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Abstract

Diabetes is a chronic disease that requires continuous medical care and patient-self management
education to prevent acute complications and reduce the risk of long-term complications. The worldwide
prevalence and incidence of diabetes mellitus are reached epidemic proportions in most populations. Early
detection of diabetes could help to prevent its onset by taking appropriate preventive measures and
managing lifestyle. The major objective of this research is to develop an automated decision support

system for detection of diabetes using mixture of experts model. The performance of the classification
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algorithms was compared on the Pima Indians diabetes dataset. The result of this study demonstrated that

the mixture of expert model achieved diagnostic accuracies were higher than the other automated

diagnostic systems.
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A 4 AFH 3 dFAEdA T8 FATE HI 9)
712 ARIZA Kim et al. (10)& AZE ¥ UVJ
(support vector machine) & ©]-&8l] AAE 259 2l&
5 7IHE A on, Lee and Kim [11)2 20124
AN AR 2NN BE/ Ao AR tato s 9l
A% (artificial neural network), 2A|2E 3]HEH
(loglstlc regression),  We|x|¢t H]E%EL (Bayesian
network), CART 52 &3] 99891E istast st

Atk Lee (12)& 20949 o4& tidoz wolxet UE

%aﬁ o163 FU o5 A5E MITAHOH, Kim et
| [4)& 20059 FNALYRRA} ARE the 24
2] ST, CART, A4 25 Agsle] uii)

o] #el el sk

=9 AR{EA, Ubeyh (13)+= Mixture of Experts(M
E) B33 o] &3 et Ao S Al er, Chen
(14)2 AX2E ¥E 743 A8 (linear
discriminant analysis)®l 7123 LFDA SVM ©lgk= 24
4 (hybrid method) S AtslA 1, o1& 7H9 do|E o]
Agalod 1 842 RIS Sakai et al. (15)= &
3 ‘%‘ 44 013} JilE= 1699 SAE tdoz 97j¢]
&3te] oAt VIE A BEH 417
2] 3lARY 55 A8sta, ol gk 4

et al.
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ol A& m’%’a‘] ‘ﬂro k7] wjiel 7 B8l &

22l Fosta & 4 ok

Jacobs et al. [16]01] I Zﬂ?}% mixture of
expert(ME) 282 5343 2415 e oA 295
s, o2 A dsld e FHAAA HEFAR e =S
th= 229} d122] del(divide and conquer principle)
£ o] gste WHolth, o] ME B3 5% Ade] 2058 &
¥ "X (conditional probability density)el™, °]&
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mixture #4112 g5 2 EM-222]5E 53 mixture
BFES FHske A wYsitt. o] ME 23 didde
4914 B GRAE Y FolA o] &HYom, HZ rle]2
2olglo] Ax #4 F
(17-19).

£ 7= ME 23 7129 Smith et al. (20)¢] 7
ol ZlAE PIMA Indians @i Hlo[E A& 7wiez o
SRR RS BRela 71E Ry HwE Folo]
BREE gRleta gk IR o =gl He BHEE
& ERIFo A, I F84E FgstnAt ot

B = U o] HAET. 49 AHEE PIMA

| ek BAEE 27olA]

Amsla, 34<dMe ME 23 2 7|E2dye] EX43s
AABIH, 48 E BAAR tidt 13y} tEo] 53
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E 1. PIMA Hlole{ Al M=
Table 1. PIMA data attribute information
Variable Mean+SD typ.e g
variable
Number of times pregnant 3.8t3.4 Continuous
Plasma glucose concentration a
2h in an oral glucose tolerance 120.94£3.0 | Continuous
test
Diastolic blood pressure (mmHg) | 69.1+19.4 | Continuous
Triceps skin fold thickness (mm) | 20.5+16.0 | Continuous
2-h serum insulin (pU/ml) 79.8£115.2 | Continuous
Body Mass Index 32.0+7.9 | Continuous
Diabetes pedigree function 0.56+0.3 Continuous
Age (years) 33.2+11.8 | Continuous
Diabetes - Dichotomous
AR T Rk, S1E, AR Y 28
AR A% o he] AYAAZL 092 Fr)5le] gk B
AE BT AANAT. 1 27 768709 HlolE|el| A 23671
7} AE 532709 vlolE 7} #At o] =it

1. AFANE

£ AFolM= UCIY] Bixell tidt PIMA Indian Hl°]H
Aol iz RS ME EFEFS o835l 7|E &
P2} vl watuAl g} PIMA Indian B8 Al vla =9
T, 2y, AW AF4(national institute of
diabetes and digestive and kidney diseases, NIDDK)
oA g Agelw, AWM ADAP(adapted
neural network) @nEF S HZREZ AREHATH
(20). #2ll= UCI Machine Learning Repository®ll <]
g Al FElo] B2 AFAE 8l ZAIEE AHE T 9L
(21). PIMA Indians tle]&lAle 7689l & Aojxix
Table 13 #o] BRoF-E Yehlle Wet 8719 93
ZHrisk factor) EZ 74 oI

8709l AFAAEL Yol(age), EF4HEF(Number of
times pregnant), °©|¥7] V% (Diastolic blood pre
ssure), 2217 77 @7 F-3k2AH(Plasma glucose conce
ntration a 2h in an oral glucose tolerance test), ©171
AHEe] 95 5 S (Triceps skin fold thickness), 2
A7 Qlgd 9K(2-h serum insulin), A& #AG(Body
index), ¥% ZA 7}52 (Diabetes pedigree
function) &2 1t & AT e A8 S 9
A X2) 2 (pre-processing) &=, 768719 #ESFE = 2

mass

2. Mixture of Experts =&

Jacobs et al. (16)°l <J3] A|¢E ME 282 19 13
2E FxoM, 3A Alol®] WES A(gating network) <}
A A~HE Y ELZ(expert network) = FAETH

o(x)

()

Gating —/f/

Network
Expert Expert Ve Expert
Network 1 Network 2 Network V

T2 1. ME 23| AeslE 1
Figure 1. General architecture of the ME Model

Alold VIE e HHH & 7N g afo], Y ¥
ZHinput space)olAl 2t AHo R sk o2t AHE
Adee, 7t AAHE HESL s 48 e tig 28 ¥
HE At g g UESAE J2FE UES] A4
gt gEzAe] AP ZF(linear combination)< 33
HE, ME 729 H3de J2vE YESAS o)
AE e BE 2EWEE] 7153 (weighted sum) &2 Y
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Epdt}. METZIM N dAHE HEYIAE] EAF
g 71gE, RE dAYE JEYIASL ‘duksl g o
2 Yehte udgad g 7 e AgRgeld) i WA
E YESAE JHUE 2o gl o 22 dukgl A

4 45 0, ()2 AT

oA71dlM W 7FeA BEoln f(. )& 1 AEHA
AP E 7RI 4 U ESIe Eek dutsl HPRF S
7, i AR AZ g(z,y,)E RS ¢ o] thE 24
23 (multinomial logit model) & AXWA T
(softmax function) 241 o} 2](2)¢} o] gt}
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Z 6&

k=1

714 ¢ =vlz oW, & 715A et ME 239
AA 23 o(z) € v 2o

olz) = kZ] glz,v)o, (z) 3)

ME 23L& 854 d4S Agd). deld 4 (z.y)dl
gt AlTVESR g(z,v;) 9] 72 zollA y= mjFohe 3
A2 (regressive process) = Foks 4% #AH Tyt
FE2A Ao, det 1 A o] THEoiAH, A 3
Ay oz Adexoxe Azz Jeh il Hol, EHHS y
© GEEUEET Plyle, W) A del=lolzint, o714 W=
2ZoA] iwA A2FE YES A Ve dE e By
o] Fafolgta & & v} IHER, 2 2XE yE A}
A& (total probability) - Ao Y=g¢2HE y
Ashe &8 7= mixtureZ VERE 4 Qith

it

o

N
Plyla, )= g(z.v,) Plylz, W) 4)
k=1

91 Aol o SaEst oY WEAD A5 B
T B QRN o], B3] 9E4 4
we QuEoR HARY Aol PTEER 1,

2
OJFELF =AY AFolE vlEFo] BE thF £7AU 2

S OEEER et (22). 919 A (4)0xMY FEEF
o 71Zx3te], ME 2&9] 85e Ho-E3r(maximum
likelihood function)?] #41Z #AZECE Jordan and
Jacobse ©] 2] Xy Foke WHOR EM €auels
= Al¥sigith (23). &, &% AP (training set)o]
N={(z,.y)} 2 FG 7P B EM 2
& ofgfle} 2ol 2 HAR FAE 4 ok

E-stepellXle s¥A 9H(epoch) oA, Plilz,,y,) <l
g8z gase A5gs hY (i=1,---,N)& olle
o] ALttt

B0 — gla, ) Ply, |z, W) ®)

i N
3 gl ) Ply, |z, W)
F=1

M-step Thxel Hhsl £A1S )2t

T
Wt =argmax,, Y0 log Py, |z, W) (6)
t=1
TN
V<“"H>:argmaxv Eh,(f)logg(xt,uk_) (7)
t=1k=1

714 v Ao’ U EAM Y RE 2459 AT
omgitt, J#ug EM €ulEe vy go] eokdn)

L. Zhdlole] & (z,.y,) ol thajo] Bapo] 27125 o] 8-

slo] AFEE b S Ak
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E 2. HojE{e| AMRIC) 2FE TTte| Znt wAtE
Table 2. Cross—classified table bwteen observed group and
classified group

Classified Group
G G,
Observed G fi fia
Group G, far fa

BFRo HI% (accuracy)E T Zo] AA| o

H ol & SHE E79 F £, + .8 “1%01131, oFE
(error rate)& A dole F -‘LH}E’HI T
A s, EgwE JMb} AL =

=y

Fia+Fy S HIER
enet Asthe PREYs Aue A0 Queld

x] OJ—.Q

23] 1-Fol=
S (sensitivity) & y&o2 g Jgzoln}
=S JEFE&(true positive rate)olg} dla, 1-50]%=
= l"ﬁ:TEr*%(false positive rate)°lg} gt} ROC 1=
THEG AHE ofu|shed] BEAA TIEgk
(cut-off value) HASIAA 7PAA 2 Z1Egkel] Sal v
e QEFET ZEFee WelE ag =2 JER 3ot}
%, ROC FAH& #7239 AFZII AFLE 59 7]
Zzko] Wizlet ) D7kl Eolwe] HizlE AwHi Ao
o} ROC J4lo] A&ddor o 9o A4S 2 2
Foleta P} (25). ROC 4 ofefe] BAS - gAZ
(c-statistics)olgta st=H | E3e] ROC =4 olef<]
WAo]l the B3] WAHT AW PFH o2 o] 953 B
ol &+ 9

(specificity) & x 3

. A7Z3}

AFE ME 239] 45%71E 8l ZA2E AR,

N7 28-S 128193l R-package 3.1.1% o]&3}
AEAL R-packaged glm() 32 o]
A% 2L nnet library s (26) ARE3}

oo ¥R o
T o
S
'
ot

o T

o(x)

NS Gating
A 900 Network

9.9 (%)
Expert Expert
Network 1 Network 2

a2l 2. PIMA 2t Ho[E{ol| Tt ME 2&o| A
Figure 2. Architecture of the ME model in PIMA
dataset

E oplgAe a1 29 A
AlatsiEd], Alold/A2wE YIES] A7} 2742 A8l

SIS, ﬁc}’fﬂ Zﬂ*l

3ol

i H= B: H=
E 3 2RZEY 2ERE

Table 3. Confusion Matrix of the classifiers

Classifiers [;esslﬁf Output Result
Logistic Non-diabetics 270 85
Regression Diabetics 36 141
Neural Non-diabetics 271 84
Network Diabetics 35 142
ME Non-diabetics 291 64
Model Diabetics 25 152

® 4dlMe 24 EFPHEY Asddes W=
(sensitivity), S°|%Z(specificity), B&%(accuracy)®

A,

o:m/q “ﬂﬂE—t— Qxﬂ YaE 7R Rt B

umq ol 9% FEe Sl Byl ZAx
FAEA L 77.26%°]1, J7§ﬂ 2L 77.63%=2 A< Bl*
SHAl UeRdth ME 239] 3w 83.27%2A4] AAE 3
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Table 4. Performance comparision of the classifiers

Classification Accuracies(%)

Classifiers

Sensitivity | Specificity | Accuracy
Logistic 79.66 76.06 77.26
Regression
Neural
Network 80.23 76.34 77.63

ME

Model 85.88 81.97 83.27

Nee] 749 ME 2380] 85.88%=2A 74 &7 Vel
, BA 80.23% col1 X2 3|84
o] 79.66%i 7P e gk Hola St} Solxe] A9
ME E3o] 7M =& o=z

L]—EP/"
M
<
@
@ 4
z S
]
=
5
L
DI
o~ — logistic
e -==- Neural
""" ME
<2 |
=1
T T T T T T
0.0 02 0.4 0.6 08 10

1-Specificity
a¥ 3. BREFE ROC F4
Figure 3. ROC Curves of the classifiers

a3 38 2 2SS PIMA tlolg Al 243
AL ROC FAES Uehlz o). 2428 39843 A
7AiEA el ROC FAEL Al FAE] dofA 7HH ez
ojx We] o] Foha Ae 4 gigich. ME 232 yuir|
THERT 9 9o HX|ska gloiA AAe Eﬁé% 9
7Y 2L A%S Holvn #dd £ 9t & 5E o8 7}

H ME 28] 71 =7 Yeltaz(0.936)
Itk 2X2E3AEA 0.861, AWEA 0.860 £o&

E b 2REHY deH|nZnic-SA4RD
Table 5. Performance comparision of the
classifiers(c-statisti cs)

Classifiers c-statistics
Logistic Regression 0.861
Neural Network 0.860
ME Model 0.936

Vehs ME 2380 U3 B33 4%E & 6 l zﬂAl o}@
o} 279 AAHE YEYJAE /e B FHHNELS U
3} 2t} Ao’ MEAE= (0.5730, 0.4270) .2 Vet

L), ¥R AAgER SgE= 5o 57.30%0]H, 2H
A A ER TYE = FEE 42.70%9S g,
7+ AAHE YEYIAE sl 2HE BFEL 7 iS4
g dAWE YEYIE 25 Tt I7|7} tE2A Jebd
g 5 99tk FVHFY FS A2E 19 F3A
2.02662.24] o, AXHE 204 = -4.79692
e UEpith 77 Gt AAH2ARD 9 A9l o
2¥E 1HG 204 | 2 FPAE depgen, 7] &
S 2412 BHFARE sl el A% v 28 25
1e 5 392 e w2 of
N abrael MFEEEA 2 Az ASele davE o
BB, A= 2} YR et 4
A% B AANE Aol F AivE B b
%ﬂﬂl =AY

jt

rr mlo

ZAR 2 AdAYE |

E 6. ME Z3olM AplE/dAHE HEYT FHZD}
Table 6. Parameter estimation of each gating/expert
networks in ME model

Variabl Expert 1 Expert 2
ariable (g, =0.57)| (g, =0.43)
Number of times pregnant 2.0266 -4.7969
P!asma glucose concentration a 2h 0.9214 48413
in an oral glucose tolerance test
Diastolic blood pressure (mmHg) 0.0368 -0.9955
Triceps skin fold thickness (mm) -0.5829 0.7695
2-h serum insulin (xU/ml) 1.0410 -4.8087
Body Mass Index 1.1910 1.4190
Diabetes pedigree function 0.8357 0.4433
Age (years) -1.0449 4.5265
Iv. &t
2 o) 5yust ol L 54K RYES 2
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23 9It} (28). &, Brausets Agto] Akl o] 41
= [e}

A% At Al2gEg ¥ YE = glna F67] = Sk
(

28] 3 AN Hg em, Ay} syl ofegel
ZAehn, 3t 23 Aejupgol A3 AAdrel At
o] Ael, hidden unit®] 2k 2% Fo| gA eth= Hol
wdoz Az It (33). EFF ZAAE FAENL B
E dlole Aol BREFE TN A she Aol
ATk FE oA = el (34).

£ ATEe 9o Ad 2 9] 99AA5 7HE A
Sl g AHEslE 9aldF AY Al2'lE ME B3-S o]
B3] Agsta, ol Uit A5S Bk fsl =A~E
3AEA], AAPEAT wwsigith, B AdlA A"
E 282 71&d A9 W, Bolx, HEFE Tl
7V =2 34(85.88%, 81.97%, 83.21%)% 2t ACR
UeRTh e ROC F4 2 c-BAIF A= ME B3¢
Fol 7P 3 o Z eyt

I
[

F

=

ox

(o}

o|213t Aol H|Fo] Mok w), AFElE A Al AHS
918 ME 239 A%e wE dtis 283 Yy £ gle
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Aot FEY o2 ME 23S o] 43 f-84L B
APAToM AdERE, A=0E ez 28 T
Adme] o&E 9% AFE 7N JekeTo] A (28)
EEG HlolHE & 7H kAl Adk (35), vAE4 2573

= RUEE A z=dellxe] Ao A& (36), nte]
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slo] B ARE RS 4% H7HE $l8 UCTe
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ROC F4, - BAZS 7 vl iAeislet. A 25
2443 o ME 280] 71 =1 tgo g A7

1=}
o A
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