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narrow-precision-data-formats -for-ai 
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Amazing opportunity: sum >> parts
! Foundation models == means
! Customer value provided by other apps

! Doing now: make tedious work !  faster
! Pot of gold : near impossible !  practical
! Expect bumps: Gartner Hype Cycle

! Massive special clusters for foundation al AI training: GPUs, TPUs, É
! Growing incremental training. How & where?
! Exploding inference: wearable, phone, laptop, edge, AND Cloud
! How to structure  AI & GP software and hardware?
! In Cloud, AI clusters will consume massive power "  less for GP

! "#$%&"$'(&"&$()"$*()(+,%-./$(-0
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! Memory BW expansion
! Memory capacity expansion
! Storage class memory

USAGES
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CXL Type 3 enables two-level memory

Extended Memory w/ What Tier 2 tech? 
! DDR5 
! Reused DDR4 (green & save money?) 
! Emerging Memory Technologies

How manage?
! Auto-HW, e.g., Intel Flat Memory Mode
! App Aware (Explicit) !

!
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Intel Flat Memory Mode [HotChipsÕ23]
! HW managed & SW transparent
!  Like a HW cache
! BUT SW sees Tier 1 + Tier 2 capacity
!  Like explicit memory

Details
! Easiest if Tier 1 == Tier 2 capacity
! Memory access to Tier 1; swap 64 bytes on miss
! HW logically has ÒswapÓ bit per line
! Like a direct-mapped cache (behind SoC caches)

See: Managing Memory Tiers with CXL É [OSDI 2024]

!

"
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Applicable to important apps that care about performance
E.g., Relational DBMS buffer pool

However, improving existing apps is playing defense.
What about playing offense  with new CXL opportunities?

! ! ! !
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After CXL extended memory: Pooling  & Sharing

Many-socket HW coherence 
support withering . What 
about analytic databases?

CXL Opportunity 
! Connect several sockets 

to same CXL memory
1. Pooling: dynamic region 

accessed by one socket
2. Structured  Sharing with 

limited HW coherence 
(caching & messaging?)

!! !

!

Pond pooling [ASPLOSÕ23]
https://arxiv.org/abs/2203.00241



!"#$%&'($)*$+,-- "$

C'#"(8.)1("+'55-60)R6)C'#"(8)V1RCW

Usually, move all data to CPU(s)

PIM: Move compute to vast data in memory
! A high pain, high grain opportunity

Old idea revived by
1. Conventional computeÕs energy problems
2. Important apps: Deep Learning & Recommendation
3. Attention from serious memory vendors

Alternatives: Processing {In, Near} Memory

  Hardware Architecture and Software Stack for PIM
   Based on Commercial DRAM Technology
   Sukhan Lee, et al., Samsung, ISCA Industrial Track, June 2021
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!  CXL & UCIe 
already covered
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https://www.microsoft.com/en-us/research/publication/project-silica-towards-sustainable-cloud-archival-storage-in-glass/
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Low-cost material: fused silica (quartz glass)
! Durable media
! Electromagnetic field -proof
! Write Once Read Many (WORM) media
! No bit/media rot
! Data lifetimes > 1,000s years
! No scrubbing required!

Data can be left in situ forever!

$..5+6778889*:;<"+"=.9;"*7'> ?@+7<'+'%<;$75@-&:;%.:">75<"A';.?+:&:;%?
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https://www.microsoft.com/en-us/research/publication/project-silica-towards-sustainable-cloud-archival-storage-in-glass/
https://www.microsoft.com/en-us/research/publication/project-silica-towards-sustainable-cloud-archival-storage-in-glass/
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https://aka.ms/7properties
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https://news.microsoft.com/innovation-stories/datacenter-liquid-cooling/
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US EPA: https://www.epa.gov/ghgemissions  
 

Microsoft seeks carbon negative by 2030 , https://www.microsoft.com/en -us/corporate -responsibility/sustainability

See also Harvard & Facebook/Meta HPCA 2021 (!""#$%&&'((()#*+,(-'(((-+,.&/+012(3"&4567859& :
& ISCA 2022 ( https://dl.acm.org/doi/epdf/10.1145/3470496.3527408  )

I,#$.,$)"0%'"$*),84&4,-"0$*,#")$
@&',*"$JA$B$K4$()"($@&',*"AH$LAH

https://www.epa.gov/ghgemissions
https://www.microsoft.com/en-us/corporate-responsibility/sustainability
https://ieeexplore.ieee.org/document/9407142/
https://dl.acm.org/doi/epdf/10.1145/3470496.3527408
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