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Abstract

Purpose — Virtualization is necessary first step in realizing cloud computing. Most
studies so far have only focused on CPU usage, memory and disk resources
managements in the cloud environment, not for bandwidth resource. Therefore, this
paper proposes a new virtualized mechanism: DVBA (Dynamic Virtualized Bandwidth

Allocation) for allocating and managing bandwidth resource under cloud environment.

Design/methodology/approach — The proposed DVBA that allocates bandwidth
resources from the perspective of Weighted Fair Queueing, in addition to providing
corresponding resources to cloud users, and also considering loading status, quality of
services, packet size and the usage of bandwidth queues.

Findings — This paper did perform simulations to compare DVBA with current
NETSHARE using KPIs in terms of Throughput, Average Processing Time, and the
Packet Latency. Finally, the experimental results indicate that DVBA has higher
Throughput, lower Average Processing Time and Packet Latency in total averaging
about 18.51%, 15.57%, and 47.96% for different cloud users, respectively.

Research limitation/implications — In the future, we will perform more

simulations with other KPIs such like packet loss ratio to prove that the DVBA can
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dynamically adjust bandwidth allocation and enable easy tuning network resource for

many more users cross the cloud platforms.

Practical implications —Practically, the DVBA scheme can utilize the basis of
SDN/OpenFlow centralized management architecture and also fix the inadequacies in
static and fair bandwidth resource allocation of NETSHARE for virtualized bandwidth
in a cloud platform.

Originality/value —Most previous studies so far have only focused on CPU usage,
memory and disk resources managements in the cloud environment. There is still not
efficient tuning mechanism for dynamic allocation in virtualized bandwidth resources, it
cannot be flexibly adjusted in real time due to various types of applications and
increasing number of packets. Therefore, the proposed DVBA is to dynamically allocate

and efficiently manage bandwidth resource under cloud environment.

Keywords: cloud computing, dynamic virtualized bandwidth allocation (DVBA),
bandwidth queue
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T BN Mk RRRY - kAE- FHSEREL TR - BBTRY
FE g AT BRI E (FRME 2011) - &G HEREIE LN
BT R GERNE (BRY 2016) - M4 Y5 R &8 Rt ey 4 iE
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2010) - RIFARAIwOYIEM T TR EH 092 0 BB EPT R A EIB BN B R
HFERFFRRXSZANER  ARRBEFRETIT L aYIRAF - o B ATATHRRE L
HHEELERREGR>GAA —BERIFHIEETHRY > A% TFTHLER % TR R
ERAABRSEHOR BN/ ALAREZPFEEGUCGAERE T RAMERN K
SARLHEBEDE AR ag it ) o (B e R IR LR E ATE KRS = E © B AT
ATM (Asynchronous Transfer Mode, JE 5 {&8iE X ) 4 28T 41 TR 69 &
AAEXE L R4 5 TR miss - et %k % (Constant Bit Rate; CBR)
%31k & (Variable Bit Rate; VBR) - #¢ik & (Available Bit Rate; ABR) WA & %k 4n
# % (Un-specify Bit Rate; UBR) - B89 % % 09 IRF5 i B oy 528 L wAE A
A AR AAFGAZTE (Yang et al. 2013) » FH b > dofTik 8 5 7 A4 5]
ERNWEBER LA EREL P ETENMRTZ— (kY 2016 HEE
2010 ; fT# &% 2014) -

NETSHARE %48 % &R BT EALE A BLey —Bdksdr > 328 T EF X4
TEEGBMS  EABER KT DT EFORARMEIE T EE GRS
(Radhakrishnan et al. 2012) > 22 A BEHRESEEAE T ETEER Y » R
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J ¥ AL48 B» Eeix (Dynamic Virtualized Bandwidth Allocation Scheme) - ff#%
DVBA ° 2t X A7 7 69 B8 5 FR 48 ST R R 1RIE ATM A2 F R RF A
0 R TSR L E R v BAT Z1 3805 » 53 Ly ToS B B ARAF R AIA T4 Bewy
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HAE — 8 - &4 Toni 8« EHALHHy - SDN/OpenFlow ¥ i 2 P47 71
sk o B AR RIAAZRFF R ik 0 >4 NETSHARE AR A E - i
AR B H el By AR IR HE o2 iE - DVBA #33tmE ik o HEEF R A
BMBEREEETRETHEETR  REEBEFEELERIN - FEHLESR - &
HRARB IR E T EZIFRARRIALERTR  ARKRRHER -

A XRIRF A AR

TR E A AR T AL 1997 Fd Ramnath Chellappa 3% P42k > T & | Bp
Fwpusk T B RISH B A B 7 R R ENE IR IR
o BREFTEEBRAZE YA AAET KRB EREATHEBREL - £ 2HBE RRE
1 % #i7#F 32 1% (National Institute of Standards and Technology; NIST) ¥ » R ¥
B R AL T EREI R MR F R P % KA E SRR
EFELTR (i@ - RARE -~ A BAEX - RFF)  LETAMHL
IHEGEREEARBRBEREHEGES  REREEARSE - (THRFF
2016) - /& NIST ¥ & & TR a4 B RRFH - ZARHFE X A w4 F
¥R o b AAELRES (DM E A B (On-demand Self-service ) » (2) 5%
Z ey 4g 3% 7B (Broad Network Access) » (3)% /i3t % (Resource Pooling ) ~ (4)
ik HiE M (Rapid Elasticity ) ~ (5) T &1t a9k # (Measured Service ) e

TEE 2 RN LR T 2

1. #k 8% Br IR #5 (Software as a Service; SaaS) : # A H A5 & Tap R 09T
SHEM EEBSUTHIREG R AR  BAREEMRE AR LT LIES
F AT R ARIEAE A AR AT BB T dw Google P7#% 4t 09 &R MR AR
AHE o FFE XM HBEFM HATHERFA RN Ay Rk
P B A Skl 0y B B R H LT AR AR B s LA -

2. F & BriR#% (Platform as a Service; PaaS) @ & 3% Bt J& 7 4% 4 — 18 52 i 09 FA
BREERE R ERHEBLTFEOME LA CHBERAERE
HACEE A EETHERAX - EAELIFRECREHEETE TS
By BERR G R AR FAIRE  BEAFME FARETEASGBAA
KPR HT > RIEERAEATEE FEMHE T Lo E L E AR
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3. A A6 PP I (Infrastructure as a Service; [aaS) 1 vy T 3% 4 J& 9 42 4L B sl
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e A B EH RS REGORATANTEE  TARMGE
A HBE%4a EegraE -

2. 42 % (Community Cloud) : B TR ZEAMKR LR FA M > B FE
s Bk ey B ey Fe R B R ARV MER B TE BB TIRF R, FHIE
R BAB AR AERNEZTE  BRES Bz RFeuE
R A BB BELE o

3. 2% E (Public Cloud) : A RKA T » AKF TR ZREL — R FRA
FRegtE A - EH ERRETDG MM A FTH L AR ETH
T AL AL ERENE T LR R F A EH - BT AR A H R
ﬁﬁm%iﬁﬁiﬁ&%

4. 384 % (Hybrid Cloud) : iB& T4 & 215w R AR FMEAEREE
AT AR E ﬁfﬁ"T‘ ’E-_ O ERB L ERmEZHTIAEE
S — ﬁ’uﬂkﬂﬁﬁi%ﬁﬁ’%@’kiﬁﬁﬁﬁﬁ
F @ T AME R AR TR REST  EE BRI RAEREOETHE > Ty

MR RA T RILIL AR EH R L -
Tey R Ea T HERREA LARNE  RETHSEE T
WARME R A Hefrik A — e A RRARXATHMSE  EAM T ER
B 5 B A A AR IR AR

= mEibiEs

TS A B (Internet) RMEER - A TS - %ﬁﬁ@@%m
EHATFTETHEG T ARG B AENEN% > HLEBEBERELGHE
ARG L EmER (Cloud Computing ) ( &H/AE 2011) o YA sy T f@:\,ﬁ&bk
BT R EMAEN MR AR ARM Tl T A DEMAERRAEL K
ARG E R E B S E# £ # (Virtual Machines ) w94 A& (Bik¥
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2016 ; #E T 2010) -G XBERMER > TREAINF S FRWYF & -
FEAMRKRORI; - HEFACHM R  TRELATEAMMBASL T
oo M EME R4 CPU -~ H3 ~ TR EAMFEHFTAMER > BB ER
AR o AR P T A R R ARy 4 RO AT R A O AR E R g2 KR (Pu et
al. 2010; ¥ Ep% 2014) - A 7 &1L > RIFESEZREETRGSE - MEZEH
ROAXRZRAREFT R > BIHEARD TS RELCERRRF YK
EoHERGLLEARE  RSEROEAFELEEER < AT 7] &2 8 HAC
gy BT e R A MBS
L AR RE A REH Tk R BLHAT - KRR ERAMBORT - &
KEHEABAHE - SEMNA BRI ESARBGEARE - F18)E S
BHERARE LA TG T F L REZIRAZ » Hm A AR 9 F LR
$ o
2.1 BBEE TS TALE AR M BT AT R - R
ERHFR > TRABMGE B AEXIZRAHE Ry RHERLE
FaE R BE@ERHM TR KNGS TR SBERTLEEA
AR RS ZEFAME TEART RO TRE R REETARS
1% W 22 o
3. RARA L EBALHATE S FIRBER R £ S RAREMR RS TR
BB FPELERLROERRE  THEOEHATHSEERE R MK
%A -

= ~ SDN/OpenFlow 224

SDN (Software Defined Networking » #k#% '€ & 4438 ) » & — A& 37 oy A Sk BY
By JEHE 09 WA IE SR BHAMT » A ERFRRE A P AR R M 0GR o 0 IR B AN IR R AZ
RET BRABRR > SHEHNEWEBERMIT > o LRBXBHE » LXHRE
R BT H I T B EFTIE - SDN o B AR &k IR 4o 48 74 2% f ¥ 5 64 3R
o REAFERARMEARZX G - KO B ATATEANHEKEERE 1 PTT
AH—18 router 2 switch AR EE L@ SRMEX Y > THREH TR LS N5
master/slave + mind/body + Control Plane/Data Plane + %, Network Topology/Network
Control » % — AR5 » A H TR F b AH R E LMy eda | F =3
o BPATE — I PTLR 9FT A RT o (Develder et al. 2012) # % SDN i 5% —
A BRA SIARNFARE L F R G AL @GR - L RETA
ARG REMAANL » PERIB P B AR RN 0 A THAS MBI > THAEY
HIE A B AR e KNG 0 dE ST BAT EARR E ) 0 JE G PP B S AERIHTHY
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Wik EAEEA W EZR - L RAMAeE 2 Aiw o 428 SDN/OpenFlow #8338 fRA% = %
AR R 7 ik AR R IR T MAPTA M AR e ARRSE L (Fik
%% 2016) o

o ]

? ? 1 thfr@m o APL

SDN E—
LA S
I App ‘ } # 2@ - OpenFlow

Contfrol Plane [ezig | w2sg |
Data Plane Leszs | @28 |
| Data Plane | ETzaEra

1 : BATHY 4R 22 4E 2 : SDN/OpenFlow #8334 %42 4%

H Control Plane

OpenFlow #Z# 84 £ #% % OpenFlow Switch Specification » Jf 7% %] & Fo F 4}
B M eythdmidi 0 & SDN M £ Rayiislrz — (1§ &4 2011 ; Open
Networking Foundation 2016) - €A% & — K BARE - T T A HHE B 2M
WMBEEOERA SR ER > AR B ESER S HEBRE T BTG
OpenFlow 1€ - OpenFlow #3%%K & o43%+1 S fe R 2245 » ARG & (Flow
Table) & 7 7 A3 @0y Hik B9t - £ OpenFlow T » @@ —E% 2
W PSR GG H] B AT 0 AT TR EIES B SRR B M o A b4
%3 (Develder et al. 2012) o

SDN/OpenFlow #4934 22 4% » ik KAy 45 26 A 70 LA RIAB G oyt #] - F 6 17
FoFE o X E P EBRIERRAE 0 BT AR EE AR ey F AT
72 (Nadeau et al. 2013) » FIHKJE 454 %63 LR A ey » BH FiLehskny
KRR FEMREZTESRAR - BERTIA G LR A2 XML
Ao B R R EARXFRGEE B EREIFNEREL > REG T A
B R R Y T W% EITE A (Nadeau et al. 2013 ; Rosa et al. 2014; Mohammed
2015) -

W~ heEN-F4r 5] (Weighted Fair Queueing )

VSR FERARM S Y WA P o Ak R 50 kAN A P A 3R T R B 60 JE A
XA R THEBARBEORA » HTREEAZHHETHER » H%
JEZARFF RAT W AR & ] (Quality of Service; QoS ) o [ 3% R I ILag 3 A - A&
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PRF IR RBRI 0 A TEEIER - BATTH S77109RA]
WAk A H AT R YRR AR R o Be AR LR 0 AR S HEIRMERE o

A N-F47 7] (Weighted Fair Queueing; WFQ) sk iz A 3 % 64 F7 » &3t
QREN EhgoASHERIaE T AL HRRINL @MY - H—MEM
PP & F— AR FhetE@ B 576917 7] » S/ X#AFEITImE  ZRER A
F Moy (Goyal et al. 2015) - € %30.8. (Conversation ) & #7475 2804 B4t -
SR EAARTH AL AR A A CaIRE > dv 0 RIBALHE  RIFREK S BB
B Wy R AR TP 4ERIES ~ ToS w9tk - » Ak A Ak 3% Sk (Hashing
Algorithm ) » fj & Al HEFE XL AFAXBE LN F X > AHETAN A S5
REFTARGRME TIFFIE A - HBIANE L F A FMH  EHERANT R 617 7]
e T L AARE F IS BB e 28 (Mustafa et al. 2015) o Ry R 0 T
AH S EARLREA —EIFZ] » REAFR  RARHFEARAEEAR 5 1y
AL BB BIPTHEA ¢99R A Y » WFQ & & bAi ey 3t L7
BB RO T S AMEIE RAE 03 €L 0 w8 3 BT (Mustafa et al. 2015) ; 7
QR TR RS PT R 0 AN AL A TARNT] - WEQ A WME £
BT RA AT ¢

1. WFQ #& — B 544 QoS e9RE » s b RAF ey A - AR

Ty oh 3598 T Y RAKAKRE -
2.WFQ fRa##E—ERGANAARLREGERT » AR LM ER A o
HE XAy 5L - 8 T A M3 & R I BT R BIIRAS 0 BB

Weighted fair Scheduling

BEED

Incoming packets WW ‘ Transmit queue Outgoing packets
— 07| -1

3 : Weighted Fair Queuing (WFQ)

2 ~ NETSHARE

NFERFER - EEFE M Lih RiErE (Pareto Optimality ) » 7 483
b A2 & & KR F £ F (Max-min Fair Sharing) » $#34 E 3% 3835 4 S #38
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PSRRI R LR RMEHAE A > TRRAARME F— WA S0
YRR 4t ERAFERFEFRN T AN TFHELIER - = ERAKETELE SR
EE AT LR AME R E R P 4998 % F R - NETSHARE #2

BT REPXETE EEEABHRRRDNATFREZORARMEAL SRS

PR o ldm  — R FRARB ML S EREGUELER > XELEH

S ELRIARGHA T o A TR Tw A R ey B EmA -

sk ZRAlF £ T AegrsMMa Y o &t a3t X8 24 T S8R
A AR AR T —EMEeEKe -
2. FW AR REFRBEEIN —BAEPA > REES  RETRFGHE
T HEBER MR E B -
3P AE BP0 mEEEZFNHE T HERSEMERGRE » B RR
Fw W R EMT -

LR FE VSR Token 4 iR RIRAIZE > AA E MR EANEBZMATHIRE
FRH 2 o EE — AR ERGE > HE5MEENASESA LIRS BE
10% o

T EF AP RARE KX LEREETGEAEBIAT o SR AR
SLA BUR E& K 1&dey &4 - NETSHARE #2357 —f &4 X E ey Lo

AL HhRENAE "R FR T -REHMBYALERKE K5

BRAGHEBA R EF A TR TRS IR A TP REN > AR FERH B

W% BT 10%69% R

NETSHARE ## & T HE X EHaymd > RH4HLERERBEENATETS

FLEMIATLOMEE A AMAL RS TRESEEAEPHETEER Y i

HHA GRS R LA RANEFG BT L @RI > TR T K0 A

3 H KRR ToS By A M E 5B o & MBI ENEF » 2FR A A B F 3y A
TER AL RREAANGHEMERN TREN TR - ERILMIRF oy 2ERE -

T A A TSR LA R S BC o BT M IR R T A A 2 A TE KR H o

o KX FAH 4t ik NETSHARE 2 H BB EELNEFERIERL T

H it R RYE ToS v A 235 Fe » 32 & NETSHARE 69 1 2 mid Bl & » VA

SDN/OpenFlow 4 ¥+ X & ey 2e b b it (BB 2017 ; Azodolmolky et al.

2013) - FHiBAHEN-TAT P 0B S BCIASLA R BARIE ATM A2 6 XRS5 7A

AR IEMA LA RS L BT 712875 > A3t ey ToS B & 4R35 R A8 Lo e

QHEE BRT O HERAFORBRREHERBRGERNER  THEEEAEETRY
AR S RAFMEE e K RIEIAT 09 F - 3k By A #ALAE
KaBFh ik K2 el ERIE T > % (DVBA) - KUtz DVBA R

1% B ML A T AR AR 35 5% e AR SR SLARAEAE R R 048 L E R - TR ae it T M

~
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64 % MR T B K T AR MY

% ~DVBA 2 %3t REMEE &
— » DVBA %3 R

B AR KB FHA R F AR P o IRF 6y TCP B & 15T k% o942
B REA = %— 37 S EERENIRY > FERFESF R FEHELER -
A= WBERERERBELAETRMG L LR ,RE S AL - Bk > Lam et
al. (2012) - Yang et al. (2013 ) #2 Radhakrishnan % A (2012) 3% #5345 E ik Fy 25
BN ARRFS o 45769 & NETSHARE 1E 22324t T — 18 A IRFS & & 2 /& mnA i
Ko F (Service-level Weighted Hierarchical Max-min Fairness ) &43h $4%
A o Ky X 4H¥# NETSHARE 891 B miA & & » vA SDN/OpenFlow 4 ¥ X % 3244
Bk L A BB N TR AR IR B AR A R 0 EIRIE ATM REE R
R ey RN LR R 2 L BEr 785 0 AF3euey ToS B BIRIERMIE L
SEWMEE BB EERACEAT >R T EHZ S E R BT Rk
(DVBA) -

A XT3 ko) DVBA B T 5 $F4 R & ey ORI B G R o9t A E R o
FEERFERG QTR IRFFORE  Hah X ZRATITAERE
TAES IR TEIR B sH 0 A LREE A F LT E R FRETH
Mol B T A RIR E I R e AR AR TR IR LA - DVBA ZE4ET &M
WE 4o B 4 Brow o EEOGBTARTE > LW @K AKS - LEERZWE 5 PT
T AR A BT G A 4w f5 o

1. INITIALIZER() : ¥A SDN/OpenFlow 4 ¥ X & 5 224 & Kt - W Tk

HitftE (CSP) Wit AR EHATRBEA TG TR T
ERHERBATERNNERFAMER v SRESEARGERAL > &
AR H RS AR S e F — B ARG AR > BREFERER 2
GO RFEFH R TR euey ToS BHE X LB LTI EM - REZHA2
Z ORI AR R T Ak 1 BT 0 AR ELAT 6L 004 A R
Bk B Bp B 6 AR A o

FORE P EE S ¥
4 ¥ER T &

TR H S A BT RO - RBAE A
BAENER > RELRBIENETERNNER
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ToS it BT 5 3869 R 98 A7 51 ©

R B &3t & Header FAAATHIEZ ToS B8 - ME LK

. = .
ST M E AL RIZTBIER & SR IRFEH K

RF# 68 ToS Btk » %

REBTATFI MBI ERT -
HT — BB YA O] % B S ] TR 0 BP
SEHEAZ Z R ] | RIF B B NPTt A4t e A AT 2 A R R A By
o VAIER] FAF OB RN o
% DVBA Modules
E I INITLAILIZER } -?-“S_t_“_l_":li’ initial values
: L AT DENTFER ]
Bandwidth Provisioning - ' ® Tumm
[ TUNNER il {h
7
[ SHAPER F-Q-fhﬂTTfmu

1 @ Identification

Cloud Users

OpenFlow

Switch

Service Request

& 4 : DVBA 1

2. IDENTIFIER() :
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Algorithm DVBA()

{

Input:

FloatBr[] ; //Record the Beginningrate of each bandwidth queues
FloatEr[] ; //Record the Ending rate of each bandwidth queues
Time Bt ; //Record the Beginning time

Time Et ; //Record the Ending time

Int Qi[] 5 // The array of the ToS attribute value for bandwidth queues
Int Q ; // The value of the bandwidth queue level

Int WFQJ] ; //Definethe weight of each bandwidth queues

Int R[] ; //Measured the rate of each bandwidth queues

IntUlz[] ; //Measured the utilization of eachbandwidth queue

IntTunning_Duration ; //Theduration time of update the bandwidth queue’sweight

IntPriority Value ; // The ToS binary value
String Priority_String ; // The ToS information
BooleanA; // Whether the Bandwidth Queue’sresource is enough

Output: To select the adaptable resource of the adaptable VM by the DVBA ;

Method:
BEGIN
{
Setting Tunning Duration =1 mins ;
INITIALIZER() ;
IF(Incoming Packet)
IDENTIFIER() ; // Return Q;, Bt, Br
TUNNER() ; // Return Q;
Put the packet in the queue which it belongs

Et=time() ;
SHAPER() ; // Return WFQ
ELSE
Break ;
END IF
h
Procedure INITIALIZER()
{

Setting resources for each level.
IF(Setting Tunning Duration = null )
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}

Tunning Duration = Setting Tunning Duration ;
ELSE

Tunning_Duration = 2mins ; //Tunning Duration’s default
ENDIF

//Setting the queue level and its corresponding ToS service.
0,={{192,224},{48, 56}},

0,={{128, 136, 144, 152, 160, 176, 184},{32, 34, 36, 38, 40, 44, 46}};
0;={{64, 72, 80, 88, 96, 104, 112, 120},{16, 18, 20, 22, 24, 26, 28, 30}};
04={70,4,8, 12, 16, 32, 40, 48, 56}1,{0, 1, 2, 3,4, 8, 10, 12, 14}};

//Setting the weight of each bandwidth queues
WFQ[1]=0.4
WFQ[2]1=0.3
WFQ[3]=0.2
WFQ[4] = 0.1

Procedure IDENTIFIER()

{

Analysis of the packet header information.

Put the Priority field information to the Priority String.
Priority Value = Integer.valueOf( Priority String,2).toString() ;
//Convert to binary

for(int i=1;i<=4;i++)

{
IF( Priority_value in Q;)
Send the Packet to the O;
0=1i;
b
Bt = time() ; // Record time

For(inti=1;i<=4;i++)
Br(i] = Qi.Speedkbps ; // Record rates of each bandwidth queues

Return Q,, Bt, Br ;
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}

Procedure TUNNER()
{
Whether the queue has enough bandwidth resource or not for any a packet.
[F(A==true)
Break ;

ELSE
0=0+L

END IF

Return Q

}
Procedure SHAPER()
{

IF( (Et — Bf) mod Tunning Duration ==0)
WFQ Comp() ; // Return Utl[]
For(inti=1;i<=4;i++)

Update WFQIi] = Utl[i] ;
Return WFQ ;

ELSE

Break ;
b

Procedure WFQ Comp() //Calculate the utilization of each WFQ
{
For(inti=1;i<=4;i++)
Ev[i] = Qi.Speedkbps ;
R[i] = (Er[i]-Br[i]) / (Et=Bt) ;
UA[i] = R[{]/ WFQIi] ;
ReturnUtl[] ;
}

j
End DVBA.
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