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DRAM
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NAND Flash

Host

CXL.mem

▪ byte-granular

▪ synchronous

▪ cache-coherent

DMA-based I/O

▪ block-granular

▪ asynchronous

Persistent via CXL 

Global Persistent Flush

Small, but fast persistent memory coherent with storage.
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DRAM

Cache

NAND Flash

Host

CXL.mem

▪ byte-granular

▪ synchronous

▪ cache-coherent

DMA-based I/O

▪ block-granular

▪ asynchronous

Cache hits 

are fast
Synchronous NAND accesses 

can stall CPU cores!

Need active cache management to guarantee performance.

Host-based cache management is my research focus.
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Low-latency kernel bypass I/O in applications?

Cheaper file system operations?

Cost-efficient KV cache tier for LLM inference?

Today: Novel system suspend design

…
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Suspend-to-Memory (S3, s2idle) Suspend-to-Disk (S4)

Want to combine the best of both worlds.
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Treat CXL-based hybrid SSD as memory during resume

Execute processes directly from SSD

Leverage host-based cache management from within firmware

Prefetch into SSD DRAM while firmware is still initializing 

Enable cooperation between OS and firmware

Pipeline prefetching based on OS directives

Achieve S3-style resume from a powered off state.
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Implementation: Hardware 
Prototype

▪ CXL.mem interface

▪ Block-based DMA interface

▪ Up to 64 GB DDR4 with ECC

▪ Internal PCIe bus for SSD as backing storage

▪ Configurable cache management

▪ Host-based or device-internal

▪ More features not to be disclosed today ☺
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Implementation: coreboot

▪ ASRock Rack SPC741D8-2L2T

▪ Intel Eagle Stream (SPR/EMR) mainboard

▪ CXL-capable

▪ Upstreamed into coreboot project

▪ ACPI S3 not supported by Intel FSP 

− Would be useful for comparisons

▪ 3mdeb’s Dasharo now available for this mainboard
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Homemade coreboot port

ASRock Rack 

SPC741D8-2L2T
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ACPI S4 (Hibernate)

Our Prototype

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Resume time from power button press to Linux HDMI video output (seconds)

Platform Delay romstage ramstage edk2 Kernel Copy (ramstage) OS Resume

11.2 s

65.4 s

S3 likely similar fast.
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Thanks              !

Our suspend project would not be possible without boot chain transparency.
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Want to compare energy consumption and resume time versus S3

No S3 support in Intel Eagle Stream FSP

Intel FSP is closed source

CXL and S3 are supported in Intel Granite Rapids-WS

No coreboot support for GNR-WS

Need MORE boot chain transparency.
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Hybrid SSD

CXL.memDMA

Application
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libc

K
e

rn
e
l

syscallDMA

Page Cache

Want to enable 

this path

For unmodified 

applications

With the kernel in 

control
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Outlook: Valkey/YCSB with Transparent DAX Mappings

0

5000

10000

15000

20000

25000

30000

Weak persistence Strong persistence Strong persistence
with TDMs

Geometric Mean Throughput

TDMs make persistence cheap.
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Boot chain transparency is what enables our suspend research.

CXL-based hybrid SSDs provide memory semantics on a storage device

We are working on a custom hardware prototype

Our suspend project aims to combine strong energy efficiency with fast resume

Early numbers show strong reduction in resume time

Our storage research aims to deliver improved application performance

Prototype delivers significantly reduced overhead
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