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System Trend
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PCle Trend
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Enterprise SSD Trend

Enterprise SSD Interface PCle Server SSD Density
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SATA to PCle

DRAM
Y7\ Chipset System Memory PCIE
IXEN o " NVMe SSD
T / SATA SSD
< > > HBA ~—*SATA SSD
: ~ SATA SSD
N Lower Latency J

Serial ATA ACHI Specification H ig h e r Pe rfO rm a n Ce

X HBA: Host Bus Adapter
X AHCI: Advanced Host Controller Interface
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AHCI vs NVMe
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Uncacheable Register Reads 4 per command
0 per command

Each consumes 2000 CPU cycles 8000 cycles, ~ 2.5 ps

Ensures one core not I0Ps bottleneck
=P |O Request E Submission Q

CETECTE R R T EW G TEEG B Requires synchronization No locking, doorbell
— |0 Completion E Completion Q lock to issue command register per Queue

. Maximum Queue Depth 1 Queue 64K Queues

=) [Nterrput . Completion Status Ensures one core not IOPs bottleneck 32 Commands per Q 64K Commands per Q

Command parameters
require two serialized host

Efficiency for 4KB Commands
4KB critical in Client and Enterprise DRAM fetches one 64B fetch D P E

Command parameters in
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NVMe Specification

NVM Express Technology Specification Roadmap

NVMe™
Spec

NVMe-oF ™
Spec

NVMe-MI™
Spec

2015 2016 2017 2018 2019 2020 2021

Q1

G2 Q3 04 1 Q2 Q3 Q04 o

‘ NVMe™ 1.2.1 May'16

Y
NVMe-oF ™ 1.0 May'16

Transport and profocol
RDMA binding

» Out-of-band management
= Device discovery
+ Health & temp monitoring
= Firmware Update

1
NVMe-MI™ 1.0 Nov'15

Rearrange, Add features, More Pages, ...

G2 Q3 Q4 o™

Q2

Q3

Q4 1 Q2 Q3 4 o

| Y |

G2 Q3 @4 g1 g2 @3 Q4

Y |
NVMe 1.3 May'17

= Sanifize
+ Streams
= Virtualization

NVMe 1.4 June'19

10 Determinism (NVM Sets)

Persistent Event Log, Rebuild Assist
Persistent Memory Region (PMR)
Asymmetnic Namespace Access (ANA)

NVMe Base Spec

i+ Merged wiFabnics

= Enhanced Discovery
= TCP Transport Binding

A

NVMe-MI 1.1 May'19

+ Enclosure Management

* In-band Mechanism

= Storage Device Extension
[

= Namespace Types
i = Altemate Cmd Sets

NVMe Transport
Speci(s)

NVMe Cmd Set
Spec(s

NVMe-MI 1.2 Spec

®

EXPRESS.

o I/0 Command Set Spedifications
E (e.g., NVM, Key Value, Zoned Namespace) E
g25 8
R NVM Express Base s§
sE% Specification a
283 3
§ Transport Specifications o

(e.g., PCle®, RDOMA, TCP)

Base Spec 2.0: May 2021
2.0c: Oct 2022
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https://nvmexpress.org/
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OCP Datacenter NVMe Specification
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Datacenter NVMe® SSD Specification
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Telemetry/Debug

Latency Monitoring

Media Friendly Solutlon(FDP/ZNS/ J)
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OCP Telemetry Debug

Standardized Telemetry Debug Telemetry Laxgﬂiite?etails N

Telemetry Header
Standardized Reason Identifier

Monitoring of Fleet Drives
Dataareal

OCP-NVMe-CLI VU String Decode
Telemetry Plugin Logpage

Drives in Panic State
Data Area 2

Reason Identifier Datacenter Security
Inspection

Human Readable

Standardized Human
Readable Decode

Issue Difficulty

VU Debug
logs - data
area 3,4

https://drive.google.com/file/d/1jLVMQMVDIBbjctvz-QD9tEKix4G0cyn7/view?usp=share_link
Future Telemetry Standardization in OCP Datacenter NVMe Specification, Steven Wells
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Data Area 1 for Health Monitoring
NVMe® and OCP SMART+
Standardized and VU Telemetry Statistics+
VU Event FIFO(s)

Human Readable

Data Area 2 for Debug
VU Event FIFO(s)

>< Low 1O Latency
32MB per NVMe®

Data Area 3

High 10 Latency

Data Area 4

Data Area 4 — Unconstrained Size
\/ VU Crash Dumps

Legend:
Always available Always available Always available Only after crash

Decodable Decodable Non-Decodable Non-Decodable
~No IO latency High 10 Latency High 10 Latency High |0 Latency

Community-driven hyperscale innovation for all.
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https://drive.google.com/file/d/1jLVMQMvDlBbjctvz-QD9tEKix4G0cyn7/view?usp=share_link

Latency Monitoring

Real Time - Active Bucket Structure

Active Active Active Active

Latency (seconds)

Bucket O Bucket 1 Bucket 2 Bucket 3

Active Bucket #0 counts Active Bucket #1 CONMLE Active Bucket 2 counts
when thresheld is equal or when threshold is equal or when threshold Is equal or Active Bucket #‘3 counts
han threshold A greater to threshold B and when threshold is equal or
greater than thresho less than threshold € greater to threshold C and hreshold
and less than threshold B s them thresho less than threshold D greater to threshold D
Active Threshold A Active Threshold B Active Threshold € Active Threshold D

Act e Active Bucket Timer times how long Active Bucket 0-3
have been counting. When Active Bucket Timer expires
then Active Bucket 0-3 is loaded into Static Bucket 0-3,
Active Bucket 0-3 is reset to 0, Active Bucket Timer re-

Bucket

Tl m e r starts timing and Active Bucket 0-3 start counting.
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https://stackoverflow.com/questions/53714068/how-to-properly-monitor-elb-latency-on-aws-using-grafana

Media Friendly Solution

Conventional SSD

S —
Flexible Dire D rect Placement Solution
Today without FDP: Resu’ts:
o oo Data Distribution Across Media Data Distribution Across Media
NEENEEEE [
x x & Key B - Today’s Method:
. Application All Media blocks must be garbage
= Write collected resulting in a WAF ~3.
me | L] B[ =] =]
A BN
cH
Application A
AEES Invalid Data de-allocates all of GC Impact
it's data

Al With FDP:
SEHEOR Data Distribution Across Media Data Distribution Across Media

T FDP Method:
alil=tsts Only single media block erased
11 resulting in WAF = ~1

= | = o | o

ZNS SSD

, VM,
' —

https://semiconductor.samsung.com/ https://nvmexpress.org/wp-content/uploads/Hyperscale-Innovation-Flexible-Data-Placement-Mode-FDP.pdf

Ross Stenfort, Meta

WAF(Write Amplification Factor) — ~~ 1
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https://semiconductor.samsung.com/
https://nvmexpress.org/wp-content/uploads/Hyperscale-Innovation-Flexible-Data-Placement-Mode-FDP.pdf

Multi-Tenant Solution
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https://blogs.sap.com/2022/08/27 /fundamentals-of-multitenancy-in-sap-btp/
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https://access.redhat.com/webassets/avalon/d/Red_Hat_OpenStack_Platform-16.0-Instances_and_Images_Guide-en-US/images/a6a65e4da9ec28b3b3c6585983ba3590/OpenStack_libvirt_Migration_11_0419_live.png
https://access.redhat.com/documentation/en-us/red_hat_openstack_platform/16.0/html/instances_and_images_guide/migrating-virtual-machines-between-compute-nodes-osp
https://access.redhat.com/documentation/en-us/red_hat_openstack_platform/16.0/html/instances_and_images_guide/migrating-virtual-machines-between-compute-nodes-osp
https://learn.microsoft.com/ko-kr/windows-hardware/drivers/network/sr-iov-architecture

Agenda

3. Future works

OFEn

16



When new feature is added...

Full Stack Optimization

M | Efficiency 1

~ ] 2 | TCO|
System Storage
Architect Provider

- Collaboration is important! g
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OCP Datacenter NVMe SSD Spec
* NVM Express Specification Features

e Vendor unigue log pages

PCl Express® Specification Features
SMART Log Requirements

Reliability, Endurance, Thermal, Power Requirements
Management

Security Requirements

Labeling, Compliance

Form Factor Requirements

e Open source tool access requirements
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A journey shared takes us beyond



