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1. ME

A2 7|-HF AEO{(Key-Value Stores)= 185, RYUY 1 22 0
O|FOl A0 ME=R 7[=50 BOo| A8EL RACE =3[ NoSQL(Not Only
SQL) OlO|E{H|O0|A(Database) 7|=2 H|["E™(Unstructured)l| & O|O|E(Big
Data)E AZSh=0H Hgsict. ofEXel 7|-#8F AE0Q RocksDBLE
LevelDB= LSM-Tree(Log Structured Merge-Tree) 7= 2 E2flA|(Flash) 7|gt
M FKX[Ql SSD(Solid State Drive)oflA =2 Y/=8 ds2 L2oCh
LSM-Tree= =Xl 2 7|(Sequential Write)E +d5I0 HIO|HE write [If =

2 452 EQICt Og|1 H|O|EE SSTable(Sorted String Table) THIE XM Z&
SICH Ol 7|8 7|52 2 HEE Fx2Z EM(Search)O| ¥al read 462 &
A AHAZECE

RocksDBE= LHZ ItYA|AE(FileSystem)@l ZenFSE &3 ZNS SSD(Zoned
Namespace SSD)E K| A5t0 ds2 FHA|Z|DX} SICL ZenFS& RocksDBLK

2A(File)2| hot/cold HEE & = U&= Lifetimelt ZNS SSD2| ZoneO|2t=
=2|H¥(Logical) THR|E O|83ICt. LifetimeO| H[oh MYS Z2 ZoneOf 2O}
Garbage Collection(0|5t GO Z0| GCEHE Al MI| SZF(Write
Amplification)= Z|A2}5ICH Ol Sdff /&0 ATXe
GCE ZYUCEMN ds= LHAZLL O LIOHL GCAl A7] &
=2 Jfdotct.

Of
Rl

IF 2 RocksDB= ZNS SSDE AFE}S M HH 22| OF 75.8%TF At

MEZ Zone2 Y == QlCts 277} ¢ h=

Ct 7822 Z(log) ¥ T E(Code)

iteZt [ O[3t 7|FZO 2 ZoneS &t

378 EESEI| 2|3t Zone Erase HAME ZX|etS §*°.J$ S =1 | 6H
St A2 7ZNS SSDOf| B42 FH(Invalid) HIOIEE YA GCE &

one Erase YMZ O|=E ALESHA| XotCtd THEHHCE
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et 42 EMEE HESE & ¢F0AME ZenFSQl Zone Erase HHE
2 EY F= UAs MME Zone Y FM SLA(Strong Lifetime based
Allocation)& T3otCt 2|10 JiME Zone ST HAMo| Ml g = QU
= =ME siZotct siE A7 itz 242 37|29 writeE ZEAITE I 7|
EEL OF 11.7%US Zones B AFEULL GCAl 47| 359 oIl =4
(Migration)2| 37|= 2F 98.3% &ALt



2. H{FE XAl

2.1 ZNS SSD
SSD= HDD(Hard Disk Drive)2t 2| EO0{AA7|(Overwrite)?t £7H53}0] o
OlE 48 Al s CIO|HE 2&3AF|D MEL 20| writedl|Of sl= EXM

O] Ut a2l BrotE HHES CHA| ALESH| 2IsHA eraseZt B RSILE O
[0 erase| THRI7t write THRIECH Of 3L} O|2 Q| erase Al CtHR| LW =
(Valid) ¢t GO|E{7} E=XHSCrH siE HIO|E{E CtE fIX[0f =Atet 2 erase
£ S3SICE SFX|D2E O] ZALQ} erase?t EZZIHW-AMKX| =4=(Program-Erase
Cycle)7t MU= sSpDe| 7o & F&S D|AICt M2t SSD= HIO0lH
=3 Al 7|& HIOIHE Ot X222 4 ME XNESLD 7|E HOH=s B2
AMZl = erase Bt W F2 OIO[E 7} BOLE [7HX| eraseE O|ECH 1
1 23 HO|H7F BOLY SSDo| 80| &Y O SSD= ANXHez F=

ot

gl 2

2t Y2 X[ SSDe| S7t2 =HESHC) O 1PdE Garbage Collection(GC)O|
2t St GC & Al 2 HO|HE SAS{of ot= %—r7f AZICt of2{gt °|
e/ ON = o 5=

UL write?} LASHE MM
S sSDO| +@g EHAIZID T ¢

H 3| = (overhead)7} AL}

Application 1  Application 2 Application 3 Application 1 Application 2 Application 3

| - |
v v ¥ v l v
Flash Flash
EEEEEEEEEEEEEEE Eﬁﬁﬁﬁhﬁﬁﬁﬁdﬁﬁﬁﬁ
AEEEEEEEEEEEEEN UDDDDDDDDQDDDDD
EEEEENEEEEEEEEN DDDD@DDDDUDDDDD
o o o o [ i DDDDDEDDDDUDDDD
m[n[n]s{s]slsnlss)s]=]=]=]= DDDDDGDDDDEDDDD
| o UDDDD@DDD@GDDDD

Regular SSD: Device controls data
placement

ZNS SSD: Applications control data
placementin zones

[18-1] @H7IE SSD2t (R)ZNS SSD ME'E4 Ha

%2 SsDe| =3t 52 HM5t7| fIsf SSDE Zonel|2t= =
O LHE ZNS SSDZt MIQtSiCE [A®-1]12 7|E SSDb ZNS SSDe| X7 &
Al XHO[E LtEtH 12I0|CE of2f OfE2|# 0| M(Application)O| HIO|HE write
g I 7|F SSDe &=A0| o&glol Z2HA| HZE|(Flash Memory)0i| X &
Ch Bt ZNS SSD&= ZF OfZ2|AH0|Me| HIO|E7t ME CHE Zonel| wAt 2
7] HAloz MYECH O|2{gt A2 ZF ZoneO| MZE IO 7} H|=zot Al

2% g



710 223l 74 7|CYSCH EE ZNS SSDO| erase THRl= Zone EHP(0|E
2 GC Al 9% HIO|H ZEAIE A M7 TES Xaze = UCL [1]

o=/ =2 -+

2.2 LSM-Tree ¥ RocksDB

Memtable Buffer

Lo SST file

SST file SST file
L1

SST file SST file
L2
L3

[A3-2] LSM-Tree T+x

For each Column Family

Writes

Memtable Full

Memtable D
(immutable)
Memory T

Persistent Media

can be by- .
thru iz teoptions
; AtLO, SST fles may
At Write-Ahead Log oty ’;k a7 L0
New WAL created on (WAL) ranges
each flush

Single WAL captures
rite ogs for al

Compaction
(Merge Sort, remove stale
entries)

AtLi-Ln levels, SST files

sequence of keys
Manifest | ..
Log
All SST Files are

immutable O 0 0O

,_
~N
—
—
J—
-/
—
-/
—
——/

Keeps track of all

Filesystem changes (WAL

switch, SST file change,
tc.)

etc.

Ln
On unclean restarts, used to
rollback tolast consistent

point

[3&-3] RocksDB T+=

[A®-3]2 RocksDBS| FZE LIEHH IZO|CH RocksDB= Memtable,
SSTile H Logfile Ml 7tX|2 FEECE XN Memtable2 in-memory data
structure2 write 2 Al C|O|E{7} MemtableOf| AZ&H=ICt 2[00 MEl0| Xt
Chrl= & HZ2(e HIo|H7F A48 AS WX WAL(Write-Ahead Log)



Et= Logfile2 ZNS SSD2F #2 A+ XMZ X0 E{Al(Flush) otet. 22|20
MemtableO| 75 XtA| =M AT KT FA|of E2{A| £ Logfile2 TS}
A AHEICE MemtableO| E2{A| & 7|-8JF(Key-Value)S 2 T+ = SSTfile
O MZEILL 2, 3, 4]

2|2 RocksDBE LSM-Tree(Log Structured Merge-Tree) TS AR ST}
LSM-Tree= =X} 2 7|(Sequential Write)E +d5l0 HIO|HE write [If =
dse Eolth ag(2 [Af-2]0M E0|= Lo, L1 &4t €2 HE=Z o|F
M UL 2 HEE2 MEY = U= HO|HYOo| =21 2fHo| HELFE X
s Ae GO Y= TOLEICt 7|[2XMo=zZ oM™ 2ol 10Hf A 7|THE
IHE O ol MY &= ACL ol o+ O] 7t5 XA =W CHES 2
ZT M (Compaction)O| = EICH HMMZ2 Lndt Ln+12| SSTfileg & 7|4k
BRXl= SsTfile2 MZ2 SSTileg &3l Ln+10 XMYSt= aFOILE [4,

oﬁero
mﬁ —|> 5 o

_'T'_
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f
|
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l=|
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2.3 ZenFS

App (db_bench/mysql/..)
A4
RocksDB

v

‘ Composite Env

¥
‘ ZenFS FileSystem

| metavo ||  Flevo | 8| g
9 =
| 9] o)l
Zone management | = S
- A
é 1 Posix FiIeSystemt l Posix Env}
[0} [ kel
5 HE
N E_ 5
LibZBD
7 Y 7
Linux kernel

1 Zoned Block Devices ‘

[Q-4) HH| AlAH 7Y

ZenFS= ZNS SSDO|| mtYZ write = UA St RocksDBL| LHZE HtAA|
AHIO|C} RocksDB2| Lifetime MEZE HIEOZ QAISH Lifetimell H|O|HE



#2 Zoned| HIX[3IE GCE &0 27| 5= QL 12|1 GCE 29 ¢

£5 452 =0|11 ZNS SSD

L
|0

| =

\

2.4 FEMU
= MHOM= ZNS SSDE 0|83dt7| 23 FEMUZt= Zhet T{Al(Virtual
Machine)2 AFEZUCH FEMUE= QEMU Z|8F  ZE{A|(Flash) Ol 220l
(Emulator)O|E}. [6, 7]

[a] Average Latency

L T IDE —=a—
3 300 [ NVMe o~ f
a.. Vlr(t:;O

g =00 FEMU —%—

il | )

O

Qa—s—s
1 2 4 8 16 32 64
# of threads

[A3-5] oflE2|0IE{ZH 'S H

[A3-5]= g OofZ0|He =EHEES Hlust dzfZO|Ch |0 28 E
(Thread)7t =0{E0f [E |0 CH7|A|Zt2 EOF=10 QUCEH XA SSD| B+ 10
CHZ|AlZE2 100ps O|2HOICE FEMUE 647H2] 10 A8 E7F JEEHE 100us O
oFo| CHZ|AIZHE EOZLCH SHX|CH CHEE22] o= 0[E 7L 16742 10 A E
oF EXfStE 2t CHZ|AIZHO] 100psZt HO{Z7t 32749 10 AR|E7L USH

25 CH7|AIZHO] 100ps?t HO{ZECE FEMUE 10 A2|E7F s0{LIEEIE OHY
HOl 10 X|AHAZHE |8 F2stA SSDE O|=20|E” 5= UL [6, 7]

[h] FEMU

Latency (ms)

[AE-6] HH SSD U FEMU 10 CHZ|A|Zt
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3.1

[
—
M
=

[18-6]2 =X SsDet FEMUS| 10 CH7[AIZtS EO0{F= 2= O|CE Xef Y
SSD L& EA 2 planelt channel& LtEHH ZO|Ct FEMU= SSDe| &£

ALK O EO|E 7tset AS & = AL 10 CH7[A[ZHO] AKX SSD2F A
L o

SAISIEL O & FEMUZL SSDE E=d| OZ20|EY =+ UCts AS

g & ULk [6, 7]

#g
FLl

OftH 3Z0M= A RocksDBE HA|OIRAE S HAESD =21

& RocksDB HiX|OF3
Xl RocksDBS| M2 YOLE7| Qsl HX|OtAE UL,

. =0 — O

M shHo2 JH4 OjAlQl FEMUS AFESICH
CPU ZOf = 32
Memory 37| 32GB

X &2 (Storage) O E20|E =l ZNS SSD

Linux Kernel 5.10.179

719 (Kernel) H{ T (Version)

[E-1] 7HSHA A

8 2¥(Capacity) 32GB

MIE{(Sector) 27| 512Bytes

Zone 37| 128MB
Zone = 256

[E-2] M| E80|E Bt ZNS SSD Ap¥

[E-1]12 7HAHAIO] AFYS EHMSH HO|D [E-2l= FEMUS Ed) o220
N

o o
E I ZNS SSD A2 =AM3E HEO|CF RocksDBS| AMs I 3=

-_ =

RocksDBO|| LYZHEl db bench T2 AFEIUCT



3.1.2 HIX|Or=(BenchMark)

7|(Key) 37| 16Bytes
2 (Value) 37| 100Bytes

SSTfile 37| 64MB

3 write 37| oF 27GB

[#-3] db_bench &/ (Option)

[E-3]2 db_benchE AtEdl ds2 FEL M ALESH SHO[CL X ALE
St AMH EZELCH 22 ZNS sSDo| 8&2 n2fs 7|, &

7|24k (default)y 22 MAH™UCE 0| 7

(Asynchronous) M ® 2L (Random OrdenZ 7|%f2 F&2| =M Z writePtCl.
[8, 9l

|-82 YA HAle  H|E 7|

3.1.3 ZADt
SIS X0 Z2aMoz M52 =X3 Al & 26GBE writedt & [
0|M MZE& Zoned EH:OI--%- = Siﬂfé O 2{(Erron)Qt &H ZESCL O] Zf

22| 9F 758%0F A=

32 21 A
flo| #MX|OE = T st GCo ciet 8
S B4 238

RocksDB2| LSM-Tree 2| HEE HIEHOZ

SSTfile Lifeti
e Liretime A™E|= H (2~5)

S ZoneO| MZEEl SSTfileQ| Lifetime MEE

Zone Lifetime HEto 2 HAME|e B2 (25

[¥-4] ZenFS2| =

? & W3 RF LifetimeO| SAFSH SSTfile® Z2 Zonel| 227| 2o &
X|sts B=0|Ct. & 5 0|8% GC7t Ll I erase CH&F0| &|= Zone
9| Lifetimel} S Zonel| £ =& SSTfileQ| Lifetimea Z=HIULCE.



35

30

25

20

15

Erase SST Count

10

0 2

5
0000 Iooi 00 I

B LifeTime 2
B LifeTime 3
LifeTime 4
I LifeTime 5

30

5 5
2

3 4 5
Zone Lifetime

[2&-7] GCA|l Erase CH4 ZoneQ| Lifetimedt X &=l 25 H|0|E{Q| Lifetime

[AZ-712 HIE2Z LifetimeO| 29! Zone2 GC7t HMSIX| A2 &

QAL 12|10 Erase CHAOI Zonel| LifetimeE Lt & Lifetime?l| SSTfile2

MSEA| BERALCE.

700
600

500

300

200

Zone Erase Count

100

£ GCE &

. GC

Zone Lifetime

[12-8] Zone Erase T+

21 2M & Zone erase?l GC A|0| 2+ BiAS= Z40| Of
o
=

Sl erasek|= Zonel| F+=ELC} H

oF
LS

=l
—

E=N Zone erase (not GC)

. [
g 4 5

A

k=]
—

=
OI=O|
o_

— = =
t2 Q8 F7|X O 2 ZoneS erasedt= HAO| Q28 A SHCE

=
o

LR

A S

ZoneO|

= QUL O|F &3 ZenFSOl= ZNS SSD2| & &



= A5 gotRE7| I8 ZE 2= ZenFSo| 2

=A5t0 Zone & GMI} Zone Erase FMO| CHo H2|ZHCEH
33.1 e SSTfileQ| Lifetime & W4l 4

ZenFS= O|O|E{ 2| hot/cold HEE =45t ZoneB= Lt+0f XESH7| ¢
Sl SSTfileOICH LifetimeS X|HSICt Lifetimel| X|EE LSM-TreeQ| Z|#O|LCt.
o] HE24+E MER OOIH7I TO| writekl HEMO| XtF Ldls
SSTfileO| X3 APMEICE MEtM 2R0| =25 =2 LifetimeS 7HTICH
ZenFSO| A Lifetime2 20 M 5AL0| gfE Z=Ct MemtableO| S2{Al &|H A
M EZl&= Logfile2 LifetimeO| 20|11 SSTfile2 2#of [zt 30iA 59 g2 %
A ElC

Bl

OF

— -

3.3.2 ZenFS Zone &2 Al 24

ZenFSE= MZ2 SSTfileZ LifetimeO| 2t Zf ZoneOf| L0 write®tCl 1
2|1 H|X3t Lifetime2 7tEl SSTfile2 Z2 ZoneO| X|CHoF HYX|SHCE O|IY
ZenFS= Zone Y2 RIS Zonell Lifetime= T FXIBHCE Zonel|
Lifetime2 Zoned| XS writeEl SSTfileQ| Lifetime2Z HA™ED ZoneO|
erase & W7IX| HSIX| UE=Ct Zone Lifetimedt writeE SSTfileQ| Lifetimes
HIEf O 2 D E Zone® A7H(Scan) 3t0] SSTfileQ| LifetimeELC} LifetimeOl 3
1 Xto|7F TtE B2 ZoneO| MEHEICH &, 3 ZoneOl= XS writeE SSTfile
O Lifetime2 Lt &2 Lifetime2| SSTfileO| writeZICt OO Z GC7b L3
2 I & SSTfile2 &Z Zoneg MEiY ZR0|l= |F=& SSTfileELt Lifetime
O] & ZoneO| US Al LifetimeO| €2 Zoned| write E|7|= StCE (3, 10]

Zone O i st etimer
N lifetime: 5

Zone 1

Zone 2 Invalid Invalid

Zone 3

Al

[13-9] ® ZenFS2| Zone &} HiAl

o

1 ZenFSQ| Zone & HIAMES Eof| GC LM Al Zt Zonel| A HO|H
£ FAssCt oE =0 [A”-9]9 Zone 22 Z0| 7tE LifetimeO| &2



SSTfileTt Y28l LifetimeO| W2 SSTfile2 2& S RSICHH GC Al 3 79
SSTfileOfl CHSHAI T S AT} S SICE

3.3.3 ZenFS2| Zone erase JX &M

SSD= write © eraseE dl0F ot= S MZ0 HOHE AASH=z i O
OlE{7} EXHE AKXI0 HZE write® == QICt CIOIEH7t ANEH F2 &E
2 A x[=0 O R#22tE HO|HE erasesiA S7t2 =HESHOF SiCt,

Zone O Invalid

Zone 1 Invalid Invalid e

Zone 2 SST #3

Zone 3 SST #1 Invalid
lifetime: 2
lifetime: 3
lifetime: 4

S lifetime: 5
() Reset Target

[A2-10] ¥ ZenFS2| Zone erase H*

ZenFSOl= F7|H S Z 7ZNS SSDo| &at2 &EE == Y& Zone erase d
MOl UL oY M % SSTfileO| AMX|E M{OtCH =M EICH SSTfileO| AFA| =™
DE Zonegs A7 R2%t HO|EBt 7tEl Zone= erase®tCl. O|&= ZoneO|

7t KUK UGEELT erasePtCh [A™-10]2 ZenFS2| Zone erase FHg 1
2lo= LIEPH ZO|Ct 2= OO|HEH EXSt= Zone 01t 10 CHSHA] erase
7t 2B S Zone erase MHME Edff F2 HOIHE N7 5= &
H3tD GCE £& & UCh

34 24 U8 3

ZenFS& RocksDB2| LSM-TreeZt =2 oM HIO|H 37t 2 AS
HIZ S 2 O|O|HQ| Lifetimes EotCt 12| HO|HQ| Lifetime2 HIE2Z
H|=%t Lifetime2 7tXl CIO|HE Z2 Zonel| Z2C} ZenFS& 3 Zone
Steh WAlS B8l 2t ZoneQ| H|3t LifetimeS 7HX HIO|E 7} 2% R 2oL
O{ Zone erase ‘M0 et S7HS 2ESID GC Y2 == A2 7|0zt
Ct. L, Zone2| 2E HIO|H7t Fa3tE[X] HHEE 7t =2 Lifetimes 7t
Tl SSTfile Bt 7HBF HOF GC A| A7| XS Z[4%5t= AS 7|CioiCt

SEX|BH 7|Cet= EE| ¥ ZenFS= Zonel| B2 F2 HIOHE H7 GC7t
O] ZASIC 2|1 GC7F BEE[X] e Old ME Zonelf HiX|& SSTfile

_’IO_



O Lifetimedt &2 Lifetime?| SSTfileZ A HiX|IA|Z|X] B4OF AFBE|= Zone
O BORZICE writek|= OIO|H7t BE+&E =2 Lifetime 58 7%l SSTfileO|
TOFX| 1 ST SSTfile2 & AMAM|E[X| @=Lt O|2 QI3| LifetimeO| 52 Zone
2 ot 712 SSTfile= Q6 CHE HIO|H7F 2F FRotE|HEtE erase&|X| &
Al EICt 2|3 LifetimeO| 591 SSTfile2 GC7t ZAMSIX| Uo™ i 22

= 7+ eEIF EHEX|

Zones P TOFSICt. O|24gt O[F2 ZNS sSDe| Off =7 =
BOF GC7F O &2 Zdstn /=28 d§s0| offfetth d2[n 3479 &Y

Zutet 20| 2Ye ZoneO| FFBHTILY.

4. A7 WE
41 JfME Zone Y HH
4.1.1 Weakly/Strong Lifetime based Allocation: WLA/SLA
= MHHoM= & 74X Zone Y& HAS S & EIIULCH

KW HAL2 |ifetimeO] Z2 SSTfileS RMHOZ ZH2 Zoned| 2o
S Lifetimelt 22 ZoneO| 212 Al & ZenFSQ| JMZ [WMELt F, SSTile
O| writeX|™ EE Zonea A7 SSTfileQ| Lifetimelt LifetimeO| Z2 Zone
2YoI0] MYStD 245k ZoneO| Y& Al SSTfileQ| LifetimeZ Lt Lifetime
A1 IPIZ Zonel XETCE SHE HWAS WLA(Weakly Lifetime based
Allocation)2t £ Z2ZICt.

S o

= HE g2iAl2 |ifetimeO] &2 SSTfile®t Z2 Zonel| 2O = HiAlO|CY
OrXt7EX| 2 SSTfileO| writek|H 2 & Zoneg A7MS| LifetimeO| 22 Zonel
MEstn 243t ZoneO| ASA MER Hl ZoneS YETILL i HAS

SLA(Strong Lifetime based Allocation)2t £ ZZiIC},

Zoneo | [Life:4| Life:3  Life:3 | zoneo |/ Life:4 |Life:4 ]

Zone1 Zone1 | Life:3  Life: 3 |
Zone 2 Life: 4 Zone 2 Life: 5
Zone 3 Zone 3

[A%-11] & 7I& Zone T A () WLA/SLA

oM Apd
ZenFS Zone lifetime > SST lifetime New Zone Allocate
WLA Zone lifetime = SST lifetime Zone lifetime > SST lifetime
SLA Zone lifetime = SST lifetime New Zone Allocate

[E-5] Zone BT W4 H|@

_’I’I_



[A™-11]2 7|EQ| Zone &Y THMI} WLA/SLASE H|WSH 20|10 [E-5]
Hl w3t #O|C} WLA/SLAE Z2 Lifetime2| SSTfile2
42 Zoned| MUEOZ H2CH WLAS AHMQ ZoneOlX Q12 Al MER

412 #ix|or=3
M Zone TE HAol M58 =HSI7| sl #HXOIZE S2RUCH 3.1E9
HIX|Ot3QF OHRIZIXZ 7HASHAOA AEHE TS db_bench M2 Of

of [E#-6]1t ZCh

7|(Key) 37| 16Bytes
#F(Value) 27| 100Bytes

SSTfile 27| 64MB

3 write 37| °F 21GB

[E-6] db_bench &4 (Option)

AED 2D J|E ZenFSOIM KA Z7H0] HEK

=
= 1
EE & wite 37|15 f 21GBE X[FULE. 2|1 HH AES
3

o 5 b= MH 2
AELCE 22 ZNS SSDe| &S 12{di LSM-Treel| 2 Zf'#0| Z74g WOt
Ct 80| 2844 Z7tt= & off ChAst SSTfileQ| LifetimeO| MY =S FUCH

_’|2_



413 Zat 8 WLA/SLAS| X

100 L = Sum
£ 80
3J
7]
=
S 60
o
@)
@
= A0
o
2
=

20

7
0 [ 0
ZenFs WLA SLA
Allocation

[A3-12] Zone T HMoj ME ZALE SSTfile

(W

1> 52 rE ne o
S oo r2 ox |H

[AB-12]= Zone Y IHO| [ME FALE SSTfile?| 7i+& 3o
O|Ct. 7|E ZenFS& ZNS SSDO| F2 HIO|E{7} O] |X|= GC7t BO|
O Mb2tM ZEALE SSTfileQ| =7t B Ol M7 ZFut X AEC
WLAR SLAE &2 2| HIO|HE writeS M =AZE Ao LO{LtX]
= HEOFELCL Ol LifetimeO] 5%t SSTfile® &2 Zonel| EZox= B

-

- o
o1 ZenFS2| Zone erase Mt O £2 222 UWes A2 EHELCE
718 == LifeTime 2
700 = LifeTime 3
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O 400
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[A&-13]2 Zone & FHMO| M2} erase?t LMBH ZoneZS LifetimeE 2
LR ZH4=2 =33 J2=0|n [A--14]= Zone EE ™A erase”} 2l
ot Zonel| W& FEo defZOILt. 7|E ZenFSO| H|SK WLA= o 5% &
710 SLIAE & 26% S7HUCH 5Lt Lifetimeft 22 ZoneOfl write® ==

U= SLAOIA erase =7t Ol S7tet AE & = ULL

[A&-13]2] ZUE EH WLAR} SLA= 7|E ZenFSOf| H|3H LifetimeO| 292!
Zonel| erase =7t TO| FIFMLE LifetimeO| 2@ Zonel| erase =& TA|
erase =2t HWs| EH 7|E ZenFS= & 05%E AHX|St= BHH WLAE &
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O|24Tt erase =2 T7t= Zone erase P ARO[ QUCt 3.3H”2| Zone
erase Y™ M LJE0| 2™ ZenFSE ZNS SSDO| S7t2 FI|HoRE ¥H
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Zone2 |[NZEM Vaid | Zone2
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Algorithm 1: LZR(Lazy Zone Reset)
Data: Zones: array of pointers to io_zones
1 for i < 1 to length of Zones do
z <+ Zonesli];
if z — lifetime_= 2 and z is not Full() then
L continue;

if z is not Empty() and z is not Used() then
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S U W
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422 HX[or3 3 Aqt
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[B-7] 7R &

S HY 282 9 317 A 4ToN Aot B0 Yo he Al
FEMUE ARUCE 87t X &= [&-7]2F ZLCF
7|(Key) 37| 16Bytes
# F(Value) 27| 100Bytes
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E write 37| oF 22.4GB

[E#-8] db_bench &M

HIX|0HE M2 [E-8]1t ZCh LSM-Tree2| T K&

7
o
oA QL ZHo| 28iM ZbSA S AN AH  BHHEO|MQE Zo| Cf
Lifetime2| SSTfileO| writek| == JMC}.

= AA

Zone & A Zone erase H*
ZenFS Zone lifetime > SST lifetime default

WLA-lazy | Zone lifetime >= SST lifetime | if z->lifetime == 2 && z->full()
SLA-lazy Zone lifetime = SST lifetime if z->lifetime == 2 && z->full()

[®-9] 87t tHe
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