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SSD and Beyond...

WWe have been experiencing rapid advancement of Semiconductor technelogy during past decades. Specifically, nonvolatile
REAMN (WNWVEREAM) technology is enwvisioned as promising technology which can bring quantum jump on legacy computer
praradigm. For example, its access time is order of magnitude faster than legacy storage device, e.g. hard disk drive, and it
can preserve data without power. It include Flash memory, MEAMN, FREANM, Spin-RAM, and etc.

Among these, flash memory is being proliferated as the storage device for enterprise server as well as mobile devices.
Furthermore, emergence of next generation WWVEANM device such as PRANM, FRANM, and MEAN calls for changes in all
lavers of software stack. Data structures and algorithms for all software layers such as firmware, operating svstems.

database, and applications requires overhauling properly incorporating the physical characteristics of new NVERANL
devices. File-syvstems and buffer caches are typical example.
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Introduction (1/5)

s What are Next-generation SSDs?
v ZNS SSDs: one of Next-Generation SSDs
v Some news related to Next-Generation SSDs
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Zoned Storage Eliminating the 1/O blender: The promise of flexible

data placement

By John Mazzle, Sayall Shirode

Higher Capacities, Lower TCO & Improved QoS

Conquer massive data growth with Zoned Storage

nt (FDP) is a possible forthcoming feature of the NVMe ™ speacification that [ st rore et B Sl cTeteTe R Tre R ¥V = he

purpose of this feature Is to reduce the write amp (WA} when multiple applications are writing. modifying and reading data on the same
device  Benefits of reduced WA for these companies come in the form of more usable capacity and potentially a longer useful life for each device.

Data volumes created by enterprises, machines, and consumer-generated content continue to driv
pacities at petabyte, exabyte and even zettabyte scale. Today, large scale data infrastructure alr
k = N We proposed an experiment to determine how helpful FDP might be. in this test. we are using a 7Z68TB Micron 7450 PRO SSD split into four equal
s and HDDs. Managing the scale of data in a cos ffective manner is quickly becomin - Iy
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Introduction (2/5)

s What are Next-generation SSDs?

v From NVMe Specification

NVM Express® Technology Specification
Roadmap
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(Source: Revised from NVMe- 2. 2020)
Block IF Stream IF Zone IF KV IF FDP
(Flash Translation Layer)
NAND NAND NAND NAND NAND
(channel, way, ...) (channel, way, ...) (channel, way, ...) (channel, way, ...) (channel, way, ...)

e2.0 Spec Prevrew, SDC, Sep

(Traditional SSD) (Streamed SSD) (ZNS SSD) (KV SSD) (FDP SSD)OH
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Introduction (3/5)

s Why Next-Generation SSDs?

v Block Interface Tax
» Unawareness, Semantic Gap
» Unexpected performance drop, High cost (due to OP/DRAM), ...
v Redundant Functionalities
= FTL, FS, KV DB (or other applications)
= Journal of Journal, Increased WAF, Lose optimization opportunities, ...

1000 LSVI-tree-based KV store
:ﬁ I' Key Indexing Compaction
g E.{Il:l ...':|!E.! 11} L File Management Crash Recovery
E ' H"' . i POSIX API
S 600 ot | M VFs ! File System
o ] ! " : Namespace Garbage
E-;. m& — - — | AT e o ] Page : Management Collection
- — EMSEl-'SD'':1-."‘)"-:-|:'|:='II Cache : Logical Space Crash
E m[l BIE'E"[SED l-||||-; gpll : Management Recovery
= i ' READ / WRITE J
Lo BoiS0Omon| | 1
2 Device Space Garbage
':} 2 4 E: E IVISREnE Management Collection
DataWr'mEn rTE} ECC Wear Leveling Re(i:rgjzr
(Source: Avoiding BI Tax, ATC'21) (Source: FlashKV, ACM TECS'17)

o ml Dankook University

NVRAMOS 2023, O Embedded Sysem

5



Introduction (4/5)

s Common Goal of Next-Generation SSDs

v Reconsidering Storage SW Stack
* How to manage flash memory at the host level?
* How to realize ISP (such Key-Value Store) at the device level?

Host

SSD

NVRAMOS 2023

o @ +.° “_
ROCkSDB I* IeveIDB w. Azure Cosmos DB . DynamoDB @
I Key-Value API
A
FTL T
: Garbage Wear
Mapping Collection Leveling
L 4 A4
Q Open-Channel I/O Interface | Block I/O Interface | | Key-Value Interface V
/ AN AN \
e | e oo
FTL FTL
g Garbage Wear - Garbage Wear
HpRing Collection Leveling Eap R Collection Leveling
v
ZNS SSD, SmartFTL Tr. SSD KVSSD, Comp. SSD
o ml [ankook Univeraily
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Introduction (5/5)

s ZNS SSD 101

v Storage is divided into zones and each zone is written sequentially
» Ratified technical proposal (TP 4053) for the NVMe™1 .4a

v Potentials
» Workload separation = reduce WAF and be predictable

» Resource reduction in SSD (DRAM, OP) =» decrease TCO

v Challenges
= Sequential write constraint and Host-level management (e.g. zone

reset, limited active zone, ...)
» How to use? (in terms of parallelism and isolation)

Music

Device LBA range divided in zones : Application = video
- B Picture
= e—
3 i =
Zone O Zone 1 Zone 2 Zone 3 Zone 4 mm-- Zone X | [T
E o —_— Write m— Write —
st mm - mm o me. EEEmEmE-
= - .. - . 5= CE F
- .. - . - . - ...
- s e . —r C
] - . . — - ...
" " ' - .. - - - . i N ...
:— 4 — :
ZOMNE RESET command WRITE commands
advance the write pointer Zone 1 Zone 2 Zone 2
sSsD ZMNS SsD

rewinds the write pointer
Write pointer
position

ource: www.cdrinfo.com/d7/content/ sk-hynix-demonstrated-zoned-namespaces-ssd-solution-datagﬁ{?ters)
[ankook Universily

S
NVRAMOS 2023 - BEE Embedded System




Observations (1/9)

s Internal architecture of ZNS SSDs

v Parallel Unit (PU) in SSDs

= Channel, Way, Die, Plane, Multicores, Dual registers, ...
v How to map a zone to parallel units?

= A spectrum from 1-to-1 relation to 1-to-all relation

» This slide considers channels only (can be easily extended)

A Spectrum of ZNS SSDs: Zone-to-Channel
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(a) 1-to-All relation

(b) 1-to-N relation

NVRAMOS 20230,
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(c) 1-to-1 relation
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Observations (2/9)

s SSDs used for experiments
v 3 SSD prototypes

(ZSSD1: U.3) (TrSSD) (ZSSD2: M.2)

v Specification
» ZSSD1: 1-to-1 relation (also called as small-zone or SU-zone)
» ZSSD2: 1-to-all relation (also called as large-zone or FU-zone)
» TrSSD: same hardware of ZSSD1 but different firmware

o ml Dankook University
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Observations (3/9)

s From what viewpoints?

Isolation

A

[
»

Performance

Workload

Q H‘ll Dankook University
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Observations (4/9)

s Isolation

v Definition
* How much performance is degraded when multiple zones are
accessed concurrently, compared to performance of a single zone

v Workload
= Each thread runs on a different zone (write)

v Observation 1
» ZSSD1 (small-zone): Good isolation
» ZSSD2 (large-zone): Bad isolation (also TrSSD)
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Threads
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Observations (5/9)

s Both Isolation and Performance

v Workload
= Four threads that start at different times
v Observation 2

» Tradeoff: Isolation vs. Performance
TrSSD: Bad isolation, but high performance
ZSSD1 (small zone): Good isolation at the cost of low performance
ZSSD2 (large zone): shows similar trends to TrSSD

T = = T3 - Ta
— 2000 v
Q)g; N EBIONDY PP - D e 1
% A &S00 T2 Sem = Samrt Ted Sty L =] T Erc T Erd
= 1 : PP e — e Dl ? = =
_§__‘ 1 200 ! S,
=1 pRele o] - = .
S . ==
= 800 : . : =
g SO0 =y b-br_.—,g u-‘:';'—,a ’_'1
<O
Lo ] 20 “3O S0 80 100 120 1 <40 1 &0
Wirtual Tirme
a) TrissD

120 x
.-_% 110 = Stary = Srmr . SRt ey = Erah T
oo .
= 1O e e 5 e o = = = = — :
- i A e B TSR T e MR g - = L i e =] .
e D0 -
= :
= 80
=
= 7O
=

S0 =
o 20 4O S0 80 pele] 120 14O 1 &0
wWirtual Tirme
b)) ZSSD 1L

Iy 4 I WISl
12 BEE Embedded System



Observations (6/9)

s Performance with SW parallelism

v Workload

* |ntra-zone parallelism
» Write a file and read the file using multiple threads (sync mode)

v QObservation 3
» ZSSD1 (small-zone): Not scalable
= ZSSD2 (large-zone): Somewhat scalable (3X)

ﬂﬂﬂ (Intra-zone parallelism)

Zone 0 | Zone 1 | Zone 2

E ZSSD1 me—
ZSSD2 =———=
3.5
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2 e
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@ 1 — - ; o : —
o
0-5 | I ] | : " } | 1 _I
0
1 2 3 - 5 B ¥ 8 i6 32 64
Threads
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Observations (7/9)

s Performance with SW parallelism (Inter-zone parallelism)
v Workload J J !
= Inter-zone parallelism Zone 0 | Zone1 ] Zone 2
= Distribute a file into multiple zones and read the file using multiple
threads.

v Qbservation 4
» ZSSD1 (small-zone): Good scalable (8X)
» ZSSD2 (large-zone): Somewhat scalable (3X)

10

Latlll

Threads

ZSSD1
Z38D2 0——

]

Read Throughput (Relative)

32 64
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Observations (8/9)

s Workload sensitivity
v Sync vs. Async or |0 Depth, Request size,
v 1) Sync vs. Async with inter-zone parallelism (128KB request size)
= 1-to-1 relation: 8X as threads increase, same under sync. & async.
= 1-to-all relation: 3X as threads increase under sync. vs. max at the 1
thread under async.

v 2) Request size: quite important factor
» “Request size > page size x PU" : max even at 1 thread on 1-to-all (sync)

Multi Write Thread Test(Small zone, Async)
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Observations (9/9)

s Summary

v 1-to-all relation
» Good performance (even for a single thread), but bad isolation
= Similar to TrSSD =» not heavy traditional SW modification

v 1-to-1 relation

» Good isolation, but bad performance

» Need inter-zone parallelism (zone-aware data placement) for
enhanced performance

A Spectrum of ZNS SSDs: Zone-to-Channel

Wﬂﬂlf O NV AR A CRDAD)HURY R [I]Hl][ll][ll] [N [I[IIII]HI][I]
MDA VAR { AR UAERL VAR MDY | OO

T T T
I 1 1
| | | |

2 || 3 | s ||
© o ©
-E — T I I I 'E — I I I I 'E — I I I 1
S GAAAER | |GEMAGER) | EGEAER | MERERER S CHREEAR | | GAAFRAR | GaoeERh | Foaeeen S i A
| | | | | | | | | | | |
RRCRRRR (RNLERE ANTERRR] ARV RHFERRR] (DNREEE OVERRRY) | A0 LRRREER] | AR {NRUECR) AVTRNRY
(a) 1-to-All relation (b) 1-to-N relation (c) 1-to-1 relation

= How about 1-to-N (or hybrid)? How about real applications (e.g. RocksDB)? Best use case? ...

QB snkok Universiy
I
NVRANOS 2023 16 BEIE Embedded System



ZNS SSD Emulator (1/8)

s Requirement of ZNS SSD emulation

v EXplore various design space
= How a zone can be mapped into PUs?
» How ZNS SSD internals affect host SW?
v Based on FEMU (Flash Emulator using Qemu)
= Support CASE: Cheap, Accurate, Scalable, Extensible (Full stack)

B

T |
A Guest OS | ﬂ Typical Fullstack Research 1 FEMU Fullstack Research

QEMU

|
| Hardwar T a— |
Simulator | Emulator | Avale l A Supported research:
. ) I ~_ Platform A ! p
DiskSim#SSD | LgneNvis QeMU | [ S RO . [;
SSDSim  FlashSim VSSIM  FlashEm OpenSSD ggeDnChannel- Host OS _‘ ---Kernel changes /
/ . p; &z ) ) |
Simple Fullstack Research Full-stack Research | W /
4 Time-saving ./ Cheap 4 Accurate : NVMe ~=---~ Interface changes
0 Trace driven 0 Poor Scalability 0 Expensive I:Trgwe :> FEMU IEEEEs FTL changes /
atform
0 Internal-research 0 Poor Accuracy 0 Complex to use |
|
|
1

only 0 Wear-out m

(Source: FEMU, FAST, 2018)

NVRAMOS 20230,
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ZNS SSD Emulator (2/8)

s ConfZNS: FEMU ZNS SSD extension

v 1) Support spectrum: diverse Zone-to-PU mappings
= SU (Single Unit)-zone: 1 zone to 1 unit (stride addressing)

= MU (Multiple Unit)-zone: 1 zone to multiple units (linear + stride
addressing)

= FU (Full Unit)-zone: 1 zone to full units (linear addressing)
= E.g.: SSD: 4-channels 2 ways

v 2) Support accuracy

ConfZNS: 4 channels x 2 ways

I =i Page E Block (e.g. 2 pages) o Times Inaficate PLY mappsed i @ sonefe g, ome 0

|
|
|
| SU-Zone configuration | MU2-Zone configuration || MU*-Zone configuration | FU-Zone configuration
|
I
I

Fuﬁﬁ g Fﬁ'ﬁ

;

T | L 7 1 E TARD HAMD [T NI (] [T REHD [T s

el el || e e e b || e
B

Zona0  Zonel JjZone? [EZene 3|[MZcne0 | Zene ! [Zone2 WiZone 3| [MZone0  Zonel [Zone 2 MiZone 3[MEZove0 | Zone ! iZone2 MZone 3

Controfar Linit

I Cantraller Unik

(Spectrum of internal architecture supported by ConfZNS)

o H‘“ [ankook Univeraily
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ZNS SSD Emulator (3/8)

s ConfZNS: FEMU ZNS SSD extension

v 1) Support spectrum: diverse Zone-to-PU mappings
v 2) Support accuracy

= Modeling on diverse configurations and parameters
Consider contention among PUs

. — 7 —__hm=

-|-III - - |||- 4§ |||- ] - i T H'IH“ 1—._—. lr.j.--:. T T T -
e s s
= = =

12 A== i = ;ﬁ;;EE-Lk
fa, iE | H, = | bkl 2

{a)5U-Zone read latency

(b} MLUP-Zone read lateacy ic) MLU'-Zone read latency (d) FU-Zone read latency
(PU: 1 channel Tway) (PU: 2 channels Iway) {PLI; 4 channels lway) (PU: 4 channels 2ways)
P
T :
A7 | Tupse Com'oe hickdienm in dabrle register mndel . E“‘“—-
= o |dain med cache remsicri E& '," é ll l:_
= e E: FF T
| il = |- | EREN
o h_i g Bj= Fsaes
= F‘ IH ‘:‘ 2 E -
|J E_Hll ﬁ s ._é. i T]" et
............................. O | et BES - HE == . i A T
(2)5U-Zane write latency (b) MLUE-Fone write latency (o) MU-Zone write latency  (d) FU-Zone write latency
{P1): 1 channel 1 way) {PU: 2channels 1way) (LI 4 channels Tway) (P1: 4 channels Zway)
NVRAMOS 2023 (MOdeIIng) OIHI [ankook University
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ZNS SSD Emulator (4/8)

s ConfZNS: FEMU ZNS SSD extension

v 1) Support spectrum: diverse Zone-to-PU mappings
v 2) Support accuracy

= Algorithm: make use of multiple clocks

gclock, Iclock ch, Iclock way, ...
gclock ticks at each time

Iclock _ch advances when it is requested

if (busy)

Iclock_ch = Iclock_ch + Tyrer
else /* idle */

Iclock_ch = gclock + Tyregr
Consider unit dependency

Iclock_ch = max(Iclock_all) + Tyrer

Completion condition

Iclock _ch == gclock

Busy/ldle condition

if (Iclock_ch > gclock)
busy
else

NVRAMOS 2023 *

20

Algorithm 1: Write Latency Caleulation

inmput: reg.lpn @ logical page number for reg request
input: Mo number of channels
imput: Ny - number of ways
inmputs N rone-channel association
output: regootime @ completion time of reg reguest
Drata: Lt]m‘ki“”: local clock for i-th channel
Data: Lt]m‘kh"‘”‘ : local clock for i-th channel, j-th
Way
Data: Gelock: global clock
S Indtialize global and local clocks =y
1 Foralli, j,
z Gelock = 0, Lr_'Ir.Jr_'k:"” = 0, I_r.fur_'k‘:':ﬁy = 0
3 while rrue do -

S Repeatedly handle regeest from the aubeission
quene B
& ppn = Caleculate PPN{reqdpn. Newr, Nucar. Nec)
5 i= Mod( ppn, N )
& q = |ppniNewl
T J= Mod{ q, Nayvay ¥
] if Lcj'ur_'kj‘-” = Golock then
El if Lr.l'ur.'k:':"*"'- = Gelock then
## both channel § and way j are jdle =4
BT .Lr.'h:lrklc'” = Gelock + Trren
11 LelockVAY = LelockD™ + Tpgocramming
f% channel i is ddlé, but way | i3 busy =/
S LL‘{U(‘J;'::-I'I = Gelock + Turer
14 LL“{JJ(‘J;‘;IT-'“F = max § Lelock :'-”. LL‘!U(‘.‘:II:"'J"' ]
15 + TPROGRAMAMING
16 end
¥ clse
1 if chur_'k:*"*r = Golock then
dw channel § is buwsy. and way § is idle =/
LelockP™ = Lelock™ + Txrer
LelockVAY = Lelock™ + TerpocrartminG
2u else
/# both channel § and way j are busy =4
22 Lr_'furk:"‘” = Ll:fﬂr_‘j::"” + TxrFER
o3 f_r_'furk::“r = 1 | L(‘J’ur_'kj‘-”_ LL’!UL’-‘EJ‘::“"‘" ]
24 + TPROGRAMMING
25 end
260 end
a7 req.clime = err.:r.'k}i:"'u-
an Geloak + +
a5 if reg.otime = Gelock then
30 | Notify user of request completion
31 end
sz end

(A|g°| ltl"" ) VIR Uankook University
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ZNS SSD Emulator (5/8)

= Validation 1
v 1) Two real ZNS SSDs, ConfZNS with two configurations

Device | Capacity | Interface | Zone size | # of Zones
Z5SD1 2TB PCle Gen3 12MB 29,172
ZS5SD2 ITB PCle Gen3 1.6GB 330

Configuration | Zone size | PU | Page size | Tpem. Tread
SU T2MB 16 48KB 450us, 65us
MUP® 1.6GB 16 48KB 450us, 65us

Table 2: Configurations for ConfZNS (PU stands for the num-

Table 1: Two real ZNS SSDs used for validation.
ber of Parallel Units. We set T, 7, as 1200MT/s.)

v 2) Accuracy: 8% error on average

Intra-zone workload
msU mZSSD2

Inter-zone workload

mZ35D1 BMUS mZSSD1 msSU BZSSD2 BMUS

=
e
=

s
=

(W)
T

e |

[

L= =
T

Read throughput (relative)
I
Read throughput (relative)

0 I R il S G G L :
1. 2% 4567 8163268 1234567 81626 1234567 81632668 1234567 8163264
number of threads number of threads number of threads number of threads
(a) Validate ConfZNS (b) Validate ConfZNS (a) Validate ConfZNS (b) Validate ConfZNS
with ZSSD1 with ZSSD2 with ZSSD1 with ZSSD?2
‘Validation: intra-zonez (Validation: inter-zone) OB Dok Unverty
NVRAMOS 2023 21 BEE Embedded System



ZNS SSD Emulator (6/8)

= Validation 2

v 1) Data from previous study

= Bae et al., “What You Can't Forget: Exploiting Parallelism for
Zoned Namespaces”, HotStorage’'22

ConfZNS configuration

Zone Configuration SU-zone FU-zone
Zone size 96MB 1.5GB
Channels per zone 1 8
Ways per zone 1 2

v 2) Accuracy: show similar trends (black-box approach)

B—l AN S-small[10] *—% ConfZNS5-5U-zone

S—e FENS-large[l10] *—¢ ConfZNS-FU-zone
ol Erre L L L L
% 2 By 5 faﬁ_'
S /
o
k .
S 1 I
= &g T b g 1
Egﬂ P g b bl o] et e ._1 P e N e l o

SCENTEENSRSIERE SEEHIRESTSSSESS
BlockSize BlockSize
(a) Sequential read (b) Random read
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ZNS SSD Emulator (7/8)

s Host SW analysis

v F2FS on ConfZNS

= Fio benchmark
Sync, iodepth=1, iosize=64MB, blocksize=128KB, numjobs=thread
FU-zone: scalable as threads increase

SU-zone: less scale (F2FS seems to utilize intra-zone parallelism for write
(1X) and inter/intra-zone parallelism for read (3X))

= Hadoop benchmark
Create 128MB files concurrently: distribute files into different zones
SU-zone comparable to FU-zone =» need zone-awareness for SU-zone

Multitheard on F2FS Hadoop benchmark test
mSU-zone OFU-zone 2000 MSU-zone O FU-zone B SU-zone OFU-zone
— E o E00 E - 4000 ~—. 1250
- E ] E = "] r = E
E 50 1 o0 | i . E i T 1200
< - s | < 3000 | — E
= s E M H 1000 E + = i
B« .0 E E ] il REE R = E g 1150
B o 1 o il (§EE |8 £ 2000 [ € 7 F
ol =iy G
50 E 0 B H 200 B - L L = = L b+
3 [ [ (W] . ER[ TH TR = 1000 [ - g
1 2 4 8 16 32 1 2 4 8 16 32 i ,‘E e
number of concurrent threads number of concurrent threads 0 L e 1000 L
(a) ConfZNS FIO write (b) ConfZINS FIO read
on F2FS on F2FS DFSIO(W) DFSIOR) MRbench
(Fio Benchmark) (Hadoop Benchmark) oM
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ZNS SSD Emulator (8/8)

s Host SW analysis
v RocksDB on ConfZNS
» Using ZenFS (ATC’21 paper)
= Can compare different configurations under different policies
Workload, thread (flush/compaction), compaction policy, ZNS configuration

v Multi-tenants workload on ConfZNS
» Require different QoSs: 200MB/s, 400MB/s, and 1000MB/s
= Allocate different number of zones according to QoS

RocksDB Zenfs Multi-threads impact

B SU-zone @FU-zone B SU-zone OFU-zone Perfomance in different compaction m_ﬁ-ﬁﬂ:—temis ?"’““];““d N
o] . + contam ®
= 3 e OSU-zone OMU4-zone OMUS-zone BFU-zone 1800 sihiimai = i =
0 300 ¢ T
% 0 Al 1. : 000, |- '
g | %0 5 250 E 235 WA = 1400 [ =
% 0 H 4 L | i ' 1200 | =
& | | 200 £ e 21000 frimemmmemr e g e (s 3
= 00 30 , g = i B ; 5
a=.u 20 L n ::15[} - - 2 800 £
£ 2l E101 R e i — — ™ -
P =1 m l{}[} L [ I = 40{' w e 2. --' S
0 el - 0 E H i £ 20 ™
Sl A0 s CHl U T | p——
¥ \G ,.'G p 0 — — 1 0 200 301 4011 01 201 301 40
4’0 Level Universal Time (ms) Time (ms)
(u)db_bench resulls () Various threads Compelonsiyie ) - (b) FU-zone
(RocksDB) (Multi-tenants wo%’P?q
ok University
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RocksDB on ZNS SSDs (1/9)

s Key Value Store + ZNS SSD
v Well matched (gganbu)

KVS ZNS SSD

« Based on LSM-tree « Large sequential writes

« Level differences « Workload separation

 Interference problem -« [Isolation

Tail Latency Latency spike!

-‘_: 1 i . e flush flush flush | 000
; G b N L
’ LB o e L 11 A ol ‘ Higher I el co compac actio |
. LT .y, T
ik ! ‘ i ‘
Dl ! lLigall

|
" -h-l T i{uq _____________ ;ﬂ :_ _ ' Higher Fe el compacto : I
weme [ ) [ 1 ' — ighe levelcompaci
: L—'} L—] 7 5 :Lngi : SLOW L0 -> L1 compaction
L1 (10MB) L_} Uu Lo O 1 2 3 4 5 67 89 101112 13 14 1516
— " 3 Time (seconds)
L2 (100ME) u l_J L_] u [:__J "pd% Write buffer Flush buffer
v QO00Q0 o ] Ty :;::w-‘ ffffff S
€ 104 B o internal ops. .Ilﬂ
"""""" o E é | L | Write buffer fills up
] | ~ 102 before flush buffer i
were (O O O OO O 1T PN | I{ a h. L wite ,-.
[__J S5Table files D memtable . immutable ° — Tirr?é)([]s) 300 40 >0

(Source: Wisckey paper in FAST'16 and SILK papers in ATC'19)
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RocksDB on ZNS SSDs (2/9)

s ZenFS (from ATC'21)

v A new storage backend for RocksDB
= Extent, Journal, Log (look like a simple version of Ext4)
» Based on Large-zone ZNS SSDs
v Evaluation = How about small-zone ZNS SSDs?
» 4 setup: 1) XFS on TrSSD, 2) F2FS on TrSSD, 3) F2FS (ZNS), 4) ZenFS

L Key!Valus AP
RocksDE B3 XFS £ F2FS FOFS (ZNS) EZ3 ZenFsS
| File-System Wrapper AP 100
Zoned Enviranment (Zenv) 80
dournal Zones Data Zones |1 8‘ 60
A [ Super Exten Exten I - Log & Lock Files |
EEE G | g2\ f
Direct 110 Zone Mgnt, | Buffered 110 | 0
K T : fillrandom overwrite
Linux Kernel | Zoned Subsyslem | | File-Systam
Iy + > 2 :
: 3 ¥ Figure 6: Throughput of RocksDB with write-heavy
Zoned Block Devices (ZNS S50s/SMR HODE) - ‘ .
benchmarks— fillrandom followed by overwrite using the
Figure 4: ZenFS Architecture block-interface SSD with 28% OP and the ZNS SSD.
(Source: Avoiding BI Tax, ATC'21) Ol o
I U P
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RocksDB on ZNS SSDs (3/9)

= Motivation: RocksDB workload analysis

v 1) Sequential pattern

» Good: go well with ZNS
» |ssues: 1) mainly intra-zone(which is bad on small-zone), 2) level mixed

v 2) Interference of compaction to flush

v 3) Hotness among levels
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RocksDB on ZNS SSDs (4/9)

= Motivation: RocksDB workload analysis
v 1) Sequential pattern

v 2) Interference of compaction to flush
= Compaction: read, merge, and write =» time consuming job
» Delayed flush incurs latency spike of user requests

v 3) Hotness among levels
= Hotter as lower level

level 0 level 1

RocksDB Latency with TrSSD (db_bench fillrandom)
700,000

Lifetime (seconds)

600.000

300 000

2 400,000

L
=
=
=]
=
=

Lifetime (seconds)

200 000

Flush latency {mu,muomir

100.000

level 5

2500 8000
] T ——
R R 5000

. {» 1% 4000
i 42 JEPY 3000
| 2000

TR Mw qu L 1008

(Interference) (Lifetime on different levels)

- VIR Uankous universily
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RocksDB on ZNS SSDs (5/9)

s RocksDB optimization for Small-zone: ZenFS+

v ldea 1: Flush and compaction isolation
» |dentify IZs (Independent zones) and allocate in an isolated manner
= Dynamic vs Static
v |dea 2: Table striping
= exploit inter-zone parallelism
v ldea 3: Separate higher levels from lower levels
* For efficient zone reclaiming (minor/major reclaim)

RocksIH»B
FenFS+ Zoned Environimment
Flush/Compacition Table Fone B
Isolation Striping Reclaim ITdentification
1 1 I
Zenkbs
Jowurial I>»ata Log & Lock
Zones Zones Files
= = e,
I Linux Kernel I
FINS SSID dewvice
[T=G, || 172G, |[[1Z2Gs ] --.

17 - Independent FZone Growup OBl Dankook Universit

S -
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RocksDB on ZNS SSDs (6/9)

s RocksDB optimization for Small-zone: ZenFS+

v ldea 4: Independent Zone ldentification Technique

» What is the Independent Zone?

Zones that are not interfered with

Important for isolation and striping
* How to?

Based on Latency (or Power consumption)

Pivot: stay a zone, Needle: move zones = Both read at the same time
= |dentification

Latency jump =» dependent zone

This technique can be used to explore internals of other ZNS SSDs.

) Pivot b) Moving Needl| T T - . - -
g Eonaren PO .. Loy - 17 32 64 % 128
: f ; i i i 2 16 B d
Zone 0 Zone 1 Zone 2 Zone 3 Zone 4 TU' :
ETE: 1.5
_ 24 J -~ 14
2 z 2 * g 13
g € i3 | g 12 .
g £ iz | T A
3 A ] | 3 o ; ] ] | & 1 proe s’ $P00y8 PP 40800 sayen? oV, 00 Sota,en gtueent s 8 08, 00 bee 00 Sengeee aerte snegts sangete o]
"o 50 100 150 200 "o 50 100 150 200 0.9 | | | i | i
Virtual Time Virtual Time * 0 20 40 60 80 100 120
8) Pivet b} Neadia Zone location of the needle
(Proposal) (Evaluation )
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RocksDB on ZNS SSDs (7/9)

s Evaluation

v Throughput
» ZenFS+ vs ZenFS: better performance for diverse workloads

100

Bandwidth ( MB/s)

(]
=]

[
L

Bandwidth (MB/s)
v o

=

NVRAMOS 2023

Less sensitive to aged/initial

» ZenFS+ vs TrSSD: depend on Bl tax
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RocksDB on ZNS SSDs (8/9)

s Evaluation

Completion time (second )

v

BZentFS BEZenfF5+5 BZenFS5+ 51 BEZenFS+ S51R

5.000
4. 500
4,000
3,500
3.000
2,500
2,000
1.500
1,000
500

0

YCSB results

* Not only write-heavy (A, F), but also read-heavy (others)

Isolation capability

= More predictable bandwidth

A B 7
Y¥CSB workloads

TABLE 2: YCSB workload

A B C D E F
Bty 1:0:1 95:0:5 | 1:0:0 95:5:0 | 95:5:0 | 1:1:1
ratic i e s i e A,
descrip- Update- | Read- Read- Read- fal-:'ﬁ:[:‘ IRI_::'[:{:: ;:\-'—
Lon heawvy sty only latest qu{‘?}' Wit
de'i_‘? Lipfian Lipfian Lipfian Latest Lipfian Liphian
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(YCSB results)
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« Flush a Compaction = put
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RocksDB on ZNS SSDs (9/9)

s Evaluation

v Latency

» ZenFS: latency spikes due to 1) utilize single zone and 2) compaction
interfere flush

» ZenFS+: 1) striping and 2) isolation =» can reduce latency spikes
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Discussion (1/3)

s ZNS SSDs

v EXpose a new consideration of parallelism

» TrSSD: SSD-level parallelism vs OCSSD: Host-level parallelism
= ZNS SSD: Both SSD-level parallelism and Host-level parallelism

Zone-to-PU mapping (HW-level) vs Thread-to-Zone mapping (SW-level)
v Affect both performance and isolation (from ConfZNS)

= TrSSD: utilize HW parallelism aggressively, less sensitive to SW
parallelism at the cost of isolation

= OCSSD: depend on SW parallelism too much
= ZNS SSD: can provide a knob to exploit both (yet less flexible)
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=
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Discussion (2/3)

= How about WAF?
4 SmartFTL Baseline SSD

SmartFTL SSD

Drive Responsibility
® Flash management

Drive Responsibility
e Flash management I:>
e Write data positioning Application Responsibility
® GCdecisions ® Write data positioning

® GC decisions

= WAF reduction from 2.5 to 1.25 = Reduce OP =» Save 18% Capex
v Reconsider striping (parallelism)
» Zhang et al., “Excessive parallelism considered harmful”, HotStorage’23

Stripe Width vs 32MB Random Write WAF Throughput vs Stripe Width
= 32MB 5% OP WAF == 32MB 15% OP WAF 32MB 25% OP WAF = \Writa Rate == Read Rate
L 6000
10
L. 5000
8
5 7 .g‘ 4000
g 6 OP 5% s
g 5| WAF2.2 5 3000
= =%
z 4 =
s // 8 2000
: N
1000
1
e 5 10 50 w0 | OP 25% |o
' , ‘ WAF 2.7 1 5 10 50 100
Die Stripe Width (log)

Die Stripe Width (log)

(Source: SmartFTL, OCP’21, https://www.youtube.com/watch?v=303zDrpt3uM)
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Discussion (3/3)

s Related works
v Min et al., "eZNS: An Elastic Zoned Namespace for Commodity ZNS SSDs", OSDI'23.
v Kim et al., "RAIZN: Redundant Array of Independent Zoned Namespaces",
ASPLOS'23.

v Yeom et al., "zCeph: Achieving High Performance On Storage System Using Small
Zoned ZNS SSD", ACM SAC'23.

v Han et al., "Achieving Performance Isolation in Docker Environments with ZNS
SSDs", IEEE NVMSA'23.

v Bae et al., "What You Can't Forget: Exploiting Parallelism for Zoned Namespaces",
HotStorage'22.

v Lee et al., "Compaction-Aware Zone Allocation for LSM based Key-Value Store on
ZNS SSDs", HotStorage'22.

v Oh et al., "Accelerating RocksDB for Small-Zone ZNS SSDs by Parallel 1/0
Mechanism", ACM MIDDLEWARE'22.

v Han et al., “ZNS+: Advanced Zoned Namespace Interface for Supporting In-Storage
Zone Compaction”, OSDI'21.

v T. Stavrinos et al., “Don’t Be a Blockhead: Zoned Namespaces Make Work on
Conventional SSDs Obsolete”, HotOS’21.

v M. Bjgrling et al., “ZNS: Avoiding the Block Interface Tax for Flash-based SSDs",
ATC’21.

v Song et al., "ConfZNS: A Novel Emulator for Exploring Design Space of ZNS SSDs",
ACM Systor'23.

v Oh et al., "ZenFS+: Nurturing Performance and Isolation to ZenFS” IEEE
ACCESS’23.
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