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The Design and Implementation of
Dynamic and Adjustment Virtual Machine

In the Cloud of Service Assurance
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Abstract

The traditional video streaming service is limited to the resource of one single server. If
there is a large number of connections, it usually will overload the server’s maximum load
capability and the QoS of video service will decrease.

A mechanism of monitoring the QoS and dynamically adjusting virtual machines is
proposed in this paper. According to the loading of video streaming, the number of virtual
machines will change automatically to assure QoS. The adjustment mechanism is
implemented based on the KVM as hypervisors and some experiments are conducted to
assure this mechanism is effective.

The experimental method of our paper takes the advantage of the Monitor Manager
module which checks the average usage rate of cpu and the number of connections as the
threshold. When the cpu usage rate exceeds 50% or the number of connections exceed 50,
the Monitor Manager module will send a message to the Dynamic Executor for adjustment of
the number of virtual machines. Moreover, by deploying Nginx, a load balaner shipped with
different algorithms of load balancing, we compare the performance of these different load

balancing algorithms.

Keywords: Cloud Computing, QoS, Virtualization, KVM
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2.1 Cloud Computing

v
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T RUE T D EFESREZ P TR ERRIR LR EY | A B R -
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Cloud Clients

Mobile Apps. Web Browser,
Terminal, Thin Clients

1L

SaasS

Games, Virtual Desktop. FEmails,

General Applications

PaasS

Development Tools, Servers
(Vo) APIs

TaasS

VMs, Hardware Resources,
Storage., NWetwork Resources
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P REE TR CRFEE TRV BT ETA it E K BrAE 0 B T pF IR
IFRRELE 2P GERRHRBE I DT R Ea R B RIREFT RO o 508l i
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Yk e R 1Y He(Operating System-level Virtualization) [11] -
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= w5t 1 Foak(Platform Virtualization)x #C#T #8 m #% i (Hardware Virtualization) -
HEHLr Gt > - BHEHRE Y LM R 515 B (Virtual Machine)> @ i &4 {7 &
FTERLGAMDTE LA PIETRFACERRPBEL  mEPEPIFHTE LR
BRROTRAMLE 0 §F WG RS E R RIS FHA MG R TR
A ET S RHM ki - BALITHost a F Tt S Bsit kitz b+ enffd ks
s Guestr i€ 7T 5 Bt ek sudiodl a'm‘;ﬁaf% Hypervisor & i %t 4% & ¢ 2 Ji (Virtual
Machine Manager) > Hypervisor %] 5 1 & £ & 4r4| 5 18 Benid it > ~ WAL RRIB E
& AR & (Virtual Machine Monitor)» %5 & 5 VMM [9] e F ¢ g $ 1- % 7 & 5 0T B4 i
[12]:
® = > & # it (Full Virtualization)
® IR/ % i (Partial Virtualization)

® it

0

g s i er w14 (OS Assisted Virtualization) @~ - i® X 5 4 it (Para
Virtualization)
® A f ¥ r m $ (* (Hardware Assisted Virtualization)

2.3.1 % 2 & # 1 (Full Virtualization)

23R m AL (O, Interrupt,dp £ % %) SE Ml MmO MRS > 7 F &
& OS et @ §_® $&%:8 Hypervisor 5 3 » 72 #* iz:z OS 2w > F15 OS 7 &
peif T AmB it gIRE T 0¥ Guest OS Privilege Operation Z 4% Hypervisor Intercept (47
#) > 2_{s %5 iF Binary Translation % Machine Code » # % # Para-Virtualization £ o 4
B 2-2%7  HHEF> v 5 2EECTRB AT F X5 F Guest OS Z v & & A A1 7
A e g fopE R 8 R R SR A5 5 9 G L B F 1248 A (Hypervisor) s 3 ¥ Hypervisor
¢ #75 Guest OS 1 R35 - =~ (Binary Translation)s#& % & k& chie %k Sfemd 48 o B

> B YA &2 35 Vmware Workstation, Virtual Box % o



User Apps

Guest OS

Hypervisor

Host OS

Hardware
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2.3.2 X & #& i« (Para Virtualization)

NG

Lm BRI R FLITE xSy Bb 5 %% 1L (OS Assisted Virtualization) - # 1% ¥ ki et
BRI RRERRE A A SR E- Bmstit 5t Ao & Guest 1FE kAL

L 3]

BAS ¢ B g AR sl g > Tt Guest (F¥ & stad 4 T Tl F

S
&

o

PRl fF KB F s o e 2R Guest (X AR LM EB AR 1 HEFB R
F14_Guest OS = g 1" Hypercall #* = Hypervisor ¥t#* > ehdp £ & (7 L 3 o 17 % kS
Bt Al 28 rm BB e s LB RERTRBAE (7550 0 123 15 ch Guest
OS S HARGBZRAE e BFE L 7T REBHAWMEEREAWMEITE F ot

TR P OA &9 3 Vmware ESX Server, Xen v it BE SIS BIEE L F e i TR o

User Apps

Para-virtualized Guest OS

Virtualization Layer

Host OS

Hardware




B2-3 2 mHei i

2.3.3 A M # &4 & % i (Hardware Assisted Virtualization)

A R 4 24 5 %% 1 (Hardware Assisted Virtualization) #.d » & ed® B 4% i 55 05 5 % 1
ity £ (Intel VT-x £ AMD-V) » VMM § # Guest it % s steidn £ 2 S ¢ o e
R AT > FlM sk b g AR A EL R 2Rk o Guest (TE ks = >
EFrr AW R FHR BN e SHME S R REDETS A
B 2-4 #7151 > Hypervisor >t # 1 fio;8 o # mé-Guest OS 1% KB i 6 & K Al 1 4 24
o T PRI 0 AR g e R Al chm st HFF Vmware ESX Server £
KVM(Kernel-based Virtual Machine) -

User Apps

Guest OS

VMM(privileged mode)

Host OS

Hardware

) 2-4 L R 24 R 5 )

2.3.4 VMM

Zp VMM &k sim it & =x 7 » 5 = #83] & [13] » (1) OS-Hosted VMMs > (2)
Stand-alone Hypervisor VMMs - (3) Hybrid VMMSs » 4™ [§] 2-5 #7775



Stand-alone Hypervisor VMM

0S-Hosted VMM
W W Hybrid VMM
User Level W
Monitor (ULM) GuestOS| | | | GuestQS| || Senice VM T
~ and Apps | | | | and Apps User Level
User 353'5@ S:ji;g Moritor (ULM)
Apps | | - —| _ Guest 08
haad \/ r—— = Service 08 0 Aoos
Host yp Mezlcle |
. Ring-0 VMM ores \
D”f ol ‘/D"ver y-Hypervisor
. Device ‘ Devices Devices
¥ 2-5 = & VMM i 88 2 47 & BI[13]
OS-Hosted VMMs
VMM #5487 & = »P 35 Host OS A # 7 2 1+ - 5 4o Ring 0 A& e i at 33741
% CPU ~ Memory & s 525 /> F— B 7 B Guest OS 2 = 7%k 5 > § Guest OS

£ 5510 %% € VMM Ag# ¥ 4 ULM(User-Level Monitor)# 2 -ULM % Host OS
FOrEFEMER 0 B mE I/O KR A B pRFEK P Guest OS ¢ 1/0 F ko
Stand-alone Hypervisor VMMs :

7 F*t OS-Hosted VMMs, Stand-alone Hypervisor VMMs. % 7 i >t Host OS,
Stand-alone Hypervisor VMMs g 3 /O £ ¥ Spdo 42 2242 5 > iy
& 7R % Guest OS #% k4o 42 ~ Q0S & 37 o

Hybrid VMMs :

ER - Fan il i A

+ £ OS-Hosted VMMs ¢¢ Stand-alone Hypervisor VMMs i 8t
SEE SRR
& 3 d i gFE e Service OS P 9738 (7 e B SR 4258 0 o 3t Service OS i 5 b

S MR

% Hybrid VMMs
r1— i@ ] en Hypervisor #5241 CPU fes it 3o m 110 Fihs B4

REF VMM = = /0> ¥ 3 »xifsE & 3% 4o Xen,Citrix,Hyper VR2 % -
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2.4 KVM 4 Libvirt

KVM(Kernel-based Virtual Machine) » 4+ 2% # % 2 & 4% CPU s & 1+ $p(Intel VT-x

AMD-V)> @ ik 5 % (ha+ &7 + ... %)dh 0 Pl 5356 QEMU - £ Open
Source #iH 1T 5 miRFF AR HF WY AR E W DR P B hLiInNUXKVM > £ 22 8
GinF A o LR E AR R EKE o 2 f1* Linux KVM =+

¥4 b g §)
P2 A E R R Wi &

FHFF 2 OD RIS TAEE LT F 2 AR
PSR —‘f;rs?,uﬁr;z B 41l NURE TN S S 1 Pmr}“"ﬁa‘}*"u?}i%, R A
MeiE (ot ol PRAR A &P%*%ﬁﬁﬂﬁiiﬁﬁ%'faﬁﬁﬁi £[14] -

Linux KVM 5 Libvirt i § 25 5 R F AT 2407 0 APl &% & o

ﬂ&ixﬁpﬁ,ﬁagﬁ%—%ﬁ—ﬁggiﬁ’%%gf LR BB T
;%éim@ﬁ%%’uanww@ﬁﬁaﬁggﬁﬁoummggggi

R &W@*ﬁ\mﬁb’égﬁﬁﬁ%%ﬁ%ﬂé€’Hiﬁéﬁﬂﬁw%ﬁ
&

i AR B  RREEGRA)
- B Libvirt & 3 7 = B384 [15]:

oo s T

LA T EE PR R il 2

.—*i"ﬁ‘!lﬁ' . ot 14 T L""T,ﬁmApl\;iv\‘}i
® — i FR7x4% 5 (daemon) : Libvirtd
® - 44 FILa 2 (virsh)

Linux KVM # i 5 f8 508 e 458 o @ % % 7 LB BT en® 40 55
8 P 1 kAL

B TR 1 e B 2 b i Uk B AR S
PIG 245 2 b 4 R BT 17 k) o

f b RITHH o 4o 2-6 1T

FEHWPERCPTDHTEFTES T EE KVYM ik 2
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Linux Window 8 Red hat

« Virtual Virtual
Virtual g =
2 machine machine
machine
Qemu Qemu Qemu
Linux ABI

Hardware Platform

EEE B ——

] 2-6 KVM % 1.l

241 QEMU

QEMU &_¢ Fabrice Bellard # % 2_ B 2 445 3% B (Emulator) s H £ 8k 430 % »c ¥
A ¥ L Lol i feid(Dynamic Translation)#2 5 » QEMU £ 3 5 fadk ivfi;t » * =
o5 (User Mode): QEMU {742 7 #& % 7 # User Mode $t % = e A dlfrd a1 2
4 BgEs (System Mode) : QEMU it Bt B % % A bt o ¢ 457 L AT R 2 H @ ki &
Boomavt ok p- JRAft mEREN A BT o o

2.5 8% % SR 5 m 1V B

LE RN EN -+ UESu s SNIEE T S Sy FE NP A 3 =l

* —‘ﬁ ¥ 18 17§ 8 (User Space Instance) H i ki = » & # IR el e

i3 ﬁjq}u,gx F b IR PN F T o om SR R —‘F‘f 7 i 179 %8 (User
Space Instance)* # 4L = 7 % (Containers) ~ & 4 i 31 & (Virtualization Engines,VE) -
3 #RE(Virtual Private Servers,VPS) o 1T ¥ k& sitr o o BFy 2 ik Wiz F T F 4R 2
P ERES Y] WA E - MR AATRER > A ML E B EEFHod 0 F
ik som PO ITE RSPl G ot R Bt T S m R B
- 3 HORAE BT R > T3 F & 5 Hypervisor o @ 25 Hypervisor i&® Ak o B

g e gt T SRR M e B g B R L e
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R AL ST
FTE AR FiEFE IR AG M P ERCBRERY RZEFR O
% k%> o Linux % &) > f Linux 7% % 5k Bom &1 TR ;I&:i #3187 Linux 2 ¢t
4 Windows ~ Solaris % (% % % > 7 538 (712 Linux %24 5 A# % 5872 B Linux 3 7
oo R AR Al PR R i OpenVZ > H ZE Hde T B 2-7 47T
OpenVZ {#p;‘f&fj&w hep BT KK B R BT BAT 0 PR R R F T E ki
)é; BeomifF FIRE(VPS) < fra SR i * OpenVZ i o Flp Linux 7w ¢ 35 5 iE
¥k Bk Bom it a0 Linux 2 % (Linux Container, LXC)3k fi==31 £_OpenVZ 4 & B Fj #7 f

}%‘J&_’rﬁo

Virtual Virtual Virtual
Private Private Private
Server Server Server
OpenVZ Template
OpenVZ Layer
Host Linux OS
Hardware

] 2-70penVZ % 1+ & Bl

2.6 Middleware

B2 E B e > [16][17][18][19][20][21][22] Middleware 3t PR 5% 2 PR B £ &
ZEF O REFER P AW B F AT FE AT RE LR AL

B im B ITE ORI SR RS- R AR G okl T RR AT E A
ks L ITE hAfoeid MRt 2B Y AR LA T XYY
BBEenf s ETFEE Y B A2 R o Ao

1l - R e g E2 L -
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o ~ w DN
A}
2%

2o A CRARAT 0 R Bk S e T ) 2-8 S

H Object Based Application Interface H L QOSAECC Service Definition Language J

Cloud Data Management oSAECC || 0SAECC ||
API m Interface (CDMI) QService QService QOSAECC
Requester Provider Sarile

Simple Object Access Protocol
—
Header Body Fault

]

_ . —
@mposition@ Service ( service Discovery
\\,,7, Repository \~,,,7,

‘ Fault Tolerance ‘ ‘ Quality of Service
Component ( Scheduling
Manager System
Binding Monitoning
Manager Service

Communication/Networking

uolisodwa)
SPIINISS

juauodwo) a10)

il 2-8 {E'/ﬁl‘_?g‘%c‘ ﬁﬁ%ﬁ#’f#

POk LI HERIACR] 2-8 0 B £ # it & 12 12 2 Service Definition Language » %
& ¢ 7 7 Service Requester, Service Provider, Service $% i 2 =438 & i¢ I & 5 4F e cndh 3

A5 He g At o 2.2 = Services Composition » T 5 ¥ X JRjrie 4 it

[
¢

oA A e AR BT P ROE PR TR R IR - B
i Ko 3R PR ARAE (55 {2 = Service Status Collection and Analysis - 4t & PaaS & 7
M B BRR o &P % SaaS AL Y K TR & GURARR G AT E ¥ - 4.Core
Component #% &> 4% #- laaS J A 2% ik 5 i 7 TR E 47 -

S AT R E R e R AR AP MR 4T

1.2£ = Service Definition Language © % & ¢ 7 7 Service Requester, Service Provider,

Service % - Z :HFE T BR LA LDRBE N E § £ X QB WP K it o



2. = Services Composition » T 5 ¢ 2 RGEE & A E i > JI* 2 A RRE KT B
FEF R IOF DR F TR & SRS - BRI ke

3. FPRIFIE 15k fi » 2% = Service Status Collection and Analysis > ¥+ /& PaaS & %
ol 3 BRIR > T 4 SaaS AEeL R * TR & RISk B L FE T -

4.Core Component 3% i> # # laaS A # ¥ R L7 FTRE &2

BT FRRE Y AT RFERG HE LRI AP RRE Y Fao f 8
e rsm;w)%l;ixé’* @ QPRI wE R ARDTIRE R o EER BT R
7 /R > Middleware 41 * Monitoring sl it 5 S8 7 8 82 *53;}1‘;4,_ pHEni Bkztap
e IT 4 (Agent) o i PR R AR T BB Y 4 R T RALA T 0 41 IR
FEH K Agent 0 LB A S
1. &R Al R A A#ZK %5 laaS PRAFE * (NIZA e B B L REP T AR Y £ X H L
R TR A Fe DR B A 0T e B 5 IR R KT S R 2 K e
ErEH
2. T - PaaS PRFFE * NIZA R ET SRBBFOTRIBERN > LI TR - REL
* Hr iy e
3. $rRE* SaaS FRIFEH * RIZA R RGO E BAE L o jR et M R e B
AT AR PRI G R & o
32 A Agent & 3527 4= Bl 2-9 Middleware Monitoring with Agents #777:

Service
Directory

] 2-9 Middleware Monitoring with Agents

15



EREAT £ es
®  Server Monitoring:

PRI REEAR TN FRPRE FPREFALEBVER 20 AER

JRE2Z T A8 T fuip o rgZ ¥R RNAP B4 % > k- Log %

?mm@%#m%%@@ﬁﬁmﬁo
® Database Monitoring:

R T TR R AR LR A
® Application Monitoring:

TR AR 2 A2 VTR Ap B ﬂ'—' EERER Rt 240 CPURR

REZES ATRA LS FREFIF AP L OFT IR D > TR AR A 2

FRAREER Y FRE
® Virtualization Monitoring:

PRV UHBRIPERp B g G- ey 6 Y FREHER L

PULEIPLFE B IR AT R LS FRGE FIPF s 0T RA fe Al

Aok PEE R AR ENOTRECES R Uk T gz
® Service Monitoring:

L¥ nidp 5 U b pFid E R BRARE_E 3 6T o

2.% dp PRI R 2[R 7 0] T ke [ ]

3.% EiwRiry MAER > ¢4 Email { wdg Repp B > D@ R T L F A o
PRAR IR R K & M iES %?#;1 1%(Key Quality Indicators, KQI)fr b 4& 5 »cdq 1 - (Key
Performance Indicators, KPI) » 4 P 7z cha % £ B * 4725% & R+t it » KQIs #

Kp s RiR e IR iR & Bl 3 KPIs o § RIS Bt A2 £ § IR
Freried s - B3 e KPIs P i F &3 R BB g 1 KQI A i/ 2 KPI e KQI eps
W o i B & RUgseo p e g AL Rav s T o A9 5% 23] @] 2-10 KPI, KQI,
SLA z ¥ ebd %387 KPLKQI 27 pR7%-K 28 2 % (SLA)2 f¥ enBf % > KPIs 7 it % &

SLAs ¢ » @ KQIs & JRi% % T freig A @ 73] > & B KPI{e KQI ¢ 7 3 7o & 2 g1y
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Application
(KQr)

Mapping

and SLA
Negotiation

\ 4

Service Performance
Indicators (KPIs)

\ 4
Service Level ]

Monitoring

A 4

Monitoring
Instrumentation

B 2-10 KPI, KQI, SLA z_ FF =B i%

2.7 Node.js
Node.js #iT kZEF AP engr @i, v ¥ - B s F Fi=2% > @ * Google
Chrome & V8 JavaScript Engine % A # >~ & - B3t V8 JavaScript 5/ & eh—- 2 7
JREBT oo JavaScript #2503E S cARF IEE 1t ¥ i R 4R oo H I Z7é: (Event-Driven)
% e g1 78 (Non- Blocklng)I/O(ﬁi%J » [ ) EndEid > Stz 4g g B oo 4 (Scalable) g =k s
AR R & R A § T IR 1 (7o P 3F 5 A Al sk (4o LinkedIn ~ pcdc
Yahoo ~ eBay )38 e g * dp R hdE A bk (7 IRI3[24][25] - @ >t Nodejs & & P~ i
KRFRYFEC - KA epe o WAy T o # % Nodejs ¥ s § T2
£ Nodejs # ken2 g v e §83F% PaaS T s A En@ g2 > 0T § -
v f L 42 Node.js ¢ PaaS > H ¥ & 354v & enficgic Windows Azure T 5 o
® Cloud Foundry: Cloud Foundry H_Ff cifif§ e PaaS f#id= %> L& J 8 EF 3 -
Bz THEZRBE > 72 {3 2BF ~RIEE2HE -
® Heroku[26]: 8 - B & 4% % fAzNF 2 a2 T 5 W pRGroHeroku 17 5 BB 4pen2 T 5
z.— - B4 7 L3 Ruby > e {5 k3 4 7 Java,Node.js,Scala,Clojure,Python 2 2
PHP % 4255353 -
® Joyent[27]:% P B2 F Z RG> H AP e @ AR 2 AR
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@%ﬁ%ﬂk’ﬂﬁﬁﬁé%ﬁ%ﬂ“$$\§ﬁﬁﬁ%??%ﬁﬁé’ﬂﬁﬁ@
RIS B - fEHBE (B BE

® Nodester: §_— i# ¥ x4 Node.js PaaS(L » TrpR7%)T o o

2.7.1 e %73% (Non-Blocking) /O

FLPEET /O AT E R EE 2 N5 2 Z R EIRE AP R R ATy gk (S o
PR ER PRSI PRI R A FEE AP R A F SRS BT
HEFAT R > 7 S CPUEFI/0 .+ 7 §:F $EET - Fp CPU kgL
AT sl L Fa T R T o TR TG TR R T
FoEm > SRR B R AR R R Rk A O P § S R
FREFE AR IR RN e B g [28][29] ¢ Rt AR 4o
Geted /O ZLIEETN 1O 22 F E R X FRFEFTH B > HB22 F ® FTAE HE

FRAPFTHETESEME RS L T B0 5 oo eI R UF I/O B A2 4o ] 2-11 1
o ZLPE BT 1O iEw 2 (4 > CPU enpf fF 2 7 1 % k@ H 0 & 73 9 Ag 4% = 22X [30] -

ﬁ

>

= 4 2
& A A PR AN
I |
I |
I |
| o |
I JE [ i = | |
| > X
i &) I8 5

B |
I |
I Wi
I

I

I

|

|

| T
I

I

Bl 2-11 v v pe &5 1/O i 42[30]

PLIEET /O 5 1 BE R FEOTH B ARSI A AT EAF 7 /O T E ko
TEEFE 2 o EEgHsse 24 5 oread, select, poll, epoll % ##30] »
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2.7.2 % ©# 56 (Event-Driven)

f1* Node.js 224 Web #IRE > 561w B F 4 e 30 k3 TR0 o 30 g
2 Node.js + 1% 7 2k # 1/0,Socket § | e ian ¢ )+ 2 2 B OB -
$ B AL R E VO F o {17 Nodejs 24 Web Server + & £ &g éf
AL F I HinARieR 2-12 o o
Nodejs & ZiE# i Spde ™ —\@w o mIEAEF - f]}g%—,—j‘»\g; RSy Mt R R
SREE S S-S T EEEEE RS ST R P R T S
Aot g Ko RERIRE R AT ER F Aok TR A% R
T FERFEH LT A ORI )2 Nodejs § it = B R F] o

T e d kg g e bbrB Ao E R FARe ot WIRE Nginx » 3 1 87 %
# T e 50 0 B0k e Nodejs 4p I 0% 2 5pds > H 52 Ngink 4B 7 F 2 i
NginX 12 % CHE B B4 » 11 s - & G0 & § & Web Server » i # *0 F o (83L& § 4

T HFE PRI ST B E RS B G T4k o A K Nginx < 7 P % Apache 2 %t -
Nodejs - % & it T &> ¥ EE v S48 Nginx 4p e 54 it » » it A2 & 82 8

?7)2‘ LA T R 'E‘#iét‘ﬂ?"ﬁ}‘bg [30][31]

”‘(‘;fj)f‘ [ [ Femmaiw ) [ irmesos)
Fil 45 B 45 Bl 45
B0 .
L P 275

] vy
e A s r%¢$#%@

T HATE
E/OREE o ¥
D% e

% £33

R 2-12 41* Node.js 2 # Web Server ;7 42 1 [30]
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2.8 Restful Service

REST (Representational State Transfer-REST) 2~ &7 b # > A - £ Rl &
B T Ao Ak ® & fo ¥k 0 REST E_Roy Fielding & #7 & @ aff L35 2 ko Auid etk 5t
s h 14[321[33]  § REST shs i g ik & % i 5 3 B @ § 5§ 10T enfhf2[34] :
a. R fort s B A A R R S
b, FBFRE FrE- chizyl » T ¥ B- 2 & itendp 4 (L RpRFRrRrt @
# Http ¢4y 4 - GET, POST, PUT, fe DELETE)
C. A T AL S eh s @R G en > 1R A S e LB REST 7 & - a2
Bt 32 E4RE S @ At * HTTP,URLXML - HTML % > iz 5 R
2o (7 kbR o o REST # 2 * %t [aaS,PaaS,SaaS = & ¢ o
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% = i ,?5 wb,\ ‘f#-ﬁ? ﬁ.«_

R AR EARE G i PORURE o B 5L enie ROAR LRI 3 ﬁ, E -
e f 3T % (Load Balancer) » f §*-T 7% ¢ #-i& % ez f (Request) 4 fie 3 14 & ehlic &
FXdep HEFIREL > PIREL BAIZE O hp BESEL P L EFRBr LR K

o

W 31§ T R R

IS

Load Balancer

Bl 3-1 4 5T 47 % H Bl

PER RO PIRBERE LA i Rl P AR PIRE TR f R 0 R
BEFTETE EFGRFEEIHH L PREAOERE S EAR T L P E L

GRS is SHUE i SN ERESEI ¥ S SO A

B o

X Rk PE R PR

3th

A0SR PR SRBEFLEHEAFRBEWDERE T BRI
;}i,{h—mgﬁ_r}a_ﬂﬁobm«i’mg ;\._lfg_ i)’@iz P\;.ﬁ';:gl mrﬁ]‘\ ,

13)%3
5\
T
W
:q*.

Y2 ) FE PRI &R DR o
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31 ERBEFLHLDERBBER

A EBEE S R PULIURT  ALHURIRE D | T g B
18 IR B R de K g R e (LR R IR B

7
P 15

e BB G PR AP R T RS REAR 2
E:

*ﬁgmﬁaﬁihﬂ’@ﬁ%ﬁﬁiiﬁﬂﬁ’fﬂkﬁ@ﬁ%%ﬁ?%Fﬁﬁ
3;—%;;,,{_1%;?,’35%@%,, ;;1?4%Fy_olﬂw iﬂ;g@;@g%fr ;ﬁi&t& #
»~ 7 Monitor Manager f= Dynamic Executor = i # % - Monitor Manager % 47 & B & #%

_Lg-

WEDRF R & FRIRBAVCT SRR U LB EBBED CPU & F o
Monitor Manager 4z iz FAHR LT S EAF R PED > 2 EAK > pld
Dynamic Executor,Dynamic Executor ¥ EJZ % fe e %848 % %> 4o @ Ubuntu,Xen = &_
KVM % > % ¢ {335 < Fladp £ 0 A B m 48 ehdicp > ¢ b > Dynamic Executor » §
g TR R PIRB R e IP o o L EHR S22 REB TR EAA
AR AR 7T e
B2 g & AP gae- H 45 f U GEE - Monitor Manager fe Dynamic

Executor % - s H & (2,048 o
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L

User request

Load Balancer
VM

Userrequest User request

v N

Virtual Machings Auto Sealing Virtual Machings

Manitaring

Virtualization

Execute VM adjustment command

Physical Machines

B 3-2 msRiS TR AR I ALE]

3LIEPTHE
PR LT R AT R R R PR BERPIREL R AT

Bigw P cho Tt - B T R B R ol LB | R T SR R R

P ONFE RGP PR B R FAF A A RR A g

TR H B A P RIREL O R T8 fei o [35][36]F B ALF B 2

i 7 S - B (Round-Robin) 2 1358 ] @ ® 2 2 o Z BEEIFE 2 1 SAeT
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® 4 2 (Round-Robin) :
U JARE I é?iﬁﬁﬁﬂﬁﬁﬁ’*a&g%aﬁﬁ—ﬁﬁﬁé’
round-robin § &% @ & 87 & AR E R 0 ME - GRE R D F BE T RS
FTihd il > % m e WA i 5 BREPRA 24 > L LB £ g-i eI A
HmEPIRE Y PR R p fer R EER T FlS B g 8 W PR E
F X EAp e pay o

® “f%;2 (Random):
MEE s fren SV R L fedl Ry o

® Uil
YRR E il PR AL e 0 T MATE R @ Me Fe B PR IESRPIRE -

ZEPART B R AT & 31 = fEEARIE B VR E deT AT

% 3-1 = B AT B 2 0 4 [35]

= B ¥ & i 8 2 TS 1Ak, S SIETEE S
(Round-Robin) (Random)
R 1 #7299 R |1 FXFFIFIR | L FXEFF2FR
2. iF* 2 3 W |2, @AM A F T2 A ehf
¥t - R o =R * - T
EES 1. 2% & € E [ LEEEP s | 1 &d &gk
O PR OERT R | AELSRRET R
2. B AR T o | BREZZ 2762 F mER
SHIEE S EF | RIRT RE E AP | TR Dk
JER: A L=

K Aer Aoant g A g Ao TR g2 (Round-Robin) & i e f T R B 2

A T R AR kX g A ke http @ SRR 0 F] S g do 0T
FRPDEEPIRETARIF - 2%t > 2 €2 AL BBARWPIRE i P frw
PR LR P T B F A el SGE ki hitp i RURAE o dot B 3-2 MR

24



WRRE L ORRFEIARR AP R PTEELES T F g < B R
PERPE S FRF P TEERE L TR SET R AGPRIERE > B A s f
T ey BT R L e e AU R RIS e D S AR IR E o B S f T
BFE {22 C 2 ¢ 973 4o #0 Dynamic Executor » HCieApfe &0 Fl 5 L P T EE LB 1
BT #m*a@ﬁmﬁ@m%&i@%@ﬁ@mﬁ’@{%&ﬁ—@ﬁmgaﬁﬂ
Faviptt f T R Ob D R AR B e f T R R PR E Al
%ﬁﬁp&ﬁ’?ﬁ?iﬁﬁ—ﬁﬁmﬁﬁ&ﬁﬁﬁéﬁéﬁ@mgxﬁy%ﬁﬂ,+
B SURFEPFPRIE T o

3.1.2 Monitor Manager

Monitor Manager £ g e » f FER 2 BRRPILB DL SR - @
7 CPU &% F 2 i stdc -

Frip e CPU @& * Soenp 0[35] 8 5 7 " Mk g & & ahd k bipg 2 enf

B hafRc BF SRR EREFPIRFEREZ [ Foi g d > ERY
oy * F g iﬁ{,ﬁ B Earti BETEF RAKF

CPU & * F {ri dtdicyt 2 & & “r44 s enf® @ (Threshold) » 4 i * & & i@ 5 g 18
RE > i foi ik b Rk SRR % TR > Monitor Manager ¢ = R KR
F B #E hék £ % Dynamic Executor o # jinfz4e ] 3-3 #7om > Monitor Manager ¢ & 5 {4
Hm R FIRE DL AR F R PIRE § 428 [ 27118 o Dynamic Exectuor 23 & &
BRETR IAFIRHEBT RS BRFQCl P TEEM Y Sl m R PIRE il p 1Y
2P =% o FRAFPIRELPACERENF FAHERREPT R -
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Monitor Manager

B & %% e 5 47)
AR HY B AR
%I IR B A
iR EABBRME S
Monitor {é ¥ 43 AR i %2 Dynamic
Manager ;2 Executor
B B A H ik R |
R
Monitor
! Manager
B FIR S & . MRS B
F ARBMMA e B
xR Executor
H A R WEmE A
- ARRER
S 8 -8R
Rl A 15 9% JE B2 47)
REBBIE B AR
IP f &

i) 3-3 Monitor Manager 7= % ]

3.1.3 Dynamic Executor

-

Dynamic Executor ¥ 4R & — © /i #c48(Middleware) - v ¥ i K,értaﬁl. B E P oA R
R 7 X3 KVM > # ¥ i% 3§ Dynamic Executor & 23 & #8 crdicp o
AAFRBEPEP 208 FEPTEFREAER G RL PIRET RS > v
Bodke fERRIRE > RAMEAES T AR FRmEPB 28 Dynamic
Executor & A& FAF AP L HFF IR L Boc f PTEFEM LRI FIRE P
AP ¥ oo A 4E S fAm Rk bi— 4% > Dynamic Executor » & ZF A ¥ ¥ L gy f
T HEE 0 4o Nginx & Apache & o ¥ b 2t B SR chiiep & 3o f T HFE X

TP 4 K AL - Dynamic Executor § 2 0w g S #0020 5L Ae k SLp TR —‘F'f o
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¥rg RiF

AT F I ERBST 26BN F B EH DK TH Y BB A hitp PR3 -
g R AR f T B AL NGInX G K IRR O AP S TR
TEEEERETS BERFLERFTRYRT PIRBaud s f ﬁ“ﬁﬁ_ﬂﬁ ’ ;’fﬁ“vi Monitor
Management £ Dynamic Executor # @Hi-e s 1 & 17> i i e S8R HdME 5
B AR R DR YR Fa et CPU T AT IR 0 il fede AU Bl 05
ERBETHRE R R FREIRGERE ARG IO RERP F AR DR
6o B f FTEEMLBRT Y ORBFPFAIPE -

R EERR

Hypervisor =it ¥ % %L g Ubuntu 14.04 > &2 + %% KVM & % 32 32 Libvirt
# I % o Hypervisor #& 5 4-# 4-1 Hypervisor &5 “f7r o

pheh o S gl T EE A K & Hypervisor oo 2V o engc B A Nginx,
Nginx wof f B R § BB ami 0 4 A4 S AR N A i B

B Round-Robin = ;% -

+ 4-1 Hypervisor 3 5

CPU Cores 2.3 GHz Intel Core i5
Memory 16GB DDR3 1333 MHz
(O] Ubuntu 14.04 LTS
Virtualization gemu-kvm 2.0.0

VM Management Libvirt 1.2.2

Disk 75G
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Load Balancer Nginx

F_*

BEI S R o APE EaiTE kR E Ubuntu12.04 > F1 7 IRIEOM 2> F &
R kA AR R SN FPRE - APt Nodejs A RIS PN NREF FIRE > 7
ERE 2 onit o & BT AR PREI N VR Y o RIS IR ok 424
T - BT RBER G AR pmiE 0 2 BEF [ ERE B OAE -

Z t

42 BB IR B

CPU Cores 1

Memory 256 MB

(O] Ubuntu 12.04
http Server Node.js 0.12.7

RiTRPT RIRE

2 & Nodejs = 5+ frdlzi @PR®E » Nodejs A H $#4 {7 5 - ¥ & 5% (Event
Driven):n & » &4 B ok dgifr > LF A0 W E Pk BB RS
Nodejs & & 4% # 5 8% % chs e 4ok » 5)4e Crypto,HTTP,0S & REPL % % o & i
B> HITP feaR fE1 T PRE - @ ?f?”f’z@?ﬂgﬁﬁiﬁé SRS

# & Nodejs &R E i PRAZ-c s fics H REY FEES RS Y3
J A ] R IRRIE ST
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4.3 ¢ i¥ Monitor Manager

Monitor Manager 4] * ssh 2z r» & - S B > 4382 CPU @& * F » 2

Node.js PR B g s ffc > 2 {638 1 T35 CPU i * F 112 T Mfico A A iv

PR ATIBCPU ¥ 5 50% 4R Toidise 50 AWk 420

=

f

Hv 2 - eph

iz > #-i8 iv Dynamic Executor 3 & m #i5#cP - % 4-3 & Monitor Manager fiie e

B AT 45w o

% 4-3 Monitor Manager - e s #5245

10

11

12

13

for every minute do
total cpu=0
total conn=0
for every VM do
ssh into the VM
total_cpu = total_cpu + vm_cpu
total_conn = total _conn + vm_conn
end for
average_cpu = total_cpu / num_of vm
average _conn = total_conn /num_of vm
if average_cpu > 50 or
average_conn > 50 do
emit adjustment VM command to

dynamic executor

end for
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4.4 ¢ i¥ Dynamic Executor

Dynamic Executor # & Restful 7 & :® Monitor Manager =¥« » § |2 3|3 4v i #2148
& Rz 8o % ovirtclone dp £ A7 Wom AP A o S mARBPEAEE F A
vmbuilder 5 4 3% T4 £ Ubuntu 12.04 g Az Az ts @ % virshstart B AR

B 2 50 NginX f T EE AR e T IR AL Uhded 44 4w o

# 4-4 Nginx f %% ek T

1 http {

2 upstream vms {

3 round-robin;

4 server 192.168.11.1;
5 server 192.168.11.2;
6 server 192.168.11.3;
7 }

8 server {

9 listen 80;

10 location / {

11 proxy_pass http://vms;
12 }

13 }
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FIZ RHRERFRAH

5.1 95 A

A T A A NginX ks RELE T 5 R A~ B ek
P S B PIRAESF(QOS) R B B B R RS E 0 R BRES FBH 4
KA f T kA s @7 K oS % T (QOE) -

*3 e n§ % 2 5 Monitor Manager 5241 * ssh fazig ~ & - St A F @
%R AT CPU & % 50% 1A TIod e 50 AR f B KA -
SPpEiE 0 K- 4o Dynamic Executor A BEm S HcR o AP A g 4T R kF

B B AR S R AE OV T R S IS

52 REBRHR

0 Linux 5 Hypervisor enzk 3 » 2 iv ¥ % 2L A Ubuntu 14.04- &2 + 3%3% KVM &
# 4 sz Libvirt ¢ 32T % o Hypervisor shdk it 4o 4-1 #7o1 o

pheh o SV gl f T HEE S KA Hypervisor oo Vi i e B A Nginx,
A L v NGInX $ S B e | VT G B e R e P
BEEE AR G AP Rt ¥ kS F Ubuntu12.045 F1E % T PRI OBE %
T B kAL K Nhttp BIRE o AP E* Nodejs i RS f8eh hitp FPRE -
Flpt 4B 5- 1 #om 0 A PR R FOIRGRE - B 3t 6 sk o

A )% Siege =% Benchmark 1 B K #URA4 Rl i@ * Siege 39 %&EH
~ ¥ 1 Request » I ek H T 35w i F (Response Time)f-+ * Z (Availability Ratio) -
‘}’},@B?Fé“a‘% 8 Request &4 S R w BeOpER o ¥ ﬁ,i:};] R G N AR ¥ b

Request it >384 13 0 Request ep &t »

number of responded requests

availity = X 100% -

numer of total requests
A RS e ] R R SR Db R E S 0 b RS BBk

T A4 gk
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4 121001501

¢ QA nE R

2015 A EE R T RS

2015 Taiwan Conference on Software Engineering (TGS

| KfrtH
| A fiéiéh
| ke
| Kkt
| %
|3k
|k
| iR
| N
i gl
| i

B4, 1011 July 2015, ML EFARIE

2015 2 8H 58 Ti2Haie (TCSE 2015)

ARVIMTRANGRERRGE B 8 WRESE  HHVMIERE  RERRIFRGS
RAFRRROS TR  ARARNEED [Software on Human Life Cycle) HFHGMI
RENEBRRREBEREN  OANRMEARESBBRD: & % 5 TEEMERANE
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vmbuilder kvm ubuntu \
--domain=kvm\
--dest=vmO1 \
--arch=amd64 \
--hostname=vmQ01 \
--mem=256 \
--cpus=1\
--user=ubuntu \
--pass=password \
--suite=precise \
--components='main,universe,restricted \
--addpkg=acpid \
--addpkg=vim \
--addpkg=build-essential \
--addpkg=0openssh-server \
--addpkg=avahi-daemon \

--libvirt=qemu:///system

virt-clone:4g &l i 4% 15 p& 1A%
virsh start: B A7 i 4% 1%
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