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Modifying Guest OS to Optimize I/O Virtualization in KVM
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Abstract  There are some operations in Guest OS causing the I/O performance degradation. For
it is the general OS, which is oriented physical machines, directly running on the virtual machine
as the Guest OS. This paper evaluates KVM 1/0O performance, find that the Guest OS should be
adapted to the virtual environment for better performance, and proposes some optimizations.
First, reduce VM Exits by merging successive I/O instructions and decreasing the frequency of
timer interrupt; Second, removes some redundant operations from Guest OS, including the oper-
ations useless in virtual environment, the I/O scheduler whose results will be rescheduled in the
Host OS, and the NAPI support in virtual NIC driver.

Keywords 1/0 virtualization; KVM; performance evaluation; optimization

AR O S 1/O & 45 09 i Ak, S8l y
KB AZ TR KVM BHEGRE P ER S T 1Y
1/O 153K A8 8 47 #6186 EHAE R 48 (Host OS) |

REALEY 1/ O 1 BE 2 4 A 15 20 384 1) i k. ) QEMU, QEMU ¥4 i 2 i 3K % 40 o X 1 32 45 1F
KVM jE#I#L (Kernel-based Virtual Machine) fifi F] REMAGFA B mE ARSI Wi

1 5]

T

W H O :2010-08-22. A BB £1) [/ % < Ju-b =7 H S SERE BT 5T R R MR T H 2 4 (2007CB310900) [ 5 [ 48 Bl 2% 3 4 (90718028,
60873052) L K “ A\ =" B AR B % B RIIT H 3 4 (2008 AA01Z112) FIL T 3#B-35 45 /R (5 B # A & 5B BF 3% 4 (MOE-Intel-10-06)
Vel S L 4, 1982 4R TR B g A L EEHFSE O 1 Oh R G0 UL SR ANAR G5 /R 3, 1972 4R A4 1 L R 2 . B gE r h
ARG ML IR E B RS E-mail: wxl@pku. edu. en. 8 2, 95,1986 4EA4 W LAFR A FEMR T m N RE R, BER. S,
1984 4EA R LRI A » EEAFSE 7 1l RGCEUL. R, I 1970 4E A 1 1, B0  EEHFG Or 19 0K R 450 % L R 5 e LAk
BHME, L1071 AFAE L BB, B AUEO RG R B E ER S ZEBREA L B3, 1957 AR WL R, T B ST R ok A A
RGE IATI R RS DR R 245



12 4 SR A5 B BUR PR RS E KVM EAIHLEY 1/0 PERE 2313

[ 49y BRAE A S B X 1/O B 4 14 HE k. 1207 3 K
i QEMU Xof 3 4 B AL 8L o PRIt 5 B 37 o (HL S oy 7
1/O B A oy e Z 438 Ul 2 3L 1/0 1
REAR R BEAR. AR KVM B8 1 B A h & 4o — 28
KA 1 L AT T A B B B . 1
T 5% A0 ) R UL 4 PR BE T B AT TH AR

FA] F2 2N 7 A A S8 A R e B AL
FATIL T KVM K 80 HLRE 55 70 00 R A 0 8016 1
AE . KSR R T H ATa AT e L L&
AR AR G 0 ) BEALAS T A 00 3% Tl 4R AR R . 1
R AE AN SE N RE U1 B0 5T 10 DR 3R L 5 T UL BIL Y
[/OPERE. AR M2 50, AT 83t 17— A e 5
Z BB MK PR R GRS LR E R B
KVM [ LAY i 85 AR 25 1/ O PERE Ry H A5

2 KVM E S L 1E gE ik

e KVM N1 RS HE 2 4k R 48 (Native)
1) 1/0 PEgE . T KVM B HIHL 1/0 3% 45 & 4L I
B I3 B A R AE L e 32 Sy A SR & )
ER G MG FHAE RS Lig TR M 2 1/0 1)
FAEM R FE P (benchmark). H T3 — 2 T M6k
TEAS AT RE Y 0 A - FRATT B B KM, 75 58 o 0 i F2 )7
BATHE  RAFHE 2 MK P AE R G RAT AT
2.1 #MENR

MK FR BT . Intel Core2 Quad Q9550(2. 83GHz),
4GB N A7, SATA 1 # (¥ 3 7200), R G R A .
KVM-76 (BRIAFEC B . Linux 2. 6. 27. 7.

M 2. 78 B L HL L 38 17 bonnie++@,
bonnie-++ {8 I ST R G2 V8 F 43 ik fe B e/ 5
&R A CPU R H 2, 9 5 Native 58T A9
R G5 R PEAT X L.

Fi H 5 W 3 R M A5 R an 1] 1 .

INEL T Hal F AL SOy R A

80000 70
70000 160
< 60000 —a— 4712 (Native) _
L 0000 - ﬁni?a%wv[) 1°0 =
° CPUR| A # (Native ) M
9 = D | = 140
% 40000 —u—LPUid}:H (KVM) g
v 130 &
30000 E
_._‘
& 20000 120 ©
10000 10
RPN I I I I I DTS
SPELESELE LSS
NP @
LE/I3 NN

B 1 Native fil KVM g #IHLIR T 5 s 4% 19
iR A CPU FI R H %

%A CPU ] F R #8 B Native [ — 2 &£ 47 . 47
RPN RIS
0 L A 1 TR 25 R ] 2 R

100000 70
C L
90000 60
~ 80000}
2 70000} 50 =
x 60000 140
% 50000} TR TYaNawr =
= —— 4% (Native) 130 =
5 40000 —— ¥ ZE(KVM) =)
=1 30000} ——CPURI % (Native) {50 &5
& »0000l —o— CPUA I # (KVM)
10000-\\___@‘0_ N
PRI I I I I DD
S ANVE G E E S
RS S SRS S N

L EIE NN

2 Native 1 KVM g UL 352 8 3% 14
Fuk R CPU 4 & i

LR B W AR G A b AN A kAR SRR Y i
FEERAE 0 R AL AT LA 26 B3 A VMM i 17 4b 34,
A A3 Native W PERE , 17 H 2 90040 5 2 2R 80
T CPU Wy7F4s. Bk, B 2 s i SUBL 4 BRI 152
I E k5 Native A 24, i CPU & 1 W kb
Native HfR£.

PRI FE WG 1/0 7T, — 2 L4 5 w4
MPERE . — R R e A CPU A A 2. 1M
T 136 A AP P 5L R Dt AT o A 55 2 v 1) R RT3
QEMU #48L1H: g AR 5
2.2 MK

MR 5T - ) AL A% HostA 1 HostB, 43 7 fiff
H Intel B T-J6 M -F 82566DC F1 82567LM-2, Dk T
JKM H .. HostB E i KVM iz 47 — 4~ ji AL
GuestB.

K 1. ] ping MR LA A R Y 0 2 K ds
(ORES RTINS

ML P2 (D P13 E 4L HostA ping P93 41
HostB; (2) ¥ ¥ #l. HostB ping M #) #l. GuestB;
(3) YL HostA ping BRI GuestB, 235 i
8] ) £E 3R B E (RTT) R 25 AN 3 i,

0.50
0.45
0.40
é 0.3)
0.30
{: 0.25
= 0.20
& 0.15
0.10
0.05 I
0 & & & & & %
S & & & & &
3 N O o > O NS
R Q& V\ég) &V\:\\) égj\v %\87 ;&Q?’

3 ping MALEE R

@  bonnie++. [ Online] http://www.coker.com.au/bonnie++/



2314 it " . 2 i 2010 4F
PR 2 SR nT DL R B Tk A Y Sk Y & A o @ Native(e1000e) o KVM(c1000)
’ 8 KVM(rtl8139)

B BN GuestB £ 5 3] HostA | I 8] JF- 54 , A1
BT HHE N GuestB &5 2] HostB 11 i 8] in_E %
P N HostB 2| HostA 19 1% iy B 8]t 58 & 15, 1
AL T 45 K B2 GuestB 3] HostB (1) 1% 4 B fa]
MR T 3 H 43 4 B R R4 29 2 33 %%,

5208 2. Netperf K.

Netperf® J& o I 2 9 45 & ik 2% () JF 5 56 o
DA Py . 32 S 2 3k 2% 7 s A0 AR 55 & i R 4> o2
T TR AT I 45 5 90 1) & 3% RN 2 0T, I o B s A oG
P 28 P RE 18 A, FRATT 32 B K0l T8 (throughput) 1
#E3R (latency).

MR AR (D) v F AL HostA F 5 4T netperf
B P 4% AR 55 7 0t 5 (2) A b F 4L HostB 3847 netperf
& S AT BRI 5 (3) % B HE ML GuestB fifi Fi
ANTA] 9 R 400 R O 400 rel8139 R B HE 480 €1000 ]

1.0
#20.8
%H 0.6
= 0.4

0.2

T(,P Strmm/ UDbP Strelm/ T(PRR/ ubP RR/
(Mbes (Mbes ™) (Transes ) (Trans*s )

4 netperf MW, fE LB FAAS R 90 g

I Y HESULE AN R A R SR PR REA —

ZE 5. PRI A ADL B o B A BRRE ) %) K S BRI T 1Y

VR REAFEAR I R M. A0SR O 7 P R A R G e %
I AR AP A SO 2 Y E B R RAAS B A X B

9 HEFLBL R 45 1/0 g

2.3 HESHMR

T k2 o B PR RE TR BE R DY L AT T
HEIHLIZ 1T SPECjbb® Ml netperf B % A i # ML 4

R 43 B AT netpert % 7 vk A7 0 L WS R a0 A (VM Exit) A, H o f5 i 85 SUR LR A
Kl 4 Fos. (8 BR BT ATTIR 2 R T SR 80 il 5 A FRR R
4 o, KVM g UL P RE Ik T Native, {H INTERR 1 A1 2 .
F 1 KVM E#MHLIETT SPECjbb B B9 # 2 R £
B A Hi ik AR EL [(EPNG B T =N 1 O N o = VA YNGR
1 0xc041be3f 607251 4.29/17. 66 ack_ioapic_irq
2 0xc042ffab 602546 0.10/0. 41 __do_softirq
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T VERAE R G RE S IR Sl AF A — SRR B
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40, /driver/ide/ide-disk. ¢ 1 __ide_do_rw_
disk B AWM T —BACE ((UIBEE D .
/driver/ide/ide-disk. ¢
hwif=>0OUTB(tasklets[ 1], IDE_FEATURE_REG);
hwif=>OUTB(tasklets[ 3], IDE_NSECTOR_REG) ;
hwif=>OUTB(tasklets[ 7], IDE_SECTOR_REG) ;
hwif=>OUTB(tasklets[ 8 ],IDE_LCYL_REG);
hwif=>OUTB(tasklets[ 9], IDE_HCYL_REG) ;
hwif~>OUTB(tasklets[ 0], IDE_FEATURE_REG);
hwif=>OUTB(tasklets[ 2], IDE_NSECTOR_REG) ;
hwif=>OUTB(tasklets[ 4 ],IDE_SECTOR_REG) ;
hwif=>OUTB(tasklets[5],IDE_LCYL_REG) ;

hwif=>OUTB(tasklets[6],IDE_HCYL_REG) ;
hwif=>OUTB(0x00 | drive-—>select. all, IDE_SELECT_REG) ;

A% B 1

BRI A HE T 11 IRIELE K outb ¥ & 5]

11 WRESER AL AL FATE X 11 4 outb & JF
R —A> vmeall #1520 B 2 Uros A

11 UGBS 1/ 0 4

/driver/ide/ide-disk.c
struct io_insn io_out[ 117]; //f#£4% 1/O #5215 B i B 4
usigned long io_gpa, io_len;

# define IO_OUT(x, _type, _val, _port) \

io_out[ x].type=_type. \
io_out[ x].port=_port, \
io_out[ x].val=_val

//AE1/O 184 AR BAR UK A io_insn $(41

10_OUT(0, OUTB, tasklets[ 1], IDE_FEATURE_REG) ;
10_OUT(1, OUTB, tasklets[ 3], IDE_NSECTOR_REG) ;
10_OUT(2, OUTB, tasklets[ 7], IDE_SECTOR_REG) ;
I0_OUT(3, OUTB, tasklets[ 8], IDE_LCYL_REG) ;
10_OUT (4, OUTB, tasklets[9], IDE_HCYL_REG) ;
I0_OUT(5, OUTB, tasklets[0], IDE_FEATURE_REG) ;
10_OUT(6, OUTB, tasklets[ 2], IDE_NSECTOR_REG) ;
I0_OUT(7, OUTB, tasklets[ 4], IDE_SECTOR_REG) ;
10_OUT(8, OUTB, tasklets[ 5], IDE_LCYL_REG) ;
10_OUT(9, OUTB, tasklets[ 6], IDE_HCYL_REG) ;
10_OUT(10,0UTB,0x00 | drive-=>select.all,IDE_SELECT_REG) ;

// M T KVM FI% P8R R G807 I HE 25 [R)AS ) 75 ZE4E fo_insn
/B M hE B o FE L L DA KVM 5[]
io_gpa=virt_to_phys((unsigned long)io_out) ;

io_len=11; //1/O 84 %

vmeal( XKVM_IO_COALESCE, io_gpa, io_len, 0) ;

// VA vmeall [ A KVM, LS50 35 io_insn 1 3t fik 1K B

RSB 2 &3 F—4 vmeall
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Background

Recently, virtualization technology is developing quick-
ly. Some excellent virtual machine monitors are more and
more widely used. Via optimizations in software and exten-
sion in hardware, virtualization of CPU and memory is now

much improved. The performance is nearly the same to the
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Native system, and the complexity is also reduced. But per-
formance in I/O virtualization is still a challenge, and there
are no ideal solutions yet. Although the hardware extension
helps to improve the performance and complexity, but there

is still room for improvement. So there are still many resear-
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ches on 1/0 virtualization. During the research, the authors
found that the I/O performance of virtual machine is affected
by the behavior of the Guest OS. Now, the general OSes,
which are oriented physical machines, are directly used in
virtual environment. So there are some behaviors causing the
performance degradation.

Therefore, the work focuses on locating these inefficient
operations in Guest OS and tries to modify them. That is
tried to optimize the Guest OS to adapt the virtual environ-
ment for better performance. The experiments are based on
KVM. but the optimizations can apply to other VMMs. The
performance of disk and network in KVM is enhanced after
optimizations, and sometimes the throughput is even in-
creased by more than 60%. What are the requirements of an

OS running in the virtual environment? How can make it effi-

cient and simple? Guest OS modification requires further re-
search. The authors” work is a beginning.
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