[ Downloaded from jhbmi.ir on 2026-02-19 ]

L 5 Ceodw Sl ) aleo
Ky Kila gl i Sy

IR 0TI o 3 o lat i o5

=)

AL o 4ty 31 00l b (sl b g sl (81 39 (S 3 S AD Jio Sy

'ob.;ksgl}a) Cyof 4*“5)9]&: sbale

ABNY e s e AANYY e céb o e

@ Gl 0ss 5155 w3l slaJls o o] 5 clabsMe b usy g conl ol yw glgl o5zl 5l (S0 ling ol yw tdodde
LS o S 1y bl Gl e Jolge b g (Slul slallad a5 33,5 oy b (6505 (sl el )l ccsslen: ol parids pslate
29 g0 03l (SB35 4 S g 53 lowr cnl LTl sl (o ghan Gign | Sl ans dix > L (een 4,

oS5 Jde S B s il prens andy Jloslal b Gl Glbj ($len sl (93,57 oy ddllae (ul 5 1 ygy
nail Jao 0,Slos dgy (sl a8 Wl plandy by Gedle 5 ID3 preai 8> MLP ae aSis (29 4w p (e
s Sl el 4 3l 1y olbdiges ymseds dddsy S ) 5 odlitl ouiiSTis S sie cov L 5,505, Sy jl oS 5
g o (gl S

o ialojl gl b oolitisl iy Gl j (S)lass b laipe (ppuailSigy 0313 oS0l 51 (oolotiy Ubg) €8> (o) solaie 4 il
WBCD (slaosls acgome (59y o0 1)) (gandaib Jao ¢85 3y olis alie slo gy plo Jlie o 1) oleiin (b9, sy
g LAAY ¢ ZA8/0A AN ) 4 pilSan g 035 o554 5 WPBC 3 WDBC

b oS 5,5 &) ploys 5 condlo pllss ) 658y L 5 g5 st lgise 555000 (slaiy 551 ) oslizl b 25 S At
b cusdly gslSodly (sla gy SaS 0 (g)low paedd eud BaS (] 53 AL iy Glbjw pasids 4 pB YL e
Al Cand hlews (asds ) (oYU CEd 4 Al pres didy ST 5 oolal

Ol by (558 001 ¢ il g 0305 oL dodly (uddls (&l ras Aty :‘@bjb s

AT (S5 ) 5 Sl Sl 5l Alrs 4Bl and aidy 1 o3litel b Oty Olb o (aed (81 (oS 5 Sluaih Jis &5 ol ol oLy Glale (5 plis (EL> sle
A YA (Y)Y

Ol Gadgr oDl 33T o8l ¢ g o ol €5 5onnlS” pwkign 035 (5 5nlS pndlign byl owlisyS 0

Olpl b (Ol 31 513 Ol gy o 55 50T dunms o €5 5malS owrcign 03 5 ¢ 5 gualS” kg Ai 1 owlid IS LY

G plie Hlabe D gk 0N g *

b Aol (ol 33T ol ¢ gidle g 1w T

« Email: m.ashayeri1988@gmail.com CVIVVOFFA 1 wlod o slouie


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

o2 g g mlis jLale

Ol Wb g 2SS (61 (oS 3 S

sl olasl Sl b,y 5l ol JA] 0530 dxwgs (o536 slate
alio claog, S o Loyl ol )5 9 Laodly oo bades
U"‘?B LS‘)’ CART u?‘-"“)f) oy )1 e sJJ.))f oolal
WS oy A yp y> (3l

Gl S0l 1 e 3,559, K (), 9 Diz
P olples oluls 4 Gliw JBs gunaib jl ool
S el i oy S5 aS o SaS odld dsgazs
a1, )9S S5 oo ) Ko g DEVI 3,5 o 000 (s audids
0l &) by ol s pindg5 asuids (sl 1y (glals o
G dgd 551 5l ookl b baodly Jol dls yo j5 [V ]
3 pgd dlsye p3 Mg o (A uog,S Farthest First
ODA (Outlier Detection Algorithm) x4 X
e b b 095 (Lol pgw dl>po 53 g (gadil (gl
oSl 51 eolauwl Ly odly dcgammo iy i b oyl
sl 1y Z83/8 sy s Db o pll J48 canail
Wisconsin ~ Breast  Cancer) ssly & _cgoore
v o Ken o Vaidehi ey . lis (Diagnosis
)l (S KN (eanpails jlonlizal b 1) liny ol yuo
ginaiib s, CITY-BLOCK 5 555« alS
PSSy avaib Jie S Onan .o, eoli!
555w dsgormon; L) (a8 5 COw— S5 j5lone
3y9 iy Gl p Silogil pasels sl (63,90 B
LIV] sl )8 adllas
LIV asah )] golSealy clacusS I oolawl byl
Ol paseis 3 Fhe (laShy olswl gl g
gauaib LS 6l g Lol danad (o) 5l Gliey
Ol Ol sl (sl S5 o poSl l eolisl b
o ke <83 0900 s PS (gilucipe jl g 2008 ks
o Ahmad [V ] ssly asl) S5 v ye-N 5 onliul
s g e by ol padids Jae G olSen
(Network Artificial Neural) . _ac a5 3 K55
Olojar yob 4 S5 v )5l 51 5 [VF] wals 3l,] ANN

EVRT
sl sl 065 @ls ol o 5l (o Gl Glope
o eoboe il g YL L Gl b 4
28l o 3l So B+ o 3l dm d)lge do > Ar aST g5k
oL gl ooy g9 (lime aSnl wéy e V]
3 36 o9 S yo g 1 ol U ) iy (S0 5ol
pais ol eds a8 el iy el loyesS o o
wareis ol ol el Y] el (g)lon pLSin o
s Cadle (g 5 olen 1 aLST il plin
ilee slmacn 31T8T Gl oy 4251 a6 low
2 ol (imgh STye el )3 0318 Sl £y
b deldl flan lidos Jb ol b (Jg a8 )3 )18 les
odb 03> page s by £ (gl Gl by lpl 5
by La ot i glosl dan I ZVE/Y a5 cal (b5 ole
9 mards sla i Bl g) cpl jland oo polaid] g5
Sl lio Slogead 4l 5 (85 4 il )b
b ye ©liis plosl pg3l g 5)1 Cumnl 6)low cnl ey

IV ] el

Nyl gy et Sl b (o9 sSlej 4 a2 |
Copw & Slgi o (6900l (sl odlatol (i, IS
i Sl Jale LS oo g5 B il g i
P Gl slaideS p3l sl Jlo )y Loy cpl )3 09
o Jols ol o fitee o Gl 85 &jp0 dipe 0
o Sy sly pasets Wl ileglel § (S pglas
SLASSS Ay & ailne (adedl 35 9 Fgmels S8
2 Al o diws cpl ) oo slayeS T wlul p (ggedl
sobaie 4 (g9lS0aly lacS s jl eolawl yi 1 ol Jlo
4ib)S 55 opdins | (6ol 4295 390 g )lon el
Y] cwl
o9ed 93 5l Wload )l ala (] 5 &S ol gy (JSsoboss
Jal gy A8 (e ool liny by st sl
rolas jloslawl Uy a S cowl poad (i, po e
S-S by paeds 4 pll (B1)S50 5 L 5 (SIS gele
i gglSools sla Ju o jloslaiwl ped g, [¥ ]
losls laolly p (e Gl paseds lp il
FNA(Fine Needle Aspiration) cc.s L 45 ol
e oimms <)L o Nilashi [£ V] w645 0 Lg5
o9 Sl ool L liay (b et sl il

)oY Journal of Health and Biomedical Informatics 2020; 7(2): 102-112


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

S5 S j 9 Ceodhw Sl gl dloro

(2l ol L 3yl gl o) Lavasigas (ol (WXL
0953 93 dy 03> dcgome (sladiged @bly > .Cuwl glaie
9 A IS 4 bype Jol 09y (sladiges &S oAl pauds
syt aiwn B (oS 4 by je 93 095 sladiged
S aasges 4 gjlome WAS arass 5 adgl jlulsx
dm als jo 0D oolitwl K-MEANS candsss w5
oS L oSl S sladiges gly inadl Jao S
Ao 34 5,5 o puenal Jdo opl 0ol B g A wis
S 295 lrdises g Jio dioSs diges dx
= Slie g Js glajisy ;3 B g A oL sl
Ol 3 3ige 03l (50l 4Bl prans atdy SiSS (sline
onl ablpress didy Slive p (5 5 Al Jbo S
o oS 5 el o 0ad Sl guinail Jae 9 o0
ool C3yd 9 (il I Gedle ¢ ovas 4Sud o oS
9 Coml ABlpras dily Sle 3 oS Bg) 90 S
oo 53 Gglisie Gi guta il claely oSl 5l S, o
S oo Wl ol ganail

99 dlonl el saiSlie S L b ye gubdil Ju
LaogyS 5l St o slp S 0ai B g A (YIS L d5903 055
290 Sdiged D9d o0 (b Oslite (Al Jlo S
el IS 93 5o ol 2l e Lvog S5l o o
3 oplpl il (0,l0 oy b 5)ly b puw) 031> dsgesre
dw p b 83 aS ol ool Cglaie Jde dw o &)l L
S e 3 9o dmbne 20 (b))l sl S
g A NS 93 4 ladiges (s009,5 dguds yolate 4y saSTis
Dedise Shoyjards S5 WLl E S, 0B

bl cptalofl 58 55 (6399 agel (S (e sl
SMo L badye anaib Juo buwg B LA (gilxe (oM
Sibre M (s b g 22980 030> e 1S
sbadie 5l (5o G 4 dgad (IR «(539)9 Higes
s NS g 01 plosl (B og,S L A 0g)5) sanedl
ol (e 9diee it dbgiye (Al S b diges
0db 03> ade il (o9 p WIS Blg > adib Ja
s By awle 5 ] 5l g cl (6395 dges glm
ol ) odleiy gy ol gy N S8 9 e 3lital

.J.m.)do

b sl )l gilwdinng 9 (Shy CLEI pslate 4
TAANYY oy €85 ol ool oaud 03l ANN as
ol WBCD  oly acgomma o |y ZAMYR 55
Constructive) Ja—e «),LSon 5 Kabir .o_as
«lue 1, CAFS(Approach Feature Selection
HLS5s8 ok 4 CAFS [VY] wols Gl ANN as 4
olsal alp el 5 a5 anY (cladgs dlusi yund 4
iPe S
O3 3 aylull slaodls degezme ywlwl p yidgh oyl
L a5 UCI(University of California, Irvine)
LTS Gl 04 Do FNA ¢ 51 ool
@ G ol > b s 0 DAL 25 @) Gl oy
s den) ol 3 0ad Sl sl ) Cn ke (s
snaib Jao SO B ) bl prens ady B9y 5005
sladie oSy 3iod ol 2l Ban b W)l (S 5
sotaie &y et iy ST bl iliee ganail
D92 Gl b et dgu0

099
5 LAPS St Sl (82— oy adlllas (pl )
s 4 ool dw oS 5l ey Oy (i
ol by il NN (Neural  Network)
el <33 3 SVM (Support Vector Machine)
Al ol Aty S5 slue » DT (Decision Tree)
(s9LSoald dlas )> dibl prond iy pore b odlaiwl [YY]
ol (gainail Jho L oS 5 el 538 e
S > o (paz g 0390 (S 5 ity by

D9ds
—ig0l L8 5> lias oy clmonls il )
syt ay ouiiShir S G ol 5l g g 08 B3t
WSS (hl s (g ) o K & lediged gauepds
S gy ol Sl eas amb S b p K=Y gdod ol
oaass [y B LA s (oS d5sel y o 4 oaiSTis

J._.wl.:L;o d)l}us U)yo LY ol 0313 ua.ua}u L)"’MS J.b.)do

Journal of Health and Biomedical Informatics 2020; 7(2): 102-112 V£


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

Ol Wb g 2SS (61 (oS 3 S

_——— e —— e —— e —— — — — — — — —

Fa

’ \
r PR RN TR =TT i
— [

! [
| . i
I il J s Sl I
: saccflas I sl [
, [

F 3 Lo o
| SR, [
| B A [
| [
! [
' S pleginn | I
|| PR KT b I
3\ !
i
o e o o o o e e e e e e mm e e e
- - e - -
‘ S
I . 1
" St gnga dlpa AT cladiges e L J'.vuﬂ .
I e A AT glaigad gl 1
I . - ]
| Iy il e Jlesl e 1
I _ .. | — 1
| B LA oM i g oaiiflas .
! Skl Jan Jlas! :
1 B ol glesisai | Bt glaaisei gl 1
'-.\ )
M o e Ee em o Em e s mm o o Em s Em SN RS N SN S S B EE S Em Em B Em Em Em Em E Em - s

Sdlegwb (9) by gy 1) S

020> dcgome (sladige zly ;o .0 oolaiwl (K =2 a0
a byye Jol 09,5 (slardsses &5 o S 095 93 &
Swa B U»M_f 4 Joy),o £9d 09; Lgl.(bé;w 9 A L)"M{
B9) S 59y 4iges ML 0dld dsgonme S 0S5
siadb Jao @lye 381 53 298 Jlosl (o318 sunail
29 g0d bigel | (B oo (higel 9 pareds 4 390
5 Oygmo do Al o |y by saiaids )0 s dbyl LY
D) Cogs

0 Cal u_<uo.n Lmdu’o., wan ) le‘;).@ )l =Y )Jblﬁ.a—
L daslie po as’ aiil oads ool &) ol g 00 jluw oY
0P8 (S polie b badiges 5 By ol sl Sae —
Bl 08 s 590l 0305 15 WS K (ol

ol (S0 talol g 50l (sloodl> Aty Loyl -
aiges gl pob M wx b S (58 il &y s
g

oanlie j Cusdly )3 g At fogi ladiges Sl (S =

i 09, 5l i Sl
sotaie dy Laodly (5l yiy sLodld (6510 )
Lol 53 239 o0 plool algl (sloodld i das g (s jlwolel
aaps b & aS Hlew awlid ulas 0dly degesee 3l olaald
Bdiges (yiman 3,5 Gls Wil e g ye Ml
uadedie €D 5ol L) it [YY] 0 o5 polie (gl oS
UP9) ! ‘O’..‘ BORYS (R Gls 6dld 4e gooro ! o (JJ]DJ.»’S
Z- [VF] el o osli ol (g3l Loy (gl Z-SCOrE
Blyol g (Slee 9 4m3 0 )18 jao CujS e (59, SCOTE
adaly WS 0 Vgt CS A SRy ln ) baiges e

A o iy yai |y Z-SCOTE (g5l Loy (V)

iz’jscore —_hJ ] (\)
I

Ao LS ] diged ln Ty T (Shy slie € &5 ol

I Shg polie lme Sliol g (1 S0ke i 42 0 9 4

bl e adges plod (s

a0l She S 5l Badios (pl pd oS o SV

€,

V0 Journal of Health and Biomedical Informatics 2020; 7(2): 102-112


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

S5 S j 9 Ceodhw Sl gl dloro

Lty sl o )Ll gy S 35 ol 3 el
oy ile ¢ a4 Al s oS (gl AL prass
iy o )9Sl S L Al )l el B3 g (it
JSis 4V gs | eanaib slaJre oS 5 (sl 48l press
$9)aS a5yb 8 slaanadl (Jol A jd el onds
plasl 31 g i o big0l (650, 48020 (slodls

slmodls plos glil an Jgl Y sloanainl (29,5 (39l
8 dpae 00l dsgame )3 5 0ud (S yglaer (650 4o gezme
pod auY dind il ) (9399 Olgis 4 dsgere (pl NS e
CBlSS pgd an Y aindlibld o 355 50 0315 (Anadbol 9)
Lol Jol @Y (Joome lasinails 5l G o sla 29 oo
Ly S5 @ 25 b2 (0 0b (Bly (29 Sl S
IS ol 00 slou] dis 03ld dcgome Bl puan

O 9 Jol anY glagata il IS a5
72 sl Jol Y 3 sl oo (Lol osls dsgooe sla Sy
(ool St yd (sd0ddb dw dlde Hobo 4 ladiged jl0g,S

bt )9S )13 392 (cnas aSud g (st Jop omile
sbadises glp oy & gl Jop dle g paoual €
055N 93 ol 95 oo odliiwl ped 4Y B g A LS

o=l laaly b yisy cpl Jae sbol o1y 5, Sles oy yipo
7 (Bl W g0l Bl Iandiged jl (5lome IS i

g o 03wl Jdo dboul (gl dges

Slaigrin 5 )5 118 01 oS 5 (gainalld Juw B
g 4 (olpiuin (sandad Jas S Cds waiiSTas S

395 dsloes (1) kel

TrainAccuracy = Average(C, +C, +C;) (v)

cd> Cp wiiSlis S chbaib cds C) da, oyl
2o €83 Cg g A LS ladises (sl Jio (295
0 00 duwle 85 1.l B oM sladiges (sly e
o w25 (gl wlp WSSy Jlsie S5 T b

ol 0 48,8 (las )0 T'=35 L] ;3 .09 o0
Gap 4y g L oaalSTaa SN Flwyjo,n sl
Silolis Cuanl 5 oaiSha W (gilodie > i ysN)
bl 0kiSlie S Sluyierds 5 oS5 4 jlo dndiges
Sy Slp @9 48wyl Sl s ol
(Laiges silobir o fouslio) oaiShie S (i
Lrol )5 25800 Sluyjor sinaib 8 g Saa L

Jae 93 bigmel Hodate du (ool oaiiSTus S ST

A Gdod (] o i Al Jae S sl 4 il

B g Az 93 (el slaeals )3 (6395 sLaassas
a2 o s p pl A 02l (olaidl (ilre g0
ouiS s S ddlsg . Ail o diges Bly (el &
gk any sl B g A LudIS 9 4y (0l (gladiged s
5 QAP D9 (A ndiib liore Jo Sy b ez p o oS
G5 o) G B g A ez 53 4 ladiges gl 020
slaie 4y 295 oo (g3ludinge (5,55 Wl S 3 8
Fedsses dn (5lome conzr p (2 5 adgl (g jluli>
A ool adigd dw L [YO] K-Means sanasss w65l

oS oy slaclslasi b oladdsd )3 39590 (cladiges 4
L):’ﬁ) u—il )1 odla_ul HD.MDJ‘JMB 9pr»>)J
O Sl sl g cws p 51 S5 o > dges ials pae

Gdudib gy So L as sladises gly ) .l by
P Mg o 2L Hilidl cel g odds Jdo ]y 4 Jois
45 abbaiges cnl pogde x5yS o 1B g Aog)S g3 o
)loJMlbmuTw%@qu»m&\hmb
O 900)S Silwlss 1, bl ged Bew s (gandids S

g ol 09,5 93

@y al il Jao S il gilelas cpl 25" Jae glp

A oSl a8 0l i ol Pl (gl pusy o o 00liu]
Jas gy opl sl el asly iso pl 0 gy 3, des uac
Jie 2hS Gl )3 (6350 i Jie (] (e
LS g (65l 0 >0 1A o)l el e db
(=l 0gde 095 (5ilwaiie Ak ibre S
Loasigas jlog, Sy (gl 5y ol 31 g0 000 bj0]
Jae S (B oS L LadSges g A (oS L ladsgal)
Dgd o0 Mool gabaals

Ly ST 31 (6 3mtS 0 ymtet b (gD Juro (59j90]

adb 5l SO ya g5 Al paend didy ) 1Bl paond

lagnadds 505 )5 Y o ;30b (gl (639)9 S oty
oaqu)Sl)LmuTu,?acu_\Suaqu.wbup

Journal of Health and Biomedical Informatics 2020; 7(2): 102-112 AR


http://jhbmi.ir/article-1-387-en.html

o2 g 5 mlis ;Lale

Ol Wb g 2SS (61 (oS 3 S

wdibl g Jae I B oM sladiges g aaenal CB )
S (oo oMl by o o Gleidy By odle
D9 o Jols (¥) abasly 5 bje0] (slmodly olos s

TestAccuracy = — , = \¥
y N;p P {o ¢ %t (v)

$39y9 dged (Bly WA §i g (639)9 dged oA S im
Al o

=W

Sload sty gy Jedoo 25 9 (silwdnd plsl sy
oy dcgeme (g9, YoV asws Matlab s
g5 aises 052) WDBC (S92 5 4905 #22) WBCD
ook 5l (Shs YV 5 w90 VW) WPBC 5 (S5 Y
G b Shy dod Cuol i odlatwl [YF] penilSng 03l
digal dod ¢yl y 0gMe ditud zuono das pdlde Cijoo
Ol ooy 5 €Ol Al b WIS 9> <l
dcgome (sladysS) | wiged M Y Jodn aiil e €0l
A o s Sped L1, WBCD ool

sloises 4 DS g A LS 5590l (sladigei 4 DS,
@ odiShs S Shoyjgyds 2yl o,lil B (oM 540l
P9 s pbl pj )90
Cawl 00 (gl oliil 4y 4 DSyl diged ja -
-0 o Jlsl DSy ool dcgezme & @ Jloinl &
488 DSy 3l wges Ko b 1mar Jlaisl 4y g a8
ol 59) 358000 bl <ol 035 (gabs olizd
(sl oas 428 )3 Jlas 13 =05
Cawl 00 (gl oliil 4 &S DSp jl diges ya -
@y W by Jusl DSy 4 o Jlsl 4
olidl & &S DS, 5l dges SO L 1—a sl
s bl o 0t skl
L slages DSg g DSy 055 9 5 (o o ST -
o Jaisl ogen i @bl elidl gan S
D9 g0 sl plrals 5 cusl 155
slr iobalojl 5B 3 (39,9 wiged (WIS e
Bgod 1l ¢ yinlojl 5 50 Mas (63,9 diges WS S i
i) oSl S il Jae 5 oslizal L 5399
Bges WA D9d 0 astie ol B LA WM 4 ous
b 8ly oM (e Car ginadb g5 0dd nhn
Spdibl)d Jao 5 A 3 (sloigns L] 55 055 o (o

WBCD 2315 acgoomo (5lad 65, 51 digod Wi 1Y Jgan

Cawy el Sed oileg)S alwa sbdglwojlail (Same (Bl BIp cebe awld
W e by gk JB Juk! Slails  Johw S Jshw ojll 039 slost

\ ) ) ¥ ) \ ) ) ) 5 VeoreYO
! \ \ ¥ V. v 5 ¥ ¥ 5 V- Ya¥a
Y ) ) ¥ \ ! ) ) ) ¥ V- \0FYD

[ Downloaded from jhbmi.ir on 2026-02-19 ]

2 sl gl )l Ve (0o oad &)l @l 1 o lelo]
Ohey @l ¥ gl el osd dmsle bl plos
3 WDBC WBCD o3ls dcgamo dw lp 1y (ooloiin

w3 ol WPBC

b3yl sly 10-Fold o lael S5 ) B ol
(oanylel Gldsge a0 [YY] 0gd e edlai]l Jie
EP 5 (Uhjel) ET e 90 4 ol oo dcgeme
5 ET Glp baiges 280 a5 Ll wodd pend (Lisloj])
Jyas jobae 4 g 0 odlitwl EP (o AN

Vv Journal of Health and Biomedical Informatics 2020; 7(2): 102-112


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

©93 b)u ‘n.?.é.h 0,93 dyas ,_,L:.wb“

S35 o 9 s S5l s

WPBC s WDBC WBCD 231 acg05w dw (5l (6dlowin (wigy gl Y Jou>

() odlpminy (W09, B> Jue cés Joe cdd SWo Jue €8> 0315 dsgosmo
Ry oSl (A)Boway  (HAcway (1) oasle
aa/Av aa/o¥ v/ A/ av/ay WBCD
qa/ay 23/0A Qa/AY Q_/vf qa/.¥ WDBC
aa/a0 A4/A¥ AN+ Av/YA a¥/50 WPBC

sty I @l b oleidy Gy @l asbl
390 gl glahyy b duglie S gandib
(Multi-Layer Perceptron)  ee 4K awlis
s Slais by eile ¢ ID3 guenas ¢ 5 MLP
WDBC WBCD o3ls acg0ome duw (slp duslio ) oo
Ll 0 (5,15 Y Jgss » WPBC

100
99.5
9

0

[e5]

~

[e)]

(93]

& WBCD 98.42 98.56 99.05
& WDBC 98.65 97.89 98.35
M WPBC 97.01 97.18 98.56

SloasShs S Jao célo lp odloiin (g,
sloaises (35 Jao sl (NN) (pas aid ganail
Jie ly g (DT) poess 83 il 51 A oz
Olsdy )13y odle 3048k I B sy yy sladiged ()5
ol OB ooy A4S ey (SVM)
ok plnl ¥ JS 5 il slaisy sl o)oKl
NN, DT, Sy o a0 lis wyp opl ls .l
)l ganaal Jao gl 1) 5, 8kes (5 20 SVM

98.5
9
97.5
9
96.5
9
95.5
9

DT;NN; SVM DT;SVM; NN = SVM; NN; DT

SVM; DT; NN NN; DT; SYM  NN; SVM; DT

98.87 99.54 99.12
99 99.58 99.55
98.1 99.84 99.87

S puby (g e (S 53 e Wil du 1 o3liw] gl :F JSu

SVM 4 ID3 IMLP wuddb dau g (630w (95 33 sl (b pwr yadudid S8 dun o gl oY Joua

&3 (g Obwiniy 1359 cpanilo I1D3 s C& 3> MLP (cmas aSi 8313 dc gosmo

LLVIN av/oA ay/Ad MYy WBCD
a3/0A Q. /vy ay/\y a/5- WDBC
A9/A¥ AV/¥Y /v M/ - WPBC

Journal of Health and Biomedical Informatics 2020; 7(2): 102-112

VoA


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

o2 g g mlis jLale

Ol Wb g 2SS (61 (oS 3 S

‘J‘j‘d‘:’é)f o) d¢> LSLQ’QM&L")T » M&wg NN oli,b
A2 o Ui 1y duslie Cpl b ¥ Jods ol 0d duslis

L Gaios opl ls qooloiin (bsy 5Sdas wyp iy
S by by asis sl by o pnde 5l ool

Ol g 8313 8L (59 wliio W wig,y pwlw b (dleiwing Juo oyl (b pw andenid GBS duwglio 1€ Joua

&g yig, SMO-IBK, 2012 RS-BPNN, 2015 ODA, 2016 EM-Fuzzy, 2017 0313 4s gozxo
[ra] [YA] -] [M
/0¥ av/YA v/ a/4- av/y- WBCD
a/0A av/-\ aA/5 - /s a¥/y. WDBC
Qa/A¥F Q¥/yYyY 1./ WPBC

Sl )3 iz Sl 6ol 4295 3550 s jlony et
b ploaises 09)5 lp cnl g ogde wcul 4S8 3
i sl Sl ey 4 B g A ilre la oS
a3 (SVM) gty Jloy 0wile 5 (DT) mpouad €85
A o o)l 5 1) eds

B9y &5 e L T Joda 50 dwlie @ls S )b
SewdlS” giindils sl Jio plo b awslio ) (oolpain
Sy &S cwl by Gl W o) ase BB sy
Voo gy Az bug ous pbol oSy
Jeols il glaJie & o 1) (55585 sl o s5iy
degerme 33 5elke ysb 4 odleidy gy SR S
JVY 393> MLP ac 4 4 caws WBCD oal
ol WPBC g WDCB  (slaosls acgeme slp .ol
D85y EFn oszen Sl TOY 5 JNE b9 (yip
dc gm0 (£9) ID3 proual Cy0 b duolde (> (oolpiddiay
IV Y 5 4 WPBC ; WDCB WBCD (slaosls
ot g, alie yob a0yl p ogMe il 0 ZVe g
oI SVM gy 4 cns 1 78 TN Y (gip
...\.Q.JL;o

@l o alie by plo b awlie )5 (oleidn by,
Outlier Detection) ou,65l 51w (ool
S 5 9 B S iy o) & Cusl gl yo dus 52 )5l
L ety plold ¢l J48 5 ODA (o oS
SFn J A8 e odlital Slojw gl (9 pi
b B sl Shy bl anl sl eslal o258l )l

S5 o g Sy
O St Glyie 59loal> (sbaen oSl 5l osliial L
Cd b oS o) &l loyd g o pllas > (g 580 L g
byl Baiod aidl Gl olbp parseds 4 2B oYL
oslital b liny wdds 9 mud b by paeds Sua
Wiy SES g e Y 90 (S 5 il e Sy
S pldses il g pasuis b plxl 4Bl gres
13 oS S S, 5l odlitl b g oo as sl el
Py P N 08y anadb chy Ll sl
il 5l OUiS 29dg 4 ()p ol @l sl (eleidny
P Bl el ALy SEST g (S5 giudib
ooy el 3 odliel plpliy ) 1y iy by s
@ o2Ript il by ple IS Algie
Sl Vb e b pasits plaidy plese S olgis
iopl pogMe 0,3 )18 eolaiwl 3y90 (glows oyl i
o] slocanl LialS Cago g e g, el edlisd
CB 5 d9d Sygpopt Sbdes 5 2l Gl
3 dgate ) Gl b o et

a1 ool a5 smd o ol g iolejl 5l Jols b
S ibre SN (35 Jae lp (NN) (e
Gy By ol S e walp | By e eaiSh
odly dcgozmo sl 9 Z3A 3905 WBCD osls acgoo
ol as g b el 230 4793 3905 WPBC 3 WDCB
Jie s yials ol baige moro (lpmd oS
ol st Jae ol I S selg ol il
Col J3 o 4 a8l o0 )1)55 3 (2VL Cuenl | A5
P g Ve Olge 4 (Fgas (was eSS

)4 Journal of Health and Biomedical Informatics 2020; 7(2): 102-112


http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

Q92 D)Lo.vs cfg.'@.é 0,93 dyas ‘JMU

S5 S j 9 Ceodhw Sl gl dloro

2 il oy aridl by (g amd ()18
M En il &g uin 290 by ple b awlis
CB 3 d)lae iy > g atdly (g iy B odb oL
e )1y (ol

Cel o8 pladiged eaiShe S gl (soloidey by,
brl kg 03 alulid 1) Ned o ganail slas sbxl
O s pl el sw Golite sabdalb sl e
vy Jlaisl &S olbodly degore (sl 09y cnl culple
5 Slee sl yuio oyl 5 (ol polie b cladiges ¢ joos
9 1P Oy ep pie 4 g b b Wl e
2 350 ol 2930 dediy (S ol gl Yl
o) lacodgame dles 5l 0gd a3 a3 san] Clidss
Gla @ ad) cund jl glaodly ol polie ¢ guiow
ol gleolpiddin 300 3l il (o3l p i isw 40 ladiged
5 ORS oSile pl ste cbiule Jlas) o
@ a2 )5] ol popdle Bl olbdises ez b 3y
o3> ol 3 (253 3es il hg) My S
Sy &S )l g S Giin g Ll O)b il
9y opl 1 il caolio 3 Sdas () 55 odly acgesme plo
laosly degerme plo (slp 29y cnl 2Mdes 29800 dletiiy
(385 ool glacadgie ISy (o asd yp 8
Slr gy o & cwl @Y b Slalre (Saomy
L obodly degome (gl diune (pl )l adiges (gjlulis
ly 298 Sty g Cusl (Slpm 2bj ladiges Gl
A BLST elan S ) eniSlae S loje
Mol il oS (pl 4y a2y b Cioren 09 edlatl S
anl Phe gaadb gl Jue dSles g Bly slrosld
290 35 Shy L] sy elgl b 39 e dleiing
25 B o

&Blo o )la
Sy 439?@,@ oS J...»Luuo CJ)@ Qlf.\.:“gy 4.1#»9&@
D 2929 gl ibgh ogad 5> (Sl

References

1. King MC, Marks JH, Mandell JB, New York Breast
Cancer Study Group. Breast and ovarian cancer risks
due to inherited mutations in BRCAl and
BRCA2Science 2003;302(5645):643-6.
doi: 10.1126/science.1088759

Uil candals Jus 5 1y laosls Sigsl 5 ol b oS
ol bl 2 1) B Shy obl Ghey cpl aede
Sansod (> &5 (Shg 095 p g 03 ploxl (Stusen
3y 18T el o8

@ Cuns (lddny gy & e U pinen @l
5 SMO-IBK 4RS-BPNN EM-FUZZY (slai ,6S)
EM- 40,651 )l (50 bodly dcgeme don ljl 4
Ol pageis iy i8 2 (e plen S FUZZY
EM gt U Sig 35 sy el 59 5 o oolitul (i
5 olgd oL sbml g (canails ) (sly g oad (saneg)S
D09y Gy ol oad odlitwl CART  g)S, €&
WBCD (slaosly dcgame 53 gy oyl 4 Cams (g3lginin
RS- o6l .l 75 4 LV 3935 sy 4 WDBC
5 b Sy ol gl slmal (Sien dbyl, 5| BPNN
ol S o oalitl s 45 Sy ) sl L (<l
ooy degaze plo 13,8 Jao jd owlio 2)Slas i,
S el il 5 G w9 cuile i b
Sbodly dsgacme ;> by cnl 4 Cuns oidy by
5 7\ JY 393 iy 4 WPBC , WDBC WBCD
G5 SMO-IBK o)65l colys jd el Ve
S Jde 0y duslie 4 435 L [VA] 52 o Salama
s Gy Gl pagts Glp ganadl Gl
K ab 5 IBK oy cpl 5o ol odh ol oy
O b Je S g il dlues (5S35
&4 SMO(Sequential Minimal Optimization)
ol & G |y oot 09y 650 ¥ o> @bt 950
ol e L odly dcgesre dex (gl o e yeNl
&y g sl Y 3900 WBCD 03ls dcgomme (sl 550
%5 o 1Y 395> WPBC g WDCB (slaosly acgome
il e

Colia g ban WM janass 4 4 b el &l by,
aly 538> 2bj)l b ganaib Cow 4 bigel juue
Sl anaib gla by 4 Cund sy B ol

2. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2015. CA Cancer J Clin 2015;65(1):5-29.
doi: 10.3322/caac.21254

3. Asghar U, Witkiewicz AK, Turner NC, Knudsen ES.
The history and future of targeting cyclin-dependent

Journal of Health and Biomedical Informatics 2020; 7(2): 102-112 VY.


https://doi.org/10.1126/science.1088759
https://doi.org/10.3322/caac.21254
http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

o2 g 5 mlis ;Lale

Ol Wb g 2SS (61 (oS 3 S

kinases in cancer therapy. Nat Rev Drug Discov
2015;14(2):130-46. doi: 10.1038/nrd4504

4. Sadeghi B. Prediction of MicroRNAs (miRNAs)
Targets in Breast Cancer Using Bioinformatics
Methods. Journal of Health and Biomedical
Informatics 2016;3(1):18-28. [In Persian]

5. Antoniou A, Pharoah PD, Narod S, Risch HA,
Eyfjord JE, Hopper JL, et al. Average risks of breast
and ovarian cancer associated with BRCA1 or BRCA2
mutations detected in case series unselected for family
history: a combined analysis of 22 studies. Am J Hum
Genet 2003;72(5):1117-30. doi: 10.1086/375033

6. Orooji A, Langarizadeh M. Evaluation of the Effect
of Feature Selection and Different kernel Functions on
SVM Performance for Breast Cancer Diagnosis.
Journal of Health and Biomedical Informatics
2018;5(2):244-51. [In Persian]

7. Dehghan P, Mogharabi M, Zabbah I, Layeghi K,
Maroosi A. Modeling Breast cancer using data mining
methods. Journal of Health and Biomedical Informatics
2018;4(4):266-78. [In Persian]

8. Nilashi M, Ibrahim O, Ahmadi H, Shahmoradi L. A
knowledge-based  system  for  breast cancer
classification using fuzzy logic method. Telematics and
Informatics 2017;34(4):133-44.
https://doi.org/10.1016/j.tele.2017.01.007

9. Diz J, Marreiros G, Freitas A. Applying data mining
techniques to improve breast cancer diagnosis. J Med
Syst 2016;40(9):203. doi: 10.1007/s10916-016-0561-y
10. Devi RD, Devi MI. Outlier detection algorithm
combined with decision tree classifier for early
diagnosis of breast cancer. Int J Adv Engg Tech 2016;
7(2):93:93-8.

11. Vaidehi K, Subashini TS. Breast tissue
characterization using combined KNN classifier.
Indian Journal of Science and Technology
2015;8(1):23-6. doi: 10.17485/ijst/2015/v8i1/52818

12. Onan A. A fuzzy-rough nearest neighbor classifier
combined with consistency-based subset evaluation
and instance selection for automated diagnosis of
breast cancer. Expert Systems with Applications 2015;
42(20):6844-52.
https://doi.org/10.1016/j.eswa.2015.05.006

13. Shen R, Yang Y, Shao F. Intelligent breast cancer
prediction model using data mining techniques. Sixth
International Conference on Intelligent Human-
Machine Systems and Cybernetics; 2014 Aug 26-27;
Hangzhou, China: IEEE;
doi: 10.1109/IHMSC.2014.100

14. Aalaei S, Shahraki H, Rowhanimanesh A, Eslami
S. Feature selection using genetic algorithm for breast
cancer diagnosis: experiment on three different
datasets. Iranian Journal of Basic Medical Sciences.
2016;19(5):476-82. doi: 10.22038/1JBMS.2016.6931
15. Rao R, Rivers A, Rahimi A, Wooldridge R, Rao M,
Leitch M, Euhus D, Haley BB. Genetic Ancestry using
Mitochondrial DNA in patients with Triple-negative
breast cancer (GAMIT study). Cancer
2017;123(1):107-13. doi: 10.1002/cncr.30267

16. Ahmad F, Isa NA, Hussain Z, Osman MK,
Sulaiman SN. A GA-based feature selection and
parameter optimization of an ANN in diagnosing breast
cancer.  Pattern  Analysis and  Applications
2015;18(4):861-70. doi: 10.1007/s10044-014-0375-9
17. Kabir MM, Islam MM, Murase K. A new wrapper
feature selection approach using neural network.
Neurocomputing 2010;73(16-18):3273-83.
https://doi.org/10.1016/j.neucom.2010.04.003

18. Asuncion A, Newman DJ. UCI machine learning
repository, 2007.

19. Robert C, Guilpin C, Limoge A. Review of neural
network applications in sleep research. J Neurosci
Methods 1998;79(2):187-93.
doi: 10.1016/s01650270(97)00178-7

20. Vapnik V, Izmailov R. Knowledge transfer in SVM
and neural networks. Annals of Mathematics and
Artificial Intelligence 2017;81(1-2):3-19.
doi: 10.1007/s10472-017-9538-x

21. Safavian SR, Landgrebe D. A survey of decision
tree classifier methodology. IEEE Transactions on
Systems, Man, and Cybernetics 1991;21(3):660-74.
doi: 10.1109/21.97458

22. Wolpert DH. Stacked generalization. Neural
Networks 1992;5(2):241-59.
https://doi.org/10.1016/S0893-6080(05)80023-1

23. Chaurasia V, Pal S. Data mining techniques: to
predict and resolve breast cancer survivability.
International Journal of Computer Science and Mobile
Computing 2014;3(1):10-22.

24. Cheadle C, Vawter MP, Freed WJ, Becker KG.
Analysis of microarray data using Z score
transformation. J Mol Diagn 2003;5(2):73-81.
doi: 10.1016/S1525-1578(10)60455-2

25. Wagstaff K, Cardie C, Rogers S, Schrodl S.
Constrained k-means clustering with background
knowledge. Proceedings of the Eighteenth International
Conference on Machine Learning; 2001 Jun- Jul 28 -1;
Williams College, Williamstown, MA, USA: p. 577-
84.

26. Center for Machine Learning and Intelligent
Systems. Breast Cancer Wisconsin (Original) Data Set;
UCI: 1992.

27. Bengio Y, Grandvalet Y. No unbiased estimator of
the variance of k-fold cross-validation. Journal of
Machine Learning Research 2004;5:1089-105.

28. Nahato KB, Harichandran KN, Arputharaj K.
Knowledge mining from clinical datasets using rough
sets and backpropagation neural network. Comput
Math Methods Med 2015;2015:460189.
doi: 10.1155/2015/460189

29. Salama Gl, Abdelhalim MB, Zeid MA.
Experimental comparison of classifiers for breast
cancer diagnosis. In2012 Seventh International
Conference on Computer Engineering & Systems;
2012 Nov 27-29; Cairo, Egypt: IEEE; 2012. p. 180-5.
doi: 10.1109/ICCES.2012.6408508

") Journal of Health and Biomedical Informatics 2020; 7(2): 102-112


https://doi.org/10.1038/nrd4504
https://doi.org/10.1086/375033
https://doi.org/10.1016/j.tele.2017.01.007
https://doi.org/10.1007/s10916-016-0561-y
https://dx.doi.org/10.17485/ijst/2015/v8i1/52818
https://doi.org/10.1016/j.eswa.2015.05.006
https://doi.org/10.1109/IHMSC.2014.100
https://dx.doi.org/10.22038/ijbms.2016.6931
https://doi.org/10.1002/cncr.30267
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10044-014-0375-9
https://doi.org/10.1016/j.neucom.2010.04.003
https://doi.org/10.1016/s0165-0270\(97\)00178-7
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10472-017-9538-x
https://doi.org/10.1109/21.97458
https://doi.org/10.1016/S0893-6080\(05\)80023-1
https://dx.doi.org/10.1016%2FS1525-1578\(10\)60455-2
https://doi.org/10.1155/2015/460189
https://doi.org/10.1109/ICCES.2012.6408508
http://jhbmi.ir/article-1-387-en.html

[ Downloaded from jhbmi.ir on 2026-02-19 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center
2020; 7(2): 102-112

An Ensemble Classification Model for the Diagnosis of Breast Cancer Using
Stacked Generalization

Ashayeri Mahyar'*, Rezaeipanah Amin®

* Received: 11 Apr 2019 * Accepted: 04 Aug 2019

Introduction: Breast cancer is one of the most common types of cancer whose incidence has
increased dramatically in recent years. In order to diagnose this disease, many parameters must be
taken into consideration and mistakes are possible due to human errors or environmental factors.
For this reason, in recent decades, Artificial Intelligence has been used by medical practitioners to
diagnose this disease.

Method: In this applied-descriptive study, the diagnosis of breast cancer using stacked
generalization was presented in the form of an ensemble model based on MLP neural network, ID3
decision tree, and support vector machine methods. To improve the performance of the ensemble
classification model, a new approach called separator block was used. This block is responsible for
identifying instances that cause errors in the classification model.

Results: In order to evaluate the accuracy of the proposed method, the Wisconsin database for
breast cancer was used. The experimental results showed the superiority of the proposed method
over other similar methods. The accuracy of the classification model presented on the WBCD,
WDBC, and WPBC datasets from the Wisconsin database was 99.54%, 99.58% and 99.84%,
respectively.

Conclusion: Data mining algorithms can provide new and more cost-effective systems in the field
of health and treatment that can diagnose breast cancer with high accuracy. In this study, modeling
based on the stacked generalization technique was of high accuracy in the diagnosis of breast
cancer.

Keywords: Stacked Generalization, Data Classification, Wisconsin Database, Data Mining, Breast
Cancer
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