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Abstract- Today, it is important to reduce the original huge data set to a manageable volume. Also, unbalanced
data distribution between different classes is a serious challenge in data mining. In the proposed method, the
instance reduction problem is considered as a multi-objective problem, which can perform well by considering
the two contradict criteria, classification accuracy and reduction rate of instances. The multi-objective problem
is solved using the chaotic particle swarm optimization algorithm. The distance-based decision classifier has
the task of distinguishing the maintenance or deletion of test instances. Creating and maintaining balances for
different types of data distribution is the main goal of the proposed method. The results of the experiments have
been compared with the state-of-the-art methods, which show superiority of the proposed method in terms of

classification accuracy and reduction percentage.
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Algorithm of the proposed method

(AAD)

=0

Initial parameter:
Size of population=200;
Size of repository=20;

Input: main Data Set
Output: Reduced Data Set

While(stop condition)
Particles=Create initial population using random
value(main Data Set);
While(i<=(size(Particles)))
If(Particle(i) =Max(Particle(i)))
Add Particle(i) to SelectedSet;
end
FitnessValue=DecisionSurface(SelectedSet);
Repository=Select 20 best fitness value as
nondominated particles;
DominatedParticle=(~(Repository));
The position of Dominated Particles are updated
based on nondominated particles;
Best known position of each particle are updated
Add new nondominated into repository
Remove dominated particles from repository
End
ReducedSet=Select one solution from Repository
randomly;

Decision Surface algorithm

Initial parameter:

w;=0.2; w»,=0.25; w;=0.25; w,=0.3;
Input: SelectedSet

Output: FitnessValue

Divide SelectedSet into TrainData and Testdata;
DecisionSurface= Make Decision  Surface
TrainData;
While(i<=size(TestData))
If (DecisionSurface(TestData(i))>=0)
LableOfTestData(i)=1;

by

Else
LableOfTestData(i)=2;
End
Compute accuracy, precision, G-mean, ReductionRate;
FitnessValue=w;,.accuracy+w,.precision

\itg

oals ool ioles (VF) alayly jo a8 ail oo SIS cpl U sl
[va] el

ni

1 12 d

o\ 7y 4 1#i 1 (%, x;)
i=

1

n;

na 0%
1
(n_zz .u'de(x:xj)
j=1
j‘nJ“)t; 99 gSLde5ai 9 X digad ym saols saule L5Uﬁ
Gl L0085 eslinl 2-n0rM) cwaldl alold 5o
i 1, (V0) sakaly «(VF) salal) jo alols ()

ni nz
2
ng % ) gl = xill? = nd x ) gy llx = x| (10)
i=1 j=1
siboosl 5 llx—xill? = (x —x)T(x—x) L2 b Jo

el Ll

n2

ny
xTx n%Zui—n%Zyj —2xT
i=1 1

j:
ny na ny
2 2 2 T
X nzZ#ixi —n1ZI~ljxi +nzZ#ixi X
i=1 j=1 i=1

-nf > u;x/x; =0
polde ol ooy &SI (VY) adasl,y jo colaiwl 5,50 proual elaws
g g0 dlxs (Y4) 5 (V) «(VA) Lnilg, 5ubbC gb @

%)

Fx)=ax"x+bx+c=0 Y
nq n,
a={n3) w—ni )y an
i=1 i=1
ny n,
b=2 nZZuixi—nIZu]x] (QRY)
i=1 j=1
)

ni nz
— 2 T 2 T
c=n; Zﬂixi X —ng Z.ujxj Xj
i=1 j=1

Ol cedle s b g X (saiges slaools Jlael L (1Y) alal, jo
Ly pYL olul b olad 4 leools il b mhaw cpl jo S0
~pee whw Olorsar 6,503 (ol Jee b 4 S5 et
LSy ol 00 00,91 (Y1) alasly 10 45 oy 005 5



VWAA Sl o) oled A al>

(ISCIT) wledbsl (5,5l3 g p 5 (b, codgh— sole dlxs

Sl WS L ools b5l sl a5 G-mean Las & A ol
Lonyjg dmedly b 0310 Cand (6580 (039 99,0500 L1 & (3l
w1 =1 0008 e Lo jlre plw s (g5l j5b @
wy =0/3 w3 =0/25.w, =0/25

ools s 36l 0 Lhgy 0 45, o plxl slaialel o
(SaA ) by A LS dwslie (nl pogdle el oud
Sygo | enShg lacwdle sanas, Hee;] g p-value laie
B 50 Dyl dn Ayl (28 sl 90 nl 50 0 o0
2l g @leicin Gho) e S pSetiy Dol ed o0 43S
40 ol Ll 4 095 ce gy g 25 39205 Lo,
009 ST Lagygajl (ol @ 8ly 50 09-bga 0, b 0jls Cmo
NS o s 1y e nle g soleiin Ghe)y o SIS
oS az e aS Sl adsl (508 6,18 Jlais! p-value lads
o /00 e ool 8 e bas T (gl aS (el g ail
o=l an ail yiaS jhe cpl 5l ST p-value lade ogd o a2d)S
Shbine Laghg) nlw g (s3loidn o9, m Dol 45 Cenline
G, el o el 0 15T gz o e ol e
oob 48,5, 1as ;5% logo & ynoa; oS SISy lacuedle
OGPy et SIS AS Sjge a4 (5 B S el e el
3 Sgdome 4SSl 50 5l 352y by, ple b soleriny
s odls Ve gl Sl Jlade g ¢[00 Cueal maw (g5l o)
wls Jolas jo ol o A ol [YY] ;0 AS Jsos SaS
Sl oo 051 ;3T Slas 99 50 (y9uSh5 (ge5l o tales]
Ol 5 aibioe (5 28 0, slime w4 BT s, 50 S e
S5 iy WS by, ple b oleriny () 5 Celine
“ob s e Gl Ty (5 BB 0, pas S jhe polie 53l
55 iz B b, plo b sy 45 el ol 5
o9y nbe b Ghe) cnl ssleiin () slocl (o 2 sl
DY-VA] s [VO-VE] s 5l aiges (ol aie 50 25kae slo
S KoY LKNN 1 Lo b, ol olas o sl 005 dalio
e 0 olital Sl plosl gz sl alols

- o0 osaline a5 jsboylad .l o0 08,51 ¥ Jsoz 10 Covo £y
Sonar ;= 4 ool sled cgamme o ;o (golgiin g, Sgub
S oo £ el (i 9 Soo 5 i sl
Soko eas o155 p-value polie .ol o by, plo b awslio
Cla gyl g oleicia Ghg)y o loline ST 352
21 s 50 eS8y gajl Az ) ol S ol
5 Lz 2,5 a8 Lime ol 4 el (8 05031 0, Sk o Jgox

Yy

W3.G-mean+w,. ReductionRate;

Lt o g Lo st Lo s 0
b s i0eslS 595 2 a5 lagiales] 5l ol il (i ol 5o
38 e lawgs 2.7GHz 4GB Ram «core 15 dntel gou5;ls
Vs> wsdiee obe Cal oad (gjlwesly Matlab2014b
O3 bty wiysXl 5o ot oolitul olie o Loyl

S0 oo ol &9.;;':]
9l 133 a0l (g5 lwdiuty 50 b ol )y Glowlass ) Jgue

Slade by
{-a--v-- %} w
-0 C
.y C
f a

UCE sools aue 51 &V Jgao 1o ool S8 sloools acgams
ouus oolo UL"‘“ 4 Jﬂ.).?- o as )5.|aul.o.:b loals C‘)?LAM‘ [¥Y]

&9 Haberman o glass heart ools dacgomxe dw onl

5,10 (650 5lgmals

UCI 3l slss! gbrosls oSl oY Jgus

OWH | Shft | aseift ools acgazme | ojles
Y ve Yo lonosphere \
Y L YeA Sonar Y
A Y- N Wdbc Y
Y 4 Yo Liver ¥
Y Y Y.s Haberman o
Y £f YFV Heart §
Y A VEA Pima \
Y ¥ \O- Iris A
4 q YV f Glass q
Y £ Ya4YAd Census ).

sobateas T bV hliste i Ltel g, 5l daialesl ples o
3 ooleiiiny gy 5o Sewl ool ool eolpring s (b))
osliinl Seiaadd Cobl Wb Guizen 5 (slad b &b J)S
Y ANYNE] polie 5l B8 0 jlade s [ awl oa
il B ol sl Lo/ V= /Yo /Yo [0 [0 [V O-+ [A-)
Spa il b aoaleiinn () 5o 0ad 0ol oS slaosls (o
syl C= {+/)=e/Yor /P JANYFoAdNf} olis L SVM
ools rals slaools b laussdads 1 aS & gl a4 el ods
loauaids ol g3l (loodls b L St co ()90l oo
abl) (Sossln @b 5o ead eolitul slagyjg Wb oo (25
@l gy o a5 Ll 5l yis BB o5 4 L (O)
ool dcgorme )d digei JalS Joe 5l (g (p3ly5 Lad> 5 5,15



oL e g ooljue

2ol Gld aleosl ddasais (5 5lwaige o, sl SaS @ lools 4o diged rals

shlo olpiian (g, ol 0ol 03,9] G-mean (Kl yolie

J=B sl oo 77 ke sla oy, plw L ceolpinion o,

sloosls dcgomme L apalge jo 10 ccwl oYL G-mean # 5 R SFESY
plobanlie 0, K08, b jlojls os5 o, Slas ;lgel oo E5Y Jgux
55 Jsed U5 5k G-mean i [V0] g, s aypg, o | O L B | DOL | ety | ol sty
ASIAV(Y) | AYIOY(E) | AVIVY@) | ABN(Y) ADIYY (V) lonosphere
AYIVY(R) | YNRYCE) | YANY©) | ARIYY(Y) ARFA(Y) Sonar
G-mean (il 0 Jouz AYIFAY) | YAXY©@) | AY/0CF) | AYNEY) AFIVO() Widbc
[vf] [vA] [w] [vo] olpiig by | 0old acgesme FYIVNC) | PN | PONAE) | #VIOO(Y) FAIAY () Liver
VoIAD(E) | YVIYY(Y) | $ONR0) | VYIAD(Y) va/£a) lonosphere YEIEP(Y) | PENA@W) | £ -(F) | YEIY() YYAY () Haberman
AYIYACY) | AVIYAQY) | YAIAR©®) | AVIYACH) AYIY(Y) Sonar FYINV(Y) | #2105(F) | PYIAV(®) | PAIYA(Y) FAAAQY) Heart
soisve®) | VYRR | venam | av-f@) Yeleaer) wdbc SYIOOW) | VeI-A) | ENEV(E) | Veae(T) YAAA(Y) Pima
AYIRNCE) | AYAAY(Y) | YAEE@) | ANIYE(Y) Af/-a(Y) Liver AFOT(Y) | AFNOEG) | WA | AENY(Y) 210 0) Iris
AJIYAY) | AYIFACE) | AYIYA®) | VYY) N/AY () Haberman VANOY) | Y-IYA®) | YY) | A1) AIVY () Glass
AVAYY) | AUYACE) | ANEN@) | AYIAV(Y) A%/AA(Y) Heart VEIXY(F) | YONF@) | YVIOV(Y) | VAIAY(Y) A1) (V) Census
AYAY(CE) | ABIY+(Y) | YAAR@) | Ao/-a(Y) INTARYS) Pima YY) F10(0) IV (F) YY) VA (Y) 4,y Sl
AYIYOF) | AY/-Y(Y) | AY/-2(0) | A-/Ya(Y) Y/ () Iris Sfeevy AR AR e AD p-value
AEAD) | araves) | avieve) | asisren AYNA) Glass Y/0M £/YYAY YIvOF- TIVOY T oLl
VAIY-(0) | 1Y) | ATAR(E) | ARIYE() AJ/AN(Y) Census \ \ \ \ 5SSy O30
YIV(E) YI£(Y) FIY ) YIAY) Vg a5, (ke
ERAYS [-YEY ERRN RAREN p-value . .
YeeAs | veary | eavva | vvear T o bl 3 bty by el oad (o) 1A 25 Y Jgaa o
) ) ) o3-SILy ose3l 2 slyls Glass g Iris Jdonosphere ;> 4 eosls acgomme i

ool degasme 10 L WS o bosls g5 (SsSa F Jaa o
Iy Laools asjei duoyo ¥V Jaaz ;o el oads 03 53] bl sl
Sg2>g0 o, s amo o Lid golgiinn g, Jlesl 5 am
5 g S 0 (slosls 3gzg pas Ko ¥ 5 F sla Jgux yo
man el A8 5 O g ilgie Dhgod osls LalS s oo
oleimian by Jlesl 5l o sl slaosls acgee oS5 )9k
Ol pae 5k 55 adleaile (3L jlste &gty lizmen
] 00iS iy iged malS Sllas Sl y5leel slaosls
wa—( 5.) )_Q a4 4\5 M‘ G'mean )L;um .)5_?9 ).A‘ U"‘ J.:J\)

A0 oo Corodl S Ll 5 oy ST

B WS o 01> &9 395 duoy0 :F Jguo

#classl | #class2 | #class3 | #class4 | #class5 | #class6 0ls dcgocre
#f \td - - - - lonosphere
v oy - - - - Sonar
\a 4z - - - - Wdbc
Y oA - - - - Liver
V¥ \id - - - - Haberman
va Y\ - - - - Heart
Yo #0 - - - - Pima
vf Y Y - - - Iris

\ Yy \vd A 4 A Glass
\Al YA - - - - Census

L Vo] Gog 52 5 ol Loy ol & o (0 ialS
ol s prvalue jlacie o)l g5 BB WS b jbg, sl

Gl 5 F Jpa

D] DAl D] DAl | oty iy, | oolo acsare
VEIEY(Y) | 08/-Y(®) | #YNACH) | YANY () VALY (Y) lonosphere
A a(Y) | FANN(B) | YRI¥CE) | aeleN() V/aY (1) Sonar
FrAY(Y) | PYra(y) | 08/-v@) | FRIVYCD) VYNF@O) Wdbc
YYAY(Y) | sAa(E) | SVIM @) | VEIRE) YANY () Liver
YYOV@) | YANOE) | A-fa) | YA/fA) ISTAYY()! Haberman
ANAB(Y) | YATA(8) | AR-Y(Y) | AANOCE) Qe/+F () Heart
AOIYNCE) | 2YIVE@) | AYNYY) | AY/A-(Y) A¥/EY () Pima
YYIOA(E) | YAIYA(Y) | Ve/-q0) | YOIFAY) YANA(Y) Iris
AUSY(Y) | YVIE©@) | YAVACE) | QY/A<() ALY (Y) Glass
YENE) | YEXN@) | YWIAACE) | YYIVAT) AIYY () Census
Y/ () 1V (0) YIV(F) YIV(Y) VF(O) ;) 5eSlbe
ofee VY o[- ¥Y ofeeye <[ AAY p-value
YIFEFA YIVagY FIYALE V/ANY T o)Ll
\ \ \ O3Sy (5051

YA

3o Gjlate laosls o3les J S Sz s3leiday hg) 5o
il LS s 2o S rizean 5 S0l Sloles
oad oolaiwl G-mean L 31 «y3lgiels (sboools acqomme yo
s 0,02 )0 ot slo )lns Lo 51 G-mean |Lxe .ol
So 2B o9 ol Ly wblioe jlgel sleosls asgeze
e ol SeeS 4 (09 o0 Jlxe () B crge S

O Jgaz yo 0ls aolidly e BBl WS 4y az g5 (e lgi o0




VWAA Sl o) oled A al>

(ISCIT) wledbsl (5,5l3 g p 5 (b, codgh— sole dlxs

Solite glacssls (soleidny by, o Cul oad S Iy,
Sygods ooly ralS saliuse Jo (V) 1) o le aS o4l 34>
3 am oilete slassls iles Laas (V) cdun wis galine S
50 ColBl QST suaids (oYL Cds 92 (V) g rols Slles
o9y 5o G-mean Lo 5l eolanwl . jsleiel mjes b olaosls

po 3 pod Sl iBle e )3 alpwar 36 (solening
@oloin g, daislesl 5l Jol> mls elwl .ol atils
JB oSlee G-mean 5 als g5 oo g5 slalas )0
S b ceolpaing Bg, yo el ool lid 0es 1T, Jeud
Sl oghior g2 (o9 altas (slad (LSS o s8Il 0
G |y iy gl S et gl el Sl ool (3,1
soslaal 358 co (5 pmlim Aty o & e 5 Wi o0
b lns o axllas sl pogdle LalSS abomais (jludisg
oS s o aaiged 5| (SzsS dcgerme bl e L5 3,5
aSol bl 4 b 1) ganadd Callhe cds yadl ollys
-0 Grmean Jlde palS Coge WIS SO Cds og ol
HB S oo wilgs oo colBl WS Cds Laa> 4y ax g8 09l

258 Oilsel m3ei b sleesls (59 2 goleiday B9, 5
O i il "o g0 g, S (s0leien g o5 LT
i ST b5 lsear | sy slas IS o 15 anwgs

...\.l.béu;o

&=l

L. Nanni and A. Lumini, "Prototype Reduction Technique: A
Comparison among Different Approaches,” Expert System with
Application, 2011.

D. J. Dittman, T. M. Khoshgoftaar and A. Napolitano, "Selecting
the Appropriate Data Sampling Approach for Imbalanced and
High-Dimensional ~ Bioinformatics Datasets,” IEEE 14th
International Conference on Bioinformatics and Bioengineering,
2014.

J. Derrac, S. Garcia and F. Herrera, “A Survey on Evolutionary
Instance Selection and Generation,” International Journal of
Applied Metaheuristic Computing, vol. 1, no. 1, pp. 60-92,
January-March 2010.

J. Kennedy and R. Eberhart, “Particle Swarm Optimization,”
IEEE International Conference on Neural Network, vol. 4. Pp.
1942-1948, 1995.

Y. Shi and R. Eberhart, “A Modified Particle Swarm Optimizer”,
IEEE International CEC, pp. 69-73, 1998.

T. Zhai and Zh. He, “Instance Selection for Time Series
Classification Based on Immune Binary Particle Swarm
Optimization,” Knowledge-Based Systems, vol. 49, pp. 106-115,
2013.

S. Sakinah S. Ahmad and W. Pedrycz, "Feature and Instance
Selection Via Cooperative PSO," Systems, Man, and Cybernetics
(SMC), 2011 IEEE International Conference on, pp. 2127-2132.
IEEE, 2011.

C. Alejandro, I. Galvan and P. Isasi "Michigan particle swarm
optimization for prototype reduction in classification
problems,” New Generation Computing, vol. 27, no. 3, pp. 239-
257, 2009.

N. Garcia-Pedrajas, J. Perez-Rodriguez and A. Haro-Garcia,
"OligolS: Scalable Instance Selection for Class-Imbalanced Data
Sets,” IEEE Transactions on Cybernetics, vol. 43, no. 1,
February 2013.

[11.

[2].

[3l.

[4].

[5].
[6].

[71.

[8].

[9].

GOl (9 Jlas 3l am odld @ 395 o yo ¥ Jgur

#classl #class2 #class3 #class4 #classb #class6 00ls degoze
OAIAY f1/-4 - - - - lonosphere
FAINY OVIFA - - - - Sonar
FA/YE OAIYF - - - - Widbc
Ya/vy £/va - - - - Liver
e Ya/ff - - - - Haberman
VYV YY/YQ - - - - Heart
YAIFY #VI0A - - - - Pima
YY/£a TY/-q YY/FY - - - Iris
YYI$$ LRTAR) VY FIAY O V¥V Glass
£a/AY YA - - - - Census

Y4

09y =S Hlosai g A Jgaz j0 4l s p 12l o
e ools las ¥ Sl o )L,ST slowd s (golgainy
©oloiinn 9, sg}{b] &b sl eslaul Jds 4 00,5 oo cdmlic

ey oo (2 Sep g ol Sl o ple ) S e

2 oloj A Jguer

¥l DAl [l Do] | olatn gy | ools epeme
VOFIOF | VPAIED | VoY VEIVY VENY lonosphere
NV O/OA OF/Y. FE/FA FA/F. Sonar
Ye£A8 | YYeEY | YV/OY 14/04 VAIYY Wdbc
VAYIEA [ AYYYA | NENY | Ve AATY Liver
\aiiad AV/E- vEa- FAIBY £0/4- Haberman
AYY | VeYAL | j0NY A-ls- V&[T Heart
YVYI-A | YAENA | YVA/S0 | YVee¥ YSVIAQN S Pima
YE/FF ATZA%) YA/ YY/VY AR Iris
FENA Fa/-A FOIAY Ya/vE YY/IAEY Glass
FAY/-4 | FAQYY | FAFID. | FVOF | FYY/VY) Census

900 472.7301

800

700

1 §$ 513

5\400 373 .

" 30 217 901 225
il
“mnna I

¥ é@ﬁ & HQ@“ & & L@y
& &
12 42 sena

Gl w2 y9R (2 o log0d Y S

3 bty by sl Gl 99,5 o0 ovalive &5 j5blen
Laosls degarme plu lzl log as Cud CeNSUS oolo degasxa
a2 b aliae ol atdhion ) o0 (o Sen 4 S p3 g Sl iy
el plodez g ladigei obj > 4

ooyl sl g (5 S azuii -#

oSl 5l oolainl b eosls jmalS (gl iy, lae ol o
RUST ISRV S N N, BECH R SN P It RERCES S WP v
adiges (oM oz 2 e S Aol (e el el




oL e g ooljue

2ol Gld aleosl ddasais (5 5lwaige o, sl SaS @ lools 4o diged rals

2 Radial basis function

® 10-fold
* Wilcoxon signed-rank test

® Two-side

® Critical value

" Offline
& Online

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[1].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

P.E. Hart, "The Condensed Nearest Neighbor Rule,” IEEE
Transaction on Information Theory, vol. 14, no. 3, pp. 515-516,
May 1968.

G.W. Gates, "The Reduced Nearest Neighbor Rule,” IEEE
Transaction Information Theory, vol. 18, no. 3, pp. 431-433,
May 1972.

D.L. Wilson, "Asymptotic Properties of Nearest Neighbor Rules
Using Edited Data", IEEE Transaction on Systems, Man, and
Cybernetics, vol. 2, no. 3, pp. 408-421, July 1972.

S. Alzberg, "A Nearest Hyperrectangle Learning Method,"
Machine Learning, vol. 6, pp. 251-276, 1991.

J. Hamidzadeh, R. Monsefi and H. Sadoghi Yazdi, "LMIRA:
Large Margin Instance Reduction Algorithm," Neurocomputing,
vol. 145, pp. 477-487, 2014.

J. Hamidzadeh, R. Monsefi and H. Sadoghi Yazdi, "IRAHC:
Instance Reduction Algorithm using Hyperrectangle Clustering,"
Pattern Recognition, vol. 48, pp. 1878-1889, 2015.

J.R. Cano, F. Herrera, M. Lozano, "Using evolutionary
Algorithms as Instance Selection for Data Reduction: an
experimental study,” IEEE Transactions on Evolutionary
Computation, vol. 7, no. 6, pp. 561-575, 2003.

Ch. Tsai, Z. Chen and Sh. Ke, "Evolutionary Instance Selection
for Text Classification,"” The Journal of Systems and Softwares,
vol. 90, 2014.

I. M. Anwar, Kh. M. Salama and A. M. Abdelbar, "Instance
Selection with Ant Colony Optimization," Procedia Computer
Science, vol. 53, 2015.

J. Perez, A. German and N. Garcia, "Simultaneous instance and
feature selection and weighting using evolutionary Computation:
Proposal and Study," Applied Soft Computing, vol. 37, 2015.

J. Derrac, S. Garcia, F. Herrera and IFS-CoCo, "Instance and
Feature Selection Based on Cooperative Coevolution with
Nearest Neighbor Rule," Pattern Recognition, vol. 43, 2010.

N. Garcia and C. Garcia, "Boosting for Class-Imbalanced
Datasets Using Genetically Evolved Supervised Non-Linear
Projections," Artificial Intelligence, vol. 2, 2013.

M. Blachnik, "Ensemble of Instance Selection Methods based on
Feature Subset," 18th International Conference on Knowledge-
based and Intelligent Information & Engineering Systems, 2014.
N. Garcia and A. de haro, "Boosting Instance Selection
Algorithms," Knowledge-based systems, no. 19, 2014.

I. Trieguero, D. Peralta, J. Bakardit, S. Garcia and F. Herrera, "A
MapReduce Solution for Prototype Reduction in Big Data
Classification," Neurocomputing, vol. 150, 2015.

F. Dornaika and I. Kamal Aldine, "Detrimental Sparse Modeling
Representative selection for Prototype Selection," Pattern
Recognition, vol. 48, 2015.

M. Reyes-Sierra and C. A. Coello Coello, "Multi-Objective
Particle Swarm Optimizers: A Survey of the State-of-the-Art,"
International Journal of Computational Intelligence Research,
vol. 2, no. 3, pp. 287-308, 2006.

A. Charlos and C. Coello, "Handling Multiple Objective with
Particle Swarm  Optimization,” |EEE transactions on
Evolutionary Computation, vol. 8, no. 3, June 2004.

E. Ott, Chaos in Dynamic System, Cambridge UK: Cambridge
University Press, 2002.

J. Hamidzadeh, R. Monsefi and H. Sadoghi Yazdi, "DDC:
Distance-based Decision Classifier,” Nerual Comput & Applic,
pp. 1697-1707, vol. 21, 2012.

V. Hooshmand Moghadam and J. Hamidzadeh, "New Hermite
Orthogonal Polynomial Kernel and Combined Kernels in
Support Vector Machine classifier,” Pattern Recognition, vol. 60,
pp. 921-935, 2016.

A. Asuncion and D.J. Newman, UCI Machine Learning
Repository, University of California, School of Information and
Computer Science, Irvine, CA.

Sheskin D., Handbook of Parametric and Nonparametric
Statistical Procedures, Chapman & Hall/CRC, 2003.

By )

! Particle Swarm Optimization (PSO)



