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Overview

® A Brief History of NVMe Data Placement Debates (OCP’'22)

Full host exposure
to device topology

Host managed placement;
brought Zoned Storage to SSDs

Open Channel

Proposed standard
Open Channel
Zoned Namespaces ™

=»| Denali |m (ZNS)

i

ZAC/ZBC SMR HDD

Overlapped Tracks

|

Streams

. hvm,, Direct Placement
IO Determinism Mode (DPM)

»

Flexible Direct Ml»
Placement (FDP)

Device placement

based on Stream ID

Focus on latency; added device “Stronger” form of Streams;

topology abstraction to NVMe host guided placement

Elements of DPM and SmartFTL;
host guided placement
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Overview

® Two Data Placement Approaches (OCP'22)

Common Goals: Low write amp (endurance, predictable performance)

FDP -> Conventional Block Device
Compute

(SSD Only) - Host writes anywhere in
A:pltic::mf {_!5;' FIS LBA space and sends

(Host FTL optional) | ,|;cement hints (RU D)
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Device manages placement and media

ZNS/ZAC/ZBC -> Zoned Block Device

Capacity, Sequential Write ‘

Host writes to offset Application/05/FS (HDD & SSD)
from Zone starting LBA (Host FTL)
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Host manages (zone) placement; device manages media

Two interfaces, two use cases = Ecosystem now needs stability
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GC Overhead in SSDs

# GC Overhead in traditional SSD
« SSD+ page THRIZ write / block THRIZ erase
- MZ22 37t &22 218l valid dataZ copy +=&5H0{0F THGCQ)
- WAF(Write Amplification Factor): 2 =5 GCZ QIgt overhead 57t

Valid page Erase for GC rase for GC
Invalid pa
Large # Mo
of page overhead
copies

Block 0 Block 1 Block 0 Block 1

® WAFS Z|23}st7| ¢fct 4H
* block W invalid pagel| TtH%IE WX|SI0] valid page copyE ZA2}
- GC SE0| EQ35}X| %= E Host leveldfA I/OE +¥ -> ZNS SSD
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Zoned Namespace SSD

® Zoned Namespace SSD(ZNS SSD)
« Zoned Storage Device &S [ME = NVMe interface specification
« NVMe2.0 Spec &2 = H2|E NVMe ZNS Command Set T+
- 7|& SMR HDD X| 0] g, NAND S3tEl 7150l 7|5 X &
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Zoned Storage Device

® Zoned Storage Device 23
- &8 37|2| zone2 2 LtF{0{T LBA BES 718 ME FX|
« 2t2f9| zone2 E7E%t write MoHS 7t

zone2 2 2 2|E Device LBA E X

- Zone Zone 1 Zone 2 Zone 3 Zone 4 Zone X
« sequential write?+S X| & -
o CtS write7t =8 write pointer X|E N& -
« 0|0 ATl 22 overwrite 27t < 5 > |
Q90 o|x o Ex X—i = =% o t ZOMNE RESET ' WRITE !
« THAFE S 25K zone resetE £l zone BHE =7|3} A

Write pointer

® Zoned interface SSD &
« 7|& SMR HDD %[ ¥ 93t =&
. Sl ZHO| zone MTH2 NAND E2HA| & SSD Astat FAt
» Zoned interface At& Al, Host level(8&)0| A Z zone % data I/O 22| +=H
« SSDO|| Zoned Storage Device model &g -> Device | GC &% H#AH 7Is

Reference: “NVM Express Zoned Namespace Command Set Specification 1.1"
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Zoned Namespace SSD

® Zone Capacity o Towsmomss
ZNS zone size = 2_9| %—f— I:- Zone X ’! Zone X + 1 ‘ ‘
. '(')'I-_?.l |:|||___|O-| %AC-DI O.” l;ltl-_jll_t_ )kelx.” X-Pccpl- _g_%l: >l ZonEcaeaaTy i
‘ Device Block ‘ Device Block ‘ ‘
M Active Zones zone capacity

* /one state
- empty: Z|Z HE|, OFR AL A0X[X| G

- open: XY O|O|E{7F MO &l 2= Q= AFEN(2|AA SHEh ZNS zone states
- closed: °|_:|XH E||0|E-|7|' ﬁo:ljé! = git AI-EH | S H}Q) Zone Characteristics
- full: W5 GIO|E{ 7} 7} & SEf State
Valid Write Pointer Active Resources Open Resources
. Empty
« ZNS Active Zones — = = =
N plicit Open Yes Yes Yes
- 7|& Open zone 7%= H|ot Z=XY Explicit Open Yes Yes Yes
- Open zone + Closed zone = Active zones Close Yes Yes No
- HOIHE Motz & Zone =& Hlotet . No No No
Read Only No No No
Offline No No No
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FDP Entities (1)

# Reclaim Unit(RU)

O - CtE RUE 7HESHX] 2410 Controllerd| 2

DSPEC (Le, Placement Ident ffer) -6H %E'l&llgE eraseEEI _f_ CA)AIE I:Il _-?:ltél-g

[ e | MNEHEX O =28 HH, 3H—f£LRUE ot
L+O| Reclaim Group (RG) Off &%

Endurance Group

VAR _ ® Reclaim Group(RG)
« ot 7} 22 1 0|49 ReclaimE EEdl=

Placement Reclim Unit 4 | | Reclalm Unit Hand|e 1 |
— TlI.

Handllz Han die Identifier
J Reclalm Reclalm

O v |
| une unit . °
= e || e # Reclaim Unit Handle(RUH)

« S}LES| RG2F O RGOl &3t RU StLIE 7}

[

;'_/

I
El
=

The number of entries i defined by the ¥ ReLal::;:m ReJ::tlm Rf:r::m ' ReL'I::m
e 2[7|= ID. Device 2tE 0| A WriteA| RUH
Command Set specification. _<.| Redaim .| Redaim _ I—I -1 . o
R:::Tm R:::::m ﬁ::rlla':m ReclallJn:nEroup E Ta rg et RU O" H (m u |t| _Strea m O" A-I —|
Groupd Group 1 Group 2 NRG-1 St rea m | Dgl. %Al_)

Reference: “TP4146a Flexible Data Placement Specification”
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FDP Entities (2)

1f0 write command

| NSID: Namespaces |

DSPEC (Le, Placement Ident ffer)

Reclaim Group Flacement
Identifier Handle
Endurance Group
MNamespace & s
p/ /
Place ment Rexlaim Unit f_fr | | Reclalm Unit Hand|e 1 |
Handlz Han e Identifier Vi
SO i | o 7]
| Redalm J Reclalm Reclalm
* [ unn | e
Reclaim Reclaim Reclaim
;'—/ Uinit Unit Unitt Uinit
Reclalm Reclaim Reclaim Reclalm
The number of entries & defined by the unit Unit unit 1 unit
NamespaceManagement command as
defined by the appropria te 1,0
Command Set specification. Feclaim, Redaim Fieclaim, | JrecEm
Unit Unitt Unit Unift
Reclaim Reclaim Reclaim Reclaim Group
Groupd Group 1 Group 2 NRG-1

Reference: “TP4146a Flexible Data Placement Specification”

# Placement Handle(PHNDL)

« Host ™0 Al Namespace = 2{0fAf
Endurance Group #<?/2| RU HandleOf|
MappingZ|0f RG2| 578 RUE 7t2|7|&=
|dentifier.

® Placement Identifier

« StLtO| RGRF 11 RGOf| &%t RUH StLEE
M= AFETRE {RG + PHNDL}
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FDP Isolated

® Extended Capabilities
« RU2| User data= GCOi| 2|3lf CtE RUE O|& 7t
- 2730 et o] s Hel CHE (RULHOIIA)
- Initially Isolated : RGLI2| 2 & RUZ O|& 7t&
- Persistently Isolated : RGLHO| Al &€ RUHO| 2Jsif AO{FE RU LHOA| O] & 7ts

Reclaim Group Reclaim Group

Reclaim Linit Handie X Previous RU A’

Reclaim Unit Handle ¥ m Previous RU B’
Reclaim Unit Handle Z Previous RU C’

< Initially Isolated >

Reclaim Uit Handle X Previous RU A’

o m Reclaim Unit Handle ¥ Previous RU B’

Controller moving
user data Reclaim Unit Handle 2 Previous RU C’

=
4

U

Controller moving user data

< Persistently Isolated >
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FDP Command

® Extended Capabilities (Controller= Of2l Command& support)

5.16 Get Log Page Command

v Feature ldentifiers Supported and Effects log page
FDP Configurations log page

RUH Usage log page

FDP Statistics log page

FDP Events log page

AN NI NERN

- 5.27 Set Feature Command
v' Get/Set Feature

- 7 1/0 Command
v"1/0 Management Send/Receive

- 8.7 Directives
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ZNS vs FDP

® Comparison ZNS vs FDP

Zoned Namespaces Flexible Data Placement

WAF = 1 guaranteed WAF = 1 achievable with feedback
WAF 74 2| & st WAF 74 2| X st

71& SSD 9 Infra?t S8 O|% 7|& SSD U Infra?t =28Hd 7ts
NVMe 2| t”E Spec. NVMe Spec.

Zones Reclaim Units

Sequential WriteZ+ 3{&,
Zone Append command

QD > 1: LBA known at Write Completion QD > 1: LBA known at Write Submission
Zone written by a single namespace Reclaim Unit written by one or more namespaces

Zone Open A| DeviceZt X|H8}11, Write LBAZ Zone | Host7F WriteOICH RG(Die) x RUH(Stream) X| &
S & A M Zone Blockdll X%t

Oop 2os o ML 24 7|& SSDe = EoHA OP EX

Sequential, Random Write &{-&
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FDP: Eco System

® FDP enablement easy to integrate in existing storage stacks
« Hint-based, Implicit (no write errors), o}% =g x| &

Upstream Linux 1/O Paths Ecosystem Ready
Libraries T Tk Support in Linux Kernel through 1/0 Passthru
} ::Z:j: } } nw::_c" } - User-spacedf| Al & HE W NVMe X ALE
SPDKe} FAISHA, PCle XIS HEMM 22|12 ER 8IS
Mainline 5.13 £H upstream 212

of

Il

Mounted File System Block Device Generic Device .
- - - — hyperscalers@t enterprlseoﬂ)\‘l ME S 7t
Fil Block A
o o el - io_uring® &%t Scalability % Block I/0 CHH| =2 H&

} Application enablement through xNVMe

- - Application 82 93l 2 Ct2 1/0 Path X| &l (block, I/O Passthru, SPDK)
-- — SPDK bdevE At&Z 4= A== SPDK (native & xNVMe)0i| upstream X| &
- Samsung A, AHRLE| F=
B B — Cachelib: AR L|E|2} 72t A upstream T/
— RocksDB: POC A&t

User Space

In- Kernel 1/0O Pata

FDP 1/O Path ‘

Kernel Space

Tools
- nvme-cli? fio X| &
- Emulation QEMU v8.0 0|= X| &l
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FDP: Eco System (Cachelib)
M Cachelib with FDP

DRAM Cache

\ 4

Flash Cache(Navy)

/\

Small Object Cache Large Object Cache

Hybrid Cache in Cachelib

Reference: “The Cachelib Caching Engine: Design and Experiences at Scale.”(USENIX 2020)

2 Web MH|AE XS5t SH=
Caching SystemZ AIE5I0 =2 dsit 28
= 24

Flash cache= 2KB O|Zt2| BigHash(Small
Object Cache)2} 2KB O] & 2| BlockCache(Large
Object Cache)Z Logical StAH &2, HtH =
mix=| O physicalStA| Z2 flash blockOl| =Y

SW2 FZ AF235}= BlockCache?l Small RW
7} BE2 BigHashe /0 I &1} LifetimeO| CHE

MEZ CIZ Lifetime2 7}HXl DataS 0| 440 WAF
7t 37tk GCE 2Ist Overhead?t B7t

& Cachel| DataE =2|5t7| 2[5l FDPE ALE
Sti, MZ CHE RUHE AtE
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FDP: Eco System (Cachelib)

# |nitial results show a clear benefit without major Cachelib optimizations
+ Hyperscaler?| M X I ZE0|A WAF &4 20
« Utilization %7" AIO‘”E WAF %Xl ss SSD Utilization 60%

—— without-fdp
—— with-fdp
. - O_I o 3.0
« Cache hit-rate0f &gt SIS
2.5
® Next steps
H ol O O] . . = o] 15
+ Cachelib X[ &2 2|3l upstream (maintainers2t & )
1.0 T T T T T T T T T
ld E -, — . o 250 500 750 . 1000 1250 1500 1750 2000
. O Lt HIojE 222 98] 21X 1Y
= — without-fdp
= AX S i
« OE 1740| 31 &83= WAF =& 22 ER ey
2
Lo Meta KV Trace with 50% SSD Utilization Meta KV Trace Modified Write-Only with 50% SSD Utilization 3 >
—— without-fdp 00 —— without-fdp g 201
1.35 —— with-fdp 275 1 —— with-fdp .E 15
S
_ 130+ 2501 10 . . . . . . ‘
w o 250 500 750 1000 1250 1500 1750 2000
£ i SsD Utilization 80%
= 1251 2.25 4 " | — without-fdp
2 — with-fdp
el 3.0
£ 1201 2.00 4
El 2.5
1154 4
P 175 2ol
= 1101 1.50 4 154
1.05 4 1.25 4 10 T T T T T u
o 250 500 750 1000 1250 1500 1750 2000
1.00 T T T T T T T 1.00 7 T T T T T T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 ) .
Duration (minutes) Duration (minutes) Duration (minutes)
1. Raw Meta read-heavy workload. 2. Altered Meta write-heavy workload 3. Increased utilization on Meta write-heavy workload
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FDP: Eco System (xNVMe)

® xNVMe: Library to enable non-block
applications across 1/0 backends ; db_bench

Unmodified RocksDB LSM

« Common API X| &

« psyng, libaio, io_uring X[ & (Linux Kernel path)
« SPDK: Linux2t FreeBSD User-space X|&

« %2 M 22 Backend 28

RocksDB FlexAlloc FS
Object API

Generic Device

® Benefits
« 1/0 backend & OS HMEIY 2K HE3517| 20|
o Al 1/0 QY HEO|AG ME0| 0]

« Raw deviceO| A file system™ QI 2|0
N A—I_ O=|o|= 0'|°

User Space

In-Kernel /O Path

NS/ EDP /O Pa‘rh‘

Kernel Space

|
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GOST |

® Global Open Source Team

Distributed team across all Samsung Memory sites around the world

SAMSUNG

* Thanks to GOST Team Members
for reference materials
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® Samsung Memory Research Center
- 2If AA/mE{ S0 HYsty| 9ot Ql=Zat 2

« SMRC=...
o8 M2t U T AAHE TGELZF oA XN R8s s + UAs dE s

: , & : ==s b T

Iifra as Process - ] | '_ A - Autonomous

a Service ( Automation 3 — —E _EF | mbE Driving 5 Data
J - s - Warehouse

Cloud

Communication ‘ ’ Fin Tech . - ' ¢ v g Al "_;.

Algorithm

Location Big Data
Database Service :




About SMRC

El

S35 H22 24 MBS Yol 1Y U

IE {2 SMRCOIA Y 7t

CXL Memory Expander

CXLHRE M ZT2EZES X3}
CXL Type 3 &X|2, HO|H M2
I8l PCI-Express HHAE At8dt=
HIO|E 0= 7t X2 AL

rir

AHE A : In- Memory DB, EDA,
Memory 7+H&t3}

LtEL : 12 22t2E, SAP, VMWare,
Red Hat

Memory Semantic SSD: E& £
FXZ CHROX|= Y cxLg g8

AORE SSD @ AHM| X2| 7|25 EAHsH
CPU ZEEE W1 HO|H H& B85

BS- o
ddE g

A& X : Greenplum DB & vSphere8
ref. architecture &

otE ; 132 28R E, Weka VMWare,
Red Hat, Supermicro

QLC based SSD (ZNS, FDP)

ZNS(Zoned Namespaces)= NVMe™Oj|
MZ2 Command SetS 2, SAEQ}
SSD AtO|2| Zoned Block Storage
InterfaceE = &30 HO|HE XAl
O|Clofol 2HstA & 7ts

A& X Object storage , Cold storage

otE L : Red Hat, NetApp, Weka.io

Ultra High Density Storage

HEHHIO|E AH Y AEZX|E st
MZ2 AEZX| £2Mo02 Bl
AEZ|X| QIZELE 23t rack-scale 32t

289 3%
AFEH : HHIOE, Al &

LtE L : Red Hat, Weka.io, Lightbits,

Supermicro
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