CXL Server Memory Expansion
and Fabric Attached Memory

Presenter: Steve Scargall, Sr. Product Manager & Software Architect, MemVerge
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MMemVerge Enabling CXL via Software

Server Memory Expansion Fabric-Attached Memory
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MemVerge CXL Benchmark Suite

* https://github.com/cxlbench/cxlbench

o Intel MLC

o CloudSuite
Q Graph Analytics
Q In-Memory Analytics

o MemCacheD

o Redis

o STREAMS (Modified to support CXL)
o TPC-C (MySQL + Sysbench)
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https://github.com/cxlbench/cxlbench

MemVerge’s Open Source Contributions

« QEMU

o EXpansion
o Sharing
o DCD
o Multi-Head DCD
 Linux Kernel Weighted Interleave (6.9 onwards)

o Introduces bandwidth optimization for CXL

o Blog: https://memverge.com/introducing-weighted-interleaving-in-linux-
for-enhanced-memory-bandwidth-management/
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https://memverge.com/introducing-weighted-interleaving-in-linux-for-enhanced-memory-bandwidth-management/
https://memverge.com/introducing-weighted-interleaving-in-linux-for-enhanced-memory-bandwidth-management/

Weighted NUMA Interleaving

» Contributed by MemVerge & SK hynix Throughput (MB/s) vs Latency(ns)

» Available in Kernel 6.9 or newer:
https://github.com/torvalds/linux/blob/master/mm/mempolicy
.com

Latency (ns)

* Weighted interleave is a new policy intended to use
heterogeneous memory environments appearing with CXL.

Throughput (MB/s)

« Weighted interleave distributes memory across nodes Figure 1: Throughput vs Latency (Hockey Stick)
according to a provided weight. (Weight = # of page
allocations per round).

« As bandwidth is pressured, latency increases. Figure 1 DRAM:  DRAM: CXL: CXL:
. _ _ NOO Noc Node
- Allows greater use of the total available bandwidth in a mm m
heterogeneous hardware environment. Figure 2 Weightyiei®% 0% 33% 10%
P Figuragir¥Veighteghinte nieavica vedlaFrplaple
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How Applications will use CXL for Large-Scale Datasets

Memory Expansion
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CXL for Al/ML Workloads

* FlexGen is a high-throughput

generation engine for rur_min_g _ MemVerge and Micron GPU Utilization of OPT-66B Inference
Iarge |anguage models Wlth Ilmlted Rescue Stranded NVIDIA FlexGen natively using DRAM & NVMe SSD vs.
GPU memory GPUS Wlth CXL® Memory MemVerge Memory Machine X tiering data on DRAM & CXL Memory

Al data intelligently tiered on DIMM and CXL memory to maximize w\ J MV M

utilization of one of the world's most precious resources, GPU.

* FlexGen allows high- e N
throughput generation by efficient [N AT,
offloading to main memory (or ¥ 3« Higher Decode Tokens/sec
CXL) v’ Zero NVMe /O

* Paper:
https://arxiv.org/abs/2303.06865
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4800, 2>(rlwc 01 745 ogeocerlz N\.f|d|aAlOCPU Ubu 1tL 22.04.04 using Kernel5.15.0, FIexCe1 AI

FlexGen using MemVerge Memory Machine: Su pe mc ] Petascale Se \.fe AHD Genoa9634 DR/ UP

https://github.com/FMinference/F oIS Aicron  [EEESEEEE R
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https://arxiv.org/abs/2303.06865
https://github.com/FMInference/FlexGen
https://github.com/FMInference/FlexGen
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with CXL acceleration

CPU family Intel Xeon Gen 5 processor

Micron DDR5 — 64GB — 5600 MTs

Native DRAM Capacity: 1TB (up to 8 RDIMM slots)

Micron CZ120
CXL DRAM Capacity: 1 TB (4 * Micron CZ-120 256 GB
Total B/W: 4 x 26 = 104 GB/s (100% Read)

Micron

256GHB CzA20

Memory Expansion Modue | GAM

Ahcron

128GB Cz120

Memory Expansion Module | CXu™

GPU Nvidia A100

Applications Llamalndex, Qdrant Vector DB, LLAMA 2
0osS Red Hat Enterprise Linux
SassamsmaRaadl Kernel 6.8 rc-5 — with weighted s/w interleaving enabled




Improved RAG Pipeline- Llamalndex example

RAG Pipeline
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Common Bottlenecks in a RAG Pipeline:

 CPU: Embedding generation
* GPU: LLM inference

 Memory: Storing large datasets and
embeddings spills to disk

 Storage I/O: Reading/writing vector data

Answer

Improved RAG Pipeline
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Benefits of Adding CXL Memory in a RAG Pipeline:

Query

* Efficient retrieval of large-scale and multiple vector databases
* Improved User answer quality due to rich retrieved context
* Large memory capacity can be shared and pooled across nodes

* Improved RAG performance improves GPU utilization



A TPC-DS + Spark Workload Accelerated by
MemVerge GISMO, an X-Conn Switch, and Montage
CXL Memory in Sharing Mode
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Benefits of this Solution:
e Alluxio uses a shared CXL cache (GISMO) vs local
node caching, reducing DRAM requirements
Significantly reduces Disk and Network |/O (HDFS).
e Data is accessed over the CXL memory bus
instead.
* TPC-DS Lower Query Latency vs 1G Ethernet
* TPC-DS Higher Queries/Requests per Second (QPS)
vs 1G Ethernet
e TPC-DS Reduced time to result vs 1G Ethernet



CXL® Memory Expansion Server

Now Available for
Enterprise PoCs

m MemVerge Memory Machine™ X Intelligent Memory Tiering Software

L4 memverge  Memory Machine o =
L Total Memaory i~ DRAM 713.17 GiB [ 46.43% used
J— P
& msis2301 Tl MemoY 170064 GIB 1 47.45% used SR
System Topology
a ]
Cxt. Mermory o
Copocty: 1050 Capncy. 23000
samrg —
LRI f BUERRLL RN R
S o
(]
am
AMDQ1
CPU 0
im
. u
e e
a L
. wemary Cxt memary
AMD B =5
Sarsirg Sarming
I
System Metrics
CPU Utilization 2 C | Memory Usage
100%
150 T8
7%
50% S8
2% 51268 -
‘=
ol 3 el . . 08
165500 16:56:00 165700 16:56:00 165800 165500 16:56:00 16:57.00 16:58:00 165900
= Idle — BusyUser — Busy System — Busy IRQs — Busy lowsit — Busy Other — AL — CXL — DRAM

I72S7 | SERVER

Version 1.4.0

987.47 GIE: [ 48.22% used

7 3 7 a
e exL
Capacty: 23068 Capacey: 25068

TR AL
men

am
AMDOU
CPU 1

LR ]

e

WL
mon.

== SAMSUNG

CXL Memory Modules

Last 5 minutes

22 C Throughput Ly

48 GiBs
32 GiB/s
16 GiB/s

0B s
16:55:00 16:59:00

— DRAM =— COXL

16:56:00 16:57:00 16:58:00



L% Memverge Memory Machine

A Dashboard
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Visit the MemVerge Booth #1251

e Demos

o MemVerge Memory Machine X
o CXL Expansion & Sharing

o GPU Utilization

o Acceleration of RAG pipelines

o GISMO with Ray.io and Alluxio; TPC-DS Benchmark

« Hardware Showcase

o CXL Devices & Servers
* Give Aways

« And more ....
.
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MemVerge

Thank you!
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