View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by National Documentation Centre - EKT journals

< Publishing

Avolktn EKntaidsuon: To eplodiko yla tnv AVolKTn Kat € ATtooTACEWQ
Eknaideuon kat tTnv Eknadeutikn TexvoAoyia

Top. 8, 2012

bk BEN LT91-9FIT
Surber i Egpappoyn acapwv CUPNEPACUATIKWV HOVTEAWV
IB1T oTnVv dLayvwoTiKi agloAdynon Twv Habnuatikwy
ZoUkng AnuiTteng EAANVIKG AVOLKTG
Maveruotriyio

http://dx.doi.org/10.12681/jode.9787

cation

al lor Dpen and Hstanoe Educatian
catienal Technology

-
e

e

i peried il chochoaie publiction el B
S B Ameacinian. Ik kak Hemeart
el Sy mannd Cibarsor Bl fan

Copyright © 2012

OO0

To cite this article:

Zoukng, A. (2012). Eqpappoyr] acapuwV CUUTIEPACHATLKWY HOVIEAWY GTNV OLAYVWOTLKY) a&LOAGYNON TwV JABNUATLIKWV.
Avolkth) Ekraideuon: to neplodiko yia tnv Avolktn kat €& Amootdoew Eknaidsuon kat tnv Eknatdeutikn

TexvoAoyia, 8(1), 65-73. doi:http://dx.doi.org/10.12681/jode.9787

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 10/01/2020 21:33:14 |



https://core.ac.uk/display/188025619?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://epublishing.ekt.gr
http://epublishing.ekt.gr
http://epublishing.ekt.gr
http://epublishing.ekt.gr/el/author/Δημήτρης-Ζούκης
http://dx.doi.org/10.12681/jode.9787
http://dx.doi.org/10.12681/jode.9787
http://epublishing.ekt.gr

Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 8 Number 1, 2012 Section one. © Open Education ISSN: 1791-9312

E@appoyn 0600®V COPTEPUCUATIKOV HOVTEAMV 6TV L0YVOOTIKY a&loAdynon
TOV POONRATIKAOV

An implementation of fuzzy diagnostic models on teaching mathematics

AnpijTpng Zovkng

EMnvicod Avowto Tavemotipo

Yyo Oetikodv Emotuav kot Teyvoroyiog
Mabnuotikdg 1% Tupvosiov NaEov
Yroynerog AaKTopog

Anpokputeiov [Tovemompiov @paxng
zoukis_dimitris@yahoo.gr

Abstract

Students’ evaluation is considered to be one constant educational procedure whereby
the progress of learning is monitored and assessed based on the outcome of it. The
achievement of the teaching aims of the lessons, as well as the curriculum are taken
into consideration while conducting the evaluation process. Diagnostic evaluation
takes place at the beginning of the school year and its basic aim is to determine the
cognitive level of the students, which, accordingly, affects the teaching methodology.
The aim of this project is the construction of a fuzzy, diagnostic model of the
cognitive ability of a student who is in the first year of High School. The calculative
application of the system has been made via the Fuzzy Logic Toolbox, which is a
collection of functions constructed in the numeric environment of Matlab.

Mepiinyn

A&oAdynon tov padnt) Bempeitar n cvveyng Tadaymykn dedikacio pe Tnv onoia
moapakorovBeitar 1 mopeia g padnong, mpocdopifoviar To TEMKE amoTEAEGUOTA
mg kou 0 Pobuog emitevéng TV OBOKTIKOV GTOX®OV TOL MHOONUATOC KOl TOL
mpoypappatog orovdmv. H dayveotikn agloldynon mpaypoatonoleital otnv opyn
TOV OYOMKOV £TOVG Kol POOIKOG GKOTOG TNg €ival Vo TPOGOIOPIGTEL TO YVMOGTIKO
eninedo TV pabnTdv, GOTE Vo TPOGUPHOCTEL avaAioya 1 ddackorion XTOX0G NG
gpyaciag avtg N Kataokevn evog acapovs (Fuzzy) «dioyvootikov» poviélov g
YVOOTIKNG WKavoTNnTag £vOg padnt mov Eexvdel tnv A’ 1d&n tov eviaiov Avkeiov. .
H vroloylotikny €pappoyn tov cvuothuatog £ywve pue v xpnon tov Fuzzy Logic
Toolbox to onoio givot pio GVALOYT GVVAPTAGENMY KATAGKEVOGUEVOVY 6TO aplfunTikd
vrohoytotikd TepidAiiov tov MatLab

Keywords
fuzzy inference systems, students’ evaluation, diagnostic evaluation

1. Hpoxatapktikég Evvoleg

®a 0pleTOVY G ATV TNV TAPAYPAPO OAEG O1 POCIKEG TPOKAUTOPKTIKES EVVOLEG TOV
0oa@OVG GLVOLOV, TNG OCAMPOVG (GPVNONG, TNG o0oapovg Toung (t-norm) kot tng
acaeovg évaong (t-conorm) Tng CUVETHY®YNS KOl TOV ACOPOV GUUTEPACLATIKOV
KOVOVOV TOL gival amopaitnTes Yo TV KATOOKELT TOV 0C0PDOV CUUTEPACUOTIKOV
povtéhov. Ot mopakdto opiopoi vrapyovv ota [11,[2],[31,[5] kKo aArov.
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‘Eotow S éva xhaoiwkd ovvoro avopopds. Kabe cvvapmmon A:S — 0,1 Aéyetan

0c0pEG VITOGVVOLO TOV S. Av X €S, 10te 1 T A X AEYETOL T CUUUETOXNG TOV

X (membership value) kot ekppdlel Tov abud mov T0 X aviKel 6To acoPEg GVHVOLO
A. "Evog ocuving ovpfoiiopdc yuo oo aco@n vmwocsvvolo vog cuvolov S givol o

A= Sy, 6mov u,:S— 01. H ovvapmon p, ovopdletor cuvapmon
ovppetoync (membership function)
Opwopég 1.1: Mia cvvaptnon N: 0,1 — 0,1 eivon pia aca@ng Gpvnor av tKavomotel
TIG TOPOKATO GLVONKEC:

Q) H N givon pbivovoa cuvaptnon.

(i) N O =1kuN 1 =0

Emmiéovav N N x =Xy kdbe xe 0,1 n ovvdptnon N kaieitol woyvpn dpvnon.
Opwopog 1.2: Mo ocvvaptmon T: 01°— 01 givar o acoeng toun M t-norm

(triangular norm) av ywo ké0e x,y,ze 0,1 Kavomolel TIg TapaKAT® GLVONKEG:

T,. T x1 =x (cvvoplaxn cuvinkn)
T,.y<zovvembyetou T X,y <T X,z (povotovia)

T,. T X,y =T y,x (avtipeTabeTikn)
T, T xTvyz =TT Xxy,z (TPOGETAIPIOTIKT))

Opwopog 1.3: M cuvaptnon S: 0,1 ? 5 01 eivan po acoeng Evoon 1 t-conorm

(triangular conorm) av yio ké0e x,y,ze€ 0,1 KavOmOIEL TIC TAPAKAT® GLUVONKEG:

S..S x,0 =x (cvvoplaxn cuvinkn)
S,.y<zovvendyetor S X,y <S X,z (povotovia)

S;.S X,y =S y,Xx (avtipeTabeTikn)
S,;S xS vy,z =SS Xxy,z (TpocETAIPIOTIKN)

Opopdg 1.4: Mo acapng cuveraywyn 1, elval po cuvéptnon g Lopeng:
1:01x01—>01

N omoio yio kGOe duvarh aAndn T a, b twv acoedv mpotdoswv p, q avticToua
opifer wo.  aAndn Tl | ab g vrobetikne mpdtaong “AN p TOTE g”. H
cuvaptnon / Ba mpénel va givorl po EMEKTAGT NG KAUGGIKNG GLUVETOY®OYNS, P=(,
otV omoia ot Tipég ainbeiog neplopilovrtar 6to 0,1 , oto dtdotnua 0,1 yio Tig TIéG
oalnbelag oty acoaen Aoyikn. Znv KAOGGIK AOYIKN| 1 GUVERAy®YN £XEL TOV
akoAovBo mivaxo aAndeiog

Ppgp=q ‘Etor n ocaprg ocvvemoywyn 0o mpEmEl va  IKAVOTOLEL TIG
00 1 axoAovBeg cuvoplakég cLVONKEC:

01 1 1 00 =101=111=1xul 1,0 =0 (1)

10 0

11 1

210V KAOGIKO GUALOYIGUO TOL YPTCLUOTOLEL TNV KAAGIKY] AOYIKY] XPTGLLOTOLOVVTOL
yio v gaymy AOYIKOV GUUTEPAGUATOV ol akOAovBol TEéoogpelg KLPLOL
GUUTEPOAGLOTIKOT KOVOVEG:

Modus ponens: aA a=b =b,Modustollens: brn a=b =a
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Syllogism: a=b A b=y = a=y , Contraposition: a=b = b=a

Me v PonBeia Tov Tpaéemv TOV AGaPOV AOYIKOV TPOTACEMY OTMG TIG OPICaLE
TOPATOVEO UTOPOVUE VO LETAPEPOVILE TOVE KAUGIKOVG AOYIKOVG GUUTEPAGLOTIKOVG
KOVOVEG GTOV TPOGEYYIOTIKO GUAAOYIGUO. Me Vv okéyn pag o€ 0Tt £xel avapepBel
TOPATAVEO UTOPOVUE TOPO va opicovpe Tov yevikevpévo acapr] AN-TOTE kavova
oG &&ng:

“AN ¢, eivar A KAI ...KAI ¢, eivaw A, TOTE b givar B”

O onoiog vmoroyiletar pe v Ponbela TV GUVOPTNCE®Y GUUUETOXNG OO TOV TOTO:

Hp 3 ANy 3 =g b

Telkd KGbe TEMEPACUEVT ACAPOVG AOYIKNG CUVETOY®YY] UTOpel va Teprypapel amd
éva ovvoro yevikevpévov AN-TOTE kavovev mov va tepiéyovy pdvo v npdén g
oV(eVENG VIO TV HoPPN:

(1) AN a,eivar A,KAI ...KAIa,, eivar A, TOTE b, eivon B,

(2) AN a, eivmr A, KAI ... KAla,, eivmn A,, TOTE b, givon B,

(m) AN a,, eivar A, KAI ...KAla,, sivme A, TOTE b, givor B,
‘Eva. acapéc povtého 1 chomua givar pio peydAn opddo omd aco@eic Aoyukong
kavoveg tov Tomov AN-TOTE. 'Eva acagég chotua katackevaletot og tpio oTdd10:

1° Z14810: H emhoyf] TV KoTdAANAoOV AeKTIKOV peTafANTOV £160800 kot 080V
TOVL GLGTNATOG

2° Zt4d10: Emloyq 10V 0ca@d®v GUVOA®V KOl DIOGUVOAMV Y10 TIG AEKTIKEG
petaPANTEG £16000V Kot €£650v.

3° Z14d10: H emhoyf] tov Kovovav. 10 6Tddio avtd cvoyetilovpe o acopnh
oOVOLL TOV UETAPANTOV €16060V W’ 0 TE TV PETOPANTOV £050V.

AT ‘Eva fuzzy cbompa Aappaver Tipég
L 1 1 r /4
e | Ay | Py 1@ W werafmés - awddo,
{'i:- N AN L GUYKpiveL TIG TULEG aVTES e okq Ta
- : | oonasas acoen oOvoho  €66dov,  divet
Edv A, tate B, 1w g ) A
v Ay vire By g "Fﬂ'o?\gi ocbvolo  €£660L Kol pE o
[

- dwadikacio mov ovopdaletat
anmoacagponoinon (defuzzification) petorpémer ta acapr covola €€£b6dov oe évav
apOpod g£odov.

2. A&wordynon

H Mymn amopdoemv givar éva 0o mov avtipetonilel koveig kabnuepva. Kot yuo
™mv AMym tov opfdv aropdoewv ival amapaitnn n KatdAAnAin TAnpoedpnon. O
porog ™G a&loldynong eival va dMoeL GYETIKEG Kot OKPLPBEIc TANPOQOpPiec DOTE Vo
Anedel m kodvtepn dvvarn amdeaocn. Etol koar 6tov Ttopéa g ekmaidevong, ot
ekmadevTiKol Aapfdvouy kafnuepvad aTopAcELS Yo TO TEPIEXOUEVO KoL TIC HEBOOOVG
ddaoKaMoag, TNV TPOGAPUOYN NG OO0CKOAMOC O0TO €MIMEd0 Kol TIC OVAYKES TOV
pabnTdv Toue, TV HOPeN NG SOOKTIKNG TPAENG He OKOTO TNV €MLY S1dacKaAln
Ko v BeAtioon g mapeyduevng ekmaidevong. H odyypovn moudaymyn dakpivel
TpelG TOMOVG a&oAdynong tov pabnt: v Swyveotiky  a&loAdynon, v
dwpoppotiky  afoAdynon kot v abpowotiky ofoAdynon. H  dwyvootikn
a&loAdyNoN TPAYLOTOTOlEITAL GUVIOMG GTNV aPYT| TOV GYOALKOD £TOVC 1} TPV OO TNV
SdaoKaMa HGg oNUAVTIKAG évvolag 1 evotntag Kot Bactkdc otdyog g elvon va
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TPOGIOPIOTEL TO YVOOTIKO EMIMESO TOV LAONTOV, DOTE VO TPOGAPUOGTEL avaloya M
ddaokara. Zkomdg TG dayvOSTIKNG aE0AGYN oG Eival VoL SMCEL GTOV EKTAUOEVTIKO
TANpoPopieg Yoo T0 eninedo TV poONTOV NG TAENG TOV, TA YVMGTIKG KEVA , TO
YVOGOTIKO YACUO TOV UTOPEL VO VITAPYEL LETOED TOV LOONTOV Kol TO EMIMESO YEVIKA
NG amdOKTNONG KOl APOUOIMONG TV YVACEMV UEXPL TNV GTIYUT| 0VTY. To doyveooTikd
teot agloloynong ocvvnBiletar va epapuoletar oty apyn TS GXOAMKNG ¥POVIAg yiati
o1 TAnpoeopieg Tov Bo dmoel oTov ekmadevTikd o kKabopicovv kot o fondncovy ev
Yével oTov oYedlOoUO NG OWOCKOAMOG KOl OTNV TPOCHPUOYN TNG OOAKTIKNG
TPOKTIKNG OTIG OVAYKEG KOL TIG WOONTEPOTNTEG TNG TAENG TOL. O TPOYPUUUOTIGHOG
otV S0KTIKN glvar W1oitepa GNUAVTIKOG Ko Yio VoL Elvan EmtTuynpévog o mpémet va
Bocileton 6€ TPUYUATIKEG LETPHOYLEG TAPATNPNOELS TOV YVMOOTIKOD EMTEOOL TOV
pabntdv otovg omoiovg Ba epapuootel. ‘Etol 1 dwayvootikn a&lohdynon omoterel
onNUavTIKO fonnua yio TOV EKTOOEVTIKO OTNV TPOSTADELL TOV VO SLOUOPPDCEL EVOL
0VOLAOTIKO, EMTEVEINO KOl EMTVYEG OWOOKTIKO TPOypappua TG0 o€ EmImEdO
HOKPOYPOVOL TPOYPOLULATIGHOV, OAAG Kot o€ gfdopadiaion akOpo Kot MUEPHGLOL
2T0 OLYKEKPIUEVO GUGTNUHO SYVOOTIKNG 0E0AGYNONG LE TNV YXPHON 0O0POVG
GUUTEPAGLOTIKOD HOVTELOV 1oV Oa TapovolaoTEl OTNYV EXOUEVN TOPAYPOPO EYEL
emleyel va yivel gpoppoyn otovg podntég mov Eexvovv v mpdTn Avkeiov. Oa
TPENEL VAL ONUEIOOEl OU®OG, TOG e TNV KOTAAANAN aAdayn HeToPAnTOV pmopel vo
€QUPLOCTEL TOGO o€ dPOPeTIKES Pabuideg ekmaidevong 0G0 Kol G SLOPOPETIKES
HopPEG a&loAdYNoNG aKOLLO KoL TTEPOL ad To OTEVE EKTALOEVTIKA TAAIGLA.

3.1 To aca@és ovuTEPAGROTIKG pHOVTELOD
v Topdypaeo avt 0o TUPOoVCIUGTEL TO 0CUPEG CUUTEPAGLOTIKO GUGTIILO Y10, TV
SyveoTtikn a&loAdynon Tov podntdv oto pabnua tov panuatikdv. Gao meptypapel
N BepelMmon Kol KOTAGKELT TOV GLOTHUATOS P Tpog Prpa kol oto TéAog Ba
TPEEOVIE TO TPOYPOLLLLO Y10 VO LEAETIIGOVLLE TO ATOTEAEGLOTO Kot VO 0ELOAOYGOVE
Vv emtvyio Tov cvoTraTog. o vo Awbel To TpoOPAnua T povielomoinong evog
GLOTNLLOTOG B0l TPETEL VAL TPOGILOPIGTOVV T, TAPUKAT® GTOLYELDL:

(i) Ot petapintég e166d00 X, ..., X,

(i) Ta dwothpata X,,..., X, 0T0 0TOi0t AVAKOLY Ol PETOPANTEG X, ..., X, OVTIGTOLYOL
kot opifouv 1O 0GP VTOGUVOAL
(i) Trg cLVAPTNOELG CUUUETONNG Ly 5oy Ly TOV LETOPINTOV 16050V KoL ££630V

(iv) Tic oxéoerg R',i=1..,n 7OV YPNOWOTOOVVTAL YlO VO TEPLYPAWOLY TNV
GUUTEPLPOPA TV JESOUEVOV E10000V Kat €00V TOV GLGTNLATOG.

3.2 O perafintéc Eve6o0v- EE6000
H emioyn tov katdAAniov petafAntov €0000v kol ££000V0 TOV GULGTNHLOTOSG
omotelel oNUAVTIKO TOpAyovTa Yo TNV emiTvyia Tov. To 0CaPEG GUUTEPUCUATIKO
HOVTELO TOV KOTAoKEVALETOL €00, EQUPUOLETOL OTNV JlAYVOOTIKY 0E0AGYNoTN TOV
pabntov mg A’ Taéng tov Evwsiov Avkeiov ywo to pdbnuo tov pobnpotikov. H
emloyn TV peTafAnTodv e£opTdTol Omd TOLG YEVIKOUS KOl €101KOVG GTOYOVG TOL
pabfpotog 0nmg avtoi opifovrar amd to Eviaio IMiaicio Ipoypaupotog Emovdmv
MoaOnpoatikav (E. IT .I1. . M. ) kot to. Avaivtikd [Ipoypappata Zrovdodv (A. I1. X.)
KoL £(0VV TEPLYPOUPEL AVOAVTIKA GTNV TPOTYOVLEVT TALPAYPOPO.

O xafnyntig tov pabnuotikov pe v Pondewa evog teot a&lohdynong entyelpel
va eAéyEet:
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1. Tig yvdoelg mov améktnoe o padntgc mg A’ Avkeiov kot tov fabud Kotdkmong
TOV YVOGEDV QLTOV, GTNV GAYEPPO, TNV YEOUETPIO KOL TNV TPIYOVOUETPIL.

2. Tnv avaAvTiKy Kol GOVOETIKN TOL OKEWYT KOl TNV OTOJEIKTIKY TOV 1KAVOTNTA.

3. Tnv wavotnto Tov padntn vo uropei va exkepdaletar pe v Bondeio g yAdocog
TOV PaONUOTIKAV, 0AAG Kol va eKPpalel TNV YADGGO TV OB UATIKOV 6TV YADGGO
opAiag Kot Ypopng.

4., Tnv wavomTd TOL VO KOTOVONGEL TPOPANAUOTO, VO TO HETOQPACEL GE
LOONUOTIKEG OYECELS KOl VAL TOL AVGEL.

Me Bdon Aowmdv Ola T Topamdved Kot £xovtog katd vovu to Evwio ITAaicto
[Mpoypappatog Zrovdov Mabnuatikov kot ta Avoivtikd [poypdaupata rovdmv
opifovpe TIc peTafAntég €16660L:
gm ( general mathematics Knowledge): mepilopfdver Tig pabnpotikég yvdoeig Kot
de&10TNTEG, TNV AMOJEIKTIKY TKOVOTNTO KOl TNV KAVOTNTO cOVOESTG Kol avaAlvong
oV podn.
ps ( problem solving ): mepapPdaver v wovotnta Adong pabnpotikdv
TPOPANUATOV, KATAVOTOT EQAPULOYDV TOV HOONUATIKOV KoL EPUPHOGLEVT] CKEYT KO
pebodoroyia.

Ic ( language capability): n wavoémTo gpronNg Kot KoTavonong e HadnpoTikng
YAOGGOC.

Ot mopomdve HeTaPANTEG KOTAOKELAOTNKOV HE TNV OkEYn OTL TPENEL Vo
opadomoinfovv ot yevikol Kot €181Kol 6TOYoL ToL HaBNUATOC TOV HaNUOTIKOY. AV
opifape pion perofint) ywr kédbe otoxo Oa elyape €va dVoYPNOTO OO ATOYM
KOTOGKELNG OALA KOl EQAPUOYNG COOTN O

H ylwoown petapinty Ic copuetéyel kotd 20% oto ocvvolkd anotéleopa, H
wovomTo enidvong mpoPfAnudtmv ps katd 30% kot 1 yevikn Lobnpatik yvaon Kotd
50% 6710 GUVOAIKO TOTEAEGLLOL.

Q¢ petafintn €£660v ¥PNOILOTOLOVUE TNV:
cl (cognitive level) : mov mapiotdver 10 Yvootikd enimedo tov pabnNTR oOTO
Lo LOLTIKGL.

‘O)eg o1 Aektikég petafAntéc 16600V Taipvouv Tég amd to 0 émg to 100, 6mmg

dnradn cvvnBiCovpe vo Pabporoyodpe ta te6T aE0AGYNONG TOV LOONTOV.

3.3 Aca@1] VTOGUVOLY KOL GUVAPTI|GELS GUUUETOYNS
Eméyovpe tdpa ta acapn chvora. Opilovpe yio i petaffAnTég £160300 gm, PS Kot
¢l ta TopokdTm vrochvora:

x 45
1, v 0<x<40 0 10 vy 45 <x <55
KOKOG = £TpLoc —
: —%+%, Y1040 < X <55 HETPLOG=1 1, Y1055 < X <70

—§+15, Yy 70 < x <75

2—14, Y70 < x <75
X
KOLM)Q ={1, Y 75 < X <85 dplcrog _ g—17, Yo 85<x <90

X 1, v 90 < x <100
_§+18’ vy 85 < x <90

— omov X, 0 Pabupog mov maipvel o
pabntig o kabe pio omd  TIC
mopamdve petaPintég ewcodov. H

oz f 69

20 a0 60 80 100
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EMAOYT TOV AGAPADV VTOGVVOA®Y TOV

petaPfAnToOV 16650V Kot €G0S0V Eytve

pe Pdon v gumepio Kot TV cuvion
eKTadELTIKN Oedpnon. AVTIGTOLEG EQPOPLOYES KOl OPIGLOTL TOV 0CUPDV VITOGLVOADY
&yovv yivel kau ota [14] ko [15] g Bproypapiogs.

3.4 E@oppoyn oto Matlab

To vmoloyiotikd epyolrelo oto omoio Bo €QOPUOCTEL TO OCAUPEG GUUTEPUCLLOTIKO
cbotnua dayvootikig a&loddynong mov eivar to MatlLab.To MatLab nepiéyet éva
«KEMDPOCH» KOTOCKEVNC TéTOlV ovotnudtov, to Fuzzy Logic Toolbox. To Fuzzy
Logic Toolbox givatr po. cuAAOY ] GUVOPTAGE®Y KOTUOKEVAGUEVMV GTO OplOUNTIKO
vrohoylotikd mepiPdiiov tov MatLab. Av kar 10 MatLab diver v dvuvatdtnta oto
KOTOGKELOOTY TOV GUOTNUATOG VO, SOVAEYEL OMOKAEIGTIKA OO rqv YPOUUY EVIOADV
glvat yeviKa ukoAOTEPO VO BOVAEYEL KAVEIG TO GOGTNUO YPOoPIKE . o mapadicovpe
OTNV TOPOLGO EPYACIO KATOW POCIKA YOPAKTNPIOTIKA TOV GUGTHUOTOS, EVA
TEPLOCOTEPEG AETTOUEPELEG LITAPYOLY 6TO [21].

Méow tov FIS editor ysipilopoaote 1o vynAfg onuaciog yopaKINPICTIKE TOL
ovoTNHOTOG. Xty péBodo amoacapomoinong emiééope va givar Papukevipucon
TOmov. Aniadn:

DH VY

i=1
WA
i=1
Ye o1t apopd tv ‘Evoon kot tmv Toun tov ovotquatdg pog emié€ape va
YPNOYLOTOMGOVLE TIG:
AUB=Max A(x),B(X) ka1t AnB=Min A(X),B(X)

avtiotorya. Kot yio tn ovvenaywyn to MatLab ypnoponotei tnv:

y:

Hpep &0 =min g, a ,u; B

Avt €xel emheyel KoL OTNV KOTOOKELY] TOL GULOTHHOTOG poc. Ot kavoveg
Boaoilovtor omnv eumepion TOV KOTAOKELOOTH. €U EUMEPIO. TOV KOTOCKELOOTH
Bewpeitan T0 GHVOAO TV TANPOPOPLDOV TOV EYEL GTO YEPLO, TOV O KATAGKEVOUOTNG TOV
GLOTILLOTOG OO TEWPAUATOL, EPEVVA 1] KOO LEPIVI] TPOKTIKN.

O xdBe évog amd TOVG TAPATAVED KOVOVESG €xel cuvteAeotn] Papitnrag 1. Mmopel
Kamotog av BéLeL BéPara va ddoet Papog oe Evav N TEPLoGOTEPOVG Kavoves Kot o Rule
Editor tov MatLab vrootpilel avth ™ duvatdtnTo.

3.5 A&woréynon Tov cuoTipaTog

TMa va a&oroyncovpe ™y a&lomioTtio Kot Ty €YKupoTNTo ToL GLOTHUATOS o Tpémel
VO GUYKPIVOLUE T ATOTEAEGLOTA TTOV OGS OIVEL TO LOVTEAO OV KATOOKEVAGTNKE LE
évo. mPOTLTO PETPO. Apyikd Bewpnoape ™ YAooown petofAnt Ic va coppetéyet
katd 20% 610 GUVOMKO OTOTEAEGUA, TNV TKOVOTNTO ETIAVONG TPOPANUAT®OV PS KOTA
30% ot n yevikn pobnpatikny yvoon katd 50% oto cuvolikd amotélecpa. Apa Ba
UTOPOVCAUE VO AVOUEVOVUE TN Yo TNV HETOPANT ££600V mov dideTon amd Tov
tomo:

cl=0.5gm+0.3ps+0.2lc (3.51)

! Minpogopicc kot extipioetc and J.S. Roger Jang, Ned Gulley, “Matlab Fuzzy Logic Toolbox”
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Ov mopamdve Tipés emAéymKay toyaio, and OAO T0 QAGHA TOV TIUOV TOV
petafAntov  €16600v TOL cvotiuatog. H oA pe TG avopevOueveS TIUEG
KOTAGKEVAOTNKE AVTIKOOIGTOVTOG TIG TIHES E1600V 6TOV Tapardve Tomo (3.51)

To chomua mov Katookevdomke PacileTol o€ KAVOVES TOL GLVIEOLY TIC TIUEG
TOV HETOPANTOV £16000V Kot EQYOVV VO GLUUTEPAGLLO Y10 TO YVMOOTIKO EMIMESO TOV
pabnti. H oyéon avtq dev egivar ypopkny Kot 1 cvopmepacpotoloyio dev Oa
umopovoe vo e&oybel amd évav ypappukd tomo.

Ov  avapevopeveg  TUéG

G | Probl L Cogniti Avapevopey AmdivTo 3 Id
Mathematics  Soing  Capabiity  Level | T opiine  [EAVIN OGN ORI ARV
Knowledge 1 A
N % 21 2% 01 peletnBei n Tpocappoyn
e & 7 507 507 1 TOV OULGTHUOTOS GE &va
20 25 50 254 215 35 np(’)rvno Hérpo. 'On@g
24 21 65 23.7 313 7.6 1 A <
2 2 & o - L5 eoivetor amd TovV TapaTivm
& 20 10 57 2% 13 TIVOKO EVOEIKTIKDV TILMV T,
“ % % 45 2 03 g€ayopeve oo TO GLGTNIOL
42 10 0 241 24 0.1 7 7
OTOTELEGLOTOL &yoovv
48 80 65 60.5 61 0.5 L, }\’ , )\‘
= - - =% - - amOAVTE GOAANATA TOV OTIG
5 P ® %1 557 57 TMEPIOCOTEPEG  MEPUTTMGELS
5% & 78 611 61 7 dev  vmepPaivoov T 3
62 2 50 01 a7 69 povadeg pe péytoto to 100.
67 44 88 60.7 64.3 3.6 ZTlg nsplccérspgg
& 8 7 ™ 768 26 MEPMTAOCELS £YOVUE AoudV
70 60 50 60.6 63 2.4 (XT[(')KKLGH (xn(') ‘CT]V
74 91 64 74 76.5 25 e ,
OVOLLEVOLLEVN T TOV eV
76 42 21 61 54.8 6.2 “’ , l”" n Ol”l'n
vrepPaivet To 3%.
84 71 75 80 78.3 17
94 92 91 93.9 92.8 11

H mpdn extipmon givail Aowmdv 6t 0 cueTHH TPosapuoletatl KaAd 6To TPOTLTTO
HETPO. AKOUO KO OE TEPUTTMGELG TOV TO. GOAALOTO TOV TPOKLITOLV KOl UTOPEL Vo
glvar peyodvtepo, €01KA 0TV £YOVUE OKPOIEC TEPITTOOELS TIUAV OEV UTOPOLV VO,
0mod000VV GE OVETAPKELN TOV GLGTNUOTOG OAAL OVTIOETOG 6TV GMOTH Agttovpyia
Tov ovotiuatoc. ‘Evag amd tovg  okomdg NG €QOPHOYNS €VOC  AGOPOVS
GUUTEPAGLOTIKOD GUGTHUOTOS GTNV dyveooTikn aglodldynon Tov pabntov sivor m
egayoyn ovunepacpdtov oe mepidAlov dmov ot mAnpoeopieg etvor acaQEls,
ovykeyvpéves, aféfoieg N kol avokpiPeic. To cedipota avtd eivoar Ogprtd kot
(POVEPMVOLV TNV AVAYKT KOTAGKEVNG EVOG TETOLOV GUGTILATOG MOTE VO LTOPOVUE VOl
mpoPAéyovpe Kot vao eEAYOVE EKTIUNCELG O KOTAOTAGELG aKpaimV, avakplBdv Kot
0oaP®V YEVIKE TEPUTTOCEWDV.

4. Twrri fuzzy;

Kawotopieg 7100 000000 oLUTEPACUOTIKOD  PHOVTELOL  SLAYVOGTIKIG
a&ohdynong

"Eva gpampa mov Oa mpémetl va amavinbel pe v oAokAnpmaon g Tapovciacng Tov
000POVG CUUTEPAGUATIKOD GLUGTHLOTOG Elval yloTi TPEMEL VO XPTGLLOTOLGOVLLE TO.
0001 CLGTHUATO Y10 TNV KOTAGKELT EVOG TETOLOL HOVTEAOL. Tt Kavohplo glodyel M
Oswpio TOV 0COPOV CUUTEPAGUOTIKOV CLUCTNUATOV GTNV HOVIEAOTOINGN Kol €V
TPOKEWEV® TTOL0L €IVaL 1] KOVOTOWIO TOV GLUGTNIOTOG TG StyveSTIKNG a&loAdynong
TOV ponTdv mov €10My01| GTIS TPOTYOVUEVES TAPOYPAPOVG.
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Ta oocapn ocvumepoopotikd poviédo Pooifovior oe  peydho Pabud oty
afefardotnto. H afefoatdtnta avtn €xel vo KAvel pe TIc TANPOPopieg Kot Kupiog HE
™V EMAEWYT GLTOV GTNV TPOCTAOEId UAG VO, LOVIEAOTOUGOVUE Eva TPOPANLUQ.
Yrdpyovv moAréc mepumtdoelg EAAeyNG TAnpopopiac. H minpoeopia pog pmopet yio
mapadEypo vo glval ateAng, avakpiPng, OOCTOCUATIKY, avaElOmoTn, adploTn M
apereyopevn. O Biswas oto [13], vmootnpilel Tmg 1 xpfion g acopoVg AOYIKNG
omv oaéoAdynon kpivetar amapoaitntny o@eod KOs ekmadevTikd Pabdpoloyiko
ocbotnua mepiEyel éva mood afefaidtntac. O Fournali sto [14], vrootpilel 6t o
AOYOG yio TNV V0BETNON NG AGOEOVS TPOGEYYIoNG €ival OTL g OTL apopd TNV
eKadevTiKy  0E0AGYNON, OLOQOPETIKOL  EKTIUNTEG  EYOVV  OLOPOPETIKG  PETPO.
allohdoynone. O Law oto [15] avapépel Tpelg ONUOVTIKOVS TOPAYOVIEC 7OV
TPOKPIVOLV TNV acapn TPOocEyylon otnv a&toAdynon. Ilpdta an’ 6ia ot fabuoi mov
dtvovtal amd Tovg EKTALOEVTIKOVG Yo TNV pantikn enidoon dev gival mhvto axpiPeis.
Agbtepov ot e€etdoelg amotelovvral and afEfata-acoen dedopuéva, eved T€A0g ToAlol
exmadevtikol Pabporoyolv toug pobntéc pe Aektikovg 6povg. Nvetan Aowmdv capég
OTL M Ao AOYIKN KOl TO 00O GUGTHUOTO UTOPOUV VO OVIHETOTIGOLV TIG
TOPOTAVED TEPMTMOGELS AGAPELNG Kol ABEROIOTNTAG TOV VIAPYOLY GTNV dladiKacio
™G EKTOSEVTIKNG a&LoAdYNoNG.

‘Eva  acopéc ocvunepacpotikd poviého ypnoigomolel v dadikacio  Tov
TPOCEYYIOTIKOL GLAAOYIGHOV T omoio pipeiton v avOpomivn cvlioyiotikh. ‘Etot
umopel Kol EKUETOAAEVETOL TNV  QUOIKH YADooo Kot 7 dwdikacio.  Tov
TPOYPOLUOATIGHOD KOl TNG KOTAOKELNG TOL CLGTNUOTOS KoBioToton €0KOAN Kot
mpokTiKn. Eivar povepd Aowmdv, 0Tl €va ac0pEG GUUTEPUCHATIKO GUGTNLO UTOPEL va.
KOTAGKEVLOOTEL YPYOPO, LE EAAYIOTO KOGTOC Kat £XEL VYNAN xpnotikn adia.

To 0o GUUTEPAGHATIKE CUGTNHATO EKUETAAAEDOVTOL LE TOV PEATIOTO TPOTO
v gumepio Ko To dedopéva mov mpogpyovtal and ovtr. Onwg eidape Ko otV
KOTAGKELT TOL 0GAPOVE GUGTHUATOS dLYVOGTIKNG a&loAOYNONG TOV TOPOVGLAGTNKE
mapanave 1 Oepelioon tov Poaciommke og 6dopEVO. TOL TPOEPYOVTAL GO TNV
avBpdmvn eumepio. Xprnoyomomonke 1 eEEOIKEVUEVT YVAOOT] TOV KATAGKEVOOTY| G
KGOe Pria TG KATAGKELTG TOV GUGTNUATOG,.

To oacapéc ovumepacpotikd ocOOTUE  OlyVOOTIKAG  a&loAdYNoNg oV
KOTOOKEVAGOUE TPOGPEPEL LEYAAN gveMila otnv dwyeipion Kot peTafoAr Tov
dedopévav kal Tov omotelecpdtov . To mapamdveo cOOTNUO UTOpEl VO ATOTEAECEL
TPOTLTO OTNV KOTOCKELY CLOTNUAT®V aloddynong yevikotepa. To cvotnue mov
katackevdoapue Paciletar oty yevikn opyn 0Tl M dadikacio g a&loAdynong
Bacifetoar otovg 6Td)O0VG MOV EYovpe €& apyng Bécel. AmO TOLg GTOXOLG ALTOLG
Aappdvovtor ot peTAPANTEG €1GO00V TOV GLOTHUATOG Kol BETovtar ol YAwooikol
Kavoveg. Me o aAlayr] AoV TV LETABANTOV Kol TOV KAvOveV, popurolovtag v
O dwdikocioc To cvotnuo pmopel vo QOPUOCTEL KOl 08 GAAES EKTOOEVTIKES,
10TpIKéG 1 AoV €i00VG a&loloyikég dladikaciec.
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