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Connecting to the Memory Bus

Intel’s approach with Optane PMem
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Persistent Memory Development Kit — pmem. io
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PMem on CXL

Memory Buffers

TYPE 3

; Processor

PROTOCOLS

* CXL.memory

Accelerator Accelerator Memory Buffer
NIC

USAGES
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PMem Use Cases
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Transparent Memory Tiering — an incomplete list

= Memory Mode >
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= Transparent even to OS (mostly) "ode. A Direct
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Transparent Memory Tiering — an incomplete list

= Memory Mode
» Transparent even to OS (mostly) Legacy Storage AP Storage AP with DAX
* Linux Kernel Memory Tiering—— o 1 o |
= Recently upstreamed (mostly)
 For PMem, leverages Device DAX -
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Transparent Memory Tiering — an incomplete list

= Memory Mode

* Transparent even to OS (mostly)

= Linux Kernel Memory Tiering
» Recently upstreamed (mostly)

® [ ® |-

Tiered and Pooled Memory

 For PMem, leverages Device DAX
* VMware Project Capitola > O WD O o WD O E® &
. Technok)gy preview intel OPTANE  Etnernet He intel OPTANE  Ethernet e
» Aggregate tiers of different memory types
r_< PERSISTENT MEMORY
| - > + SUMMIT 2022
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Transparent Memory Tiering — an incomplete list

Bigger and Cheaper MersiEiskibis
- Memory Mode

Users

In-Memory Databases Machine Learning Server Virtualization

= Transparent even to OS (mostly) ol Il oo ®  AKVM

= Linux Kernel Memory Tiering
» Recently upstreamed (mostly)
 For PMem, leverages Device DAX

* VMware Project Capitola
= Technology preview
» Aggregate tiers of different memory types

» MemVerge —

CLI REST API

Memory Machine
Management Center

o

On-Prem Cloud
B e

= User space solution See Charles Fan:
. Persistent Memory Breaks Though the Clouds F.o¢ PERSISTENT MEMORY
» Also leverages persistence! e 2+ SUMMIT 2022
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Non-transparent Memory Tiering

= Still might be transparent to the “end application”
= Example: a key-value store implements tiering, users of APl unmodified
= Often performs best of all
= A few informed decisions about data placement make a huge difference
= Data movement is tricky/expensive without application involvement
= Can combine with transparent solutions

= Example: Linux Memory Tiering and libnuma
 Example: The MemVerge API

See Alessandro Goncalves:

Make Sense of Memory Tiering | M- PERSISTENT MEMORY
This Afternoon Zz T SUMMIT 2022
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PMem Use Cases

Using the PMem Programming Model

Persistent Volatile
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DAOS
|11 IV
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[Storage over App Direct] [Kernel Memory Tiering] Transparent
Low-latency storage Big Memory Applications (No app modifications)
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Leveraging Persistence

The SNIA NVM Programming Model

e R
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Oracle Exadata - previously presented at the PM Summit

Exadata X8M Persistent Memory Data Accelerator

World's First and Only Shared Persistent Memory Optimized for Database Exadata X8M Persistent Memory Commit Accelerator

Compute Server : fompbute Senver L owering log write latency is critical for OLTP
TErErET===T; Exadata Storage Servers transparently add Persistent FEESE SISl ¢ E108 Yy
Memory Accelerator in front of flash memory gggwgl i) REMENmance _ -
2.5x higher 1/Qs per second than current —16 Million IOPS SR S Fast log write gives fast transaction commit time
) Any log write slowdown causes commit backlo
Database uses RDMA instead of |/O to read remote PMEM e - 2

Automatic Commit Accelerator
Database issues one-way RDMA writes to PMEM
on multiple Storage Servers

Bypasses network and |/O software, interrupts,
context switches, etc.

Up to 8x faster log writes

Bypasses network and I/O software, interrupts, context switches
10x better latency: under 19 psec for 8K database read . Flush Later

X to
PMEM automatically tiered and shared across databases + RSN

Using as a cache for hottest data increases effective capacity 10x

Database 8K PMEM Read
End-to-end Latency:

<19 usec

* Notice the RDMA!
= DMA works with PMem, so
= RDMA works with PMem
» Increasing RDMA activity (librpma)

See VMware’s talk:

Accelerating Oracle Workloads... F.q¢ PERSISTENT MEMORY
This Aft = + SUMMIT 2022
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> Tencent Cloud

—

Tencent Cloud
Optimizes its Cloud
Block Storage to
Create an Ultra-fast
Experience

Products and Saolutiens
@ &

Latel® Optane™ Paralatent Meamory 200 Serde

)

Reductionin overall Reduction in overall
write latency from 120 to 50 Read latency from 130 to 40
microseconds.! microseconds.2

As one of the world's leading cloud service providers, Tencent Cloud has been providing persistent
block storage services for users with its cutting-edge Cloud Block Storage (CBS). CBS provides
highly efficient and reliable persistent block storage services and is widely deployed and usedin
scenarios such as core database, Content Distribution Netwark (CDN), and e-commerce systems. To
provide customers with high-performance enterprise-level cloud storage services, Tencent Cloud
collaborated with Intel to reconstruct and optimize its ultrafast solid-state drive CBS with a brand-
new storage engine design with 3rd Gen Intel® Xeon® Scalable processors and Intel® Optane™
persistent memory 200 Series. It has been verified that with better bandwidth, lower latency, and
higher Input/output per second (IOPS), the new solution can create an extremely fast cloud storage
experience for performance-intensive business scenarios.”

Industry Organization Slze Country Learn rhare
Internet 10,001+ China Video
Wihite Papear

1. 2, 3 Formore complete information about performance and Benchmark results, visit I'rttpl;f'.l'wmwj'lmL:urn,l'cnntml.l'mv,l'u:-.l'urd:u:tumurh:pntIigh'u':tnr'res.l'tl:rnnurrt-:I-:ud-blu-:k-:t:-mgn—cuu‘tmuhﬂurphtni



Intel® Optane™

Persistent Memory
Powers Baidu’s Next-
generation User-mode

Storage Engine

Products and Solutions

Ard Gen Intel® Xenn® Scalable processors
2nd Gen |ntel® Xeon® Scalable procassars
Intel® Dptane™ perskstent mefmnory

in the read/write performance
of the new single-node engine
with persistent memory.

Baidu's user-mode single-node storage engine is an innovative system for an
architecture that separates computing from storage, providing stable and efficient
services for Baidu's online and offline products. Based on Intel* Optane™ persistent
memory and the Storage Performance Development Kit, the solution meets the
data storage challenge of various business lines and achieves storage system
reliability, scalability, and high performance with low operating costs. In the near
future, Intel® Optane™ persistent memory 200 Series and 3rd Gen Intel® Xeon®
Scalable processor will be equipped on Baidu's user-mode single-node storage
engine, while system performance will be improved with the new CLWB (Cache Line

Write Back) instruction.

Ind ustry Organization Slze Country Learn more
Cloud 10,007 + China White Paper

1 For more cormplete information about performance and benchmark results, visst https: funsna inteLoomycomtentfwwwfusenfoustomer-spatlight/stornesfbasdu-o ptane- spdk-customeer-stary. htmd

1 0' 2 Ox in:rease

"By collaborating with
Intel, Baidu greatly
improves the
performance of a single-
node engine through
hardware and software
collaboration -
introducing the Intel®
Optane™ persistent
memory and Storage
Performance

Development Kit."

Wang Yanpeng,

Chief Architect,
Infrastructure Division,
Baidu
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Compute Express Link

Summary

odel remains the same

= The programming m
o the SNIA programming model continue to

= Applications written t

= CXL offers:
= Moving PMem off the memory bus
= Scalability (all types of memory)
= Flexibility

= PMem on CXL spe

= OS enabling is emerging

work

cified as of CXL 2.0, published last November

=SDC
R -l

ciation ©. CXL™ Gonsortium. All Rights Reserved.
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« CXL: Very Active!

» OS enabling underway
= Active areas like pooling

- CXL + PMem

= Made for each other

See Alan Benjamin:
Compute Express Link™ CXL™:
Advancing the Next Generation of Data Centers
Tomorrow
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Future PMem Directions
= Al/ML

= Example:
= Accelerating Al/ML and Data-centric Applications with Temporal Caching

. https://community.intel.com/t5/Blogs/Tech-Innovation/Artificial-Intelligence-AI/Accelerating-AI-ML-and-Data-centric-Applications-with-Temporal/post/1365954

= More RDMA

= Examples above

* Metadata persistent store
 Example: storage appliance metadata

- IMDB

= The classic use case lives on

See Ziye Yang:
Accelerating Operations on Persistent Memory Device

Via Hardware-based Memory Offloading Technique |« PERSISTENT MEMORY
= + SUMMIT 2022
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Please take a moment to rate this session.

= Your feedback is important to us.
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