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Abstract )

Background: Type 2 diabetes is a major public-health threat of the present century, imposing substantial clinical and
economic burdens on health systems. Accurate forecasting of disease incidence can support resource allocation and the
design of targeted interventions.

Methods: In this study, we developed a hybrid model that integrates Cellular Learning Automata (CLA) with a
Susceptible-Infected—Recovered (SIR) framework to predict the 20-year spread of type 2 diabetes using real patient data
from Kerman province. The dataset comprised demographic and laboratory features of patients with diabetes collected
during the Persian calendar years 2005- 2013. After preprocessing and imputation of missing values, the proposed model
was implemented in MATLAB.

Results: Results indicate that the CLA-SIR combination models the disease trajectory with high accuracy. Moreover,
factors such as blood pressure, cholesterol, and body mass index were identified as key drivers influencing the activation
states of model cells.

Conclusion: These findings suggest that intelligent hybrid approaches can be effective for health-data analysis and long-
term prediction of chronic diseases.

Keywords: Type 2 Diabetes, Predictive Modeling, Cellular Learning Automata (CLA), Susceptible-Infected-Recovered
(SIR) Model, Health Data Mining

\— _/

Please cite this article as:

Kashani M, Barzehkar S. Predicting the Trajectory of Type 2 Diabetes Using a Hybrid Learning Cellular Automata and
SIR Model: A Real-World Data Approach. ijdld. 2025; 25(5):424-432.

DOI: 10.18502/ijdl.v25i5.20339

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

o

™M

™

Q

.l'}‘)_" *Corresponding Author Mostafa Kashani; Email: mostafa.kashani@sirums.ac.ir

qd Sirjan, Seyed Jamal al-Din Asadabadi Blvd., Next to Traffic Park, Sirjan University of Medical Sciences, Postal code: 7816916338,
§ Tel: 09132458607

5

o

L

=]

S Iranian Journal of Diabetes and Metabolism ————————
5 2025; Vol. 25; No. 5; 424-432

a

Copyright © 2025 Iranian Journal of Diabetes and Metabolism and Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

&) [This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
-~ Non-commercial uses of the work are permitted, provided the original work is properly cited.



https://doi.org/10.18502/ijdl.v25i5.20339
http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

» . & » ) . N » . & '."
FYYUPTE A NFF LBk XD ut///(}i{% ﬂ/b;w(ﬂfﬁ;//
? * Qe

Juvo i 5531 9 ol (I gl (SLLogil (oS 33 Juro 31 00lal b P90 & 95 Colbid & guiv Wig y (S
29 Srod1d g (w0 (§9 55955595 9555 S
a5 ks LS il

U‘Ji\ cub-ﬁaw ‘dL"ﬂM L}'i‘;fi (:}LQ Sl (oDl SleMb| 6))(.\.9 ejjf—\
Ol (Bl s Ol s (S p sk 5080230 (S 05 5 Y

ﬁ o.,\‘Sj

. e

Slapla 1 s B Sloss 5 ooladl glaaypa 5 Sl 5l 03 03 eges Sadle s lr IG5 g ol aedds
A8 L) glabtle glaast ;1 b Ebe S ke 3 (5 5e A Kl e Cubis 4Dl sy B85 il S e e LDl

031> axes 53 SIR) (55,5 5 650 s w2058 5 (CLA) L85k Jsle bligl it (o 5 Joe S aaddllas ol o ta o
Slaosls 35 gty ST ALY 33155 (ol (328 gy 0la S Ol 53 gadls 2 Olley (slaesls 51 (5S040 L b ol 0
Waosls 5305 i 31 e sl 0350 WYY BAYAY sladle b mbs Olles aE LT 5 1S sas sla S Jols axlizals ;5o
A gsleesl, MATLAB )ljj\rf' 53 (&lgin Je elieS slie Gl

A ol sSB man S G3ledde 1) (olew it L5, (VL Sk ol il SIR 5 CLA Jue S5 S sl 0l =l sl
S plald Jde glad s 0300805 03 QIS S50 Jalse Olgon o35 (a5 I 2dS (0 LS

A3l Eie e Gl sle et 5 S (slaesls Ll 53 Wl e e g sl S s 3l ealinad oS ol O Sl Uil 16 S aomt

s (558315 SIR r:w)ﬁ\ (CLA) ,S5L Jshe bl sl il i (s3lwdde o5 g b (SIS O30

\—

VEVE/ V)Y ks g, VECE NP el gyl

:Jgawlﬁjaqu‘dwwlq

Kashani M, Barzehkar S. Predicting the Trajectory of Type 2 Diabetes Using a Hybrid Learning Cellular Automata and
SIR Model: A Real-World Data Approach. ijdld. 2025; 25(5):424-432.

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

Olasae (S asle ol€ails (a5 S5l i (@bl Goall Jlaa anea 1l oyl s g ol ( GBS alaias o gdiwo Suicus 93 ™
mostafa.kashani @sirums.ac.ir : S 5 3KI oy = ANYYEOAT-V 1045  VAYTAVIFYA: oy S

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_\\"\‘Jb o Z/Lf R

ul/!ﬂ}‘&};/bﬁ
£Yo


http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_\f'fdb AL

Jse) g Sluils

A bl iyl b ol b s S o SLEI 5 5 sdm Jos
Sl > 5 Slome Jlesl o S Jas o i 6550 53,8 0L
S3505 37 vty IVl a gormn acs (G115 s il
Gslayl 3 gl Ssb blgl jo oS 55 iy b AT e
O3l 5 dm o 035 3 el SIS LS 53 i pe L gl
Sslize slassls 3 0315 sl sl ppdse ol lad eslid
3 3y ASL ils o slasl s Jas Sl Jlanl 353 0
Jlm diile o i 03y Blo il (gl rl b 53 ppolis byl Jaea
28 oo i Blo sl gl ol o s sl cpl i) 1 Jame 43 4SS
[4]

S50 i xSy (SBLi 51 yme b0 e 5ol UL 5
Sleehblas some 0= {ay, 0,00, O 03 S, B, P, T i
acsas,s wya B=A{B, B, B} Cb s
sl bl J=l by p={p;,Pyrces P}
S gs o A e p(n+D) =Ta(n), AN, p()]
2y o Bl il 51 gl Al o 55 6l G ST S (glabile 5
o 55 Jae ol Jlal s 33 Lame 31 sllan s
b a5 IV Tl e il Ll b el 2alS d e
ol gen s Pi(N) mozr Jool 63,8 o Sy gem () 68 40 Dl oS
DN ke 8L S sl 5 2

o llas S bl 1l

pi(n+1) =p;(m) +a[l —p;(n)]
pi(n+1) =1-a)p;m)Vjj #1i

o sllacls S oz
pi(n+1) = (1 - b)p;(n)
pj(n + 1) = m‘F (1 - b)P;(n)VU # 1

s S0k bl g
=l 4 Sk blogl (CLAY VY] sk S5l (ble gl SO
Jo 1 ols Wl L 4 S AEL e 5 TS il el 55
1 oot Jile L5 0 Sk (lablogil o LS s Ul el
ULl ol o8 5 U5 o 1 Jobor Sk sBlosil b J
5l las ez osle 0L a4l LS5l blegl 5 Jske
Sy bl (Jshe) e 5 2 by 4S5 shay e ol a5
S sk bl o sy 3 a2 Sl 25 5 e (gl sk
SIS b bl b 5l ok a5 geze ool 53 ediSS
s 5l S8 I dims e OLES g 5 (ledomy S,

3 Cellular Learning Automata

e 3 ouldienl L gu £ 95 Caalas £ o w3 95 (sl

PRV

e S pt G len Sl 5SS Olsea s 5ol
e Sler sl s Sl lapls ¢l i A
o b acals Mllos Opemlyts 50180 Gl [V] 555 0
A sk Voo S Gl & Ol 53 Sl Dl sl 3 sl Yo b0
0% o5 Sk st Ll Ly 5 Ol 5o [Y] dew s Aal
Sl lad Wlg e a8 Sl gl S OVOle 5 (5, bl
w58 Gl el sl S oS el sladl ¢l

IF] sl axils of jan
G35 motm ot nf b aglpe 53 S (e 51 SG
ol e OT 55 53 e Jelse plalid s ool 3 Sl st
b Sl Sacs iS andl 53 (5 F e D o Ll 5 e il 5
A3l ol s il e a5 6ty el
Ol Jals) (Shamy «odln b Jas o (gloosls o5l oo el [ ]
Slaodls 33 s w0 Sl 5 (e 5 ST sl i
Sl sBesls 5 ogan hga Slaslnl ekl o s ) Sl
2S5k slagny S by ol 53 [0] ol 63,8 sy i
55 Ll gl Olgea (CLA) LSsb ol byl il
O Siass ohs g 3550 odomy Gapitonm J18, (3Ll
o Pl Lalss (3letend B s, Sl Wl S 3
cjiih S O[] s | u}bj sy, ) L}A“}G
CF3h 5 GFp oo A oslme X (6,8 e Slap S
Solez » Fie saadlie A3055 5 stuas, 53 WIS SIR)
s dagiall s pl 85 5 5o b [V] S Wl (g e A8
SCLA 4L 5 oS5 dde S oluasly 5 b ol aallas
o] Jl Gy b 53 850 Calis ot s e L1 SIR
Ol S Old uls Ohlew 3l5 slaesls slue Jdbe ol o
SIS B S G> mt ade 2l 3 5l a5
Solew 52 02 1 O3s 5 dspadS O LS il (guJST alse
do 5 LKAy Wl sy ol gl 350 oS iles Lo
Al o o 53 il 3l (6, 5 g e 53 e e (sl

ol bl
Jlsl 8 ol aseia SV bt LS (UL
sl Jlasl e das o ol ) 4ol 3y od aseto
e W N P I [ FC USSR
5 e3g0d sabiial s o) S Sol GBS 35 e ool (e

! Susceptible—Infected-Recovered
2 Variable structure

L‘J'/'f/»%” Y
IANY



http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_\\"\‘JL o Z/Lf R

Jse) g Sluils

b S

Soesls laels sl 5 olwesly gl A o o)
A Jhe Gblosl 658 s sl iss 5 (Kl 22
Gblo 1 il s galgiy Jte lie ol 55 [Y 2 Tl g DS
ol a3l 51 S a i 5U s ol &S ol L)) LS50
St > Lobi> L35 it Sl adllls (€ 05 Jlo S
(P TERE GOV I SO 3 FOURRCIV P Ve 5 AP oo [
03 o8en gy S8 g nl s e s 5 Juld o
s ol 5L s (sla3l o e 5 w5, S5
IS sl il |3 e 5B s 2w 5B e (60555
o osls 0L Y K 3 sl ol

wdae 3 ouliieet L a gu £ 93 cuabas £ 9a 03 gy (s ylin

sy Laptons 5 (ol 035 Jde Jsho ;0L (Bl s
S V8] o (bl 51 S5l ke S0k (gl gl o o
S 51101 1S5k ble sl b L S L OT g 2 48 sl 0
Bl gl dle 53l e Lasede | sk Sl s il o
ot 2 e 44 e 158l 8 el (S 01 5 Jsbe
o sn Blagl aogame 3 dmy o 5 AL opd e AL L
soms) 61 IV 35500 e Gds oo & a5k &5 =
Ol S Sl Gl B (6 e S 5L AL 5 de 2 S5l
Esl ok Sl Blosl s Sl sacale =
DIVI L sk 1S5l (bl gl & 015 e alom 31 68 505 3 slica
Sl Jsbe 2500 )L DA] pBaal Jsho [ S5L bl gl
Caxdy poodle gl JbL 5 des o Cunsy 0D dy)

e 55 15 Blagil (6l oo Conds el 55 LB glabile 5

4] sk
Initial Data
+ Weight
* Blood Pressure
* Cholesterol Normalized
« OtherRisk Factors  Clinical Data
Phase 1 _»f Phase 2 \—>/ Phase 2 h @ Phase 3 E :K Phase 20 2
Input State Input State Input State Input State Input State
¥ v ¥ v {
Normalized Learning Leaming Learning Leaming Leaming
e U UDPEIER Cellular Automatalwegll Cellular Automata Cellular Automata glll Cellular Automata gl Cellular Automata | SeluluietS A
1
1
Reward Reward [ Reward J [ Reward ] [ Reward ] E
v - 2 2 v v :
Transition Transition Transition Transition Transition :
Rules Rules Rules Rules Rules !
b\ — \& 4 S/ \ i
X X X A A !
\ 1 1 1 1 '
N o s i b e S e o Lbeseesslbesusnadacaccalacances 4 ]
1
\—> Backward & Forward Dependency 4—/ i
1
© Input () CLALearningProcess @ Output oo i
]
1
1

o addiy i gy (aapiinn (513 (CLA) 550l o glon (Uil 63 0 Joaans Jao —Y JSub

Gold 5 ey A el 53 Ohley ARELST sl S
ool e b Laesls Solwoslel) Gaims flf DA 03 LA
(239 Olgzr 3 el ol astls 5y Ol jla 85 5 o)y o 4 (Laesls
§3dse ol ( Sy D 350 3 5 Ld oIS e a3l
Glaesls 5 b 285 5l ool ol (gl sl s alen
b ol ol eslaad esls 5ls 5l aesls b b3l 5 230
s O e Shs gl i 550 S 1) 83l Geies
anrl o JLSG b S 1y Gllag 5 A3 8 Gl il U5

() Jsde)hdss axsliS LS wlazsls

6 T ol osbol g baesls cslis
ook dmesls Cio 5 ol (glaesls LS)}TC“’.' 4 i ol 5
RGN P 415\);; Laosls Q.;.L;S W)L;'.G\ B assls SOR S
@j@}. Olo S 53 b Sloys S e Gl s ol ledlbl
Y4y BOYYAY Ul @ lﬂ}aja LAOJJ)J; Sledbl el el
S i Sl 5 Ohlew 3l L8 VMO Jsd)ed
Sl 530 Ll T 5 Jle OF Olles o o Kbs L Llazils

e Sobs 53 Solgls Aala lls Olslaw ds 3 W s 0

ul/lﬂ/&}ﬁzbﬁ
LYV



http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

Jse) g Sluils

e 3 ouldienl L gu £ 95 Caalas £ o w3 95 (sl

WA=V FAY sladles asals (Al y 63k (le S (Ll (Fabis Of jlass idadlas 3y g0 Curan (5 HbaaSly ) s LaG] g5 9 Laoala—Y Joua

&S o 53 “atia
Sade o Age
o R Sex
s S s 05 LS SBP
$ade [CRIHNTY FBS
e i 51 g b 55 25 2HPP-BS
oo (LDL) e J 2l LDL
e (HDL) e e U I b s HDL
e TG) s pdSis5 TG

LedinS polie G 5 (3313 i 31 es) (505 Ollew ediscd (slaesls 14 sl g5 N= VAN 4 pas
SBP: Systolic blood pressure, FBS: fasting blood glucose, 2HPP-BS: Two hour post prandial blood sugar, LDL: low density lipoprotein,

HDL: High density lipoprotein, TG: Triglyceride

5l S ekasolad LSsL Jsle blogl js Jsle =)
J.J:L’da ax)lze Sy 90 .>b3|

e O3 iy ol sk alean ol 36 -
.wlefrb.u'\

A8 e 0Ll 1y by b iy W, Ll gl gl ooy =Y
ehis Dot b ke SO 0AS s s Jelse -t
.Wﬁbojyyli}x)bﬁqli;);
WOJ}&‘)‘J\“;" Aﬂb}hs* AJ‘l)_;j(HJsﬁ_o
XS o yaseie Jobe OAS sy o3 1 Wl 5t & das
S o SN Jgo 3 55 (S 550l 5 Ol il
5 deu o Ol U ez, S kb 5o WOy cpl ol sl

3 55 ol Golen (JulSS Ly, Ll oo arnle DL

2l Juled Oyl pd

Gl de Sl
Ll 53 32y o plosl Cte 33l 5 51 oslind b (53l
Golwdte gl gard S el wlg i (g slSesls
OB A2l g ydse nl 53 Blogl il (0l 8 Ll
iz gl il b oSOT slray L Jlas| 15 e 5
Sloosls bl Jyle a5l Sl SBlosls oSy
Ly Ll o wlaan sadsho L) ioean 5 555 widS
58 bdhe opl il Ol ool 53 1 olewr St
o dlasl s 86l bbbyl & SsL Jsle byl
woar Sl e 00 s ol ol Ll WL Bl
Solot Ly L phy D sl Sa 4o soma () )3 4
Sz ol ) el e Sl el gladle s 2ol
e B s il sl s S eslial G pl w4 Ol
GHE b e s e e de AL ae >
Sl 5 mbls 5 S B S 4 Ol 3538 Ol Sesl

S pdge Ol 5 ks il ol 1LY

Golaidl goleal g allivs (5la yaidio Y Jgua

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

L.<.;J9--~“ - U)P')L«:J SBP
O e oo HDL
el o a3 FBS

W SBP +W HDL +W FBS =D

SBP: Systolic blood pressure, HDL: High density lipoprotein
FBS:* Fasting blood sugar

Je b1y S5k ol (bl de o s OF (o shlas
S 5 dsd B s el b nls oS 5 SIRM]

ol e gl S
e OIS L a adlllaes jge adlae 53 b 4 O
S P S GIR) 55 5 S5 s 4l Sy el Ashs s i fadse 0o b aSUl war 5l BUld

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_W«f‘_ﬂ/ AL

ul/!r/j/&} Y
LYA



http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_W«\‘JL AL

Jse) g Sluils

Laasl

r.lﬂ)}f.” Lfi‘ lasals X3 B Lfn'SJ; vb”‘)jij\ 6‘?‘ )‘ o
Dokl Jla Yo 53 1) oy (oley Moy Ly ol
Il 3l o (655l e slaesls ulil s iy ol S o
b Ol S (S pske oKl 5ITAY L B YAY

Y ISl 63 5 EXCEl

Yf
Yy

Ty

A

Growth Rate

Chart the Growth of Diabetes

Y Y R F A F Y A TN NIIYIFIFIAYEIVIAYGY,.

wdae 3 ouliieet L a gu £ 93 cuabas £ 9a 03 gy (s ylin

3035 63432, GUIs BIR) (558 5 55 sy 45,5 Jde
o3l Lo s slogy oty Silwterd Sl 8l 03 S sbowy O
385 R Gty SIS e 5l (adate Dlids 55 el ol
Cellular AC) Jshu bl 25, 5 SIR) (555
53 Ll el s eslind by HLasl Je e g5 (61 (Automata
tuad; 5 (CLA) ,3ob Il (sblogl oS 5 o) 5 e
L5 on g 3o 5m ) & Cel o o3lind SIR) 558 5 852

Aas bl &ng )

—— Diabetes Growth Rate

(SIR) 5385 3 5 558 5 5 Jao 3 (CLA) 1Sl b S g3/ a5 o sy oui o T B asbas sy s o S sy Y ik
ﬂ}\.;.a R 9 &Jl)ﬁul.:._v J. ol LR VY4V —\ VAY L;LAJL.A a .]a);ja Laesls QLOJ.S QLL.»‘ BE) a.L.::C».J C»JL.'_; “ 5&-’1«.& Ql_)l.a.:.- raxlas 280 Coasr

Sl Yo a3k 5o Ay dos 3l A5 s MATLAB i3k i 53 CLA-SIR Jube ($3luesly fim i Lo (= VAT 16 50) s o s2aS

A e sl S 5 e s g1, 55 1 (5 %S bl

Coner 53 Ol e i L oS ol ol sl 33 2l 53

35 Glede 3l s Gl 0l aseiie Sl ol Ol 3 s

O‘jyﬁbiwéyél@j&ujW@Lﬁgijuﬁ

13 gad oLl L@j 3l gslds @

0sSb an a s M Cobis 4 a8 (ool 31 51/ 5 5us )
s Dl 1L O35 0 HLad dy xS

e 31 IS g i Mas Sals 1 oS 3 315N ¢ 5 50
A YL 055 05 HLaS e g S S

U)o Lo D Colis 4 oS (gl 31 51 dmya Yo 5> =Y
ezl [ YU O35 0 5LEb s 2S5l 580 Y

Comazr 53 g S 8B, w8 O IS0 Gk -t
Olews 31 gr 55 BB s a8 das e OS2k Oy
B3 5 L5051 B VL 5 (650 T adS 03 poms 5o

ol S e U5 ol o

Codls e b (2S5 Je Sl sdslosn 2l Gb
e ol Jla Yo 53 1y Sulis (oler A5 doss ot
JLid s madS 58t 5 an tdde 4 a5 L (VS5
by Sole 3 bl lay sSU 5 Ol 1) O35 00
ol Ay S L 5 bl g5 eols 18 andllas 55
Lol it BB 8 2 03 s se slaeshs @ a5 L
4 Gy Iels Ml Sl e &S Ghley SWl sl 4 e
as § L s p%)ji-” Jse,d o5 sl v.:;j L5 g el Oleys
osly (ilad 1y oy (olew iy Aoy ¥ IS Lol sl
Sy p ke oKl 5l el 6)}T@.>.- Glaesls b .ol
Slas 3 0l @JT@}, Oled cpl 53 43 Y1 5l aS Ol S
Sl @ ar g b oy pasde Ol gl o 53 (b ol 3
Sy 51 LT Sl oS Lo g 5l S Ol pl 03 g
S o0 lls 5 Ldges e eslinal (g 5 (..H.wj b 2l
Lo $30sWS 5 Sty Damen ot Soale Jhsey S

ul/!ﬂ)‘[f} Y
ALY



http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

Jse)y s 9 salils wdae 3 ouliieet L a gu £ 93 cuabas £ 9a 03 gy (s ylin

Sl 5l st Jele nl s o sl Laysst L o ol ol ssls bl £ IS s &S &,Siles -0
Mb&dm |)rt<.dﬁﬂbdlﬁ‘)bjwub .L'v))..v aMWMCAJLLJ MASLEJ‘JB\ ):5‘0 Jg,;':é,.]af—-\

4 Cad (213 bl 53 O SLid A, 0 IS5 b -V

T

1000 -

population
1.175E+05

1.038E+05

9.013E+04

7 644E+04

6.275E+04

cholesterol

4.906E+04
500 3.538E+04

2.169E+04

8000

1 L 1 " 1 =
2000 4000 6000 8000
diabetics
aba (Ol plass Cusaa j9 J g iuals §9aSL 3y a5 95 (i -V U
— S8 ALE e g Ne VAT i g OFNIPAT ] tlaasls e o3l s0le S Ol 53 Sl 4 Vi i Olsley aalllae 3550 Comar

A3 35505 e polis 5 (g5leand MATLAB ;3 CLA-SIR Jde b «(g3ledle 5 5 odieS polie Gl 5 53l5 5 31 e baesls

population
1.175E+05

. 1.038E+05
6000 - A
9 013E+04

7.644E+04

6.275E+04

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

4 906E+04

boold pressure

3.538E+04

2.169E+04

8000

T T
4000 6000 8000
diabetics

T
2000

b Olhlass Cuman 59 (059 H#ESB, g2)98 Smoin Y JSd
il 6558 48K patis &5 N VAATL 146505 APV TAY claesls Sl o3l £0l S Ol 53 Cilis & Mhtos sl dod Ol Loy iaallas 35 50 Comar
L bs) (SIR) 558 5 65 e 4y Jde 5 (CLA) LS50 ok GBL sl (oS5 dde (s 2 Gles 2 (AL Comer 53 W05 L 5SU R @5
L5 S 5yl e slis 5 A3 (g3leand MATLAB 55 CLA-SIR Juto L ((g3ledlo 5 5 odiaS slis 30) (63LucSL 31 e Laesls

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_\f'\‘db A Y/ K Wosos s

AR


http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

[ DOI: 10.18502/ijdl.v25i5.20339 ]

Jse) g Sluils

wdae 3 ouliieet L a gu £ 93 cuabas £ 9a 03 gy (s ylin

population

1000

weight

500

. 9.013E+04
f 7.644E+04
6.275E+04

1.175E+05

1.038E+05

4.906E+04

3.538E+04

2 169E+04

8000

T T
2000 4000

60IOO
diabetics

8000

b Suman 53 93 LdS ) 9IS a5 )98 (S 0 JSd
ol (6,588 Al e s M= VA 2 el ATYOTAY claesls Sloj o3L 0l S Olial 53 Culis a D sl Olley taallas 5550 Comar

e iy (SIR) (55,3 5 S50 G a8y dde 5 (CLA) ,S5L Jsho sble gl oS 5 Jde s 5 Sloe 3l Cumar 55 05 )Lid 558U 32
55 5551 i seslie s 45 (S5luans MATLAB s CLA-SIR Joe b (53badle 5 5 sitinS yslie Gidm) (53LucSly 5l yuy Laosls

@le 2
(ol ile (215 6 S mn 8 L ls e oMol i ) OS5
Ok 5 s Dojpots Goos Jl o S o)l 2y sl

o 3 Sl i3 slaslg 3 s 23U

hh s BN &S
Gla iass 55 OO S Wb & |l 5l i ol aalllas
K s 5 s, Ol e S e ISl S
A Jsol sl ool IRSIRUMS.REC.1400.017 Gl
Sledbl 3 oslizad 5 wlalT ol daesls SKlo e b Lo e

&:«w‘ ol Q{_LO‘) wub ‘)}bb

OB Ny 5 25 5L &l
JA’JJLSJJTC*"NM@‘JI’J"‘J‘A?LS))UKM}g;"L“J
Wees g il b oSl dlie le R ui)lfj dacsls

Ao yed b 1y ol

Z

Sl sl
cdl}-ﬂ L;...;Ji rjlﬁam‘))“)J?d‘))ﬁ@‘fQKM})
ol o Oislaesls a8 Slhles S 5 0l S s Qs S e

\\"\‘J L Z/Lf R

Sow

503l A, O g 3 55558 53 Comarm Ay &y a5l

Sgo kS Al 5 imis gl 3y g5l b, U
33 Ol s S slol sl e 5 Kb b e 2l 5 I
b O J 8 (gl omlis AL, STa8 ol ol (g 0 il
(e 3 S gy B ezn A @l 5 Ol o s (63554 350
Cobis Solon I8 g 03 L5 0 S50 DS 5 220 S 5
gosliiad 53 0l LIS 5 e s cils s bl (Glatngy SS
e R T R e
538 Ll ol B du S e emdS ols O w0 oS asl 213
ol SV Sy s Sen (o lse Al anils 5525 O 53 ksl
Ll 5 e 4 s 2ol O 3 505 Sl GBS S L
S S50 1y Slasl 5 o ior S O e O e gLzsl
LU o e B Glagsslen S Sl Lt ionen
313055 Solear nl o33 et 5 5 S 2 I 35 eins
Al 3e 2l ) 3l Sy o g e Ve Sy L
e O 3 el plonl b il (6 S8 pioman 5 sl
o3 iein ol 3LST L s 2SOV e s e el

ks o3 1 (ol ol Ol ys il 35 5 p8en355 gl

umﬁicfu_"/bﬁ
LY



http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-01-04 ]

[ DOI: 10.18502/ijdl.v25i5.20339 ]

_W'fdb AL

Jse) g Sluils
Sl

References

1. HOLT, Richard IG; FLYVBJERG, Allan (ed.).
Textbook of diabetes. John Wiley & Sons, 2024.

2. International Diabetes Federation. IDF Diabetes
Atlas. 10th ed. Brussels: IDF; 2021. Available from:
https://idf.org

3. Peykari N, Ghaemi F, Nasli E, Mahdavi Hazaveh AR,
Yousefi E, Monji H, et al. Policy implications for
diabetes prevention and control: An experience from
Iran. Med J Islam Repub Iran [Internet]. 2022; 36.

4. Korke VK, Chowdhary V, Keri SM, Patil PA,
Nandyal S. Chronic disease prediction using machine
learning. Int J Sci Technol Eng [Internet].
2022;10(8):693-7.

5. Rahman T, Adhikari S, Vasant PM, Bakar A. A
survey of machine learning techniques for predicting
the risk of type 2 diabetes. Comput Biol Med. 2021,
136:104703.

6. Beigy H, Meybodi MR. A mathematical framework
for cellular learning automata. Complex Syst.
2004;7(3-4):295-320.

7. Xu X. The SIR method: A superiority and inferiority
ranking method for multiple criteria decision making.
Eur J Oper Res. 2001;131(3):587-602.

8. ZHANG, JunQi; ZHOU, MengChu. Learning
Automata and Their Applications to Intelligent
Systems. John Wiley & Sons, 2023.

9. Ren X, Li S, Ge H. A parameter-free learning
automaton scheme. Front Neurorobot. 2022;
16:999658.

10. Shiri ME, Meybodi MR. A novel adaptive learning
automaton with dynamic action probabilities.
Information Sciences. 2023; 624:101-114.

11. Kumar P, Sahu SK, Tripathi A. Learning automata-
based routing strategy for dynamic wireless sensor
networks.  Applied Soft Computing. 2023;
135:110019.

12.Liu Z, Fang H, Xu J, Wang KW. Cellular automata
inspired multistable origami metamaterials for
mechanical learning. arXiv. 2023; arXiv:2305.19856.

13. Richardson AD, Antal T, Blythe RA, Schumacher LJ.
Learning spatio-temporal patterns with Neural
Cellular Automata. arXiv. 2023; arXiv:2310.14809.

14.Rad VP, Rad VA, Sotubadi SV. Spiking-based
Cellular Learning Automata (SCLA) algorithm for
mobile robot motion formulation. arXiv. 2023;
arXiv:2309.00241.

15. Burtsev M. Learning Elementary Cellular Automata
with Transformers. arXiv. 2023; arXiv:2309.13186.

16. Stovold J. Neural Cellular Automata Can Respond to
Signals. arXiv. 2023; arXiv:2305.12971.

17. Wolfram S. What Can We Learn about Engineering
and Innovation from Half a Century of the Game of
Life Cellular Automaton? Stephen Wolfram Writings.
2025.

18.Zhao Y, Wang J, Liang Y, Sun Z. Adaptive
asynchronous cellular automata for image edge
detection. Multimedia Tools and Applications. 2023;
82:18375-97.

19.Jaberipour M, Haghparast M, Roshani S. An
asynchronous cellular learning automata model for
dynamic optimization in distributed networks.

wdae 3 ouliieet L a gu £ 93 cuabas £ 9a 03 gy (s ylin

S glacslem et .JJ)\J@ Sl a esleul T
IR SIRUMS.REC.1400.017 1S( a5 3ol azes

Applied Soft Computing. 2024; 140:110994.

20. LACHINSKI, Andrew. Cellular automata: a discrete
universe. World Scientific Publishing Company,
2001.

21.Linley M, Mortensen P, Lauer K, Rautenbach SP,
Gallotta M, Sharapova N, et al. A Machine Learning-
enabled SIR Model for Adaptive and Dynamic
Forecasting of COVID-19. medRxiv. 2024.

! / Wose ok
LYY



https://idf.org/
http://dx.doi.org/10.18502/ijdl.v25i5.20339 
https://ijdld.tums.ac.ir/article-1-6444-en.html
http://www.tcpdf.org

