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Algorithm 1: Main AREC

fori <1 to n do
PUT Req; to Request_queue
end for

While(Request_queue is not empty)
foreach req in Request_queue
Send_Request(Master_App,req)
m = Master_App.Check(VM[])

do

Master_App.Send_State(m,req, Data_Share)
Elastic_Controller.Check(Data_Share)
Elastic_Controller.SetCommand(Data_Share)
C = Master_App.GetCommand(Data_Share)
Master_App. ExecCommand(C)
Master_App.SendReply(Data_Share)
end for
end while




1748 50l (¥ oyledh (pcdid Jlw & (g pmlw 9 (Suig sl widluy” code @y s

A

Oetu 5o 0308 e dlas 0 AREC g, Lzl g o )6l
SliS oS S eolpiing Jas sl 5l (S comy

gd oo g5 Sl 4 plie 5355

@oli—ian (g, LS 0s (SlandS ol ,e S (V) oS 4l

oLl daas¥ o Slas 0,63l cpl jo a0 o olii |, AREC
Co e mlin LS0es gluis cos JuS o (Sasl ools
3 okl 3 )9 slojiie (Byre 4 55 (V) Jyor 9d o

lagl )l g Lo i 1Y) Jau

pb iy 5
N Cowlgs ys slass
Request; el culgs o
M Sleas (s gl g Slass
Req_Cost; el canlss ;0 (gly ool a8 5 )1 )5 axog
Req_Rmax; pli clgm o gl sl a> (e

Request_queue

uw‘?;o o

c

Lo VM oloss

VM.Cost

Ak gilre cpile 5l oolainl as s

VM. Avail_MIPS

plK sslre ele o iws ;9 MIPS (5

VM,.Used_MIPS

ek 5lre cyisle oo ooliiwl MIPS (50

VM,.Allocate_Datetime;

plicails 0 @ plk g5lxe pile olas! e

VM,.Free_Datetime;

plicaslgs o 5l ol K (g5loe cpiile oyos ol5T oo

VM. RequestID

plK silme (eile & bgyyo Coslys )

Server;

el yore

Shared DB_Cloud Platform

Shared DB_Elasticity Controller

SlntS ouS J S STl esls oS0l

Elastic_Controller

SletS sans s

Slave_App Sleas el
Master_App Lol 4ol
Cost IO Lo
Utilization $19052 £y
Response 5l ol ggeze

S STyl alddl> s slme etile j8 sl izl )
Silze Heile o Sledbl el (V) Jga CJB [0 098 oo
STl ools oKl 55 Jits &0t o (61350 Loty Lo
Aol o Sledbl cud jo SB35 g5 b § 05,5 0 oS
3 dalp ol lawgs 3o 18 was slhcwlgs o Sledbl
sl (F) Jgozr o o sl a8 05,5 o ool STl alail>
SLA yulg8 sildas )l canles o (golpiin (b, 5o .l
oo JoSi5 SLOT L s (soloss 51 SLA ;o 048 o ai-Los
A Ol ol 3odod (nl )0 )l Canlgs o LSl ol
S el S 098 i (2555l (loj Cudguze
AlosisSpalp 4 ) Cwlys s paiz lojes )0t Sl o
ol | LS culym o o ksl (1) Jsi oms 4l
ol a0 ;oSN oY) S a5 025

A o olid | (MasterApplication)

2 Service Level Objective

S Y -)-¥

(ol aol 0,10 0525 (65,5 LS Akl g5 50 Yl (o
Sz a0 )8 sasly cpl 5 0 Slas slaasl

Wigd (oo gu S

Lol 4ol y —V-1-¥

el Lol by esolpiin Ui, slaasly on Lol 5 (S
Sl eage o Shaalosls oL jo 1) beaaslgs )0 9 (55le
Cels ) & silme Glageile (olansl asly cnl Koo asbs
bl g5 St 5 (S e i el ol )8
el 5355 SlasS ouS 1S s o L3l oLl oSl
w8 STl ools oLl lawgs a5 5g walys Lol asliy g

Oyody 55l aile S g pl Coenl o 4y 068 o
Lug a5 Sledbl .ol a8 3 138 axlg cpl Lo jo Jas

! Master application



£4 5 e 0l o e o T IS cilaaa tg ol LIy Lo 50 ailiuw] v Sl pads e (53 oS J 58 31 eolissl b gobie Sl g pke

(Shyilosls oL ;o Sleas sloasl 9,50 jo Lol sl ledlbsl Jouo Lzl (Y) Jgu

@l g8 || @dlo s
wWon olimn | oo Sl | ol eSiee | .;5’1‘) PES s I U
ouls eolaiwl JS ‘slj-i?hdld 7 © ). ’ . d“-‘“b")o o £5)l7“
Silbre eiile | (g5lme Guile
8 oz slacwlys s ksl (YY) Jeus
User SLA
SLo1 SLO2
AP Cewlgz o awlis olej Cusgaze
N e
2 855ely

Algorithm 2: Master Application

Function Check(VM]])
fori <1 to M do
forj <1 to C do
if Vm ii.RequestID == NULL

Vm{:.Free_DateTime = Date()

Return Vm’l:
end if
end for
end for
Return Null
end Function
Function sendstate(k,req, Data_Share)
k.requestID = req
k.Allocate_DateTime = Date()
Store_Data(k,Data_Share)
fori <1 to M do
forj <1 to C do
S tore_Data(Vm{:, Data_Share)
end for
end for
end Function

Function Getcommand( Data_Share)
s = Data_share|[scale]
ip = Data_share[ip]
Cs=s
Cip=ip
returnC
end Function

Function Execcommand(C)
if C.ip! = Null
N = getNode(C.ip)
create VmList(N)
end if
if C.s!=Null
N = getNode(C.ip)
Move Vm(C.ip,Vm|[ ])
SendReply(Data_Share)
end if
end Function

Function SendReply( Data_Share)
Data_share[scale].Confirm = true
end Function



1748 50l (¥ oyledh (pcdid Jlw & (g pmlw 9 (Suig sl widluy” code @y s

Josle nl e Sy (glad Lawsgs g 0iS go (A5 e (STl

SlwiS oo S S Jgilw ,Lazl o (Cloud Front-End)

1wl oo alig 90 (glils Jgsle ol ojls I3 (ISaes
cshol 4l el 8 JLu )l -0
(S leie £553 90 55 (6 S el =¥

S plap Ly oo o paie 3 plyieay Lol el
Josle 9l e 0S o Joe molin JBogs JlatS oS
S yitio o0l 35 e oy a5 0500 el 3 SlelsS oaisS J puS
Omimed S ol g aSilgsu 1) Layl kol 4l b ass )3
d_ub ply leiS oausS JouS 4 b3 sl b Lol acly
...\.:aosa l) QLo)é 6])—'."

od)|5 6L®HL} 9 o)él_.o LngQLA)S )L>LM: (f) JB“\>
.MOGA QLAAAJ l) ).a)ls C«.w‘s})é

JmisS Jasg 59,0 SO oloml 5l e Scale-out Slles jo
g g0l hol adliy 4y ailoles ol IP ug)oT (SaisS oaS
Ly sar ol 695 Silme Slagrdile g S (oo g (oo s 59 oo
A2 o )8 e slacwlgs o Lasl o

slacpile yolaiz| pae 5l ool lal Scale-in lles o
Sy a1l 926 1o b ab rabae i 0590 59 (5lxe
Sl st Ko

Ol calio Bogs gluiS ousS” JyuS iyl o aer 4y
le..a‘ d._ALa).a O A..SLSA )OL@ 9 o)Lo.{:: olj.o.sbd..g ‘) Scale'in
730 G5 an ) y9 s (il @ bgrye (3lme Slogiile L
STyl ools oLl o s leican 1) anb ply g oS Jaie
05,5 il o awl gy 1oyl SlaniS oaisS S b oo 3
WS B3 ) 9

ol ly alie o SluiS canss J s sl (V) IS
.Mb‘sc

13,08 0529 nis Al yo oz ¢ S0e5  gluniiS 0aisS 7S o

O 3lg) Jlod 5 o8 Al e (095 9 lg) oyl Al e
ad> 0 g (538 oS S axlg) (6,40l p Al pe (&l o>

s Sldiz an ) )0 a8 (GladS Glime s 9>lg) |

Nigs g0

gl &) LLss 4 i lsg Check sl f(Y) oS a s o
2l S Dyge (nar )l ene p ) (g5lre lagile
L ) 4 ilome rdle 0l 45 090 00 (o) 2 S5m0 Geile
Oeile 457 (Jy90 50 3 Ly a8l plais] ol o
5 09 pdbel ST bl adlas sS5ly sl (Tlss o
T2 &S (Srpe ) dgbse 4T S 10 b (29,5 lyen
= NUll 25 ol ol e sl s5>4 sol] (g5l opislo
el yg e 53,5 4Ll Sllas (gl (sldanie 45 Wils 5 e

abadl> o) g5lome piile Cun 59 SendState L
P {EIPIP PRNDCIP O IREL gUPRICN K g JC%1
St STl adddl o plaS ja Condg g odd j90e S
85,8 o0 o ST Slowonas

0SS 3l jgimws il o aalbg Getcommand sl
abidlo any jas e Jlejosls o &l cplosonge ) Gluis
ot |y g S Crand LMl g 035 axxl e STz
a3 o Fsly Gl 4 el 4 a2 5T 392 g 43 S 0

Coomud 53 ol 3 (gl >l a_a.l55 Execcommand xLs
2,18 sage 4 |, Getcommand

oo yolo jgws ay oe85wly aals Sendreply &b
7 Sl @l ol 85 0348 1) (GactS oS S Las
IS 5 sgiogn (ST aliil 53 1, conlin sl ol
A8 el e 1y leyd sl amt SlaiS oaisS
Sous aol Y)Y

oile 59, o Sl 4l o LB s 5 Calys o

Losg 4 ol 5l baily 4y (g5l pdle b ase 4y (g s

23,5 o @2l s s cpl Gleas aely SO
by (6,5 ,L g Canlgs p3 S 4 (s5lme ble olazs]
Ui g oe plowl Lol asaliy Lawgs oo (55, Sloos
odge 4 oz asly ;o4 el gilre ile Cunsg

el Lol el
eu)ué?‘s" 5“5 o YJ POLE I

5 b el by el LS055 SLaatS ouisS s

J=d e 4 S onge ) mle 9590 )0 (6 S e
0ols oLl 4y pylae &jgmody SliS oasS S Jgsle

! Slave Application



\al i e 0l gasgd e o )T SL3 alaas t gl Wby buzxo 4o PHEM ReS Ol i’ 1 Fan (538 00l J 58 3l eoliiinl b @ilio (SluclS Cy poe

SltS 0aS 558 4 by e slagleys Lsla 1(F) Jgan

2 TIP (yme 5 LS oaisS 5 basgs ayar y50 5 obal | ol € alidls € SlsS sanss’ 58 Jyile
Scale-out
Sboas slaasl 4 jlme slaorile Lolas! sl Lol 4y Lol
aaby (Solol slp Hlal g pols (sy90m 50,5 Ghgals layd jose | asly  alidls & SlasS oass JyuS Jyile scalein
el el
o o oaisS S Jgile & abidls Lol by & 4ol p Aowls
2970 S 03,5 Sgels sl (Sl el o RN TR
Ay Scale-in
2l J a3 (Sl sulS | s
| Jelows g as5oui
—’l Al o panad alg l
Cloud Front-End
/ Sy ydeliy
T I S eilS | S ool
S99 B>y | D
SuliS g3 R zliiul seiee  H (G3U ouiiS ueSae
1= |
> a s> Sy T Sl ol pmsS asly |

b o5 letS sans Jpms sl (Y) JSi

SLAV = i SLAViolation; (5999 92lg) &)t aloy0 VY
=1 claosls 3l Jsorm amly ol jo JymS aibele Jsls gk
SLAViolation; ©®) L Lo, 5 e b ailel 0,55 50 51 oL lallas 5 551>
(t SLAViolation; >0 5 00 e 55L8 wlol bl o o 5l ool |
0 SLAViolation; < 0 Sl o 5l e aly ol 0 09B 5B ST (655 erenas

Sipdny bl bl s e o STl aladls ) sleds|

D9 o0 dmalma (F) alal) 51 55 ST (6590 40 (ylime aaldl o . €5

VMy.Used_MIPS

ilizati = Lo (V) abasly 3ol 5l ol i Colgs el e
Utilizations = 430~ 1o ailable_MIPS el (1) alaly Gosb ol sl 0 4 (555l oy
4 *) alal) @b sl pli cwlss o & bgyye ange (e 5 358 o0
M C aye . ] _
Utilization = (=1 2= Utilization; Al oo Cawsds (V)
M=xC
' ResponseTime; = VM,.Allocate_Datetime; M)
o] s5lome coaile (5,90 w0 Utilization! «(£) alal, ,o — VMy.Free_Datetime;
€590 42 9 a5 Sla a3l e el Bl g5 50 Cost; = ResponseTime; X VM .Cost ™)
Jozr ©j5m0tn Bilgw Joaz )9 (b3 5 6,15 )L Sledb a3 Syeme 55 g iy bl 5l et e
29,5 o0 Zud (B) e e 03,5 oo dbe (V) abal, gy o s5enly
Gy Jgaz :(8) Jgux e A 3B S50 4 g b i dal il ass ol
| | £5 jires 335 o dralona (F) ala) L3
o) 5| e S92 sl | v o
’ s o SLAViolation; = ResponseTime; — Req_Rmax; )

SLAViolation; = Cost; — Req_Cost; 4]
Gilgw Jga 50 an Jol e 50 o] Hlaie 5 b uliie g9
Bed g0 Jlo)l (538 oS S

Sloolaiwl by (g e gl i 51 as ggamme anlol jo
20,8 o0 dlre (B) aly



1748 50l (¥ oyledh (pcdid Jlw & (g pmlw 9 (Suig sl widluy” code @y s

\Al

00,5 oo AT (BB D30t )5 )b 4 bgspe YU
ol 00l ools ylid (V) alaly jo oS

WL_Min =0
WL _Max =C XM
CxXM
R = [QR)D)

WL_TH = WL_Max — R
WL.TL =WL_Min+ R

S8l Blges Jour 4 azgi b calols (gamy Claslie ;o

4S gm0 10 DS oo S (6,5 L alinl ax i sa

(\Y) alayl, (Utilization<30) ol suo,o Yo 5l eS (590 40
S00 0age 1y Yb g b aliw] o oudas aa by

if Utilization < 30
(WL_TH = Min (WL_TH + Utilization X \
R,WL_Max)

av
LWL_TL = Max (WL_TH — (Utilization X |
E),WL_Min)
Silao o Ve Lo 0 Ve (55042 &5 (Sh9e )0
aliw] o> el aalsy (VY) alal, (30<Utilization<70)
Syl ege 41, Vb g (b
if 30 < Utilization < 70

{WL_TH =WL.TH ov

WL.TL=WL.TL
Ol slaw b Ve 51 YL (5 90 00 45 (y90 50 Culodyo g
Ao peal aadsg (VF) alal) (Utilization>70) ail oo,

S, 0age 1YL g sl ailin]
if Utilization = 70
WL_TH = Max (WL_TH — (Utilization X
R),WL_Min) Of)
WL_TL = Max (WL_TL — (Utilization X
R),SLAV_Min)
3 a3 Jlacie) (5L e 90 ailin] s> ni 51
el (5518 el & 99> (ol ()55 Jb 5 g Ll 5
D oslaiwl Zliiul al> o o 08 )5 oo
(631 ouiss [ yiiS 0alg) gyl p adlo yo —¥-V-Y
L astiu] s axlg alew] sga> cdl,s o Sy o
G =S om0 wlido £55 0550 10 (5318 Aol 3l eolaul
50 ol Gis ol o iliw] dg0> Oy dlors by .0iS oo
38 et 45 ine i 395 (6T eSS 5,50
S =S ol (i plido £65 sl axlg (pl jo 00l colasl
ey, ialS Ly ialidlan 5ls asis gl oS e
&L J S wlol S sl oS oo oolaul 58 LS
)45 0SS Lg)‘L_.é 1l ML\ LS.M.; S LgLa:sS}L. )‘| J,alf

(albw] A Cpaaxi 921g) Judxs g 4 3225 al> o —Y-Y-¥
Q> 6‘)—.’ ),SI.A._> 9 J§|.\_> )\Afm alolew Lg}bj‘o\) Lg‘AS_gl 5

(V) alal) jo o5 20 5 (o0 patuiie (2 Bt Dygots g rw

Sl 00l ooly oyl

SLAV_Min =0
SLAV_Max = C
E= c
20 )

c
SLAV_TH = I +E

C
SLAV_TL = 1 E

S8l ) Bl Jsuzr 4 ezt b alele gan claslie o
DS oo gt gy byl Sl ass aliw] o> ol o
Sl a3 Ve 5l eS (650 e 45 (Fig—2 O
5 opmely Gl s ks ailsy (A) ala, (Utilization<30)
Syl eage o1, YL

if Utilization < 30
(SLAV_TH = Min (SLAV_TH + Utilization X \
E,SLAV_Max
M)
lSLAV_TL = Max (SLAV_TH — (Utilization X |
E),SLAV_Min)
aibao v Ve Low,o Ve g (5y50 40 &5 ()9 0
Ol wlinl o> oulass aadsg (1) akul, (30<Utilization<70)
Bl eage s ;YL
if 30 < Utilization < 70
SLAV_TH = SLAV_TH
{ @
SLAV_TL = SLAV_TL
O Gslona b Ve 5l 5L (5550500 45 S5y50 y0 Saleyo
a> el aadss (V+) akal, (Utilization>70) ail oo,
Syl oage a1, YL g ol alew]
if Utilization > 70

(SLAV_TH = Max (SLAV_TH — Utilization X]
C,SLAV_Min

O

{ SLAV_TL = Max (C — (Utilization X }
C) — E,SLAV_Min)

A S rge e Oliee 2 4 (V) dhal,  ax g L
oo bl b 5l (s 59 40 st RS S b
Sl O gmo o adaly (il )0 Jds el &y 0,5 o]
St (6565 S0 sl oo 2alS W bl s 5 590
=2 LS L 3590 50 05l gy Ll ) (R3S 5 90 50
Slade aileles (g3ladlel,y glal jo .08 5 (aseine ailis] as Wb
3 u*-'l—‘ Slwl o polie g dilbiw! v gl y 2Slas o J8los



YY 5 e 0l o e o gl IS cilaaa t6 9l LIy Lo 50 ailiuw] v Sl ks e (53 oS J 5 31 eolissl b gubio Sl g pke

&30 e oo S S sl (69459 Glgreds 6,5 L
39 o0 (6 S el Slooe Lol jgige alauly 4 .aiiun
S90S L ialidl 4y 5hs (99,5 sWoesls bl oS

oacisS S il (F) JSh 6516 0uisS LugSae cboluiiu
S8 Jgsle ms o lid 1y solaiig (g, 0 56 Ghate
J.:.\_..: LS}lé )..u.oLﬁ.n a |) L,’J)....S LSL“’LS"ﬁ)S d.:.lj\ ),goLS.,o oS
5 omg bl Sl (s jlake olpiian by, 50 S e

[ g e sl 25 51 a5l e —

) e e (Scale OUT) !5
' oL ' (Scale TN) _ials

MAMDANI

oolgiinn (s, 50 (55B Blate leslatul b 5 S igs sl (V) S

SHB 595 9SSl el Gl Sl o oSl sl
&)= ool 8550 (yuiled S o agi D95 Cuolgl (gl gous
] od.;o" (f) Ji.‘u 5 L.S'\"‘L)"‘"L“M &54 ML’?LA

1. if (SLAV is Low) and (Workload is Low) then (Scale_Type is Remove)(1)

2. if (SLAV is Low) and (Workload is Normal) then (Scale_Type is NoChange)(1)
3.if (SLAV is Low) and (Workload is High) then (Scale_Type is Add)(1)

4. if (SLAV is High) and (Workload is Low) then (Scale_Type is Add)(1)

5. if (SLAV is High) and (Workload is Normal) then (Scale_Type is Add)(1)

6. if (SLAV is High) and (Workload is High) then (Scale_Type is Add)(1)
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ABSTRACT

Increasing the popularity and profitableness of cloud computing is dependent on providing the capabilities and
features that the users desire. Elasticity is one of the strongest features that distinguish the cloud computing domain
from other distributed system approaches. Cloud computing takes into account an unlimited capacity of the resources
for the consumer, and the consumer can take the resources in demand based on competitive rates and increase or
decrease the number of resources. There have been many improvements to elasticity management by previous
researches. However, further researches are necessary to manage elasticity more efficiently. In this paper, an
approach for improving elasticity is presented using the fuzzy control system based on threshold changes for
high-performance computing applications in cloud computing. In the proposed approach, elasticity management is
based on continuous monitoring and decision making. The results indicate that the proposed approach has a better
performance in terms of response time, cost and service level agreement (SLA) violation, compared to previous
studies. In comparison with each of the two specified approaches, the response time of the proposed method has
decreased by 6.5% and 9%, cost by 6% and 12%, and service level agreement (SLA) violation by 68% and 77.5%,
respectively.
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