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Distribuied Computing o Distributed Systems

Number of iterations: 5
Within cluster sum of squared errors: 22686.0

Initial starting points (random):

Cluster o:
Cluster 1:
Cluster 2:
Cluster 3:
Cluster 4:

1378436054 ;,11703.99824;,0.5666666666666667; ,0.0;,1.0; ,1
1377919102;,11703.99824;,0.55;,0.0;,0.3333333333333333;,1
1376387752;,11703.99824;,0.6833333333333332;,0.0;,1.4;,1
Missing values globally replaced with mean/mode

Final cluster centroids:

Full Data
(8634.0)

Attribute

1377865698;,11703.99824; ,1.1833333333333333;,447392.0;,21.6;,1.4

1378331644;,11703.99824;,0.6333333333333333;,0.0; ,1.2666666666666666; , 1

Timestamp [ms];
CPU capacity provisioned [MHZ];
CPU usage [%];

1376314846;
11703.99824;
0.6166666666666667 ;
Memory usage [KB]; 0.0;
Disk write throughput [KB/s]; 0.6666666666666666 ;
Network transmitted throughput [KB/s] A

Time taken to build model (full training data) : 0.03 seconds
=== Model and evaluation on training set ===
Clustered Instances

0 5128 ( 59%)
1 1760 ( 20%)
2 827 ( 10%)
3 353 ( 4%)
a 566 ( 7%)
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14 Bayes and Bayesian Networks
5 Bagging
16 Bootstrap Aggregating
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'3 Sequential Minimal Optimization (SMO)

Cluster#
2] 1 2 3 4
(5128.0) (1760.0) (827.0) (353.0) (566.0)
1376314846; 1376318446; 1376322046; 1376317246; 1376327747;
11703.99824; 11703.99824; 11703.99824; 11703.99824; 11703.99824;
0.6; 0.5666666666666667 ; 0.55; 0.6833333333333332; 0.6333333333333333;
0.0; 0.0; 0.0; 0.0; 0.0;
1.0; 0.6666666666666666; ©.3333333333333333; 0. 5 0. H
1 1 1 1 1
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TP Rate KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data - avY - AfF - AYY 3.4 - 0f - A4 - AVF
FP Rate KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data VY N - ., 55 .+ N N N1
Precision KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data S R < AAA - A0 - - AYY -,20)
MCC KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data % - YAA - VvY - Y¥5 AN -.yra “AYY
ROC Area KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data -AfY A7) -AFA +,204 - A5V Sy - 350
Recall KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data - avY - AfF - AYY 3.4 - 0f - A4 - AVF
F-Measure KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data -0 AN -0 - A1 -ary - AAY -0V
Accuracy KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data ay,vY740 f,077) ay,yooyv A+ ,AAA 0,Y00 Ad,AQ 4 Y, fyoa
PRC Area KNN J48 Decision Table NaiveBayes SMO Bagging DNN
Data -4 “APY Sy Sy - Q%Y - AA -V

J”ﬁ) Gl 00l ool QL..».J Y J5A> L as 4J9iJL.o.ﬁb g_)9.> )JJL> ROC L. Aj‘so 4560&9 s&ﬁ,w‘so
3e3 3l dgupo doyo 7 lade 0l g, Cad 4 golpainy sl el

035> <3 0551 YL oS b Slaslrs el ol o

Sy Sl g s)lw slas,ld ol o o8 el Lol

oarass Ay oo olgiinn g, s onl pelely
5o Sl iy o I asl adls jolaie (nl sl (ol

a5l s oley slasls 5 SseenS pglas (9,57 0351
Sl 31 ol o ol b i s pdycilland] YU o Shee
0, 8ee sgue J= 50 jeie Vb mhaw (558 5 5,0 sl
009 rd 0 5l B ks Sl g pdy Sllasil 5 YL
GrSol S Jols ekl bl den o gl
O b oS el FonalS (5)5l8 0 sepe iy bl
@ Pl gleosls wlul p ganail il 5
porde Lo cooloiing gy ;0 0SS oo SIS (6 S el
il 5ol (SaSS L) YU o Shee b Sliwloxe
S oo pleol g sleiinn ol Glopyily o esiae Shge

oals lis 0gm 5l ) anasd oo duo,e A0 YL ws o
5 ey ol &5 cel VDl (39, b gm0 ool
0030i ooliiwl Bras (5, S0L 5 (goleiday (g, wile &
ol 08905 oolitwl j5 893 by, Sl lp o] 5l g el
Al Cawd VA ke 4 095 Coro Cad 0 bg, o
AVLF ke 4 Gaoe (6,50l [0 (solgring Ghg, a5 el
onil, Cud @ 095 3l doyd £F dgp g Gl aBl Cwo

] 00 00l QLMJ Y Jﬁb B U"’s) 99 Lﬁ‘ MLM oW

coo il Al gy 9 oOleuiay o9y dullo (¥ Jgu
b i

(o liel gl Ol 4l o Slee slaools
_ . ) ‘ coxo jlro ylude 09y b
Olizabl g 0 Shoe (slagsl 5 S8l ganaids 5 (o -
M M M . . .- * ” ° o rx s w
Sedly b s pdSlan] sbreds § ptaw 5,Skas ol P9
2 ool Az LSy ohb 0,Sys, Ssd o esliul pgls ¥ wlb ohy)

67




5 i
bl

veavy

oo 22595 (cBalob § lowlro acliladgs

V¥ Jlo Ve G 0% amino IF gy oyl ¥ o ylos piis JLuo

- 8l L sl slagatle )b Jolss & axs b
Jobete ;o 1y o Shes oy olerian ppssl Gl s
gl dgnr O 0, 25 2ol 5 (55l sbaietle Sl (0,5
el osly ylis o5 5l 6 0l bl Sleas IS
gl slp angley Gy, vz 4z
Ol slp el yebas STl )l 89>y (Slawlxe slalaxe
4 g p.Ja.u 6)?‘ NEYEN 6‘)? Qb sl ouis 6"‘)]"
Sod g Jias 6laggals ados S0 Jle e
(ol g S (oo oo e S plgie 4 oo b a5 5l 352
oS o 0 S e colaiusl 0g3 e mlie 5l Lot
=31 u.io.mb @L&.o )'| ! A goxo JAL» LSJ'." b S
2sS ool LQJ—‘ Ao )‘ .).4.)‘9.:‘50 u‘f)Lf 9 Gl 00
adyS Sy slp Wlgoe & Gangle) pi sl o cnl b
5y Sl 2,50 olie 5l (o) 3,50 (5L
JL«:‘ Jg‘ NEYESS Lg)U.}LM: LQL“g;}.’.S 6‘){ d.:‘}.q W”)?i” G
@l oslail goi5 5 (Kadl (gilme slopydle iulidl 0ed
caSile 8L Sshe IS Sl ol s 4 e
S b Sl A o 0 JeSS loy Blas b cslie
)‘ oolawl l) Ja.u)a Slleo )| 6)Lw.u ] CSrw aliso
Ja.:.?bc ;i: B 6‘)‘;‘9;')[‘} L: J"Les)‘ 3o Lg)lilgu)é &L“p;i)ﬁijl
loals (bb.:ﬂ 6)?‘
sl b ooy )l poedle gk cnl e
) saste b (y3lste ST o2lo 0 cile aig LSS
Sas Seldl g Selns (Soliwl alise lase aw o
@ e Qe 05 (pwyp g eoy | Sl
S @be,sl (b (Sefz 9,50 0 i lides
Iy ez Jood @IS ailes co g diiws Joiedior g Slg
aabl S Jo g0l Glaslxe o,Slee i olidl 6lp
5 Gl 5l aid Seledl lant ol )y 0] jo oz
Lol 6ol St ol wile aredge
o S5 S Skl cpl plul 2 og walys s
oz ;0 a5 5,15 0939 3L (Slidn Glegoge jorb 4T D9
0295 St sla e by, cnl o by Ll 4wl
b cwl 00,8 slols olidze lp |y L oos Jolete o

s (65l e (6lp A cpl 40 093 sans ] Gl jo

68

e O Shoe a5 (pile (650l anaib 5 g S
ol ol ot (A8 oo rmeal 28l ey sladiged jo 1
Looeile 650k a4z )LSe (Alb sadgiluand mls
L oawlie 0 o SBl5 pddlbl &5 o olis
arg b gioml Gadle 50l » e Flb o

& 325 a7
9 Somsl iz )l Slels Joo S ol 1L,
2 SRl 4 (e g S9doe Jaite Szl Bk
O Seoa ) L bl p o ey e tes
WS (oo malp ) el JB Slwlre gl 6, l05 ST
A sl by uldS (6,0l SO s sl ilre
4z )b Slwbre oo )5 5l ook slass vs 5l (nl 32 b
Sal ;S8 4 BB aies JSa5 ) (IS e UL Nigd (o
@ borye poe Slegdge (o (arass 5 )15 gangle) &
&ly o cl gl Ll Slides sl e 5l 6ol
oosley el o a bawles e 5l ol slass (gl
sl Gihie jarass lp @by gangle; 5l s
Sb Jobs pzren 05 oo ooliiu] biwlgs o 4 Slasle
b 50 il lageile gl ilodiwe ©lp (o5,
Gl 45 el e SBSST | S S 05 5 Ll
5 Tl ool 5 I 2> by 5 plp @8 5 olaeb
e B9y Gea ol 0 0 xS oo B eolitul 3550 mlie
L Jols olml cazr il slagile ganaib dsge
slaased Sl oslinal b spl AL, slaasly o )8
Las ol ol ailyf 50 ale LolSS o550l g (o (smae
Cogl Tk FamalS ey g lEleSie @ drugs
B o gl Pl e Jo sln |y gaoz Coa Groe
smas aSeD by, Sl Il goleiing by, 50 S o0 ol
B slr ol Gilme edle So QLB Sl Bree
SS9y ) Gl Ll aS 0gd oo CpptS w9 00l ool
G 1y Sloss el el 3ls5 oty LDl (glme ailo
S oys3ik g oad 3, 5 ek AE STaS 3 b oS (e
7 32 5 0)00 Bres orac &Sl hjsal (slp ate bl
O Sl o g ogtion Lzl g <l s adly (D jg0 (0



IE- Cosgs g il g, i,
. P . ks . . * e . \‘0/

= I M’ofwdf‘wb‘))é)bebu é@ld‘fd)&ndwﬁéubw&jumw)fjw P ‘\' "

; WS A

eile 5 S0k calisie slasss

Distributed Computing o Distrifuted Systems

Communications and Networking, 2019. 2019: p. 1-
16.

5. Sansanwal, S. and N. Jain, An Improved Approach
for Load Balancing among Virtual Machines in
Cloud Environment. Procedia Computer Science,
2022. 215: p. 556-560.

6. Elrotub, M. and A. Gherbi, Virtual machine
classification-based  approach  to  enhanced
workload  balancing  for  cloud computing
applications. Procedia computer science, 2018.
130: p. 683-688.

7. Jarraya, M. and S. Elloumi, Load balancing
scheduling algorithms  for virtual computing
laboratories in a Desktop-As-A-Service Cloud
Computing Services. Computer Communications,
2022. 192: p. 343-354.

8. Deshmukh, S.R., S. Yadav, and D. Kyatanvar, Load
balancing in cloud environs: Optimal task
scheduling via hybrid algorithm. International
Journal of Modeling, Simulation, and Scientific
Computing, 2021. 12(02): p. 2150008.

9. Chiang, M.-L., et al., Improvement of tasks
scheduling algorithm based on load balancing
candidate  method under cloud computing
environment. Expert Systems with Applications,
2023. 212: p. 118714.

10. Ananth, C.A. and N. Krishnaraj, Detection of
intrusions in clustered vehicle networks using
invasive weed optimization using a deep wavelet
neural networks. Measurement: Sensors, 2023: p.
100807.

11. MohiEldeen Alabbasy, F., A. Abohamama, and
MF. Alrahmawy, Compressing medical deep
neural network models for edge devices using
knowledge distillation. 2023.

12. Islam, M. A., Uddin, M. A., Aryal, S., & Stea, G. ,
An ensemble learning approach for anomaly
detection in credit card data with imbalanced and
overlapped classes. Journal of Information Security
and Applications, 78, 103618., 2023.

13. Kene Tochukwu Anyachebelu, S.H.H., Muhammad
Umar Abdullahi, Maimuna Abdullahi Ibrahim,
Comparative  Analysis of Machine Learning
Algorithms for Breast Cancer Prediction Dutse
Journal of Pure and Applied Sciences (DUJOPAS),
Vol. 9 No. 4b December 2023, 2023.

14. Islam, M.R., M.S. Islam, and S. Majumder, Breast
cancer prediction: a fusion of genetic algorithm,
chemical reaction optimization, and machine
learning  techniques.  Applied  Computational
Intelligence and Soft Computing, 2024. 2024(1): p.
7221343

15. Chicco, D., N. Totsch, and G. Jurman, The
Matthews correlation coefficient (MCC) is more
reliable than balanced accuracy, bookmaker
informedness, and markedness in two-class
confusion matrix evaluation. BioData mining, 2021.
14(1): p. 13.

69

S5 p5 5o d)lse ol S0 Sk e gl L e mlee
w‘ W)

s Jass byl 5 oad oy slopis,sSIl ST
Slp Ol oo &5 Sl o else 51 (S cnl gl
pl bz 0 095 0 Sloe lp jlal o)l S5 (b
IV @ cwl (Sae 0,8l o JS 28 3 a0 Ly
(sl ools S0y o 0,8 SLSL as adlsl asle g0l
5,8 o> 5 SUSU s Dzl sl o YL caglsl L IS
Al Al 092y (g5l slo pdile (gui Sy Oledais

55 Sy ki JE s Sl sla il ol ool
o5 Szl oloy el 2 a5l (oS Sl 15
.J.S‘oo;

Sl slogzs® s 4 s, 5 5y
4 e olizees FCFS | RR uile ooliiwl 0)50 olu
oliie (S ol U sl digdice 6,5Vl Wil ke
o Sodgh 6la o )Xl 4K oS ALST () WSl (o0
plell sl o yssl wile o pl danmee 5l 0l (6l alys
L 5be ag oz Jlas atlly (0 o5 Sl ) 4285
S oolaiwl wass o

S oo dax Slidios Bl G 4 e 398 SIS
mdge 1 0jem nl A deaddle Jdaze lawgl Wilgh g0 a5
A 5o sl bl e asly 3 Shes gne 9 i 5be
Sie pl Silwata @l sk Ojly &5 2l osh b S
ilien slaaaly 4 a5« 5 T ailsy amass ol
o b bye Gl 6015 slaasly sl Butes o
IS eSS

Xbo -#

1. Ebadifard, F. and S.M. Babamir, A PSO-based task
scheduling algorithm improved using a load-
balancing technique for the cloud computing
environment. Concurrency and Computation:
Practice and Experience, 2018. 30(12): p. e4368.

2. Guo, L., et al., Task scheduling optimization in
cloud computing based on heuristic algorithm.
Journal of networks, 2012. 7(3): p. 547.

3. Kaur, R. and K.S. Dhindsa, Efficient Task
Scheduling using Load Balancing in Cloud
Computing. International Journal of Advanced
Networking and Applications, 2018. 10(3): p. 3888-
3892.

4. Sui, X., et al., Virtual machine scheduling strategy
based on machine learning algorithms for load
balancing. EURASIP  Journal on  Wireless



V¥ Jlo Ve G 0% amino IF gy oyl ¥ o ylos piis JLuo

/’f\

oo 22595 (cBalob § lowlro acliladgs E< 7

=

Analysis and investigation of task
allocation to virtual machine resources for
load balancing in cloud computing based
on various machine learning classifiers
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Abstract

Load balancing is an important aspect in the
field of cloud computing to increase workload
distribution and efficient resource utilization,
which in turn reduces the overall system response
time. Many approaches and algorithms have been
proposed to solve load balancing problems such
as task scheduling, migration, resource utilization,
etc. This study presents several approaches related
to the critical challenge in cloud computing,
which is load balancing. The problems related to
load balancing are discussed through a
comparative analysis of the algorithms proposed
by researchers in the last six years. Several
approaches have been proposed, however, there
are still some issues in the cloud environment,
such as virtual machine migration, fault tolerance
issues that have not been fully resolved yet. In this
study, an improved virtual machine classification
model is presented for workload balancing in
cloud computing applications using deep neural
networks and evolutionary weeding algorithm. In
fact, the main objective of the study is to optimize
the use of computing resources in the cloud
environment, where scheduling algorithms play an
important role in the optimization process. In fact,
the proposed topic is in the field of machine
learning and virtual machine classification for
load balancing in cloud computing. In the
simulation of the proposed method, in the
evaluation of the comparison of the proposed
method and the base method in terms of the
accuracy of the assignments, the proposed method
has recorded an improvement of 6.6 percent
compared to the base method.
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