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Rising DRAM cost in data centers

Reaching 40-50% of the server cost!
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DRAM cost in Meta’s data centers [Maruf et al. ASPLOS’ 23]



Cost saving efforts
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Far memory

A cost-effective but slower memory extension.
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Far memory systems

A cost-effective but slower memory extension.
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Goal is to avoid:

— Performance hit
— Application changes




Hardware guards offer transparency

Use OS paging/hardware to support far memory.
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Software guards enable better performance

Use a custom APl and annotate every access.
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Software guards enable better performance

Use a custom APl and annotate every access.
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In-APP runtime
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Example: Hardware vs Software guards
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Example: Hardware vs Software guards
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Example: Hardware vs Software guards

Performance Code changes

Can we balance the performance
benefits of software guards with the
transparency of hardware guards?
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Our answer is Eden
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Our answer is Eden

Performance Code changes
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Eden supports both guards

Choice for each memory access.

e Hardware guards (default)

e Software guards (where beneficial)

Beneficial — Only far memory accesses
But that could be everywhere in the code?
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How do applications access far memory?

DataFrame example at 10% local memory.
Of 15000 total lines of code:

® Only 155 — at least one far memory access
e Topll — 95% of all accesses!
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DataFrame is not an outlier!
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Eden overview

Software guards — Hints in code
Hardware guards — Default
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Eden overview

Software guards — Hints in code
Hardware guards — Default

User-level runtime

~
APP Hints
Eden runtime
J
Page
Tables 05
Local A far
DRAM w| memory

18



Eden overview

e Software guards — Hints in code
Hardware guards — Default

® User-level runtime

e Userfaultfd to keep hardware guards
o Slower but rare
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Eden overview

e Software guards — Hints in code
Hardware guards — Default

® User-level runtime

e Userfaultfd to keep hardware guards
o Slower but rare

e Lightweight threads e.g., Shenango
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Step 1: Eden points out top locations

e.g., Top two locations for DataFrame on Line 690.
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DataFrame library
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Step 2: Add basic hints

Let Eden know what data to guard in software. Only for
performance, not correctness!

I DataFrame
column

687 for (1 =0; i< ...; ++i) { vectors

688 .
DataFrame library

689 5

690 hint(&new_col[il);

691 hint(&vec[index]);

692 new_col[i] = vec[index];

693

694 }




Step 3: Pass additional info where helpful

DataFrame benefits from prefetching.

I DataFrame
column

687 for (1 =0; i< ...; ++i) { vectors
688 DataFrame library
689 5

690 hint(&new_col[i], rdahead=True);

691 hint(&vec[index], rdahead=True);

692 new_col[i] = vec[index];

693

694 }




Eden result for DataFrame
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More local accesses — Exploit hardware guards

Performance slowdown

(Lower is better)
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More far accesses — Exploit software guards

Performance slowdown

(Lower is better)
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Deliberate use of software guards
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Eden summary

c
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