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I1/0 Performance Evaluation in the Virtual Environment and
Optimization Method Suggestion
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Abstract: As high 1/0 performance is required in big data analysis, storage class memories (SCM) such as solid state drives
(SSD) are introduced for big data analysis. Recently, NVMe (Non-Volatile Memory Express) is standardized for SCM device.
Especially in the virtual environment, NVMe is applied to improve I/O performance. To assign NVMe device to a virtual
machine (VM), administrators should consider assignment according to requirements of hardware/software configuration.
However, it is difficult to configure optimal virtual environment due to the enormous number of variations and combinations of
configurations such as VM, physical/logical device, direct/indirect assignment, virtual device interface, assignment options, etc.
This research evaluates I/O performance in several kinds of virtual environment with NVMe SSD, and proposes 1/0 performance
optimization method for virtual environment with NVMe SSD. The results show that 1/O performance in virtual environment
varies from 20% to 100% of the performance on bare metal environment, by configurations and options. The proposed 1/0O
performance optimization method is considered as guidelines for optimization on I/O performance in virtual environment. This
report proposes “Configuration Guidelines" on optimization of the 1/0 performance at deployment of the virtual environment,
and "Tuning Guidelines" for run-time tuning of the 1/O performance. With "Configuration Guidelines", suitable virtual
configuration and 1/0O performance on it could be estimated easily. And also with "Tuning Guidelines", resource utilization may
clarify whether 1/0 performance reaches the limit or not.
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72. F 31T 1O HEREFTAM R D FRAMAE AL & FF I DWW TR
Rk 113, TifiolvmXN] O —Z2TH Y, VM % 85
SHDLZLTRBICANAMELEETE LN, AT Fv
ARFETIE, 2EVMICH L CTEBEZIT O OEBHa 2 MR
KREL D,

ek 21X, INfiolVM] O —ZAThH Y, AT F v A%
VM BRIZK L TITZIER W OEH a A FRA/hE L7
57N, Bare BRBIIC AT /O HEREMIEH IR L, o, fio
Y VT DA VM OFRENRLE LS.
Rk 31, N fiolvm+Path Through) 7 —ATH Y,
K 2 CRIBRICEE 2 X MI/hE<, 2o, SSD ZEH:
VM 12810 4T 578, Bare 855 & RS0 1/0 hEEE 155
TENTES. L)L, oo VM TSSD ZFIHT 5 Z LA
TE9, Mo, SSD OFT A AR EE VM TITO Z &1
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4 |N fio/VM +
lothread

AT F U AR O] fio PRI T VM O
(=SB I TR E B

AR A — NNy - BTy TN R
Ri3AEL 1 &R Zx L TR EE

- virtio-blk  LAAM I 1] A
N

(2) 1O HERED BB ELEE D /5 HT

FEBREEIC X DYERERTAM TIE, BEx BB E ST 10
PERENEF LTV =2 s 110 MREICEET 2 HE % 3
OBE LTz, KA NOMREOBEERZ /R .

BIE SIS 1121, Bare BREEZD I/O HEEEFM T v v 7 5
INA ZADBLEZELIZL Y 1/O YERED EIRN M E L= &os
5 R4 % SSD ¥ ##E L.

BEEZESE 2 121%, /O VERED LIRKRIZT A A B P—R
& CPUFIAEOEIHNET 22 03D Y — oY
Y —ZF AR BERE L.

B 3 1TiX, AJTAM TR & S /I T 1/0 MR
DOEARREIR Y, o, ANARHBBIREC 110 YEREN &
BB TANATT OB BHR ] 2i8E L.

#* 4 110 PERED B 255

No |Z3% N R
1 [SSD % - 728X SSD OFIH (F|- T AL AV —FRD
0y 7T N, ZADE| BN XD 110 HERER
& % 5y 0 i
2 [V Y—= - CPU FIHEOHEFE |- 110 PERED LR TJK
FI AR #
3 |[Read/Write |- AJJEWMOBBEFE]- AJJAT CERN L
I HoEL WIGEIZ 110 PEREM k-

(3) O MEREZ Hm LT D7D DRA > |k

AREREE C 110 thfe 2 M L X¥ 2 558121%, 77V r—
TarvEFETTLVMEEEOT L, B, EHEREER
PR T HONAN— R =TIV T N =T ROy 7L
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MEZOND. ZIZTHE, MiEEAT—ALT U MERRL,
BEEAT—LT v T BT D,

BB DEA - EAF T, ZOATr—LT T ke
=T 7O FEIC X VAR OB RN R D
(VM OEBFIENEIRD) 72, 10 PEREEHEKIC L 0 i
WLT 51 o0FRA 2 MIedbtEZLNRD.

A =T U hT U0 HEEE A LS W DGAICIE, VM
ERGIHEBRTEDZENRA U e D =8, Tfiolvm
XN] O —ANEL TS, oL Tix, VM Lk
WEEOT 7Y r—ya R ER LT E 72 57D L
TUWNRU.

A=)V T 7T 0 HREE M LI GAITE, FEE
BEAHRTAINN—F 27V 7 b =7 OEERIC
VM Z B G ICBH - EILTE D2 WA A 2 M bd=®,
IN fiolvm] O —AM@ELTW5. {HL, IN fiolvm] @
= AT, O PEEEAHIRIZAR\ N T2 6, (NAREREE DR

e 2R+ 2 & THWOMREEZ M ESEDZ LT/ 5.

—77, FEARE, FEHREREOY Y —2OF AR
/O MEEEZ Il SHEDLRA L MoRbEEZBND. #)
2T, PEREFIAL TIX, 5310 AP —5R L CPU IR D 2%
BZ LD 1O HRED ERAHBITHZ ENFRETHD. £
7o, Ta v T AL AEEET D SSD IR B HILE, B
BDOSSDIZT By 7T NA RAEGHSEDHZ & TI0HEE
DR ERHFECE D,

52 IO BERBILFEDRELEER

110 MR FIETIE, v 74704 RIA4 & F
2a—= VT HA RTAVERE L. KT, &4 K
FTANTOWTHIAT S,

/Ot REBE L F ik
BAsh
() VMD R —)L
T AR

Yes

(b) R —NLT MY (c) VMDEEFEIZ&Y
/oM REREL \/otERERE L

"”1ng';5§]°£5’§ >M»< (e)virtiobIkEIR N2
ves] ves] l

SR

*Nfio/vm

~+7ay iothread R E
-Bareft gLt 0.78%

SRS

*Nfio/vm

+1/0: Path ThroughZ& &
-Baret kL : 1.00f%

SHER2
*Nfio/vm
“BarefhEtt :0.21f%

+1fio/vm x N
“Baref etk :0.79f%

SR ‘

B9 av74 704 RTA4 2 OfE

ar T 4 IHARTA T, (REREOEA -
BT DR R EBREE DR A A 20T 5. KoL =
VI 4 THARTA L OBREEIRT.

FPNL, BRET HIAEREMENE VM QR —L7 7 K
DOFMAAET 2 212555 (K 9-@). AV—LT U &
TH/EITIE, VM OEEERBEGZIZITZ 5 [1fiolvmX N
BEETD.

AT —T U NETORVESICIE, VM OREIZEY

e
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I/0 PERE % Feaifb 32 (X 9-(c)). BIRMIZIE, SSD % VM
WKEAIEDLZ ERATRETHIE, TN fiolvm + Path
Through) ##E+ 25 (K 9-d)). £7=, SSD Zfthd VM I
FAT 2845121%, TN fiolvm—+iothread] #®ET 25 (K
9-(e)). fH L, iothread A7+ =3 > 1%, VM T virtio-blk % Fl]
AL TWARFICERERETH Y, virtio-blk ZFIH L7215
AZiE, TNfiolvm) DNEEIND Z LT 5.

DLk X olicar o2 A R4 2R iux, FIH
BRI L7 ARBBRE O A G5 2 LR TE,
o, ZOMEFIF LIZIREO 110 e RS 5 Z &2
T&ED. £z, AUA RT4 0 TlE, RIEHERICEHT
52 & CHRBERRAAREEREZIRET LN TEDLLD
AL — N7 v TP THEOHEN IR TE L. EEHPThH
I, AFECEE L7 IRARBR BRI KV BREEA R RE D 1/0
MHREDEMNBEZIIET S LN TE .

VottheREILFik

(a)SSDRYa—LEHARE  \Ves

(SHTHYHTTLEL)
VM®Path Though&RE (=&Y
V/otthem LD REMBHY
es

(f) lothredA 7S 3> FI AT
(RATLavBERFE)

(d) (ADAFO) Write N (g) CPUFIRE No
=l st > %sys

1fio/VMEMPF (R —ILT I+
F%)CETI/OtERER LD
AREMEHY

lothreadA 7> 3 (=kY
V/otthem LD REMEBHY

K 10 Fa—=2THARKTA O

Fa—=V T HA RTA T, EZEHECZBITS 10
HRED EREZH ST H. K0T a—=v T HA KT
A OMEZRT.

FTIL, VM IZEHE SSD 210 2 T TV AR WIEAIZ SSD
ZHAEFEENHERT D (K 10-(@). SSD & 5/ TEhIT,
Bare BiBE L % 1/0 MERER G DD 72, 110 HEfED M
ERIRETE 5.

RIZ, SSD DZE XKLL 2 (X 10-(b)). SSD (22
ENHIEEIIL, TRy TS AOREN E 725 SSD
ERBCEDLOTIOM RO LN TE .

wIZ, VM LT+ 27 7Y r— a3 (fioy—i)
BEwRT 5 (¥ 10-). VM LETEE D fio ¥V —IL %2
B SHETWVWHEEITIE, iothread &7 3 v ORI A%

P95 (X 10-(f). Z OWEIZ iothread A7+ = > & Fll
LCWIUE VO EREIRR LB X b, BRAT > 3 v EFIH
LT 110 HEReD M EAHIRFCE 5.

VM L TEED fio ¥ — LV EBE S E TV RWEAITE,
ANAR OB - THOEE ZMRAT 5 (K 10-d). AT
AR OEFERNENEAITE, ANARO I0PS 12X 5
TTNAAED—ERNEL RoTWBD, 77V r—v
a U CHIH &S CPU FIHE (%usr) & — /L THRIA &
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L5 CPU FIHZE (%sys) % i3 5 (X 10-(g)). Z D %usr
DETIEZVM 2 A7 — L7 7 h &85 Z L TIO0 MHRED
A _EAHARE T & B A%, %sys 23T AU 1/0 MERERR S & 5 %
5N5.

ANARM DB RREEERSNGEITE, T ALY —F
BT D (X 10-(). DT NRA ALV —RBRE A
WZIE, TAAA ARy 7B ELTWDHT2D 110 HHEEIR R &
EZHNDLN, THAAL AL YV—=RMEWEAICIE, VM &

A —VT U REEDHZ LTI HREDH LR TE S,

UEDX ST a—=2 T 04 RIA4 v ER0L, Y
V—AZAOFARBUZ LV 1O VEREIR A 2 RS ICH BT
HTENTED. £, RFETIE, £V Y —2OFAK
WS 1O HERERAZHIE L TV D720, RERY YV —2A

(BFEY V—2) LHWTDHZIENTEIRANRT —~
CADHIBEIR B HIRT 5 LN TED.

6. BIEWE

{RARERBEIZ NVMe SSD #FI 3~ 5 B2 110 MBI T 5
ge & LC, Kim 5%, virtio-blk 0 data-plane #%6E[10]% <
—A L LT QEMU @ R Z A /3NZ CPU @ Affinity 5% 7E, ~
A K~ (VM) @ 1Pl (Inter-process interrupt) ZLEEDfE &AL,
/O BRDHK A F I v 7 S OBEETE, BIV, wmE
CPU (Z I/O AL R & queue ZFHI Y 24T % (vCPU-dedicated
I/O thread) HERE % FEIE4 5 Z & TRARBRBIO 1/0 MEREAS M)
ETBZERHESNTWALL. Oh BiX, 10 A¥ v
ZiEbT 5 7= ®ICER L= Pipelined polling #6812k v
HEEO 0 M AZWHNME ST D LT v 7 A Ofif
THOHF VD ALIERIZ L B BIEEE L /O MERED M ES°
CPU FIFI RO WS N MAE SN TV 5 [12]. Oikawa &1,
NVMe SSD % 2 b L — V% AEL3 25 VMMS (Virtual Main
Memory Storage) (2 & Y OS O#gg(b %X v 1/0 tEEZE M L
SH D FELI[U)EPRE SN TND.

AT CIE, FHEMRFEIC LD 10 MEfekiE b FiEA RS
LTEY, ERLZHENAIZL Y NVMe SSD @ 1/0 PEfE
DR ERHFFCE D0, RFEORERN L - FIAR®RO
EEPHIFFTE D EEZEZXTVD.

7. BHYIC

ARFIE T, RAHBREE CHRIL T X 2O RE DM A&
bEREHELHETH DT OB ERAIGRET D &
MTERVIEEICK LT, RERHHZ D DHELED S
7o I FERBER BRI K D 11O MEREREA, F5 L8, /O MERESR
fbFEERE L.

FHEBRBEIZ K D 110 PEREFTAR CiX, FIH9 % Bare/KVM
BREOERCA 7> a VOBREICEY /0 HRENKELSE
T2 Enbhotz. FlziE, BEHIZ1 20 VM IZERN
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SHEZEAITIE, 1/0 PEREIT Bare BREZICHL T 20%F2F &
RHN, Ty I TN ARBEEVMICEIV Y THZ LT
Bare B L RIS D IO MERER S D Z LN TE 5.

Z O FEREFHMIZ ESWC, (ABBREEOE A - @HIFIZ 1/0
MREERECSEDa T 7 A RTA4y, BLY, £
HEARFCEOND 110 xRk ST a—=0 70
A NI A4 % /0 MhRefi{b Bl LTRE L

AT 4 THA NI4T, FREMICE L RARER
BEORKEHLMNCT A ZENTE, o, TOMKER]
JALZZRED 1O A IEET 22 & TED. £, F=
—=THA RTA vEROVIE, VY —Z2OR AR
X0 VO HERENRFICEL TV AENESICHLMNMIT S Z
LN TED.

SHOBEE LT, EHFFMOLMEZE L v kT 5
Z & CRAEBRBE OB & L 0 (L S TARTIED
W2 LS B ABERDH S, £z, 110 HRERKELTFiE
X, KVM BEIOMREFMIC LV REL TV H 70, o
RAMEEAE C L RIS R EZ G LN 2 D HREET 2 LER H
5.
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