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ALGORITHM
1) Read the training data from a file
2) Read the testing data from a file
3) Normalize the attribute values in the range of 0 to 1.
4) Let X1,X2....xm denote the m instances from data set  {f1, f2, ..., fn}, n = Number of features
5) Let Ch denote the current chromosome from population {g1, gz, ..., gr}, r = Number of genes
6) Assign weight Ch to each instance xi in the training set
7) Train the weights on the whole training data set

For every training instance
= Calculate the weighted value as

= Chj * xij, where j is the attribute

= Find the K nearest neighbors based on the Euclidean distance

= Calculate the class value

End for
8) For each testing instance in the testing data set

= Find the K nearest neighbors in the training data set based on the Euclidean distance

= Predict the class value by finding the maximum class represented in the K nearest neighbors

End for
9) Calculate the error rate as
Error Rate =
1- (# of correctly classified examples / All) * 100
10) Fitness Function=Minimize (Error Rate)
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Accuracy = (TP + TN) / All M)
Sensitivity = TP / (TP + FN) (v)
Specificity = TN / (FP + TN) (%)
Precision = TP/ (TP + FP) ()
Recall = TP/ (TP + FN) (®)

_ 2 *Precision * Recall
F Measure = Precision + Recall (%)

v Journal of Health and Biomedical Informatics 2019; 6(1): 12-23



https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

Jg‘ b)w ‘W 5,93 SYAA )LQ.}

S5 S j 9 oDl S lo il oo

Cobd i a2 LS g Jae SO (b))l g
sl s B S5 035 bis 026 ¥ Jpse 3 a5 plosl
RSN UL.\.; )JoL.:.o u)

By L oolpiiiy Jao oS dad o )l (gilwdnd gls
ed slands Jby owile o (Multi Layer Perceptron)
Syl L55l_>- coby jasis YU edy o) S
sl g3loiiy cln,

=W
ot J il s s quno s 5 i
Dy bl 3890 Gloyd (il cdle (653L 5 (o i
gl 5l abd paskls 5 dmobe slp ook ol
wlnod (p )5 S035 wia)oS @ls (siloaie lp S5
L ooloiiin (0g) 50 .35 &l Las Jae S 9w edlatl
L la S5 595 50058 9 b yusie dlaws yialS” 51 eolil
e a5 Gl S5 s 65 5%

S5 9% 3 eslisol b S 0355 M3 Jsia

39 slade 039 oyl adgl I M oje sV SRy
/¥y .y % a0 X3
-/-Y Al oIyy v X4

Specificity Sensitivity  cla,lao b c)low dwin
Ab el il ¥ Jeis > F-Measure 4 Precision
&l Jao 2y Slos (65T oad LS dunlis zols
B9y ke 3y Sas oaimd Lt Jgda palde Al

ol gdlgain

» Sl gt lp b ao ) eaims Glle £ JSS
ol s VSTl el Jud ¥ropo (oolpiudin ool
Accuracy ;Lo b cilisee (sla g, paseds zls jldges
By (oolpiniin Jae 2 odalie 48 4368 yled .l

el dulie pizan D) b o) ple 4 Caud (6,5 i

T i o sl 1 naS

—— e e ks i o Sile

st iy, 30 e aue e
o
[3*]
D

19 22 25 28 31 34 37 40

Ol o3 59NN )0 (g 5kow (S (ST S oy 1P Sl

Journal of Health and Biomedical Informatics 2019; 6(1): 12-23 A


https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

O )Sed 9 (swgo

YA

Vel
AR
Ay
Vel
YA
#27

Y7
#Y)

#e. | |

-

el (mas a8l

Sl oiolo

Sl o
bl .

‘aa VY.

#07.

Yo vei.

Accuracy jLao b guls logei iV K&

F-Measure 4 Precision Specificity Sensitivity gl lro U o000 sl 1€ Jous

Sy Jao pluidy jlop omile (g, mas 4 g, 5w 92U ) Cao WS o iz
<[AVY <[AYY <IVEA <[¥ay DR $Me )l
-[S¥F -1554 - 100A -Vt DR oMe o9 Sensitivity
-[5¥¥ Niza) <[00 <Ive¥ DR $Me )l
- IAVY <JAYY < IvEY -[¥Y DR oMe o9 Specificity
YRS N NI +[5¥A DR &SMe gl
< [ARE - [AYY -IvY -5\ DR oMe oo Precision
< /YA -Ivov -[5v5 -Jovs DR $Me )l
<y <IYYA Nians Vs DR oMe o F-Measure

AJJUQA ‘))‘ ).) cwl ;Q.Q(O 4.1.4.“.\.40; c.))‘.) u.&) d)l.o.a.{ )0;.7&») ST
sobdn Lo Shg jl So pn (i g (0] 45 ab )l (g,
W 03y jackdd g Swiie Cobd (ghlew § pattine 3.8
So o i g (85 0,5 paede sl el by
ol S5 o955l low gl )3 o Shg ]
I ol b pgd g9 cobd (gylow (i (laddllas
codin b jlew YEA Limgis opl ;0 [VA] 4 plool by
s (P gl Glie 9 381 (g3 )lid b I i
Sl JaB ol sladiges e o eslaiwl coby asuds
Gl b pxio o ol Lol 990 imes pl sblse 5 (g5lS00l
s y ol adlas o .cowl og) cpl colee | gilo e
Blis b cowbio sl pzio i U olilows 1 Joud LB

Jie Cuje 45 Ul 48,3 LS aL ady cuwd I slaosl

S5 4o 9 oy
= ks ey e lagSll | lasgeome cadlllas (pl
.S s 53l 5590 UCT 5kl sl oL ol
ol (o b oles i B 313 gy o
L pols asllas a4 )3 )5 & ad) cuwd jl slaooly J8las
S 3 o0litl Ly Ll ohles sl S 3y 6,554
Jie 2,5 (gt ) Cubd dlues (5S35 5 S
sl Ln Sy siloloy ol adliao ol (solgiiing
ok Sl B9y (B 9 B SRy 4 (230)j9 B S Ry
adlas ool >l Hboyje sla S il eolatel b cobs
ol )] ookl L 4Lm§).~9 Rrmbe u.»L»L.w » 09ML
oy yie (3o 4 Sf i )oS elel 2 o S

Aol Cond 4 (S g Camlus @B sla jadls

33 bz g Canl (bl ax b by Sho 5l SO e &S )l

4 Journal of Health and Biomedical Informatics 2019; 6(1):12-23


https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

Jg‘ b)w cw 5,93 SYAA )‘{—j

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

ol 450 C an Cas (gabdtwd (395 Y eyl
e g ail e (il csh ¥ bl (gl S e
asllas pl (oolpiiday Jao D) o o1y cds ials SooS
5 ool 9 VO ey dis Sl sl (slr 458" xs
b Sy CLul da Sy ilwdley S 5l (g oS
= B Sy ol jledlatal b da Sy opete (lolid
ey (6t (69 Sos 4y S5 oyl ol
Aol Cad 4 Sy g Comles «@dd glaadls

Cps 66 selgd e gjlwdnge I [YY] Rudzinski
iwdads gly ybgy cpl 9wl 03,8 salasiwl (gan WS
e u‘)—“’ 9 YU cdd 2,8 odlatwl o3> (slolSL &l}»l
3 bej YL (S 9992 09y o2l sbolie jl ol
5 by (rw adlas ol e il gy opl colee
heabs esdi 42)d G 3 )bl Joo S 25))
Adbee gy ol Bhaal Jl ol Sloj (Sdems o)
Sy d bype chialis [YY] LS 4 Richards
s germe Ay 1y alllae 3)50 1y (b hilowr (0395
Slaecd )3 )18 adlllasdyge jlow VYo v @ basye slaodly
@S gl w.’ml .\.c|93 UP9) 51 oolawl caslllas L)"] =l
48,5 000l LacSi 3y lawgy Jaaxs yabdy oS Cunl (gaclsd
u’.g‘LwLm g 09)4& A e dsllas (J—’] PRl Lol fm@
ool o Lo S5e Ol oolital b da She o Sete
B el G i (63, Ses 4 S N
Al Cwd (S g Comlus

€l oo S8l w cpgp 2B S sl ke (p Yk
S Sy Q8B (6 S el > ot cpl S ol
[Yo] o), g HUANG [YF] 39 S50 aEivle)] gobs
S osliwl L 1y a3 S 69y p 138,80 oo S
S otgi cnl ) 315 58 (g2 3590 (59031 sl b,
olawl (gglSoaly Julou jolaie a4y odlw s g paewal <&y
was i le Gde (b yurie &S LD asuine 5 00,8
@ w23y 9 095 35 (ool leyd 4 s s low:
At (9308 ]S 59y 2 NS Sl sl yeS (o Srekee
0d—os J_Ab.c u.:l_wL.w d‘)__: [YQ] u‘)‘._io.b 9 Huang
Sl e Ghgd slagby, by S8y S b
ol jl loj GVl (Sazmy 128 edliwl (Shy bl

Cobd lew i Jho 4 Cud adllas ol (ool
el gl o plo L pgd £

U9y (s ilwaingy 9 39— Lo [V-] oL o Barakat
9 &9 cabd )lon pasds ) plaidy by il
axnlyo 05 YEAY Lol odlatul 350 031 de gosro . Miduw,
S silw e 5o dges atonMe hlB sla sy g 95 ad
o5 S 55 (hey ol (ol s Lol 92 Graggy ol (sl
aallas ol (oot Jio &5l (g5lo b gl W pusio
i o i (69 les cunlio (sla o Dlaai b
Sy el

&l (9, [VV] o),LSea  Worachartcheewan
9 bty ()13 cedle (g 5l 0olitnl b gilew passels
1y UCH 0305 o551 .ioly &3l,) 6 yglate din S5 w565
)] oola_wl .l 4_..9; )‘)J oolas D)g—0 d)LwM
sl @ plaidy by opile ) gl i) (giloaines
el Gty 5y edle Slasgad Sl ()25 (35 4seS
Orsle by (bt ol dd Ko (65,84 b oge S
095y Clilos (w2980 035 (o3 (lusidy by
2L 5l S ol s (dly Hlache 51 Gl ool &S b Lawes
Gl oy Coled 50 g oo sl ] 0l (yuss lals
iy oy tle Loy (il Sy (55lotizaS L
= e SiBi wiye Nl adlas ol )3 005 e &l
Nondominated Sorting Genetic ) o gliols (gauas,
bl s edlitel (gjlwaugy JBlue J> 1y (Algorithm
Cehl 4w Simggy ol 53 ol o680l ol ) Joe
e a5l 13U (g )low (b xS Gk 9 Ve
Cudiwd By F 5 ials 4 e C jiel)l (4l Sog8
adsye )d (gandiwd cBy il S5 C Hlade 310445 o
) otlejl doyo > 2y (ialS g sl o Sl 3]
la ol )l (gl adol Cumes il jo Lcuily vales JLod &
o 435 St kgl 5 ¥C MP zalL
5 Ubigel 518 Jold (gjludine al> po 0 plodl (g3loaiagy
Loyl (sl aate jolio 8l ) g ool talojl 56
g b3 alogl an WS Joe NSGA 06Xl bawgs

Journal of Health and Biomedical Informatics 2019; 6(1): 12-23 Y


https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

O )Sed 9 (swgo

w9 (g jlwakaes b Culd S pi

plol Jad b cdd b (saindiwd g Cuwl 035 3890 (ot
SLSip piaw D i (gilwand o b il )5

o9 Oolew 0313 degecme (59) 32 gl (nl 3 oMb (Byme
oduwy LAVIY cBs 4 55 (Uye oyl lew ol 4 e
Loy dcgeze (59, ;o dline Cladss | gYL & Conl
sl a5 mile; o ( Stz bl fwl 03 cuglaso
33 sxw od il CLaEsS )3 aS dgs by, oyl chms blas
A dalgd e cpl 0,8 Bylo

2 LS D) i S lais o Wl oo i 2]
A8l ()8 sl (SSi e

ot 83 b (oloddy Jaa 45l (U (iludnd @l
g aY L gyt mas 45D G 92U slady) )l -/VE

yauseds 50 Y 8y )l (gyde <> luidy by cpble
Canl (olody cilay 6y 5 (S cobs

&8l o)
Show 2 Cbd 352y pasll 0950 3 Sy @by
Al d9 2 4 )8 Kby s @dlis g A8 4 Mo
@ 58S B caggl 3 g2ge (SIS (n ek
G (e Sloas ) gl 4 cubd S99 (it
dlazel J35 an dlgi o0 o Conl D5 (S90S
JE3 ey ol S gBlie ()15 055 e T & o

Sl pS ooy Byo ) (Tt 45 22 &)y alises
P e Shs g poMe dod I STl Cobd dg3g i
Al oo il (asis sl e odlitul Cobs Laskis

References

1. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN.
Hyperglycemic crises in adult patients with diabetes.
Diabetes Care 2009;32(7):1335-43.

2. Gardner DG, Shoback D. Greenspan's Basic &
Clinical Endocrinology. 9th ed. NewYork: McGraw-
Hill Medical; 2011.

3. Gastaldelli A, Gaggini M, DeFronzo RA. Role of
adipose tissue insulin resistance in the natural history
of type 2 diabetes: results from the san antonio
metabolism study. Diabetes 2017;66(4):815-22.

4. Volkov P, Bacos K, Ofori JK, Esguerra JL, Eliasson
L. Whole-genome bisulfite sequencing of human
pancreatic islets reveals novel differentially methylated
regions in type 2 diabetes pathogenesis. Diabetes
2017;66(4):1074-85.

S bl g phb 3  adlas ol g2 29 b9y 0!
Sz )b 1) Cobd e ax > e 3 LSS e
Allie i) ool hial ol

Jos) Bl (Al Jes jlan cobd (9350 oS iy
oY a8 g ol 5 (S Grdos @l il |y (eame (59,
lp e St (8 ldd g gl il gt
>l Jeee i (2L plilew 290 (59 2 4 Situn
ey Uyl adlllas (oolgitn Jde 8535 o b Bls
RS ke dbub&bw §f9;§4<\;ob)§w\/;’%
o 42D e )3 Glelas JLSE g Jue o b Sy
Aol el

w53 (655,540 5 liw;lean S0l oL 10 34250
o3l Uy Lnld e cela S5ag 6,65 5 L V5 s
ot |y Sl lbuen (p JS35 9 S o)
Dgel

A o (6t 3,5 s AV By b (oolpiig Jde
2 dlad (3K 05 g promal S0 G el o,
oablS 3l oolaol b (ool gy 50 ol Cobd jasis
w3 ) b SRy (59,5 5059 g b jite dlas
Je o bl 5 phb Saa L cds (il gl S
Jome 4l ploml by (edan a2 )d e 0 LSy
42D pasdl ) Gileiy ol )3 el (b LS

5. Su CT, Yang CH, Hsu KH, Chiu WK. Data mining
for the diagnosis of type Il diabetes from three-
dimensional body surface anthropometrical scanning
data. Computers & Mathematics with Applications
2006;51(6):1075-92.

6. Santhanam T, Padmavathi MS. Application of K-
Means and Genetic Algorithms for Dimension
Reduction by Integrating SVM for Diabetes Diagnosis.
Procedia Computer Science 2015;47:76-83.

7. Chakraborty G, Chakraborty B. Multi-objective
Optimization Using Pareto GA for Gene-Selection
from Microarray Data for Disease Classification. IEEE
International Conference on Systems, Man, and
Cybernetics; 2013 Oct 13-16; Manchester, UK: IEEE;
2013. p. 2629-34.

8. Maheta HK, Dabhi VK. Classification of imbalanced
data sets using Multi Objective Genetic International

Yy Journal of Health and Biomedical Informatics 2019; 6(1): 12-23


https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

Jg‘ b)w cw 5,93 SYAA )‘{—j

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

Conference on Computer Communication and
Informatics (ICCCI); 2015 Jan 8-10; Coimbatore,
India: IEEE; 2015. p. 1-6.

9. Holland JH. Adaptation in Natural and Artificial
Systems: An Introductory Analysis with Applications
to Biology, Control, and Artificial Intelligence. MIT
press; 1992.

10. Antal B, Hajdu A. An ensemble-based system for
automatic  screening of  diabetic  retinopathy.
Knowledge-Based Systems 2014;60:20-7.

11. Han J, Kamber, M, Pei J. Data Mining: Concepts
and Techniques. 3th ed. USA: Morgan Kaufmann;
2011.

12. Goldberg DE, Holland JH. Genetic Algorithms and
Machine Learning. Machine Learning 1988;3(2):95-9.

13. Alpaydin E. Voting over multiple condensed
nearest neighbors. Artificial Intelligence Review
1997;11(1):115-32.

14. Kohavi R. A Study of Cross-validation and
bootstrap for accuracy estimation and model selection.
Proceedings of the 14th international joint conference
on Artificial intelligence; 1995 Aug 20-25; Montreal,
Quebec, Canada: Morgan Kaufmann Publishers Inc;
p.1137-43.

15. De Jong KA. Analysis of the behavior of a class of
genetic adaptive systems [dissertation]. Michigan:
University of Michigan Ann Arbor, Ml; 1975.

16. Cortes C, Vapnik V. Support-vector networks.
Machine Learning1995;20(3):273-97.

17. Rosenblatt F. Principles of Neurodynamics:
Perceptrons and the Theory of Brain Mechanisms.
Spartan Books; 1962.

18. Rennie JD, Shih L, Teevan J, Karger DR. Tackling
the poor assumptions of naive bayes text classifiers. In
Proceedings of the Twentieth International Conference
on International Conference on Machine Learning;
2003 Aug 21 - 24; Washington, DC, USA: AAAI
Press; 2003. p. 616-23.

19. Purnami SW, Embong A, Zain JM, Rahayu SP. A
new smooth support vector machine and its
applications in diabetes disease diagnosis. Journal of
Computer Science 2009;5(12):1003-8.

20. Barakat N, Bradley AP, Barakat MH. Intelligible
support vector machines for diagnosis of diabetes
mellitus. IEEE  Transactions on  Information
Technology in Biomedicine 2010; 14(4): 1114-20.

21.  Worachartcheewan A, Nantasenamat C,
Isarankura-Na-Ayudhya C, Pidetcha P,
Prachayasittikul V. Identification of metabolic
syndrome using decision tree analysis. Diabetes Res
Clin Pract 2010;90(1):e15-8.

22. Rudzinski F. A multi-objective  genetic
optimization of interpretability-oriented fuzzy rule-
based classifiers.  Applied  Soft  Computing
2016;38:118-33.

23. Richards G, Rayward-Smith VJ, Sonksen PH,
Carey S, Weng C. Data mining for indicators of early
mortality in a database of clinical records. Artif Intell
Med 2001;22(3):215-31.

24. Breault JL, Goodall CR, Fos PJ. Data mining a
diabetic data warehouse. Artif Intell Med 2002;26(1-
2):37-54.

25. Huang Y, McCullagh P, Black N, Harper R.
Feature selection and classification model construction
on type 2 diabetic patients' data. Artif Intell Med
2007;41(3):251-62.

26. Lee WJ, Chong K, Chen JC, Ser KH, Lee YC, Tsou
JJ, et al. Predictors of diabetes remission after bariatric
surgery in Asia. Asian J Surg 2012;35(2):67-73.

27. Han J, Rodriguez JC, Beheshti M. Diabetes data
analysis and prediction model discovery using
rapidminer. Second International Conference on Future
Generation Communication and Networking; 2008 Dec
13-15; Hainan Island, China: IEEE; 2008. p. 96-9.

Journal of Health and Biomedical Informatics 2019; 6(1): 12-23 Yy


https://jhbmi.ir/article-1-311-fa.html

[ Downloaded from jhbmi.ir on 2025-07-13 ]

Journal of Health and Biomedical Informatics
Original Article Medical Informatics Research Center
2019; 6(1): 12-23

Diabetes Prediction by Optimizing the Nearest Neighbor Algorithm Using
Genetic Algorithm

Momeny Mohammad®*, Latif Ali Mohammad?, Agha Sarram Mehdi 3, Hajmirzazade
Kazem?*, Gharravi Sorayya®, NaghiboAlghara Seyed Mahammad®

* Received: 16 May, 2018 * Accepted: 29 Sep, 2018

Introduction: Diabetes or diabetes mellitus is a metabolic disorder in body when the body does not
produce insulin, and produced insulin cannot function normally. The presence of various signs and
symptoms of this disease makes it difficult for doctors to diagnose. Data mining allows analysis of
patients’ clinical data for medical decision making. The aim of this study was to provide a model for
increasing the accuracy of diabetes prediction.

Method: In this study, the medical records of 1151 patients with diabetes were studied, with 19
features. Patients’ information were collected from the UCI standard database. Each patient has been
followed for at least one year. Genetic Algorithm (GA) and the nearest neighbor algorithm were used
to provide diabetes prediction model.

Results: It was revealed that the prediction accuracy of the proposed model equals 0.76. Also, for the
methods of Naive Bayes, Multi-layer perceptron (MLP) neural network, and support vector machine
(SVM), the prediction accuracy was 0.62, 0.65, and 0.75, respectively.

Conclusion: In predicting diabetes, the proposed model has the lowest error rate and the highest
accuracy compared to the other models. Naive Bayes method has the highest error rate and the
lowest accuracy.
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