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Abstract- Since the workload of the end users and the provisioned cloud resources are dynamically changed
over time, the workload is not evenly distributed over the cloud. Therefore, designing appropriate mechanisms
to detect the status of the cloud and properly distribute the load on each host can play an effective role in
improving system performance and energy consumption in cloud data centers. Reactive load balancing
approaches don’t prevent load-imbalance in cloud and make virtual machines (VM) migrate after load
imbalance and increase energy consumption and job response time. Also, in proactive load balancing methods,
some problems, such as host state detection with insufficient accuracy and fixed threshold of cpu utilization
without considering the host current and future states in VM migrations, prevent the optimal number of
balanced hosts and energy consumption in datacenters. In this paper, a proactive approach to the early detection
of host states is presented which is based on Extreme Learning Machine (ELM). The proposed approach predict
the CPU utilization of each host over time and applies an adaptive threshold to determine the future status of
each host (i.e., overload, underload, secure and normal state). Then, a subset of VMs are migrated to hosts with
minimum overload probability in future to avoid overloaded hosts. Implementation of the proposed method and
its evaluation on the real data sets in Cloudsim show that the proposed method improves energy consumption,
response time, the number of VM migrations and non-violation of the Service Level Agreement (SLA) in
comparison to competitive algorithms including RF-LB [7] and ANN-LB [13].

Keywords- Load Balancing, Load Prediction, Extreme Learning Machine (ELM), Virtual Machine Migration,
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Algorithm 1: Host State Detection
in EBHLPB Algorithm
/* CPU Utilization of

Host () (C'PU it (H;),
LowerThreshold, SecureThreshold,

UpperThreshold) (input) */
/* StateofHost (output) */
/* determine underloaded Hosts */

v if CPU, i (H;) < LowerThreshold then
2z | StateofHost +— U
a end
/* determine overloaded Hosts
a if CPUu(H;) = UpperThreshold then
5 | StateofHost «+— O
6 end
/# determine secure Hosts
7 if LowerThreshold < CPUi(H;) <
Secure Threshold then
8 | StateofHost «— S
s end
/#* determine Normal Hosts
if Secure Threshold < CPU,+u(H;) <
UpperThreshold then
11 | StateofHost +— N
end
return StateofHost

*/

*/

*/
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Algorithm 2: VM Selection in Over-
loaded Hosts in EBHLPB Algorithm

/#* Host List, VM List (4nput) =/
/* Migration List (output) ®/
1 foreach Host(j) in Host List, j=1 to m do
z if Host is predicted as Overloaded then
3 foreach VM(i) in Vm List, i=1 ton
do
a find the correlation factor between
CPU utilization of VM(i) and
CPU utilization of other VM in
Host(j)
1 if correlation factor ==1 then
& find inter-correlation of VM(i)
with other Vs in Host(j)
T if inter-correlation foctor
==1 then
B | put VM(i) into ignorelist
o end
10 else
11 put VM(i) in to
Migration List of VM
12 end
13 end
14 end
15 end
16 end

17 return Migration List of VM

ous Hb s (Lo ;O VM ol oS a1 o

@ Slagliee &2 e @loglyen i 8 VM S 12 e

sl .
S gl ool Gobiee $ole gl o0 oy saglajun

T |
Q1= sty i ‘ | Q2= it [

T
| Q5= b it ‘

O GG 42 sl S S B VM & 2o

odds astinwe glaasl jo oad Skl slo b e bl
Lo ool (Vo) ally @b a8 gt )by panass 5las Wb
PP (s

\s

LY 09.4.4‘59 osls ul.m) 5\/ Ja.wﬁ.' Y M‘j )...v...a IR GHJW

[1 x4 X1n-1
X = : :

_1 Xm,1 Xmn-1

V1 )
y = E

| Vm

$=Xb,b=(X"X)"1XTy

& (St 30 leise J St polie ol g b
L1055 aculons (A) ol Gl ) 098 oo o8ls LES R L

2is (i = my) (@ — my)
?:1(}’1' - mY) Z?=1(yi - m?)

)

Ry, ..xn1 =

slayloy polie lawgie caumoylis mp smy alal, -yl o aS

O L5;5)° M w).»a :@B)é M t.f.l).oé

4.:...«)[.709 (q) 4.!0.3‘) &lo (1R21234) fs\ﬂsv 5\ ‘_gl.QVM

[V]sgs oo
IR? 1334 Q¥
_ R?1; + R?13 + R?14 — 2(R12) (R13) (R1a) R34

1- R2234-

A3 oo Ll 1, Z 5y 9 X oles
ol ool O UKo 50 VM Gl 4 bogs e aSas

50k SOk (05 (atie jlan o5 VM (6,0 1>
bl 2 VM (6 B0 al> o o 52 loe SVM sl 5 LS
G jo ol &l o oS el ELM oo s aes
A5 ) bl san] b oa g G9S C> a VM
S9b 6)9y8 pé SO e Bl b cnl 5B S o
25 byt e VM (8 p8 lp el e L 6l
D950 (52
et Ol o slagssoste Sl 4 4z Lyl byl
lopbime 5l ond Ll VM el VM (slacs 50 0
wole slaplpme 4 JUSH 5 G 5 W)l 6 5VL 5590 %2 5l
LS VM frizmen S oo ol 1) T pod by Jlezs



\f” ul-;-u.ul.’ 5Y O)Lmi.ﬁ ‘\’ J.l?

(ISCIT) ledbol (55l 5 oy b, sale alone

RO USE 53 09 eols sS4 (3955 Olyie 4 b
ot o 8 sy » Ol Y Glaps s slaes Rl
URMSE 5 solitul b g, cds al o ol sl ELM
Saxs N walal) ol o sl ond dmlme (1)) alal, e
Hly Jlde Yios ol Conin el § dediges

[Mew 255

. On
I

RMSE = |~ (5, - y,)?
i=1

Ol Ve odd (it CPU (6590 500 ladie 8 IS0 Jlages 5o
Aol 4y azgi b ogdge o leny 4Y slae 5 i olawi b
ot | Kon Ly, ELM Cds s a0 Ve olasd 51 lages ol o
ELM o ol @Y lacyg s olows flaae a0 Voo lade ol

! 00 g_)l?b.:‘

Algorithm 4: EBHLPB Algorithm

/* Host (input)

/* MigrationMap (output)

/* calculate Thresholds

UpperThreshold=0Q3(CPU utilization)

SecureThreshold=Q 2 (CPU utilization)

LowerThreshold=Q1 (CPU utilization)

while HostisActive== True do

/* calculate current CPU utilization of Host
*/

currentutilization = %

/* find current state using Algoritm 1

6 currentstate +— HostStateDetection

(currentutilization, LowerThreshold,

SecureThreshold, UpperThreshold)

/# find future utilization whit ELM
Prediction */

7 Futureutilization +— ELM(4 lasts CPU utilizations

of host)

8 Futurestate +—

HostDetectionState(futureutilization,

LowerThreshold, SecureThreshold, UpperThreshold)

9 if Futurestate == O then

*/
*/
*/

W N e

w

*/

10 migrateVMs: select some VM from Algorithm 2
11 foreach VM in migrate VMs do
12 VMPlacement (VM, Host)
13 MigrationMap(] +—
(migrateVMs, VMPlacement)
14 end
15 end
16 if Futurestate== U then
17 foreach VM in allVMs do
18 VMPlacement (VM, Host)
19 MigrationMap[] +— (allVMs VMPlacement)
20 end
21 end
22z end

]

3 return MigrationMap
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Algorithm 3: VM Placement in EBHLPB Algo-

rithm
/#* Host List, Migration List of VM,Sourcehost
(input) */
/* Destinationhost (output) */

1 if Sourcehost. futurestate == O then

2 foreach host in Host List do

3 if HostisActive== true &6 CPU,(H;) +
(CPUReq(VM;)/Total Host MIPS) <
UpperThreshold(Q3) €€ host.currentstate==5
E6 Host. futurestate= U or S or N then

P TempHostList|] +— add Host

5 end

6 end

7 end

8 if Sowrcehost.futurestate == U then

9 foreach Host in Host List do

10 if HostisActive== true &6 CPU,(H;) +
(CPUgeq(VM,)/Total Host MIPS) <
UpperThreshold(Q3) €€ host.currentstate==]
E6 Host. futurestate= U or § or N then

11 TempHostList]] +— add Host

12 end

13 end

14 end

15 Destinationhost = random element of TempHostList|]

16 return Destinationhost
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S5 | Without-LB | RF-LB EBHPLB ANN-LB
1 28 19.9 14.52 23.2
2 28 19.8 14.51 23.2
3 28 19.7 14.45 233
4 28 19.8 14.53 23.35
5 28 19.85 14.55 23.21
6 28 19.7 14.53 23.35
7 28 19.74 14.62 23.19
8 28 19.8 14.53 23.26
9 28 19.9 14.51 23.34
10 28 19.8 14.49 23.28
Mean 28 19.799 14.52 23.268
ST.D 0 0.06789 0.04128 0.062097
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L Cloud computing

2 Quality of Service

3 Virtual Machine

4 Service Level Agreement
5 Overloaded Host Detection
& Million Instructions Per Second
7 Underload Host Detection
8 Migration

® Extreme Learning Machine
10 k-nearest neighbors

1 Support vector machine
12 Neural networks

13 Random forest

14 Single Layer Feed Forward Neural Network

15 Broker

16 Reactive

17 Robust statistics

18 Root Mean Square Error

18 performance Degradation Due to Migration
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