as possible w/o hurting application
performance

® Proactive reclamation: not triggered by
memory pressure

Traditional optimal policies violate
performance constraint

“ ).\ Target

“ performance
SAWAN

Implications and challenges
® Traditional methods & policies don’t work
@® Accurately & efficiently identifying cold
memory
® Benchmarks for evaluating memory tiering

K. Keeton, “Not your grandparents’ memory system,” APSys 25 keynote.
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Processor Memory Integration
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Datacenter Memory

= 2.5D memory (HBM) is the norm
= Expensive, but maximizes TCO

= Reaching the limits of current HBM organization with centralized TSVs
= As much as 90% of HBM power can be (largely horizontal) data movement
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Processing in Memory

= Key algorithmic kernels can be executed directly in memory

= Saving precious data movement energy

e - : DRAM Bank

o Global data movement
mm lLocal data movement

HBM Module
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Even Tighter Integration of Compute and Memory

DRAM layers

‘ Memory layers

Processing in Processing in

Sili Int
Hieon fnterposer Memory Memory Controller

Higher Levels of Integration Enables Higher Bandwidth at Lower Power

On Board Memory 2.5D Micro-bumps (HBM) 3D Hybrid Bond

pl/bit ~12 ~3.5 ~0.2

Invest in scaling new logic-memory architectures
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Continual Disaggregation
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Architectural NUMA effects are
inevitable - our algorithms and
programming models must evolve to
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