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Abstract

Recently virtualization becomes one of the most popular research topics, and a lot of software
products which is related to virtualization have been released accordingly. Server virtualization,
which virtualize physical servers to supply many virtual servers, provides very efficient way to
build network-based servers. In this paper, we design and implement virtual desktop service which
is based on server virtualization. We also propose load balancing scheme for the virtual desktop
service. The proposed virtual desktop service and its load balancing scheme provides a

cost-effective way to build high-performance remote desktop service.

» Keyword : 7Fd&H(Virtualization), Mt 7HASE (server virtualization), 7H HIATER MH|A
(Virtual Desktop Service), Fst22H(Load Balancing)
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7P3sk(virtualization) & & HAFES] 24 AL o3
O o] ARE F RS AY, v AFEESY &
A 2de 7ol el AFEAA AFstAY, el
5 5ol EAlHA 2= AME A, 7Pl AEE 84
= AlFshe Az #AHR due AFjE Fx, +9AA, Pt
o8] 7lES GRETHL). HZ olelg /PEsel tigk A7t
gks] w3 9lem, VMwareYt Mojopac, Thinstall S
3} Zo] 7P} Ve AEER AREE EAIE T Y

7MY oy &8 Foks T AW 7MISE (server
virtualization) = 2dg 7M338} 71H-& ARgsle] 3§ ol
214 Anjof ofg] o] 7 AHES AT RN wiX|
oe] o] A7t EAske 2 T B3E e 7]eo
o MY 7PdetE 8 Ak AFE AYez: U+t
B Ao F3o] 7hsste] Al F5dl| Fagh vg-s 7
A7E 4 ot B =R E o]g]d A8 7S 7k
2 o 7P HAES AA, olE UE 94 dx3g
Auze] MR AMEShe 7P dlAaTR AE[2 (virtual
desktop service)& A, FdsITE AT 7P b=
g Arlae EAl 7P 71 9] sl Xends AR
ato] ¢ tie] 84 Au Aol el 7)) 71 w4l (virtual
machine) & A/dstaL, 94X <] ARSAPF S-S Saf Av]
2ol & winjr} shve] 7R male &%, vk s A
S THQ1E AFEAE AT F YRS dlFr

T3 2 E=RoME Xend golE wlo]adold (live
migration) 7152 83, AtE 7MY dla3g AHjx
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AAHQ A L &l el LotEar, 4 FollA e Al 7}
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Emulation® binary translationg °|&3le] TAE
ISA (Instruction Set Architecture) 3ol §4 guest
o] ISAE AlZdlolAd stk 7IHelrt (2). °18 B3l 32E
AdA FHEE GHA 14 T2 TAE BellA 38 =
A GAA 278 FE F Wle S, 7 SE0F vl
A AgAo)A] ket DS 7HA| A Al

Native virtualization (%% Full virtualization)<
host ISA$} guest ISA7} 22 Emulation ¥4lelt} (2.
S2E Ao FEE A 1 dellA B2 S2E A9
A 3 7hse QAA 27F FaE= Blelth. Emulation
Hrh= S5 w23 ¢ 7)A (host) dellA] of8 & &
AAE TP ol AHe-gt,

Para virtualization 7V} #1419 3t=gol& AlEdle]
A 3k tiAl dtelute] 2 (hyperviosr) 2= Alo] Z213&
Bl o 54EQ sl=glo] Adg el RAAHA 7} vl A
B35 sh= 7IHolt) (4). o W 73wl Aol A s
TAAAEL A2 sh=glo] oA T8z Alolug A
o] £ #gdo] glow 43 & 4 qlA ©rh. & =Relx F
2 A8k 9= Xen Al2ElE o] Para Virtualization 71
He AHERR] Bl52s RAAAE TR

OS-level virtualization 7|#802 shte] CPUC
slte] FFAAre] FeE 3 1 felA] whx] o] OSE©
FAs e A 2L ZHE UARH AA] SJAA A= 2
834 @2 73 EE AlFIHE). Al B +9A
e 3t Hiel] gloBg SAEU AlRE”] o] glom,
@2 o] LAAAEC] A £ He A 2 7P 73
7ATES Al Fet

Application-level virtualization< &+ S|4 Aol A
54 &8¢ Zrad J +
7Igeltt (6). dl% &8 Z2ame T1E e Hejd
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2.2 Xen
Xen< 1A-32, 1A-64, PowerPC 52 CPUZ 7]Hto 2
st AFEIA ARE £ gle 7MY 714 BUH (virtual
machine monitor)°]t} (8). Xen2 dhte] 82|14 =9
£ 7Nt g FASE S4E AAA AelA FAlel o
Ao ARE FJAAE TP F e S ATt

2 A SJAAEC] AXE FGAAZ AL
g 4 otk 53] Xen WA 3.0 o|FHEE £ &
HES FIAA T AXE LJARZ A2 5 st
Xene Thadh 22 545 71 Qitt. AR, Lz Ego]
AZol st=dolel LGAA Atelol] AR sfoldHlo] A ek=
X Eg o] Ao 7V F& AT, o] 7PIsE T
Z2e] 214 At shvt 2 o B P AHE A &
T M gt} B4, she] 7 AW onix]7t Rhgo] A &
W, o] o[nR|& AHe] FRHU Azl FAGle] o] 7hEst
ot aEla A2 e AHEL she] AHWE Al TR
T o] HAdT e vE-E Al Fe AR, Xend 50,000
2Rl o] 2 b FEE VA3 9lom, V&) R =
golHES IUE AR F e e 7R o ulA,
B2 29 P wAlE T o 2 § JE ElH pjo)
agle]A (live migration) 7502 & Ajedde] ¢ =}
Ao AES 771, Ae 2 BulE 7hssiAl gt
Xen®| o]t A4l #] Bal2 Hk A B3 /s U

2.3 7H& Ol A3 B MH|A

T thad 2ol damg AH|l2vt A FEE A3
© 22 AH 7Pt AZEdoj5o] A7fE v}

VMWare A= 20061 790 712 ESX Servere] =&
W79l Virtual Desktop Infrastructure 35 ZAISI3tt.
q7lell= 7M3El &3 B =791 VMware VirtualCenter
o sPdHAle BA olF(Migration) S 7FsdHAl S
VMware VMotion, dt=dlo] A1) 52 o]5S x|dsle
VMware DRS 5] Zght}t £3] VirtualCentere A5
Aog 7PdMAlE e steglol el ESX AHE 87
= 715% 7Ha gtk

vlo] 222X E9] Virtual Server 2005 A Virtual
Server 2005 R2Z ¢JHo|EEo] AAE SAGAA 2 s
289k op g} gE FIAAE XDt gict

AnjolAZA|2El9] Solaris 109 EgE 7Vds} 715
ok o] E8] AHo] AZEdole} BEHE &5 aH o

49 Solaris 10 345 AlFsle Aoz 7 7P &
A 51A LA Z Sz}, 53] Xens sto]Hulol4
P Solarisll EIAA 5 A7 Aot
24 7|& B35t 24 YA

A 7P3EkE ok AW 5 Ale] J8E Tk A ] digk A
T olF 7] Wl viFEn 9k, tht 7k Qe AH|A
ol AMEEE T H4 Muie}l FEE Ha) Bak P oig
7= e At} $41 Static Load Balancing 7192 S
QS Ao thall H2oz Muje] gAsjo] Mu|AE & 5= 9)
TE g @ FEldEs AA 22 AHdA AE|AE v
Hu & AHde 9297 %=th. Round Robin Load
Balancing 71H& SERIAES] MY A Wi 3k &
SEPZ} ERE 2R ] o2 NS MANE Hdsle] ddE
@i}, Diffusive Load Balancing 78 SeloldlE] AH|~
23S Addhe ghEZE £ H s A2 AR 8RS Y
3t} Shortest Queue Load Balancing 71H& Zelo]ES]
8FE Bl 718 AL hostE oA, SejolAE} AH]
25 W BT o]Fo] o]fo] A 4= Slrke Zleolt} (11).
Local Approach W] F3|7} ol AW 2] Ha15 o]%2] A
W2 74 Az og a5 FaRIcH13)(14). o] Hel
A AHIZE o] BAIZ AHE o] 2 Aule] HERES F a7 3P|
w2l H3} o5l that oM =r} Al o] et Global
Approach W2 BE Aol Ha} HHe 3t A2l fAlatar,
olZ 7uko 2 A Mo ZnF Eikslk= HPo|tH(15).

oo ATEL BF 1% Il AMES 918 Faf 4
HAZo} el Mux 27 (PMH 2 A9 tirE
o] A% ZEoldE] 9ol wgt 54 oA E HAFA,
(HA} e 79) 7P o8 Z2aug Ay a A%E
Ho] & Aot} widd| 71 vl ATy Aulae] 74 sl
o] MH)x 84& Helshet] S AMe] A QY AH]
2oM9] o= vind F ¢S P At} o F Eof 3
ABlz 9ol el LGAA7E 388 = Jg ] vR
glo} SGAA|, 1 9lelx] 3-8 T2 o] FaEE B AN
& CPU 2 7|8} AQEo] AnFch whha] 2 Apeko] AH
oA 7P BT A AE AMESHE A9 dukEQl QIE
Yl 34e] AH|AE o] 83k 79l vl ZaT AH| 2~ 8%
o] @o] Bojote 1 A|zEle] 2iglo] mATE Al o]2
Al Fek Az g3o] Bofepr] 7PdvLlE A zslke 71
219 lifetime= #71E 4= oA BAlE & 4 B4 3 A
H)2 g4 8] AME|AE ok 317] wliell Al Au]2oj
g gEs] Aok, meEpr ARgRlAl AHAE AlFsln e
EZo% Aol welr] AH)a FE glo] ThE AHE FA] o
Fo] 7¥sdlof dt). FERlAEY 9E Fes FeAlslk &
SEoAe] FI A Fo] EABKE AE AH|Ae) o2 7}
¢ BT ABag] olgfdt 7] Al EAER U flelA
AF3 H5) Bt AAEL 7P vladg Aulad] a2 A
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Migration® &4
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o thh hEek. 4 /13 laag Az AA) P2,
TG A1) B, A2 T 825 0] PAAY §
2 5 A,
3.1 7hak Ol AZE Muja

¥ ol AQkele 7MY BlaTE Al se) A 74
& 13 19 2k Az BATE As AR AL
s 7lQlg AFE 2 HEld, A AH AT B
D3t o) A, 4] 7H3 vlAlSe] FEE FAES Y
V3 Pilsel tlaa 982 ke s AUz ol Folxir,
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hin ot 12t hin o 12t

| VNC Client

TN

T3 1 7R elATE Al
Figure 1 Virtual Desktop Service

VDS Servere 2] Ao F2she AH AZEgojo]r}
Z} hostAHET guest LA ALE HAI81 guest &
GAAES] B2 Aojska Migration 5 F3d}. VDS
Servers 2} hostAH#]9] Xen Alzdlo] WH-S Wrlg] 3
JobManagerg ©]-4& 4 = JobManagerAPIE 53l 7}
hostATH el WS HesiA| Ha 2t hostAH <} guest-23#]
AEE LW w7V wAle) 3 4 15 5t
Al et VDS Cliente 7H] AR&AR] @d7]el] HA|=lo] 9}
o 2791 7157 guestwAdAAl g YAHE 75
23}, 7} guest2GAAEE VNC ServerZ} S48 9l
I VDS ClientEelE VNC Client7} 21313 $lo14 VNC
£ ol83sle] dAHES sl ARRIA ARI~E AlFET
Migratione 98l Z} hostAHE2 NFSE o] &3l t]2=a
£ Tk Jom FE hostAHES “/vm/hostHa” &4

o2 Ze Bge vdEy 725 AR dtt

32 HAZE MH|AS BEF

Atehe 71 Hl2Tg AH| 2ol 38 Hl2a3g A
229} 7NQ1E Wl aIg Mu| 2o F 71A] 39 g A
IES= 0

A T dzag quae e BolA Ty ol

el T8 AFE L} 22 el o] An]zof Al
+ 7M3m4lE CVM(Common Virtual Machine) ]2kt
) A2 AREAFEON A Q1o Fol A= H|
2IAFOPIHA) o2 v g AIREF 9413, ojuld
A2 I o] 7hde A T FRdhe A fol Agsit

TE daTge ARAe] 2O 3 FEE 3o b
28-S AH]) 28k Ao] ollz} suspend &2 save %]
A 7PIMAE run AAA dlaTge @ A g, g
AMH| 2 FR Al 7MPImAlE F3A7)e Bo] oy T4
AR T8I He Aot Aol FEE 7P A
Zte] 38| w2} suspend, save JEIZ AE]7} o] H}

BE AR ARSAFES mlX] AR Q1S HFFEIAR i<l
Haags g agA e JPdmals
PVM(Private Virtual Machine)©]2kaL gt} Au|2 9 A
of EHte HATTE 2Et ARS3le] oE ARk Hla=

= & dheth 237] wiie] uf AH]2 ARS- winjch 22 b
o1& ARSIl ool AXHAW T2 a;MES JuE AMES}
A Ek 7 7Rl TR ES A2 55A R AME T gl
A A29] dlolEel F2E 4 gl ¥t ot 7 i)l "=
HHE samba X HZE A 3= = HlolE] A%S 98k Tk AT
Sk, HQ1E BT Afu] 2ol ARSAPE 2791 SF 7V
21& BRI E AXA At wepr] 7ee 4x4, ol A
3 59 A& ZRJolle FRHEE Al ek /IS HaTs
AR 2T} AREAPNAlE B E 5= Qi) SRR ghdet 71 )
It =R ] ARE-S SlElAE THQIE tl 2Tt ARl
2RISkE Aol Frt A2 8 Al daTge] 5
WE AXA Hof 7Pl ghds] FsshA Er

AIE CVMe] A= Inactive, Ready, Running, Saved,
Paused % 3holn] BE CVME AH|2 7)A] 2% Ready 4
HlollA] ARk Ready 3812l CVME VNC A 92 gle 3
B2 98 20& VS Paused JHIE vl 4 glom
Paused JEl2] CVM2 thA] 9% 248 w55 Saved ZJEH
2 8l £ 9tk A2 VNC A A4 84 A 941 Ready &
g2l CVM 5 3hE &33tar §lo™ Paused “d8le] CVM &
A A% §lom Saved CVM 94 &3t Paused
CVMelH Saved CVM ZollM Egshe 245, 4 8d CVM
] 747} Ready= HFl = VNC Aol EA=9 ag CVME]
38= Running & HPATE VNC Aol E559 ad CVM
9] A= Running 94 Ready & HFdAth

thae] a”E ol CVMe] & et deje] HolE &
215kt Aolw ] Wglol] Uit HHEL dlF HHel T
3= Xen®® Doz FEFICE
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1) Xen2| oS $fet A2 SAEMAI| shell B0 LIEP| 2AsH
HE=le command(xm) 0| & =M= create(? lHAIR| AR,
shutdown(Z IHAR] £2) | pause(7 KiotAl QUER), unpause(}
Al QAEKIGHAD, save( INHAS TIISENZ AE), restore(KE
= 7 AHAE 22127 )2 22 sub commandE AISICE
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Figure 2 State transition of CVM
2E PVME<L Inactive, Ready, Running 48] & 3t
7] el 2 EA3T. PVME xm create2 A% 1 AHE-
& pauseYt save §lo] 34 shutdown(or destory)E Tt
o] a¥e o] PVMY 7t g9} el HelE =
215let Aolw de] Wslo] v HHEL Y Wl Y

o= XendH oz HHsIAT
xm create VNC M4 A=
xm shutdown VNC H|d S8
T2 3 PVMe| Aej| Fo|
Figure 3 State transition of PVM
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3.3.1 HIATE MH|A o1&

AH] 2 0] 82 918 AREAE VDS ClientE F314 VDS
Serveroll MH|2 248 At} o] w) ARgAk=s 239 A
o digt FEe} F& HAIG MH|AE o] 8 Flojgke H
HE A3t} Auja 23-& Wk VDS Servert Ready
T ZollA g P AlE gl VDS ClientellAl 33}
o] 3 VDS Clientel A2 &4 guest?] IDS} IPE X
gl o Al @9we VDS Client® VNC
ClientE E3lA & e 7Pduile] guest2F A A
AL 4 D). ReadyTell 7Hd4lo] g1& 74$- Paused
FoA 7P AIE ZrolA Unpaused® W73 v 73+
AL A3t PausedFola] b &gk 7 alo] 91S
73% Saved Tl 7MdHAlS Zolx &gsln A E ¢l
ol I 4 gle-S wighein)

AH]2 o] 82 913 ARA7E VDS ClientE E314 VDS
Serverell M)z 248 3t} o] wf AMgARe 2l Al
gk el A9l HaTg AHAE o] 88 Zojgks JRE
g3t} Au|AS @ A3W-e VDS Servers DBOIA AR}
o] 7pgmal S Zopd HAE hostAHoll HAS sl ot
7PdmAle] A4 91X (hostAH) & A&AH o2 BE host
AR S A8k " VDS Server?t ARIARS-Ho] A
2 273 hostE 2ol 1 hostellA A4 it} A4 HHE
Lo host® 7Mdmiale Adsla 7Mdvile RRIEE S A
1t} BRIz ol 7MdmAle] guest &G A Aol A=
H 3 guest&GAA7} AHESIR Ta3 F3EE Sgtol
F-E AA Fu HElo] &8 FW guest A4 o] 2
g3z 280 9g|A VDS Server® FEIE HAIAE A

L e
lm ol

xS
|

Hko.

3 o). FElo] 437 Hte WAIRE w2 VDS
Servere AAAE guest+JAA2] 1D} [PE VDS Client
A EH3}aL VDS ClientE VNC ClientS 314 guest

EGAA ] Adste] Mu=F A|F3ict,

3.3.2 7patmalel Migration

VDS Servert & Z} hostE9] AR/38H-S A 33} 9
o}A 54 hoste] A9l FE310E 7F- Migration
< 2% @k Migrationdl] W3t zpAg FAe 'V
Migration & el TH7| 2 gt 4 Aol 4 AL
o] F53I%ith= 2e A8 =¥ Migration 2 #el| €
& Migration®] whde] He 7PdHAE A”s slx
Migration &l oJafl 7PdwAle] FAXA A 8 2
host7} A=jdt}, Aejgo]z] 7PdmAl-S Migrationsh?] 9
8l VDS Servere @l 7MdAlo] 9l hostoll Migration
B8-S Ugla 7MdHAlE Migration .

% 4% host 2014 ALAREo] F5319] guest 102
host 322 Migrationshe #& HeFa slrh. VDS
ServerZt 7+ hostE9] AUAHE-F-E ER13IE Z host 29114
A B AFFARE O] F53la= A} VDS
Server= Migration®] ¥e3ftty #dtalal Migration %
Ao 2Ja A host 29| guest 102 host 322 Migrationg
AL ARat. VDS Servers host 29 MigrationS 4733
3letal HEslal guest 102 host32Z Migration ok
host 2= Migration ¢& ¥ VDS ServerZ Migration©]
HREASS FHITE AREARE ©l2lg Migration &4}l
dojit=A] I8 Kt AlgaA AH|~E o] &gt

Hostos vl 2151 )

T2l 4 Migration Al-2|2
Figure 4 Migration scenario

333 O3 Mu|A BF

& daag Ausd] F8 L hostAvEeY
guestFGHAET = FA3H o] FAZITh, AR 2~E FE3}
Arhe ARkl B2 whal VNC Cliente T8 Al19S
VDS ClientollAl AEstar VDS Client® VDS Serverel
A AEl~ FRE AT MM~ T2 24 2 VDS
Servers AFEAPE AFESIE CVMS Ready ol ¥ AH]
2 FEE FHIT

AHEA7E VNC ClientZ Z83}0] 71914 w228 AH|
290 282 943 VNC Client® VDS Serverel] AH]
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2 FREE A9 Mulx 835 8T VDS Servere
g PVMe] 48=]2 = hostell shutdown®#-2 Wz
I PVME F53taA] sdAHete] As AZFt 05
six13c}, PVMe] £85W VDS Clientell MH]2 85
BHal AH|~ FE S 2l

IV. Migration &3

& AoME Xen “dellxel 713 dlzAg Aul =
2 7] Migration A& Ak, 1 A5 F H49
MHl~E AT F e S A

4.1 VDS M 2| migration

Migration2 shbe] €] HlelA o2 miloz 7Pdw
2l state® HHE glo] £40le AL Hit=d IP 4
7} 7Pl et o] Fo] wiel] VIENAE A% 7Fsst
th. 53] down-times #4&8}A7]7] JaiA A& F =
live migration 7Md2le] Ho|R & AEW O g Y EY
a5 B34 PeAle] SAE W Bul7] widel AfH|2o]
Lo 37 2u] Ut} live migration= $13] ¥4 page®
= BT oY =E22 A5 & o ks ddshe 5
dirty bit °fl mark ¥ pageE2 thA] Ag3tA At o5
2 2] AEPeS Bl d =t guest 0sE suspend Al
711 Y =2 A 0sE resume AF)Al €k ol
dirtying rateZ} 73419 down-timeS 27%3kA 2t

ETA Au] AgollA] ofE] Pdelile] MR FE T Sl
M 54 B Ao A Aol 35 & 5 ok
I3 B A Al tigk It a2 @Al 7w e
e A ARge] A7 2 4 ok SERRE & m=ellA] A4
Bl AH] 20l A] E2]AQ1 A= AA| R Gt AREA]A] ofu
ok AR 2 D5 AT Pt 2%7] wfizel] E2A AH
Fopet Fahs 7PEel e 2 RE feeitia A= gk
54 528 AujelA A&A o2 et 23t A =9
o) &3] 1 Aujel] gk Fatg Wo] 4] ¥ A

lo

ol vzt Bela] Aulzk Bl B el wha S ek,
e 2 1 B Al 58 93 9d el ol

>

150] MH|2E & 4 §U == A2 2ot 237] did
olelgt Eel4 Alwe Friet RakE thE 5 Aol e
AR o] Arl2 & < glofof 3l olejgk H42 9El
Al Migration7]s& ©]&3kA @t}

Migration= &3l AR ZhE 13k Bel8 An|e] A
H| 2 B S st A4 8214 MWE Tkl 2k A
LFS M AT = A "k a2FA sH 5 A
HE A& e3o] & AR|2E & & g He 42
g A Hol MR 93 A A ALY A~
£ W] 3 AL AT Z1gRlE AR =Y 5 A
Eo] A|zElo] Au]x ol ggd Aot}

¢

2) oI ek ofugh Aule YA, P, 92 4% A
Hls S} o] Aol MulSe] AlBHE AEIAS Heih

4.2 Migration ==t

Migration® HaiM = $4 4 s2EnilE9] Aue} 7t
Al ge] HHyE dasitt o|go| Zkzt Migrations 914
A ez e PRES Fle e ot

B S2~Erl CPU AR, P 4, 2 1D, W=EE

A7), Wz AR

W 7P P 4, 38 1D, W=Ee 37

ol2|3t AR S uEko & Migration®] thie] Hle SAErAII}
7RIS ARsln SARA B B2x]) aAErS A

4.3 Migration & =4
Migration® #o glojA 1esE A& CPU ARS-#o]
o 7Pdeiale] AlAaLgeRe mEskA] etk sl
CPU AH#e] k= 2 32Enile] CPU AMS-2 2719}
a1 A WREE oln] HH o FaA]7] wfel] 7PdmAl
o] A4 9 Migration 7Fs4 HIZEdTH o] &€t}
Migrationd &< o33} 2t}
1. BE SAED{AR| CPU ALR2IS &HA ZAls :
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