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Memory Hierarchy Traditional Workload

Traditional Workload

Hot

Cold

Memory Hierarchy
Keep hot data close to CPU using data locality
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<OS-level>
Swap for memory extension on disk

<User-level>
Redis Auto Tiering for memory extension 

on SSD
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Needs (1): Secondary Memory
High overhead of virtual memory implementation

https://redis.com/wp-content/uploads/2023/08/redis-enterprise-auto-tiering-datasheet.pdfhttps://media.kingston.com/pdfs/MemoryandStorageBestPracticesforDesktopVirtualization_lr.pdf
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DLRM size is rapidly growing
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Needs (2): Fast Small IO
High overhead of IOs smaller than 4KB
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CXL (Compute Express Link)
Asynchronous blocking memory interface with optional coherency

CXL

CXL.mem

CXL.cacheCXL.io

CXL
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CXL.cache CXL.io

Type1 Device

CXL.cache CXL.io

Type2 Device

CXL.mem CXL.mem CXL.io

Type3 Device

CXL Device Types
Device types based on protocols, not functions
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CMM-HTM (CXL Memory Module - Hybrid)
a.k.a Memory-Semantic SSDTM

A Hybrid device of DRAM and NAND with CXL interfaces

A new SSD that provides a memory-like interface based on CXL as a way 
to access NAND flash at the same time with the legacy block interface

• Byte-addressable

• Storage area mapped to physical address
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Concepts of CMM-HTM

High-Performance Mode Persistent Memory Mode

Linux

Load/Store

LBA CXL.memCXL.io

Application • Large sequential 
access

• Small-chunk random 
access

• Example: DLRM Linux

Load/Store

CXL.mem

• Metadata
• Logging
• Latency sensitive

Application
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Memory 
Expander

Tiered Memory 
Solution

Accelerator 
Attached Solution

.mem

Data path

.mem

Data path

.io

.mem

Data path

.io.cache

Memory Solutions with CXL
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Larger capacity memory device at lower TCO

Best suited for Tiered Memory Solutions

Speed comparable to DRAM with NAND storage backed and external battery power 

supply

Persistent Memory Option

CMM-H™ (CXL Memory Module – Hybrid)
Expanding Capacity and Utilization of Memory for AI

Better System TCO

64-byte cache-granular fine grained access

to meet modern AI/ML workload needs

Small Granularity Access
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Normal
I/O

Small
I/O 4 KB

4KB

64 Bytes

128 Bytes

CXL.memoryCXL.io

• DRAM cache to move small-sized data chunks 

suitable for AI/ML Applications 

• Improve data store efficiency by writing data at 

the DRAM speed 

• Low latency enabled by CXL. mem protocol
Linux

Application

CMM-H™ Architecture
Optimized for AI Workload
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Secondary Memory Options
Example of Memory Configuration with TM Mode

• Cacheable, H/W cache coherence protocol supported

• Supporting user-level prefetching

• No page migration between storage and DRAM

• No extra I/O traffic for small size access

HDM: Host managed Device Memory
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CMM-H™

System Memory Space

Initiate 
DMA

Data 
Transfer

CMM-H™

Method 1

Method 2

Byte Addressable 

CXL.mem

Sector/

Block 

CXL.io

mmap

Fine-grain Access to Storage Data

*DLRM: Deep Learning Recommendation Model

Writes a file via NVMe interface (CXL.io), and performs mmap()

Reads the data via memory interface (CXL.mem)
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**Compared to PCIe Gen4 NVMe SSD

• Small granularity data access enable 

performance scales with cache hits

• Direct memory access advantage; no 

software cache overhead

• Large memory capacity at lower TCO 1.1 1.7
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* Results based on publicly available DLRM workload traces from Meta and FPGA based PoC CMM-H™
** DLRM : Deep Learning Recommendation Model 
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16,824

30,445

Inferences Per Second*

I/O Based Host Software 
Cache Based

High Overhead
Low DRAM data reuse

High Software Overhead

Hardware Device 
Cache Based

Efficient AI Recommendation system
DLRM Performance with Fast Small IOs

Top
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Interactions

Sparse Features

. . .

Dense Features

CMM-H™

Device DRAM Cache

NAND flash memory

. . .Embedding Embedding

Compute
Dense

Memory
Dense

DLRM** performance (Meta)

https://ai.facebook.com/blog/dlrm-an-advanced-open-source-deep-learning-recommendation-model/
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Comparison for Large AI Workload
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Movie Recommendation System Demo
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* When 100% hit ratio
**Compared to PCIe Gen4 NVMe SSD

• Close to DRAM end-to-end performance at a 

lower TCO*

• Up to ~10x better end-to-end performance 

with FPGA-based PoC**
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End-to-End Performance 
Managing in-device DRAM is the key!
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Thank You


