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ABSTRACT

Background and Aim: Nowadays, there are increasing amounts of data in various fields,
which calls for special methods for management and extraction of information. Therefore, use
of expert systems in different fields in particular medicine has attracted the attention of many
investigators. Prediction of diseases such as heart attack is also a complex issue for which
selection of major risk factors and obtaining correct results have been considered essential.
Material and Methods: In this study, using fuzzy system, a model was designed which
works based on medical knowledge and discerning comparison. In this system the criteria
used for the diagnosis heart attack are introduced into the system. Then theses criteria will be
used for the risk factors in order to predict presence or absence of heart attack. In order to
increase efficiency and accuracy of the system, the influence ofthe more important risk
factors have received higher values. The proposed algorithm was used for the data collected
from 1000 heart attack cases and patients without heart disease by using fuzzy systems in
Tohid Hospital in Sanandaj.

Results: The proposed algorithm could predict heart disease with 98% accuracy in the
subjects predisposed to heart attack. Another advantage of this method is its high efficiency in
the absence of important diagnostic methods, such as exercise testing.

Conclusion: The proposed algorithm can accurately identify patients with heart disease. Risk
factors such as age, blood pressure, unhealthy fat, smoking, family history and gender have
significant impacts on the development of heart disease, Therefore, designing interventional
programs by medical centers and providing information by mass media can be useful for
prevention of heart attack.

Keywords: Prediction of heart attack, Fuzzy systems, Fuzzy inference engine, Risk factors.

Received: Feb 6,2016  Accepted: Jun 21, 2016


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

NA-1RI/RGD 90T g je0 /7 @52 § Cuny 8)gs / Olws)S (b)) eole oSkl (alc alas

S0 g8 3 00lakl b (B (slas slow (Sl S 0 3 s S (150

Temeoy il D32 sgnygi 3T g by

Maihami@iausdj.ac.ir «AV-¥YYAMEFV sl dls (J stn Gl go) Ol ez it domly ool 315T 6831 7yl 035 oo St g (g0
Ol ) et ol el 31T o315 ¢ nckiga— (3 6 A1 331 £ smign (Al (LB IST (g tils Y
Ol it Ol S (S pshe o8l ( o305 8 slslzal. ¥

oy

- 43U (el e 5 el Rl 1l s s e 4 Calbes (6las )18 55 g ge laesls oz T BAR § dine)
31 ealital 4 ol sdls o ol cpan AL e iy Laesls 1 2ils 5 SOl 05,57 Gy 5 1875 55 oy ke 6l 5 ole
i ol Bl (ke lae) o )3 Oliiees ax 5 3)5e (KB 05 Calbee slas )8 55 (5305 50 (Sla s
0357 Sy 5 g (Sl 585 Sy ) sl 53 487 Al (o ok s o (6 oz 51 35 (5 (sls (5l e Lo loy
ol a5 5 ) g0 dlies Lo yd 4

LSl ok (b (B laolen (i S Sl e K (656 e S5 ST @ cdlis ol 53 T (w993
48T lsbre ((63lgihy s 53 ST oo for Liedipr aulie 5 (S glaails ol odd (b ol 1 eslind
S5 el S s 0d b 5 0156 4 3 53 0 0linl b S5 lan i A5 S oley S 1
Slr 8 Golem 355 pue b a gz s seodd Jlasl Loy g8 Sy (55 ol 8 nl ol dlo o 53 Al al 5 0313 0 4
Joarpgnt 6Jkﬁu¢§=xw¢é>3&l)l§&\}| $p ool M):W.ASGA et 1y i35 38
5l by et sl Vrrr Glaesls ae pame (555 o3l ;v-’u;is‘ Wl o o3l (ol B 5 ge (sla s 5ST6 $S
i (936 ) e ST 4 5 te )l Bl 5 55 kit Ao 5 Ol Sl et (65T mear @Il 13l

g":’.)}iﬂ &S sl olas T d 5 Ol ylews 3l °~’~5'L$))T@-‘<‘L§L“ 0315 4e gazen (59 ja,unclq;;\ Sliobe 3T c:l:.» "]
ol o) 025380l R e s il 1) (B (6ol s 5131 s i iy 23 QA 33 L el (3l
slin (233b (Oh)lay 2oy 0 53 S pde ) 35 Sl )3 55 o e g Sl S (o0l S L oS
ol azils

Loy Sy omed (il (oo Jlaw S35 L (5 Ol olulid 4 536 (oolgiiy r’u;i” P Ao
alip bl iy s (ol ool 4 35 Ol 53 gl BB Stz 5 Lol able G e o O LS (e
.;;L;,fkwuﬁ_-ﬁi@g;l OlF e Sloyd 5 Sz ST sl Gk 5l Slo,y pbI 5 (sl alst s

585 Sy ¢ (536l e g6 S e (S Solow (S A T ST SROSg

Q)Y 5 s QO/FIYE: Ll 4 SLol AE/NY N Adllie J o s


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

N9 (agre g

Aol G eslimal b g5 mlmad Hgse ¢ Slal s
Il s Jel 4 fdl 4Bl sl ol
5 AS o 8255 SWedls 5, G5 ol B (g4 seres
Joks 15 0T Slacs 32 a5 s 8 o 15 (556 slams
el bl S5 Gl S e B e e
S5 S e s U 3 Sy 93 gl
35005 53 3 65 1y el Bl S 5 s sl B
o Ales 3)50 4 1 ST 231 L plozrt Shas 5l 015 o0
S e g lass paze 53 ¢ L5 e (V) 5,
GoL s gamma 53 5 d |y Sldel Calses islie Wil g
Calee o 5551 ke sliel Ly oMo Ll e i
0L 3 elaedls Bl see S ndy 50, G
355 ool (G5 siaie 03 iy Jde Ol sea |y (ad
oy 4 Sb5 gl ol wbyl 656 &k g LI5S
Yl ¢ & IVl (F) Cal (656 lads same
5Bl el b e 15 & Sl L] 6 e
IVl ezl ol B ol ol il 5 (oald b 53
g sl o5 Sy aS s 5, 5 yseie sl
S3B la as ez Gl p3 Coaldd ple 5 2ms L5l 6
IVl by s b 5o b IVl ols o ge
St 36 Slapiam @ 0) mpd wrlge o
ol s ladle jo &S U Caw Calibes gla i
(=N 33 F oslinal 5 slasslew st 6l p shate
Oge Cov s adlbe 3 OLKea 5 ol S (g5
dib eSS Sl oslinal b (5 (slag ey yasnis”
Sy Koy il S ST ek s
55 LOT (algiiy o2 S0 (P) dis S oslisul 4les
&y osl bl DLl 51 LOT cils Ay AYY il
P QL_J)L{}S}@ wl..u;; oslazul  3Lo) (glaosls Lol
5 Esm 0,3 atws (Gilwang Olge b gldle O,
S53S Solew pais Gl G5B oy R ol
ol ol by s LOT (V) L5 alyl "Cls

400

Glrosls wam codls A5 laslp 0950, Aa, L
GRIFN Il 53 e a el 6las )8 55 3 g e
Copte Sl iy 4 5L ald s s .ol
e Wosls 31 s 5 SleMbl 05,57 Cawdds 5,85 5
(8 ez 31 030l o7 ol 0 s ol o0 B o
Sy o5y Calie Glas IS 5 gslSTesls 5 o,
255 o) g pl Oliiows - 55 3 ) g0

23 &S Az gl glaylile s Loy S s
S A b Sl Olalase 4 oSS b,
ol Lls AW eleds spdow sbaae 53 OUT
Tlawily 5 el S8 4 1y Sledbl Y pene aslol
U e 5 o305 0503 iyl JST a0 2ls oL
@b besls oyl Sl zlmad ol olebsy ) 6,8 o
ol gl S ol dhaz 1o o Juol 5L e
Ghe 4 Olge 25 ool 6T 5o, (Sla i
oyl K55 02, 5 (o san (ae SlaaSC (s
Lo b odsl Gl 656 Glads sazms g4k (V)5 S
s, 5 A thﬂ (V450 Jle 55 o3l b
geie s b eslal (g5l claas s I (godss
3 Ao Cugas w3 Ll e geme paie p (9340
S S pae dxyd 656 Ghie 5o S s Cl
N I X S| T W P RUTS PR L
By ) bedidy 45 Sl et (550 (e
e Bt op| LS o Gildde (656 slads sazs
Sab Ladign 9o Glapten (035 )3 A NI
@3 (5B Glagtun plul ran p Aisd e S
636 e & g WT 5 &8 Wlods (o
JKY shls o e ) 53 38 ol Slus 56,8

L3355 sesls 055 (656 51w (5351 ael g

! Expert Systems
2

Rules
® Facts

1090 0LT g )0 /7 @53 9 Cuny 8)9s 7 PBw)S (Tibly eole o5k (ol alas


https://fa.wikipedia.org/wiki/%D9%86%D8%B1%D9%85%E2%80%8C%D8%A7%D9%81%D8%B2%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D9%86%D8%B1%D9%85%E2%80%8C%D8%A7%D9%81%D8%B2%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D9%BE%D8%A7%DB%8C%DA%AF%D8%A7%D9%87%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%AF%D8%A7%D9%86%D8%B4
https://fa.wikipedia.org/wiki/%D9%BE%D8%A7%DB%8C%DA%AF%D8%A7%D9%87%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%AF%D8%A7%D9%86%D8%B4
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D9%86%D8%AA%D8%A7%D8%AC
http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

oI B3y ol 1P

Sars 5 w3 gl pdie A Okl
25 0dd aeia (S5 slie b g WS S e, STB
3 Pt il OB a1 (05 5L (o Jol)
w95 OleMbl candllas ol 5y s Cilaal (i
£33 azwd 5 (8 Hlay o131l amas 55 5L 5,550 Hle
3L 3 g0 slay sST6 oSy bel i (S Loy o7 (651 3
wwd 95 A 5,40 Cawds LT 0y s 5l Ol 55 oo \)M
R N Y Pl > VI
A S 15 eslial 3 4

ST @8 o Gl bocaddlae ol s
Sl Sy 05 B panatiin o131 D gt b iopan
w8 55 0T @Vt L 0 5lis 586 oS
S s o Sy eSh oS, Gl Sl o
5 e LLF 5 o, ol oldie ST CRP L S5 e
sde Ul g oo g A3l o0 0599 Sude gme 4 A3L 7 (YL
St o b s e Ol AL o Yo
A3 a8 Sy Sl eslimad b (B ey o131
Lol ﬁ)}i“ A e (5B e 5 0l w5
(S5 s 2313 oL 55 okd o1 b Aol 3 Sl oslizal
Dles G355 oS s,y ool oY gl
bl ) B slaolen 4 M il 5 Ab e plan)
3> ol ol o 5 e s 0 8 e
B Sl 33) s sl 5 ley 33) Al -
2 g (s

gl e (81 M ) 5 (60lgthey e 5
Lo 5 VAVO Lo 3wt (ol 0 o3lizl (536
350 6w el ST (56 U S et sl ) Sles
Gy Aol e gamn S5 515l LAs B jme O oils o
s .(5‘)3} okl 5 = (e 93 bl Ol 2 0L
ol g 5l slasgazme Sl $5s el 58 JAST Glaptens

.5),&@4:5&@‘.,\4“&))@0&@1‘,’6

&5 s e IVazu!l 56 e Sl s 05 S (ghudiwd
208 (i 33 o g oslinal e Iy ie
03 g Loy AF/YY Oliyslgiiny

b Ol S (gl adlls OLKen 5 ks A

595 Solew Go,bbs SL5H sl 630 gl Hsise

r;win S8 OT andllas 53 oY) disls plowil "5
sld e Gl sSh ¢Sy Sl ol eslizal (g
S SIG55 it 4 5038 G aib 1, 0K 5 baw
Llodewy TAS S35 4 5 Ll o3l Wles S7 >~ b

=0y e ca.\.&vl:.dlc\;&ifQLJUmw)j@qq-}ﬂ{
Sy aen 35 55 b (56 Gl oSS 4 &
old plnil (B (ol e o S8 56 s, 2S5
J s g sbm nl B 5 J 53 Lo s s il
ol ngjT@.? Slaesls 59y » a5 Sl oyl andllas oyl
b G35 e S8 4y i Ay Ol ey
S 38 Sipe (B Goley Gty ks
Sils oL 3 odd ol b el 1 eslizal b golgiiy
Gl Sl Sy ol Y gl (656 e
B sl sley 4 M kg 5 w3 8 plowil Slew (53555

A Ly el ol

IR )
el 5 il oo o - s g Sl adlle
(3 g2 on kit A 5 Ol sl 53 (6 s Ol ples ()L T
D AT 5 GOl 51 &8 Frr Jold 4ged qon
sl L U Ll W g edd (6t 4T Sl ley
LDL,HDL,CRP wsbs Lo andlas 3L 5, 90 Sliole 3T Lo
o Sl ol oslitul 03 ol S LOT oy 5o
Slrsley DL 1B 65 s sl s esls sl
8 Ol oy 1 osled ki Ao 55 Olslo: (HIS)

Gti’lb .A:-l) BE) Q‘)L..f. LQ"U}J’, C e [ df&»f\

4 Hospital Information Software

1090 LT g )0 /7 @53 § Cuny 8)9s 7 PBW)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

1Pl ogre &g

L&)}L’f‘&i{ﬁ)év\.ﬁ@jdbﬁ@
6“%‘}MJ3WOL‘)JJ:KbQJ,}‘:‘AJ‘w
O‘)L"-ﬁ“'ujj,j‘ ol ab)jT \ d).@-)b‘&f&bﬁ)j{lﬁe

B ol (S S Sl o S (51 o s
W 3l u‘.-").bjl. o 3] o~ ol GJ}TC‘:‘. laosls
OT s Pl g e 3 st old (b 30
S5 ot 355 313 40 058 0 5br 65 s

(1 JSK8). L a5 03l rns 55 aalsl

mding

TTI1T1L]

mndu

Fuzzy Inference
System

Fuzrzy Rule Base on
AMembership function

Fuzzyfication

3l r’wﬁi“ o

Th—\ S

1WQ0 oUT § yes /7 @53 § Cuny 8)gs 7 GBS ¢ Sib)y egle oSkl (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

el B ahb  1BP

Lo, 556 ¢Sy (s azws— V Jgds

S s 2556 S
Vo-y Ol Slest o
Y00 Jlile
0 =50 m-Jlila
70 YL =
S S
3
o YL du HDL
v o oS
Yol S oS S
b S
e
75l S sk CRP
7 YL ot
A el
=
b S
=
4 el aile
=
Ve Sl S s O L
Voo Nf Jb
\F-\ YU
¥ YL YW S
Voo sl g8 Jb 5 LDL
Yooy Rl
Wege Y A
Vo YL TG o
A ol S 4l
= b

3}?}r.k.9g:))y).>\.i)~u}fu@c:>n~a—;ubj|cjl>'
LI glaalkd) Sl ois 53 sy gn 558 &S
63,5 o3 ;\;x;;dﬁ.(,}l} O9) oo ,ldae

3,555 0T Odo @ ) gme il 5L Jl slaalls luis

r:i)}i" c~
35 S Sl ol d> o lr Jols golgiin r;win
mosls (Jgl Al e 55 LS dal g5 6oy oA (alJS A 4alsl

9 6)\J§T Slrodls 595 o ol g5 ol Lg)}Tc..-g- sla

1090 LT g )0 /7 @53 § Cuny 8)9s 7 PBW)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

1PR (agae (89

debcﬁT)()Lg.g- 4.1.>-Ja BE .J\JM\‘,}'-QM

J:ﬁdwwd)b‘fjfb(:yd’f)\au\ﬁ'\’@d;

S REa 5 35 e e sl ST OT il
JRRPEA AN [N 5 PR S IR VY
> é 3,05 345wl A g3 ©alghins V':i)jin
sl a5 5 (Gsle ) S sema il
OT s ol oyl ol (Y ol y ¢SS w)odss 15035

- ol Cael amy5 (gl yln a8 Sla ) oS6 oSy 45T ol

B (G0 t Zygae b bl dies (55

&MQJJ:}.'U) -\...va ails fﬁj’. ng)jsfas

Y Jsd> 5 a5d i ngléwjgjw s, Sl
.@\a“a:)}“-@-)ﬁ)u)ﬁ\é&ﬁ)
©olgity (536 e 42 3555 sl 3bT 5 ol o 5 ST Sy — ¥ o

@b 25555 o el g 53 4S5 ) S5l s
(> alpa 53 Ailos gy 3 gdoms 5 @S Sl Syse ol 4
0315 (36 s 4y J3 Al n 5l ockeT iy SN
VS s 6 glailen S 513 5515 5500 G5k e
3Ly e 03l 3, 50 (G5B i (A 0315 LS
S 5 (LysSh oS, sl w5y Zaa sl
Jsep Gb 56 rap cpam do e 53 3005 (s &
bocal o ol 53 AS oo e 1y k] d Y ) alaly
Lile e SU L gla)sSTh oSy 4 iy 0y Jles!
2wl s 6K (36 e (A 45 b
oy e S AT o s ey 2 (Shy L
53 03p slew 2o 5 Dlew 0T plel 5 (oolgiiy

Age .

Young LYY Med D — T
Med-Old 70 b Old 7 Y
B-P o=
Low Ve RS Normal V-
High Voo F Very-High V¥ YL
o
Normal Voo Sl S High Wt

Very-High 15y
Smoke ,&...
No & Yes PR
F-H Job Gl
No d—+ Yes V-0
SeXews
Female b - Male Ve -0
gkl
No c0— Yes 1 - .0

&gl‘,éo@.lgjaaﬁf &g\‘,éjhéaj)jwb\jw.@\a&oalaQW? Gy 6L&J§L)JWW¢'LW6‘}:

s dals Mg e (s &

1090 0LT g )0 /7 @53 9 Cuny 8)9s 7 PBw)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

oI Y (ol 1PIE

Loy Momd  High VaryHigh Young Med O VeryOld
1 ; —\ — 1 ? —\ E—
f WI ‘4 \ / \\ / \ If \ / \\
| , o ,
/ ! | { \\ { | | | \
I‘ | \ | \ \
/ || \ / |
"‘1 \/ \ o1/ \
Ny \ oy
L 1A \ [ A \
5 [l 15 A pil k] N 1 60 Al 100 120
Og5 i (556w — ¥ S b - Y S
Norml High Veryih
1 — / \
\ /'F ‘I\I f/ \
\ [\ \
\ \
Y \
| ‘ \
" \ /-‘: Hf \
\\ f X \
\ ” |
._.\b ifJ i. \
Gl 10 e 150 bl b

an o s - F S

e bl ulal ol G il sl
o b 8 5 533550 BF (i cpl 53 La, S5 S
S i)l 53 aaldd ple 4S5 55 0 o ol L
Joder 53 ol 8l 51 (S a8l (gilde (IS (g5 les

Sl ol 03l u,;.‘a‘l.a.n iy

5 DS Syphe Wbl by S S
GB35 Cogie w5 Gl S S 4k Gl
B Tt T R

Wl ok o3l oy o8 Sy puae 5 |

s (S 8 o

Solghiay i s 951 (ailgd 1 (S 9 — ¥ Jou

>}>.'JJ’:"‘é45{“")}<¢-‘V‘eé:"'cb‘~ﬁfé~°sﬁ>ﬁ(¢w‘“ec’ﬂ»ﬁ0}5-)“5)}(-’:-3@°~‘rf)‘§7~))(¢-‘0‘}?;r-");' \

313 55y (b (55ler oGT (Ll g i) 5 (50 355 alis) 5 (3503

395 ool ail) 5 (Gl YU st el 53 pdn ) 5 (Sl VU rla 5 st 5LE8) 5 (a0 kS H0) 5 (Sl Ol o) ST Y

Syl 55y (S )b ST (ol STdle i) 5 (513 357 9 ulis) 5 (5,05

5(syls )ﬁ)&#&ﬁi{hﬂ))(w‘yb’Chwjiféﬁ&ﬁ)j(@‘éib)} o,s)ué)jb}.:@a.\:;fjtif)j(@ldup y)fl v

353 sy (S (5leny oT (Canl STdo ir) 5 (3,15 555 ub3)

= lases Sl F 0 A sV Gl s o S esliad Surface

VIS s das e Ol 1 -1 Surface <l

O Rl e RS s sl Gl 6B e o

Magad 51 Olg (oo sl sz~ Odd 5 b (G395

1090 LT g )0 /7 @53 § Cuny 8)9s 7 PBW)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

PO (ogs0 L5y

&L;JL“:‘. )ﬁ)dk‘b—\lg&m4b{bw30}>’-
3959 polas il BIL s b oo odalive S ) ghailen 3505
JLES jie el oo GRIB B olen 3y Jlel
53lae 53 e uiie 6l 9 VY YU Lislas j3 1 s> O g
Dy 565 5 S a2 g 5 e Jlu B (VL
WYL O Hlas laae Jle el (YL o131 (6l g
4;A§ﬁ>us,>uu§@&¢§ujb}cﬁy;wg

MGAJ?GFWMLQ)L%JFJJL&‘

rae 2 5055 LW 63509 93 plul pasliy (s P
U’:‘f“ﬁ‘ l; :}&Lsc odalive 45)}194“ (Cwl ol 0nls OLES
&6)1.».:{3)3-3&)&7:-' 39,9 jbgﬁ‘)‘ C\JSJA‘)\_UM
Jiéu.a BE ‘J_gbj.‘l.n S L;lj)ha ¢ "blﬂ < u':“:’.‘f‘
\# L;Yb JiJLE.A BE) \:3.&:— O )Lﬁé 6\j} VY. LEYL’
ﬁ:LS.a DL ’flgfj&i"f &.w@@)‘f—)‘@
Gt 43 (Solos 3525 Dl o a8 o5lie I S

SLid 4S5 58 o odalive /\Jg.‘i);.;}&@dipj,&o

o 3 O s el Llsgel — A S

S g 5 05 Ll lage -V S

e p opl Y aaly dil jzi L Slinl ds ol 51 0T
.Mbdﬂg’)w‘)
Sy S olas, S sl oslgiiy v;_),in o s
s, (CountDM) ol Cie n 0T Cubs 4856
S 5 e o g3ds 5 (1) ssf@ﬁ.ﬁu:)ﬁ)y
4 & gl Skl d 3l sde ol LT e S ()
d- 5ol oS (Bound) ol edls s > S50
24T o Cwty (YesBound) "ak" S alaT
- J;@,@\;@ﬁ«fﬁfdw,ﬂ aslsl
4.;.‘)‘ 0als w%} S (YeSBound) "41.3" U"'% 4JL7.-T
55,5 13V i Compare e js 54"l 5

"ﬁ,'." J'f"‘:-‘}‘ 0als w}&f)éﬁ 43\3MT4>)"J:*§J?‘

S2955 pldas (o0 5B bl 05,5 Taa )
l Sheslaal b s e Lgd (oo (2b5)) (G5B R 53 Lo
Codges s b OT (gl a5 (o) engdoms 5 Cuseis
21 (FR(1) 4 5 bl oo Jlasl b 0T (55,51 ol 53
S G Jho e ol (348 do s a5 s &
G (531 s 4 S 5 Wkt 0357 atetie
P Usep Gl A b e S e A
@338 atie LS WL by Sh Caeal alal
s ¢ Lol 535 55 5 (Sl 5 Loadl 510 s Solis 5 5STB
on 38 ap Gb (556 e Sl 03551 g
5355 or oS Wl do 5aS AT (o0 Sy 5 5 ko

6}@@6&;@)‘} "414." J%JJ&LAJ);)

1090 0LT g )0 /7 @53 9 Cuny 8)9s 7 PBw)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

oI (B alhb 1Py

&S ad 5,8 o) ) sl Compare i s sy

Countg,,
e=———
n

YesBound=Bound-e
Tal S Akt 05 g0 jaseia—Y b,

For i<-1:n
FR(1) = evalfis([Inputs],fismat);
End

38 o 4 Lro3ls 2555 — ) by

If FR(i))>=YesBound & 1C=2
Then Compare(i) <- 2
End
If FR(i)<Bound & IC=1
Then Compare(i)<- 1
End
If Compare(i)=IC

Then
Result <- Result+1
End

Sy 0dd o e Sa S sles 05 ST edeia — ¥ dbal,

VU (olgrig o, 800 B3 3505m sl BIBIL 2
S pp S 238w Ol ol ol S s o0
e (6,85l S sy Y baesls 5 Las, S,
EUL O g 1 sa5 52l BB 4 5 55 ol
ol 514 kil 5 Sl eld akie &K,
S35 Loy Ol law sldas 535 YU glanl js ol edeins
-3l 3 Ll (o Rl s VL G b, S

B o o 03 e b slen 0L TC e ¥l o

Lasl
S0v e Fre Yo e e sl b esleti v;i,,in
S E3F N F T sy o4 slay 5,800
5 el o 3l 2ol ) S5 ga5 3 odeT Sy =B
g Sy Lesis boeeT St (pfaw (r35)
S ol Slda 5 okl duwylis (bl 3ls as sazes
Vool oS i sl e 02 S B Oles
Yoo Glpedwoys Qv (o Vv Gl il dp Ve o s
Brv 6l pedoys 48 Lay aFrr ol do,s 80 La

MQ@M}JQ/\U.AI]A\"' st.z}u\..é)JQVu.é._"f

1090 LT g )0 /7 @53 § Cuny 8)9s 7 PBW)S (Tibly eole o5k (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

1PV agre BBy

P ey QUL-;...: aldad

H )

B olew )
.)LA__,_.,T..
.)LA__,_.,Y'..
B olw b

[ URTIR IR

dadpn 8 alinb (536 02y 8 lejT et =V ls s

wuﬁal@%ﬂ,,ﬁiquuﬂ&uﬁ)\;ﬂ
S s 4 s s 3 Shas  dos QA s
ﬁ’;@)‘} r})@))ésﬁ)}g\ .@‘)‘J}S-J{
JB s g, 5o 5 L“p—”ﬁui“ 2los (il osla
ool 3 eslial g CEs kel oty Jds "J«fd’
Gy et g e Sose a4 53 p Gl ol
olgin gy Sl eslanal Lla, o876 51 eoluw L35 05 S

ol

oo
Lse b8 L ealgiy e Slaole 3T aslsl s
el ";HTCA? 0313 46 samn 59y » (VO-Y) 2308
S 53 23 8 13 amlia 350 it A 5 Ol Loy
&,aéujjjtlj\cd}gL;uu;,,t\,slj\ujkfcﬁ\
A ol ok 48 8 S S fhe Do 4 s oS
03,31 S (gl sl 0l o3lizul LT I s awlie >
ST Gl oS 65 1l 5 ) @id8 gla ig, s
Cndy @L”J Ll ol oolanl 39 3L 3590 s 29y oyl

2 4{ )‘,JaaLoA C,.w‘ ol a:‘: QLZJ Y )‘b}.«u‘ DL DJAT

100
H NaiveBayes
80 -
mIBK
3 60 mJag
\%‘ Kstar
T 401 u
W VFI
20 A
BayesNet
0 - M Fuzzy-Weghited
ik gl I..'.'._UJS:J'I

033 4o pazme len b 805 05 SN iz L (o3lgiing 158U amglin— ¥l e

1WQ0 oUT § yes /7 @53 § Cuny 8)gs 7 GBS ¢ Sib)y egle oSkl (ol alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

oI 33 ahb  1PA

4 T Bor gl s aiis 53 m el romes
B Olaase e 06l &S Slawley ST
o5 3

o:;r}sslﬁééﬁpbsua@bg;% °
Foo g 7 5 Slasloy DLeMBT )l j3le 5 Ol siasli
sy, JolST Sl 03 5 5505 sl okl
o des ol pll b B e ) 0 Obsles
ooed 3> Ol wais S S Sl
U5 o S NF S b a5 3 al s
4 @b Kos g g Ls)ﬂ@? L Sledbl ol
Lok sley ST 55 2510355 b oy 4 anl e
2 SlaleT b i Ao 5 Ok slay ales
okt 313, l 31 g 5

035 syls gl Olays a8 5 OS5 4 sl @
31 ol Oz G O Ollay SN ol
dis Ol o dzwa S Sledbl W86 Ol )l
o ki 55 Camd e L a8 S8 Sl

.w‘ﬁbﬁ)he.ﬁjﬁ;{‘):bﬁ

G35 S iman 5 Sl e 3 et 3500 81
234 s s Olg o 1y Al s, (onlginy
3 esbizal (1 iel okt = Jae 35050 ol 31 (5315 sl
Ll Sy e Dbl Gl @S5l lapn) S
Gaios 53 odd B8 55 e Shs Sl 4 ar g
Ol g5 oo Sl 0daT s LB azdeze Oy piin b (55l
b Shs e bl gl 6,5l s Sl
Sl 655k slagz ) S 51 eslizal (Y 587 oslinad
S 598 00,55T Gy 5 56 oSy g S 5

Srr S

= e S0kl b o (o3lgiiy ﬁ);i” lis ol o
Ohley (o8 Slagslow (s Sl Ladipn (556 la
SRIP ke 4 maie A 5 Olley 53 0l (6
35 Oy ge pl o eolgiiy By b Sl e de L8
Cipe g ek gl Al Olley olisy 5l Sledb "y
35 630 s 3,05 1, 0T Ol & (G50 & L3 5
S 5 3905 Sia Sl)ls 63yl p—’i)}iﬂ S8
Sl sSh S ) ool gy ¢ Sl g &
Sl (P g dmea (8 (le sl 3 S50 g e
B e 4 (93505 el " 5 AL i s
dom OS5 e TO alaly 534S g0 p b 5 555 o Jles!
Gb s S " s b Tl IS (gl wkT
oA S galdel i gl WIS (5B g & OT
FERRCSIPRPESN NP (R S BN SN I BRPRE
I e 5 (I8 (goley 35 pute (glime @) 5" OIS
ooz 25 lime @) "al (IS > il Gl
S35 2 odd pladl SlaslejT mls 5,8 s 513 (S
byl 3l o LS”TC:“'?' 35655 Voot oals as gama
Lo y3 QA s éz%rq)}g\‘\f:b QL:JC.L;;.».L?}S
Sl yosdhe dad o Laseid gyl b5 Hley )l
Oobe b S b8 o o) 8 (ol g
Ol 53 5L sl gl Wl ol s ) (S
- o s Ohley 1 (815 033 4 gaze &S5 51 s S
Galgin By AledT (6l Ol cpl 5l 31 5l e g 55T
) ol o5 Laul
Sl s 8 Oy Sl 5 0T oy s ol
D30 3 e eolimel g 5 2l pe caesls (g)sT e
D sd o dlgiiny ol &1 |
2558 e oj g 5o db Gobele @ slgiy @
e ol G alie gladble slwl S
Ol 3 50 23 o 5 g ST oSS

}a.k.’.fﬂ\x?‘fupuuﬂ J)f))&d)l«ﬁ)ﬁ}

1990 00T g )8 /7 052 9 Cuny 8)9s / OLwyS ¢ Siby eolc slGils (alc alas


http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

1P9 (oo (B9

&ﬁ-;jbbjijv\{};Lbubbé‘Lg\jdxf;Lisu
238l 5 ley b enlis Caliies (la 576 S

S5
5 omwlze AT > 5l gyl agh gl 4l bl

s gl Ly o816 oSy Sl gl bl diaiign
glé).ﬁg Lo

S gk o 5 Oyl w1 Al O iy 5

a.,\.i\égi.ajfa:l.é;.«b\.«ﬁxb))kﬁ Al Sy g

- o2 K Sl eslial ol ol 35 5 b 58 (11 e

Alie Sliole 3T 5L 5, 90 slaesls L;J)TC.? 55 6K
.J.;J‘J |)d‘b‘)v\§jjgo&3g_j‘a§

Reference

1. Harrison RF., Kennedy RL Artificial Neural Network Models for Prediction of Acute
Coronary Syndromes Using Clinical Data From the Time of Presentation. Ann Emerg Med
2005;46:431-439

2. Khatibi V., Montazer G.A. A fuzzy-evidential hybrid inference engine for coronary heart
disease. Expert Systems with Applications: An International Journal 2010;37;8536-42.

3. Austin PC,Tu JV, Ho JE, Levy D, Lee DS. Using methods from the data- mining and
machine- learning literature for disease classification and prediction: a case study examining
classification of heart failure subtypes. J Clin Epidemiol 2013; 66: 398-407.

4. Rajeswari K., Vaithiyanathan V., Neelakantan TR. Feature Selection in Ischemic Heart
Disease Identification using Feed Forward Neural Networks. Procedia Engineering
2012;41:1818-18/23

5. Venkatalakshmi B, Shivsankar MV. Heart Disease Diagnosis Using Predictive Data mining
International Journal of Innovative Research in Science, Engineering and Technology
2014;3:51873-1877.

6. Krishnaiah V, Srinivas M, Narsimha G, Chandra NS. Diagnosis of heart disease patients
using fuzzy classification technique. In international conference on computer and
communications technologies (iccct) 2014 (pp. 1-7). IEEE.

7. Muthukaruppan S., Er M.J. A hybrid particle swarm optimization based fuzzy expert
system for the diagnosis of coronary artery disease. Expert Systems with Applicatipns
2012;39:11657-665.

8. Anooj P.K. Clinical decision support system: Risk level prediction. Journal of King Saud
University — Computer and Information Sciences 2012;24:27-40.

9. Acharya UR, Bhat PS, Iyengar SS, Rao A, Dua S. Rajendra classification of heart rate data
using artificial neural network and fuzzy equivalence relation. Pattern Recognition 2003;36:
61-68.

10. Alizadehsani R, Habibi J, Hosseini MJ, Mashayekhi H, Boghrati R, Ghandeharioun A, et
al. A data mining approach for diagnosis of coronary artery disease. Comuter Method and
Programs in Biomedicine 2013: In Press 10 pages.
http://dx.doi.org/10.1016/j.cmpb.2013.03.004

11. Allahverdi N. An Artificial Intelligence Application, Expert Systems. Atlas Press,
Istanbul, 2002.

12. Chi CL, Street WN, Ward MM. Building a hospital referral expert system with a
Prediction and Optimization-Based Decision Support System algorithm. Journal of
Biomedical Informatics 2008;41:371-386.

1090 0LT g )0 /7 @53 9 Cuny 8)9s 7 PBw)S (Tibly eole o5k (ol alas


http://www.ncbi.nlm.nih.gov/pubmed/?term=Austin%20PC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tu%20JV%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ho%20JE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20DS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23384592
http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

O Y (ol 1We

13. Chitra R., Seenivasagam V. Heart Disease Prediction System Using Supervised Learning
Classifier. Bonfring International Journal of Software Engineering and Soft
Computing 2013;3:1-7.

14. Czabanski R, Jezewski J, Horoba K, Jezewski M. Fetal state assessment using fuzzy
analysis of fetal heart rate signals—Agreement with the neonatal outcome. Biocybernetics
and Biomedical Engineering 2013;33:145-55.

15. Dai W, Brisimi TS, Adams WG, Mela T, Saligrama V, Paschalidis I,ch. Prediction of
hospitalization due to heart diseases by supervised learning methods. Int J Med Inform. 2015;
84:189-197.

16. Das R, Turkoglu I, Sengur A. Effective diagnosis of heart disease through neural networks
ensembles. Expert Systems with Applications: An International Journal 2009;36:7675-7680.
17. Das R, Turkoglu I, Sengur A. Effective diagnosis of heart disease through neural networks
ensembles. Expert Systems with Applications: An International Journal 2009;36:7675-7680.
18. van Gerven MAJ, Jurgelenaite R, Taal BG, Heskes T, Lucas PJF. Predicting carcinoid
heart disease with the noisy-threshold classifier. Artificial Intelligence in Medicine
2007;40:45-55.

19. Jesmin Nahar, Tasaddug Imama, Kevin S. Tickle, Yi-Ping Phoebe Chen, Association rule
mining to detect factors which contribute to heart disease in males and females, Elsevier,
2013.

20. Akhil JM, Deekshatulu BL, Chandra P. Classification of Heart Disease Using K- Nearest
Neighbor and Genetic Algorithm. Procedia Technology 2013;10:85-94.

21. Jee SH, Jang Y, Oh DJ, Oh BH, Lee SH, Park SW, et al. A coronary heart disease prediction
model: the Korean Heart Study. BMJ Open 2014;4:e005025. doi:10.1136/bmjopen-2014-
005025

22. Karaolis MA, Modtiris JA, Hadjipanayi D, Pattichis CS. Assessment of the Risk Factors
of Coronary Heart Events Based on Data Mining With Decision Trees. IEEE Transactions on
Information Technology in Biomedicine 2010;14:559-566.

23. Kolus A, Imbeau D, Dubé PA, Dubeau D. Adaptive neuro-fuzzy inference systems with
k-fold cross-validation for energy expenditure predictions based on heart rate. Applied
ergonomics

2015;50:68-78.

24. Kukar M, Kononenko I, Gro'selj C, Kralj K, Fettich J. Analysing and improving the
diagnosis of ischaemic heart disease with machine learning. Artificial intelligence in medicine
1999;16:25-50.

25. Meena AK, Kumar S. Use of Expert System in Medical Science. International Journal of
Advanced Research in Computer Science and Software Engineering 2015;5:371-373.

26. Kusiak A, Caldarone CA, Kelleher MD, Lamb FS, Persoon TJ, Burns A, Hypoplastic left
heart syndrome: knowledge discovery with a data mining approach. Computers in Biology
and Medicine 2006; 36 : 21-40.

27. Sabiani L. Intra- and interobserver agreement among obstetric experts in court regarding
the review of abnormal fetal heart rate tracings and obstetrical management. Am J Obstet
Gynecol 2015;213:856.e1-8.

28. llayaraja M. Efficient Data Mining Method to Predict the Risk of Heart Diseases. 4th
International Conference on Eco-friendly Computing and Communication Systems, ICECCS
2015. - [s.l.] : Procedia, 2015. p.7.

1090 LT g )0 /7 @53 § Cuny 8)9s 7 PBW)S (Tibly eole o5k (ol alas


http://yadda.icm.edu.pl/yadda/contributor/89a94daa3252da5eba89f60fc15e03f2
http://yadda.icm.edu.pl/yadda/contributor/f3013569ef1b454e8aebdee57f9dd073
http://yadda.icm.edu.pl/yadda/contributor/7c6ce56a126a1dc898e3aa15315860e1
http://yadda.icm.edu.pl/yadda/contributor/f8646346e1f3a089fc62388c60778eab
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-journal-0208-5216-biocybernetics_and_biomedical_engineering
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-journal-0208-5216-biocybernetics_and_biomedical_engineering
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20W%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brisimi%20TS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20WG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mela%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saligrama%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paschalidis%20IC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25497295
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25497295
http://dl.acm.org/author_page.cfm?id=81367594603&coll=DL&dl=ACM&trk=0&cfid=652527586&cftoken=10493912
http://sjku.muk.ac.ir/article-1-2549-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-01-07 ]

101 (agxe (89

29. McNamee RL, Sun M, Sclabassi RJ. A neuro-fuzzy inference system for modeling and
prediction of heart rate variability in the neuro-intensive care unit. Computers in Biology and
Medicine 2005;35:875-91.

30. Nahar J, Imama T, Tickle KS, Phoebe Chen YP. Computational intelligence for heart
disease diagnosis: A medical knowledge driven approach. Expert Systems with Applications
2013;40:96-104.

31. Palaniappan S, Awang R. Intelligent Heart Disease Prediction System Using Data Mining
Techniques. International Journal of Computer Science and Network Security 2008;8: 343-50.
32. Petkovic D. Adaptive neuro fuzzy selection of heart rate variability parameters affected by
autonomic nervous system. Expert Systems with Applications 2013; 6 pages [In Press].

33. Kemal P, Gunes S, Tosun S. Diagnosis of heart disease using artificial immune
recognition system and fuzzy weighted pre-processing. Pattern Recognition 2006;39:2186-
2193.

34. Abdulkadir S. An expert system based on principal component analysis, artificial immune
system and fuzzy k-NN for diagnosis of valvular heart diseases. Computers in Biology and
Medicine 2008;38 :329 — 338.

35. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Developing healthcare rule-
based expert systems: Case study of a heart failure telemonitoring system. Int J Med
Inform. 2012 ;81:556-65.

36. Anand Sh. Emerging Applications of Data Mining for Healthcare Management - A
Critical Review. International Conference on Computing for Sustainable Global Development
(INDIACom), 2014.

37. Rahimi E. Prediction of Coronary Disease by Data Mining Techniques. The eighth Iran
Data Mining Conference / IDMC 2014 Dec.2 2014 Tehran Iran.

38. Darwin T, Poh CL, Kitney RI. A novel neural-inspired learning algorithm with
application to clinical risk prediction.Journal of Biomedical Informatics 2015;54:305-314.

39. Turkoglu I. An expert system for diagnosis of the heart valve diseases. Expert Systems
with Applications 2002;23:229-236.

40. Atkov QY, Gorokhova SG, Shoev AG, Generozov EV, Muraseyeva EV, Moroshkina SY.
Coronary heart disease diagnosis by artificial neural. Journal of Cardiology 2012; 190-194.
41. Ghasem Ahmad L. Review top 7 Algorithms in Data Mining for Prediction Survivability,
Diagnosis and Recurrence of Breast Cancer. Iranian Journal of Breast Disease 2013; 6:52-61.
42. Ahmadi M, Barabadi M, Kamkar Haghighi M. Evaluation of Hospital Information
Systems in the Medical Records Department. Health Information Management 2010; 7: 23.

1090 0LT g )0 /7 @53 9 Cuny 8)9s 7 PBw)S (Tibly eole o5k (ol alas


http://www.ncbi.nlm.nih.gov/pubmed/?term=McNamee%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=16310012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16310012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sclabassi%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=16310012
http://dl.acm.org/author_page.cfm?id=81323490501&coll=DL&dl=ACM&trk=0&cfid=822423468&cftoken=62995909
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leonard%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cafazzo%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barnsley%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Masino%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=22465288
http://www.ncbi.nlm.nih.gov/pubmed/?term=10.1016%2Fj.ijmedinf.2012.03.001
http://www.ncbi.nlm.nih.gov/pubmed/?term=10.1016%2Fj.ijmedinf.2012.03.001
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6821332
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6821332
https://www.researchgate.net/journal/0957-4174_Expert_Systems_with_Applications
https://www.researchgate.net/journal/0957-4174_Expert_Systems_with_Applications
http://www.sciencedirect.com/science/article/pii/S0914508711002255
http://www.sciencedirect.com/science/journal/09145087
http://sjku.muk.ac.ir/article-1-2549-fa.html
http://www.tcpdf.org

