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Abstract

This article examines the role of intelligent agents in enriching and developing organizational ontology.
On the other hand, reviewing business documents in the Trade Promotion Organization and the statistics
of Iran's exports and imports over recent years creates a practical need to identify Iran's trade weaknesses
through an ontology of knowledge-based export actors and to propose solutions for them. Using a
systematic review of theoretical foundations, nine concepts of ontology enrichment through intelligent
agents were identified, and evidence of the capabilities of intelligent agents for ontology development
and enrichment was obtained. By evaluating and summarizing the theoretical foundations, an
organizational ontology based on intelligent agents was developed to create a knowledge source in this
field and was evaluated through expert interviews. In the present article, the organizational ontology of
knowledge-based product export actors was developed based on intelligent agents, thus providing a
knowledge source containing tacit and explicit knowledge from knowledge-based product export actors.
This ontology serves as a useful knowledge resource in the process of exporting knowledge-based
products. In addition, companies that have the potential to export but have not done so can use this
knowledge resource to strengthen and develop their export capabilities.

Keywords: Ontology, Intelligent Agent, Knowledge Management, Interoperability.

* Corresponding Author’s email: elahi@vru.ac.ir



aolladqgo ..- ‘//

n ol Sl g oledbl g 5L .
ITRC . O

ut{/.:«(b?/l

clellals solisgelbl lolinng .

q 6"‘ axdio NF+F ylawo) 9 3l FY 9 £F ool (ppodn JLw

raxdlland j g0 toowouigd s Jole o o (Slojlw wwuw
Blesiils @l yolo ol 55t

r‘s’.l):ua o) ‘*Y‘sgﬂ Ol s\)KL;.! POCSRVE
Oy o oKzl oMol (5,5li8 y ppae a )l paslis )15

Oloind, () yac Jy olKisls o pe 09,5 ales ol "

e a5 o8zl Sledbl (6 55lid e babiul

VEeY/-AIYY L)“J"'\’C"‘)l‘ \f’Y/'V/\;Zw)'leé{)u \\c’\/\"/\\":;ﬁl{)o@)lj
iRy allie £l

oSy

Sl (s (Bl 51025 (o0 S (o) 2 9)50 (Slojl (i lind dnng 5 (55l e lp e tign sloJale (iS5 dllie cnl 5o
B oS oo oloml Jee sLad jo 1) &gy ol 038 allw aiz o ol Slojlg g Ol jols [l g &ylow gy loslw ;o (55l
Loosd al)l gl U slp obolping 5 ololis Loy ils Sljslo 1,550 5 cmwbiiliwe G lawss ol pl 6)lw sbbcass
Slsanled g wiad olulid wiedsn ladsle dbuwy 4 (bbb 5lwe i porio V(s )l (Glo siallss (o 9,
bl 155 s sz ga 5 il b b ol b lis 5l s 5 xS dia s slo ol slacoli3
R bl 3ye QB 3 b alas b g od ool drwgs aiee) cnl )3 (22310 @te K4 sl sl dretigr laJele (i Sloslo
5 b o3l dxwgl Aedge sl fole e Hlas s DY game Sl jole 150 glojle —wlibpliws ol Alie jo .08 )3
Sleas pwlidlws ol ab )l Gl il S game Slolo o K50 51 il 5 pems (2l (g9l o iils e oS 5 (s
Sy il Dlpolo Jwily a5 oS b ool pogdle ail co laniils DY game Sl jolo anl B o dube (—iils auie SO
QS oolaiwl 0g5 Sliolo g drwgl g Cugli e Ldily ae pl 5l aules e wileslas bl Slyole

Sy Jolas (ils Cu i wiedigr sla fole ¢ gulillins ulf)‘j..\.a.lf

elahi@vru.ac.ir : Jsses oo s aslill, ™



VA ) amio OFF e g b FV 5 55 slaolad qepoie Lo

5 ol sl I s 5 45 00,0 5 gy (SNl Lagors
06 1 bglojle wlgie 45 sl Sl pladl Sy o ke
oS ablie Jolse ol L b 55l

Olojbe o (s 5haoys A yo ols g Glaye 8«
ol hogls 13 flesle lace IS ed o el uils lgiea
388 Sl Sl melan e s Sl (es il o)
w9y ) 3l ol Sl s @b 5l LS bawss (ley Jobo
S9den S Glojle sladg; 9 Jolye plonl s i b alslas
Slosbo Sl basye (25w Glgioe 1) (Gl 2l cnlnle (1]
Gy o]y med 35p 5 sl a8l sl g ouiSTyy o5 wiely
o33l 5 g alime oy oyl 51 ool Uy T 51 33,1 olows!
L1, ol b 5 ol plosl gl 130 sl oas oy celazz]
bl STl 4y lojlo s 50,5 lasl azdly sl gla_bs,
o piesdyd S ol S e S 1y gl ol 3l a5 e b
peolie CSLL 3 Lo jlgojl (Dl pss on boaisye il
[6] cisls wnlgs> (5 50 0 ,Sles

Gl paid S cod ol v b Cully I jeal (ioren
2Ol )0 055 o0 D)5 ol S0 jslateas aS Ceul 05
g bl slagsysld JolSS g ol il 5 ek
laslesls 6)bw glalame a5 550 el (ICT) Slbls)
OB (o tws (nlple gl Fod i (sloanlis sbas
oiils alazd ay alasd 130 o0 ol § jlaws Sledlbl lases 4y Lol
st Ghgm s QLS ()5 a0 39z ge slaosls 4
SRl (25 (610 At (e wd aalgS o pal (ron 5 095 o0
Sl SO b ils 005l slnl & plie Slejle Slaal 5 55050 L
Gk 5l 4 Sl b sms e o3l 45 el olyan Sl
s Glp lior Cans 4 6050 b spSol w2
Wgd e (B CuaBye o )0 (GO b oo slacled
I5]

stz sl Sy il (eelidgbas B s il oleil
stz sl SRy ol Sl Fn [T cwl ey
als 5 o blgssrse Blid il Jels cwlidjlius
@ 2l Glogas 5 blusszge (o baly) izmen 9 pative
58 line a8 S sl 4 s dagl G Ll g laCasg2 g0
20 Ll ol SO lgreas T 5 Olgi oo A gl oo ainld o
5 oole Cagles ;5 el Slisl )y 00,5 oobiisl _lojl
oSt E8ge anbisblys wad oo LIS (6500 Sumly; (508
o 5 Ll gl golatil apolosil 5 o)l o o131 &0 ailaie
3 ol aslicidlye (ul jocunl 000,85 ddxin cweds VYAV

doddo —)

GFSHe Sl plosle SG LS Als (el pac 5
Sk et Gl 0gdge ad)F a3 o B3] om0 pais
DLS IS Lo olaj oo 55 o o e s e 15
plml cs i b abolas w0039, ) 51 Jolo Slay &b
G ilugsm DN 09 (o s 258 slaayg, 5 Ul
Sl Gl p & (Slojogm @ i (ulidplivn b (oo
5 Ol (0,5 egs el (nl gy Sediee plojle
Geslail Lo i e w3l ol conle s g bpbejle
Ol sl aie iBle (oleiil G Glgior (Slojls (oulidlinn
das uils ol wlal g b ol as il b ae) S
Jlis a5 055 glaosls 5l eslial 13 Wl ol a5 ol soul
oglr pgolatil 5 Sayw |y ol 5 ol ol (s pdydllas]
Copde g 0y |y g DMl I (oagil Wl oS pd rains
295 ol cenline ax @ lids olid ol LI Y] aus
RSERA OIS SEPREC JUURRE TUCIRPUI 0 NS PE-R TOS
Luls) Ol s mre 5 o) S5O 4 0szse meplin (g5le e
sl (sl ol ylins 5l Gion ol o ¥ ]ecil punlio ol
asle jo atie Blaal § bl wign a5 ol oL S
@iS Cqo a Sl oodosliiwl Wil 00,91 1) axlllaes 4o
bbb (5l g obml yo Ll gl Ll g lacusgge
ISl 5 Sy Db aF wiadse claele clacolls
L Gl 095 Shgo 4 U 0gd o colaiul wijls 1) Lo
2l ool anlly JolS5 LT o Ly 5 onlis 5 legioge
LF] 00,5 o atl)l Gigsn 0ol 9 (castie & )y90t (35095
bl ge S 4 laglejle (6,58 ale s jgzma siils sladl
wile adgs sla)lpl  lalud 5 Canl ol haws <o) 5 i 610
(IS Hebas oS plete HLaLS, 1) bagylesle wilgs el aindS
g iyl (SieSz s b sl baglojle i onl 4 azgi L
WS e |y Sl (B Cage cnl 093 o S ) gls
ol & (el (Shg [5] oS e paleie 093 gLd, S, bl oS
oils olulils jo losle Hllgs 4y wiS oo ol 1y S0l o e
520 QS gl T ol 18 L 5o Ce s w093 (LSS
Glaglil Golul g 4l 5 05ls (Sws ()] arags g2l 55 4
(&S el 5o Sl il o oo LSas 1y S0l o
oo )18 oolitul 3550 alius > slaclad 5 &)l )3 (59l
2o J 8 1B Jolpe L LI oS 2 2515yl 0,5
5 ol QLS (Swidil ol golaidl jasinel Lyl



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

ol S e ) aloile o pes il 5l el W S
Sl 3l (et il JLasil g gl il (Ko alins 4 oS
LS 5,50 5 LN da Sy Horen sloizl lal3dle 5
(Fod) G210 £98 ol &5 398 0e Lo g (nl 50 35l n o
ol STl @ sl el sbml g sl JiSle g0y 5 0uST
knowbest il oyl (S ol a0 cpils gl el g0
Soslial b 5wl (oo Beiw (al s5lp9 &5 0 o0 Sy |,

D03 se S5yeS |y T (aline 05 lacs 5108

s RIS glyFal (59, 2 e Olgie L[10] gl s
s slagts, (Lablen S0 glp eelbiiplvs p (Sine
3 Serge M 5 035 (Bpme |y (ged il gl
sy il 2 88 Jao 05,8 ooy 5551y i slo s
Lol s omliiplid s )lS 5 la Sy o 3 L oosas]|
' alddlgn oS50 S sl elidples p sPe Sras IS
b o oladed ,Jaw ol sl eolaiwl Ll ouls slgaioy
il Sleas g bacgsgase gl ppeiul ( pwlislivs allxls
Iy Gogh opl 5l sdelcwwsay SGaST il .ol ouls plxl
Soe |y drwgi 5 Baiow leddly g 0,5 saome oslaiul e o

€Ol Gop)l5 g ulisplwsy oliie b [33] (agh mbs
sl gl idshie 5 e a5 el O] S
(g sl lins (uils ialed  cwlidlis ol Wil Le
48,5 ool b caials ol b YU hans  cwlids s
9 (hg))ase (owlidylinsd cials-dairlsy (cwlidylins (ainlsg)
S o e sl jold (olidilws 005 oulbidplivs
0,0g, bl e pocwl als sulisolbie go
o & el I Co o Baa b aS allie ol bl s
30 Gilwdingy A omie a5 Aoy waass ase b Slaals

Sgdn o) 2 )90 Slajle slaail 3
Jokss el ojler iy olyie b [11] gy ol
&8 5 (el k(g bl (o b Slapiasns ;0 Cwss hlite
4 eloil slaadlie o] )0 &5 (B s SO lgreas |,
bl ansey ol Slidsy adlas cpl el a3 )8 a5 o 0nll
28 embe - slel Glagtn 0 olas )
a5 (69,505, sl cpl jo amo o &) iloads asy bS5
S s Sy sostie sla e L e 4 00

Aolo sl i sladyn glachiss I oLl SYgame
3 dabipalds (yloy plasl 5l g isgs 10,55 0l )8 85l oy
s )lg 5 Sl yolo Lol Jeloni g 435265 5 (a0 b (gued) Fo e Lo
Lol sl ailaie slo )55kl nl (gl 5155 5 Ol tils Y game
A ab Jol 4zl (nl9iS Ol anwgs Glosle )15 s
O 5l Sl s ey IS 4 558 Ol piegsS]
D9 oo M i oyl jo 1) La5les ST ookl codel s coo )8
ooty I cazrin g S i o ( Slojle cwlid s &1L
S5k g el sl e g ylele davdeli ol 8l yo iils 5 Sledol
4255 L g a3l Ll o gl 5 Blasl L 45 555 sl
ol a4 glojle wlisnlive o Sldbl § osls aSpl
sl Glsrear Ty o lesls 51ol8 @55 5l ey Olss oo wileso
(8] 555 Jimie 5 ols (2j5al plojles sums LSS 4y e
39555 2 @S 6 laanld g asls jo Ol s ol pac o
30 Wi g (ewlidsyliws paalas &l)] jo Slss sbul cely
ouds Gleptils cYgams sl 1S5k kv 5 s slaer
Oogod |y ez Dlsd wiadisn sladele S s 5l Zu
sleJole 5l s ol jo I a0 Laseid (o Ml
peolie (Glojiorn 9wy o plulid Cexr el
5l 4 4z b ol el satosliial iyt
Sl sl leisly B 5 555k e sz ol
Loolg a8 ajlo 1) cull cnl aiedisn sladele (ol tils
9] 55 itz | locuogse i ol L] ssbi
oo iy Gl S b ol o sboles
,5uS gl aS gl acbpalss | Jol> slad o5 slacaass
San 1 wiS eolatwl o bl canlis Ll gl 039>
olole (LK50 swbsolive &l (guass ol Lol
s Slle walp 5 et St ezl Sganms
9 99,3 ke oS 15 sl (Slyole s (n e S
e cpl ol cwl B sl o g Bul
sl anedee sladele Glatiy b espde g0
S (o0 ol 833 O jgoas |y (gl 8

Sloslaul b ails Copan 5 S laie b [6] Lrgh gl

knowbest ¢ ol « olias g sbas )l 5 cloix] slal33l0 5
Sopde slp 2l oy slalpl g el 1Ble 5 elel 2 )

1 Aerospace Enterprise



VA ) amio OFF e g b FV 5 55 slaolad qepoie Lo

Olaaste colaa JJs a4 Jelge Sblg 5l oolawl b ) gcuns
WLQJ)Q w‘ ol OLQ&M ‘Sal.».’.a <9 (.SLQQS)S]US Ja.w?.' ‘5>L..M_v‘
s>k Onto-Agent ol 4 cwlbisglive S Gass ol o
S8y Ser bl p (69,50 aslllas S 35k 5l protege o 5
b1l b s st i

S oslisial b Telsesl Joe S i L [2] Giagn o
e Gilre sl b ol 6l Jalse 5l Jae SO €s5lme
-7 Sloos 9 ‘swla.wuw o)..:)lf JORETIN JJ“" U"‘ A D
Silme GBS 10 jas a5 2 4 bgype Sl e et Jote (el
S acgemme SO lgrea Lol @iy Joo 055 0 a0 o
S sl Cow aS canl oads ool Jdule glaog,S
A (5l &S L0 Sy il 15,0 5 S e )8 SLSS
O 0,513 J..JJS SG obul o 5 0 S Jaw ol ol aa sy
oy g (ol ylind (618 po 0 b 15,10 Ol adl oo lag)]
D9 e e g Dleos

Shosletwl b (Seb opony S,o» laae b [13] Liwsh gls
v aw ol adgl wlislive S € glojle bl e
9T 5905585 ol e S 5o 3l s e 4008 o oy
gl o 1) 62,8 aslip Jsl 25 5065 513 eslaals 50 (502,18
sy, 5l Ol S8 sleiw s g oolo)E el
bl e ol Saegs ,allie pl o .0,5 colaiul coli (g5lw Jow

Olsieds Wb ol Jow plply toais pwlidslivs apwg
g 0asd adgl Jow SO

SiloSar $lp bbb Joor Gloe b [1] (regh 5o
oliblies Jas €elaizh 3 slocS,h 8 ad o
oo Uil (gl Sy yo ABly oSl SLL 5 ol Slejle
L lasSl o850 o po alis Jo (g5l S o plaasins
@iz loass plésl gl opl Gus sl ools el
Slojle ulidpliws Joo )b 5l (s B 3la g
o9ie solFays Jols ool Ly axlllas (] jo a5 Jow .ol
oS5 (668 pl s ol s Jolis  agpo o 0us .l b5l
rstie oty 85 ool a5 5550 5 00,55 2S5 5
Joe Slejles cwlitsylivn pualis bl ) g5le Sgpm il

% Agents

g b glojle owbidlivs &b sl el 5 mlo- cloix]
Jae ol Gl o e ail)l iy con pogie o
oyl 5 S o (raels atold liiiling b1y Sloas ¢ cwlitsylive

S oo o ad CoaBge 48 o0 dum s LI S1,

2o M Copse Joor plpe b [7] gl s
el (Sl s (BIS oSGL 6l Slojle (olidi b
5 Szs5 sbglole slagasn o gl corsy b))
oldgban ol onl 5 (oie (il S e Joe Clangie
iy s Sl sl Je ool sl 00,8 &il1 1, &5 5
iy 5 sl (DSS KB) ' Gals i (5 S s
s e s 5l JSite Jae ol sl SMET iy o oS 1
el Sy ) o5l (glisd o 1S b Copndse i)l olow
Oy, S50 Sy g ey Sl ST ganaib ol
s il oLl oall a3ll (protege l38ls ) OWL
e Yol Ghg) b asdllae cnl )3 ouds &l ead Sloiity

<2l (CBR) 3,50 »

e et b olaaST 6l 0,809, SO (lge LIB] oo
2 s RIS S (6l (69,50, bl Jao So
Sl addllas cpl jo aes oo a1 bl pline Joo S ulal
oo polie olulild gl glablie 043 S SaST 5l 5 ke g
el g L Candg wanlie aiile o, K5k cloclles 4o
oolaiwl o oo JoSiis uils S Glp 1) owlis s oS
9o jlooliinl b | (e g qupe il ragh Gol i os
robe oy 5 ololid agzlyedss 5 silagpal SESS
Sy Sebse (SsSy - Rl (Jele) codld saims fSCiS
oldpbis Joo )0 1y aslllas )90 codlad (g5lusl 5 (s

S

ssbiiedy (oulidplivd Joo SO» lgie o [12] hagh mls
A5 Sy 5 eleasy slaptes 5 25Ty JYazul Joges
w2 bl (e (hen 5 )l (hee 4Sed parde K5 8 (hea
> Dygods B aws ojlal o8l 1 29,8 4 b aiS e plé
5 Sloseal &5 WS ady (0 lp gasde Sl
Joepll Aish oo a3 Gledl T bl bl
aazs Jobs 4 ol (2STy g pladl SIBs @ (rez (g 0 Shoe
s SO bl paily SO llie (b jo oyl bL ) eews!

‘_,,_';Lc)l.!al Sl S H0 sre>yugd oloul Cp Soleais

! Decision Support System Knowledge Base
2 Small Medium Enterprise



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

oty il anlllas oyl bl lgieas a5 wms oo a1 1 lesbs
b)) el oad plxil (S50sly 25n 5o by, (nl ol
5 shank ¢ Moody g )l> 5l eolatnl U ooy by, &)k
ol laazsly .o abuil ctilags ool Glansce b aslas
039381851 e SlaiiSTy i by, (nl & was o

el o3ls al3dl 1) nilage cudlye LTS

3 @l 655,50 oy Oloie L [IT] gl o
O3S 5l 65 sl Ce «lojle (s IS Gl > aailel
OMSie (49,5 eS¢ Luils cpl yaid RaS L g s ils
gl e 35 b amsrin 5 bne slas 5500 51 (A6
0350l (ulidpliwd (o) 4 plaBl (el Juils 20lejles
Jos97 0 (Sagd Y g lime i oline (S5l Y a5l &S
ool S gz e b a5 sl o 5l (S adlls ol gl st
lejl lacellad Sledbl slagaie;ls ol oo (swlidybins
5 by Codlad mha (0 3VL 4 1) 0ad (55l s il

ol Gialidl slesle joly (g iws e LB

G (g =¥
5 Ceale 4 Blaal 4 s Sy clie Baon (g, Sl
&y o3arel [18] o)l Kt alyz) Sl 5 Guios gy5e
ol Lwg oot oy SMbl VU w3l gy eolizl
MalS s S5 50 4 & jg0 4 dleds 5 S 5 &3l g Calisre
@ Ol Raagh 3l ol 4z 95 w0ad s, abp J3 515 Slas
el anepllas slos,Su) Caos 4y 393 g CokeS ) Cgr
Gebod Ea90 09 Hoebel e 4y dllie ol jo [19] cunl ous
ool s 4 Sladllae bl el ool Sl arepllss 0,55,
i s guals saxin milin 552 w5 Allas ol o
Syge |y wiedign slafele g culidplins b &g 4 a5
9 @lbols (3l 590 10 1BlaS 092y wms )5 (om)
O 4bg e alie gl izl 5 pllid (ol wieden la ol
Py S eieplla (ol 550 )T Wl ale 03> 90
low o b b slagiagy an S50 5 b3l (alels
JYo L [20] sl go i 050 0asay b go9e ala b gl
QAT Sgzge walel (138 aodS waepllas 956 ploxl
O b oszly o oS ally (ab slagragh ladlss
Sl jlaisl 4 ) UG Gille 0,804, pl ol Bl ais;

=

.oe;so

Iy olosle gwlisbs Jow Guios cpl Sl a4 a> g5 b oS
Jae 50 1 wslesls el Slojle laaste odgase o
S9isn Jlosl ;500 slaojem 4 allie cpl Slojles (wlbilplivs

Ll Glaasie 5l 35,5 glaosls dcgammo Jolis a5

I 3l esliiul b oy 5718 (59 )5 (i Liebr ploie L [14] s
ol oadal)l Sladod Cozla ol b p (e (Sed
59 ol 3l Lioriw 0355 ylavsiie 1wl ool JuSid sdes isu
el ol S Lol o (2l s 5 20,5 S il
Jst 5l aub asels gews (2ls oS a8 ool glocul g s
al> 10 90,9530 Al B .S Coles e SWls 4 des s
osile gamas b (V5 aels gas (uils zlzenl (Y wsyls Lol
@ aelgd 5 el conin s ,glans ledbl wolys,s Al od
ol (5,508 OWL L ;o cpiile SO jo cwlidylive S
D9y Gl eoe S 1y e Gl a4l o5 cul
e Gialad g (Ged Gl S (6l () g 5 (gl
I Ly el o (e 05 5 (el Gl 5l ol 55
5 ol b e ol SIS L ol g S b ] e

el Sgliie Sl 53 12 (sl

5 Sojle lidplva Jdoi» Glaie b [15] (ragh s
a Siagh e p e il arng gln o (Sls
oy Glojle (oulibplive oulul gl (S p (ow) 2
Sl ool Lis 352 g0 Dluol  aiepllas (5950 b pizmes el
O Siludae oulisits, 5 Slojle (oulidplins aigfe oS
G ol b edliial lojle slalidle s anegs sl
ool silede Slegias Slojle wlibpbius ol
5 058 blu o5 Llog slaill; sloacl p anwgs bl plsicay
wiad glolid lojle ulitlien ulel ; dilie cind
Soilet s Bl L Bl Gl eSS Gl

b plxil EO/DEMO 52

Slojle owbidglivs 5 Juls asa» olge L [16] iogsh o
ST e idu 50 )5 g eSS il waigel vge sl
L b pole 0,509, » (e (D9 €G5glgoly (5w )0 0,90
O o Hekaiedy g Jlojle cwlidlive (il ands oS 5
@lp o] cwaigeil Lalaie 5 039381 555,1 (e (sla STy
dM Q-?.‘ 5 .o; 43\)‘ QLA)Q 9 w‘&.@f (590 542 u,,ubsl
S by conle g Sy g Ol Slle owlidplus

1 Design & Engineering Methodology for Organizations



VA ) amio OFF e g b FV 5 55 slaolad qepoie Lo

i P G S Sl Web of
gl i 3 Jpes science all C"
Wasly kS Jyes e data base w
.
o
G
N4
v
03l gl ¢ SNt Sl s 17
Leols (5 ldsas' u-!".i)"w Jyed pos g Jaeds lf.
= SYlie Gl + &

= =
zhesul g zl ! olily 92 g

! 12
el st 9929 O e =

Lo adgl 92 glam ) Joux

oL
Slawy )
bt 97 9oz Al iy Sl
e 8L Yl

Web of science
All database

TOPIC": (ontology,intelligent agents)

YAD Timespan: Last 5 years.
Search language=English

TOPIC: (enterprise ontology, intelligent
agents)

Timespan: Last 5 years.

Search language=English

Web of science

\# All database

haid s S b Sl 590 S ploxil sl 45 ol
el 8,5 Solas Dldllae adgl 5 Sbegil 52 gl &
plsl (255l 5 odig) i (B AolS Gormiua Lol 4 S
i SYlae oluld anld oSS o als o 0l 5o 00
L85 Dyge oy ey 9 SHETL (s 990 @ BrdlelS o>
$37 3 9 STk 57 e 92 S Al pe 0l o
oIR 1R [22] sy 5l oo n el 5 o b onig) i
S5l by, Sl eslital b sad plowl anepllas (ol 5950 (Lol
o Bl 500 lie A 0dig, st g, 5l g del Caws 4 allie O

23]
0855 399ome LB ab pl p el (Ve (692 gl 5l um
Sloyline G So S Djge e gy S Sl
Gy & 2950wl lp culed ladine a5 asllas bl
o b § xS 5 Jlaizl RalS (sl 5 w5l o0 o0l,8 g3y

sl Sl j9 50 B (50 (2 Freten (GBS ) et
9 dl9) Sletanns j950 Sedete S g0 G
P )04 Dygoind pse i 4| (Boeols Julo g gl Sl
orresbe 5 il B ol oo (B Giod Jolye 5l plas’
g dlp 0 e mlie gl ooy Jlaw onl 4 &b
ol 4 ful Caz cwlie loools sigd o lulis
Q0 5 oo Julow slasgSay Waools cpl Cols)o g Wigd oo gl el
5 G 3 30 ol o 211 915 Gl Iy ol &0 0l
W el Glisdon aiey (ul )3 Ghagh el (Sl (20,
Salesyd Bosls 513 5500 cnl ulul 5 4l 1) (Jlow b asS oo
ol bl I 1 aile ragh ol (oole oz 4 (Suly
Sl 9 JolSS 50 (AE ar wedse sladeler Gedod

ol €C5 s ol livs

Sy 5 (elolbid 4 Silatn 5550 plowil 5l 15 (it o
@ g% S5 & Gl Sz )3 a5 webe aly Slillls
O3 B lp Sledie sorgiar )3 mileioe SeS Bioe
(Seis S belSil sl ollas i azse Sl
U ogdioe paie 3pmal) Slojle o b)li5 5 slalels
Stk oo Gloged 4l 5950 plowl jo Lol (g5 s
EYY a5l 5D Gloj o5l rizred 5 g2rglonr 4id) ged

Sl 0als ooy lad VY Jgaz ;o (Y- VY Jlo o)LL

I TOPIC= Title, Abstract, Author Keywords, Keywords Plus



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

aolol )3 0,5 (g, (Jase l8le s 0 WYlEe &S S5
952300 JI3Ble 5 5l Ggie g Waosls Jelod g a2 planil (6l o] 3
5)ls (Lass yo sloallie) laosks 45 o 5l 4y ansl s 03litu
> o (5l o gl oo i a5 Ayl pealie g oud 138l 5
e lRle s crl 5l Cales )3 a8 918 92y e (5,508 B
S el oads oolizul lagl bls) 5 o5rge sloaS )y
Ol G0 e 4z 2 e o lPle s cnl ax g BB la S
o3ly S92 9o DIl (aoplejle Cobl @ g oo Julow
Ol 50 mizmen 0,5 o)lil j138le 5 s Sezge slrosly pled o
o gwiia JIS2I L Joe ialed 5 s3ladae sl SUBGL 3810 5
Al g CodeS b OVl a5l (gl oV S 50 300 392

il 00 03551 SYlie e 5l 00l 7z yBims (5l SlalS

Yl ol A4S b ybo .V Jous

b Jlgw 3y

e | ead el aalllae (pl Lz 4 5l 9gmg ilate LT \
390>l [24], [25] St

sk 2] Senleas oo (235, 4 Glash I Sl L ¢
©oguls [25]

k| Sl sszy adllas nl @l 0j0e o aladon L v
8og9als [24], [25]

> b | glbiesgame 5 jliel )by Lo oadsl lalllas L] ¢
o9l | [RA][25] Salos 5 555 e o w05 slosiil

e [26] Sl oais aseive 095 4 Laslg, g euplie L N
©o9u>l

Do sl | 0o Aol og Slidiog are; a1y o933l 33l LT s
809> [24]-[26] §co!

2k eelaphes dnng sl e 0l 5 Ml 5l addlas L] v
899> [27] Sl 00 5" solizul

Letsl o [23] o el Slalllae 0, Sog0me (gl « Ay
J9 e o Jlase & L»T as L)"‘ u.....u 6‘1.» oolazwl S99 6LQ)L49
QQ;‘SA‘SMJ))JGQW@J»[JMM‘?O&M&M

S5l oolil b a5 el ol ke pllss 300 bay 0 e IS5
CoteS (b5 slajline ol g ralae 5 e Il 9 S,
2 pbel caz cnlple 0,5 18 2lsl o)se Jyeie Dlalllas
Sl wlg a5 1l g oy, S Sl e plliiygpe g ax
PRYTRVILIPWCIL: LY PRV FRP IO I IE S L SRR P B SRR
L eoaS ob))l cudd S SO Gtz (pl jo elel uen
sl g 5 w1V Lol a5 ine gy diz 3l 51 ool
3 hS Sl 4 bgrye (Vg 5 g 5o el oal (g0
kS b Ve g5 ol o b el ot 035 VLo i
S o o 03] SVlgs 55K 18 (6 5 B slasy 35
30 ol egdle cnl 0ol 0051 milis 1 (ghlo ol b 5 ol
W) § E9090 Coow 4y SYlgus Lz 00l (grw Lo Sz ()

lbee T Jguzr 70 a5 0098 (LBl Slisiod

adsl Yo ol Y Jgu

Joeds sl sLzo Jlo

b ooliipb ilosé il Lol 35505 a8 sloallis

bl diedge sl Jale 1 oolail i
loads 42858 (eSSl L) & o5 olaallia obs

il ot jiie g Ola Y18 4yl 51 a5 laallic el
Al oad Qe iS5 JUyg5 Oy 4 oS plaallie Ak g5
Al Al 952y Allie 4y g ws S O Ay (o yisd

ol /5 ® &
Bl e e crese
) 1
J Jo §l|m ol | [ | [
oM llorem M&x{l i
# Quick Ac ¢ Files % A ,Au‘otdr requency Query Results ¢
cess :
Fie '+ Nome Codes Referen | A Word Frequency Critesia RunQuery | Addto Project
Memos & €03 Toward Dynamic Rescurces Managemen 1 1 o =
Nodes & C06- Organisational Metamodel for Large-Sc Seaech in Files & Externals Selected Items.. Selected Folders. Grouping
& . Mothematical P - B Eactmatches (eg. "talk)
L= C07- Sentence Based Mathematical Problem § 2 3 Display words ® 1000 most frequent i <
3 Oan
with
3 3 M
ticns = S| With minioy m length 3 With
. = With generalizations (e.q. “comm ¥
4 6le >
g ' ' netwo rkﬂ?amﬂﬁﬁc"-lz st 2 v
| &8 €25- FML-based Robotic Summarization A 2 2 applicatiol muse
R S h..g,m':amelluenl T gw =2
| &5 €27- MAMBOS » new ontology spproach fo 5 5 question=g “st
Automatic Test Gene 3 3 rgurevnlu w “uslng
and Applcation of 2 :’: = m
gent-Architecture for Automated O ]
s
2

%ﬂ— ge“ts w&e' nanfn

ull

siggte=== SEMANLIC =R “’““ e

Lallio w3l ousds Z youiuwo aolS (5wl aids .Y ST



. L;‘ e AXLD ¢ ..

L)"a'é‘"' O)LA.:)‘... JL.».:

Podie

Yo g IAFAS Wy lyd Hloges ¥ JSb

wopllis Hg 0 3l oo zl il gdas . F JSCo

338 o0 Al (goloiiny (ulidplims lis (um slogisy )
sloools ulul 15 (60,90 anlllas g alas byl dnlsl jo s 4
=9 Jold (69,90 anlllan 09h o i3l (oulidlimn Conly
b s 5 SOl gloools b olyan 45 0ty o LS oo
oo 4l Ban b S sl ol gloos,S 5 L oylojle aiz
5 9550 Ll (o) 9 90 oy 5o Lo slaaul b g ae;
aallan )3 Gl plis w09 oo 0anel (gl (S3lil o plgre 4
Sl )9S ol (il DY gaze Slislo (550 69,50

Bed o Sl Olioils DY same Sl jole anl 8,085 56

oo sliws lawly jo ol 5l oolawl b aS diged pae ol

G295 51 63192 00l b 09 oo (o) axlllan 890 caiopllss )55
asfllas Sy 55 S oo LBl TLsS 5 IS 008y e el [29]
oSS O g0 4y diges Sl ] j0 g Canloalds Colan cds by oS
Aoy gLl alads 4y 00iuS &S L5 VY 090 b lei oo el 009
[30] T oMTs ol walgss sae Yol i slass ol Yo

3 8 (Gaes srazlas ;o a4 Cunl 00 (oS 395 axdllas o

¥ Douglas

Sl oals l38le 5 o)lg ols lgie 4 dllie YA gaass ol
@ 0j9> (nl )d Ladye gyt @lie g0 bl 4yl enlis
Gl ey ol colils s lolis Slats é 5k
5 pedlie (ilulivlon (DMl Sb3k 5 camgardl> 2Lk
5 Silopstde (el ld (pugitedls (culidlivs L,
(elbdglien S Copde (eulidples a3plejly
(olid b S 3l lon
el Llital g gl sl uliiolus o jloiio
(e ld Ol Sy drwgs 9 (B oulidybns (5 St
boLly) Gedad o oulidilive SIS (pubilplive 6250k

Coroz o olidplind gangile (oulbidpliws lacussrge
Sazme (2Bl (alibliws cwaigeil (oulidpls
2 oS flgieds cwlilpls pwgaods 5 owlidolis

B3 oo i8S L

16,38 0S awl,8

5 8 el milie 3l oo Zl sl slaesls 51 sils  poeas
SlS slax! jo b gl co W Ao ol jo conl Judoo g 4y 325
SISO g Ol a4 b 6 l86L atie (LBg) b sulS
oleiiay b9y 4 4295 b ogd ploxil 93 baalgie

ol oaplol al> o ol (6,13508 £45 ¥ ulusl 10 [28] dlis jo
5l Wl e a5

Bl 6,l0508 ——— (5,950 (5|00 ——— 5L (g lASaS

O Y S o aieplla jo50 0 gl e dn (6,1350S w0l 3 ol
| 00 cm).:ym

85 Oygo DYl (b5l 5 oy Sl LSl (G5, el
o Wad lolid Lgye g ol porde 4 950 plol 5l as
GrSob cemlidplivs  pwmgail (il Qb i els
(solils glalodgrge bobaly, ok (owlidplins
(elidplivs sasme  omolSle ¢ gwlidplive  sow Jgile
sl €231 (5 IS 25l g (6 Jalsd o liisy s JalS
On Jelss a5 dilo g e Glresss Al 4 mralae (pl s
Sas by WS olo ) eeliiplivs 5 wiedgn slafele
A5, o F S 30,5 o ool pulibilis sl i

gl anspllas j9,0 51 a5 2les SlaaS sl 9ug-0f l3le 5
sl 00 ools iles wyo S

' Lincoln & Guba



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

el $gd zrhas ceslial lalgw ST0)1s 335 az g5 4 5bs 5
o5 Lulp ool o B aies el g 09 Cews 5l ey b 09l o
ol e 1 ey wslgss aslas aslsl 4 Lles 5 00l 0351
38 olalpn Wisdi oo el awd 50 4 balsw Ghagh
bl Sz sl gladle 5 lilplive sl iegs
st Jho 4 arg b ola]lee 5 Wedoe oslinl

ool 0 odas s § b diatign (gla ole g (b lius
Olojls g lwosipd axlas LT a8 aiS o (ou) 2 alan Jl 25
e Gl ass Gub aiiS e colaul Glojle jo wlidlins
Olgirs ewlidyliws 5l o ylojl codsl Caws 4 baslas ow)p
Cl maly ol Judo g aisS ad oolatnl flosle jo suils oL
@l 05 53 (oole W gad9e S pleie @ porde (nl 0
bl ae; Gl )d porhe Cal a4y S ol Sl 5500 5 o
03] derlae gl ) oolital b Ldos & S5 0 ans] o0

50 g alem Lo eaisS o8 5 a5 YO 4 slidl abads a4y o,
Trbe GpSaiged 0 a5 Jszeajl 5 JFMbl gLl pealie « Jos
5 Oeiglre olpae 51 @ VO Sl allie ol o s 818 Joles
Ol 4 ylas il OY game Sl jolo 4 bbg e 00 Ll IS

el oo sl digad

25585 jleslaial b a5 cunl gy gl 51 oo (S cmlas
Seipen |y lodd s Gy Sl slagios n 5 amlas wiedan
S jskie a4y Jes ol &5 seoe Slex Ll 4 Sl
onl 09d oo plsl B )90 059> b 990 die yo Dledlbl
SrSy ol Slegdge owyp Bl &S Cwl lpl Ay,
Sl S0 5l b pleebl 5 O He 055 o b laguly
Sloged axlas (&S Aogh 50 Siluoo pal B 1) 5SSl 9w
By Oz 050 0 pladiiog 5sleS (] Gas a5 cul

ol shmogi 00ty (Slixe yudi 4y 4> 5 L odigh A>las

Sl g Wg)y 5l st (i alas sla Jlgw adsl )b

alao OYlgw .F Jous

Sed Sl 3 38 36 slocysszse plod ol olitilins U]

Carole

ol Ly, 5 bgsyzge il Jols culisgbos L]

Sobw

Sl it BB LoaslipnT i b ol s 5 csbiislis slacyssmge L

‘Sﬁhiavdlhxil

Sl 5k ol (sloide ks b sy 0 8550 dield cwlidsylis L]

Sk

Jal Caomnd

Sl Spo BB Fol 4 Laly, g (Lyss>ge) publie L]

0o S0 JB

0,5 Ll oszge Lulpi b Jlais e oulidbs plicoe b

Silweoly B

Fenl obly b gillas cwlidlins slize Laily, 5 locgsgzge L]

-

Sl ool 418 )5 00yol cogpie 4z Lod las 4y

o9 8T Ja 10 wls sagehe 4z Lok Ll @

£,10 8929 ooy &l cwlil s slocusszge o ails, a4

S oo SaS (6T ol lppcke S50 g Lo ay owliislied 0l L]

P9o Commd

058 s tils Olyolo anwg sly 053 leal, Wil o (cmliisylinn LT Lo L 4

Sy 6% s L5 L]




Q7 Q6 Q5 Q4 Q3 Q2
g S b
oo & » & S sahdlad Sl
&slwesly e

O & ¥ & 9 O v Y Y YEe D DD

3 = 4 = 3

Ll colis
elbed s

slgsgzge colis
eleipbns

\ owigda>las
Y onigdalas
Y onigda>las
O odiglalas
¥ onigdaslas
7 onigia>las
Y odiglalas
A odiglas>las
q onigdalas
Ve onigdaslas
W odgdalas
VY onsgdalas
Wonsgda>las

V¥ oxiglaslas

oS oS V8 saigdiarslas

sl b 3l ool b Juloxs .0 JSC3

sl oyl33lm 5 ) sl o onlii] pwlid b axwssi (gl
s 5l Wl b S e Sl 1) OWL (sla plids i
el gl oy ol o sl les 5 Gries
[31] 55 aien gz 955 slo pulits b

sl oads (B pme owlidlivs clu gl goaxin sla s,
TS 5 WSl ISl @ glge cole slagty, alex
Lo og, 51 S 0,5 05l (553 5 Ollignil T ugiS TS T uguaias
ol 5 S oS e il liiolis el gl |, olapl
oolaiwl ol 51 g asils gudo 9090 b (6 yitin conlis a5 o g,
o9y ol el [32] cuwl «gg» il g, ] ol
5las,le

(oolail Judo caislo)  pulids livs (gasals g 055> cpmad )
Sl mlitlins I same oolital Sl (35,5 Sl js Y

el
5 b Sy dop ) cwlbidlivs g SbMlasl gjledy ¥

(LQ.;T Sy90 50 Lo uils

¥ Kactus
® On-to-knowledge
* Noy

Slatudszge  rog Cwx GMgh pl 0 Geies
Ol gl S¥game Slpsle (150 plgie b (oulidlins
el 69l 5 (sole Siglae ;5 (60 pemly i Ve sgam (jpiS
bl VF ogu (pizmen 5 5588 S5k Ul 5 e
oor Slyole drwgs Geaio g Ol jolo drwgs j90 S )3 2l
S A o B ol B sleeS b l ook slawi b g al
oSl e S sk 4 b adl e 4 oSl
Sl b ple 5l 0pd slaxl ane; al Glacasszge
ol 3 OB b S 4z 58 (s g oSS Sz il
Slacudgzge (38 (2l 5l an G el oud amlas i
slolE)l g laoly b iils Y same @lyolo jo 135,50

05 atie abg e
31 eolainl b ¢ gws wilgd co owlidlans sarwg sloo S,
A3k E0e by 09 ded (enlidplis cwaige 3
ooliztl b bty Lials E¥guame Slyolo o505l ol b
sl 48 5 & g0 (PTOLEQE) pU a4y ol s cwaige )30l 5
(0-0 Protégé ) x ,l38le 5 saseas o3 5l alie ol o

'cyc
¥ Uschold & king
T Sensus



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

ools gl Joo (o)l slajlins 4y 4 g5 b alas plowl 3l
253903 Sygots b ylne (ke (B aigdabas Lwgs oad
MG os o BB amals Jle oud sl Joe ol
P epddladl e was oo Gibs |) oo g sluosly

ool ol O Sz 5 (ol BB jlere Lol chansgio 0>

o, 8les byl sl lrs (o Sls

. - <t 6

08 des (2U )l gL ylro (il £ S
5 OB p3 b amlas ool Joe @ logw, b coles 5o
Ok @ bape cwbiplivs (glauwe Olided ooes
@9 e 50 25 T a4 yeiS plis Gl DY guase S jolo
A 00l dewgd

Ll wntitled-ontelogy-22 (htpwaw.semantioweb.org/safontelogies 202171/ untled-entalegy-22)

File Edit View Reasoner Tools Refactor Window Mastro Ontop Help
< ® untithed-ontology-22 (hatp:/www semanticweb orglaa’ontologies/2021/ funtitled-onology-22

Ob @ b g
baiges oy .0

. ".. . @.w —Y’

ool 5l gl slalgw (owyp sl bosls Judod g 4520
Olglhyd Slay g b oD caumalis |y s canl jlo,95 10 ol
S eele ragh il gl oS plye 4 g Cl Gl
a5 ol ahews 4 a5 Sy Jled 4 agn Lol slaaly
Colaa g JHES il SO G B gl slacdlel
3550 gools (g5l mez 5 (Bgh B9y e 3l o Wi oo
3 bs ST L alie £98 @y ay b Kiaghy ol
Vg a5 gl g 00l (5,910,5 slaools Julog g 458 sas
Gl Kaagh a5 ol fpl Sl ope a5 assl il iegh
OYlsw 4 by 5 Giegh Baa s jo 1) baosls ¢ Sledbl
Do ol o 1A s o g 4y o losls leslaiwl b ieg
(os slad 5 sole milin 3l acols o 5 ayso 5l oolasnl b
Vg sl oospie v 0 b ime 5 psRke

Sl 00l 00,5] g%y

- @ x

™ Search

|Active ontology = | Entities = | Classes x| Object propedties = Data properties x | Class matnx x [ A

ies = | Indhiduals by class = OWLViz = DL Query x| OntoGraf = | Omlop Mappings x|

Class hierarchy: owl Thing B EEE § OntoGral:

[T

o

AR 4 BEALAL4dL4

O =

T B e e
0 i g g u B S
0 0 g s g e g e
0 g s g pu S
0 sy e ) S

Voo gy e
O gy sy B

T g e SO e s fe

0 g

R T ]

O gapl st smp_dn

O S e g b 2 R

O g i

O s S Sy e

0y g e e

O supB_sim_ sy sily e
T Ay e

B S st i

e L 0 T

@ g e

O A e b=

B il P s s
Tl a2y

[ R

feotsins  +f Seach | clear
B 7 =B Ba&

T wdd thi AIOAE ik REBA4 > 500 ERAW ' Show RNRRALH a

ol (iils WY game Wilyolo ¢ )55 3L Glojlw (owlad yliws Y JSCo

\Y

Protégé Software’



Ws...

e

Jaaéb... O)LA.:)‘... JL.».:

Lrial 5o oubetiplows (Slo)ig,a s il e Sozr 4 ol s
g g0 odls oy lasly b ale dl-“’g;}‘-:s

sload Jome iplly oS wiid bsy sli2l wiedsn sl Jole
3l aiilo oo plonl 4 SIS ()18 by 095 )5 (9
Bl le ladole (nl Lol glhaasie g Dhiogas (n Snee
Skl g )0 ColilB e g G Sl g BSens b i
Skl g (SonS S clllb gy Gl slals, Yol
2 Sedsr gladele w5y 5o 65 Sa gl Lol
5 et b o] dxgi g S9et ek il 5 Sl
(Sl @b bl 5l deailp g lacudgzge huS
5 ol Lulyd lul g eadipuyn gl 13, 5 Sloogas

g ulby ulwl 5 aieden o fule ol 5l =T Yol ol o
Llgy ;0 KaG b lecusgrge ple bL3 ) Koo (50 g Wb oo
O3l a5 Fge slasly anled go ol 1) (owlidolws (49,0
I, asdlao 0,50 ;0 odd odilg> ln Luils SVYsame &ljolo
Slead ol gl Sihe b aalsn Jole S lsre 4 olgise

dF s ol cleglls

ol @)l anngs Lol sl o plpl o)l 515 ey n b
250 cal o s Al glags oo a5 w8 Jol> 4
G odxg Loy cal ailds jens olaidl aiyy p ol
b ,eaS 2, Dol 55665 slal jo 00 5SSy sgase
1Al 00 s o0 oo BaiSades 4 |y, SYgame ST
oy sl b alolo 1o Gl izl pieassST g 5luacalys
adg 3l VL mhaw 4 wily o LIS 10 (> sl il 4
Le ‘_;)L».».M:O 9 ~.\>‘5 o\.\.w‘nLo.: C’,‘LQJ w:olf u.cl.; ).A‘ Q.a‘ e 5
Ok o g5 slml slacus 5 Sl jolo 0gb o0 SYL 05w Slag
ol beS i 4 odledy WS o Sbml eSS Gl
g o3l 1, 5sFUsS sla)lil jo wolate 0y sl 5 5l 5,1 000
Shole s oo jmals |y b (L SO 4 oS ,s (Sl
03,5 0l 1S 1 sl 1yl yg el (5 S0l a3

\Y

Sladgzge (ooled B oad o p (grw (oulidlws cnl o
5 CBo b la,ypiS Koo 4 &Y game Ol polo anl i o 108,50
Olmoisls WY game aSiul Lt 4y ()b 5l 00 5 Laxl codlas
o I el ey b mlie o g0l ge
b 585 S o b el liipbies S oalisplivs
soboles cwl sl sl ladYgame ol jolo jo alize alio
ocs2se 45 ol g5 3o 5 VL g s ol Bl o5
e Slogoad 51 (S aiS oo 2leb ) blusszge (o Lally) 5
RN g Gialpg Ll Ol pwlislive cole anl3 o
5 CokeS b as gy, bl onl el pelilpls
Olss @on WPy 5ol alie r*-’l-‘ ol sbws lastel
Lo 3,5 oolitl (plii it a5 Ginl g Las l3iay
o e gladised 5 lagl il abado do WS Gn L @i
arwgd Gl apme (pl S oy yigp | (ol Glins (S
@ Siledae dasite slalpl &5k 5l ) 059> S (pulitplinns
5L o 5 6 elS 05t &y g5 o0 5 S 0 ol,8 st
5 sl Glcws wale 4 bl Gl b S0 &
o0l b ol lins (b sy plidslins Sloiin
Protégé- o Frames Protége il lases 90 10 ¢)l58l0 5 ol 5l
Protégé- aliws 4y owlidylins ials ol iy lSel OWL
IS, b Billae |, GB 5 e sl sl s a5 OWL
b oawsee |, ol ol ololb 4 was . «l, OKBC

B drwg pline Oy p (e [ b laoulitplivs

paize 2 25 b el Lo oo 7 v slaaS o pid slal yo
Saleys o8 (Srsl azg iy B 3gd &l aiedisa slasle
i oslbe joba 35l oe oulidlive il s 4 e
HoaS S ,Sus 5,k jll) 095 e a5 gz ;2005

el Jole S csles Jos dama o] o a5 pladl 5 b
B ol il g Jole aslpy b Jale slol jo Lol aa by
Sy olaslie as; o5 cwl Jule pb 2l slxe 4
(Jole anliyy aS Jloyo il ges gilwesly OlS> Jul
a5 Slaslre olliws 3l cend (g9, b p) gilwosly
C)ls‘)b‘ 9 Sloaliw ‘J..u‘ ng)LoM MLJ‘SO ‘05.2;3‘50 odﬁ.‘ab d)LoJ.A
oopwd BB Jele sladsliy gl g 0,5 o0 b S 51
5 slizle olie lyed woigr o fle [37] sjle o0

D drwgi g Geiod pd e odd ddgi SV game Gl iils S gase !
cal 133 590 (3909585 5 (8 s wlyniy



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

pll ) Jos oyl a5 098 00ld drwgl (gaiodigr Jule b cuwl Lo
98 Sl o8l 5l oolial b (gl (e giaelip (b 55 s
Sl bl g ileetlan | wialdisn slaele g o0
ol 5L, 5 355 Jas o] gl ) ool b B ol dxusss
WluliS Gk 5wt oulipbes Slojiesn g il
Ll Lyl GblB egian (osp e slapis 6! g OWIready

S slr OF g b e pshaiedy (ol plis S5
LI el 900 2B 00,5 50 ol 5l eolawl § ol asls
ol 53 lidplns sl (e (Sl ST aSl @ 4z
6‘)4 \)9.9904.0...‘05/0).1)[5 0)5.15) )‘ (KU OMr:l?U‘ Ao
Osy boad eolinal bl bl
JeeSS 0 QT sl olly ¢ ool Wll 51, cwlbs b
L bbbl sl (oubidiplind oS 550 50 (55 (S5, &

O Pl

il s emon Gk 3 Gl g 95 wolad (LB sladidy
@05 o0 Dyge Sl ol el o liiplies 1o Sles
5 el gyl o Canl San colibylive K, [34] aus
Pl o Shes b cdlad (1 a5 )18 eolinuls g iyl
dlad 51 5 onboliil wliblias 4 > b Casl S
5 295 (eeldplns Sy CAS Dl amtys Bl aly
5 @l (els Sd g o Slee gl o5 cwl Gl cuasst
Sl (8o o culid gliws cplplo 058 &1l (65350 slagaly
@b o)l s P go,Sles ;0 bl (655 5y 5 ooliiul 5 )0
rSo3lls (2l 615 [88] 55 518 (251 9590 00, 8hos ]
oo a ol s a5) bgpe 0 Shee o (bt liwn 250 (e
Jdob 5o o Sles 5 lacadld wubl ()l (K lidlivs
Sl b)) eg g wigd el Coli g pglae ©jg0a (b))
4 e ax b oaadsy o] axS aS 0gd Sl glaigSa
bl aly cosh o0littl 5 oabolie] iyl
@by ghe a0 pSiws elidpbus 050, Gl 5
D9 s
(ewbeslawd pplas § o)) baojly aisls o

abelo b)) pealas onailb 4 by Lly, cls

(is-a ool
peplie (lo olixe by, conls @

\f

a4 plasl Yoons lacdgs «lyolo coonl s 4y sl covoas |,
5 BEgin 6,5 B b bas b Sl sbhaddls 5l coles
Wt By yxe @8 3 sloacl 4y 4 wiS o sule> sloasly
Goid gleacly Sro xs B e alle 5,588 5o
Groid 0 yly a5 el ans Wiz gy pl b ogd o Dl jols
W Sl sbal o (Lol slas pealy 51 (S (g S yolo
aali s g asisls 1,3 Slpl slacdgs I jgiws jo goladl ol
o oawy 2 el 00l plowl Ll el jo 50 goaie o Jlad 4
S (sl ol 1 510,55 3575 b olnl 85 ame s
az 515000 kit oy (allire sloll 51 (o085 s S0l
@ ogre Ng) olpl Slpsle daugi po el n (g o
)18 3929 Collae Ll b L ool alold joim Lol ctanl 413 57 595
olazdl o 1) cogeo i Gl mils 039> j0 S i &l jolo 5 )|
a3 &8 05 o S S e i (ol plin S o ] 152 Lo
o Sl pl eaiply lge g e 4 azgs b W)
S5 slausgzge 51 Jols bt b plesiils slacs
g anled cldld Slole e o aulgn Olyole Wl o
odle ol ol does aS ausS oolainl H93as 95250 (sla il
o hadg Gl g bl DYsame L aseg
O9zed O sla asli g Wl oo LES 10 gl WY gas

23l e g it mlis @) Gl a5 Jlnd]

ot Sl yis a5 sile e wanl b dllie 5l 25w cnl o
el gl 00 5 oo dl)l aiiigr sl fele slacc LB 5l oolaiwl b
o gl @A S e o e gl
bl caslis (6 i Tal IS (ol alosil (gl a7 als &g
&l 98 gl (Rl (emgaeln 5o el dgaie (al 4 o,
a5 Cewl oddools drwgs cwlidylivs 8 Sl 3 )15y sl
51 oolazul b ols sloxil Owlready albuliS” alewsas |y o1 o)lgs oo
o)..\.‘>.) 9 C)Lo‘ cs)ldf)l) ‘) LQ‘SM.\LWWQ u‘yu;o @L?ul.\s U‘»’o‘
Protégeé l38ls 5 b jo cwlidjlivs aScpl @ azgi b o )S
i 30 OW Wgan bl L1 o ,8 1) sl 00l o0lo axwgs
ol B ogd o 2l (S22 cnl 098 (SIs312 gl
oS GlaigSay il wypws 5o bl O gdambe Ogod
Jloel absi e L1 59, 2 1) Slaess Slo 9 255 13 el
olidbaad 55; » Dlds g5l S0s3 gl (Byb 5l e S

! Task/Application- based Approach



. L;‘ e AXLD ¢ .. J,a.é [ O)Lo.ai’ € e JLu.:

#
5
+

e oy o py

L Moo, BMlicls Mos, LS Wosy e oL B_L

e s

OB 72 515 5l (owbbglivwd (2L 5,1 A JSb
& S azmais —F

Ol Slojle (oulidbnd (ou)p jshiteas pol> alis o
(ils aie SO ol Gual (Ll OYgaxe Sljole
Ygame Slple o050 51 Kol 5 ces b gyl
Gl g Sy obml Gl e b wSly Gl
Ay oyl jo aliBe laius 5 miline axdllas g axlas caslin
(ewlidlvns S LB o s il pl pegdle Lol plxl
O el 035 BIE ) (Slsle e j3 e laadgse
Shole anld jo aae L8l aie & lgredy owlidlive
Lolul enl sl o594 cilisee (sl ol zils &Y gase
oS gloanS olo sloes b Jlhslo (g5 anws g Cusl Cqxr
aslyz> S5e wloolas ploul Slyole Jgails |y olyolo il

g

i Az wiedigr sla Jeled aS oy oo dlie ol Lol Jlgw
2970 3l ped (i 5o €Il (oulitiplsd (Lo 9,0 5 JolSS o
5 Silois Sile & peplie & G lp atepllss 0
9l e anld ol ol el cwlillive Slu)jep
SRl g2 gz 3l (Grdod Jlgw al>pe (ad 50 atepllas
el 03y liul 5 6 0T WVl coiS bl ebdlae
odds iy yai SYlgus a5 g Blawl g aials s ol al> 0 0
4, web of science ool 28,5 L o b oaw al> ey g ol
W] 485 O g0 SYlde (552 gl Jlioms 4SS e
ool Jgod s 5 Jsad (sloslone ulisl s Ve Sl s
Y olal 5 oVlie S b, e Vlie bl 5l am (Zdpdy
Dl g 40550 (sl oS L alliie VO Slass 45 0l aloxil lies

Jelos 5l s aless (6 13508 5wl Jaiie g ol I3 e 4

¢ Conciseness

7 Consistency

8 Expressiveness
° Grounding

VO

(slidolimd bl ok (Al (aseie g @l (o) 2 b
97yt Losd paseie b5l sbajline U ol (] 23
Slados Lo 3500,k 51 5 sla L [36] gl ()
olbold CotsS b))l Cuzr Koyl pelillies
03,5 attiis (o) 123 )50 059>
anlp b a>pe obj)l 4 by Jixl glolae o
Slailo,le pwlid cas dxwgs

(Bly slos i moo b)) 'cds o

(Sl s plnil o) Ts piyglibail 0

b obdas! jshie joline bl oyl8,m) Ty O
(o0l

(Sl g somy (oline caislbe) T o3ls colis o

Glaisyge 0555 camlio Giiig) S0 JolS 0

L oGosrome Slaoss b capai pas) Topog paise O
(0990

gleodls 5l adloe mmlbs (8L 0 Jleb) "5l o
(e 8993

ol g a5 Sols @Ylie olaw) A ole, O
(a2 Fealy Loy 4 Wil o

a b g sadelxl Glog,hae slaws) gjluaie; ©

(Cedly 3 90 55 (ol St 0L

Slysle Gk (eulidplins oS alins cnl 5l plebl jslaroas
&)l wlidplws B o sy jebay Ll il Y game
Slpsle g (owldgbns jaasio g ops i 4w i webos
& ooy b b sy osill laiiis3 lysees ol o
(Sl SVl adls o bt s 5| oo Ghie s
@S ey Jhw pl 4 o ) b o Sl g anil ails
Obimols WYgame Oljole 1,550 cwlidlvs o Slae»
Dlyolo anwg Baa b 5o slacusszge 5l aleisl ;o j5a8
Kog>» Llawgior o Koy Lo» B B 5l «fol a3
Gl 5 €og L 5 50 Gl 05 a0l 5] g (LD
pled oy @ plaadie (nl (pized g €08 pow i
bbb ;3 bap] Ly pd glacusszse 5 ol glacysszrse

30,5 bl 093 Fewly (o |y Jdos cpl ases g aislo

! Accuracy

2 Adaptability

3 Clarity

4 Cognitive adequacy
5 Completeness



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

oL S oloul T ¢ s 10 9 99290 8150 5 dazeae colaul Y
20k Slgor ol g9d90 sln Tl 5l (oulidplns) (ils
i po5 S5 nl Ol e ) (embid b gongile wBL Hlels
ol bes G o Joile st Sl b SG (59,5 (e 1)
5 Syl clblB b sosxe eolannl el 5l Slocii, Gaal
sl )l g uali 5 dumme oolatwl (gl (Ko B,k 5l sl
3 885 mE g s Doty 39290 by wliiplivs
Slaise s gl gl (o jsbay s sl L olo)lS
el pie (l5e (sol il A bl s Sl abg e

505 dole Ul iy oulitplive S alae s iy Jolss
S ol b aS Conl mpeepmd g S yiie slasl ol pen wosls
5 ol aas blaul (aldal 50,5 53l gl goe;ls
Ol e ol 1ls aie SO (gl rosly  Sliae (505 geon
RCIV I C YN WV P SOOS

e o3 d92ge s 0)bed (aopleile 5 (0 el
2 2yl s ol Gue aS cul 8490 plie 48,5 jw
e alelis Ll 4l puyp o et sliilian
ail olS alss 5 Sl baiges oM 5 swlidbinn
2l paisee ((oils g5glgnl jo padls sabeslitwl (il sl
oo (5975 Hebas g (Al ailas sgg T b s i)

sl

Sledbl jluales anlp 5l cul &jle Sline (cumgidnil>
L gods MLQA uip'b 9 @u‘o g_";“jbu’ QL“’ 6‘)-.’ )ls°954“=*;
G,..;L»...Jul.».m.m ‘5&439—0-3 9 u,-wl-hwuw LSL“’Q"){S )" oolazl

Bgd oo 5T 5luasles a3 ;0 45wl oo

S8 ol il slp 1y o3 bulyd pwlilplive oSS
et Jl 5o slaoje (sl aite ©ygons (21 wlei oo o0l
oo Hhaaaa 5l 0sd oo ady awlidlive JolSS ol gl
o= obls)l Gus LS lagy eelidplae LS
sbdsile L @ike gbwlipbs gbcussse
5 ool b dow A S w098 oo i ya5 calisee _owlids )b

Lol Al (6,5 Az (0 (9S50 pelae 5l S50 loged

\#

gt Gl bl Jeld popie & NSNS b
Lokl Gl oobidplvs S0l oulidplns
(eoldpln gandsile ouliip b
bt Lol it

Scadsrge
Saze  ooo,lisle

oeplie Glgie 4 cwlibpls 6250l g il ob3k parde
) W}b L;LasJ.nLc ;_Ml.als )‘| 6)-:5 o e Lg\;.g aS Al ‘_sLal
4 il (obib b Gl ewllbplus Glo)sgn 5 darwgl Cg
ol Ko Sledbl 5ls G a el sl Sledol (8L e
gy iedee sl el slac LB 0195‘5‘0 as e
090 Blyy 9 bodszge o a5 laoshls g cesalis
4 @,qum ).\fob e 0l drwes | GWLMQLM@
e o has g bl Boe L sl clS e
Cobl 5l solizal b a8 uliiplius Ky 4 oliiobin
b 5 sbosls Glgioe wraden ool glual 3 Juls
S0 s pleld S e B slace L5 55LsS Sl
libglis & ulibglis gie Sy 5 5 SsES s
bioles 4 daz mealie Gk cnl 5l ol ALl Sgge

QA adlsl

O3Sl by 08 Jeld (dre 4 (b s Borlai pogie
Dl & d By K00 (calidplis (9,3 (ulidplis So
el olins sFKeal alis gl (loaisS lgael ool i
Linsl Lo o lidbind slocosszse o | Lails) 5 ol BLS
ABle 35190 b Dol )l RaSTL (53,5 Ty (i O3S o ey
sladgile b owlidplivs slocasszse b looxly on

e Gilites gl il

35565 w51 SOl 5 bnosls by pwlid pbws (5,05 IS5 o
slalad ;04 aulin sy g0 ol liws ouidsdnwgl Caws 4y
S &S Sl e DByl ol ot (5jluooly alise
sl asly solitul Sl ol ane) Sy e Sledlbl ()l
JeeSS gz (Hly slio 5l slasls o Laly 5 pelie gl Sl
L oS ol gloduzm Sl LB wems Gl b pulidliws
Gl (5SSl [4] s pdyee el esiie laghs,
JEl a4 a5 005 o0 zrhae ggdge (nl (Sl & e g
il o S0 Cudsrse & Cadgrae o 5l Sledlb

Sgs oo (o]
odiddArwgl ol Cll> SG glp Gule oL S ol (ol
ol 51 cmlie ol T 0l ) 20l a3 90 cusli b



Ao « ...

e

J»aéa... O)LO.:J‘-.- JL«.:

Sl S35 Sledbl (5,5l asliladgs

@ b el gad, Jle slanlosle a Lol pwyiwd pas o
Sl ol g Hlelis )5 ol )l cus

lyolo sl B ;o e slacussrse jlael 4t Sy ags o
i pinwsST (S0 s e 4 ol il DY game
ol 009

Wi g Ll b Sslatias 23] 55,0 Joye yo i

il ke 3 5350 @l 2 lagl 4l sl 5 w05 gl

bl ol s ,5 36 T b agzlge slp slo ol cacils

g 0 0318 sl dsldl jo 3L sla,Kal, L ol jon

iy 25 (LBl S92y Bl )o aS (SIWSie (et Sl S
lio Hla 5 )90 Slaojem dod idgy Sl oS oy (Ao I
LS asas L3I wlide (6155 5 b bl ol s sl axals |
03533 SWl5as Ltel 5 285 10,k ol o, Jol 5 ey ¢ alie

Sl B 53 6)leds fn Ptes 9 wepllas H950 51 (Sl
(Rl g ol g gz gl slaojly Sl pls g2 g
S obeebl s Jlumms (S pSUl laoll slacasgass
aulyd o as Ll (S0 0,08 5929 o o lio Ao 4y oliws
By a5 sdwlcawoas b ye &ln Couzol> g2 gl
O 3 Gl 0 a6 Ve (T ol slacusgame lgs o
Szt O pal) (( Suig i ool 50 g2 gl JSdo o

el oaloslainl odigy iy ¢ iS5l

loais) e gzgle wnld o b I Se (S
oL JolS (Sl poe o s (n s 51 45 092 9298
b JSie cal @8, Sz ol DYl (92 g a8 lools
8y (557 gz 5l ooliiusl cnlin (g9 glumr ALy yu5
6l jlass 5l oolawl (S pLd b 90,5 Sgaome (gloaiy ;5L ol jon
Sl Al se 53 Geizmon e slasl Lol ey
lap)l il aipe a5 s 292y pla iy 5,0 Slalllas
@ OYle ol a5 STyl g B 4,z 5 il aiels
el atnly laizee b 3o DgldS g oed (WIS 4 50k j Ol
3B Rl 50w i Oy GRegh e 5l Sl
sloyld wags (nl el Sz alple 205 0 Dgae
2y e iz 505 (295 Oype ple b3l Sl
Edpdy plwl piae wlie I eadad S lajlae el
2550 S35 (S plyiear Sledlbl i 5 gl o bl
W (n it 4 ol Cnl e 4z e plnil 6l I Cesl anepllis
Sty ol 20l g ool gl Sal,) el ool liions

\V

13 el SR SO

G550

ool &l Sl udlin g pid S (550 (551090 A S
Sl 5l oolicul L b el ond o1 5 33 3aid ol 5o
Ol peolie dl).ogd (gilu g8 oulidplins aiodisn gla Jole
peolie 51 o 0 a5 09 gad90 (ol g Jls aLBAT Jpad )0 oud
g eolidls Gloyisr 5 Gilust Sz o el o9
I3 $5LsS 5 alide alac LBl walse slafele
(Os7ed @l Sy 2D (atie Saxle mlie (pw)n b aS Sten
IO NP3 | ON-SI00 1 1 I SUT UGN 11 IO v PR P )W 2
€ g bl g JolSS 5 (FauS JyuS coblB (Yool
ol ool b o e 45 0 wiadign Jule slacoLlE
gl ) (lidlins glo e Caz 5o Ll by 4 (g
sl Jole oo Lo ool 51 o, @l)l 5 ow)pm  sos0i0
eoelie 4 g5 oo (oulidplins 3 gilala 5 plesl 5 wieion
oy bl (Glo o 5 5ile 28 Glye Lot aS S
@ 5 peplie (pl o2 )8 lom 90 4 gl Jlgw (50,5 4325 b
ol Gooi (28 SYls 4 le B Wigd oo i dligs 90

Wl
5l oaliid 4 porte 45 0nlS sloaasls o atepllss slio o) el
S5 lbplive il gl g arwgl jo dielsn sla ol
ol 0o crlply el JIay03 5 oYL D)0 5 Caal ) o)l
slagby, pegar ;0 Sl Sldllas § b (o) p b Gubis
) slp steplls &gty windgs slafule 5 ool b
IR soon g Sousyse Al SOl gulS glhaasls

5l Wl le imgh ol slbiudgame

G Ba g eolatul o ollgl 5 Sy Coogase @
@lize sloloiln jo dlie slao,gluws

(PR D50l Sg> g0 (slad jsliws &l Cosgae @



Sl Slysle (1,550 ranlacs g0 tdiadsn sla fole p i Slojle cwlids b

assessment in the SME sector, vol. 787. Springer International
Publishing, 2019. doi: 10.1007/978-3-319-94229-2_15.

[8] B. Okresa Puri¢, J. Rincon, C. Carrascosa, M. Schatten, and V.
Julian, “MAMDbOS: a new ontology approach for modelling and
managing intelligent virtual environments based on multi-agent
systems,” J. Ambient Intell. Humaniz. Comput., no. 0123456789,

2018, doi: 10.1007/512652-018-1089-4.
[0

D. Chumachenko and 1. Meniailov, “Development of an intelligent
agent-based model of the epidemic process of syphilis,” csit, vol. 2,

pp. 17-20, 2019.

[10] Y. Wang, L. Wang, and C. Wang, “Research on Ontology-Based
Tacit Knowledge Mining for Aerospace Enterprise,” J. Phys. Conf.

Ser., vol. 1087, no. 3, 2018,

[11] A. Smirnov, A., Levashova, T. and Kashevnik, Enterprise Ontology
for Service Interoperability in Socio-Cyber-Physical Systems. In
Enterprise Interoperability VIII, vol. 9. Springer International

Publishing, 2019. doi: 10.1007/978-3-030-13693-2.

Y. Chemlal, “Onto-agent-SSSN: An ontology model to facilitate
reactive reasoning in multi-agent systems within a business
intelligence network,” Int. J. Reason. Intell. Syst., vol. 11, no. 3, pp.
282-291, 2019, doi: 10.1504/1JR1S.2019.102635.

[12]

[13] J. U. the blockchain using enterprise ontology. de Kruijff, J. and
Weigand, H., 2017, “Understanding the Blockchain Using
Enterprise Ontology,” Int. Conf. Adv. Inf. Syst. Eng. Springer,

Cham., pp. 29-43, 2017, doi: 10.1007/978-3-319-59536-8.

[14] J. Liu et al., “Grid workflow validation using ontology-based tacit
knowledge: A case study for quantitative remote sensing
applications,” Comput. Geosci., vol. 98, pp. 46-54, 2017, doi:

10.1016/j.cageo.2016.10.002.

[15] J. Cordeiro, “Analysing Enterprise Ontology and Its Suitability for
Model-Based Software Development,” vol. 2, pp. 257-269, 2019,

doi: 10.1007/978-3-030-24854-3_19.

[16] M. A. Musa and M. S. Othman, “Knowledge map and enterprise
ontology for enhancing business process reengineering in

healthcare: A case of radiology department,” Int. J. Enterp. Inf.

Syst., vol. 12, no. 2, pp. 26-46, 2016, doi:
10.4018/1JEI1S.2016040103.
RARTA R v ‘&Lé) 9 oo ‘@LS oolj&.&g‘;’ 9 (e K;:Sy [yv]

2 B ol paille s bipbes @RTIS )
5SS Bn i sl 5 B e lea i lejle

, vol. https://ci A ¥Ad , ) ! Sl
[18] A. M. Pinto-Llorente, M. C. Sanchez-Goémez, and A. Pedro Costa,
“Qualitative and Mixed Methods Researches in Social Sciences,”
ACM Int. Conf. Proceeding Ser., pp. 193-196, 2020, doi:
10.1145/3434780.3436696.

[19] A. Van Den Berg and M. Struwig, “Guidelines for Researchers
Using an Adapted Consensual Qualitative Research Approach in...
by Academic Conferences and publishing International - Issuu,”

Electron. J. Bus. Res. Methods, vol. 15, no. 2, pp. 109-119, 2017.

[20] Y. Xiao and M. Watson, “Guidance on Conducting a Systematic
Literature Review,” J. Plan. Educ. Res., vol. 39, pp. 93-112, 2019,

doi: 10.1177/0739456X17723971.

L. K. Nelson, “Computational Grounded Theory: A
Methodological Framework,” Sociol. Methods Res., vol. 49, pp. 3—
42, 2020, doi: 10.1177/0049124117729703.

[21]

[22] R.T. Webster, J. and Watson, “Analyzing the past to prepare for the
future: Writing a literature review,” MIS Q., vol. 26, no. 2, pp. xiii—

xxiii, 2002.

K. Dal, S. Mendes, R. Cristina, and D. C. Pereira, “USE OF THE
BIBLIOGRAPHIC REFERENCE MANAGER IN THE
SELECTION OF PRIMARY STUDIES IN INTEGRATIVE
REVIEWS,” Texto Context., vol. 28, pp. 1-13, 2019, doi:
10.1590/1980-265X-TCE-2017-0204.

[23]

YA

C‘)M‘ Q)‘\.\JLMJ‘ QSLQ[“)& )l oolaul 5‘-JLA.._‘>‘ 6&6,595..» 9
osls | Se sy 5 (Silee Oyg0ds 5 59,00 dix 5l oslaiul wols
w‘ ooﬁ)‘él o C‘)M‘ uLC)Ua‘ Cono » ‘)5)5)'0 J.._‘> Ja..uy

Ololeadon -0

2 o potde e elidplis 6, 50L 5 (RIS bl paeas
ol 45 nlie Lol sl ataign (gla lole 5 cwliybins Lol
poie (nl &5 098 o leiiey 9 Cewl o5 W03 S (w2 1) povie
S9b s0 Sleidan (nl pogdle 0,05 S8 (o) 2 3550 P O g0
peplio Ml B 09l (65550 pealie o L35 o )lns onlie
5 Lo)lone el (izen 5 355 00l drwgd Sl (ot 5

20,5 oluls suus slabls)

D9 plil diwy ol jo ooS laosls leolauwl b cieg oS
85 )18 5090 aslllas (sl Allie (pl po &5 are (i
S a5 80,8 o ol g cwl Loyl olpele 1,550
255 3 aalllaesyse 5y5ld 5 (65l pimmesST laio
4 bagye pealie giluosly w395 oo st Suledye
oolaiwl b Jawxe ¢ cwlils v g3le o anld g5lu Sog>
05 031 dxwgi (5l )3 (eghan Ghen (sl (slaphy oSl
g8 | 38 0alools dxwgi slo cwlislawse ol olgy oS

2,5 Gloyiayts 5 drmgi ( >ib 5055 O jso 6 sle

&=y
[1] S. S. Rao and A. Nayak, “Enterprise ontology model for tacit
knowledge externalization in  socio-technical enterprise,”

Interdiscip. J. Information, Knowledge, Manag., vol. 12, pp. 99—
124, 2017.

[2] M. Brahimi, “An agents’ model using ontologies and web services
for creating and managing virtual enterprises,” Int. J. Comput. Digit.

Syst., vol. 8, no. 1, pp. 1-9, 2019, doi: 10.12785/ijcds/080101.

[3] T. R. Gruber, “Toward Principles for the Design of Ontologies,”
International Journal of Human-Computer Studies, vol. 43, no. 5-6.

pp. 907-928, 1995.

D. Monticolo, I. Lahoud, and P. C. Barrios, “OCEAN: A multi agent
system dedicated to knowledge management,” J. Ind. Inf. Integr.,
vol. 17, p. 100124, 2020, doi: 10.1016/j.jii.2019.100124.

(4]

[5] S. Zidat and F. Marir, “An Approach to the Acquisition of Tacit
Knowledge Based on an Ontological Model Department of
Computer Science , Chahid Mostefa Ben Boulaid , University of
College of Technological Innovation , Zayed University , Dubai ,
United Arab Corresponding Author:” J. King Saud Univ. -

Comput. Inf. Sci., 2018, doi: 10.1016/j.jksuci.2018.09.012.

[6] A. Di Iorio and D. Rossi, “Capturing and managing knowledge
using social software and semantic web technologies,” Inf. Sci.

(Ny)., vol. 432, pp. 1-21, 2018, doi: 10.1016/j.ins.2017.12.009.
71

Jan Andreasik, Knowledge management model based on the
enterprise ontology for the KB DSS system of enterprise situation



S

WsJ;aﬁaO)me‘JLw

[31]

[32]

[33]

[34]

[39]

[36]

[37]

T. Hovorushchenko and O. Pavlova, Method of activity of
ontology-based intelligent agent for evaluating initial stages of the
software lifecycle, vol. 836. Springer International Publishing,
2019. doi: 10.1007/978-3-319-97885-7_17.

V. R. Sampath Kumar et al., “Ontologies for industry 4.0,” Knowl.
Eng. Rev., vol. 34, pp. 1-14, 2019, doi:
10.1017/50269888919000109.

[33] Smith, B. (2020) ‘Ontology and Its Applications II’, Iranian
Research Institute for Information Science and Technology, 36(1),
pp. 271-294.

de Franco Rosa, Ferrucio et al. (2018) Towards an Ontology of
Security Assessment: A Core Model Proposal Security assessment
-Information security -Knowledge formalization -OWL -Ontology
12.1 Introduction. Springer International Publishing. Available at:
https://doi.org/10.1007/978-3-319-77028-4_12.

Degbelo, A. (2017) ‘A snapshot of ontology evaluation criteria and
strategies’, ACM International Conference Proceeding Series,
2017-Septe(September), pp. 1-8. doi: 10.1145/3132218.3132219.

Raad, J. and Cruz, C. (2018) ‘A Survey on Ontology Evaluation
Methods’, Quarterly Knowledge and Information Management
Journal, 6(2), pp. 25-34. doi: 10.30473/MRS.2020.48615.1402.

Chumachenko, D. and Meniailov, 1. (2019) ‘Development of an
intelligent agent-based model of the epidemic process of syphilis’,
csit. IEEE, 2, pp. 17-20.

'4

[24]

[25]

[26]

[27]

(28]

[29]
(30]

Dermeval, Diego, Jéssyka Vilela, Ig Ibert Bittencourt, Jaelson
Castro, Seiji Isotani, Patrick Brito, “Applications of ontologies in
requirements engineering : a systematic review of the literature,”
Requir. Eng., vol. 21, no. 4, pp. 405437, 2016, doi:
10.1007/s00766-015-0222-6.

M. Dadkhah, S. Araban, and S. Paydar, “A systematic literature
review on semantic web enabled software testing,” J. Syst. Softw.,
vol. 162, p. 110485, 2020, doi: 10.1016/j.js5.2019.110485.

J. Gharib, M., Giorgini, P. and Mylopoulos, “Towards an ontology
for privacy requirements via a systematic literature review,” in 36th
International Conference on Conceptual Modeling (ER), 2017, vol.
10650, pp. 193-208. doi: 10.1007/978-3-319-69904-2_16.

F. Messaoudi, R., Mtibaa, A., Vacavant, A., Gargouri, F. and Jaziri,
“Ontologies for Liver Diseases Representation: A Systematic
Literature Review,” J. Digit. Imaging, pp. 1-11, 2019, doi:
10.1007/s10278-019-00303-2.

H. wiesche, Manuel, Jurisch, Marlen C, Yetton, Philip W and
Kremar, “Grounded Theory Methodology in Information Systems
Research,” MIS Q., vol. 41, no. 3, pp. 685-701, 2017, doi:
10.25300/MI1SQ/2017/41.3.02.

L. & Guba, Competing Paradigms in Qualitative Research. 1994.

J. E. Douglas and M. Bryon, “Interview data on severe behavioural
eating difficulties in young children,” Arch. Dis. Child., vol. 75, no.
4, pp. 304-308, 1996, doi: 10.1136/adc.75.4.304.



] .. . Iranian
( Journal of Information and Society of
. Information and

ITRC Communication Technology .
ICT Researchlinstitute -

Communication

(Iran Telecommunication Research Center) Technology

Volume 17, Issue 66-67, Autumn and Winter 2025, pp. 20-33

A Framework for Contextual Regulation Needs of Artificial
Intelligence

Seyed Hadi Sajadi'®, Helia Yousefnejad?

! Assistant Professor, ICT Research Institute (Iran Telecommunication Research Center), Tehran, Iran
2 Department of Industrial Engineering, Faculty of Engineering, Alzahra University, Tehran, Iran

Received: 06 January 2025, Revised: 28 July 2025, Accepted: 02 August 2025
Paper type: Research

Abstract

The widespread use of artificial intelligence in areas such as autonomous vehicles, health and medical diagnosis,
assisting researchers using large language models, robotics and defense fields indicates the increasing importance
of this technology in various functional areas. In this regard, industries and governments around the world, with
incentives such as increasing economic efficiency and quality of life, eliminating labor shortages, dealing with
population aging and strengthening national defense power, are interested in obtaining the potential benefits of
artificial intelligence and have accelerated the development and deployment of this technology in various fields
through various means, including development-oriented policymaking and regulation. Along with the undeniable
applications and benefits of this technology, unintended consequences are also created that have raised concerns.
Although a significant literature has been developed on the governance and regulation dimensions of artificial
intelligence, the context-based regulation of artificial intelligence has been largely neglected. Contextual
regulation in this study refers to the analysis of regulatory needs from the perspective of distinct functional
domains, each of which has different expectations, requirements, stakeholders, actions, and generally the
discourse governing it. The present study selected these domains based on the PEST model and analyzed
examples of context-based regulation in the core dimensions of Al regulation, including accountability, safety
and security, privacy, transparency, explainability, fairness and non-discrimination, human control of technology,
professional responsibility, and promotion of human values, in each of the domains of the aforementioned model,
including the political, economic, social, and technological domains, and presented regulatory needs based on
that.
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Abstract

Due to the nature of smart factories and the use of new technologies such as cyber-physical systems, cloud
computing, the Internet of Things, etc. in such environments, the volume of data generated has increased
exponentially. Therefore, real-time processing of large volumes of high-speed data for process analysis is a
difficult and challenging problem. In this case, big data analysis technologies, as a powerful tool, can play an
important role in controlling processes. In this research, an architecture based on a combination of big data,
process mining, and machine learning techniques for analyzing processes in smart factories is presented, which
enables accurate and real-time analysis of processes in such environments. In fact, this architecture utilizes
powerful big data analysis tools and new techniques such as process mining and by employing the logistic
regression algorithm as a machine learning tool, it is able to extract valuable insights from the data generated in
these environments. The results of the performance evaluation of the proposed architecture indicate that, based
on the completeness and accuracy criteria in the context of process models discovery, it has achieved scores of
92.69% and 79.68%, respectively. Also, the best results were obtained for metrics such as prediction accuracy
during the process model conformance checking phase using the logistic regression algorithm, reaching 99.5%.
These results show the high capability of this architecture in real-time process analysis through the integration of
advanced data analysis techniques.

Keywords: Smart Factory, Processes Analysis, Big Data, Process Mining, Machine Learning.

* Corresponding Author’s email: shideh.saraeian@iau.ac.ir

Y



aolladqgo ..- ‘//

n ol Sl g oledbl g 5L .
ITRC . O

ut{/.:«(b?/l

clellals solisgelbl lolinng .

OF JIYYF axio NFF jliwo) 9 jul FV 957 bro,lods (pdain JLu

bl Woigr il )5 53 assT 3 Julow' gl (5 ylone S
oiilo 6 p50L 9 9l T 15 oald S Gl SosT

T 2095 he Tl s Sl L yule
Sl 5 ool 3T ol&zils (I8 5 axly ¢ SganalS 05,5
Sl 5 oDl olyT ol8zils (55 axly « SgunalS 05,5
Sl ol 5 oodbl 85T ol8zils (18 5 axly ¢ el 09,5

VECFLONY il a,b VEFY Vil sl VETN Nl s b
syl alie g

ouS

9 eLoi! w).u.:‘ “_g).g‘ u*“l-") ‘L;i:).»_‘a 6)—:—.’.L~’ ‘_;LQW b =9 GL‘Z’G)BLé ‘5);)154.3 9 Mol GLQAJB)U Cable @ a>g5 L
oals 5l g0k > S5, u*’)‘%’ ‘Q—.’.‘)—?Lz-.’ Lol a8l uﬂ)l).el Gaelas & gods ouds 3l slaosls p oo d;;uﬂ 30 o ps
@ oslo M o (slacsyglid cdasl i ol o .ol 3150l 2l 5 Cow Gl doos)d Llos jglae 4 Vb cepw b slo
G oS 5y (e ylene Ko Rg% (ol po bl Wl laan T8 S jo 1) e GBS Al ge aded 0 (5,15l Glie
5,00 g 380 Judow Sl a5 ol oo @81 siaingn sladils IS o laa],d Ldow gl p cudble (6 mS ol g (solSanT 8 cosle S
sile (g LSS 5 eolog M o aied ;08 sl 5 6 lene (pl b 10 L0551 oo pl 3 ) lalae 555 ol yo laa T8
Glogiin glmial 4,00 (ile (55 0b Il S Gy 4 St g S5 05,55 (55,54 L g 0 p0e 0 5oL
Gl las ulul (5 lexe (pl a5 w20 oo ylis eolpiinn (g lexe ob,l bl el lasxe cpl jo 0ol adgs slaosls i)l
50 S o e cmizad Sl a8l Cwd YAEA 5 7AYPA olie 4 oS a4 anl b gla Joe iglS a0 Cds g yog JelS
720,08 Joles Sz ()5 o ys5) 5l oolaiwl b o T)8 sl Jae Bllail () al> po 0 o i C80 yulai Sla sl s
4 i S SISS oS 5 b 5l o T8 S50 sla = 5o g lene opl YU (oUlg5 saimslis ol cpl .l sde] Cawsas
RO RN WE

oeiile (6 580k (gglSanT 8 daools S dlauis] 3 Judos caiedgn a5 15 1y 5 5lguuds

shideh.saraeian@iau.ac.ir : Jsjme soiws g5 &L, *

Yo



OY IV amio O F-F lias) 5 5l SV 5 55 cloo,lads comoin Jlo

aleion s 1) oanT b a4 byyye sloosls 5l sa0 e 5
aS ol glosls mbie 51 (SO 5 slasl ol gy ol 51 7]
1y s T)d Jodo 5o eolitl 9,50 (slaslay, 51 bz wilsi oo
50 oolaiul 0,90 slrosls Cole 4 az gl b ol plo o5le o2l )8
Lo apome 435511 3 oyl 3 sl 8 ciadpn (sloails IS
5l cpl 00,8 sl ool Jdow slall lawss asly
gl oo sl G ooy T8 ateg 5 BB U8 50 aiilys oo

A5 sln Wl oo o5 goed 03 sl 5l (S RS S
RO PN U CH R PV VEL RPN SEP U I S LV PRCR
Sloanl b o pie (poi SIS I (S plgie 4 golSanl B
Sals |5 co pae gl g lp died 08 gl ‘\)55%‘*‘5
Loy Typ siloainge 5 JS aiile Glidee glaaiz o wiadise
5 oo ad sleesls Ldow b (g9lSas] )3 [F] 09 oo rgme
slaylpl aoils daools 51 sedae o> adg L aielign
9 oo‘o())if J.».l?u REVUOWE- ) 6?5&‘"’“" 9 J.».l?u 6‘)‘.‘ 6A$.o3).\§
S e j5b ay il oo 4w JaSe (5 5l8 90 sslS a8
ools 51 A5 aus alyl b ool oM™ Jodoed s ey 5L ol 4
ot g2z Ol oy Tp Slsiz 55,05 b sslSanl s
pold diebion Sladls ) o 1) laa o ol 5 (5590 02 R34l

VRYY

slapi sl wile laxdrin (Ll LSS (e
O Wl e ey lpl lye 4 g8 edle 650
5 dadisn Gloals 5 o ond ass sloosls Julos o 1, gauls
SS9l SlaeisSll i ;o anled Wyl banl b gjloangy
QS olul gl Jow alidS sboosls 5 (g8l b asold ile
Sloeal 5 03903 (b 1) pleen B8, wlyn o5
Jelows o s el 3306 (gl el pliy S 36l glalaiason
5o anld 558 Cuz ol Ce e by gsiie o5 )5 slaosls
GBS e rlore Sy allie (ol caiadign laalls S
el 03905 a51)] cpile (6 w50l g gglSan] B woolo NS o
W oy SSESS (3luaz LG 5l slens cnl yo i o
o) 5l eolaiuwl el sais oolawl o], Judow (glps ools o
g o bl (6,538 Lm i sl e 95d oo el LSS
03,5 @l 8 ool b el )0 (558 5 e (Slwity 4 5o

Y#

douio —)

S5y b aS cul ladils I8 51 sauas s cieiign a3,
S5l (S 6 mbe Sl wiilo a3 iy (slags 5l S
opf 5 Sl i Samae Gher s pl LWL, deoslo DS sl
a5 o el ouls adei (K 5 oS ilidl cels
(0508 5 69,5 laaali s o piile wile) jolic plod aialise
Sy legas bools (plas sl oo oloosls 0,5 adgs b o
5k Lodlo S (pils 5y ogdle pnlple [V] it ooizmn
alins ol a8 wilo LT Jolows 5 (oo s Sz 558 slaly
ol V] o9t a3 )5 I 50w e G lge @ Wl s
I¥] sl Looolo M ois JoSCis o (glools asbin 51 SG sliis!
il H5s S lase b a5 4y bogs e algs oo aosls
dedigr il 5 5 eslo DS Ldow 5y S W
Gled pal 3 Sledbl slopinew sl p ) usie Dledbl wilgs oo
Slod S jlaie aiadgn Julod g 5 jslanz Lawgi 5 00l [V]
ol sblols b olay] 5 asle alide mlie 5l aS baosls 5l
EURRE IS BLCIN A RGOV R VI (WX PR Y VRN VSOV N O ey gt
slrosls  wiadgr gl 5,0 ooleiwl 0,50 slag,glid
a5 s gleools 3l Lol g4 90 Sb > srosls g asbesle
sooly bl o Wyl blaswe aisSpl 0 1) age S
O 5l B SG pe a5 s pleesls el adbosle
ool aile) wisd oo 0,33 allojle 5 cadicay e
S50 g dwg Dygo 4 a5 glrosls ((Sledbl sl
S sbosls 1 wls @y B3l n 4 5ls 5 Wgd e adss
20,8 0 ddgi bl o sl lavgd Yaeas Wosls pl .oty eS

5 biye sl 5l Glasgerme Jold [y oS wnlp S
AP Bad S Ay G 6l lesle SGyo aS cl gy
laplosl s S glaany T8 o Shos S [¥] 055 0 ploxl
2 e aSoslal pas o5le oo 095 slaais] b o4 4 0B )
LT oo e 39 9 09u 5 J S @b, 5 S slaay] 3
Sgut diile (gled Wilgs oo byl 3 Jdow ol ol [O] 098 oo
laglosle ln 1) anse 2ol 5 559 0 e (R8s S o
Sale )5 jo - 5 cwS slaanlp oyl eold mlo s
5 skl copnl asle war glagysld ulul  aiedse
Sosls w4l 4y 4z g5 b ool ol . aigds o |2 Laoslo M8
sleolayg, Slold LS o el al) Jbo j0 ey 4y a8
bl o il 5 dedgn ails IS ¢ glojle slapina 4 by e

! Business Process Management (BPM)



Ceisle (6,250 4 GSUMT;-;’ 0o M Gl ST ulul 5 aiadigr sladsl> IS 5o Lm..\.:ﬂj.é Jdos sl s lone S

5 oad @S osls ;s leu Slbls | g b, s b Wgd o
O e i dene 1) eoh e Slas S prea
Sl 03l M slacgz> )l o g 31 (S Hadoop alayl,
sools oslsy gl MapReduce  cwogiasly, Jow 5l a5
aile obalnl (o sgw 1 iasled go coliwl Fy5 glanws
3 Apache Spark Streaming [)--4] 5 Apache Storm [Y]

230 ) oo oolaiul oslo NSy Sl > sleosls sle g sl

HBase s HDFS _els laosls (53luo 3 (slas 5l 5l
HDFS® &g, o0 4 5,5 slrosls (g3lwe 38 (gl a8 aitinn
Slp &5 Cwl sadmie BB Glapiees e 5l (S
oad b gladss o Fin ool (gilee S
1 syl g 0050 pemdl Sas8 cloSsl & |, Laosls HDFS el
HBase” ol polio Uas ol j0 B aiS co aoj95 995 iz 5o
G0 aile a [IWV] el solo e DS (g5lio yud (6,0l SO
ool L NOSQL ouss aujsi ool oL X, HBase
S92 &S Sl cos e g ok Sl Gpdyoelde

LYY] el onss ass-Ls HDFS

w2l 1) GGl ] deosls 51 Lolas slw! sla,ll copizmon
9 ‘-v».]a.c 6&0&‘0 99 6LQUL’) )‘ oolawl L: G ..\J)sta
1 5 Apache Pig [\ ¥] <Apache Hive [\Y' ] .&sd (5glS souzes
Lolss olxy| B9 e sl 15l 51 5 »» Apache Spark SQL [V +-9
3 Sop a0, Jelow 4 ol a4 wil oo Woslo NS 5o
Wi 5o .S o gleiy |, SQL L Hive Lociis beosls
o3l )8 4 oS el Hadoop s ools LSl G Hive
SIPIg oS oy g s Wosls 4 SQL 31 oolazwl b ass o
el Lol g aS Pig Latin b« glosls )b ,> b SO
bl gleosls (osloy slp s a5 a5 wles oo Slotiy
sosls  uilay el oSl g, 0 54 Hive ol
L9950 SO 30 Apache Spark SQL o)l 55 1) adbocle,.e
6[&0&‘& U‘J)b)" )‘ aS Cewl Spark S92 SQL G 9oy

WS oo Sty Silge e 4 S

Lodlo DS (gl ooy &1yl sla g lomo —Y-Y

Jelos e g lers 5l Gloo,ind ol ggbg90 Slool o
Ailoals b (B lails 4 5585wl jslaie 4y el DIS

4 Data querying
5 Hadoop Distributed File System
¢ Hadoop Database

Yy

Slailo e Ghagh ol shol slassls (1S ssk

Sloals 15 1o ool Ll sl 00ls IS 6 lone 5 3,1 @
(RCOUWIY 3

S L USRI (R PR R L P PN VEL R S I VR
iadr A5 Sy o ba T 38 0S8 6l Geile

[ ]

OS5 9 Al S5l sl ;51 sblse 5l oolicul
Sloxe y3 Ak 15 Bolls o) 5 il (sl Sz
o a3l

@ ey Gitw il oad ganalb ;5 Ojsod dlis Gl 4k
@oleiiay Slone pow A 50 Sl e Egdge Sladl 550
sliel g ol bl 4 pilez S sl e (Syme
3 Jeol> C.:L.) I SRR T Sl plaisl solpiy (5 less
Gl 4 pid e plulin D9doe (owyp g Sou b))
510 oo 6 oS Ao

Egdgo Oludl 4950 Y

Lbo.)‘.)o)lf Il ‘SLD)B.g‘ -\-Y

Sl B oS Wsdoe 3y bosls I seclie pn> w04
Aoty ol Jelos syloicoo ol alS'y oS sl |y (s eliics
I, Laads, e ey (6 it Slogonad B S oo oS LISy oS 4y
@ O Gl plsl Gl WS pin LS 5l g wS i
I Laools 5l coplis poem aiilny a5 ol Lo (goed 08 (sla, I3
) oslo D Julod (slalinl ansS” (5lucs par 5 Julows (B5l0
Jaosls ngﬂé@ sl Jolss alizee gloaiws 4 les o0
sl il g Tlacsls g5lue w33 sla il Maools Ldow sla I3l
5 S g gl 0318 Edl 33 0905 punns laosls 51 FLoL sl
ol al> o ol el 03l Jelows T8 50 Sl 02 e
FE b @ gl has il glie 5l leosls (5510
2 el 935S (g0 3 s 45 (5, 5 oolizl
15 Kafka [Y] Apache Flume [Y] asle Csme slaylsl 5l
S5 Glools alie 51 osls (5,51ae> (sl,» Apache Sgoop [A

D9y 50

(_gl_mu,...u.' C‘)M‘ O (R )LH...Q u**-"-’ w0alo J...L';u GLQ’)‘}:J
el by jlpl cpl oS o Wl bosls 51 condie e 31wl

! Data collection
2 Data analyzing
3 Data storing



OY IV amio O F-F lias) 5 5l SV 5 55 cloo,lads comoin Jlo

gsf"a'c 45...»..; » G......A OO‘QQW 6)LMA AS.) UL‘LW [Y\] )o .
PR Gl a5 Wlosls  slprias 1)" BilSTM  5..c
Lg)Lo.ua 209550 )lS:L] §)|Jeho 9 k_gll.o 6L‘°°}P ) 6)-5@-‘-‘“‘”
61.@‘5._..,&....; (> sleools mlop bl jolB (olpaiy
30 CBd g )5 dep el wilgi o a5 wms &) 1) 8o
L) olease SO Bainss [YY] [0 058 Jbo sbos oS poouas
Sl 030 M Jlod slasy5lid 5 eitle 6250k 9,509, <S5
039> 0 SxSpeedl Aoy ;0 Rby bl pluls
Sl ;o8 amlio b oyl wisges @)l Koy slacudl e
Q38,5 (6 S Aol (golpaion (5 koo yo dile (6,5 0b calize
rlo @ o 1) e @l Sead w55 i)yl &S

Sl azdls o 651

LS‘)-‘ IR djl)‘ LSLQLS)L“*"’ )l ‘_5}); Slasuin r Gy

Sl o ools Hlis ¥ Jgaz jo laosls IS

Cmlo (6 S0l s 1ol s Sloc - Y-V

Lot 4 45 Casl (eghan Ghgo 5l ladld (il 6 250L
A oo |y bools wlul o Sles St 5 5oL oUlgs
Loools o sl plolid L oedle gpeSol slopi,sSl
O |y slailaiation s pSmeal 5 B8 by St
oslo DM aile aliBee sldas) 1o bapi )6l (pl L 055le o
S50k lapt o8 5l (B IVV] gy o0 )8 008 9 STSL,
iy oy edle (eghan (omas laaSed Jold oils

AL 02§ e S5 oS (gm0 5 ) gl

Oli s o sl oblg o b gy ;65 ol sl sla Sl o
slojer 5l Hlaasie ¢ Gliize d> g iy Pluw J> 5o
Wlos )5 095 4 1) (gwditen 9 FalS pole wisle S95UsS

5> Dark web

¢ Siriweera and Paik

7 Edge computing

8 Bidirectional Long Short-Term Memory

&l 1y ealo S (6 ylere S Ko g S LuSTl cadaly ol 5o
6)Lo.no u.!‘ [\a] Qilosls dj‘)‘ M}Q J.n.: 9 J.o..‘> (.SLQ[""“""""”
L) $55 5 5028 lapis 10 05250 &lge I (55l Silgi oo
o pde i o OB 0 [F] 50 (uizmen uled Bk
S Wilools dxwgi diaiign slaails |15 ol |, T 15y e a1,
Sl jglateds ail 555 03l M Jelows (g jlono S 3l s 2]
Solors S Tl e 5 () Ssile 0500 050 sl 3 (612
2slaie g ol jglate a | sldl Co il s oo OIS
5 D] wilosls slpainn wedigr Sijp lbaddl e diw) o
5 Sosleez Gl S Gileran 99 5l olone ol i
G590 5 0l DS slas,glis 3l eolazwl L ools (55kwo yumd
D950 84 s pl by 9 ae (L) G el sleaz LS 2
Sbalnl a5l (el b ey (93819, (S 4 4255 L
3 G diliadisn (6 S prenal g Wodls Ldow (gl (gued 0l
Soloxe S lasions VY] o calaly cpl ;0 098 co wla] Gin
sl doges &yl el slvo oy Judow gl 1) eolo M
Olimebl coblB ¢ SIS wile ool (g lass (] 45 wniias
e Tohen 5 kel sl wald 1) mbie giluana
w03 5 6o pe b aS Wlools slpiiy 1) colo DIST 0 S5,
B30 gl a4 0ol I B (e G SSS 9 S
Oley sals 5 5,00 sla o &l )] (e S0 Sgue Sl
03la DS (g lene SO [VA] 50 100 5 co Ceodhs 059> 40 E3le
sl 00 @11 0y Sls slacule Jdo g olelis jslatea
G5l el DS slas ks oS 5 5l eolatwl L (g lexe oyl
Wad oo Gl bl wleioe Jos (rmb (b5 B30 9 oedle
ale St ool slolis cel solpiny (5 lors

Dyl s Soriind
05> Jelo sl 1) Sz e (s )bone S TS0k 5 st e
Lol V-] aileoges sl Yasls ad 1,15 slp Woslo IS
Jelos sl 5o o)1l Gl 4 wilgi co (5 loxs (ol A Winiiae
S0 Jlaous arl> g caso b bad o o lu ) 0 ools

99,

! Alexakis et al.

2 Business Process Management System (BPMS)
3 Manogaran et al.

4 Almutairi et al.



Ceisle (6,250 4 GSUMT;-;’ 0o M Gl ST ulul 5 aiadigr sladsl> IS 5o Lm..\.:ﬂj.é Jdos sl s lone S

Wodlo M diuoy yo suls ailyl (sl g jloro 3| b Slasio p (55900 ) J9o

d)l-o&o Slasine

& Jl

SleMbl zl 5wl Bas b (10ST) o5 lusl ool sbosls Jul (gl laYauz oolo DS g lane S ()b

iaigh slaptucs )3 (6 S prenal Sgupy g Ao

[YY] ' o, SKe 5 5245 | YoVA

Hohiieds Wielign u‘-"L 0,y 5o bl ol glresls Judow gy e (sly odlo DS 5 st (5 lene Sy ya8
Sz dpe) )0 (6 S preedl 9 2 S5t

[V 17 5 o¥sSs cilwss” | Y41

gl sl lolis Gan b oaldl, byhs alsSiny 6, sl lay Ll solsodlS (s lane

[vo] "ol Ken g gipdles | Y-~

ol 5 Sloss cuaS mlan (lidl jsliie & olyan (il aSed slo,silyl gl eolo M Lo (5 lane S @)

s [v7] ), Ken g mmgsSlowas | YY)
b tie

Mg e (SN ST Sgugr Bud b diedigr sy (gl 0ol DS (6 lere S iy a5

[YV] ® o) Samg i, | YoYY

gl aie 50 Ll il e sedlo M sl sl i (5 5lere S 8l

YA] 7 o) e ] | Yevy
o 9 Y9

A.J JHL:‘JSSG L_g\.b.‘aﬁ_';m » \.{boabo)‘fk}j.l:d&\ﬁ 6}‘.‘ U:.JL...IU.,@.:_,M_;)L@MJ{

[Ya] Voo g jhea | VoYY

otals jslate —a (5l () sladazmeys Ty 30 Dygot (M sloesls (Biloy sln ez e silene S saruy
Looslo M i5ls 5 a5 bgy e slo il 23, 5 (25 al38l daass 5

[V 1"t g 5,5 | VoYF

Slolusl S5, s Bua b baoslo NS (slas,5ld 5l eolaul b Sb > sbvesls (i5ley lp coz e S 4l

o ["]Y o e 5 Juslonsl | YoY0O
Sg ol

3y wolio ERP slapins yiws 10 (sl (b1, b odlo NS slo Judow (5 5lwaz LS, (sl 0,505, S adl)|

(Y7 ] olosz 5 Slsul )l | Yo¥O

0 5 A oyl L aioges Ul GreelS laaSis ;o g4
9 C8s Al y0 1) 6 S platdy Yoy rdle 10,650l &S
a3 o &)l ganails glhs F 5 ylals

By S a0l Copse g S lKen 5 sl
sheslaiwl b (shd e sloanlp copon lp 1) Loy
Sgate 6lp Bain g [YV] wlools slpian ez VY sla ale
s SaSed 5l et Gl 50 Loyl (e 280
oals S (5 lase S [YO] jo . a5los 3 0,40 Y iz gy
0 STl oras sladSed pi ol 5l ol gg (e
Joe s 0,535y ol i 5 ansl o sl LSTM™ 4ot
slagls olulid 4 06 &5 wleoo (Srma 1) (Smiion
s S e [PA] 53 bl e cyolel, boglas 5 lazs]
LEL‘Z’“)“"'."T)'é e Qﬁ‘u o slply By eSS M]ﬁ o o
PCTRYC VS BPCOWOUREEIN] IR P NP PIWP SRR Y [+ PR W %
Al laJae o sole e sla)ld; oLl jshais s Cusgylo]

1 Saraswat and Chouhari

12 Maier et al.

13 PCA (Principle Component Analysis)

14 DBSCAN (Density-Based Spatial Clustering of Applications
with Noise)

15 Predictive Maintenance

16 Cho et al.

17 Agents

18 Long Short — Term Memory

19 Additive Manufacturing Process

Jolos oS5 e By, TolKen g ple alal) cul o
6l 1, DBSCAN'T (sanaigs ats )58l o 7 wlil (sloailga
slaals )5 5o Palislin IS 5 Wy ks » o)l
JrsS Gl oladoe JYF] o [YF] wlools slprin wiediien
2 e 03NS Sl s S Siaigr (el (slvo o
el 5 lone (nl Wlodgad <y pa5 1) Siad (39055 o555
PGS el Sy Gl g ban e alS (g iyl
9y o TOLer 5 sz izen 20,5 o0 Sl aij
g Olingn slaghy, 5l (oS5 S edle pSol s
Sloails I o alsSin ) gy |, Canl oadis lsidas
0,559, Nadize HBaisg VO] wloges &l siediss
3hoad wdgs (Seals slaosls (g3lwaz Lo ot csoleininn
Wlsliny 6,5 3l Sleiay sbl) jo 1) Gl laolens
5ol slagis 55 5 Shas pliine [T5] 5 5] e ol
APt dige )0 1)y s b g leiity oy edle wiile (rile

I Gohar et al.

2 Constante-Nicolalde et al.
3 Salierno et al.

4 Simakovié et al.

5 Raif et al.

6 Ahaidous et al.

7 Mills et al.

8 Werener and Tai

9 Serverless

10 [smail et al.



OY IV amio O F-F lias) 5 5l SV 5 55 cloo,lads comoin Jlo

wiS Bas b aS Conl LSS 5| slacgome Jolis solSans] 3
i ;0 9390 slrosls 5l daonl B se 5 o)l
i Ao & 9] 3 (Gl SiSs [FY] 000 0500 (Sledb
"5 e T0gete 5 fillan gy Tan b S ol Lol
lo)i8 laools Jdow Lol 3 ans glapsy o8l gl

Siles oo adgi 1) o] 3 sla Jow 5545 & ygoa wlayg,

gyl LEF] T alox 5 egite sl oSl calad, o0l jo
5 [FV] Vo5l Kagls 7] % o Jl sl Kagls [F0] 4 sless]
a5 sl Jow g5l gl 0 -FA] " Ll il Kigls
3 U 6l aps®l ol 5 S e ghe €88
4 p.u)jﬂ‘ ua).:wL.o ubt.».:‘ g9 00g QP uol.‘> dbwéjm
Juos Bam g ol 3 Soumy deosls g4 alex 51 ol Jalge
Oy Lo wile Slaal gly cilhe v,y LSS
) gzl Caadly b oadizlmial an 18 sle Jae G 3Ll
Lanld Joo o il b)) Grizees 5 (00 svmline L3,
@l slapm,osl 5l (S IVV] wgyo0 B slag; 5155
5 TS same gll Menpogd Jels chlhe o)
zroy e Sygon [FA] jo bois, onl aiies i)l en
Sonty ol Sgupn (sglSanTE I idu ege leads sols
@ 0B aS 0,5 o Sygo slapi el 5l eolatul b laas],s
et g 0laug, (5,155 slesls bl 5 ol B o dxwgs

bl o0 S92 90 Sl e e
slals 5 coale 4 azgi Ll o)Ll 5 iy oS jshiles
oy e o b glaosls i condie pox> 5,00 h3l0  cdiaiign
olad Egog0 Slodl Ho euds &l sla s lone asllas ETeT N
Sl lone 4y Laad conisadl)l (5l.a>u_'>‘).b 36yl &5 REX
ol azgr BB aiSs Wlodges ouius bools Jdo (gl oalo S
6‘)‘.’ s b_elS @LQ_».: a oé‘bo% 6)Lun 43|)‘ FLE|
R PINE St I [V RPN NN [ USRS SN
Sl e iy cpl o [YA] cusl (gy900 ools Jdo
Golwo S slacalu sy 1)l 4y Jadd g ksl a5l eolo NS

8 Heuristic mining
 ILP miner

19 Fuzzy miner

" Inductive miner
12 Footprint

13 Token Replay
14 Alignment

gt 6l |y o lome o ' Sad gy ansl 0 oliiol
slagtyy 5l ookl b nbs hlewr ;9 jesS e (St
aS Wadise ooyl [¥A]ailosls @3, Geae (6,500 5 gglSausl 8
2 1Oele 650k pgws o Sl N, b vl 5o (g3leiing (b9,
593 3 6y sl O Shoe ¢ 25l 550 slaosls asgame ulul

Lo oo olad

RIESSRIPCIIS | IS ORI KR L WES S PEPE VR | P I
@lie oyl 50 sl oo dlpiion e jgel die) 40 puoual
g S ln 1) oy, plgzails Sliei Jlod b lidore
ey e olles g Sleal wisged &l Dlied i
5 5 OgelisnS e i sln ) oedtle xS0k
o wlygly 0,S0g, S 5l cLidgn cnl o [Fr] wlosges
51 oS 5 45 5,Ss5, oytl ol o oolizl MOEA/D-ANN
e GeaSd 5 A (Sl adie iz (LSS o 55l
odls Llidl 1y co i Cds (6, Rtz jsb 4 cionl cqian
RN LRV OWPY, JLf] 38 el o0ls zalS ) o Shigel Hlej g
Aadgr Gaals )l 6l 1) B gees anld Cypae g
IR =1 JURCOT WK ERCTRNS | I [P OWIRe] RSN PR S JEON
Lg ol ol oolaul QL‘B‘).’Z.)‘ u"*”"“" 9 LQ:..\...)T)S Courog g
&30 il 5 Bt T8 patie 5 lSal e ;551 ol S
Caligr (gamaib Joo SG[FV] [0 00,5 o o2l als 5 0
Sl iz 63l ssegy olioad 25005 K 55| oL
LalbulsS o ISl Hge gunard CudlS g S (S
Oledl cppizran ol oals &l S xSl aslie 5l pudie poes b
oS 5 5 e 650k s eN (e 9 S0y, S T Sen
B8 plols Gua b Sy polal gunadl ¢y |y b o
Olidee (golpaing gy 0 [FY] wlools slpiny I8 slo Lo
o sl S 5 e DBl 5 e el iy 5l sloJus
e il (Soh sleaie ol jadeis cdo b wslaid 3

ol ¥

s gl b oS sl syaz Sliios 0jg> Sy (solSun] 8
4 (SOl sapias by oaiudyTolyy, ol
Caax o [YA] ojley e plejle SO 6'—“’*‘1’.—‘)5 Jelos

! Theis et al.

2 Alsayat et al.

3 Event logs

4 Process discovery

3> Conformance checking
¢ Enhancement

7 Alpha



Ceisle (6,250 4 GSUMT;-;’ 0o M Gl ST ulul 5 aiadigr sladsl> IS 5o Lm..\.:ﬂj.é Jdos sl s lone S

S5\ JSE o jsbiples ysle eal |y aanl 50
g0 Ay 6)jr°-‘-‘“"‘ LS‘)-.' |) GM)JB L_gl...l:m 6Lﬁu.a.l)l$
3 S Lo Wl sl S slalaow
Sl )5 ;0 0alopMS g sl 2 miul (yazman (g8 slas sl
bz gbosls b adlbcsle slaools j condic poe cialion
3l oolaiwl Do dosls I padie o () el oo Ay
Sbz sleosls Jolod sl onaga wsls (Bilon (g s,
3 egolppig (g lese 5o jaliie ed 4y el 00 S laizga |
ools S5,00 (o310 5 (gl ool IS fdoes axd iy sla SIS
4 Apache Spark 5 Apache Hadoop g el . el oo eolaiul
] s oo ALl oolo DS I58le 5 sy Lol sl ygin lgie
;1 Apache HBase ¢ Apache Hive asle o sla,linl [O)
[OV] S pon ope 09> Olles >l sl p UnoT sleabls
S S I LI
Elgiles loxo oyl Ho el ous Iyl Spark s Hadoop wues 08
a8besln glrosls 3l daol Sloads 8,5 a5 1o slools xls
slagg, ol I8 (Sble Sledbsl sl slaosls aiile)
GO J}‘).c)éla Ja}wc;c °)'.‘.‘>'> HDFS ‘55)).\50\.\..» C‘)M‘
loodls 55,0 b ylejed & yaods ¢ g 3518 13 Lo 0450
4 5 GLasl co il sbesls wisle) Sl > sesls sl
adso 3o,k 3l U wed oo Jlo)l Spark Engine yisls, 590
gl 3l eddasie g ST, O)q04, Spark Streaming
3 om 90,8 50 0,3 HDFS (o 55 Judow ol 5l ol ol
oads ko p g_q’l’)" laosls g adhsle slaosls 6)5Té‘°'?'
Jlo,l Spark ys5ls s jeige 4 eesls ol seles HDFS o
s>l slp SparkSQL  aalge 5l cal> o pl o ded

58 o0 o3l (oS 5 g (o Slsz g

&y oolel sloosls (g5lupal 5o pwlusl s o oo al> o oy
4 YARN Coz o s lone ol 5o 05 oo Ll sglSu] )i
L YARN wlos o (2 slin] aied 08 mlie o 5 olgie
3 b o e Cdgius 9 Gl puias Jolss o Spark jsige
b (A5l p itz glgil 5l (Sl 5 (s3lwdine parass dlex
adlge 4 gl walo M sl Judos slowl 51 g 0410 onge
&9l 3 plil jglaie 4y Process Conformance Checking
oo Tzl ool al o g ol Sldos ol g oo Sl
ot o8ly slosls b LT Bllas e 5 oud RS w])é

Aol 00ls rad gl ylin da sl yisu ;o Sl cpl gl o0

A

S 8B o Slee a5l g wilaslsy Wosls o3lsy
31y g0 Wosls (3105 5 (5 y5laaz 4 s g 00g: (el

S5k glos Sog; 5 Bro 55 Koo slataghy (B rizeed
S 6o sl o Jlo ol b ilond 55 e (ile
wdls Jdzw gla by, plo b uile (6,0850L oS5 daosls
ol Ll 4 dags lons 456500l ol Sl S 60,500,
5 m> slrosls sl Base 5 ol o oolel (slaosls sie;ls
=i g yloss ol i (60 Slae Hlas 5l s canlie b >
FURCUOM PR o) Jt BRVIPUCH I RVERCE XSt [N I I P e
3l olpion laz,b 5l can i) cpl o il asls oo
Jedoe jolaie 4y il (6 080k g oslo S Sl Suss oS 5
Golisle Ll 5l ax 31 da g lene ol ailonges solaiuwl laosls
A g bl ol i 3, Slolis 4y ol Jg witins 5 S
5w plxl | oo Sldas ailyi oo Byo (59,5lec bl
55005 1y bas Ty g sleags b Slilsl daolSelS Ll Ll
Szl 3l 5 838 Lol (sl o5 lane G 3l gy
Gl b oghleme ol amo o Al wialgr laals IS
Ol owile 680l 9 gl wsls = DS slacSLuSs
3 mled oo el )8 1) ool 51wyl sla i 5ol
4 S T3 Gl Joe @S ) ;o salSanl 8 55k sblse
sl slaJas obml jo o Sblg (ouile 6ol sla i,
5 BV et job 4 b aiS oo SeS Loy a5 Cowl ey LB
698 aw (pl oS 5 nlpln V4] 0 Spo 1) 8y slacde
ool ol Ll sl 1) iz SlS olfuys wies a3
GG 1 yiin 4 U aas w0 ojll b5y S 4y g 0S o0
9yl o) anles 1 e sl S el 5 dl Ces
@Lasla.x.?u 6‘)—.’ 6MT)[S GLQ’;}?.S ‘_g‘)‘é L§°L?r'“‘-’-’ 6)LAM

5l o le b Sy opl ol diaiign glaails IS L

0ol IS slo 6 ,5ld S 4 YU uliie o aools yisls @

G5k slagbe, bl bl sl 5 i @

‘WLo
S SSS 5l oolatnl b gl jl8; (gilodigs 9 oy 2 @

o.)uw 43‘)‘ ‘S)LO.M —‘“

‘_;Laseul:})lf 6Lm.>|o S J...l.?u L_'?‘)-.' gs’i"ﬁ) ‘t5‘>l'et';"::‘1?=f~ ‘_;‘)Lm
6&4,.;5.‘; )1 (_g)_.,fo).e‘;. L' 6)LMA Q—.’.‘ SRS o 43‘)| M}m

U8 el il (6 S0l g golSansT 3 daoslo DS ass pics



OY IV amio O F-F lias) 5 5l SV 5 55 cloo,lads comoin Jlo

//_/—\\ Analyze data as soon as it
ERP arrives into HDFS
\ Systern Export logs
- c Spor‘f(z
BPM Loa[ Streaming
System Resource
ke 1 allocation
\ Business
| data Input data
® Spark
Data Sources Yy ’na[dﬂﬂp Engi @fﬂadﬂﬂp
HDES] ngine AR
loT data Output data
7z N
(D) < :?
2 [ Spark’ SQL
Data Sources

Algorithm

Inductive Miner

Process Extracting

Process Checker

Process Conformance Checking

Kaodigr sbails,l 5o Lb..x...:T,s Jodxi 6l solesciion (5 loxo ) JSCS

LFA] 5 o5 le oy 55

(g pdyillasil @

slase adg sl Tanls co e 0Ky, 5l eolinul e
ol 0y anT B slaJoe 4 Cod YU CuiS b ayl 8
SlosSs 5 BPMNT aile %0 sibo s slagls
{5y

S JECIN I IRCEINRCR [ERPRT S [N PICHIN < P NEST
sldoe 0y preds (g JI 6l Kagls 5 dlass]
2o g Toanp 9d sw) Soundness anl
(Lo Jgel!

ol 4 Cons catanS anlp Jae YL TSl e
Slagy G315 sla s,

9 ool (2S5l g, 5l eolil b ol il Kagls o551

—yohiles oy o8 (pl oS (oo AT, sl B laae alde

a ) olays, T S el s oo [FAD ] mlis 45 oS

Sppods a5 WS (0 el JSS S pax

Orrodle 4 a5 Sy B ogd oo Ll (25w 52 59, p 12550

oy ol A ey cudld SO i (S S

$SgS il paiz 4 wnl B o @is Lol galias

g o8 S Lma.:ﬂ)éﬁ)' @S gl

3 Deadlock
4 Fitness

Yy

Process Conformance Checking adJgo —V-Y

Process adge w0 olii V USS a5 jghiles
Josle 90 3l golgrin (s less ,o Conformance Checking
il ) slas Shes slls Jile 99 Gl ol o S5
Wlagg, ol Jd=s L Process Extracting Jyjle
wled oo gyl 1y ol 8 sla Jow
31,8 sla Jow @y w) s L Process Checker Jgsle @
5 Sllsil Lzl J s anlp gleJae b oadiass
&S o sl |y an T8 sleelSslS
Process Conformance aalge ;o o Jgile oyl o, Slac o950
el a0y Las ¥ S o Checking

O fles B aiS oo SeS diedisnr slaails )5 4 0,555, ol
o 52 losile ool nled silottagy | 255 sloa] 3

iloads ools ubgi yiion OS> b (gum

Process Extracting Jg5l —V-V-Y

S5elS a3 ,08 o ,sS)l Process Extracting Jsile o
Oy gods |, 4—«-'])3 GlaJow wlag, ol 155 s b o il
ol sblze g b Shy 5l (Fn wleie gl [Sogs

I Process Tree
2 Business Process Model Notation



Ceisle (6,250 4 Lgslfa;.ﬂ)é @0lo M Sl ST bl p dieiign sladils LS o Lm..\.:.ﬂjé Jdos sl s lone S

Discovered process model

Extracting process model using

Executing process model

Inductive Miner algorithm 1 a2 1 hetviny2
Activity 1 Al Actwvity Activity 1 A Activity s
v v
A Activity 3 A Activity 3
Event logs
N ",
.
g | ——— LOG Training Conformance checking Testing
using Logistic Regression
algorithm

(Event logs analyzed using big data tools)

Business process executing
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results?
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function InductiveMiner(log)
/I Base Case: If the log contains only one activity
b <— find BaseCase(log)
if InductiveMiner finds a basecase b in log then
return b
end if
(®.%,, ---2,) «—findCut(log)
/1 Split the log into partitions
if InductiveMiner finds a cut ¢ of operator @ in log then
log,...log <« split log using c
return@(InductiveMiner(logl),
InductiveMiner(log2) , ... InductiveMiner(logn))
end if
/'1f no suitable cut is found, use a fallback strategy
return fallThrought(log)
end function

/I Find a suitable cut

1 Casual Matrix
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Input: Training data

(Train dataset<«— discovered process model,
Test dataset «— executing process model)
Begin

Fori=1tok

For each training data instance dj:

Set the target value for the regression to Zj=
yi—P(1ld;)
[P(1ldj)xP(1-P(1]d}))]
Initialize the weight of instance dj to [P(1|dj) X P(1-—
P(11d)))]
Finalize a f(j) to the data with class value (zj) &
weight(Wj)
Classification Label Decision
Assign (class label:1) if P(1|dj) > 0.5, otherwise (class

label:0)
End
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Order Id Product Name order date (DateOrders)  Type
1 Diamondback Women's Serene Classic Comfort Bi 1/1/20150:00 CASH
2 Pelican Sunstream 100 Kayak 1/1/20150:21 PAYMENT
2 Nike Men's CJ Elite 2 TD Football Cleat 1/1/20150:21 PAYMENT
2 Nike Men's Dri-FIT Victory Golf Polo 1/1/20150:21 PAYMENT
4 Team Golf New England Patriots Putter Grip 1/1/20151:03 CASH
4 Nike Men's Dri-FIT Victory Golf Polo 1/1/20151:03 CASH
4 Perfect Fitness Perfect Rip Deck 1/1/20151:03 CASH
4 0'Brien Men's Neoprene Life Vest 1/1/20151:03 CASH
5 Nike Men's CJ Elite 2 TD Football Cleat 1/1/20151:24 DEBIT
5 Diamondback Women's Serene Classic Comfort Bi 1/1/20151:24 DEBIT
5 Diamondback Women's Serene Classic Comfort Bi 1/1/20151:24 DEBIT
5 Perfect Fitness Perfect Rip Deck 1/1/2015 1:24 DEBIT
5 0'Brien Men's Neoprene Life Vest 1/1/20151:24 DEBIT
7 Diamondback Women's Serene Classic Comfort Bi 1/1/2015 2:06 DEBIT
7 Pelican Sunstream 100 Kayak 1/1/2015 2:06 DEBIT
7 Glove It Imperial Golf Towel 1/1/2015 2:06 DEBIT
8 0'Brien Men's Neoprene Life Vest 1/1/20152:27 TRANSFER
8 Nike Men's Dri-FIT Victory Golf Polo 1/1/20152:27 TRANSFER
8 Perfect Fitness Perfect Rip Dack 1/1/20152:27 TRANSFER
8 Perfect Fitness Perfect Rip Deck 1/1/20152:27 TRANSFER
9 Pelican Sunstream 100 Kayak 1/1/20152:48 PAYMENT
9 Pelican Sunstream 100 Kayak 1/1/2015 2:48 PAYMENT
9 Nike Men's Free 5.0+ Running Shoe 1/1/20152:48 PAYMENT
10 Nike Men's Cl Elite 2 TD Football Cleat 1/1/2015 3:09 PAYMENT
10 Glove It Women's Mod Oval 3-Zip Carry All Gol 1/1/2015 3:09 PAYMENT
10 Pelican Sunstream 100 Kayak 1/1/2015 3:09 PAYMENT
10 Pelican Sunstream 100 Kayak 1/1/2015 3:09 PAYMENT
10 1/1/2015 3:09 PAYMENT

0'Brien Men's Neoprene Life Vest

M PerfectFitnessPerfectRinDeck  1/1/20153:30  PAYMENT

Moo e o o e L1 L n b B s o W W O O O O Oh L0 n L1 U Ll W ko

Days for st Days for st Benefit pe Sales per customer Delivery St Late_deliv Category | Category I Customer Customer Customer Email Customer

88.79 139,9799957 Advance sl 0 43 Camping &Hickory  EE.UU.  XOO00000K  Mary
91.18 193.9900055 Advance sl 0 48 Water SpoChicago  EE. UU.  X0000000¢  David
36.47 107.8899994 Advance sl 0 18 Men's Foo Chicago  EE. UU.  X000000((  David
68.25 227.5 Advance sl 0 24 Women's s Chicago  EE. UU. X000000X¢  David
41 40.97999954 Late delive 1 40 Accessorie San Anton EE. UU.  XXX0000(  Brian
60.27 123 Late delive 1 24 Women'sSan Antoni EE. UU.  XO0000(XXX Brian
26.13 296.9500122 Late delive 1 17 Cleats  SanAntoniEE. UU.  XXO000(KKX  Brian
33.59 159.9400024 Late delive 1 46 Indoor/OuSan Antoni EE. UU.  XXXXOO0K( Brian
34.94 109.1900024 Late delive 1 18 Men's Foo Caguas  Puerto Ric 0000000 Mary
109.55 248.9799957 Late delive 1 43 Camping 8 Caguas  Puerto Ric 0000000 Mary
92.24 245,9799957 Late delive 1 43 Camping & Caguas  Puerto Ric XoO00000K  Mary
143.98 299.9500122 Late delive 1 17 Cleats ~ Caguas  Puerto Ric X)000000X  Mary
9.38 82.97000122 Late delive 1 46 Indoor/OuCaguas  Puerto Ric XO00000  Mary
120.95 251.9799957 Late delive 1 43 Camping 8Miami  EE.UU. XO00000X  Mary
78.4 195.9900055 Late delive 1 48 Water SpoMiami  EE.UU.  XO00000C  Mary
458 77.55000305 Late delive 1 41 Trade-In- Miami  EE.UU. XO00000  Mary
-131.15 163.9299927 Shipping o 0 46 Indoor/OuCaguas  Puerto Ric 000000 Mary
149 49.5 Shipping ol 0 24 Women's Caguas  Puerto Ric 000000 Mary
16.88 149.3800049 Shipping ol 0 17 Cleats  Caguas  Puerto Ric 0000000 Mary
7311 2249600067 Shipping o 0 17 Cleats ~ Caguas  Puerto Ric X)000000X  Mary
% 199.9900055 Late delive 1 48 Water Spo Lakewood EE. UU.  X000000C  Mary
19.8 197.9900055 Late delive 1 48 Water Spo Lakewood EE. UU. 000000 Mary
3.8 189.9799957 Late delive 1 9 Cardio Equ Lakewood EE. UU.  XO0000000C  Mary
28.73 110.4899979 Late delive 1 18 Men's Foo Memphis EE. UU.  XX000000X  Joshua
-15.64 21.32999992 Late delive 1 41 Trade-In - Memphis EE.UU. X000000  Joshua
-14.08 159.9900055 Late delive 1 48 Water Spo Memphis EE. UU. 000000  Joshua
72 149.9900055 Late delive 1 48 Water Spo Memphis EE. UU. 000000 Joshua
22.67 83.97000122 Late delive 1 45 Indoor/OuMemphis EE. UU.  XX000000K  Joshue
16.8 47.99000168 Advan 0 e A3 i
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Abstract

The main goal of the current research is to identify and analyze the interactions between various factors
affecting information security and risks in the information systems of the Agriculture Bank using the systems
dynamics approach. The simulation results show that the scenarios of increasing the security budget and
improving the awareness of employees will bring the greatest risk reduction in the 36-month time horizon for
the bank's information system. In the time horizon of 3 years, the risk level of the bank's information system
will reach below 0.01. While with the implementation of the security budget increase scenario, this amount will
be less than 0.001. In the mentioned time horizon, by increasing the budget from 1000 units to 1500 units in the
10th month, the information security level of the Agriculture Bank will increase to about 95%. To achieve this
goal, the optimal allocation of resources should include new technologies and continuous training of
employees. Also, it is essential to develop and update security protocols and regularly assess the weaknesses of
financial institutions. Finally, it is suggested to establish a continuous monitoring and evaluation system of the
bank's information systems security and to use the advice of information security experts to optimize security
strategies and approaches.
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Abstract

In this paper, a self-supervised one-class sensors’ anomaly detection approach based on ensemble deep learning
for industrial control systems (ICS). ICSs were traditionally thoroughly separated from the internet and
enterprise networks. However, technological advancements have allowed them to connect to the internet to
improve the performance of their remote control. Although this connection provides many advantages for ICS,
it causes vulnerabilities against cyber-attacks. Anomaly detection is a prominent process to mitigate faults
along with the cyber-attacks. In this context, several anomaly detection methods are proposed that are mainly
based on local and short-term analyses of the data. The proposed method employs an ensemble deep learning
scheme based on combining various temporal, spatial, local, and global characteristics of the individual
detection agents during the prediction process, simultaneously. The detection agents have a homogenous
workflow with heterogenous prediction structures to consider various characteristics of the input signal. The
considered structures of the proposed detection method are based on Long-Short-Term Memory (LSTM),
Convolutional Neural Network (CNN), and fully connected (Dense) encoder-decoder schemes. Each unit
calculates a normal degree based on the prediction and reconstruction error for the input signal. The normal
degree is calculated based on the statistics of the encoder-decoder error considering the correlations among
spatial and temporal features. These structures execute in parallel and send their results to a weighted threshold
gate voter to determine the final output. As a result, the combination of critical characteristics of the data is
reflected in the final output, and its performance is enhanced in comparison to each detection agent. To
evaluate the efficiency of the proposed method, several experiments on a simulated ICS are performed and the
results demonstrate an average improvement of 14% in precision compared to related studies.

Keywords: Industrial Control System, Anomaly Detection, Deep Learning, Ensemble Learning,
Correlation.
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3 Long Short-Term Memory (LSTM)
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1: Initialize parameters 8, first moment vector m, and second moment vector
v

2: Initialize time step ¢ + 0

3: Set hyperparameters « (learning rate), By, B (decay rates), ¢ (small
constant)

4: while until # converges do

5: te—t+1

6 Compute gradient of the loss function g; + V,L(6)

T Update first moment estimate m; < f -my_1 + (1= 51) - @

8: Update second moment estimate v, < B - vy—y + (1 — fa) - g7
9: Correct bias in first moment 7, < m,/(1 — 5f)

10:  Correct bias in second moment @, + v,/(1 — %)

11: Apply update Af  —a - g/ (Vir + €)

12: Update parameters 8 < 6 + A8

13: end while
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! Convolution layer
2 Pooling layer
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! Self-supervised learning
2 Pre-training

% Pretext task

4 Auto-encoder

5 Encoder

6 Decoder
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convld_3 (ConvlD)

Input shape: (None, 20, 40) | Output shape: {None, 20, 16)

cohvld_4 (ConvlD)

Input shape: (None, 20, 16) | Output shape: (None, 20, 8)

batch_normalization_3 (BatchNormalization)

Input shape: (None, 20, 8) | Output shape: {(None, 20, 8)

max_poolingld_1 (MaxPooling1D)

Input shape: (None, 20, 8) | Output shape: (None, 10, 8)

convld_transpose_1 (ConvlDTranspose)

Input shape: (None, 10, 8) | Output shape: (None, 10, 16)

batch_normalization_4 (BatchNormalization)

Input shape: (None, 10, 16) | Output shape: {(None, 10, 16)

convld_5 (ConvlD)

Input shape: (None, 10, 16) | Output shape: (None, 5, 40)

batch_normalization_5 (BatchNormalization)

Input shape: (None, 5, 40)

Output shape: {(None, 5, 40)
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Input shape: (None, 20, 40) | Output shape: (None, 20, 16)

Input shape: (None, 20, 16) | Output shape: (None, 8)

repeat_vector (RepeatVector)

Input shape: (None, 8) | Output shape: (None, 5, 8)

Input shape: (Mone, 5, 8) | Output shape: (None, 5, 8)

time_distributed (TimeDistributed)

Input shape: {(None, 5, 8)

Output shape: (None, 5, 40)
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dense_16 (Dense)

Input shape: (None, 1, 800)

Output shape: (None, 1, 512)

dense_17 (Dense)

Input shape: {(None, 1, 512)

Output shape: (None, 1, 256)

dense_18 (Dense)

Input shape: (None, 1, 256)

Output shape: (None, 1, 128)

Input shape: (None, 1, 128)

dense_19 (Dense)

Output shape: (None, 1, 64)

Input shape: (None, 1, 64)

dense_20 (Dense)

Output shape: (None, 1, 32)

Input shape: (None, 1, 32)

dense_21 (Dense)

Output shape: (None, 1, 64)

Input shape: (None, 1, 64)

dense_22 (Dense)

Qutput shape: (None, 1, 128)

dense_23 (Dense)

Input shape: (None, 1, 128)

Output shape: (None, 1, 200)
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Abstract

The proliferation of social networking platforms has fundamentally transformed the way we communicate. The
sheer number of these networks and the diversity of services they offer have led individuals to register on one or
more platforms according to their personal preferences. However, this dispersion has made it difficult to interact
with users of other social networks, forcing individuals to maintain accounts on multiple services merely to
preserve connections with different social circles. This paper introduces a web-based protocol designed to enable
seamless, unified message exchange across heterogeneous social networks, thereby eliminating the need for users
to juggle multiple messaging applications. The proposed system supports both channels and groups and fosters
interoperability among disparate platforms. European Union legislation governing social networks with over 45
million monthly users underscores the urgent need for such a solution to facilitate cross-platform messaging. As
a few global networks have grown so dominant that they effectively stifle competition, our approach offers a
means for emerging social platforms to compete on a level playing field, ultimately enhancing user experience
while safeguarding privacy. In this study, the protocol was ultimately implemented across five popular messaging
platforms in Iran, which collectively boast over 40 million monthly active users. Within less than three months
of implementation, more than 1.5 million users had established communication with one another through different
messaging applications using this protocol.
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Abstract

Radiological imaging is an fundamental diagnostic tool widely utilized by physicians for the diagnosis and
monitoring of various medical conditions. Accurate interpretation of these images demands training of
specialized residents and medical experts to ensure high diagnostic precision. This study presents an intelligent
system that leverages machine learning to provide a personalized radiology residency training program through
the interactive extraction of false-positive and false-negative diagnostic error patterns. The proposed approach is
designed as an online personalized training platform that employs an iterative process to evaluate residents
through adaptive tests generated by a question-selection algorithm based on each resident's performance, with
the aim of extracting diagnostic error models of them independently. The proposed method employs a deep
learning-based model to evaluate the difficulty level of educational radiographic images. Test questions for
residents are then systematically designed to ensure an optimal distribution of disease classes and a diverse range
of image difficulty levels. In subsequent tests, by analyzing each resident's mistakes in previous tests and finding
their error patterns, the evaluation weight of each test image is determined according to each resident's mistakes
in previous similar images. During this iterative process, each resident's training period is conducted taking into
account their strengths and weaknesses in previous tests. Experimental results demonstrate notable improvements
in diagnostic accuracy of residents across across various disease types and difficulty levels, along with significant
reductions in both false-positive and false-negative rates. The successful performance of this system indicates its
usefulness and possibility of being used in personalized education of residents and medical students in other
specialties and disease domains, as well.

Keywords: Personalized education, Error prediction, False-negative errors, False-positive errors,
Machine learning, Deep learning, Computer vision.
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Abstract

Traditional DEA and multi-stage DEA models cannot predict future performance. In other words, all DEA and
multi-stage DEA models evaluate units based on past performance. This paper seeks to move from previous
monitoring models to a future planning approach that includes new contributions. In this study, artificial neural
networks (ANN) are combined with multi-stage DEA to predict the future performance of 9 green supply chains
of the poultry industry in Tehran province. For this purpose, first, after identifying the indicators affecting the
green supply chain by combining the fuzzy Delphi method and the BWM method, 8 input indicators and 8 output
indicators were identified. In this study, the fuzzy Delphi method was used to integrate the opinions of the experts.
Triangular fuzzy numbers were used to convert linguistic opinions into numerical values. The process of
combining views was based on the geometric mean of the fuzzy values. In the model design, data uncertainty
was considered using a fuzzy approach in the process of identifying indicators and data envelopment analysis.
After collecting information from the studied chains using an artificial neural network, the data was predicted for
5 years. In order to ensure the stability of the model, a sensitivity analysis was performed based on the change in
the number of neurons and different activation functions in the neural network, the results of which showed that
the network with 10 neurons in the hidden layer had the best performance and the mean square error (MSE) was
3.24x107°. Then, the predicted data from the artificial neural network was used in multi-stage data envelopment
analysis. Multi-stage DEA evaluates the efficiency of the green poultry supply chain in the past, present, and
future periods simultaneously. These results are useful for policy-making and efficiency performance trend
analysis.

Keywords: Artificial neural network, multi-stage data envelopment analysis, green supply chain of
poultry farming industry.
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Best Validation Performance is 5.6395e-06 at epoch 6

10°
Train
Validation
Test
Py
@
h
£
~ in2
L 10
o
E
w
T
<
©
=
@
-4 L
c 10
©
@
=
10-6 L L s L L L i
0 1 2 3 4 5 6
6 Epochs
; Training: R=0.99999 , Validation: R=0.99999
=) O Data han O Data
e Fit e Fit
s S 0s
+ +
06 &
T T
r r
=04 -
[ ]
1 1
802 g
s s
o o
il
0 02 04 06 08 1 0 02 04 068 08 1
Target Target
Test: R=0.99829 . All: R=0.99999
~
2 b O Data
g S Fit
s c 08 ¥=T
= +
g £
5 pee
= o
- r
L -
S w o
] !
3
5 0.2
g g
3
o © o
0 02 04 06 08 1 0 02 04 06 08 1
Target Target

mas 4ol (25l Hlages Y Sl

osls ;M‘ 94 fodxs C.tLu -Y-6

Flo o Gl il Glos S, al o,lal a5 jshailes
23 S el oad il ik bawgs 551 (S (a0l
Llgi g ol559 el (mle (ool ulul a8 deeg; (50 )8
Slol® o )5 5 638 sleosls side Jdow jo a5 [11]
Slael 8,5, ol 5o el W Gla iy p (e 9,505, )l
olie (sl3la dllas 5 00l (030l 055 ST slaip b s
Sy GWI by eyl 005 o el 5 > W il
& ol gz e asgerme | spolis adS Jald (51 asgene
Jeaz alba lade olail 4y J8los x> o dcgazms jo lil Cogae
323 e o5 JLa V- g 31, 5 S5 s 3 )l ?

YFY

Vo oga U ayg,g olaws iol8l b as ols lis O Jgoo ol
saslie o3l st 003 o1 5l e Lol el o (i3l Joe o
oS 5 yetansig &b as ols lis il Jbd moles dunlie 098 o
MSE (slo)bne JLai 511, o Shas o e Oleiy Y 50 05598 V0 b

»,ls R2 g MAE
Voo b gl Y SO els 4l oles sl (bl pl g
Slade ol ol trainlm i ge] o 553Ul 5 tansig a3,
et cope YL Jluae 3 MSE (3.24x107°) u—‘-’l-’
ot 5 Jse Vb gl g cds Sl (R?=0.99995)
o..\..»@‘).lo JAA as R QL‘*‘" C"L“" u.»‘ ] o..\.;.;j dLmobL)
M99 2 e o jalyb Sl plp jo oo 5500k
DEA Jus b oS5 o oslial (gl o1 oylipalol a5 o005y

[4 Feed-Forward Neural Network (view)

Input

4SD
T ragen

& &1

L]
®
/

— L Y

Output

o yn ot 45 5 lare D JSC



VEA JNYA amio OF-F Slias) s 5l FV 5 55 clao,las qemois Jlo

9
1.000V\./.—H/\
0.800
0.600
0.400
0.200
0.000

© A D OO DA D> ©

° 3 PPN PSS

NN N AN SN SN N N
—f=9

Aoy ol Wgy e A S
DR (G S A g Sy —F

5 ALE sads slaglesle sl Il (26, slace s 3l (S
lacand jl (Ko ool (el 0 iy slacdlad o5 5 s
30 b (297 480 Coge Wy e a5 ol il cnes
S5 g el 380 &l)lf o 3 plolid 09l laas o
Sy aSil yr opde ¢ Stz slocllad s el olojls
Slgi oo sl oo wymime (1B, suie BB slp poe e
o2t 1) T lajls 4 o5l 5 olyide cols) Ol
s e 4 5 St 4l Sk (g3leoaz LSy 0
Ol 02y 50 @bl i - Sl 10555 YL Coen
S (SAegh sleoje> 5l (S plareds jeeb (B9 n Caio
Glie GEFLD Corany 4y 10 DS &) oS j5litot o pike
JolSS dagilyinl g Olides b s pe o tllr  alde 5 05ally
38hes Gromis (T @ g S 3l Ol (b ol 4ty
o357 3 Iy ke 5 o 3 (65035 pezr Az g (el 0y
b Olilge 4yl anils Bglase 055 4y Slles g adgi o e
0y 9 S1ASED 9,800, 4 3 jike 9,505, 5l oy Lol (LSS s
J525 (g3t 52 il 0oy IS inies sloplls (ol
Ol 02255 9 (1S 3 Shae o (9w g o 4 g 035
O 5 45 ALES o 5B 40 diy, 5,50 ol - sl B
plain; <o ae 3,500 55 50 ki oy plls o (S
e G Sl Slaal Gaos 50 Sl o bapllai 5 oled g 0595

.d;iinAJAzm W)

i

lnj.) JL...: IN 9 @d‘s 6&0&‘0 u,aLm‘).) ‘5>|)l5 Jﬁ‘ JL...J IN LS‘)" as
‘5._.40,.“ 45 wa.c QSH.M: JM k_¢‘>5).’> 6[.90.)‘0 ugL..u‘ » 6'\)15

! 00 4......4[.‘>u7 Cowl 00y

0,320y o )5 el ol 0ols Lis £ Jguz j0 4 jshiles
5 Al oo oanlice BB A o o a5 axils oli8l aig, F ol
oS abb oo codled o o w5y, SG o el 5 50 A i 0
6939 sools adllas L aSail o cvnlie B A S50
g 035 oS LY (el 0225 305 (oo odaline T o Loy o
b ol s Gp gloanie all 5 ol 5 S gla SanY]
S sosls 15 (gagu> b iy, 1l dslol a5 05gs of pei 0,90
30 5 o0 0daline a5 jshiles pizmen 005 oo cdwlie i ouds
v ohlS e 0 BaS sl 5l plaS e YYAY Jlo o
Jlo o1 50 30,5 aseine oals ploul o) 5 g rools dalllas b a5
5o slaanze o o g oo (£ 50 iVl a5 Gl 5o
booyozy adlS” (sl Ly (B9 2 5l Jol> dgw g axsls 2al38l

Sl als ralS

1.000
0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100

0.000
1396139713981399140014011402140314041405

4

Fopmiy o)l wigy e A S



Eoean omac saSll ¢ glad> waix DEA loslaiwl b el g Caiio juw (ol 0,005 e =Ll sl o

(s A 9> 6'.00.)‘.) £ Jeus

g 63939 soold 7955 slaools

=) 11 |12 13114 |15 16 17 18 01 | 02 03 | 04 04 05 06 | O7 08
1 Y | 0AA | 2 Ve | vF \VYS ywa | 6933 | ¢ WYY | Vs | ovav | 5461 | avev | fev | ad) aAY
2 £\ | vee |2 e YYvYYy \wvo | 5600 | v VEOF | VeY | £a4y | 7055 | sAMA | AYR | VYAY | VYVA
3 e o[ ary |3 [ s | of yvas | vy | 5800 | a VAYY | Y-v | Avay | 8856 [ Asva | £55 | VEAY | VEeA
4 YE | oA | 3 Voo | vy AN ywy | 5900 | s VY8 | Yo | ovyA | 5382 | avys |ty | avy avy
o Yo | vve | 4 Wl sy via- yvy | 6000 | v VEYA | V0% | sAOF | 6918 | syYE | AVA | YAV | (voyr
$ folvry | 4 \WYWo| fy YAVO yWwy | 6150 | v VEVA | YOA | A-F | 6868 | ssvs | 8V | \YEA | VYFF
\ YA | 0AF | 5 Voo | vf \YY. \wwa | 6300 | s VYA | \YS | ovVA | 5442 | aYAY | f.5 | aAY Ay
A va | voy | 5 e yyva \wvo | 6400 | v VEg. | veY | vy | 7075 [ sAYY | A | YYA® | VYAV
q vs | MY | 6 VE |ty YfY- YAA | 6600 | A VOVA | \Y& | voay | 7656 | YEFE | ava | \vay | \YAA
Yo YA | Yao | 2 VE | fP YV vAo | 5400 | A VOFF | AYY | vere | 7498 | vya. | asy | \YEF | Avee
1" £l 0y | 2 vo | Yo \\Za¥ vfy | 5600 | ¢ VA0« | YA | 0FAs | 5550 | avAd | FAF [ Vel [ )eey
14 - [ vvo | 3 Wl ofo Yy - VA- | 5800 | v V0% | Y#A | vyyy | 7301 | v.aA | OFA | AYYA | YYE
WY fv | vey | 3 ol ofy YYYE \Wwe | 5900 | v VEO- | VeY | sasy | 7026 | sAYA | AYY | AYYY [ avvY
¥ fo vy |4 |y | fo YYaA yva | 6000 | v VEAA | VY | VAAA | 7262 | vese | af0 | VYY. | AMVE
10 YW seo |4 | W | e Vavy vos | 6150 | ¢ \YAS | VEY | sv00 | 6219 | sty | fea | MY | VYE
\$ YA | s¥y | 5 W[ ovy VAVE \f4 | 6300 | ¢ AYYY | \Ye | oAf- | 5904 | avroe | FFY | VevY | VefA
v £\ | svo | 5 W[ ovy VAA. V4 | 6400 | ¢ \YYS | VYWY | oAse | 5924 | avaf | FFY | Veve | VevY
A Y| A0S | 6 | Vo | o YO0 yaA | 6600 | A VeEA | YAS | A-vE | 8098 | vAVS | £eA | VEVY | VFsA
L Fylvrs |2 |y | sy YVAY vy | 5400 | v VEYS | Va4 | SATE | 6908 [ svvE | AVA | VYOS | VYOY
Y. YO avy | 2 |y |y \FAY ywwe | 5600 | ¢ VY. \YY | ovf. | 5304 | avfa | vao | asy 0A
3l £y | MY |3 VE | OfY YEYE VAA | 5800 | A VOA- | VY& | veey | 7665 | veov | ave | yvaf | 4.
Yy fv | ves | 3 ol ofy YYYY \Wwe | 5900 | v VEEA | V&Y | saoy | 7016 | sAY. | aYs | VYYD | VYV
Yy Y | Aoy | 4 | e | o Yofa yay | 6000 | A V#5Y | VAD | A--0 | 8069 | YATY | £e5 | VEEA | VFPE
Yy vF | ava | 4 ve | of YYAY Yvf | 6150 | a YAVE | Y.y | Avay | 8817 | Aavy | geY | Vsen | V8
Yo Yf | YA- | 5 Wl ofo YYYO 'AY | 6300 | v VoVE | v#a | vyAs | 7350 | vaes | ao) | vy [ vy
Y$ Yo | AYS | 5 VE | A Yfav \af | 6400 | A VEYA | YAV | VAYA | 7902 | veAY | 0aY | VFYYV [ VErY
Yy Y | 0AY | 6 Voo | vy 1YY \YA | 6600 | s WYY | \YO | ovEA | 5412 | avos | fof | aAY avYA
YA Yo AYY | 2 VE | FA YEO) ya. | 5400 | A VORA | YA | vEa. | 7754 | vate | OAY | VFY- | VFes
& fY | aA [ 2 | o | v YVAA | Yv. | 5600 | 4 WYY | vav | Aafs | 8610 | Avva | £fY | vosy | vosy
Y. vy | asy | 3 Yoo | vy 1a%! \wwe | 5800 | s veqe | AYY | ovay | 5255 | avey | vavy | aov afq
) YA | MF | 3 VE | fY YEY- yAq | 5900 | A VOAY | AYY | veyy | 7685 | vEVY | avy | \vaA | araf
Y YE | AYO | 4 | VF | FA YEFY yay | 6000 | A yees | ava | vyya | 7793 | vovAa | aAd | VFVA | VEYY
vy YA | YA | 4 | | tf YYFY YAY | 6150 | A yovs | Ave | vrys | 7400 | vyay | oo | VWFE | VYFY
(83 Y vy [ 5 [y | f Yy ves | 6300 | v VWA | VoF | sevy | 6681 | s¥ay | a-. [ ATVF | AYY.
Yo va | avy | 5 Ve | of YVOA yivy | 6400 | 1 \WaA | Y. | ASYE | 8738 | Ad-- | fOY | V0A- | VOAS
Ys Yy | vee | 6 WOl off YYVS \WA | 6600 | v VEAY | Vg0 | vava | 7193 | saay | ava | \Y-A [ OY-F
v Yy o[ oay |2 |y | e W ywA | 5400 | ¢ YA | AYe | ovyA | 5392 | avys | fev | avA Qv¥
YA YE L YAY |2 [ | fo YYYA yAY | 5600 | v VOVA | v#a | vvas | 7360 | vyoas | aoY | AYYA | YYE
Y4 fY [ 2.5 |3 Vo | ov YV Y vy-q | 5800 | a \WEA | vy | AaYs | 8590 | Avas | £f5 | VosY | Voda
f. ve | a-A |3 Vo | ov YVAA vy. | 5900 | a VWYY | vay | Aats | 8610 | Avve | £EY | VasY | VoY
) Yy | voy | 4 WOl off YYYS \vo | 6000 | v VEOA | VY | veey | 7085 | sASA | A | VYAT | YA
fY frlvas | 4 [ f | fr YYVY YAD | 6150 | A VOFF | AYY | VEYE | 7498 | vya. | asv | \YEE | Avee
FY fY | svF | 5 WOl v Yoo yoA | 6300 | v \YoF | VFD | sYFY | 6307 | sava | fYY | V1fs | VVFY
144 vo | vay |5 Wl off YYYa \wwo | 6400 | v VEg. | veY | vy | 7075 | sAVY | A | V\YA® | VYAY
£0 Yv [ avy | 6 [ s | of YYoA | YAy | 6600 | a \WaA | Y. | ASYE | 8738 | Ad-- | fOY | V0a- | VOAS

\Fo




VEA VYA amio OF-F (i s 5l FV 5 55 slaoload qemoie Lo

wlolpasiiny =V

2 L GBasS el bl aaSh ams o lis L Cladss
03,905 Sz 5 039 e Sl b Bllae (135 j5ubo oy ala>
el s bl Lolid I 5 slosslis bl s )] 0,5
oo IS ph anlie 4 pladl 095 Dgldd slie  Lld )l
Ol s sl eslaal Lo 4yl 5l 0sd oo Slpiin oS
b g &858 Gl e pBanS Gl 2L o)l (e
Oz 4 o Joe L5 5,50 Dledlbl (5 5] pox b cslinn slocS i
ety w095 plmil Q 0903l (e sale 5 Slats
O sn Sse sl QL3I L el Glaae w9l
PBIL g Lo jesite a6l ansliio 4y oSN (el (slvo ooy 5o Gighy
ool g e 331050 095 Colan v glaasly 0 S92 ge
09 sladeddlgiws 2l >l slocud b g serge LSLe
Siles glwosly g jolo |y Callae (g0,5les 4y oloiws Cp>

5 Gasi Slabre o LIS s Sl Jpas
At 5 8 )5 g o1 el slao oy jo Sl Sliass
Cocled b ey 5 Beiss slaazly gl boo ) ol o
Sgdor Sleidey 55 Wwoymy plo plude 4 wldlice potana
b IS 0,005 sl 5,Slas o 1) R&D (glaosly i
Sl jo plaaxly i A8 L oslml gl g andls
S S e (Shis 355 9)lse pogdle il LS 093 (2 e
Sadgl slge g lasles abavly (o > S slao iz o
Loy 3o Laalanly 5 VYo B L 4 (g b 4 sl E0iS 0
2 Jsame G558 Ol o )0 9 R0 Jpame oud plad cuod
o,z mlo ! ot 4 ool ansly il L s
0,559, 3l oolaiul b as 0l oo dlpiing (5,108 o oy Jlsd
545 mmsy 3k e 4 0y ooladl ol daabauly i
Jlo slols el 4 059 ol W5l Bise i 5l i )
Jyame 2lo)ls b ablie o) bl 5o 5 )13k 5l Co pae 5 5 5588
wlod slo,5iS logas s slo,eas 4 olpolo o] Jlis 4 s
e 955 )18 GBS el s 55 Glae SIS jes jo Wl
plsl Jelows & 4z g3 L o wlss Jled (el (slvo o o Shos
)5»10 T ‘_)LTJNS u.«.cl) ul?b.:‘ Jlew OO Lgd.».lf 9 IR
5 plxl (2D (Dbl sloygs g 45 29 o0 Sloiiiy (5T
Gilwosly dgw AL g jed (639290 Zupie ol
A 00y o G DS 4 gl ol Glise >l b ogd
e (59,18 (6 ion Dlalgal iz ol Cépin b Glejen g

VEF

85 Gl szl 5l (S ool 05025 a0 5 (0l )
sl 5o Glpse Sl (Slojle (B335 5 55500 l2
S ok 50 (o kit 355 (5 50 45 oledl o5 4 mlio
‘u—*—"l‘ 0 ey o0 Ll o Shae byl g el 02 e
il sled 4 ppe lagilly 5l (S onmy 2L o)
o5 5o b pFanS el o)l sl plete o97lz
Ot et 3l (6 S el (S SST 5l ooliul b fige slo s
Ol 052255 U (65lemdg  Zo e (53, ol sl o0 a3
Olesbe S el 51 Gl 4kl SG g 00gr St L
saass g (o8l jlaS g aalgs S golaidl Ll g0 50
Gosb |y el ol dad (sl 005 Cap e il LIS
5 CekS b (GVsame sl Glyiie oS a8 o0 Sales
30 9y el 5l el w4 an e BBlas o licedsl LB Gileas
oty lolis 5 clabuls aalllae 5l ey oimed ol
Co9n Sake e (el 02y 0 LS (i 5o solS
a8 plol laas s (6 5Ly (3l (Ao () 5l osliinl b ojoelo
Vol bl » (295 (a2l A 5 699)9 a3l A o 5l
] g5l oz 3l 5 Wi bl laasls alS 6,5
ot lp ras 8L b Sngin Jae b 4 el
2 03205 (2D G g madges 00 Slaizgy> 9 (5399
oobel o0l sis i sools g oals (5551 ez slaosls Ll
oy kot (b lal> e win glasly idg Jlod Joe
ooy las imgh sloail 4 azgi L .aus 5 anwloe W 5y
b Gimedy ool 4o od ol g oud glulid sla jasls a5 ws
el 0352 e [A6]Lys5 5 [S] siel « [4] o155 e gy
St ksl 5o i a8 ol i 5 celes s mbs
2oy s JB b (iledld &b g5 5 oy Sas)
dansig &b g, Vg jLsle Obxsl 5 o)l Suin
3 IS CRPR VR KV Golol o ion a4 e trainlm o 6
Colad pae d92g ] 2L Gt 0 bl il
Sllogs 5l ool Wilgs g0 a5 sl (29,5 9 (695,9 lrools o
59 8l Heeb lac len E9ud b ool Dl daosles 3L
S5l Gkl s pue Gl I LA (egh
5 (638 o hg)) ey olulis aulyd o o568 0,59,
2 oo B ooty Lhbey Judxd Jow 31 eoliwl
o o Sl oad Bld 5 bl e WIT gla gy
Dolad ;o pleal 5 6 et (585 515 50 Ul (soleiny Joe
Syl 1y (60g,9 sosly g 8



GCj.ua.o G...a.c 6@41...» 9 6‘4.19).0..\.0 DEA )l OQLD.H..:‘ lJ )5*10 U"’)ﬁf [OPT SOv-) ).....u u...al.v o)..JU) o..\...»] G»l)lf 6)LMJJ..\A

slag b b g Scige giluans b S 5l Jon aisle)
9 ‘5|4...'>u 6&;«4‘& rm.\.c 5(L®6)Lo.u )5).' 9 LQO\JLQH’ u.a.d ).....u
Dged Sl e Frelr ygoar iy e e e slaSu,

&b =/

[1]

"Theories in sustainable supply chain management: a structured
literature review." International Journal of Physical Distribution &

Logistics Management. International Journal of Physical
Distribution & Logistics Management 45 (1-2): 16-42,2015.

[2]

Akanmode, E., et al. "Prediction of poultry yield using data mining
techniques.” Int J Innov Eng Sci Res 2: 16-32, 2018.

[3] Salehi moghadam,S. and Darvish motevalli,M. H. A New Model for
the four-level multi-product supply chain optimization based on
stochastic demand with probability distribution function.

(e231650). Karafan Journal, 22(2), 2025.
[4]

Alinezhad, A. and A. Taherinezhad . "Performance Evaluation of
Production Chain using Two-Stage DEA Method (Case Study:
Iranian Poultry Industry)." new economy and trad 16(3): 105-130,

2021.
[l

Amini, A., et al. "Evaluation of green supply chain performance
using network data envelopment analysis." International Journal of

Green Economics 13(3-4): 187-201, 2019.

[6] Kheyrati L, Darvish Motevalli M H. Presenting a Mathematical
Model for Optimizing the Cold Food Supply Chain During

Disasters. Disaster Prev. Manag. Know.; 14 (3) :292-309, 2024.
[71

Amirbeygi, F., et al. "Evaluation of green supply chain performance
using balanced scorecard and data envelopment analysis." Journal
of Industrial Engineering and Management Studies 9(2): 64-85,

2023.
(8l

Anouze, A. L. M. and |. Bou-Hamad. "Data envelopment analysis
and data mining to efficiency estimation and evaluation."
International Journal of Islamic and Middle Eastern Finance and

Management 12(2): 169-190, 2019.

Chen, Y., Cook, W. D., Ning, L., & Zhu, J. "Additive efficiency
decomposition in two-stage DEA." European journal of operational
research, 196(193), 1170-1176, 2009.

[9]

[10] Krakovsky, R., Forgac, R., 2011. Neural network approach to
multidimensional data classification via clustering. In: IEEE. 9th
International Symposium on Intelli gent Systems and Informatics,

pp. 169e174.

[11] Depi. "Structure of Victoria’s Chicken Meat Industry." Department
of Environment and Primary Industries, Victoria, Australia.

Accessed November, 2013.

[12] Emrouznejad, A. and M. Tavana. Performance measurement with

fuzzy data envelopment analysis, Springer, 2013.

[13] Ibiwoye, A., Ajibola, E., Sogunro, A.B., Artificial neural network
model for predicting insurance insolvency. Int. J. Manag. Bus. Res.

2 (1), 59¢68, 2012.

[14] Fare, R., & Whittaker, G. "An intermediate input model of dairy

production.” Journal of Agricultural Economics, 46, 201-213, 1995.

[15] Geng, R., et al. "The relationship between green supply chain
management and performance: A meta-analysis of empirical
evidences in Asian emerging economies.” International journal of

production economics 183: 245-258, 2017.

[16] Gupta, M. K. and P. Chandra. "Effects of similarity/distance metrics
on k-means algorithm with respect to its applications in iot and
multimedia: a review." Multimedia Tools and Applications 81(26):

37007-37032, 2022.

VFY

Gegn x> palply b e slaiegn wiels
Slegoge wiyls |y 059> ol 5o codlad auad a5 sus] (b
e gl ke anast § QWS Gl g o lons (aiaa gl
b Jae onl ogd oo slering (A el 51 S0 52 4 2L
O @b by 09d oS 5 S eyl g (orae 4SS sla s
sreld 4 azxsi b legh nl Glogasls ogh anslie Jiagh
kS a5 005 wl)) alie S5 eS8 g lilejle b L e
205 o0 Slpiiy 0,8 18 1) Los sles il slolas
033l 050 63l Jae b pegpe Joo ool b asLs
Ol Cupde ooz lr B adF 18 alie lacs,h 0 ()8
sools (g3lwJow 5 Judow g1y 00,5 oo olpiinn 005 olulis
LSSl ldas  Saurg 2 o e bl jo aid i,

g oolaiwl 50 lee Jolis aid s o5le Jow g ools o

Sy oedle 6,50k sbapi )X 5 6yl sl Jas @l e
L S, ololid 5 oasSopmel o, Shee i
osill slacas b

[ )

15 Sl b Wlgi e a5 Lgy ojladoe 5,505, Sy 45|
ke (215 Jelse pl g oS as,e 18, l5L el s
e 5 4525 5 ki 552,800 o sl gm () 53

il Jow ol iolesl sl ol

a8l dngs (S1aSet b 5 S Jelo Joo jlo9d o0 sloiiny
S el colie boogd oolannl o See Jolow g
slagae yo loosls og (2lad (53 (Apgh (ol latusgacs
Mooslys Cengd Sllugs asile Lalse cadly )3 .cowl ANN sDEA
il oo golasdl lacinlow Oliis 5 0l lacs Lo Eont
Ll gl cansl 38,056 el sloo o) odly o Shos
Slwands gy Sl coliiul dacealad pas gg cpl (o9l
Al b Gogy onl 0sd o0 ol ST Dlagizs o of Jige
iz @55 Wlsioe «535,5 Slo e | (Solai wiges o l30
a1 9 wulad 0551 5 (Quantitative) soue &ygoas |, IS
Oz 09938 Sl dgzge Joe [lSle po pulul S 4 5L
5 e el 0y JSoan] o 3gdioe e 63,505,
Ogin ST slagingsy 19995 l8,9% 5 6yt <3 5 by
29709 )lw g (Bolai o, Sug) Coows 4 Joo anwy



VEA JNYA amio OF-F Slias) s 5l FV 5 55 clao,las qemois Jlo

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Nandy, A. and P. K. Singh. "Farm efficiency estimation using a
hybrid approach of machine-learning and data envelopment
analysis: Evidence from rural eastern India." Journal of Cleaner
Production 267: 122106, 2020.

Bhanot, N. and Singh, H., “Benchmarking the performance
indicators of Indian Railway container business using data
envelopment analysis”, Benchmarking: An International Journal,
Vol. 21 No. 1, pp. 101-120, 2014.

Pratap, S., Jauhar, S.K., Paul, S.K. and Zhou, F., “Stochastic
optimization approach for green routing and planning in perishable
food production”, Journal of Cleaner Production, Vol. 333, 130063,
2022.

Carlucci, D., Renna, P. and Schiuma, G., “Evaluating service
quality dimensions as antecedents to outpatient satisfaction using
back propagation neural network”, Health Care Management
Science, Vol. 16 No. 1, pp. 37-44, 2013.

Athanassopoulos, A.D. and Curram, S.P., “A comparison of data
envelopment analysis and artificial neural networks as tools for
assessing the efficiency of decision-making units”, Journal of the
Operational Research Society, Vol. 47 No. 8, pp. 1000-1016, 1996.

Rezaee, M. J. "Integrating dynamic fuzzy C-means, data
envelopment analysis and artificial neural network to online
prediction performance of companies in stock exchange." Physica
A: Statistical Mechanics and its Applications 489: 78-93, 2018.

Paradi, J.C. and Zhu, H., “A survey on bank branch efficiency and
performance research with data envelopment analysis”, Omega,
Vol. 41 No. 1, pp. 61-79, 2013.

Panapakidis, I.P. and Dagoumas, A.S., “Day-ahead natural gas
demand forecasting based on the combination of wavelet transform
and ANFIS/genetic algorithm/neural network model”, Energy, Vol.
118, pp. 231-245, 2017.

Shabanpour, H., et al. "Forecasting efficiency of green suppliers by
dynamic data envelopment analysis and artificial neural networks."
Journal of Cleaner Production 142: 1098-1107, 2017.

Shamsuddoha, M. “Integrated supply chain model for sustainable
poultry production in Bangladesh: a system dynamics
approach."2014.

Tone, K., & Tsutsui, M. "Dynamic DEA: A slacks-based measure
approach." Omega: 38(33-34), 145-156, 2010.

Kwon, H.B.Exploring the predictive potential of artificial neural
networks in conjunction with DEA in railroad performance
modeling. International Journal of Production Economics, 183(A),
159-170, 2017.

Zhang, G. "Forecasting with artificial neural networks: The state of
the art." International journal of forecasting 14(1): 35-62, 2018.

Kuo, R.J., Wang, Y.C. and Tien, F.C, “Integration of artificial
neural network and MADA methods for green supplier selection”,

Journal of Cleaner Production, (18)-12. \\Y--\\#\, 2010.

Misiunas, N., Oztekin, A., Chen, Y. and Chandra, K, “DEANN: a
healthcare analytic methodology of data envelopment analysis and
artificial neural networks for the prediction of organ recipient

functional status”, Omega, Vol. OA, pp. 6¥-¥#, 2016.

Rezaei, J., Tavasszy, L., & Tavakkoli-Moghaddam, R. (2023). A
hybrid ANN-DEA model for performance prediction in green
supply chains. Journal of Cleaner Production, 414, 137594, 2023.

Han, S., & Lee, J. (2022). Forecasting supply chain efficiency using
multi-layer neural networks and DEA integration. Expert Systems
with Applications, 202, 117267, 2022.

YA

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Melchiorre, C., Matteucci, M., Azzoni, A., Zanchi, A., Artificial
neural networks and cluster analysis in landslide susceptibility
zonation. Geomorpho 94 (3), 379e400, 2008.

Han, Y.M., Geng, Z.Q. and Zhu, Q.X., “Energy optimization and
prediction of complex petrochemical industries using an improved
artificial neural network approach integrating data envelopment
analysis”, Energy Conversion and Management, Vol. 124, pp. 73-
83, 2016.

Charnes, A., Cooper, W.W. and Rhodes, E., “Measuring the
efficiency of decision-making units”, European Journal of
Operational Research, Vol. 2 No. 6, pp. 429-444, 1998.

Kwon, H.B., Lee, J. and Roh, J.J., “Best performance modeling
using complementary DEA-ANN approach: application to Japanese
electronics manufacturing firms”, Benchmarking: An International
Journal, Vol. 23 No. 3, pp. 704-721, 2016.

Selim, S. and Bursalioglu, S.A., “Efficiency of higher education in
Turkey: a bootstrapped twostage DEA approach 17, International
Journal of Statistics and Applications, VVol. 5 No. 2, pp. 56-67, 2015.

Agasisti, T. and Ricca, L., “Comparing the efficiency of Italian
public and private universities (2007-2011): an empirical analysis”,
Italian Economic Journal, Vol. 2 No. 1, pp. 57-89, 2016.

Kao, C., & Hwang, S. N. "Efficiency decomposition in two-stage
data envelopment analysis: An application to non-life insurance
companies in Taiwan." European Journal of Operational Research:
185(181), 418-429, 2008.

Kao, C. "Efficiency decomposition for general multi-stage systems
in data envelopment analysis." European Journal of Operational
Research 232(1): 117-124, 2014.

Kao, C. "Network data envelopment analysis: A review." European
Journal of Operational Research 239(1): 1-16, 2014.

Khashei, M. and M. Bijari. "An artificial neural network (p, d, q)
model for timeseries forecasting." Expert Systems with applications
37(1): 479-489, 2010.

Adler, N., Martini, G. and Volta, N., “Measuring the environmental
efficiency of the global aviation fleet”, Transportation Research Part
B: Methodological, Vol. 53, pp. 82-100, 2013.

Kumar, S., & Putnam, V. "Cradle to cradle: Reverse logistics
strategies and opportunities across three industry sectors."
International journal of production economics: 115(112), 305-315,
2018.

Liu, J.S., Lu, L.Y. and Lu, W.M., “Research fronts and prevailing
applications in data envelopment analysis”, Data Envelopment
Analysis, Springer, Boston, MA, pp. 543-574, 2016.

Alizadeh, A. and Omrani, H., “An integrated multi response
Taguchi-neural network-robust data envelopment analysis model
for CO2 laser cutting”, Measurement, Vol. 131, pp. 69-78, 2019.

Li, Y., Chen, Y., Liang, L., & Xie, J. "DEA models for extended
two-stage network structures." Omega: 40(45), 611-618, 2012.

Ghasemi, N., Najafi, E., Lotfi, F.H. and Sobhani, F.M., “Assessing
the performance of organizations with the hierarchical structure
using data envelopment analysis: an efficiency analysis of
Farhangian University”, Measurement, Vol. 156, 107609, 2002.

Misiunas, N., et al. "DEANN: A healthcare analytic methodology
of data envelopment analysis and artificial neural networks for the
prediction of organ recipient functional status." Omega 58: 46-54,
2016.

Manasakis, C., Apostolakis, A. and Datseris, G., “Using data
envelopment analysis to measure hotel efficiency in Crete”,
International Journal of Contemporary Hospitality Management,
Vol. 25 No. 4, pp. 510-535, 2013.

Nguyen, H.G. Using neutral work in predicting corporate failure. J.
Soc. Sci. 1 (4), 199¢202, 2005.



Iranian
fr' Journal of Information and .=. Society of
T e Communication Technology Information and
- . Communication
ICT Researchinstitute -

(Iran Telecommunication Research Center)

Volume 17, Issue 66-67, Autumn and Winter 2025, pp. 149-164

Technology

Identifying the Determinants of Blockchain Technology
Adoption and Proposing a Hybrid Adoption Model Based on
TAM and TOE Using the K-means Clustering Method

Atefeh Farazmand', Abouzar Arabsorkhi*”, Seyed Ahmad Yazdian3, Abbas Saghaei*
1PhD candidate, Department of Industrial Engineering, SR.C., Islamic Azad University, Tehran, Iran
2 Assistant Professor, Department of ICT security, Iran Telecommunications Research Institute, Tehran, Iran
3 Assistant Professor, Department of Industrial Engineering, SR.C., Islamic Azad University, Tehran, Iran
4 Professor, Department of Industrial Engineering, SR.C., Islamic Azad University, Tehran, Iran

Received: 20 May 2025, Revised: 26 January 2026, Accepted: 31 January 2026
Paper type: Research

Abstract

With the rapid development of technology and its increasing integration into users’ personal and professional
lives, the decision to accept or reject technology remains an open question. Technology acceptance theories seek
to explain the reasons underlying an individual’s acceptance of information systems. In the field of technology
acceptance modeling, numerous studies have been conducted, resulting in the development of various models.
This study examines blockchain technology adoption using the Technology Acceptance Model (TAM) and the
Technology—Organization—Environment (TOE) framework. After a brief review of the criteria and limitations of
these models, a conceptual-exploratory framework based on the clustering of adoption criteria within the TAM
and TOE frameworks is proposed. Following a review of the relevant literature, 85 blockchain technology
adoption criteria were identified. Through expert evaluation, 53 criteria were selected as the most important
blockchain adoption criteria. Subsequently, the selected criteria were classified using the K-means clustering
method in SPSS, leading to the categorization of criteria and the presentation of the proposed integrated model.
The results indicate that, from the experts’ perspective, direct conceptual proximity is not observed exclusively
between external factors and the two core TAM constructs of perceived usefulness and perceived ease of use;
rather, factors belonging to the technological, organizational, and environmental dimensions of the TAM-TOE
framework are also positioned within this conceptual proximity. Furthermore, the results and the examination of
the limitations of the TAM and TOE models indicate that these two models are complementary to one another.
The findings of this study contribute to the further development of blockchain adoption research and provide
guidance for the practices of organizations operating in this field.
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1.237 2 31 1.388 1 4 2.972 4 31 3.674 4 4
2.647 1 32 1.888 3 5 3.786 3 32 3.689 2 5
2.699 2 33 1.735 1 6 4.496 2 33 3.716 2 6
1.722 1 34 2.518 3 7 3.416 3 34 3.536 1 7
1.722 1 35 2.668 3 8 2.551 1 35 2.100 2 8
1.798 3 36 2.515 1 9 2.915 4 36 3.926 2 9
2.287 3 37 2.084 3 10 2.820 1 37 4.209 4 10
2.174 2 38 1.566 3 11 3.309 1 38 3.786 3 11
2.632 2 39 1.702 3 12 4.090 1 39 4.301 4 12
1.459 2 40 1.669 3 13 3.027 4 40 3.793 4 13
1.813 1 41 1.456 3 14 3.681 5 41 3.852 1 14
1.283 1 42 2.084 1 15 4.165 5 42 3.607 2 15
1.023 2 43 1.888 1 16 3.770 2 43 3.318 2 16
1.766 2 44 2.516 2 17 2.676 4 44 2.748 5 17
1.153 2 45 2.459 1 18 2.133 5 45 4.093 5 18
2.351 1 46 3.075 3 19 2.718 4 46 4.260 5 19
1.153 2 47 1.251 3 20 3.162 3 47 2.598 5 20
1.802 1 48 1.734 1 21 2.646 3 48 2.283 2 21
1.712 2 49 1.734 2 22 2.147 4 49 2.460 4 22
2.213 3 50 1.219 2 23 3.762 5 50 4,916 4 23
2.201 1 51 1.267 2 24 3.830 3 51 3.223 4 24
1.459 2 52 1.219 2 25 1.775 5 52 2.483 4 25
1.951 1 53 1.267 2 26 1.245 5 53 2.818 4 26

2.594 2 27 2.198 4 27
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Abstract

In recent years, three-dimensional Networks-on-Chip (3D NoCs) have been recognized as an effective solution
to overcome the bandwidth limitations of electrical interconnects in multi-core processors. The adoption of
optical communication technologies in these networks has significantly enhanced the performance of multi-core
architectures. In 3D Optical NoC structures, 4-port and 5-port routers are typically deployed at the network
corners, while 6-port and 7-port routers are employed for data transmission across the network. In this paper, we
propose a non-blocking 7-port optical router based on microring resonators. The proposed router achieves
substantial reductions in power consumption and energy loss by minimizing the number of optical switching
elements. Furthermore, a novel routing algorithm is introduced, aiming to determine the optimal data path while
reducing energy dissipation and power consumption for 3D Optical NoCs. This algorithm is implemented on the
proposed router and dynamically selects the most efficient path between the source and destination processing
cores by leveraging the router’s architecture and rotational models, ensuring minimal energy and power usage
compared to other available paths. The evaluation of energy loss and power consumption parameters has been
conducted through simulations on the Omnet++ platform. The obtained results demonstrate that the proposed
design significantly improves the performance of 3D Optical NoCs compared to existing architectures.

Keywords: 3D Optical Network-on-Chip (3D ONoC), Optical Router, Microring Resonator, Insertion
Loss, Power Consumption.
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Number of Same of
Type of . - 1/0O port
Router micro-ring .
PSE physical
resonator
address
6*6 Optical Router in
D] 1*2 PSE 15 Yes
6*6 Optical Router in
[V] 2*2 PSE 12 No
7*7 Optical Router in
[Y7] 1*2 PSE 36 Yes
6*6 Optical Router in [¥] | 1*2 PSE 12 Yes
7*7 Our proposed Optical 1%2 PSE 18 Yes
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Number of | Number of
Router Type of PSE microring | waveguide
resonator crossing
7*7 Optical
Router in [] 1*2 cross PSE 49 67
7*7 Optical
Router in [Yf] 1*2 cross PSE 30 47
6*6 Optical 1*2 cross & 1*2
Router in [vo] parallel PSE 18 19
7*7 Optical 1*2 cross & 1*2
Router in [vo] parallel PSE 26 21
7*7 Optical
Router in [¥#] 1*2 cross PSE 36 57
6*6 Optical 1*2 cross & 1*2
Router in [\#] parallel PSE 16 17
6*6 Optical
Router in [YV] 272 PSE 12 o
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Routing algorithm | Pseudo-codes
phases

Determine the source node (xs, ys, zs) and
destination node (xq, yd, zd)

If (zs# z4) then change source node to (xs,
ys, zd)

Phase 1

Phase 2

Running one of the turning model

Phase 3 algorithms on our proposed router

Reserved path between the source and
destination nodes in our proposed router
with a circuit switching technique

Phase 4

Check current node with the destination
node, if (Xs, ¥S) # (Xq, yd) then repeat phase
3 and phase 4, else path reservation end

Phase 5

Evaluate insertion loss at each path our
proposed

Summing insertion loss values in phase 6,
will be obtained insertion loss for each path
Evaluate power consumption at each path
our proposed

Phase 6

Phase 7

Phase 8

Summing power consumption values in
phase 7, will be obtained power
consumption for each path

Repeat phase 2 to phase 9 for each other
paths

Compare values of phase 10 (the most of
insertion loss and power consumption is
worst-case path, the least of insertion loss
and power consumption is best-case path)
Choose best-case path to transfer optical
data and choose turning model for our
proposed router

Phase 9

Phase 10

Phase 11

Phase 12
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Simulation Parameter Value
Laser power 20 db/m
Detector sensitivity Index -15
Bandwidth 2.5Gb/s
Message size 1024 bit
Router buffer size 64 bits
Number of wavelength channels 16

N*N*3 Caliee slaolal b (gom dw sloaSiis gl p (g3lwans
JAL.J WX S)9e C’,‘L&s‘_g)jjy}a C’,‘Lﬁo)‘.\.:‘ ] 0l 'al?u‘

Dbl o PP Y g0 w0 %Y Fue Fue ¥ 3*373
G5 SaSed 3 (5,58 Bl als o gads Jelse 51 (S

Gy Olgal olass lo> b g,5 slo g, 5l eolawl il (g,

5o b, 54 (5,90 Dlgol olass e Glaslas ¥ Jguz [0 .ol
ol 00 ploxil 35290 sla 59, 5 3kt Sy V5, LSl
ooz 50 008,58 b g, (ool gy o, 8es )l sl
o2l 3 ol ol ales S s3lotnnds s Ll o 1, Y
oloul sledsys 5 25 U wloads cwypm cds 4 lagluand

055 i soliiiny slag b Lausi sad

\YY

L ools Taml ail glaie Y g0 10 dade g lawe S
Sl o Nigd oo SR daie Y 4 Z ax il eolanl

Slp i3,z Jae ool 5l (ol dalte 4 Goww,
g g0 00liiul (5598 glrosls Jlal slacysgame o o

L Juowes facs) ol uL..; Y-y I as )Bb")m ‘U¥9) Q.ﬂ N
Soold s 5 00l 9,5 (5l Sczmdgw by, 5l eolaul

Wigd oo Jilie date 4 laws 5l (5,9

5 Sy BT Bl Jolts o580 Gl 5o golS slay 56
s 45 Wgh oo Sl a)giSl (pl astes (Bras oy Joloo
CLl dade 5 e 05 G (See e (piz e 5l e
wilizee 6o e )3 (Brae Ol g ST oliae (b)) L ogh
S 2 Sl oS 09 o sbml (o 5 (el (e Sl a
ol @l Wloud alie 5 (bl (L2552 Joe lap ;651

O PRV X i NP

Loaes oo olis 1) (golpiin o080l oS 4l Jo>lpe ¥ Jgor
)98 SN (S b Ay yomnnn 559 (535 2 o y05) (2l (512!
@ 05b oo Dbl dake 5 le o i (Bras (g 2S5
JUSKs H320 sl 5)98 yolie (55T Slasi 54T (6 pmne o F)le
ol ol 0gd oo DLl S o oslainl (6,98 LIl s o

D9 oo 4l (ST Slos dgupy 9 Al e DLl 4 e

ol 4l bl e de e (g5ludinge b oyl
a3 oo S (6 Seiizr jobay 1515 6551 B Al a0
DS b At e Fs5 69, 2 Ol wiysNl sl L
9 oo Sl walie g lase 10 (o (B pae OlE (n keS 9 S
25 Slr o5 robe S Blani 5l aS (g e K03 G )bn
4 e a5 09 g0 DLl o ls 18 (6598 BLI) iy 5o JUSes

9 0 it e D15

dnlio 9 (g jlwaned gl -F

S (895 32 )l Slegoleiion 5,8 S g, 2L sl
&)l sloaccs ool [IYA-YY ] los 57 oolizl Omnet++ 13810 5
Lol e 5,5 loaSl Sk g Judx glp aied ;a8
p e sy, b gl sl Jaxe Omnet++
|y loisislsnss el s, 2 lapl ool 518 5 ebis;, S y9,See
Sl gl ool 0las gla el )y o F Jguz )0 055 o ol 3

el oads 4l golpiig slog b



G A (§)95 Al 0 aSl 50 Fge (ol e ool Il g D yg cdn S L (5590 g, (b

IL (R)I,]:Z ILCROSS + Z ILBend + Z ILDrop +
2 ILpgss ()

23l R 5558 5y 0 pl] @y el Sy 51 ST (R)y

ViV SO e 6595 59, sl
i,j € {North, East,West,South, Ipcore, Up, Down}

SO9ee Fgy sln
i,j € {Up,Middle, Down}

slass waly JS 30 59 JiKew Hoee p Wlgoe &5 (5,551
Yy 40 a8l 4 dxgi bl e jo ON-state sla S 9,500
Sy iy Heils), SiujeSee VA Gl L eolpiiy (5598
000 S 3l 5 958 e edlitl )5 i Sl (518
VAT (o ool 00 VL 50 0Bl oad (29,5 9 69959 (2
R o 0)19.4 L w.w.) 6;.0.4.».9 A.AB)M ASQJ‘J d)b‘db
GBS )0 g0 (5,55 g, ple & S g, cnl o)l Koo

il IS5 ,5E )9 JiSew e p Wlioe a5 ool ele
9y 50 el e yo ON-State > 40 S0 9,50 Slows
oo Dgon ,55ls5, K yg e VA SIS cgoloiiny 5,95
b onl 09doe osliiul &gy Cida (o Jlail 6180 sln
5 0 w3l ) (2955 9. 609)9 (S 0] ek 4 5L
Jolae (BT e oliia 00 VL 50 59, cnl &5 Wm0 0 (LA
szl plo 4 cod (6, Rl gy 45 o)l VY,AVdB
boavalie )0 (5555 g, Onl comizmen S0 oo (LS 0al o)
S8 los (5 5 Al ;0 BT Ll L woszse (5 58 slo iy, nl

i o0 S9nte (kP S Heb |, 4S8

35
9 30 B 6*6 optical
925 router in [4]
S 20 W 7*7 proposed
€15 1 optical router
3 10 +—
Z 5 W 6*6 optical
0 - router in [16]
3*%3*%3 4*4*3 5*5*3 6*6*3 6*6 optical
Network Size router in [27]

Glio o gy 9 Al Wglio gl o BT EiSTas A Ko

o A (698 Al g aSl o o (5l

\Y¥

b5 slo gy 5l eolital a5 wims oo Las lagssluane (5
AL cwans oo JualS 1) (5,95 B sl (5,55 Dlgol e olaws
GrSadz jsbay 5o l) 4l g LSl Sz 5 Srae Oly
Silotinge Sur 2 pe o8 @ Gl i S
S Slas sy S Mg o Dguimo Al 5 (595 (5,90 (LB
oSy Bl s L1 Y Jouzr 5o 00l S5 sla i« (ooleiiny 9,
w10y ileand Sl Jol> @l (owyp 4 9 005 (55l

SOy (5395 9y 5o ST yol )by Judxi —V-F

wooleiian 65 oy, 2Lyl 5o Gl sl ylil 5l (S
S5 F9y sylle 5 Gie $idng yo yel)l pl cwl B
AW polie «gilwancs slyp casl ool sy 5 Jolow cdoa
e ol )8 oad yisin glacols lul s 8 Joux b gillae

oleands V“"Ja“" >34

G5 g, o Sas A S8 gl (giluand @S ulul
Sy, e oo 0l e Shslangs o ) oleiten Sy Vs 7
iy 5 555 Dlgol yaS ol 5l eoliul oy csolgii
as yeie BT sl oyl S e 428 |, (s yieS BV L
» 6 il i Gall g 4Kl 25 dee
Foy &5 L e s mls osdee ool Jlul gle s
5 Srae Ol i 5 asl ()9 Sl 5l s & golpiny

D, sy o Shes 55 sl Sous
ot o soleinn slaolb a5 oS o anl b ulos oy
25lgS g0 g it 4Ll (55, (5,95 SLRASS (giludinte S 0
BN Gl aiiidey Sgee Iy 4l (S 0 Sas (4255 LB j5boas
0dls dwle (V) Jgo 5l eolannl b solpiig )8 oy,

0151 ol alyl B Jpor

Parameters Value Ref
waveguide crossing 0.15db [¥y]
waveguide bending 0.005db/90° AR
drop into a MRR 0.5db AR
pass by a MRR 0.005 db ARY




WY VO amio Ve F lins) s 5l &V 5 55 sloo Lods qpain Jlo

_ 1.40E-02
S 1.20E-02
S 1.00E-02
3 8.00E-03
g 6.00E-03 -
2 4.00E-03 - u PSE
8 2.00E-03 -
5 0.00E+00 T T T T 1 M Detector
Q ) Q‘\ & &S E Modulator
Q S & &
< O A & O
QO W©°
O &P PP
> X FFF
& F o o o
RN
A 0 L6 A
%0 © © ’\*

S0 ablyy p aSul jo ol gV gy (S ol A UKD

GO A

S 57 Joo glapsy oIl ¥ -F

e Sl wl o)A YV s o a5 jsbiles
YIS o sl Camin S (B z Sladae 2 e
i sl pelel 5 oS Lo solein o6 LYY
o (5ilwosly (gleiiinn ¥ F9) (59, 2 el ot ()b
S i Sl as o (Brae Gl g BT la el

i8S 18 sy 0550 Sl 5 (Sl 2l

Son VY sy S » i w2l el mls
31+ SloUSE )3 a5 4 oo ol 5 Sl sl el sl
¢ oo 6laaSd 13 a5 wias e lis gl ol ledds ail,l 1)
plo b oaslic o West-First 4 Odd-Even (slaqs oS!
Ol 9 Bl Glies (n S (8352 Joe 2 (e slap )5
)l S g g Sl i e Sl o 0 ) (Bran

Wil aSD )0 o3kt Fo, il e eslaal sl cnlple
5 WesSt-First b jws slaess ;651 51 050 c0 anogi 5,9
ooliztl (6,95 sboosls Jlu,l 6l jamns 5,5, ST 3 50 Odd-Even
SIS 1055 e 5 ST e sl b Ly 51 cnl 055

oo Rl 6 pSetz jsbar |) 59 4l p Al

' \Worst Case

VYO

S% 95 30 Brao oly bl ol -V-F
SOk

ad)S L8 Jelod g i 950 allie (pl jo a5 (5,500l
5SS o 5 31 el ol sl By g el s
Sigsaly e Jols (S8 slizl ool oad LS55 (5,9
receiver ,sow, ,lae o driving circuit modulator ,¢¥oge
5S¢ 4ei¥g05e Juld (5,9 1l a5 Jl> o wasies Circuit
Sl Ysone oSl gl ansl o Optical router s, g, g
S ol Ll (559 T3 S (5 5V (e
6 Ol BT e blie o [¥f sl (st Ly a5, aem o
3 Fhe polie plo g bayeiSins dayg¥gose 5l oslitul Jodo &
slyiehly ol 51l Sglite iz slo g, 40 o598 S
Ol 2 15 23U G i b PSEes 5 Siuzmngms yolic b Lo o
ran oy b s yo slo ey 458 Joar [V]ls 3y
Irf-volewl sols olas 1,

s Job yo 0On-state sle PSE slosy « 3,0 olgi apwls o
(soloiiin D)0 ¥ gy 5l e (B 50 el 00iiS (e ule
49 LPSE alS 4 0,la 5424 ON- state. PSE g5lu Jled & (g3L5
oo Jgbo )0 PSE g0 yiSTas do pie gl 50 .oiiiwn OFf CJl>
SrSsl 4 el (pl a5 (5,5 6 13 onsstatecdls o Ll
S5 gy b aglie ;o [¥]asS o a5 B pme s 28 00
o, PSE adye 38,5 i o L J[FNRYEYV] s ens
sl 5 o Jl I b )5 el 3 ol Lo (slgiig
odalie (Sras (55 10 (PR oste SN Sy Vs, 0 b
D9 s

Sran g 6 jlwdnit b yolyl iF Jgasr

Parameter Value
Modulator (dynamic energy) 85 fl/bit
Modulator (static energy) 30pw
Photo detector 50fJ/bit
PSEs (dynamic energy) 375f)/bit
PSEs (static energy) 400pw
Thermal ring tuning 100pw/ring

% Best Case
10 Average Case




G A (§)95 Al 0 aSl 50 Fge (ol e ool Il g D yg cdn S L (5590 g, (b

ol ol oad smalin o Gl Gy o (6Kedis
O S aw wyp yo a8 el BB S bgleas
o o (Average Case) .Slo cJl> « (Best Case) cJl>
(5y8 G dw e slaSs o (Worst Case) <>
ole g Wl aeS Odd-Even 5 West-First sl ,oX!
Odd-Even o ;s8¢ (gamgs e sboaSils ;o .05,l0 1, 8o
F35 895 2 S35 Sras g BWl (S b oo )osl (lgisa
a5 wo oo las @l ol el sad aslis golgiinn 5)8
Wil p glaased bl wooleiin w2,y 5, 5l eslinul

Do o Gl 4z g LB bl (5,88

&y

[1] L. Weichen, T. Guiyu, L. Mengquan, “Autonomous Temperature
Sensing for Optical Network-on-Chip”. Journal of Systems
Avrchitecture, January 2020, 101650.

[2] HUSEYuIN T, KAYHAN M, “Scheduling Computation and
Communication on a Software-Defined Photonic Network-on-Chip
Avrchitecture for High-Performance Real-Time Systems”, Journal of
Systems Architecture, October 2018, Pages 54-71.

[3]S. Asadinia, M. Mehrabi, E. Yaghoubi, “Surix: Non-blocking and low
insertion loss micro - ring resonator - based optical router for

photonic network on chip,” The Journal of Supercomputing,
https://doi.org/10.1007/s11227-020-03442-4, 2020.

[4] S. Asadinia, E. Yaghoubi, M. Mehrabi, “3D Mesh ONoC: Design of
low Insertion Loss and Non-blocking Optical Router and Efficient
Routing Algorithm,” 14th International Conference on Information
and Knowledge Technology (IKT), 2023,
DOI: 10.1109/IKT62039.2023.10433045.

[5] A'W. Poon, F. Xu, and X. Luo, “Cascaded active silicon micro
resonator array cross-connect circuits for WDM networkson-chip,”
in Proc. SPIE, vol. 6898, pp. 689812-689812-10, 2008.

[6] Y. Ye et al, “3-D mesh-based optical network-on-chip for
multiprocessor system-on-chip,” IEEE Trans. Comput. -Aided Des.
Integr. Circuits Syst., vol. 32, no. 4, pp. 584-596, Apr. 2013.

[7] Ben Ahmed A, Ben Abdallah A,” Hybrid silicon-photonic network-
on-chip for future generations of high-performance many-core
systems, “The Journal of Supercomputing, DOI: 10.1007/s11227-
015-1539-0.

[8] A. Reza, Sarbazi-Azad H, A. Khademzadeh, H. Shabani, Niazmand
B,” A loss aware scalable topology for photonic on chip
interconnection networks, “The Journal of Supercomputing, DOI:
10.1007/s11227-013-1026-4.

[9] Pengxing Guo, Weigang Hou, Lei Guo, Wei Sun, Chuang Liu, Hainan
Bao, Luan H. K. Duong, and Weichen Liu,” Fault-Tolerant Routing
Mechanism in 3D Optical Network-on-Chip based on Node Reuse,”
IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED
SYSTEMS.

[10] J. Hao, Ting Zh, Yunchou Zh, X. Yuhao, D. Jincheng, Lei Zh, D.
Jianfeng, Xin Fand Lin Y, "Six- port optical switch for cluster-mesh
photonic network-on-chip”, Nanophotonics; 7(5): 827-835, 2018:
827-835,2018.

[11] A. Shacham, K. Bergman, and L. P. Carloni, “Photonic networks-on-
chip for future generations of chip multiprocessors,” IEEE Trans.
Comput., vol. 57, no. 9, pp. 1246-1260, Sep. 2008.

[12] Y. Xie, W. Zhao, W. Xu, Y. Huang, and Z. Zhang, “Performance
optimization and evaluation for mesh-based optical networks-on-
chip,” IEEE Photon. J., vol. 7, no. 4, Aug. 2015, Art. No. 7801412.

3
= 25
ﬁ B Proposed 7port-
g 2 West first
=15 - p
= roposed 7port-
S 11 North-last
Q
O 05 1w Proposed 7port-
0 - Negative first
& & & W Proposed 7port-
& e & odd/even
[ X N
Q) ?:\é’b &0
oSy Jow gl 5o Ho BT Y. STl
1.20E-02 -
& 1.00E-02 - -
5 B Proposed 7port-
£ 8.00E-03 West first
(7]
§ 6.00E-03 1 Proposed 7port-
5 4.00E-03 - North last
2
8 2.00E-03 - Proposed 7port-
0.00E+00 - Negative first
e 2 .
dbc,?/ & & B Proposed 7port
e & odd/even
&N
v

\YF&

S % Joe sl ;98 50 (B pan plg ) JSb

G5 Azl -0

a5 el o0 slgiiog VXY Sl 5,55 gy S callie ol 5o
SreS Slasd Sl wgzse Dy Vog)9 Gloyg, b oawlie jo
0Nl S enl egdle oS e eolitul 5ils;, Son 5,5
Gt Fsy ol B9y 2 &S ond S Al s o ol e
Tae Olon s (i 533l o980l Cnl B 055 cn Lo
Lt Sy U el (a0 (155 5 (65 51 ST (1 108 s o
plil sl g slwanss 0gd Sl (65, B pan g BN Jlas L
aS wd oo Lad N*N* 3 Galizes olal b (sboaSiils (g9, o0l
©Dyzge Sy V(68 Lo ie, b amalie )0 (goleiiny 585 s,
Sbwl (Brae Hlsi g 65, I b el o 4z 8 BB S9te
@lpiiig gy « HxEXY olal b (laSs jo (o5 jsboas .08 e
Gy adly a0 (65,51 AW e j0 104N ralS
Syt (e WBdee (LA dgzse oy, w4 Cuwd )


https://doi.org/10.1109/IKT62039.2023.10433045

WY VO amio Ve F lins) s 5l &V 5 55 sloo Lods qpain Jlo

[26] Kexin Zhu, Huaxi GU, Yintang Yang, Wei Tan, Bowen Zhang,” A
3D multilayer optical network on chip based on mesh topology.
“Photon Netw Commun. 2016, DOI 10.1007/s11107-016-0627-2.

[27] Muhammad R.Y, Ning Wu, Gaizhen Yan, A. Tanveer, Jinbao Z and
Yuanyuan Z,” HoneyComb ROS: A 6 * 6 Non-Blocking Optical
Switch with Optimized Reconfiguration for ONoCs. “Electronics
2019, 8, 844; doi:10.3390/electronics8080844.

[28] J. Chan, G. Hendry, A. Biberman, K. Bergman, Carloni L.P,”
Phoenixsim: a simulator for hysical-layer analysis of chip-scale
photonic interconnection networks.” 2010, Proceedings of
theConference on Design Automation and Test in Europe 691-696.

[29] A. Varga, Hornig R,” An overview of the OMNeT++simulation
environment. “In: Proceedings of the Ist International Conference
on Simulation Tools and Techniques for Communications,
Networks and Systems and Workshops, 2008, ICST (Institute for
Computer Sciences, Social-Informatics and Telecommunications
Engineering), p 60.

[30] Varga A,” The OMNeT++discrete event simulation system. “In:
Proceedings of the European Simulation Multi conference
(ESM’2001), vol S 185. sn, p 65 The OMNeT++discrete event
simulation system.

[31]J. Chan, A. Biberman, Lee B.G, Bergmann K,” Insertion loss analysis
in a photonic interconnection network for on-chip and off-chip
communications. “21st Annual Meeting of the IEEE Lasers and
Electro-Optics Society, 2008, pp. 300-301, 9-13.

[32] R.Ji, L. Yang, L. Zhang, Y. Tian, J. Ding, H. Chen, Y. Lu, P. Zhou,
Zhu W,” Microring-resonator-based four-port optical router for
photonic networks-on-chip.” Optics Express. Vol. 19, No. 20, pp.
18945-18955.

[33] Chaudhari B. S, Patil S. S,” Optimized designs of low loss non-
blocking optical router for ONoC applications.” 2019, (LJIT). DOI:
10.1007/s41870-019-00298-7.

[34] J. Chan, G. Hendry, K. Bergman, Carloni L.P,” Physical-Layer
Modeling and System-Level Design of Chip-Scale Photonic
Interconnection Networks.” IEEE Trans. Computer-Aided Design
of Integrated Circuits and Systems. 2011, vol. 30, no. 10, pp. 1507-
1520. DOI:10.1109/TCAD.2011.2157157.

[35] Lee B. G, A. Biberman, D. Po, M. Lipson, Bergman K,” All-Optical
Comb Switch for Multi wavelength Message Routing in Silicon
Photonic Networks.” 2008, IEEE Photonics Technology Letters,
vol. 20, no. 10, pp. 767-769.

[36] N Bagheri Renani, E Yaghoubi,” A Review of Optical Routers in
Photonic Networks-on-Chip,” A Literature Survey. J. ADV COMP
ENG TECHNOL. 2018, 4(3) pp. 143-154

[37] N.B. Renani, E. Yaghoubi, N Sadehnezhad, et al. “NLR-OP: a high-
performance optical router based on North-Last turning model for
multicore processors.” J Supercomput ,2022, 78, 2442-2476. DOI:
10.1007/s11227-021-03920-3.

\VYY

[13] J. H. Lau, “Through-Silicon Vias for 3D Integration,” New York,
NY, USA: McGraw-Hill, 2012, ISBN-13 978-0071785143.

[14] K. Zhu, H. Gu, Y. Yang, W. Tan, and B. Zhang, “A 3D multilayer
optical network on chip based on mesh topology,” Photon. Netw.
Commun. vol. 2016, no. 3, pp. 293-299, 2016.

[15]1J. H. Lee, “Insertion Loss-Aware Routing Analysis and Optimization
for a Fat-Tree-Based Optical Network-on-Chip”, IEEE
Transactions on Computer-Aided Design of Integrated Circuits and
Systems, vol. 37. No. 3, pp. 559-572.

[16] P. Guo, W. Hou, L. Guo, Q. Yang, Y. Ge, Liang H,” Low Insertion
Loss and Non-Blocking Microring-Based Optical Router for 3D
Optical ~ Network-on-Chip,” IEEE  Photonics  Journal.
DOI:10.1109/JPHOT.2018.2796094.

[17] P. Guo, W. Hou, and L. Guo, “Designs of low insertion loss optical
router and reliable routing for 3D optical network on-chip,” Sci.
China-Inf. Sci., vol. 59, no. 10, 2016, Art. No. 102302.

[18] W. Hou, L. Guo, Q. Cai, and L. Zhu, “3D Torus ONoC: Topology
design, router modeling and adaptive routing algorithm,” in Proc.
IEEE Int. Conf. Opt. Commun. Netw, 2014, pp. 1-4.

[19] S. Asadinia, M. Mehrabi, E. Yaghoubi, “Non-Blocking and Multi
Wavelength Optical Router Design based on Mach-zehnder
Interferometer in 3-D Optical Network on Chip,” Majlesi Journal of
Electrical Engineering, 2021, DOl:
https://doi.org/10.52547/mjee.15.2.73.

[20] N. Dahir, T. Mak, Al-Dujaily R, Yakovlev A,” Highly adaptive and
deadlock-free routing for three-dimensional networks-on-chip.
“IET Computers & Digital Techniques. 2013, Vol. 7, No. 6, pp. 255-
263.

[21] Chiu G.M,” The odd-even turn model for adaptive routing. IEEE
Transactions on Parallel and Distributed Systems, “2000, Vol. 11,
No. 7, pp. 729-738.

[22] P. Bahrebar, Stroobandt D,” The Hamiltonian-based odd—even turn
model for maximally adaptive routing in 2D mesh networks-on-
chip. “Computers & Electrical Engineering, 2015, Vol. 45, No. pp.
386-401.

[23] A. Shacham, K. Bergman, Carloni L.P,” On the Design of a Photonic
Network-on-Chip. “First International Symposium on Networks-
on-Chip (NOCS'07), 2007, pp. 53-64, 7-9.

[24] Huaxi Gu, Jiang Xu, 2009. "Design of 3D Optical Network on Chip",
in Proc. Conf., 2009, IEEE.

[25] Yaoyao Ye, Xiaowen Wu, Mahdi N,” 3-D Mesh-Based Optical
Network-on-Chip for Multiprocessor System-on-Chip.” IEEE
TRANSACTIONS ON COMPUTER-AIDED DESIGN OF
INTEGRATED CIRCUITS AND SYSTEMS, 2013, VOL. 32, NO.
4



] .. . Iranian
( Journal of Information and Society of
. Information and

ITRC Communication Technology .
ICT Researchlinstitute -

Communication

(Iran Telecommunication Research Center) Technology

Volume 17, Issue 66-67, Autumn and Winter 2025, pp. 178-188

Presenting a Hybrid Model on Machine Learning and Principal
Component Analysis for Action Detection in the Internet of
Things

Zahra Shahpar'*, Mohammadreza Badragheh?

! Department of Computer Engineering, Zabol Branch, Islamic Azad University, Zabol, Iran
2 Department of Computer Engineering, Ferdows Branch, Islamic Azad University, Ferdows, Iran

Received: 25 March 2025, Revised: 20 October 2025, Accepted: 10 February 2026
Paper type: Research

Abstract

With the rapid expansion of the Internet of Things and the increase in the number of devices connected to the
Internet, the security of Internet of Things systems has become a serious challenge. Due to the easy access to
these devices and existing security weaknesses, we are witnessing various attacks and an increasing penetration
of these systems. One of the effective tools in dealing with these threats is intrusion detection systems. In this
study, a hybrid model for intrusion detection in Internet of Things networks is presented that uses machine
learning methods (logistic regression, support vector machine, nearest neighbor, random forest, decision tree, and
multilayer neural network) along with principal component analysis (PCA) to reduce data dimensions. The
proposed method was implemented and investigated on the UNSW-NB15 dataset. Based on the results obtained;
The logistic regression model with a single-class accuracy of 97.84% and a multi-class accuracy of 89.81%, the
support vector machine model with a single-class accuracy of 97.85% and a multi-class accuracy of 89.89%, the
nearest neighbor model with a single-class accuracy of 98.31% and a multi-class accuracy of 88.55%, the decision
tree model with a single-class accuracy of 98.11% and a multi-class accuracy of 85.45%, and the multilayer
neural network model with a single-class accuracy of 98.39% and a multi-class accuracy of 89.94% have been
able to identify different types of attacks. In particular, the results obtained indicate that the random forest model
with a single-class accuracy of 98.63% and a multi-class accuracy of 89.06% has the best performance among
the models. Also, the false positive rate was reduced to about 4% and the processing time was less than 1
millisecond. Comparison of the proposed method with other methods showed that the proposed method, with an
accuracy of 84% provides significant improvement in accuracy, efficiency, and speed. Overall, the proposed
model can be used as an effective and reliable method for detecting attacks in 10T networks, especially in
resource-constrained environments.

Keywords: 10T, Intrusion Detection System, Principal Component Analysis (PCA), Machine
Learning
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Abstract

The rapid expansion of Internet of Things (IoT) devices has led to a significant increase in the volume of
generated data, posing substantial challenges for edge computing environments. Traditional cloud-based
computing methods struggle to meet the demands of this technology due to limitations related to latency and
privacy. To overcome these challenges, researchers have been exploring innovative solutions to optimize data
storage and processing in edge computing environments. In this study, a hybrid approach is introduced that
simultaneously leverages Autoencoders (AESs) and Multilayer Perceptrons (MLPs) to enhance data processing
efficiency in loT edge computing. By utilizing the advantages of both architectures, this approach provides a
robust model for effectively managing large-scale IoT data. The evaluation results of the proposed method
indicate that the model outperforms other approaches, achieving the highest accuracy (0.88), precision (0.75),
recall (0.70), and F1-score (0.72). These findings suggest that the proposed solution can serve as an efficient
approach for optimizing loT data processing.

Keywords: Internet of Things, Edge Computing, Data Storage, Autoencoders, Multilayer Perceptrons

* Corresponding Author’s email: fatemeh_nsr@yahoo.com

YAQ



MLJ..La.égé ..- ‘f(‘/‘
ﬁ CJ‘)‘.’.‘ obls,l g wleMbl 5,4l = U’ub;

ITRC T
._thJLInIiSJ ngg.;uau_.J.om o3 . riad el
YAY JIAR axiio AFeF Lo g Jml FY 978 sbdo,lods cprodn Jlw
B 0e5 (6,105 3oy SaS  ad Wlawlxo 21,5 ol 38l
" s mai 4okl GG guge
Q‘f‘ ‘U‘)'QA ‘LSAMM'J Q‘)] olim..:‘é ‘UP Q‘)‘Q‘ »‘5 ‘)JWLY 05; nM)| ‘SM:L\.MJ)LT ng‘d —\
L)‘JJ‘ ‘u‘)-é’f “so)'l.wl 0‘)1 oli;:.jla sﬁLo‘ )lfol.;. A>‘3 ‘ )49.....»[5 05; Ulﬁbtﬂ.w‘ -y
VRNV il ab VBN bt VEE ) il b
g allie g4
oS

L stz BB sl a5 cnlond (sadgs laosls par> Kotz (2ali8l 4 e (10T) Ll i il slaolRiws @y S
pr bi> g 5b 4 by e slacyogaze Jdo 4 6l Gl » siiee i slaghy, i g bl 4 Sloalne slalama (sl
i 3 ol Siagy da il ) e jglitas, s arle Ik b 6,5l ol Gl & (Sl 3« popad
S 590,505, S dalllas ol jo ailosgs ad Slawls sladasrs jo Waosls (5318, 9 (g5lwe > (6 5lwdigs sl ailygles sl ool
ool Ji3lsp o)L 0 0 0580 loje sk & (MLP) ay¥aiz sl yg s s 5 (AES) 055 sloJi5 50, 51 a8 Cesl ouls S y20
Glrosls 5oy poe sl aiedjod Joo Sy g lare 99 2 sblie 5l 6pFone b 0ySus, (nl aise dgue 1, 10T ad Clewlre o
Como (M) CBs iYL a4 olaws b Jaw ool a5 aes o lis golpiion (s, 2b),l bl aes oo a3l S5 wliie jo 10T
o b5 Jal, S plgieas Wlgi oo 5 31 65 9,%es by, plo b anslie 10 (YY) FL jlnel 5 (V) Jls>1,3 (+.V0)

S5 51,8 eolatul 0,50 10T (slaosls o3ls (5 5luaig

AYaz sl w505 5la 138 5 ) daosls (g3lwe 3 cad Slowlxe Loisl o i) 15l gunds’

fatemeh_nsr@yah00.com : Jssus s i dobb), *

Y9



VAV VAR amio O F-F (i s 5l FV 5 55 slao o qemoie Lo

Sl s esls polas Jlu )l sloas ) S slacwlgs 0 b (6,1,55
L¥oF] wgs oo ools gl ad ol alasls>

il slaiy, 5 sl Slasbue JSAT sblse Syl
50 Oledbl Sled ol agazxgil baools ol 5o Co o ¢ owe
Sl Sag, 5l (S 95500 sled 4 e (2l 0T (sloolSiins
GrSol gyl oS5 Gillr ol el BB 6l s
pleal Lsly cpl jo cwl ad gleools Copae o Gues
MLP®) aYaiz lags g 5 (AED) 055 (sla liSss,
bl 355 sla)liS e, 358 o0 gikae (ngh 6518, Glgreas
olel zals' b g aylo 1) aools (g5lwes yid 4 laeSl (o jludius 5
w22 ) 5ael5 g S 2Ll 5 ilwe m3d ISl ol
5 Gamaib 0 055 (YL 08 L LMLP S5 ggml 0iS oo
o] 3 wades s glaosls [LS ;o Wiy o oK anseis
@lFlee al e plonl g e S0 @) iy Ll
s Bin e o Syhie a5 5 Jae 3l & s
P e sbosls Wlgi oo rie slogSl 5 o Sy olulid
Iy el ST a oledbl plos Jlu)l 4y 5l 5 wiS g pae ad

[o8] sas pals

ChS oS o 5550k Joe Syl s ey ol 65
oyt LMLP 5 ,S595 (slo iS50, slaco Ll oS 5 5l aS il
SudlS g guuls GL“’g;SiS €|)>'LL..:| Lo sl a5, Sy
gee ok ]y Lo sse Wb by 5 (B3 Ol dosls w
ools &y 5 580 (gainai b gl |y Al g wd o Lol
SIS 3 5338t 5 8503, ol il n @l BMLP L
5 & GnSpeea Ol g5l Bran g SSlen; sleane
LT Ve ...\.;564: L“Qr‘ slad sl 5o ‘) S.;)o)b &5‘5
Dol oo Byl (gilwo S g (gilwos a8y (6 e o Sles LW
Cawd 4 3 g lial g lagSl i (o (g iy 8o aSl
St sl ol g s 4 e glaasly j0 45 W

iloaie sl QUL 5o ol Bam s S asl Lol
sl 2310 5 (g i 30 3 K Gl g ool
Bl g ool adgi mie 4 Bilon S 505 SR
e B oS (o0 SeS sl e 9 )8 e SYsb slaalols
Al W) 58 lead cuaS il sligy Bras o o9xadie

4 Autoencoders
® MultiLayer Perceptron

Y

doddo —

5ok oz 0gs 5 (10T Lol i il joSadr (325 L
c.‘a...a).o Lso).g)lf LSLQM[J)J 9 lolKiws ‘Lﬁ)iw} Ja..uy osls
ools Julowi 5 (53105 (6l ainte Loy, 55,54 S50
6[@0&‘0 ‘LSH'“J L_S)LA.LA B ] 00 UM G0 U“"")‘U“""
Jo)l sl odls Shhe a Gisloyy sl lages oad (s 5lanr
@Sl S8l Gl el b illr b as (60,50, s
Lol daxlge Wosls a4y pw s 4o )ob 9 YU b by GBpas
ool ssbs (59,505, olsiea Tslad Slaslre (Jds (o 4
w0old e a4y aladi oy SSGOF a4 Bloy JWSIL a5 conl ous
Sl 5l @omaly Gloy 5 Jml alold rals  ogdle
S (o0 S S 9l 55 55 e 4 e slaosls Lol 53 (55958 508
Sedgr slogyesr Al oleeie> 0 Wiz (g)lexe ()
Slotg caenl 3l 4 las Glas )5 5 cmio slaglosle
Ogzmed san | slas ks wi, b oy oo HUaml g el 00,5 oy
@ Jlzus ptanwsS| o glad Slaslre opuw SG sloasils
5 hel e 51 (S ool e G ez L 5k
el 5 Jo sl g 6 Lo o 4 5Lo ey 00 S dnangs

Dyey] el onis RIS Mals ol &8 g5k jexm aS

abddle o e @ plgies gl Slslxe Glo i (et )
@ lem b0l glrosls 00,845, ol o 0,8 o)l Toley
Slo sl ools 356 10 90 slaalold sl 4SSl sloay U
Ol 4o Kgd g 05255 Bran b oy o (Soo5 )0 gl
Oeized g o)l 4 Sgp (pofel ploy palS (Jee
LIOT o plalae jo ol aSil Wil slg jo (297480
Sl ST g g oo a4 a4 5,00 Lo slas )18
@S ()5l @Sl 4l jo ools (glwe S el LS
Dydoe Dgee e el g VL pdimies sln
Slewls 5l 650y whialign Slagyoss ;5 isged (lycas
Ol Gl 5 bR slaosls (5,58 Jlil losy alddl> 5 (slad
WSS 0y WS ROl g0 (S e
i )5 s s JS555 55 s il slogs o5 e
2 3B 55 Sl e Jleinl i F ke 08 o0 g0
3 Oy rl s Cupe bioe el ey laosls Lo
Slyons aST 2 elenl @i 635 0 slojg e lio Bpae ralS

! Internet of Things
2 Edge Computing
% Cache



555 6,138 50, S 4 ad Slowls S5 il

a3 (sl i Sl 51 3L ¢ il (sbaosls Sl 5 gles 0,
L ad iloo pmd Comal wintign glaoliws 5 Yo coiS
b A Sl 5l ey BB s D Y] clesls Lzl
G g wb sligy p coitans 756 a5 el S5, slaosls
yogdhe cad o 1T ooy (gilwe pd Dyl s)ls o ysd
Ol 50 0580 2555k o) S5t g (JUE A pa alS
@ Glwopd 5 Sl bl @l L ad sloyg il
DVF] axal asls s 605 a,50 b oS o SaS ol )8
54 o Sl e b Yol Cachier pincw (Jle olgie 4
OSes 5 (Pl o5 Jo s wilsy oo Sl ) 220
Ligy 53,40l b a8 wilos S 1yl Agar sl b cattaes [VV]

WS e oydad ol 1SS, slacsls
SFamsall e sla,al, L 55 63 wliiss aslsl s
oo VA] S § guilsy ol 43,8 IS Sloss
o sy Sleida ) 4 (215 LA parads lp 21>
Colol g5 Gl sl oot DV e 5 (8 457 Jl>
[Y-] ol 5 g 15 aiile Slalllas (50 033,53 yme 25
Ol S 25 5 giayg Congime a4 45 Giedg 5 (Hib
V] e 5 02 omiomon Wlasls 55 05 witas oS
5 3l as wols @)l GO aSies sl sasa> SDN (6 lene

Wt 0,509, 9 00,5 Jolowi 1) Jug Sle g Sz6S slaobes 5o
.J..'S‘gn djhoolﬁ \) 6)'L.;oﬂ.>'-f>

wless HFaasal)) olFws 5 ad (gilusned o Lol Ll
ol sl oS )"‘"l‘ O (e yd dalyo Sl 4 ol
Sly 2l Graeby sbdae oRaags Lly cnl jo ol
Sl ad by jo oals w15 sleosls bl (ojlwaige
S 9o Juls a5 Wls o al Yeens baJus opl losls
©9° 9 S 2855wl I (B v s il (Lol
e oS ol Ul 5 gileo eSS b b ye slaas e
gy Ly el 0592 cpl owll sla il 51 (G osls Couguos
Syl 3 gl Jelse bcon 5 ooe Lg o5 slolis
Ol Sl T adlbogage sloasens § PHT sile olacSass
sty oligres Lol i oo wal 3 1) lacanlss o Ol s »

el 530590 aine) cnl 50 (6 b
slosliil cad slaaibele g sl Hsebs oo ,Su, 5l (S
ooty q o ks el 45 Cel Bras (650 (SlaSSS

il g 10T (6 0lid amwgs b AVY] wiS o oolp 1) oulic
aSeD Capie sl dedse sla by, a5l slad sleolSiius

Vay

5ol Jao ] s B 3 ls 805 0l gty e pliie
Wools (331054 5 (53lwe 53 gl aalyl5 (63,5055 (a5 5 os
(S pdyolide Gl g gul Gloy el L g s &l TOT o 5o
Lol e 50 05l 00915 1) Jluzms slid 5938039, slajls
Jelod o 280 5 iy g il Sligy Sran (RS g e
Ol SBlaal o Seee Olsear |y 6 S meeal wl 8 @l g ool
LMLP g LAE slésl aS 5g, oo JUail pizeed .o pouldi 3 Gubods
59 b lnial g lasiy; (i )0 S35 5 &80 (ldl 4 e

S e 6l syl gulpl 1y ol g s 10T sleosls b >

"\"5 J""\"" )-’5-0 d)jpm@ 9 L(bo.)‘.)

sl placs Hslid 99,5 5 Sredign slaoliiiws (4533159, (7S L
ads aSes ad ;s Lol 5l seskie po «(10T) Lol iyl
ol o eull Gillr S 4 o] Ji3e Sijloy o5 05 o0
03y slaimghy b iz 5 0,0l e 5,0y (sloy5aS ool
B wlos,S 00 coadass silweopnsd g ad Slasloe a0
Saiily 5 el Gl ol g sile Sloss Cois
Olsreds ad (53l 5y pode dbiwl) cnl jo i Seue | Glyoe>
@ Giluoyd 5 Glebre glaced b Jal ol 0,5,
GalS ge 85 Cusl 00 oo ) & abE 5 Sess
S5 5 slrools aSloxlsl gl so aSil Wb sligy B pan g U
losls 53,5 S slalSal, g o 4K b ialsdl csly
2l 5l eols sglae Jl zals glp ad sl g 0 Cguzo
235 boje ul el sla e jo wilaid 57 51,8 azgis g0 s

el 28513 (6 )l O Stg 42955590 (55918 @ e
2SS e (1S slapsilie (b 58 e gl Dliddeu s
B8 4yl ezl V] ol)Sen 5 o5 sl 05 (sl g s
) lagiang 0 p>d o hanlal Con £5 b g iy jleslitul L oS
e dae b3 gnyaly gileange e S Ol &
oarede o1 55 Wosls Cagsame eess Lol S o (g3l o
S i Py GBS sl AL Gl 5en 5 2592 ol onss
Al oLl Calss o Jliml g oy Cangeme g8 oulesl 1,
2 Sy b o8l s5lwe s [A] S 5 S5 aisls
S Jo 0 oS oy g sauades 5 b uals
Sl Blax sl T e, [V el e 5 aslye
gy ommzed il slpiinn leize Bacecdsl) gleas e
et oo b g 00,5 o, | lacalss s less VY] PHT

Jq)‘sa ‘-}M ‘) me)‘d ww ‘GWU



VAV VAR amio O F-F (i s 5l FV 5 55 slao o qemoie Lo

S ol bme S e dleiie s o)) sl
Onled ol a5 ol oa ‘5‘>|).’a Sl ooldacgaze
(8ol g g sole 5 ,Shos aible calizee HYI> 40 10T slaolKiws
polae 12l o 0 aS 9l oo cmge ool Bolar adsi o)ls 1)
30 8l go 3l odE a4 She ol g il ogla Sl
sosls Jelis oobd&}w u.:] .JJSGA SeS ).iw; LgL{bC,S‘)_’é
Alls JBolay wlys 51 S0 e b aS cwl 10T coias
3 JKise slosls degama (.80 jsb @ .ailoais adgs NUMPY
el ool oloul (S5g Yo g (2,8 0 Dyg0 ) diges Voo
shas aiese Jdolay g lael slael ol (X) (694,9 sl S s
Bas paie a5 Jl> o wiad odgs nprandomurand &b & b
Sleslatul L (VL +) 6yl ganaib caz p SO O )50 (Y)

A3 Cyess NP.random.randint

wbd gy -T-Y

L Ligoe 10T loolKins ad Slasbre ladass o
slad wgaoe il ly dlax 5l goasin slacusgase
038 B (S55LsS 5 (6551 B pan Cusgaze (Sl (55lue S
Slapi,ofdl siluosly pla 5o Pl col aian 554,
o 45 2 S (o0 My (65t Oged e b (s ile 650,
Ble » ol Jlad S5 il 4 5l 5 Weesls (oYL
ol Ghagh el Baa g0l il e 8l ad slaelliws
Tt g ools o dlS s gty a5 sl (60,809, daangs
5,505y gbite a8 gl 1 1) ol Gh3le s (gilue 53
055 bo)liS e, silwesyad ol @il I eoleiny
wYaix g ywy  gamaid  sassls L (Autoencoders)
o2 5 bosls (g5luoesd Sl w b Ceul 4z S Ss (MLP)

by Gl S et el
10T slajloacs U ad slolliws 3l ools wunzs 518 40
o Oledlbl Jols asles o bosls ol sl co (5,510,5
2By L (x5 Syo (aing sbodls ugh) dae sles)
50 ool Cpz a3 slacols l (g5lwoslel (slys anil el
9 R Bd> il (6198 A n i A pe 8z (oS 5 S
P9 5o 50 9l Sy 6 NS ulide b 3l by ey polia
65555 «5loladl 1l b PCA 1L slal 2l gla s, 5l ool
0938 358 s0 SRa 53 lailiul (g lade asals g JSCo ks 51 Joe
s o U oS o0 SaS (JolS g o SL slaosls ol 5
oS Sl g 0Bl a8 (ilal b suaile ST (5]

b il e

Vay

Silwo 3 lap il 5l (S IVY] 052 o olas! s
cMLu FVWRY ‘) ool k-;‘l;y Lu Lg.....laa @L“y S| uio.n (5.......4
ool o IVFL el onss 7 las ol g ad le Sinlon oS 5 13
0yp>d Gl )5 4y adads o 5SSy yo LST L sleesls w08,
Wt 5 1y s Sk S 2B 28l odle oS Wgd o
ol as wlools lis aes (6,50l o 5Bl laieghy S oo
S Sgnge 5S (soteo Ui i pag ol [YO] S o i |,

S oo Ll 4Gl (590 02 9 5015 4
5 & Gher oy A s laieg Sl sla]le o
Olen 5 55 wlazsls 10T glaasis ,s o beal aseis
Jols ad hen Lol sloailie aol> (slaslllas 3 (Y-YY)
oy a4 Gl Jl g glinal (ajsel «slue i3
S0l Jae S5 (VYY) sgeme 5 2 Usl epizmon [YF] wlos 5
S 0T a0 g bual jasid glp wioz Gaes
LSTM,) iS5h v sboaSids 51 oS5 a5 Wles,S
sl CNN) 3gdgilS vac slaass L (BILSTM, GRU
O, S UD95 4 Somd (6 g 0 8o Lo (g0leiiy sl Joe
Sy (Yo olKen g Lujel ity ol jo IYY] wilasls
) pslie la Shg a5 wloo S >k pg fals 55 5,005
IYA] aisey o Sgma 1) 50 (sloosls ansis Cs g g Seul
slrools dcgozma @ i 5w (VoVY) o, g 5.3, puicren
ST lapas o (5 gl 5 5,000 slaile;l csiia
e gy S (VoY) o)) e § Sig ecales ,o Y] wlos 8
aS Wlos )57 3,50 BO-TPE (gjluwaigs 9 GRU [Ia5 50 095
Iv ] sisn o 09m0 1) (295995 4o Slowloe ;o ol culils

G50k p e sl gy oS 5 L ad (g3lwe 3 Egeze 4o
ook 4 Al oo oadan e Slawlone (e Slas Sug; g Gaes
copl pogdle s ol Jlons Clas cua S et
a0 ol 55 10T lags)leial jasets 9> jo Cladis
Coial Sguge 50 st LB il o Bros (6 SOl slo Joe oS
drwgi Aol 09 ol oo T oS L] 4ty slapnomw L)
Slp Gilwe s lajlisle giluaigs g Joiedsn slaJoe

ool ools pglae o) a4y (5 955wuly

b9y 9 olge -
03ld e goxo —V-Y



555 6,138 50, S 4 ad Slowls S5 il

MLP L T pleol coles 50 9 (5lwsb BT yieS asile) o ,Sles
5 00,88 sbosly .ol oyt by b gunadds bl 6l
6,10a%5 ad jo g gilwoumd slad o Coled jo ead b3l
Sran g gl )QL; Ol 0dle po ol (h3lo e s
Al by, b Jol @l Grizren Wgd oo (o @il

205 oo duslio 4L slo 3y, plo L MLP 4 AE

) Ggly baamme sl soleing Coz)lr es siluosls sl n
PyTorch 4 TensorFlow NumPy asle leaslels 4 (¥4
oSy i5eel 5 il el Laasliulss ol sl o sl
Iy MLP) &Yz (g s 5 (AE) Sogs 13850, 1105 Gaae
L mdly loools (55, 2 Joo (Rl 5l aiiS oo ol b
00 (o) 2 (§3Lw0d 728 L 5 (gl CB5 oddig Lt
Oy &S Sy L 0ebee anmlie d) baJae Lo
wmas sbasll § o sla liShe, oS5 Lokt
3O 0o p>d sodls pa ralS poogdle asVais g i
ol GRalS JLS 0 ((Fhug (nl 095 Sy (3100 4 e e
e els (655l B ras ;0 g8 o Eeliispl ja,m bools
i s 10T glaailels 1o Sloss CopasS Sgeg g b sligy

oslizl iliseo (slolons 51 sslaciing s, o Kkos (Sl sl
«(Accuracy) <ds Jols oLl sl las o et 090 oo
5o a5 s F1 Lol o (Recall) Slgs1,3 «(Precision) cocs
e Bdiges dlaal Cowd O ygod (ACC) S5 . Aig oo iy 25 dalo]
shle Gl WS Jolss) cusl 00,5 ganail guw o Jow oS
D9l oo By, diges IS 4y (Las W3 g Uas

TP +TN

A = *)
CoUracy =Tp I TN + FP + FN

Il o8l e slo pm i S (PrECISION) s
e oo LES e St Sl S

TP

- )
TP + FP

Precision =

3 sd8ly cude 75 L conlus pL L oS (Recall)  Slesl,8
5 m8ly e (gl sy S 00RO LES 09 o Sl

TP

_ M)
TP+ FN

Recall =

Jobs a5 el Jlgl )8 g cds Soge o (1 Kilheo FL Lo
Cewl dpte Gloj o594y Jlas (] aS co SaS Jlrs 90 (1l
ol Jolel b (S #5465 a5

1a¥

g olal als Lol aalsy [Soss (13550, (golpainn Joo o
5,08 50, i g0 Juld aSil cpl ol sage ol (g5lwos s
ol b yless (glad G s |y X (60g,9 0ol J1A5 5, .l LiS 50
GBoss JIaS 50, anie Al aled adei 1) sadgilusl >g >

VW RS Wi P Vo

L =1y - x|[*2 )

WIS o iy F(X) e a5 Sy 5 oolil b 1, X 1S 50,
callSy 41,002 2 Ko wac a3l oolaiwl b LiS e,
X a2 ol .ol Sygo cpl 4 MLP oL Ly, 0uS
b 29> Y 5 Ol Y gileld h (gog

y=c (Wh+b') h=0c(Wx+Db) )
LD 59 Sl W aS ol S o0 dnslone glrang) &5 >
il B a5 5.5 o s MLP el (gjloJled ali o
il JBlos a1,

L=L(y, )

5555 syl 5e, 5T MLP + 5555 (sla i85, oS 55 Jo

\p)

:‘)".Sc_s“’ ool (gaaads ¢l s MLP 4 L;)’5 ol Lials (6l
b ool glad & 1YL olal b (s0g,9 slrosls [S0g> 135 50,
A oo als 5l ol

WS oo ginan b Iy oals (5 l3508 o ioles MLP s

Lol 5 D900 5043 138 50, (2oL, alal,

mind L_ae =E [lly - f(9(2)) "2] )

il oo J8la> 4y MLP

mind L_mlp = E[L(y, g(f(x)))] ()

plewl ad lolliws o Jhe Ojgou LmJ Gl asis

D9 s

9 ‘_;)3—‘@_? La:)iw? )| Loosls fawl ‘_goLe‘...,......» J..\.o u)l:>5.15 )
S 29 gl 5 5ilwod 228 anlE e NgB oo 0 S A o
‘_gl.a:;).;j 9 ~.\.’L> Q...a:lS l.mui = by \)&)f‘s‘o JLQ.C‘ ooty 3J)
5,505 5o ,laS 50, Joe (gl calol jo aigd olulid 5o
43,518 ools ;o oS> Laly, 5 SN L 5,5 o &y90 MLP



VAV VAR amio O F-F (i s 5l FV 5 55 slao o qemoie Lo

Eaoge cnl Sde sl osls lid 095 5l (6 S Sl golgainy
aiile RNN @us 5Ysb (6 ,80b 4 by po OHSe 10 ls oo
250 Joe 285 el (S 45 35 goxia> Lol S ad 9o

9,138

oobes Sh Sl skt by, &5 wasoe (LA S (nl (o) n
AN gy ol cds canl ails (6 5 0 Slae b3, sl Lo
aS cwwl GYL (LAY) CNN 5 (- ,AF) RNN @ cos
Al oo odls mms aseid (o o e 2l goamolis
RNN L awlio ;o (+,Y0) oolpiins by, Como pizxed
QLMJ aS Sl asls 6@99;&'13 Sgups (+,50) CNN 5 (+,YY)
0,8 es Cuto slaosly gunails o ol aluilyy Jow aes se
ovgy Slp Ve lake (JleBh8 560 jo all aldls (g
3l s Sl P RNN 5l as el sdalcamods (solpiian
Coro yu Jolas a5 FL jlitel o pioran .ol YL (+,7A) CNN
as cé}g ‘,VY 6°LQM"-’ u,os) )d s..\.bosa wLo.’ ‘) @‘9}‘1,3 9

B, (6 s Jade (4,FF) 00 Jue 50 4 S

50 olpiing g, a5 weo oo lis b Joe (S 8 Slae duslio
Olpeds 5 alils 6y o0, Sles bl 9y00 byl oles
20594 S5 p (pl ogbse AL gk (nl o Jae (5L
sl Joe 2l 50 mee shre 99 a5 098 o camliv Cors g Cds
o3l g (False Positive) Jgl g95 sl pals ol 1) oollas
‘)-i.’.édﬁ”’)" XS )|)§ﬁ T L;Lmdjw gs’L“’L“'“’ ;MLLe
&l Jeu8 BB bl wlaislyy ae 2 RNN g CNN sla i,
gy b dwolie 10 e (g it le lacusgase o 4 Ll e

alansly 5 pcams o Slae golping

L) RNN 5 CNN & connd g3leiiiny (b9, 50 RYs 5 (S
oo il o Slej 9 aldd laShs oS 5 8975 50l
S 8kes s pyai lagS Ry (lon )3 42 SICNN L3S oo
3 S ol Jlgie Lailgy STo a0l Ll wyls oem
5o Ll 0,8 eyl o 1) ool gloy Siwsls RNN ( Llis
Ghgy )l pladind gpeal bhzn sl SRy bl
gl S5 5 Joo 90 2 D8 Ll 5l 6505 b oleidin
s o Hlid laudl cplaes &l 6 5YL o Slae Cal atiles
3 ol Air 33 o Wyt o S5 e Sy 5 eolinal a5
Como g S8 dgue 4 Wlgi oo WS o pas |y bosls gl

Dgd e bools gunanlb

140

Precision X Recall

Fl=2x Q)

Precision + Recall

S9>g0 sl gy plo b oloiinn by, amslio 4 lo,lee (0
S e ) il sloasiz T, T o Slas 5 03,5 KaS

zL-¥

o Sles saumoplas (solpin by, szl 5l sanliwsda @l
ol gy Sy3e Glagbyy plo b oamlie o ol 4y LB
«(Precision) cows (Accuracy) cds Juls byl slo,las
M polie cui 4 aS wog FL jLel 5 (Recall) Slg>1,8
ool isls 5Lis golgiing Loy gl !y + VY 5o,V e o VO
o S 5 el alss sadail )l s, 45 wias se LaS
S S50 sl il ails gsllae o Sles s jtalS g baosls
ohasts eOwdle 5550k sladae plo b o] Ganslio 5 S ool
el ompp (RNN) (2a55L (orae slaase 5 CNN
Pl ez ol 5l laghs,y ool amlio b plxil Jao y2 0 Slee
2 slecasgames ¢ Llne 5ads obj)l Sl a5 canl Coonl
celin Jao QB 50 (6 pSpeai 42 g WS (oo ool 3 ) plas’

GH3lon 58 Bees 653k ladae (n 50050 5l Sy CNN
WY iz Jold Sl opl el 655elS olin g poa
SelS” sloa 5 pleol sloary (raglils slaasy alex 51 ks
S wesee o3l CNN &Sl 4 jlsle ol ol Jais
@i w8 Jls g gl | pslal b sl S
Como o AY ] s aS ol lis hgy ol sl 5l saelewsa
).’.)LD.A L)"‘ ROV IR 4 4 L>).:‘); F1 )L\.».A‘ 9 «FA 6'15}‘)5 70
oolo 50 sewlin 3,8Las CNN (6aSlls w12 a5 a0 LS
@ Cowl aluilel coolpiion g, L awslae ;o Lol wls aosls

Sy olbls)| Ol 50 aS 8,5 g CNN S slacysgases
DS 0 5,8 Azl 5 50 eS Wools

ooy gl a5 el Baas 6,50k sl e 31,550 SO RNN
B p el oad (b Sloj Glag w5 JIgte slaosls
ol S Oygody 1) bosls a5 Jsore gmac slaasis
Gk ol oylaly i Sledbl baa> o LB RNN oS
WS o0 SIS gloj (Sisly slls Pl jo b pon ion Setn 4
VY Coro AT Ll cds lade aS ol las og, opl sl
RNN o Slae ax 31 .ol <88 50 FL jLosl o -2 Jlesl,8
oogy b aslie o lioren Lol el a8l 04000 CNN @ coois



555 6,138 50, S 4 ad Slowls S5 il

el 00

& 5 4 -0

5 AES oS5 5l rSone b eivshy onl 50 oleinr s
5 CNN 5 (e sboo,Sog; 4 S (552 9, Shos o MLP
B b Jow opl o2l sbosbse wlal s iams oo 451, RNN
(e g a8, 518 (+,AF) RNN 4 (+,AY) CNN ;I «,AA
&y YY) 9CNN (gl + 20 L aslio ,o +,Y0) 5 5YL Coxo
3,90 puo (A (o YL oblgy sasmslis aS 5 s (RNN
LY ) oling by, Slerl P Gl a5 Jlo o ol coie
aS Sl < VY Ll FLshasel el (¢ 2 RNN 1 iy oS
5 Bl (g0 Jobs (+,#7) RNN 4 (+,##) CNN & s
=S 5 Je a5 ws e plis bl (] S e ol Stk
ad o ead il laesls ez oS 4 ogde AES-MLP
Sour |y andeis Cdo g Slwbwe oLS cul ausly sl
Sl de JB), G plpreas Wl oo (B (nl oS o e
oolaiwl 0)50 ad Slawlxe slalazs (o 10T slaosls o3ls 5
258

Slios oliinn iz () (nl Sse 5 dnws Ll o
Gk 5 Sl 550500 Glil ol (o) BB o] sl
oedls 4 e wilgi oo AES-MLP oS 5 Jow (5l
50 beols Jlow e b8l g0 Shiloy b Bpas
Sl e 31 500 (Ko Ghilon b alS 09 4 (slaolSins
Celools ave Suo5 H0 Jow il asT > ol ppeo  Slinams
S5, sloo S 50 3l palS g i g 35Ty
wile (@l jleslitul b (cogas w2 5 Coal Sgute 095 o0
ool Iy sl asls HYb Coenl Wilgh o 55 )08 (5,500
1oy 4 ol AT Lol & Sl 9 4 55 ool
el i ol oodle ams o mliEl 1) ol (635 50
Erman Jheo oy seamaclil asng b ()lhle s,
AES-MLP _.5 5 slo Jow aigs s,z 5! (TPU 4 NPU)
S ole )3 S e ol ) Glacles 55, 2 |,
Wiedga  slopd wile oleoje> o (Jes slaop)lS
el blog g (Fato Cupae wdle Sudle slaptacns
sl gy (nl axwgi ln sz Glaae; Wlgi oo oly0e>
S50s5 sl 38 50, pleol aS ws oo lis laslpiioy ol oS
5 4 Slslos LI S5 4 Wlgigo AV iz slagyg i s
S S mpwg wbide ;0 10T sbvosls &gy

Va5

Comparison of Proposed Model, CNN, and RNN

B Accurac;

Y
W Precision
m Recall

Emm F1 Score

0.8

0.6

Scores

0.4

0.2

0.0
CNN
Models

Proposed Model

RNN g ONN L dulio 55 golepilny (9 gl amulio ) S
WS e b o151 ol b 5 Jae de ol duglie wZolys 0
o w25 L5 SIRNN 5 CNN L sl ) golgioy bs, 45
51 ool Caonl gadse cl Sy 63, FL 5Ll 5 Sle>,8
) Geee x50k 8jm o Sayin 5 (S5 slaglens
OVl g ik 4y Wl oo gl Gl (slaatdl S (oo du
Sl cslie Jaw bl jo b ass S8 dle (6,500 859>
el LBl LI e GxS el like glas S
2lo b goloring oy, oanl glaimgsy )0 o5 05 oo oloidny
@D Olie B 35 anslio 55 Gaoe 550k &880 o Joe

00,5 gy it 055UsS Ll 0 ol (s ndyereni s

My 09r ol (eSS Sl etk Gl
gl g gilwesnd lp slaYan  (Autoencoder)
slp (MLP) aVaiz (gimn o 515 ol slagivles
L Dense slaaY Jols Encoder .ol ool oslaiwl gonaids
Decoder .aib oo 5,10505 aY coles ;0 9 YV 5 #F slaoslall
Gilwponion L1y (69959 (53lwsl g 009 Encoder L -y las
735 Ol aled 383 e plol (MSE) Lo Sl o (5Siks
GY 90 Jols MLP .5 .5 oo 3 MLP (559,5 ()ls2c4; Encoder
Sigmoid s3le Jbd b >9,5 598 SO g (05 V7 5 YY) 5
Lol 29990 (gamarnb gl

Sygods iS50, 095 il 1 ndy oo el Al 50 55 (S5ge
ools (higel silsl las (giluaeS oo b Gl e
il (90l Sz 0adig I8 Sla el (upes 195 50
Al S o Sl 0gup sl aslol jo .05 .5 oo 1,8 colaiuls ge
L (Binary Cross-Entropy) sauasb 4o a5l J8los L
Gilwdings Dgd oo 3230 pdiis ENd-t0-eNnd & jgod oS 5 &L
it 3l S sl sl g ool ploxil adgl 6250k 25 9 Adam Ly
oslarwl Early-stopping o L2-regularization Dropout ;| 5l



VAV VAR amio O F-F (i s 5l FV 5 55 slao o qemoie Lo

[16] E. Zeydan, E. Bastug, M. Bennis, M. A. Kader, I. A. Karatepe, A. S.
Er, and M. Debbah, “Big data caching for networking: Moving from
cloud to edge,” IEEE Communications Magazine, vol. 54, no. 9, pp.
36-42, 2016.

[17] R. Halalai, P. Felber, A.-M. Kermarrec, and F. Ta"ani, “Agar: A
caching system for erasure-coded data,” in 2017 IEEE 37th Interna-
tional Conference on Distributed Computing Systems (ICDCS).
IEEE, 2017, pp. 23-33.

[18] X. Cao, J. Zhang, and H. V. Poor, “An optimal auction mechanism
for mobile edge caching,” in 2018 IEEE 38th International
Conference on Distributed Computing Systems (ICDCS). IEEE,
2018, pp. 388-399.

[19] X. Zhang and Q. Zhu, “Collaborative hierarchical caching over 5g
edge computing mobile wireless networks,” in 2018 IEEE
International Conference on Communications (ICC). IEEE, 2018,
pp. 1-6.

[20] W. Liu, Y. Jiang, S. Xu, G. Cao, W. Du, and Y. Cheng, “Mobility-
aware video prefetch caching and replacement strategies in mobile-
edge computing networks,” in 2018 IEEE 24th International
Conference on Parallel and Distributed Systems (ICPADS). IEEE,
2018, pp. 687-694.

[21] M. Chen, Y. Qian, Y. Hao, Y. Li, and J. Song, “Data-driven comput-
ing and caching in 5g networks: Architecture and delay analysis,”
IEEE Wireless Communications, vol. 25, no. 1, pp. 70-75, 2018.

[22] Xia, Xiaoyu, et al. "Graph-based data caching optimization for edge
computing.” Future generation computer systems 113 (2020): 228-

239.

[23] Liu, Ying, et al. "Data caching optimization in the edge computing
environment." IEEE Transactions on Services Computing (2020)

[24] Safavat, Sunitha, Naveen Naik Sapavath, and Danda B. Rawat.
"Recent advances in mobile edge computing and content caching."
Digital Communications and Networks 6.2 (2020): 189-194.

[25] Wang, Xiaofei, et al. “In-edge ai: Intelligentizing mobile edge
computing, caching and communication by federated learning." leee
Network 33.5 (2019): 156-165.

[26] Xu, D., Li, T., Li, Y., Su, X., Tarkoma, S., Jiang, T., ... & Hui, P.
(2021). Edge intelligence: Empowering intelligence to the edge of
network. Proceedings of the IEEE, 109(11), 1778-1837.

[27] Ullah, 1., & Mahmoud, Q. H. (2022). Design and development of
RNN anomaly detection model for 10T networks. IEEE Access, 10,
62722-62750.

[28] Abusitta, A., de Carvalho, G. H., Wahab, O. A., Halabi, T., Fung, B.
C., & Al Mamoori, S. (2023). Deep learning-enabled anomaly
detection for 10T systems. Internet of Things, 21, 100656.

[29] Rafique, S. H., Abdallah, A., Musa, N. S., & Murugan, T. (2024).
Machine learning and deep learning techniques for internet of things
network anomaly detection—current research trends. Sensors, 24(6),
1968.

[30] Wang, Y., Qin, G., & Liang, Y. (2025). A reliability anomaly
detection method based on enhanced GRU-Autoencoder for
Vehicular Fog Computing services. Computers & Security, 150,
104217.

Vay

&y

[1] Veeramachaneni, V. (2025). Edge Computing: Architecture,
Applications, and Future Challenges in a Decentralized Era. Recent
Trends in Computer Graphics and Multimedia Technology, 7(1), 8-
23.

[2] Alnoman, A., Sharma, S. K., Ejaz, W., & Anpalagan, A. (2019).
Emerging edge computing technologies for distributed 10T systems.
IEEE Network, 33(6), 140-147.

[3] Torabi, H., Khazaei, H., & Litoiu, M. (2024, May). A Learning-Based
Caching Mechanism for Edge Content Delivery. In Proceedings of
the 15th ACM/SPEC International Conference on Performance
Engineering (pp. 236-246).

[4] Malandrino, F., Chiasserini, C. F., & Dell’Aera, G. M. (2021). Edge-
powered assisted driving for connected cars. IEEE Transactions on
Mobile Computing, 22(2), 874-889.

[5] Adeniyi, O., Sadig, A. S., Pillai, P., Aljaidi, M., & Kaiwartya, O.
(2024). Securing mobile edge computing using hybrid deep learning
method. Computers, 13(1), 25.

[6] Bourechak, A., Zedadra, O., Kouahla, M. N., Guerrieri, A., Seridi, H.,
& Fortino, G. (2023). At the confluence of artificial intelligence and
edge computing in iot-based applications: A review and new
perspectives. Sensors, 23(3), 1639.

[7] T. Tran and D. Pompili, “Adaptive bitrate video caching and pro-
cessing in mobile-edge computing networks,” IEEE Transactions on
Mobile Computing, 2018.

[8] J. George and S. Sebastian, “Cooperative caching strategy for video
streaming in mobile networks,” in Emerging Technological Trends
(ICETT), International Conference on. IEEE, 2016, pp. 1-7.

[9] S. Zhang, P. He, K. Suto, P. Yang, L. Zhao, and X. Shen, “Coop-
erative edge caching in user-centric clustered mobile networks,”
IEEE Transactions on Mobile Computing, vol. 17, no. 8, pp. 1791-
1805, 2018.

[10] A. Gharaibeh, A. Khreishah, B. Ji, and M. Ayyash, “A prov- ably
efficient online collaborative caching algorithm for multicell-
coordinated systems,” IEEE Transactions on Mobile Computing,
vol. 15, no. 8, pp. 1863-1876, 2016.

H. Mouss, D. Mouss, N. Mouss, and L. Sefouhi, “Test of page-
hinckley, an approach for fault detection in an agro-alimentary
production system,” in 2004 5th Asian Control Conference (IEEE
Cat. No. 04EX904), vol. 2. IEEE, 2004, pp. 815-818.

(1]

[12] A. Maskooki, G. Sabatino, and N. Mitton, “Analysis and perfor-
mance evaluation of the next generation wireless networks,” in
Modeling and Simulation of Computer Networks and Systems. Else-

vier, 2015, pp. 601-627.

[13] X. Xia, F. Chen, G. Cui, M. Abdelrazek, J. Grundy, H. Jin, and Q.
He, “Budgeted data caching based on k-median in mobile edge
computing,” in 27th IEEE International Conference on Web
Services. IEEE, 2020.

[14] W. Shi and S. Dustdar, “The promise of edge computing,” Com-
puter, vol. 49, no. 5, pp. 78-81, 2016.

[15] U. Drolia, K. Guo, J. Tan, R. Gandhi, and P. Narasimhan, “Cachier:
Edge-caching for recognition applications,” in 2017 IEEE 37th
International Conference on Distributed Computing Systems
(ICDCS). IEEE, 2017, pp. 276-286.



Iranian
f: Journal of Information and ... Society of
- Information and

ITRC Communication Technology .
ICT Researchlinstitute -

Communication

(Iran Telecommunication Research Center) Technology

Volume 17, Issue 66-67, Autumn and Winter 2025, pp. 198-237

A Review of Multimedia Recommender Systems

Saeedeh Momtazi'*, Zahra Pourbahman?, Mohammad Reza Azizi’, Meysam Bagheri*

L Amirkabir Uiversity of Technology, Tehran, Iran
2Shahed University, Tehran, Iran
8 Amirkabir Uiversity of Technology, Tehran, Iran
4 Apasay Data System, Tehran, Iran

Received: 28 January 2026, Revised: 11 February 2026, Accepted: 12 February 2026
Paper type: Review

Abstract

The purpose of this study is to comprehensively review multimedia recommender systems with a focus on
content-based approaches. The diversity and abundance of data on the web has prompted experts to research and
develop recommender systems for automatically predicting the user's favorite content. In the upcoming research,
various types of recommender systems were introduced, which are collaborative, content-based, and hybrid.
Then, a review of 47 articles centered on content-based recommender systems in the three areas of movie, music,
and television program recommendations was undertaken. In addition, the approaches used in recommender
systems used in large and famous companies such as Netflix, YouTube, Facebook, Amazon, and TikTok were
examined in detail. Due to the importance of the body used in recommender systems, MMTF-14K, MovielLens
and Spotify Audio Features datasets were also introduced. According to the conducted research, it is clear that
many practical recommender systems in large companies have benefited from the content-based approach for
recommendations.
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