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Abstract: We achieve VM live-migration between Windows and Linux by developing WinK VM, which is
a port of Linux/KVM to Windows. WinKVM has all functions of KVM and even it has ability to migrate
VM between KVM and WinKVM. Nowadays, in the cloud-computing environment, Windows users are able
to use remotely the VM on Linux servers via the Internet. In such environments, however, VMs are fixed
in server-side and we could not quickly transmit them to client-side. We believe that it is important to
develop the technique that enables users to migrate VMs from server-side to client-side whenever they want.
Therefore, we develop the live migration between WinKVM and Linux KVM. To implement WinKVM, we
develop an emulation layer that allows us to emulate Linux kernel functions on Windows kernel. Accordingly,
we achieve the VM live migration between Linux and Windows. In terms of benchmark, WinKVM comes
very close to original KVM performance and our emulation layer gives no overhead.
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Fig. 1 The overview of KVM architecture.
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#F 1 Linux O — 3 VAL Windows O — # )V API xfns

Table 1 The list of Windows kernel APIs that are associated with emulating Linux kernel functions.
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Fig. 5 The mechanism of our emulation layer.
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Fig. 7 The overview of the VM-migration machanism of KVM.
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7 — 7 DIFIEIZEE LTV D720, MHIIZA DL &N T
HTHY, WELTHLALI LD TRETH .

X 8 |2 nbench DMIEMRZ/RT. &b, ZHEFLTIZ
AA M OS (CentOS 5.4) TEITLIZEEZDORYF<—7
RS 77 710MA 7. BRI HAT, R Fv—7f
WHhLTIalb—v 3y A YY) WinKVM 125609 %
WEESZWIEDNShDS. ROWBEETZ251&ES
LTWwWA NNET RV Fv—2Tdh, #3.9%DMHEEETIC
L&FoTwhb, 7z, BITFIELD ¥ FP EMULATION,
HUFFMAN X > F < — 27 ORI TIE 2% 0N TH 5.

*2 EREERN L 30 [l ping & %o 7z L EOFHHEIL 0.283 ms, fE
#EfR 713 0.0013 TH 5.
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int main(int argc, char *argv[])
{
int i;
int status;
for (i = 0 ; i < 40000; i++) {
int pid = fork();
if (pid < 0) return -1;

if (pid == 0) return O;
waitpid(pid, &status, 0);
}
return O;

9 FORKWAIT XY F~x—7
Fig. 9 FORKWAIT benchmark.

%52, NUMERICSORT X» ¥~ —7% Tli WinKVM &
KVM ORIZIZ & A EVEBEEDTR S N\ & v ) RS H
TWw5b, 2F 0,
TRy F—rTlE, Z3Ia2b—YarybA4AXYDF—N
ANy FIZIEHTEL LRIV TH B I L2557,

6.1.2 forkwait N> Fv— 7 & B

RIAZ, virtualization-sensitive 2 X F < —27 & L T,
M 9 |2/”7 7 FORKWAIT ¥4 7 a~X>F<— 2 2 flifld
L., ThUE T E b ADHERE EE% 40,000 [l D &3 7
075 50CTHh.

SHIEOER, A A b OS TOFATHER X 3.296 #, KVM T
13 53.436 B, WinKVM T3 54.304 5 CTH > 72. WinKVM
W 16%DEREMK T LGSR LTV W L2950 5.
2F ), FORKWAIT ® X 9 7 virtualization-sensitive 72
RyFYX=7THILIalb—YarDt—nN~y FIZESR
TELLNVTHDL I Ergmoi:.

6.1.3 ApacheBench (Z & % 5

K2, Y WHEWNZ 7O ST L FHWT WinKVM O
A% 39 4 729, Apache server benchmark Zfliff] L 7.
H—/312 Apache/2.3.3 ZfiH L, 10,000 [ajo> HTTP YV -
T A EREEEG 1 & LT WinKVM & KVM-17 (237 L
T S 72, LAN EI2dH 55HEHT AB (Apache server
benchmark) %347 L CHlE L7z, K 10 IZEFASHF % 7R
9. 10,000 EID) 7 T A b Z LS A B AY, WinKVM
75102.33871 B TH B D123 LT, KVM-17 (100Hz) (&
39.831594 B TH L Z ALz, 2% D, WinKVM D
139 2589 62.507 B TH 5 &) fEEATH 72,

22T, OS DEBAARL — b DEWIZ L 5 TNV F
~ =7 OWEMHGED D &) HEPHE SN TS [12].
Fe4 1, ApacheBench I2B\WT, WinKVM 2ME#ETH 5%
I 7S Linux O#3A& L — b & Windows D E3AA L — b

DENIH D EEZ T,

COWEHEREET 57200122 0D FEEEITo72. 12HD
EEIL, B LEAAL — P EFFO Linux 11— A V% 3D

nbencn @ X 9 7% computation-intensive
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Fig. 10 Consumued time for 10,000 requests by ApachBench.
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WinkKVM (1ms) WinkKVM WinkKVM WinkKVM
(10ms) (100ms) (default)

N
o
o

Comsumed time [sec]
(smaller is better)

K 11 ApachBench T, WinKVM ETR%Z 2EAAL — MIBW»
T, 10,000 U 7 T & 225 B O
Fig. 11 Consumued time for 10,000 requests by ApachBench
with different interrupt rates on WinKVM.

(60Hz, 1,000Hz, 1,024Hz) Ji7 L T ApacheBench |2 &
Ltz T o7z, IS DOFHAMR L — MILEN R OS T
FHENTVWBHEIZR>TWA, 2 2HDFEEL, Windows
7 —F I DERAMR L — b % timeBeginPeriod ) APIIZ & -

TEHE LT, [FEIC ApacheBench (2 &AM 2175 72,

1 OHOERERLK 10 127R" 7. Linux OFHAHR L —
FZ & 5 T Apache Bench DFERATKE {Eb B 2 & A%
L7, SRS, EHARL — RIS 2 &, HEED
KT9 5. KVM (1,000Hz, 1,024Hz) & KVM (60 Hz,
100Hz) TIEH 2 FEOMREEN A H NS, Linux OEHAA
L— ’2%1,024Hz D6, Z1EH2HDOD, WinKVM O
HE L ITIZESEEICR S,

2 OHDOFEERER 2R 11 12773, Windows ] DE3A A
L— M%ZH 729 2 T ApacheBench 12 X 251l %17 >
7o RIS, A OSREEEE 100ms 205 1ms N
FLTWw L (EAAL— b2 T4 &) ApacheBench
DOFEFIE KVM (HAA L — b 1,000Hz) OfEICED L
Lo 7.

RO 2 OOERKRE LY, WinKVM 25#H TH 5 H
75 Linux O %A% & Windows DEAAR L — bk D5EWIC
HBHZEDHEHE N,

6.2 TA4T7ATL—3 3 DMEREHM

TR, Z32L—a3 2y LAXYD, 94747
L—a v iixt LCEm /87—~y AKX T2 52T
W W R AT A 72O EiT - 72,
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70ms, 9% __ 2ms, 0% 63ms, 7% 15ms, 2%

{

93ms,  16ms, 2%

13% \ ’

mist Jr—X
m2nd 7r—X
3rd-ath 7T—X

703ms
KVM — WinKVM

781ms
KVM — KVM

859ms
WinKVM — WinKVM

K12 474 7L —ar0lllEkEs

Fig. 12 The measurement of live migration.

5 ETHNZZLHZ, FATA T L—varprat
AN EODT =R TERDLIENTE L. G
fiild 2 247> 72, WHIZ, KVM-17 %5 KVM-17 I[Z[A)F
TVM A T73A T L =3 s wffwv, 4207 2 — A
ENENEDOREDORM 2 HE L TWwaralilE L. X
12, KVM-17 {175 WinKVM il VM 7 1 7~ 1 7 L —
Ta RV, FEEIC4O0 7 & — AN E OFLRERER % 1
BLTWLIPMEEIT-72. mBEDO1 72— VM %1
BT 57200 DMB DTN F v — 7 fERIZITED R,
BB, TRNTONYFY—27DMHEIF 3 75729 bORE
ECTH5.

HEBEICIZ 280 aA Y Ya—F ity NI — 27 T
ftLCTiro7:. 1HH VM EEILO 3 v ¥a—413 IBM
ThinkPad X60 % SingleCore €E— FT7— F L Tflio 7z,
CPU (& Inte Core DUO T2400 @ 1.83GHz. ¥H¥ X £ )
2GBTH5%. FA M OSIE CentOS 5.4 T, #—FHIND
IN—=T 3 132.6.18164.6.1.el5 (32bit) TH L. 2H5HD
v ¥a—%1% 6.1 B O TH 72 DELLLATITUDE
D630 T v Sy FaA Ea—FThb. FAFOSIEEA
b OS i CentOS 5.4 T, H—FNVD/)N— 3 13 2.6.18
164.6.1.el5 (32bit) & WindowsXP (Service Pack 3) T®
H, FLT, b 2200y ¥a—%13 GIGABIT N7
THERENTVD, FATIA 7 L= a I LE
VM 21X 300MB DAY AME DB THRTBY, YA b
OS 1 RedHat 9 (I — R IIN—2 3 7 2.6.20) % X—AIZ
L7z QEMU @7 A +J Linux T 5. Z#id QEMU @
Web R—=V ¥ 00— KT L2 ENTEL, B, %
NEN 225D VM I1Z1d/dev/zero & 100 MB 4 mmap() L
7%, WEPRL 72 100MB O Z 4KB ~<— Y Z & IZHE
WCEZAATIHL LV ATE N ) A TIATIAT
L—Ya rvafrore.,

X 12 Ol KVM-17 205 KVM-17 ~VM 7 1 7'~
A7V —2aryOfRERT. VM IA4 734 7L —2 3
VICERL LRI T8 I UM TH L. TRNTOMID T
TiROFEMZEFIZ2nd 72— AD VM A EJIEET
b, SEERON%EHOTWEZ LRSI Db, RIK
BoHY 22 B3EAS 3rd-4th 7 = — X THh b, TNiL VM OFf
AF— MERETHY, 9% % EDTWDEZ VDI b, Kk
12, 1st 72— AN 1%HKMGTH Y I1T & A EHEMZFH LT
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W WZ LD nb.

Kz, 12 O KVM-17 72 5 WinKVM O #z %
MZRT. VM4 7347 L= 3 VIZER Lz
703 IV THL. TRTOWEDOF Tl d LAY % B
1, FREIZ 2nd 72— XD VM AE VR TH Y 85%%
HOTWS, RISHEMN 2 ZHE D[S, 3rd-4th 7 = —
A THN 13%% DB, A, 1st 7 o — XD 2% DEERH
505, KVM-17 205 KVM-17T D<A 7L —> 3 v %
LT, vA 7L —3 3 Y OERTIE 1% D6
%Ak, 2nd 7 = — A CIE 19%DREZAL, 3rd-4th 7 = —
A TlE 24%, 1st 7 = — A TlE STUDMREZLAL DA H 5.

wBIZ, M 12 O4512 WinKVM 5 WinKVM ~0 5
ATRAT7 V=2 aYOfRERS. VM 74747
L=y a VIZERPLEHEIZ89 S UMTHAE. §XTH
RO TR b STE 2 BE I, AR 2nd 7 2 — X TH
D ERERIO 91% % O TWA . RICKE 255 D [FE
12 3rd-4th 7 = — X Th ) TNIIEHED 7% % EH TV,
212, 1st 7 =2 — XD 2% DK % 5 5. KVM-17 75
KVM-17T~OX A 7L —3 a v FEEIZLT, <M 7L —
¥a v ORI T 9% oMEEZ L, 2nd 7 = — AT
9% DYEREZAL, 3rd-4th 7 = — X TIX 11%DIEREZEAL, 1st
72— XTI 86N DHREZALSA BB,

30ODFGATIA T L —YarofRrhigss. =

Ialb—var b AL BMWEEZENIE Ist 72— ATl
K 87%, 2nd 7 = — AT KA 19%, 3rd-4th 7 = — ATl
2% THAH. LhL, ¥4 7L —va rekotigziid
BARTD 11%DOMREZILIcE 8 oTWwab, $72, FEfE
EET AL, FNFNLOEIE T I VB EIZEAEE
bbT, TIa2lb—varlAXYEI4 T4 7L -3
ISR L THEm R MRRE T2 522 O TIE v E W)
ey o T,

6.3 FHMEDNE &

KETITo 725z £ £ ¥ 5. Linux/UNIX nbench ®
& 9 7% computation-intensive & X F¥—27 TlE, T3
L—3 3 LA YY) WinKVM 123 L TRl /87 + —
RUADKTZ2FISEI L TWAWI LD HBH L. &b
PRI T 25 &SI LTWA NNET RV Fv—2Th, #
SOOI TICE &F 5 TWwah. KIZ, virtualization-
sensitive N> F~v—27 & LT, FORKWAIT X> F~—7
%78 LR 7R, WinKVM 13 1.6%DOMRER T LA &k o
Shwv, F7, EFHMNZLEANYF~—27 & LT ApacheBench
M LZMEER T o728 2 A, WinKVM D139 258y
60REHTH S L VI FEREEL. COBEAEITHF R b
OS DEAAL — MZEETE2HDTH S L\ Z EH%%
Mol BRMICAT, T332 =23 ryDF =~y K
BHEHTELL NV THDL LD L 7.

% 7:, KVM-KVM, KVM-WinKVM, WinKVM-
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WinKVM 5 4 7< 4 7L —3 3 ¥ ORI,
FNENHA IVBREOZAL L ALY, FfkIC, =
3alb—=2arbANYPNIATYA T L= a3 vZHZ5
F—=NANy FIZEHTEZLLXVDLDTH5D.

7. BAEMRRE

1 DHO#ZEE LT, VirtualBox #’®H 1545, Virtu-
alBox ¥ Windows % Linux # (2 L& 9458 F EF % OS
TCEWET A BB % F o 72 Hybrid . VMM T4 5.
VirtualBox [0 20> 5 @ WA 2 Fo L 9 ICE&EF s
TBY, AN OSDOAEYEBIZOWTIEIARLRELETD
AN ZTHEEMTOILTWE, TNIZOVWTIE4E
TR/ BY THAH. THUIH L TABIZEIE, Linux 12
BT LTWAE KVM 2 2L ALBIET 22 %<, =
Sal—3YarbAYvEMHWT Windows L CTEESE 5
CEEHAMELTVS, AIFEOHHMEIL Windows 7 —
ANVETHNT 4= P ADETRIZLEALTERI S L
7 < Linux 7 — % V% T3 2L —3 3~ L Hypervisor ®
BIMFEAFR L2 IZH L. ZD720, VirtualBox &
BTG OENIZL ) 2T HY TEHEOBMFFIIET
57 70 —FHRRE STV,

2 O H oMK% & L TIE Porting Linux KVM to
FreeBSD [13] 2% 1 6 11 5. Z 111 linux-kmod-compat
LAY T FITANEZFIH LT, KVM-17 % FreeBSD L2
BHL7-bDTHA. linux-kmod-compat & (&, Linux @
TNA A KT A N% FreeBSD ECTb I /34 L& W] HELC
TLHMBELAYTHS., 2OT7HY 27 b Linux DK
L AXYERNED &V HTIEARREIZB TS, LaL,
KVM O#fifi% % 2 % 9 2 Tld FreeBSD & Linux O A &
JEBBBICZNIZIEDEVII R WD, KHLD L) (12
AEVIFICEALTEET 2LE IR\, 20720, KVM
BALE WO BT TIRF L TH S, REMICH T D END
72\ Linux 2° 5 FreeBSD ~® N7 A WEHOHITH 5 72
O, 3FCTIMARIZL ) LABMNESR B 2T ) EHEREE
F VRO AFIIAEAE L 5\

3 OH®HZE L L TlE, Linux & FreeBSD | T, Win-
dows DML LAN K Z A3 (NDIS K7 A /N) ZEfEs+
27UV MEHIFLND. IS D5, FhEn,
Ndiswrapper [14], NDISulator (Project Evil) [15] &I
nNTnwsb, Zhoo7uay 7 M, Windows @ NDIS F
TANEZDOFEFEESE LT EHNTE L THEHBERY,
L2 L, K55 Linux 7* 5 Windows E~ND K 4 3#
i (KVM) ZHIELCw20lixLTcohbn ey
7 MIZ 0T .

4 DOHDWIZE & LTI, Linux K7 A /% Solaris | THj
&+ % PITS Library &\ 9 W5E55% % [16]. Z OAF7E
&, Linux DT NNA A RIFANDY) — A2 — KD I3
JUIFELZ, PITS Library EMHENBE A Y T RIARN%1) 7
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&4, Linux OHHLL A ¥ % BHIA SO Linux O 7751 A
RIANIZHRMAEL TS, LAL, TOMZEICH 3 BT
N7ZEI B ARy ¥V T OEWERINT B 720 O
IZBE 2B RS 72 5 7w,

8. BbHWIC

# 4 13, Linux/KVM @ Windows # i lt T & %
WinKVM (Windows Kernel-based Virtual Machine) #%
BgE L7z, BAZE L7z WinKVM (& Windows & Linux [4] T
VM 94747 Lb—23 YD RETH LT ETREN
B\, WinKVM # #5559 4 72912, Windows E T Linux
H—AVEFMT LTIl — a3 LAY E#EL KVM
*ZO L TEfEE Y.

W OPDORYF Y =770 T LT WinKVM O
REAMELZZESA, ) VF IO KVM & OHRE#Z
AONT, TIal—v a3yl AYIZX B MRS
W EDyr o7z, 72, KVM-KVM, WinKVM-KVM,
WinKVM-WinKVM B0 5 4 7<= A4 7L —Ya v &Fh
I L7z 2 A, Hiesfbid et I VBREICNE -
Twa, 2F), RFEFICLY, IR T 5 —~< A
DIKTRGIERIFTIERL, To7L{ R 0SHTD
Hypervisor BAEDEIATRETH 5 Z L AR S N7,

F72, Linuxk T3a2b—23 Y bAYEESL D ZCHEIM
L7z, BIRBREOENS, AE) T =377 F v ORAEN
HHES, WOPOREENEEY &S0 X ) Ik L7z
PIZOVWTa L7z, 512, ZOMEZWERT58ET
41X Windows & Linux [ CH#ED & % Hybrid I Hy-
pervisor ¥ %5t T4 ) A CHEIREIEELMA 1G5
ZENTE, ROEELRZLE, “AMIOXAEY %
=M TRER I BOHER L7 X E ) EHEE Lo
TV WwWekWnw)I HTHbH, 2F0H, X OS HD X
EY) L LTH12MB OB E YL TEI L ERLE,
Z—HHA 5 I N % mmap() X VirtualAlloc() SFDBI%L
T512MB @ 1 DO L7z A€ fEE L CHERT 52X
X Cli7 . Linux 720 TEIfEY 5 Hybrid & Hypervisor
*EZAHDTHNE, ORI CHICHEEZ Y. Ly
L, Windows & Linux TEIfES 2 BAMED & % Hybrid
Hypervisor %% 2 A8, TOAEY T —% 77 F ¥ 2
ThHE, RBEVMADAEYELTHIRZF | X LT
L%,

LHBOBEICE, TIab—YarLAVYORKEL
MLEL, R KVM ANOXIBEIT) 2 EDEZLNS,
HENDTI2L—2a b AYIEKVM-17 2 L Tw
% Linux 71— WVHHEOA R T I 2L —a s LTWah.
WinKVM A3 5 7% 2588 % L 15 7201218, o KVM
PLIalb—TarybAVETHFECELL)IIRDLIL
WEFE LW, Z00, L )EFENL Linux 7 — 3 VO T
Jab—varduRICAL L)l Ial—YarLAg
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VICHEIEEMAEIT) S aEZTwA, S5, BFMIC
xFIe L 72 WinKVM 2§ L TR & O % & 5
RETHDHLEEZTNA,

HiEE AW E BT TAICHIoTEHEL DY R—-+ %L
TWEni, BETHLEFHRIEH L IT.

WinKVM DA Web X—2
https://github.com/ddk50/winkvm
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