2023 AT EYAFFHITEUE =EF

=l
=

e

NVMeVirt O+& AAEA X s 2¥€ 4 ¢+

o1 1 = 1
HOIM O olse ! A

T

0
0x

i
A

"Ol=0E D ATEY D
sms224523@ajou.ac.kr, soccer1356@ajou.ac.kr, sanghoonkim@ajou.ac.kr

Extending NVMeVirt for the Multiple Instance Feature and

Improved Performance Models

Minsoek Sung®' Seungyoon Lee' Sang Hoon Kim'

"Department of Software and Computer Engineering, Ajou University

2 o
0l =2 NVMeVirt 2AZENHE HEGIH CIE AEA JlsS FIlotd, Zoned Namespace SSD2J
e QFE >Fol=d =E2 XF=D JUCH NVMeVite S &Y OIAEACIE X260 AUN =&
St 2tds RdZict=d M0l UCH =22 0lHE HES =556t /ol U= AHA XS S
O Chest std2 isSdoldE = JUASE Jls2 &HotDX ST E£8F, NVMeVirtel ZNS(SSD) 24
OlA ZMele @RE £36I0 &M ClHoIAR O SASH AI2d0l& &3S HSotDX st

.H B 2 Xl NVMe CIHIOIAE control blockOll &E &H26HH 2
NVMeVirt[1]1= NVMe CIHIOIA JHASE X A2 MEEC L NVMevVE BIZ2el0l control blockOl &
Aoz &0 Oet M AHOIAMAM CH Mot S8 OIME L0l XMl Lt Control blockOll &g &

0
_O'ﬂ
rr
B>
IE
Im

ron
O
v
10
=
<
=
@D

ClHIOIAE Jog = UL REZS Xcalsotdl ol NVMeVirte HE Mg =2l dispatcher
ST NVMeVirte & OITAE AN CHOHASH JIASIE XI& £ AFZ8HCE. Dispatcher= control blockel 2t B1gtE 2t Xl ot
ot UCH 0l= &N s&st sF2 EHdt=d oHd282 = 1 control requestE Xelott, & H 1/0 request Mele HE
Ct. Olofl et NVMeVirtel JIs& &6t Os AAEAE MY E0l 1/O workerE Solf =85t}
Jtatstotd 2telg = U= JIs0l 2 R5H0H £8F, NVMeVirt
= SSD2 read, write S2 HALS time latencyE Soll & X 2.2 Zoned namespace(ZNS) SSD
CIHIOIA MY RESHCEH & ZNS SSDQ latencyOl CHSH Vit operation Write operation
Qg2 Q2IF A0 AMA CHE SA0l UEFHCH2] ol Ii rr— EXE B
et ZNSel 2ol st =&01 Z2RGtCH we T Sevewp
MM 2 =20IAS NVMeVirtlll THE QIABIA D52 = ESE (B cominiae ]
Jtotod Crtst stH3s HAF6ID HS2H0IAE = UAEE JIs /
£ &SI, ZNS2 220l st JHe gets  HMAIE 240l
Ct. J 2
[D& 1]ZNS &8 &
2. @ o3
2.1 NVMeVirt ZNS[3] ClHtolA9l e = zone22 UHXILD, 2t zone2
NVMeVirte Jta NVMe CIBIOIA R SAEQ |/O AEH A /O &t Il &2l block2Z LISOH&ALCH 2 zone2
012 Chel 9&=2 aotH LBt Ol Conventional SSD, NVM sequential write Y302  XI&otH, zone Y GtLtS
SSD, Zoned namespace(ZNS) SSDZ Key-Value(KV) SSD2t sequential write Z& ot 85IEE M2 SO zonell ME
Z2 Ul JFXl Et2el NVMe CIHIOIAZE XIESHCH L&t PC & OoIHe A48 Z&SCH d2dU write pointer(V\/P)°|
peer—to—peer DMA, NVMe—-ofF £9 JlssS M38&tCt. A0 EX e 2FIF LAg = QUG 0l di&Zohl #
NVMeVirte PCl bus ct= Jtah PCI EXIE Sol 52 AlA o ZNS SSD&= append ZHEES NI CHGHRULY. append: WPE
ol HAECH Jta NVMe CIBIOIA (OIS NVMeV)e &tEE HAESZ 2ot oSl writet 22l zone2 Al
H2e2l 32t0l PCI configuration headerE &&otd 012 & LBA(ZSLBA)E WPZ ol HIOIEIE Xelstit.
M Ot&t PCle busE MASHCH PClI MEAARIE Soll dig 2t zone2 AENOI et 8 £ Us #:MSO HIO*EIEP
&t PCI EXIE PCle AMAEN HZSHCH implicit open, explicit open, close, empty, fullOl RUCt. zone

1943



2023 FFAZEYAFTHTENI =3

O] MEi= open, close, finish J2lX reset YENWE 0|=0t
O ZAIES=Z 22|g £ UL open ZHOUH= zonell AHEK
£ explicit open &EiE H&otd, close YHUH= zonell
open AEHY W close &ElZ HESHCH finish ¥ M= Y
zone= full MEHZ X EGIH, reset HEH= zone= empty
AElE NEHSHC,

3. NVMeVirte i 2T ALE
3.1 L& QAEA JIs &#E

S NVMevirte &2 AAEAN OoHAME JHAEE XI&
St A0, Ci==2 ClBtol MO JF&st SHAL 2tel st
=0 Metol ALk oIz 2!

0

A=
==
|5

of Ct==2l NVMe CIHIOIAE SAl
ol HIAESHALE AIEdI0IE ol 32 HM36tA =otH,
-2 SRt dFE SZ0ILE G0 dEe 22 U2
ClHtoIAOr B E SHet 42S 22E ot=0 delss &
Ct. OI0fl et NVMeVirtel Jiss &0t UsS AABHAE
Jtatstotl 2elg += As JIs0l 2ottt

3.2ZNS 2 =3H

MAI2ICH &K ZNS ClBH0lAE= appendQl latencydt
write 2CF 21Ch E£8F reset HAS JatencyIt NAND flashE
= latency2 S2oICH O0l= &H CIHIOIAMNAM Xi=

JIE Z2 82 procfsS O0IEotH ALEAtet Wetole A
g 2 OOoIEHE |MOA ==ctCt. deitk =20l Ct
29| Jt& CIHIOIASE GEA ZIHA AEXIL 28 CHoIAS
HAHSZ 2elg = A= UHHOIAS MSBotLA sysfs

T

3 2t HRLIHOE2

S & MAHE /sys/nvmevirt Cl2 &2l Ofel
9| config W= XHECH ALEXIE create S delete &
o2 E JHX Det0IHE L=AGHH AEXS 22 ol

5
F Otah CIHOIASE M4, AMHISHT

/sys
L—nvmevirt
|: config
nvmev_0
debug
io_units
read_times
stat
write_times

[0 2] NVMeVirtel Ecl 3=

4.2 static clA&AA 22
NVMeVirte &2 CIHIOIAS DHGHY JHeE=

[E

2O

e elaAIb & CIHoIAM =ESEH UCH 20l
2E 2, (A Jt4 CH0IAE MAoH)| RdiM=E &Y B
E HdoE HAS2 22 B2 HHOIL, staticotH Yot
= cAAE 2 LHoIAEZ 22[ot) 2=3cle € 281
@ PXE MPHECZ HGIRULH L8 NVMevirte ZIY
& MNEXCS Xt ClHolA B0l el 2= REDL
Ct2CH Ut Z2 30| A= =0 AFSAIF S Clbt
Ol EtES HdEg X & = gleBz 2 IEE 2E o
Oi0F SICH ZMMY YAl MSXS H32 MHel HE=2 2=
2E = It CHIOIAS M4dote HE FItoHALTH
Reserved Memory Address
NVMeVirt
32G 16G
PG Bus /NVIVIeVirt
|NVM9V CO’E” /o WOfkef| User Config
IDispatcher| Conv SSD : ggan?:;\':tr:riﬁn;lc;
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‘Dispatcher| Conv SSD

<PCl Bus) SSD Core

Device List

O

NVMeV 2
‘NVM&V Core || 1/0 Worker |

‘Dispatcher| NVM SSD

SSD Core

Y NVMeV 3
‘NVMBV Core || 1/0 Worker |

‘ Dispatcher | ZNS SSD

SSD Core
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