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oty O ) a8 G Aaaladl A ) Tl gl ki Jleel £ ) s
L sbae D L) Leanndl (Sars .2002 51996 o 5eY) e

o Gl e S Tl 8 R el A e ¢ pading (il Al Jlac -
Al Ak ) Ll gl Aals) U aais A Sl 3080 o 448 Luades
e Gy 1al e 3 Lealatid (e ali ) e ) S IS
Bana Glld y ehal
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£ e (5 ina & e 5l weu\wmeu&}w Wl ailadl pe
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. .w.s... u;m e (J—é

(Educational Systems Examples) w\ eh.m oe Adial -6-3
o g ASY) Al 5 A A Y Aaadel) SLail 5 il 53 3 jus

Adaptive and Intelligent ) 4l dud) 4.\.4.\.\:.4\ bl e A -1-6-3
(Educational System Examples

8 ool ale Gasal aadiud S) g g alas s SANATOM-TUTOR -
SUN Jac ddane o Jomy st s LISP 23l plasiuly dine iy ccilimadl 2y
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el Ol (pals Gladall e (phat aladiul Bayk e AS) a2l
Lol Gaill Ui astinny s ol (s sise o aaill A1 iy 5 «ppaial
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5o aall oL SN oSS, W A Lia a5 ol Ll pe Ul Jelis s
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A Cilagalliy Il 5 ) e lie) 5 7 lgial) o

alai afi g oLy Jal (e a335 (Authoring Tool) cadlislal sa :Inter Book
(Adaptive Electronic Textbook) deSi 4y i<l € J<5 o dpadad
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A A L J s Jis A n#n=sum(nd, n2) — i Cs o oY)
il a3 Cs ) CABCDEF=232+4102' § '3=1+1" § Jay; "11=7+4'
s il o gaaill i Bvie a8l Cs 5 Jall iday Cr Laxiad . Jal) daaa
.[87 «85] (Matching Process) il idec (5-4) Jil

If Matches (Student-Solution, Cr) then

If No Matches (Student-Solution, Cs) then
Constraint-is- violated

Else
Constraint-is satisfied

Al dlee 358 e Jlie o(5-4) i

LSy 25l Aillae dlee 3 oS s G o gling Y il z3sedl 13 S
o Jish iy ) rliad LSl ool Lualed ol e L Ledstind sile) (e
(6-3 5_28) SQL-Tutor :Jlis .pxiisall 4 prall Jlae coa ladgaat g il 4l
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(Tutor Model) alaall #3508 -2-4

Joal e e DU LIl s Al Y1 20m3 co Jypenal sl 25505 2ny

i e el aadl) el ) A g ) LA Ae geme (30 58 ol clgdas

Al SUay aled) 73 5a oy jiall duadedl) Adaadl DA LAY da P s3eLisdl

e Gl sole i o s s AAA S Adlaiadl )l 3T 3 Al

P ALY e AaY) Y aleall 23 gad oty L lUall 23 gad g A prall 23 e
ale o da g Sse je alaill AN S e alaall 23 gad 22y ITJANL e
JRa oSy e Jie g Lo aled o sede A o ol 4S5 Al aldy
ade Lgajlay ol A W) Jidasy calllall el o JSG e alaall 2354
lm b e m dcl o (ool A U eilaill widig ol ) Chrgs 4 ya s
LSoaad ol e auls ) e ey 3 Jpeali JSE o ) idl)
Al G ady (3805 Bk e AR Cuan aladdl 73 5a 20y 1SRG 3Ll
Gosk 0 alaall £35a8 JAS (S5 ¢ kel il 0 BA )l U8 e diSal
A U X U JOUE S W RCR NS R WV T I W WA
A
DRe Ay et 5y ok e Cllall daclise Aapls alaall 23 5ed sy ITJANE (S
G 2 AY) oy lld 1l Al e glea e Adlide o)l s
NLegaa Jeliy Al ) Ball 3y Aapla s lllal) clia e )

(Tutor Model Functionality) alaal zigad caillsy -1-2-4

e plaall 3 g (il g el
Slaglie e lalae) 5 jidl D aledl #3505 a5k ((PlanNing) adass
Zos—ai b LA il Gojlae ey Ul 3 s A A callhal)
RERWA
z s s I(Instruction Strategy selection) g aill 4 i) jlasl
ol i Cingy Ul Al Aabell o laall g 55 S 2pan3y alaal
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(Tutor Model Classification) aleall 73 gl clisiai -2-2-4

FGLb A5 IS8 e alaal) #3gas JAN G 5Sy5
AY) (e A sana ¢k AUl a6y 1(Socratic Method) Zakl jiull 4d,
Llas olay s avdsy adthal Jidaty dend Jal e el e dlidiaadl 5 dualaia)
(.Saﬁuuu_a;lu‘ﬁ\ Jaga s ‘WMM@\SJL&AQJ&;&M\ o L;\ (Adnia
mﬁlmgwﬂ\e@woﬁm b oht e 4 Jondl (S8 G5l e UL
o3a Slas ﬁ}mgus\ s 0sSys ehanl s dady (3lial) aladll ade il o
.WHY ; SCHOLAR w:ul\ LalalY) Cpan dadiiie 43y ,hl)
o paill 4 Qllall L GUaill & gy (Coaching Method) oyl 4 )k
pa3d L4l A DU ) siiall andi Jal (e saclie 4te callay i o kit g 4l
.45 50l »3 WEST s WHY s SCHOLAR 4kl
Lia oUsill o & 1(Learning by doing Method) Jesll (3 e (,u\ iy
oadai g cleshad) ) e (llall g Gysh oo @lldy Uauis Lol
Ledll Jsash oy Al adlaal Gdas dal (e 48 el Csﬁ;m:uﬂj\ alial
L Ui o 8 1(Learning while doing Method) desdl DA (Aul\ iy
Lilia ol g 530 ) & alllall Za DU il oy
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(Conclusion) aaMall

NE J}AUJLH\CJ}AJ(,}@AU;MJLJMUJ‘M\ Jaa d)\AL’\Ac(‘udﬂ.\(‘u
e\.li_u.u\ (;.1} u\.ua‘}_“ Y (e Bua J i< 4\_1.4.13:_\3\ (.L.\S\ U g (.@.1\3.\.1:.4.1}
&_d\_u\u)buxu\ésM@}cmcd}mjdwd_ﬁﬂ\d&\mw&
Il A U milail)l ans 8 (CoaCh) 4a sall o oyl aleddl 73 ga plasiad
cJazdl 4y ylay el Al o Axglie ) Amd 3
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Machine Learning
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(Introduction) 4asial)
bl e 8 25 ey V) Al Al el ey el 134 S0
e T Jal e S el Al ol b Aeadied a3 AN (Bl
5913 A paa ol A £ ) Ay Gk Cus I WEBISE i 5:Siall 4030
(Bidirectional Associative Memory) BAM ) gtias ol 436 Ly il
oo A ki g (Fuzzy Bidirectional Associative Memory) FBAM
Fuzzy- 5 ART2 leisw 3 Lea | (Adaptive Resonance Theory) —aSil
Hidden Markov Model-) dusall <58 e zilai ) JEEY) oy 35 a5 ART2
e LD e cVls LS e 5,08 38 Adleas) 31 23 a5 (HMM
alal VA B (mmy aar &y Jeadl) 138 Ales s Ll dadie llaadle (e Al

HMM 0 5 3 i prmal) S 228508 duadad

(Machine Learning) ¥ eﬁ.d\ -1-5
166 154 (67] (LS ) Ll i ol
L) (po Bl L) oy el sy JSLEQ Jn RS alely cpuladl Jun 5o
lete Jadl 4y e Lol 5 dagmnall Jslall Jilad DA (e o &bl il
AR DA o A e s
G Sl Bl ) 52D g5y ey gy 3 (gaial) elS3 ¢ 5 5 N
B s DAL sulall mas
Al P LS Gea 5 G puilal) SRSTPALRE
L il g (e e aae ) A ey
Jgrgdal) ) dalle
L) e
sl S e
il aal
g i Aile sleal
sl g 05 A5 DS
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Bidirectional Associative) slady) 4wl Jay il 5,803 dud -2-5
(Memory Neural Network- BAM

154 ¢135] il 31 Coad A saae 4SS colasY) AElE L) i 5,800 ASE e
Y g5 A ibh dsea o 30N G 088 X Ji Ak (gl e alls 4
Jaa ddda 53 sm gall A suanll LAY apen Jafi i Agiseas A M (e (58T
lat) Al ol g ) DA ez oA Alida 8 50 5a sall A sanl) LAY aaes aa
O Agha o (N e o dal g L adie Jio plad oY A Gt
Akl gl J Aalh cOas BAM St a03is L o) A A deadil)
BAM il dunig) 4 (1-5) Ja (5 .[164 <156 5 jaivee

iide by 5 Lea s AN ) Al sk 5 AN W 5 W 550 ol sheae IS
g s—ene Aol 5 Lasalay) s gl o GanSlaia (palaily # )3l daiday 30
] O PPN AL P JINGE [ R S ECPNINGE: [ . PO NI
Yi(O) z a0 gl e Jpmnll sty . mlaiVI S 8 Yy 5 Xy ziladll (0
At 1 Yz AY Al (35 0 Qi by o pa DA e Sl

-

kyl L Y2 Jooo Ym

g A ek

Jdaall dads
X1 @ o o@
A A A
i

y A

q q q

BAM il dpunigl) il ¢(1-5) Jal
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(BAM NN Algorithm) BAM 4d<ué 40aj ) 53 -1-2-5
(Training Phase) cu il dda ja -1-1-2-5

Yz Al Ay X Jaall dagda & DA il g W o) 5 5Y) 48 jhine Bigs L1

oo Adsdl ol 2ls) Ao seme e odals uuN z) aad L2
:\S.Lu\l‘ é‘; ‘Ji‘ﬂ‘ tt"““ LB:L-“L:'} X=(X11X21"'1Xn) S Y=(Y1,y2,---,Ym)

W =

g
T

XkYk

k=

0

LS W 55Y) A8 shias lles .3

(1-5)

2 Al sl gzl Jam Y 4

Al L5

(Recall Phase) sleaiw) s ja -2-1-2-5
A ) daal gl apads A

(2-5)

0K e lilae) YK glad s .3

(3-5)

Al 4

(BAM NN Flowcharts) BAM 4l 48 gaial) cillabiall -2-2-5

(Training Phase ) «uail) dda ju -1-2-2-5

oLy 2glh L i) 5,803 ASui) i) s jal 8 goiall Laladal) (2-5) JSal i)

[154]
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4l

A 4
glatis X Jaall gl s W o) 55Y) 48 stas Aiggs

la
*‘
Y 5 X wxill z g5 auadt

v

W 5 4 giean clua

e
BAM 48l (il sl G gaiall hhadl) ((2-5) Jsal
(Recall Phase) sleaiwd) dda ja -2-2-2-5
Al a5 5, <10 Al slewinY) Ala a3 gaiall Lalaad) (3-5) J<a) o)

RN

)

?Lui_gWu‘_)_gy\ :‘.é)wzc\ﬁ

A 4
X Jaall glad it

'

ek t\.!.-i b

'

Y Al gl il Jyoadl) s

v

()
BAM il ele i) syl i gaicall Lhsa ¢(3-5) J<al
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Fuzzy Logic and ) gasedd) (ghaiag olady) 4l kay il 5 803 4<us -3-2-5
(BAM
(Fuzzy Logic) yagaad) 3hia -1-3-2-5
ixala 3 (LOtfi Zadeh) oa ) ikl alladl 8 (e (i garll (Bhaie 4 i g s 53
O—e 3 l—e o il 1965 e i (California - Berkeley) L sallS S 5
A Bhidl o aserd) Shie i Gle genall L) 4y kil apeadl A gla
UV Legliah oSay o(False) idds e (True) s dad (iiad 33k 53
(Crisp) g s—ia) —daia o ading gl b g .anl ) 5 sially f sl
g A sl sha el G vie Niad i saie Lad 43 sate 23l 20
Aavie 0 J 1 Jie o oS A8 e dga s Jaadl Casll A 1) SV Y
"osdll Dhain Ll Gl Jsa) vie oK1y (Crisp) da saie Jaall s2a (b J (Sa
FEREA CYE TN DE A NCTRONE Nt I URGERNE 0 A=
@ Aia pe 5 AREY Gn Loz ) AR (g Baane da 0 aa g Lad 5 el lal) o2
Ly (5 5iad Wiy o gl 5 (il Ll cad ) dulee ol canl gy aall oy L
i Y cllee wilay @A (o serd) Glaie jeday A Al of dawy 3kl e
[154 135] 4 a 5S0 5 saaatia ) i g A3 g pa
(e Adlsall 5 (Set Membership) 4 geasl) de gane asgie o (mseall (3laie ading
Candidate for ) ¢l s—a¥) & o oans S «(Ordered Pair) o se cnss
13) M .(Degree of Membership) 4 pa =l 4a o e S8 5 (INClusion
< Today ¢ sSs i yhaaall ALY de seas Jiial (Today: 0.8) e sanall Ll ¢l
Ae gead) e sl ool 48D da 13 0.8 5 6l sV i g
LA s Uhsedd Dl saas o Gllee EG Gk (S

(Union) g LaaY)
[140] LagalS 8 32 g sall &y guimal) s pal alanl Al 2 (e sene g Laial) 30
A e sanall Lal € 1Y) (Slied

A = (0.9,0.4,0.5,0)
B = (0.7,0.6,0.3,0.8)
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top Lageldial () S
AE B =(0.9,0.6,0.5,0.8)
(Intersection) aalel
[135] LegalS & 525 sall Ay puzmal) s Al (5 jpaall Al g4 (e sama pdald L
OsS8
.AC B=(0.7,04,0.30)
(Complement) il
ity Ao all A Al O G e Daldie) e pendl adia o Jganll S
D on A de seadl adie )5Sy 5 casl gl
A =(0.1,0.6,0.5])
P58 B e el adia oSy
B'=(0.30.4,0.7,0.2)

bl dlead W 50 dadic de gene & A E B =(0.306,07]) :of daade (Ko
.ACB

A8 jmy Sl (i cdaladl 4y jladll ikl e LIS b mserl) Bhaia Gkl
(BLbY) eVl 5 Nissan <l mlSal alay oSail 5 ol & Y Uail
Ly s deliall dsagal) 8 WSaill

FBAM - dsus -2-3-2-5
o= Aa i Wl BAM ) 30 ele st 5 cay il cilge ) ) s L aladiad S
[135] s IS iy iy o815 ¢(1-2-5) 3 sl

A(x*y)y e min(C o x,y) (Min) gl ol dlee

(x4 y)° max( x,y) (Max) sl sesd) dilee



128

Adaptive Resonance Theory — ) —isill o ) 4 i -3-5
(ART2

Ay el s ) A e il Jal (e &SI G )l &yl 3K apansl
Gl Sy et dsma sl s ) Lgie s i (Stability-Plasticity)
O ki 3 g8 ([154 (32 (31] slexia¥)y cyyall e & (Unsupervised)
e iy A lailae (o (e Aiale e 35 o (30 Ky e B DAL Hla
) 5l A8 o3 uaiiy [32 ¢31] cndlitl adeill o sgha olasiuly ) siiul
5810 da il ey (Bottom-Up) dysladl - Agdawd) 5 QI dadl oy Caaas 3
F2 (Output Layer) z a0 i sh (o33 52 sall (TOp-Down) 4uleud) -4, 5la
Aol al i o 21y [32 (31)FL (Input Layer) Wl Jaa l 4_si
O Lagiy bl aae i 4l duws aaa3 3 Ll )50 (Vigilance Parameter)
i) (4-5) Jla V(b4 .[32 (B1] cyor il ddend g Als ) Jusi
Toe sSE Al g RSl (gl AT Aad sl

(Jaal Al 3 gty A8y dallaall a8 (FO Ja) diha -1

i b Lgaled 3 )z 3ladl Gule B ad) dh o a5 tFL Jaa) 38k -2
(il sl il gpe sl Z 3kl Gz Al

Rl R Jada g Gl 4y L g IF2 2 A dida -3

F2 7 Al dak
4 lall-Aand) 5 QI Al 3y glall 5 QI
F1 Jaal dak
Adaal)
FO Jaal 44k
Jal s Ly

ART2 I dad gaill i ((4-5) Jsal
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i 5 F2 7 3 Bk y F1 J3a) s Lasi 5

Qs F2 ) FL o s sle—idin s 913 (<5 (Adaptive  Filter) (i wi e -4
.(Long Term Memory) Y il gl 5 SIS

FL 3 F2 e Al —ule 5 913 (K5 (Adaptive Filter) (i ad e -5
.(Long Term Memory) Y il sh 3 SIX Janyg

3 &Y e Gl dall Ay i [(Reset Subsystem) aea ol sale) dles -6
o AN e (L) — A slall) Al 5 LEY) oy (Rslal) - Ain) sacLial
sl sl e) o )l Aad o5 LS Lz Al dide 3 i) ded] clics Cales
saila 21 Lgalad f dhanae 4l s (a3 (5 AT Bl e Candly BIAY 23]
Alaaa) 430 5 5,0

E E,'., F2

M
-

——pt
& bi(q)
) F1
: —V,
a o f(x;)
‘ — e X1
—@
I 1
— w qO
u @ bf ()
FO
UO'% P V0
v @ f(x)
W od— ™ X
@
I 0

ART2 1 dliaal) 4ull(5-5) Jal
Cum RS (38l A2 Abail Rl (5-5) S
Jaal g i |-
F1 5 FO Jaall éal 43 guanl) LAY clillad 1p,g, U,V X,W -



130

gAY ARl 850 g sal) A guand) DAY Clllad g0 Jiey Y-

g lell = el 3 <IN 1 Zij -

Addaud) - Akl 3 SN 1 Zji -

Al = a5 Ja g AD aasy el ol Al e il o6 (X)) -
A gucanll

[32 ¢31] Aaad il dsie Jisiiq)-

(ART2 Training Algorithm) ART2 — cuail ) 4l sd -1-3-5

.[154] a,b,c, d,e,q,r ,a sl o yiajh A L1

Joaay laseai F1, FO Jaal il 3 i 2 P,0,UVXW,Y Al Al 2
LJaal) dad

(5-5) 5 (4-5) )l 3is Zjj 52Z;; 583 dadf Ay .3
z;(0)=0 (4-5)

og_ L 5-5
z”(O)E(l_d)N (5-5)

caallall @ yia ol Jaall WA 2ae i M s
Jaa ) Ae sl 4y F15 FO Jaal il cililad a5 | Jaal) ol Jlay) 4
Sl Al ) i G

w =1, +au, (6-5)

o W (7-5)
e+||wi|

v, = £(x)+bf (q) (8-5)

- (9-5)
e+|[v]|

P =u +4 9(y))z (10-5)

g=—P (11-5)
e+|lpll

: B

g
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id ifT,=max { T:j=1..N-M | (12-5)
o) =i

10

i 29x° . u 13-

v 0805 -
f(x) =i y

: X if x3q :

f b

g il Aillaal) Al ||| S Eum
A0 Ak 8 T i seanl) LAY cilillad s .5
Tj :é. P Z; (14—5)
J
Ein ild Alad Sl s Jal e A0 Ak 8 ol adeil o sede (3ulsi .6
A0 Jaal LAY IS sl B N

T, =max{T, :j =M +1..N} (15-5)
') (10-5) Al moaid
p ={u} F2 dakl b day ) dgs dlia o Qb 1) (16-5)
p, ={u, +dz;} F2 dadall 8 day ) Bk s a s s 8 (17-95)
dgdad) byd jasd 7
" > (18-5)
et||rl
_ Pateopy (19-5)
oerllpo 1+ 1P, |l

adybshall U JEN) 2y ol Ala 8 A Jis Aalad) b 38a3 13 .8
Lo—d Gind g A) Ak s Al A e A Gads e Al 35 (9)
o) JE) S ys Jan W pled adad oSe Y Tl 138 2a3 o136 cAiad)
[154] (10) 45 shasl

i dasi yall Zji 5 Zij AV Cunat S Ladie L) Ladial) J2a) Aadf <) ola 9
A A alaaiuly lld g day ) 4l
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d

EZJi = g(yJ)[pi - ZJi] (20_5)

d_ _

EZU - g(yJ)[pi B ZiJ] (21—5)
‘e A (21-5) 5(20-5) DDl Jsar dad  Ala ol Al

d é U, u -

Ezm =dlp - z;]=d(- d)&_ q- Zjia (22-5)

; L (23-5)

a2 =Pzl =da- dg - 7

B8 Aadl ) A el e Rung- Kutta g jh aladiuly Zolalal) Y abeall o3 Jad
[[159] Al <y aleall

o=y + ot BeTe io01p a1 (24-5)

Ko =hf (%, ) (25-5)
h K

k, = hf (X +§’ Y, +70) (26-9)

G =hx +0, y + Ky (27-5)
2 2 (28-5)

ky =hf (x +h, vy, +k,)

Al o3 vie Zji f Zij Aady; s dadd ) Al o8 e X dus

32 <31] (4) 35l U &l Sy Lewyml g Al Jio dadl olia <l 1)) 110
. [154

Al 11

(ART2 NN Flowchart) ART2 4l 8 gaiall hhial) -2-3-5
[154] ART2 48 3 yriall Ll (6-5) J<al
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s.\\).u\)\_d\u@_a
M,N,q,r ,ab,c,
,d,h,Nsteps

Zj,zj rhua

Tj

4—
«—
A 4
—3lld) 59 Clua

F2 sF1 zA b kel
LTM
v
v - Al 59 Claa
glad s Alaul
Il
LTM

ART2 3.3 i niall Lk «(6-5) J<al

Fuzzy )uasedd) (3hia aladicly (Al cpi ) 4y it qu il 4aj ) sd -3-3-5
(Adaptive Resonance Theory Training algorithm
.[154 30] ab,c, d,e,q, rT [0,1].,a>0, bl [0, 1] 4l & jia ju dgs .1
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Jasy a e F1, FO Jal il & i 2y P,0,UVXW,Y Al Al 2
LJAaa) dad

A ey Zij 5 Z5 5 SIA el A .3
z;(0)=z(0) =1 (29-5)

1R gl a4

a1 (Complement Coding) Ll<all jue il dlee Gudaty Jaal ¢ lad 4350 .5
(30-5) ) (34

| =(a,a°) (30-5)
) A 385 FLy FO Ja) ik cilllad s .6
w =1, +au, (31-5)
x =W (32-5)
e+|w]|
v, = f(x)+Df (q) (33-5)
= (34-5)
e+| vl
P =u +4 9(y))z (35-9)
g=_P (36-5)
e+|pll
oA Ak 3 T A sl LAY clilled a7
T,(|)=w (37-5)
! a+ |w, |

(x U y); ° min( x;,y,) —<om” dladd &

o it Allad Sl ans Jaf e g A ik b el e o sie Gk .8
oAl Jaal LAY IS sl s N
T, =max{ T, :j=1..N} (38-5)

J
Aadl ks a8 9
|IL‘JWJ.|3r (39-5)
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syl Zji 5 Zjj AadY) st 5 Ladie Ll dasiall Jaa) da A< Glew 10
A ALY aladily day ) A,
wi* =b(l Uw)+ (- b)ws (40-5)
(4) QI Al Sy Lyl Al Jao dad e cal )y 12
[154 32 (31 30] 4ded .13

(Hidden Markov Models) 4dial) cigs la z Mai -4-5
el g el s e ae Lo A Clileal) Aadatl a2diud 4y 8 Aglas) 5l e
e sl die) (Lge gy Jainl alay s didadl GHaaY) e de sense Alaadle e
b 58 e 73l caeasiad sl [50 ¢4] liansa Leiliadle <aas Y] (e de gana
e shed Jae i pall y Csalls 23kl Lo il el (e apall

DNA iliie o Clppall ¢ 5iy 5008 4y gl
A jealiall Haiuly esal G jle 3l e el Sy
S={1,2,3, ..., N} zisil (States) <¥ls se 1N -
V={vy, Vo, ..., v} (V) clasddl jeey2ae tM -
e s SR el ol sl S lp -
p={p}, p=Plg=i1£i£N (41-5)
Jwial Jici a5 (Transition Matrix) adlaay) JEy) 48 geae 1A -
J(3as) 5 5 ki) Basl g diey dan g DA J ALY )0 AW e Jasy)
— bl
A={a}, a, =P, =jlg =i,1£i,jEN (42-5)
t e DA ALY B g tdus
Observation ) cllasdldl jse )l MVl a5 ddsias 1B -
el sl Jlaial Jiad a5 (Symbol Probability Distribution
J AW v
B={b,(k)}, b,(k)=Plo,=v,|q =j,1£EKEM,1E£ jEN (43-5)
t ol DIAT ey Adaadle Jiai O 1ua
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The Three Problems of ) 4—diall Cigs jla zzlall DAY cdLanal) -1-4-5
(HMM
108 50 41 4] dpulid cDans ED Jal (o€ e 7 3a 22300

A Alaral)
Gl e ey [=(A, B, p) Ju GSHle zisa ellael
oY) Juaa¥) spss dal e SP(O]l) Gls & @S «0=04,0,,...,07
.O 1 (Likelihood)
Backward 1 § Forward ) i) ) s alasiul 1dal)

A0 dlianal)
VLAl i i, jlaa) o Sa as | =(A, B, p) Ml oS e 73 gai slacly
e A lline ey ) Jaa¥) P(O,I]l ) asdaxd & sy 1,0, .07
N e s 0=04,0,,...,07
- Viterbi 4 ) & aladin) (sl

Y Alanall
By A ol e )l 4y (Say S ol =(A, B, p) ) sS e zasai slacly
s jo Jiai Alasdl) 238 (P(OI[l) 5 P(Ofl') pukans oy Cumy iz saill ps
HMM 1
Baum-Welsh 4. ) sa 4/ 5 k-means sasiall 4 ) 52 alasind 1 dal)

(Forward Algorithm) als¥) 4w ) sa -2-4-5
Forward ) ikl o saidl laxiy .@-pass — Loaf G sall oda e
. — (Variables

a, (i) = P(0,,0,,..0.i, =il ) (44-5)
DIa i A 8 e claadl) ge Al el JasY) agi) gt Jie
[108 50 «4] | Aaall oS jla 7 gai plasinlyg t g 3l
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A @ shall dlassuly P(O)l) ol o3y

-1
a,(i)=p,b(0), 1EIi£EN (45-5)
-2
for t=1,2, ,...,T-l, 1£\j £N (46—5)
a,.() = A a.()a, b, (Q..)
€i=1 u
-3

POl ):éNlaT(i) (47-9)

i=1

(Backward Algorithm) «alal) 4.3l sa -3-4-5
Backward ) i_dlall o 5 il laxis D-pass —s Load 4ue ) sall o34 e
= T I ] e claadlal e Jlaa) Ll <oyt 5 by(i) — (Variables
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(Results and Discussions) 4délial g pilill -12-3-6

G 8 Ll Sy 0 Aghadll bl i oo i 5 0380 il ae) 8 caulss
Ll A8 el Axgalalls (i) 3 Jid 5 AUS die g ul 0t g8 (st g s e
Al s e 058 el g ol s§) Cpuen

(XML Method) XML — 45,k ~4-6

ic sene 1a3 Jal (e (Document Type Definition) DTD — ativeall sl 53
XML s5ian Gacn he s] i ban e 2y i 55 el el 201 0
i) Vs Llaie (4-6) JSAI ia o o[40]

<?xml version="1.0" encoding="UTF-8"?>
<IELEMENT iwebise (category+)>
<IELEMENT category (catname, cathameeng, catlang, subcategory+)>
<IATTLIST category
catid CDATA #REQUIRED>
<IELEMENT catname (#PCDATA)>
<IELEMENT catnameeng (#PCDATA)>
<IELEMENT catlang (#PCDATA)>
<IELEMENT subcategory (subcatname, subcatnameeng, subject+)>
<IATTLIST subcategory
subcatid CDATA #REQUIRED>
<IELEMENT subcatname (#PCDATA)>
<IELEMENT subcatnameeng (#PCDATA)>
<IELEMENT subject (subname, subdes, subteach, subdate, subdir, subpre, subobjective,
subprog, sublang, subpublicate, subsharable, sub_exe low, sub_exe moderate,
sub_exe high, lo+)>
<IATTLIST subject
subid CDATA #REQUIRED>
<IELEMENT subname (#PCDATA)>
<IELEMENT subdes (#PCDATA)>
<IELEMENT subteach (#PCDATA)>
<IELEMENT subdate (#PCDATA)>
<IELEMENT subdir (#PCDATA)>
<IELEMENT subpre (#PCDATA)>
<IELEMENT subobjective (#PCDATA)>
<IELEMENT subprog (#PCDATA)>
<IELEMENT sublang (#PCDATA)>
<IELEMENT subpublicate (#PCDATA)>
<IELEMENT subsharable (#PCDATA)>
<IELEMENT sub_exe low (#PCDATA)>
<IELEMENT sub_exe moderate (#PCDATA)>
<IELEMENT sub_exe high (#PCDATA)>
<IELEMENT lo (loname, lotype, lopartof, loorder, concepts, test_items+)>
<IATTLIST lo




168

loid CDATA #REQUIRED

depnol CDATA #MPLIED

depno2 CDATA #MPLIED

depno3 CDATA #MPLIED

depno4 CDATA #MPLIED

depno5 CDATA #MPLIED

depno6 CDATA #MPLIED

depno7 CDATA #MPLIED

depno8 CDATA #IMPLIED

depno9 CDATA #MPLIED

depnol0 CDATA #IMPLIED>
<IELEMENT loname (#PCDATA)>
<IELEMENT lotype (#PCDATA)>
<IELEMENT lopartof (#PCDATA)>
<IELEMENT loorder (#PCDATA)>
<IELEMENT concepts (conname, conlo, concepts_contenu+, subconcept+, test_items+)>
<IATTLIST concepts

conid CDATA #REQUIRED

connodepl CDATA #REQUIRED

connodep3 CDATA #MPLIED

connodep4 CDATA #MPLIED

connodep5 CDATA #MPLIED

connodep6 CDATA #MPLIED

connodep7 CDATA #MPLIED

connodep8 CDATA #IMPLIED

connodep9 CDATA #IMPLIED

connodepl0 CDATA #IMPLIED>
<IELEMENT conname (#PCDATA)>
<IELEMENT conlo (#PCDATA)>
<IELEMENT concepts_contenu (cclevel, cccontenu, ccintro, ccconclusion, cctype)>
<IATTLIST concepts_contenu

ccid CDATA #REQUIRED>
<IELEMENT ccleve (#PCDATA)>
<IELEMENT cccontenu (#PCDATA)>
<IELEMENT ccintro (#PCDATA)>
<IELEMENT ccconclusion (#PCDATA)>
<IELEMENT cctype (#PCDATA)>
<IELEMENT subconcept (subconname, subconcontenu, test_items+)>
<IATTLIST subconcept

subconid CDATA #REQUIRED>
<IELEMENT subconname (#PCDATA)>
<IELEMENT subconcontenu (#PCDATA)>
<IELEMENT test_items (ti_type, ti_text, ti_ansl, ti_correctl, ti_correct2, ti_correct3,
ti_correct4, ti_pretest, ti_exe, ti_posttest)>
<IATTLIST test_jtems

ti_id CDATA #REQUIRED>
<IELEMENT ti_type (#PCDATA)>
<IELEMENT ti_text (#PCDATA)>
<IELEMENT ti_ansl (#PCDATA)>
<IELEMENT ti_correctl (#PCDATA)>
<IELEMENT ti_correct2 (#PCDATA)>
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<IELEMENT ti_correct3 (#PCDATA)>
<IELEMENT ti_correct4 (#PCDATA)>
<IELEMENT ti_pretest (#PCDATA)>
<IELEMENT ti_exe (#PCDATA)>
<!IELEMENT ti_posttest (#PCDATA)>

L) & 5 Cia i IWEBISE_SCHEMA.DTD Gildll (5 sisa (4-6) JSall
e 4555 ) XML s A0S 55 (3l DTD sl Gansi e 5l
i 138 (0 e 3 (5-6) S (uay a2l

<?xml version="1.0" encoding="utf-8"?>
<iwebise>
<category catid="">
<catname> </catname>
<catnameeng> </cathameeng>
<catlang> </catlang>
<subcategory subcatid="">
<subcatname> </subcatname>
<subcatnameeng> </subcathameeng>
<subject subid="">
<subname> </subname>
<subdes> </subdes>
<subteach> </subteach>
<subdate> </subdate>
<subdir </subdir>
<subpre> </subpre>
<subobjective> </subobjective>
<subprog> </subprog>
<sublang> </sublang>
<subpublicate> </subpublicate>
<subsharable> </subsharable>
<sub_exe low> </sub_exe low>
<sub_exe moderate> </sub_exe moderate>
<sub_exe high> </sub_exe high>
<lo loid="1" depnol="0" depno2="0" depno3="0" depnod="0" depno5="0"
depno6="0" depno7="0" depno8="0" depno9="0" depnol0="0">
<loname> </loname>
<lotype> </lotype>
<lopartof> </lopartof>
<loorder> </loorder>
<concepts conid= connodepl="0" connodep3="0" connodep4="0"
connodep5="0"  connodep6="0"  connodep7="0"  connodep8="0"  connodep9="0"
connodep10="0">
<conname>Verb to be: Positive Form</conname>
<conlo> </conlo>
<concepts_contenu ccid="2">
<ccleve> </cclevel>
<cccontenu> </cccontenu>
<ccintro> </ccintro>
<ccconclusion> </ccconclusion>
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<cctype> </cctype>
</concepts_contenu>
<subconcept subconid="2">
<subconname> </subconname>
<subconcontenu> </subconcontenu>

<test_itemsti_id="5">
<ti_type> </ti_type>
<ti_text> </ti_text>
<ti_ansl> </ti_ansl>
<ti_correctl> </ti_correct1>
<ti_correct2></ti_correct2>
<ti_correct3> </ti_correct3>
<ti_correct4> </ti_correct4>
<ti_pretest> </ti_pretest>
<ti_exe> </ti_exe>
<ti_posttest></ti_posttest>
</test_items>
</subconcept>
<test_itemsti_id="">
</test_items>
<test_itemsti_id="21">
<ti_type> </ti_type>
<ti_text> </ti_text>
<ti_ansl> </ti_ansl>
<ti_correctl> </ti_correct1>
<ti_correct2> </ti_correct2>
<ti_correct3> </ti_correct3>
<ti_correct4> </ti_correct4>
<ti_pretest> </ti_pretest>
<ti_exe> </ti_exe>
<ti_posttest> </ti_posttest>
</test_items>
<test_itemsti_id="">

</test_items> ...
</concepts>
<concepts>
</concepts>

<test_itemsti_id="">
</test_items>

</lo>

<lo>

</lo>

</subject>
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<subject>

</subject>
</subcategory>
<subcategory>

</subcategory>

</category>

<category>

</category>
</iwebise>
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Jorall pSay D31 2 13 lelad Jiar o oSar OF JS Camy cllaad) e 3
‘Ala yall 026 il (14-7)

O e b e ddee & ((14-7) Jsaad)

ic gand 2 Gl Alme | Jaal gl a8
21500
14332
44052

22354
21331

RIAOIIN O
G WIN|F
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(Inputs Clustering) Jaall dadi apass -
Jar ) el e 8 Jal e AT 50 K-MEANS mentll d3a ) ) 53 Sasind 3
T s DLl Akl 4 jeadl VAN Jid e gene G ) Lgdsias 5 eyl
&l (15-7) Jsaal o Jia Chiny Gy oy dias 1o 2 Jlee
K-Means 4 ) ) sa

e ganall e Jaal dedl a5 A ((15-7) Jsaal

4 gl Al LY 22 de sanall A
(llsall)
%5,2 8 0
%14,3 215 1
%8,4 127 2
%27,4 411 3
%21,4 321 4
%23,2 348 S

(Calculatep,Aand B) B sAyp luwa -
sy ByAsp clua Bib (o de sene JS ae B5S Jle g o L) oy
.(4-5) 5_jdl

(Training and Recall Phases) sle xiuw) g qyaill Als 0 -2-6-5-7
(Training Phase) cuaill s e §

O s gl l) 0=01,02,...,0T claadlall (e 330 2lliie a2 Ledic
A A A i) G e il T ) (Ul e

Al any 5 (K-Means aladinly 4l o3 )'J.Usiyj ane(l1,12,...,1k)
(_\_L:u 4_1.1\.3.1.1&” CJ\_A.J\ o)A Ol (020 Baum Welsh 4_1.4))\}; d—‘-“b-‘
(ol ey s s 3 e Jpemadl, PO 1), P(O|I 2) PO K)
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5 (57-5) 5 (56-5) ool o s 2350 U (A, B, P) i b cyans -1
(58-5)

Asshall Y cad Bue o =] Q1Y Lad POfl) aalass w3 -2

55 P(OI1) > PO 1) ity 13 Las 3 Y 1 5o chslas) S5 o -3
2 sl et 35 48 e oy 138 5 e Ala)

el -4

(Recall Phase) sleaiud) dda e §
i jaal Al aass Jal (e (Forward  Algorithm) aleY) e s alasind 2
A pd e a Ll sde i Cum el 50l alia (g e JSI Ll A
seis 11,12, 0, 1K asss O e Jsanll Juial Jial 1 50 o ez 4 58
by A 5 Cllall A0aY 4 ) Y o | 2353 JIP(Ofl ) Jlcia) ded S
i el VLAl cledia) s conil) il s (7-7) JSa0 5 ((44-5) Aaladly

sl | 3¢ nans Forward
2l i => P = Pialgorithm™) Brr
) A A :
a1 Jusal
> Baum- | Dcrans Forward ¢
HMMs Welsh | ] == Al gorithm Sy
(1,2,...,k) Algorithm R . e
Jal ;(m _ _ AN
cras i [HMMS(L, | | N
TE 26 ol
e 5 Al
“Uaa Sl - - Forwar
= N p | ks =¥ Algorithmm= llall

HMM alasiny Qlall 48 jaadl cVal sle sl 5 coppuill s e o(7-7) S0
elon) A ey (Al cllliie Hladiuly Baum-Welch 4 ) sa ks 2555 (e
Sl Ul day o) Lidall S jle z it Vs 230 s el (e el
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a5l e) 55 ey ecbaltiial sdg] oleSiul) y Ciutall g Copeil) 8 A Juiad
sledi w1 dlee #lad daws a3 Jal e Forward ey sa I daal) Gl (i
(16-7) Jsall b g sa LS

HMM 285 clesin) dlee il o 16-7) Jsaal
6 S 4 3 2 G PN ERYS

|
%28 %10 %20 %10 %10 | Caanll A

Coyaddpn 5 el Jael o3 g8 6 disall eV sae Tl i) Jpand) ey
ANl 2 aatl Ay ulie e s AL a3 Al oda (K1 clin JiY) dagill a5 %28
A i e atled (5 sina Llaal o ) (535 Lao (380 (S (all 38 50l
—7) Al ki 35 QI ¢ et ) i) eliad e Acliin Sy 50 s
o Lot 855 oy s e e geaall 5 il e el (5
8 e sa LS s e sana o Jseand ol 0o K-Means ) 55

(18-7) 5 (17-7) cilpaal

OEi <N Gy (Adling) (_g Xi — <&l ) Sl aae =X (5—7)
callall 4 xall YA e Jia N
e Aglee 1 ((18-7) Jsaal & A ((17-7) Jsaad
el el il e gandl) e Jaal dad
) Al lasi a8 Lol |22 22e|
e penal 45 c , ,
cldas Ul Jaal) 4 il de send
4 211001 1 21% 427 0
1 011210 2 19% 387 1
0 101021 3 28% 552 2
2 002111 4 8% 166 3
1 021200 5 10% 193 4
14% 275 5

lesia) ddee 3 anal) Sae il sadind 25 (19-7) I8 Jgaal) uSas
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HMM 0 a8k 6 aaal) ae s Sadialy sle sl dlee il ¢(19-7) Jsaal)
6 5 4 3 2 Ladall eV aae
%63.0 | %63.0 | %632 | %66.4 | %63.1 iyl A

(Results and Discussion) 4&élial g galiill —-3-6-5-7

ezl (K (19-7) 5(18-7) odsand

aadl s 3 VA saed HMM ol s e i 4aidd) eVl aae 0l -
9666.40 i i A el _ael 4N B

Alend 4y il Aol g 165 ) Y ol Las 3 4ndY 2n ) e Jgeanl) -
ele i)

Aleal o el Gt ) ol aa] cillaaSlal Gl gl sl g i ) Liaf 2oy -
3aaall S il Adae Gadai aey Lain 5 g8 A Jska g€ Aol 88 cele xiY)
cllall 4 yead) VA ae Jidil 6 4l sl sl

oS el A plad JS G of dasa) Sl 23l caeland -
g lad U< A 17.6 0 508 (o) daws siay Ja)) cllliie e oy of 5 g 19.1
L i

Lo 2wy i pumnll ISR 38 e &5 jlie Hndliin 9666.40 o ymill dunss a5 -
70 ) el 55 Gl el G jlae dadal b Lele slae¥) Jal e 488 e
O Adall o S Hle it il e FUZZY-ART2 43 guaal) A0AD 4 ) ) 55 il
Gilidee &l (e hausie DA Capal) dilee & Juadl il o Jgeanl) da
(7-5-7 3_38) o yoill g oy il

Hybrid ) HMM s Fuzzy-ART2 d—agd A ) sdl 4iy b -7-5-7

(Algorithm — Fuzzy-AHH
FUzzy-ART2 i suaal id 1 i sl 7 5a Liad Ul Cojlae Aaas 3
Sllee 3 Jua i il o Jmanll dgay olldy (it CasS le 3l A3y sy
Gl g Al il lee 85 )5S0 ) il gladl) i oladiiu (,4 Eua oyl
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S5 ¢(2-6-5-7 5 1-6-5-7) <l &l A dx il maal el g elexinll
(20-7) Jsaall sedal Fuzzy-ART2 — K-means axaill 4 sa Jlasid ase
gl A ) sall sl it

Angd 45kl ele i) dlee il ((20-7) Jsaal
6 5 4 3 2 |igad) eV e
%92.66 | 85.45% | 88.70% | %81.00 | %82.11 oyl A

(Results and Discussion) 4&élial g galiil) -1-7-5-7

fas el el 4 el Aadl Caiat 3 JiY) 2aell 52 6 CYlAD sae sy -
992.66 45 o i

) Clleadl e alliie Aadl dader b las g8 510 dda) oS e zilas el -
QA (ol cldee 3 Ay 3l A suanl) GISED a0 Ly (el B
O il A Gpatd A o el Gila (e ol Aagll Al Al e Uail
HMM 0 35k e 5 _lie %92.66 ) %66.40

adl Jaal dedf e Gionil e laia) Lo dimgl G ) Al celliin -
o) hagie S)) B S e oSy Al 170 o508 e dawsiey suall
(3 30.6) I il

HMM s Fuzzy-ART 3 ART2 ) cluwajjsd sld asa (uld -8-5-7
ART2, Fuzzy-ART2, HMM and Fuzzy-) Fuzzy-ART2-HMM ;5
(ART2-HMM Algorithms Quality Perfor mance M easur es
ART2 ey all dplly G805 Capail cllee 335n (ks Jal 00
izt 25 (Fuzzy-ART2-HMM il dse) 53l s HMM 5 Fuzzy-ART2
1(6-7) dalea)) 385 [113 <97] F-measure s

F, =(b?+)pr/[b*p+r] (6-7)

DAl Aslaaly ey g Javcall les 1(Precision) P



213

P=TP/(TP+ FP) (7-7)

Dl Aaleally oy s (Sensitivity) dasleall §f slexinyl Lear(Recall) r
r=TP/ (TP + FN) (8-7)
[113] (0.5) dasts 35 cdascall g ele i) ¢ bl DI elacy 1=P
s 8 (Gpell) Leanean 5y ) Jaal axdl 22 Jia 1(True Positive) TP
e J L
A b (o)) Lol iy ) Jaa) dadl 220 Jiai :(False Positive) FP
ks 0 L
& (Gl) L g ¥ A Jia) 4edl s 1(False Negative) FN
el oda b (Call) Lediial oy ol Jadlly5 L Al

: e o el F-measure alasial 5 ail
Gosb 0o sletil) ey aall Jlae (e JS Bpeal ity asiy o) 0Se 4N
el (i agilhe) al (30 0.5 dafy (5 4illae) 25 Ugh ¢ B Aad b e
Lol Lo 5ie F-measure Jie Lia
e slexia¥ly Javall Gnolead e JS dad 48 Alle 4l 58 Ladie
L

(Results and Discussion) 4&élial g galiil) -1-8-5-7
F-measure Jled) i (24-7) 5 (23-7) 5 (22-7) 5 (21-7) Jshaad s
Pallall G jlae Aada b el il ) sal) Al
ART2 ) 33 ) 8258 il o(21-7) Jsaad
F- r P [FEN[FP[TP

il 51| A8
measure
Jaal Cavall
I—Jﬁ:’
0.276 [0.162|0.930|414 | 6 | 80 84 0
0.246 10.144|0.843| 417 |13 | 70 84
0.243 10.142|0.831| 417 | 14 | 69 83 2
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0.261 |0.153|0.882|415|10| 75 83 3
0.239 |0.139|0.872| 422 | 10 | 68 83
0.236 |0.136|0.893| 425 | 8 | 67 83 5
0.250 ]0.146|0.875 490 500

Fuzzy-ART2 I 48 o3 335 il ¢(22-7) Jsaad)

me;ure r P | EN |FP| TP | i fsi| A
Jaal Cauall
I—Jﬁ:’
0.265 |0.153]0.984|1664| 5 |301| 300 0
0.331 |0.198|0.992|1577| 3 |390| 400 1
0.280 |0.164|0.976|1641| 8 |321| 340 2
0.292 |0.171]0.991|1630| 3 |337| 340 3
0.259 |0.150|0.964 |1666| 11 |293| 320 4
0.258 |0.149/0.980|1672| 6 |292| 270 5
0.281 |0.164|0.981 1970 1970

k-means alaxiu HMM ) ¢1a 535 gl ¢(23-7) Jsaadl

me;ure r P | FN | FP | TP |13 cs| A
Jaal Cauall
I—Jﬁ:’

0.062 |0.033|0.615|1422| 30 | 48 110 0

0.192 |0.110|0.740|1285| 56 |159| 240 1

0.118 |0.064|0.740(1373| 33 | 94 150 2

0.307 |0.200|0.662|1089|139|272| 430 3

0.227 |0.140|0.598|11/79|129|192| 360 4
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0.267

0.167

0.664

1152

117|231

210 5

0.195

0.119

0.670

1500

1500

Al A sl o) 82 sa il ((24-7) Jsaal

me;ure r P | FN | FP | TP |13 fst| oy
Jaal Cauall
I—Jﬁ:’
0.104 |0.055|0.837(1402| 16 | 82 110 0
0.269 |0.157|0.921|1247| 20 |233| 240 1
0.140 |0.076|0.883|1372| 15 |113| 150 2
0.428 |0.2/8|/0.932|1062| 30 |408| 430 3
0.380 |0.237|0.967|1136| 12 |352| 360 4
0.236 |0.136/0.918|1281| 18 |201| 210 5
0.259 |0.156|0.909 1500 1500

(General Results) dalal) gailisll -9-5-7
calldal) o jlre Aadad 8 Aeddiiusad) (3 k) Calida (25-7) Jsaall o )iy s (adly
dxdl Aada b deadiusa) il ) Al Calid (e 45 )lia ((25-7) Jsaall

IR
F-measure | Luu | gajlugie | 0a)hugia 4y i
i el il sl
0250 | %85.80 | 419 i 20.8 ART?
0281 | %9817 | 1186 | as519.2 | Fuzzy-ART2
0195 | %6640 | 1t:17.6 | au19.1 HMM
0259 | %9266 | 171 | 4306 F“Za’MAMRTZ'
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Fuzzy-ART2 ) e st o slaie¥) 5 4l Jsill (S (25-7) Jsoadl (sa
e s A0 B M3 Lads 5Y JWEBISE I aeal Ll e
1l S el g ectia 3 530
9698.17 a5 oy i el e Jseanll L1
R ae &lie ol dlee ol Basn Jbaal ded el Lo Jpaald (2
0.281 : a5 <l ) 2D
Fuzzy- ) 4., sal F-measures ) jlee dad O 0 a2 ) e .3
Clea e 138 o8 oSy el ) Al Aad dualh eV o ART2
phill A Qldall o jlaed Caiatl) Baga Ay gl Saill ey Jansia
elei e Aapsa iy a8 s Slle 45 5l A e Gialel
leial sled s Anfia b adcial 2 Lo eyl 4illa o AiSiey dplic
Ll
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(Conclusion) aadal)
ol Adlar Sl el e sgre (DU o165 aai aint Jeadl 138 (DA e
LS i) AR A 3 (sl agdl Cam

ALY (e S dae 3¢l 8

ookl e S aae s

6 sinall a8 ABY) 5l 8

ol (s siml any (el g5

ol (5 ginal day saadl laiaY) s

aaladl Gl o a8 saueadl) Jaladall and S e gy Y

oaei) (s gindl o seie dar o U Gadldd Bl agy ¥

(S e pseie US 2ey U8 (adld) 5ol

(Sn sl g g
1 s 8 IWEBISE ) alaill e s ale 73 5aS Lealaiind 53 il o3
AT e (sl 8 Ly lall aulas Jlae 3 i pal iS5 5 A3 daddes & e
(Sl dadia g iy e A8k et e aelud g
o) DU lin dad] i vie Lgle Jgeanl) 3 il ds8ley (mge 2 WS
U FBAM ) g ga 2l ASLE] iy g dualeil) 46 ) cdibiie 3ok G
Fuzzy- iimell i,k |, aly HMM ) 44 ks Fuzzy-ART2 5 ART2
Al A gl YL Al i il e A ) Ldiiad Cargs ART2/ HMM
sl cawy i) & Fuzzy-ART2 I 4yl (0 sl ¢ jell L calldall
Gl m dadl Caai o) 3aga Jlrad Aad el 0o %098.17 oyt A el e
ia 49030 duadedl cilileadl Caliy (o3 DA i3 4 (0.281=F-measure) il
VLAl byl Ay A Jpadi o il oia caelu LA Sl 35030 e
o) aalie e g sede S Ranally Ll A2 ) 3 jaal

ileall & dibisse ) ADE el IWEBISE ) alail é (Ul #3500 G
sdaal)

. .
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Felder and Silverman 3 sai alasinly (5 sisd) dadial ladadl -

Fuzzy-ART2 4w )) & aladiuly lUall due Leal) 4 jaal) Aoy jall Jadads -

se) )8 48 g A e 3l Ul @ shad s DA Apalail) dgleall (s -
el B e 3al 84 He Jgas alasauly @l e (ppa da 3 f (5 sial
callall 23 gal



Gl Jadl)
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Chapter VIII
Tutor Modd
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(Introduction) 4asial

T Ll ot puluiags i B35 AdLn) ie Al Apalal Al 455 pe 31335
aseiad alagLoa 5 a8 A Feadedd) aaliadl Judiss 38 e e hobaie] Al
Co gl Al Tl Sac il sy dgun 55 Cings Uy (Al ad ) e
ot Aeatie  Jgand) Ay Juadll 138 7 L .z lgiall Aaderl) dulead) P& andial
il a8 el Aiaall CisS ez Mt el g abeall 3 g oLy

(Pedagogical Rules Modeling) 4,553l 2o sill dadai -1-8
Al DA Q) a5 sl e a5l (e e sane dle S0 abial o
o3 L3355 a0l 8 0S8 e clladl ) o3 dan i 55 il oz Lgiall Hiailel
sl Ay Jaeadi Alee DA Ll B3 2353 Jal e ol aladll 235
as—gie 5 Caaa IS0 Apuilly agie aal 5 US4 peall Al G @lld g (DU Loy
Al 59 ) ) (e e pana (1-8) JSEN (i ymy A peall 35 b 353 50

olail) & dediundll

(Pedagogical Rules Table) 45 il a) g8l Jgaa -1-1-8
coatlat 5y Ga Sy alae JS U8 (e Aeaiiuadl) dygs i a0 ) Janll 13a (585
DA Jgiall e clliy g
(Auto increment) L ahi a8 5 ~lide Jis 58 1(prid) s il sacld) e -
fiysaels IS8 s LSale sl oLl ok s 0 a2l ) e O
cJsaadl Ll
Sha ) Gl S G oA (tiNyint) <8 Jis i(prievel) o gl -
Jh i f G o dos G 1l 6 gie e AV Gl 5 duadll
(S e Slies N NEQNIEVR
oo A NAl aa W asl g ¢ 5a, (tinyint) 8 Jis i(prshow) (= e -
Al (6 s i aidell s ginall i8] S e b alaal) dalen
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aplid S0 313 s b el agsgie Gimse s Jial S5 i1 Bacll
A Gisan Ua i s ) Gl

b i AU (s s 1S 13 Leh el pgeia s 3 Y 0 2 Bacll
o seiall 3g) Aually an

6 e ol ol a s Lalls e psghe m ge 5 JLEA) S 3 Basld
N e o seial 13g] Lpuilly Jass i

SIS 13Led (e i aliall) il (e gald Sasind )58 2y 4 3acld
Lo o sedal dpnally I-Lw} el (5 gl

Os—b amse i el o sgdal Fomailly Unnsy Ul (5 sisa IS 13 2 5 Bacld

Ol A ia e iy e asgial Bandlly lua Gl (5 e S 13 26 Bacld

Ol e a el asgial Fandlly faa lam LD (5 sine (S 1Y 17 Bacld

Ob A e i dla asgial Al | e Gl (5 fiae S 13 18 Bacld

AUl Rerdioaall Auuldl A sl ael ) ((1-8) JLal

O a8,y 3y Cag a7 Jsh (Varchar) =i Jis :(preolor) ol
el el &85 A (i) dash saa dac Jas 1(prsubject) [ sall &8
Bu&@@jjjpgtwfﬁézmw\a& O e AVl 0 aied o &
Al 4y 5

oo—sall adaa a8y g 3A (INt) Jish s 2ae Jia (prieacher) alsall &8
Al Ay 53 5008 e AVl 0 4 (5S35 ¢ patbel

e ANl a Al jaa b (58 (tinyint) <8, Jis:(prstatus) sl
coalell i) e vie Ay g i saclil ada sl aae f aladnd
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o) Jynall 8 G il dyp ) se) i (5585 A (1-8) Jsaal (= pm
EFL ol jiall iyl 2el il e Yl (2-8) Jsandl (i jnas
Al 252 s i1 ((1-8) Jaad

prstatus | prteacher | prsubject | prcolor | prshow | prlevel prid
1 0 0 - NS | G 1
s
1 0 0 - NE dn 2
1 0 0| 009601# axi|  daug 3
1 0 0 asd aa 4
1 0 o 0000004 i lies 6
prstatus | prteacher | prsubject prcolor | prshow | prlevel prid
1 0 0 - NS | G 7
s
1 0 0 as dymain 8
1 0 0 as aa 10
1 0 8 E00094# i sl 11
1 0 4 C00000# | Sbe| 12

(Results and Discussions) 4adélial g galiill -2-1-8

Co 125 EFL ool il alae i (g baanaad 55 3l Ao 0 s @l 2h Bt
5 sann o eia Y glel s i) mpns s seb i) 4 20l e
Al e (GO sl g Ll aadid 5 "G’ 4 U
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Prediction Using ) 4—diall G s b z 3ai aladialy 5l -2-8
(HMM

Lawa 1) dla je s Al Als e cJa) e D e HMM alasialy sl dlee calls
52 lead olall Lalaidl) (2-8) JSEN (i ymy . 5l Al ya g

Lg% ®| “
gzgg >Z = . %

&;E ™ = o= GE'
— > — p——-

=Ty ey

L
STy ([
Ty [T

paaliall (pe 3o Alili |

HMM alaainls 5uml) ileald ol Ll (2-8) J<al

(Initialization Phase) 4igill s je -1-2-8

tolll) o8 ghadl) aladniuly el Als je 2T o

2 algs i gila gl o8 YL agad i 35 e ian e 2B (e el calliy -1
(O e Calse Ll 5 ke iy ae C Ciay ad e B oulad asgie 2l
OElA e d3e it (5 5l 65)@5—3&“):“)3;5@9)5 p e (5 e g
el 8 el JalS i ) aldl ey . Liad

o) Bl aalidl Juds cen il JSI (A) HMM 23 50 oLy @y aay 3y =2
(iiadl VLAl a3e) duadell) alidd Lin N iy colladl pe alels D& a5
i) Ala e Jualis (3-8) JLAN Lim o b jaall 3 5a ara
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C01, C05, C11, i
—>| p, A, B —p HMM Q)

faadal aladl AL

e
1
e
'

Al Ala e ((3-8) ISl

(Adjustment Phase) huall dla ju -2-2-8

3% palall (A) HMM 735 Jana Jal (e Baumr-Welch 4 ) s axiis
L gal (e 5apa Alude plasiuly lld g il e led Jeliy 550 JS 8 ccalll
Al Aa e Jaalis (4-8) S min sy il ol 3 5aaal) duaddadl

CO05, C011,...,C03 s la laa -
Au\wzmhum_» a — b —p p_,K’E — HMM (I )
Aailail)
HMM
M)

HMM z3 50 s s ya (4-8) J

I gl Tl s &gl s e kb ey
A JSHMM | =(A, B, ) s &agh & -1
at(i), bt(i), xt(, j), (), t=1...,T,i-0,...,N-1, j=0,...,N-1 s -2

ol aalial e aaa ALl a2ty | =(A, B, P) 23 5ai dasa -3
255k I cadPO1) >PO|1) s 1) -4

(Prediction Phase) il dla a -3-2-8
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=50 aaan ol e (Forward) 2Ll 3l sa ada all o380 DA Gadas 3y
i) Ul o geiall ded el Jidiy zleiall b (Ala) adad aseie JSI Jaia]
sl As je &l shad (5-8) JA) ey a0 k) AUl &8 g

egﬁ\.id\

C05, C011,...,C03,C01

pl HMM( ) =
€05, C011,...,C03
L) aaliall (e Bua ALl
>

0
o
a
o}
o
=
e
o)
o
@D
0
o
N
T
Z
Ero (e

piemioo
< (Coty

C05, CO11,...,CO3,CN -
@ B HMM (] ) =P =p

ISEatiTS gt bl o nall o i il ak ¢

il dds ye o(B-8) Jsal
5330 DLA e Gy PHPY 22 aladialy 50l san g dee Sl 813 apansi 55
ot L il 0 e L) i ) Bl aaliad) ALl ual padiadl] peass
g M‘}Que}@&w‘@TM}-@JB&JAQAL@MJuai’c-.’f
@H.Fqksjzﬂms@ma;ggosﬁus@m\ aanlid) (o Aluduy
31331 53 3281 (6-8) Ja
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alUal] cllaala AT \_.;,._ﬁl 3‘I s

GlEaall Bl cila Jaasd

=il A #m)ll)nl
top= O

ol I pastd

anly ppeder sl O
Fnliall e Aluly peml O

(] [aiztei ]

~
& Done £ Internet

ol Al DA deadiid) 5l 314 3280 ((6-8) J<a

(Results and Discussions) 4délial) g galiill -4-2-8
anlidl (o il Judls (g0 de s aladinly 5l 43 )55 el s
(e 53 AR B ¢ el AUad) e U el DA Lpnnant 35 ) Aaadatl
(pseie 150) dudls s il dlee (3 Caaaiind (@ seie 150) dudbas 1dudld) (1
Jdl e A (s (3-8) i Jsaall (e eledin) dylee d Chaddin

el
el Aglee 8 Aexdiid) maail) Judls e A8 ((3-8) Jsaal
Al lal) ?é ¥
C05 C06 C07 C08 CO1 C02 C03 C04 C09 C10 ... (1) <k
C05 C06 C08 CO7 C13 C15 C14 C16 C01 CO2 ... (2) A
C05 C08 C06 CO7 C01 C02 C03 C09 C10 CO4 ... (3) <

I adel waliall 55 o8 1 D Tl D (S ) Jsaal G
" Numbers -1- 10"e& "Numbers -11- 20"e" Numbers -21-1000"e "
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(Introduction) 4asial)

IV A ila A Ay 6 AU eIl Gl A Jeadd 1
zisa e ) G jlae daded b duald s IWEBISE Hlaill (acs derdioud)
s LS dualedll @ jidl eca 4iade A dlived) 43 ghdy gl 5 dUal
Ae semn (o Adlge Boad e Bole (oA daall Al dmayll And) Juadl) 1ia
alee calite claly o giil avascript s PHP ) dal fse yy cililey clalas
;\_y:ﬁaﬁk"_l\)‘)u H.As:\ 8¢ Lﬂh} c(dx‘d\} c;_tn.u\} cQ\JJEAS\ paaaa 9 ce\.k.ﬂ\ d}j.um
Lt aall o) e g Qlllall culala (385 40805 5 450

Bidirectional ) olad) 4l g a4 5803 daap -1-11
(Associative Memory-BAM Programming

(BAM Class) BAM 4 diia -1-1-11

DAl cylall g blel e calgall s BAM AS0d Caia daa y (1-11) JSi o)

<?php
class BAM

}

var $x;// input vector
var $nx;//nodes of inputs
var $w;// weight matrix
var $wl;// recall weight matrix
var $y;// output vector
var $ny;// nodes of outputs
var $ni;// number of inputs
//*********Function |nItI|IZGWe|ght maII’IX khkkkkkkhkkhkkhkkhkhkkhkkhkkhkkhkkkk*%

function init_w()

{
}

//********** Functlon Gmaatlng Waght matl’IX kkkkkhkkhkkkhkkhkkhkhkhkkhkhkkk*%x
function gen_weights()

{

//*************** ACthathn FUI’]CtIOI’] khkkkhkkhkhkhkkkhkhkhhhkhhkhhkhdhkhhkxxdx*x

function activation()

{
}

//****************** Sa\llng Weght maI”X kkkkkhkkhkkhkkhkkkkhkkhkkkkkk*%
function saveweights()

{
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}

//*************** Loadlng Waght maI”X kkkkkhkkhkkhkkhkkhkkhkkhkkhkkikkk*%
function | cadwei ghts()
{

}
>

BAM ) 485 Ciia o(1-11) JS)
(Data Division) clibul) aud -2-1-11

Jaal ¢ lad 1

oA el By

LJaal) e lak J gl 1 $NX

gAY glad sk i$ny

L) sy Ad ghas (W

elesi) idee PIA Lede Jean o 2 heae (W1

Jaal Al sae 19N

(Functions Division) <¥ial aud -3-1-11
init_w a3
W)Y 48 ghinae Ay 1 hanl
Aida Cle 2 5m sl W) 5] A8 shime 3igd dal e DAl o8 Aol 23 1
AN o3 Ay (2-11) JSa) () BAM ASuilly & Al dida g X Jaa)

function init_w()
for ($i=0; $i<S$this->ny; $i++)
for ($j=0; $j<$this->nx; $j++)
{

$this->w[$j][$i]=0.0;

init w() A (2-11) J<a
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gen_weights 4l
ey Tl
BAM I ) 35V 48 ean o J goanll 1 i)
ey glay)
Adal s3a A (3-11) JSal G W o) 5y A8 shias g gl andiud 1zl

function gen_weights()
for ($i=0; $i<$this->ny; $i++)
for ($j=0; $j<$this->nx; $j++)
{ S$this->w[$j][$i]+=$this->y[$i]* $this->x[$];
}}

.gen weights alall ((3-11) J<il

activation 4l

clenin) Llee A BAM ) 55V disiias o Jganl) $hanl)

Jaal g led Gule 535m sal) saal) Adladl) Clus 2y A0 038 DA (e ozl
AN sda duny (4-11) JSEN i elexia) ddee (DA () 35Y) Adshiad

function activation()
for ($i=0; $i<$this->ny; $i++)

for ($j=0; $j<$this->nx; $j++)
{

}

$Sthis->W1[$i][$]]=Sthis>w[$i][$]]* Sthis->X[$]:

.activation )l «(4-11) Jsi
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saveweights 4l
A Gl aad 1yl
st Cile A BAM 1 ) 591 b siias Jais 1 hal

JSEN G L o cale AW () )] R shian g 3A0 a0 Allal) o328 DA (e 1z Ll
DA a3 A (5-11)

function saveweights($f)

$wei ght=Ffopen($f,"w");
for ($i=0; $i<$this->ny; $i++)

for ($j=0; $j<$this->nx; $j++)

{
fputs($weight,Sthis->w[$j][$i]);
fputs($weight,"\n");

fclose($weight); }

.saveweights Al ¢«(5-11) J<al

|loadweights 4l al
oA Cale and 1y el
B8 ) pat ile e BAM 1 ) 3531 46 ghias Jrand 12l
ey glay)
593 I dall (a il e el o)) dshoas Jseadl aadiy izl
Joadweights lal) 4y (6-11) JSal i ele vy dlae 8 Lealadiid Coagy

function |oadwei ghts($f)

$wei ght=Ffopen($f,"r");
for ($i=0; $i<$this->ny; $i++) {
for ($j=0; $j<$this->nx; $j++)

{
$this->w[$j][$i]=fgets(Sweight);
Ilprint $this->w[$j][$i];
/lprint "<br>";

}

}
fclose($weight);

Jloadweights Al «(6-11) J<ad)
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Adaptive Resonance Theory ) ART2 ) daapn -2-11
(Programming

(ART2 Class) ART2 —l) dsud diia -1-2-11

DD eI s bl e Cilgall s ART2 4803 Caien 4oy (7-11) JS&0 (50

class CNet
{

//**** Ddlnlng Na kkhkkkkhkhkhkkkhkhkhkhkhhkkhkhkhkkkkx%

var $Winner;

var $zeta;

var $a;

var $b;

var $c;

var $d;

var $h;

var $e

var $vp;

var $r;

var $ac_diff;

var $zd_diff;

var SNO_WINNER;
var $winner;
//********** FO kkkkkhkkhkkhkkhkhkhkhkhkhkhkhkkhkkkhkk*x
var $F0_Units;

var $F0_w;

var $F0_x;

var $F0 v;

var $F0_u;

var $F0_p;

var $F0_g;
//*********** Fl kkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkk*%
var $F1_Units;

var $F1 li;

var $F1 w;

var $F1 x;

var $F1 v;

var $F1 u;

var $F1 p;

var $F1 _q;

var $F1_zij;
//*********** F2 kkkkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkkhkkk*%
var $F2_Units;

var $F2 T;

var $F2_y;

var $F2_zji;

//***************************** InltlllseS'rMo kkhkkkkhkkhkhkkk*k

function INIT_STMOQ()
{
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}

//***************************** InltlllseS'er kkhkkkkkhkkhkhkkk*k

function INIT_STM1()

{
}

//**************************** InltlllseS'er kkhkkkhkhkkkkkkhkhkx*x

function INIT_STM2()

{
}

//******************************* Inltlallzey kkhkkkkkhkkkhkkhkkhkkhkkhkkhkkhkkkk*x
function INIT_Y_VECTOR()

{
}

//**************************** L2 Norm kkhkkkkhkkhkkhkkhkhkkhkhkhkhkkhkkhkkkhkkhkkk*%
function L2_Norm($aux)

{
}

//**************************** fl kkhkhkkkkhkhkhhhkhkhkhhkhkhhhkhhhhhkhhdhdkhdkhxxx%x

function f1($xq)

{
}

//**************************** vVec dlff kkkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkk*
function vec_diff($v1,$v2)

{
}

//**************************** Sa Stm FO*****************************
function Set_Stm_FO($I)

{
}

//**************************** Sa Stm Fl*****************************
function Set_Stm_F1($l)

{
}

//**************************** |nlt|a||Z€ Na kkhkhkkkkhkhkhkkhkkkhkhkhkkkhkhkhhkhkkxkkhkx*x

function InitializeNet1($m,$n,$m _z, $m_a, $m b, $m c, $m_d,
$m_e$m_h,$m vp,$m_diff,$m_zdiff)

{
}

//************************* |n|t|a||Z€ Bottom_ up khkkkhkhkhkkhkhkkkhkhkhhkhkhhkhkhhkkkkx%x

function INI_BU()

{
}

//************************* InltlallzeTOp_ Bottom kkkkkhkkhkkhkkhkhkkhkkhkhkhkkhkkkk*%x
function INI_TD()

{
}

//*************************** |n|t|||S€W€|ghtS kkkkkhkkkhkkhkkhkkhkkhkhkkkhkkhkkikkk*%
function InitializeWeights()

{
}
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//***************************** |nItI|ISE Naz kkkkkhkkhkkhkhkkhkhkkhkkhkkhkkhkkkhkkikkkk*
function InitializeNet2()

{
}

kkkkkhkkhkkhkkhkhkkhkkhkhkhkhkhkhkkkkk*x kkhkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkk*%
I Compute Reset node
function calc_resetnodes()

{
}

//****************************** Propagateto Fl kkhkkkkhkhkhkkkkhkkhkhkhkkkhkhkhkkkkkx%k

function Propagate to _F1()

{
}

//********************** Propagateto Fl khkkkkkhkkhkkhhkhkhkkhkkhkkhkkhkkhkkhkhkkhkkikkkx*%
function RW_Propagate to F1()

{
}

//**************************** Savewaghts kkhkkhkkkkhkhkhkhkhkkkhkhkhhkkhkhkhkhkhkkxkkdkx*x

function saveweights()

{
}

//**************************** Ioad Waghts kkhkkhkkkkhkhkhkhkhkkkhkhkhhkkhkhkhkhkhkkxkkhkx*x

function | cadwei ghts()

{
}

//*****************************Rung _Kutta****************************

function rung_kutta($i,$zz)

{
}

//***************************** update_ltm kkhkhkkkkhkhkhkkhkkkhkhkhhkkhkhkhkhkhkkkkkx%x

function update_Itm()

{
}

//*********************** Smulate Na kkkkkkhkkhkhkhhkhkhkhkkhkkhkkhkkhkkhkkhkhkkhkkkk*
function RW_SimulateNet($l)

}

}
>

ART2 ) 3804 Caia «(7-11) J<al

(Data Division) clibul) aud -2-2-11
F2 0 dih day ) ddal) B8 e Jy Jsaie (SWinner
Al &) e b t$zeta, $a, $b, $c, $d, $h, $e
Al ulual) Jale 1$Vp
T pa gl sale) Ales A8 Aad e Juy Jgaie 1$F
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ccunl dlee b saclue ¢ paie $acdiff, $zd_diff

zoA) WA 2 e Ju sl gl 0 Jsaie T SNO_WINNER
Jal e Jaall g latd daulie 28 alay adaind o1 A8 ) e AVl aadiieg
ol Llee b Jsaal)

FO dadal Jaad WA aae ) el Jsaie :$FO_Units

FOdak aw Jaal WA a8 o as gl ($FO_wW

FO dika 8 X Jaal LA o 55, ¢ e 1$FO_X

FO &ika 8V Jad LA a8 ) 3y ¢ e 1$FO v

FO &k U Jaa WA o o35 ¢ leii ($FO_U

FO sk 8 p Jaall WA o o 30 ¢ e ($FO_p

FO sk 8 g Jaal WA o o 30 ¢ e 1$FO_g

FLodadal Jaad WA aae ) el Jsaie ($FL Units

Flagh aw Jad WA a8 o as g s ($FL w

FLagk Jax Jaa WA a8 o s gl ($FL X

FLaakh av Jaal WA a8 o as plad ($FL v

FLaakh du Jad WA a8 o s g s ($FL U

Flagkh ap Jaad WA a8 o pled ($FL p

FLash 80 dadl WA a8 o 3 el 1$FL g

(Raskd - adaddl) a1 Algh 5803 Jis Al o) 55V ddsias ($FL Zif
F2 5 F1 ula 30 52 sl 5 45050

F2 skl Jaad WA aae ) el Jsaie ($F2 Units

F2 4k 850 g sall Al DA a8 0350 Jsaie ($F2_T

AN AN Al 38 J e (SF2 Y

(Aslawd) - Llall) a1 Al 5,800 Jua A o 58V dshas ($F2 Zji
F15 F2 fule 53 9a sall 4805

(Functions Division) <¥ial aud -3-2-11
rle (a5 ART2 4.4l [154] ga sall b dediiial) 1Al plasiad 3
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= Aglandl) adY) Alysha s SIA o) 35Y) 46 shiae Bigdl A0aN 038 aa3s (INI_BU

(sl
— ahal) a1 Al sk 5 SIAU () 551 Al ghea Rl DA 3 sasi (INI_TD
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T gl (gl auasll sale] Ales Agis 4 jhia
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Ay s

A s ad )y g ledll 4343 1INI_Y_VECTOR

Gl iy z oAl Jaall WA sy 4l @ il A4 InitializeNetl
il

5 INIT_STM1 5 INIT_STMO 4dull ciel Y e i :InitializeNet2
sasl g daddy Al 5 Jaal DA A5 Caagy INIT_STM2

FO Jaal Zadal a1 5 a5 SIAN Clual aads 1Set_Stm_FO

FL 2ol Zadal aaY) 5 yuad 5 SN laal aadius 1Set Stm_F1

F2 z A0 WA clllad Glaal aaaiid 1Set Stm_F2

Az illaal) 4al Cluad aais L2 Norm

F2 7 a0 dada L6 da)) ) 40a) sasl :Winner_Take All

I gld Glus 1Calc_resetnodes

— i Al Hasiuly alell Llalal) dilea) Clual aaiis tRUng_kutta
A ) A8 4l e (Rung-Kutta) b <

Vo Jaal Ll Glled Clus 3 il 1) 2 A (ilaald 1f1

.F1 & p 4é —lua :Propogate_to_F1

) Al sk s SIA Gl :Update [tm

ART2 ) dSud Jae 3lSlad aaaius :SimulateNet

comea ile B Z)i 5 ZI] o))V 8 shoae Laial 1SAVEWEIghtS
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3 SI3 JV Zji 5 Zij o5V 58 shas Jaesil (L OBdWeEIghtS

Fuzzy-Adaptive ) Fuzzy-ART2 ) 4sud daay -3-11
(Resonance Theory Programming
DA A A8l 25 Fuzzy-ARE2 4l daa s Jal (e

min_value:alal
Y 5 X Il
Ol satial Jaal) dad Gl 13
 poay) dag lgla Y
238 Jualis (8-11) JSal il Legin ) glaY odsaie Gule o & 1z il
LAl

Function min_value($x, $y)

if ($x<3By) return($x);
elsereturn (By);

o saie Gule el dad Claa Ala ((8-11) L
) JIEY) 8 e a LS ART2 s aalall elall ey Jians Liad 55 LS
.(11-11) 5 (10-11) , (9-11)

Set stm F2 44

(28—5) alaall 99 g GJ&J\ [EYEN C’_a\:ﬁ\aﬁ by ?}i’v :CJJIJ\

function Set_Stm_F2()
{
for ($)j=0;%j<$this->F2_Units;$jj++)
{
for ($ii=0;$ii<$this->F1_Units;$ii++)

$tji[$ii]=min_value($this->F1_p[$i],$this->F1 zij[$ii][$jj]);
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$this->F1 w[$ii]=$this->F1_zij[$ii][$jj];

}
$this->F2_TJI[$jj]=Sthis->L2_Norm($tji,$this->F1_Units)/($this-
>Alpha+$this->L2_Norm($this->F1_w,$this->F1_Units));

}
}

Set_stm_F2 als ((9-11) Jsa)

resetnodes 4l

T t\a.u | IV T |

Fuzzy-ART2 il sl sale) ddaa Jiay o3 1 ogladll Clusy ooy 1 i)
Adal s2a Ay (10-112) J<al o L(30-5) daleall (384

function resetnodes ()
for ($ii=0;$ii<$this->F1_Units;$ii++)

$tji[$ii]=$this->min_value($this->F1_p[$ii], $this->F1_zij[ii][$this->Winner]);
}
$this->r=%this->L2_Norm($tji,$this->F1_Units)/$this->L2_Norm($this->F1_p,$this-
>F1_Units);
}

.resetnodes a2 «(10-11) J<a

update [tm 4.l
ey Tl
LTM 2y alsh s SIA0 Gl 12
adall sacLall 5 ddajlel) 5 LU Jad 050 5 @lad) o550 O @A Al tg s Y)
s )
A U AN Zji 5 Zij oY) st lua J Al sda DA e 1zl
DA e3a (11-11) Ja) i L (31-5) dabadl 335 U3

function Fuzzy _update [tm()

{

$bu_diff_sum=0.0;
$td_diff_sum=0.0;
for($i=0;$i<$this->F1 Units;$i++)
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$old_zij[$i]=$this->F1_zij[$i][$this->Net->WinnerT];
$old_zji[$i]=$this->F2_zji[$this->Net->Winner][$i];
$this->F1_zij[$i][$this->Winner]=$this->Beta* $this->min_value($this-

>F1 p[$i],$this->F1_zij[$i][$this->Winner])+(1-$this->Beta)* $this->F1_zij[$i][$this-
>Winner];

$this->F2_zji[$this->Winner][$i]=$this->Beta* $this->min_value($this-

>F1 p[$i],$this->F2_zji[$this->Winner][$i])+(1-$this->Beta)* $this->F2_zji[$this-
>Winner][$i];

$bu_diff_sum+=fabs(* ($old_zij+$i)-$this->F1_zij[$i][$this->Winner]);
$td_diff_sum+=fabs(*($old_zji+$i)-$this->F2_zji[$this->Winner][$i]);

$bu_diff=$bu_diff_sum/$this->F1 Units;
$td_diff=$td_diff _sum/$this->F2_Units;
return (bu_diff+td_diff);

.update_Itm s «(11-11) J<a

Hidden Markov Model ) 4ddall Cigs le zilad 4o -4-11

(Programming
CHMM diiall -1-4-11

Gl e i Ygal s iaal oS e 3 et i dnan (12-11) JS& o

Al eyl

class CHMM

{

var $numStates,

var $M;

var $v;

var $pi;

var $a;

var $b;

var $newprob;

// kkkkkkkkhkkkkhkkhkk*%x FUI’]CtIOI’lS Of Ba.CkWard AIgorithm*****************
function beta($o, $hmm)

{

}
function backward($o, $hmm)

{

}

// kkhkkkkhkkkkkhkhkkkkkkx FUI’]CtIOI'\S Of Forwar-d AIgor-ithm******************
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function alpha($o, $hmm)
{

}

function forward($o, $hmm)

{
}

// kkkkkkkkhkkhkkkhkkkkkx FUI’]CtIOI’lS Of Vltabl Algorlthm kkhkkkkkkhkkhkkkkkkkk%x
function viterbi($o, $T)
{

}

// kkkkkkhkkhkkhkkhkkhkkik*k Functlons Of K_mwns kkkkkhkkhkkhkkkkhkkhkk*%x
function euclidDistance($0, $V, $dim)

}
function kmean($filename, $numOfState, $w, $hmm, $c)

{
}

// kkkkkkkkhkkhkkhkkikkik*k FUI’]CtIOI’lS Of Baum sth kkkkkhkkhkkkkkkhkkkk*%x
function gamma($i, $t, $alphatable, $betatable, $numOfState)
{

}
function X1($i, $j, $t, $alphatable, $betatable, $o, Shmm)

{
}

function baumwelsh($o, $hmm)

{

}
function save_A_B($aname,$hmm)

{
}

// kkkkkkkkkkhkkkk*k FUI’]CtIOI’lS Of Loadlng Input VG.‘IOI’S*****************
function load($filename, $hmm)

{
}

csiiall 8 jla 73 g Catuall dalall Al ((12-11) J<
(Data Division) clibul) aud -2-4-11
sl eVl s iSnumStates
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LAl ey 22 (M

Aldiaall el plad 1BV

cellaadld) ddtina Allaay) 48 siiae 1$b
VA JEsy) désias i$a

YA Sl a5 Bpi

(Functions Division) ¥iall aud -3-4-11

Beta :aa
| A S e 23 5ad i (O claadlal) Al g ladi 1y il
b claia¥) 4 siias tpla Y
il e Jlaia) 48 shiae cLi) 335k e b LA Jsaiall Clualz a0
(13-11) Ja W o ] Fagalldpallit el A0 AW AT ) t+1 Pl
AN s3a Juals

function beta($o, $hmm)

{

$T=sizeof ($0);

for($i = 0; $i<$hmm->numStates; $i++)
Sbetatable[$i]= array_fill(0, $T, 0);

/I initialization (time 0)
for($i = 0; $i<Shmm->numStates; $i++)
$betatabl e $i][$T-1] = 1;
// induction
for($t = $T-2; $t >=0; $t--) {
for($i = 0; $i < $hmm->numStates; $i++) {
$fromprob = 0;
for($j = 0; $j < Shmm->numStates; $j++)
{

$fromprob += ($betatable]$j][$t+1] * $hmm->a[$i][$j]* $hmm-
>b[$][$o[$t+1]]);

}
$betatablef$i][$t] =Sfromprob;
}

}
$hmm->printtable($betatable, $T, $hmm->numStates);
return $betatable;

}

b sl Jnial clua Ala ((13-11) J<al
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Backward :dll
| A S e 23 5ai i (O laadlal) Al g ladi 1y il
1 50 e Zllaia) Al tp s )
355 Ol e dudid alie) JlaaV) Cluay Al o3a o g 1ol
Al eda Jualds (14-11) IS8 G G 3

function backward($o, $hmm)

{
$T=sizeof ($0);
if($T<1) return(0);
for($i = 0; $i<$hmm->numStates; $i++)
Sbetatable[$i]= array_fill(0, $T, 0);
$betatable=beta($o, $hmm);
for($i = 0; $i<$hmm->numStates; $i++)
$prob+=$hmm->pi[$i]* Shmm->b[$i][$o[0]] * Sbetatabl e[ $i][$T];
return $prob;
}

forward :dya
| A S e 23 5ai i (O laadlal) Al g ladi 1y il
1 50 oo Adlaia) Aad tg s Y
z3s—ai s s Al e dudad alae V) JliaY) Cluny Al 28 o 5 17l
Al ol Jualss (15-11) Ja) o . <o S

function forward($o, $hmm)
{
$prob=0;
$T=sizeof ($0);
if($T<1) return(0);
for($i = 0; $i<$hmm->numStates; $i++)
$alphatable[$i]= array_fill(0, $T, 0);

$al phatable=$hmm->al pha($o, $hmm);

for($i = 0; $i<$hmm->numStates; $i++)
$prob+=$alphatable[$i][$T-1];
return $prob;

csa ) el Al ¢(15-11) Jsa
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Alpha 4
| A S e 23 5ad i (O laadlal) Al g ladi 1y il
A YY) 48 gheas 1l Y
i (i, ) DAl (e A stias o) Gk oo A el Jsaial) Cluaiz il
o3 Adlal O cillaadlal (e dlulis adinlyj el DA T Al 3 sl gl Jlaal
A oda Jualis (16-11) JSil (5 | a8l CasS jla 3 g plasindy s T el

function alpha($o, $hmm)

{
$T=sizeof ($0);
for($i = 0; $i<$hmm->numStates; $i++)
$alphatable[$i]= array_fill(0, $T, 0);
/I initialization (time 0)
for($i = 0; $i<$hmm->numStates; $i++)
{
$alphatable[0][$i] = Shmm->pi[$i] * $Shmm->b[$i][$o[0]];

{// induction
for($t = 1; $t < $T; $t++) {
for($j = 0; § < $hmm->numStates; $j++) {
$uptoprob = 0;
for($i = 0; $i < $hmm->numStates; $i++)

{
$uptoprob += ($alphatable[$i][$t-1] * Shmm->a[$i][$]);
}
$alphatabl €/ $j][$t] =$uptoprob* $hmm->b[$j][$o[$t]];
}
}
return $alphatable;

A el el A siias s 413 ¢(16-11) JSa

gamma 4y au
o) DA i Allall - 1y
et -
a & ghae -

b 4 jias -
il i e 7 3ga latiulig b ) P T Al 8 s sl Ll 2 lay)
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.0 cillasMd) ALl |
Aaxi Ll t eV Da i Allal) b aga gl Jlaial Cluss a0 o3 6 (LD
o s Jaalii (17-11) JS8 5.0 cllaadlal dluduy | daall GisS e 73503

Al

function gamma($i, $t, $alphatable, $betatable, $numOfState)
{

$denom=0;

$num=$al phatabl e[ $i][ $t] * Sbetatabl € $i][$t];

for($j=0; $<$numOfState; $j++)

{

$denom+=%al phatabl €] $j ][ $t] * $betatabl € $j][ $t];

}

return ($num/$denom);
}

Alaaiuy HMM 3 uopxll e DA asius gamma Ala ¢(17-11) Jsa)
.Baum-Welsh

X1 A
oesl DA Al - 1y pal
t+1 e DA j Al -

et -

A A jns -

b i ins -

O claadldl il -

I A G S e zisa -
e Da j Alal b oas) a5t el DA T A b asa sl i) tplaJY)
O cllaadld dlidug | Al oS jle 3 gad aladinly s 41
JAIAY 8 agagl st el DA T Alal 8 aga sl Jlaial ANl oda o s i Ll
GO cllaadlal) Aludus | ddall GogS e zdsat aladialyy 1 a3l Dla
A o3 Jualss (18-11) Jsil

function X1($i, §j, $t, $alphatable, $betatable, $o, Shmm)
{

$denom=0;
$num=$al phatabl €] $i][$t]* Shmm->a[ $i] [ $j]* Shmm-
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>b[$j][$o[ $t+1]]* $betatabl e[ $i][$t+1];
for($j=0; $j<$hmm->numStates; $j++)

{

$denom+=%al phatabl €[ $j]1[$t] * Sbetatabl € $j][$t];
}
return ($num/$denom);

}

Baum- oasius HMM 1 cuppoill dlee DA oo X1 alla ((18-11) Jsal
.Welch

BaumWelch :4la) sl

N

I s it S le zsai Ip Y
e 5 an Al Lo aladt Al oS e et iy ANl 638 a1 )
A o3a Jaalis (19-11) Ja o . cilaad)

function baumwel sh($o, $hmm)

{
$T=count($0);
for($i = 0; $i < $hmm->numStates; $i++)

{
$alphatable[$i] = array_fill(0, $T, 0);
Sbetatable[$i] = array_fill(0, $T, 0);
$newpi[$i]=0.0;
$newa[$i] = array_fill(0, $hmm->numStates, 0);
$newb[$i] = array_fill(0, $hmm->sigmaSize, 0);
}
$done=false;

while (!$done)

{
$al phatable=$hmm->al pha($o, $hmm);
$betatable=$hmm->beta($o, Shmm);
for($i=0; $i<$hmm->numStates; $i++)

$newpi[$i]=$hmm->gamma($i, 0, $alphatable, $hetatable, $hmm-
>numsStates);

for($i=0; $i<$hmm->numStates; $i++)
for($j=0; $<$hmm->numStates; $j++)
{
$sum_xi=0;
$sum_gamma=0;

for($t=0; $t<$T-1; $t++)
{
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$sum_xi+=$hmm->XI($i, §j, $t, $alphatable, $betatable, $o,
$hmmy;
$sum_gammat+=$hmm->gamma($i, $t, $al phatable, $betatable,

}
$newa] $i][$j]=Fsum_xi/$sum_gamma;

$hmm->numStates);

}
}
for($j=0; $j<Shmm->numStates; $j++)
{

for($k=0; $k<$hmm->sigmaSize; $k++)
{
$num=0;
$denom=0;
for($t=0; $t<$T; $t++)
{
$interdenom=$hmm->gamma($j, $t, $alphatable,
$betatable, $hmm->numStates);
if ($hmm->v[$k]==%0[$t])
$num+=S$interdenom;
$denom+=$interdenom;

}
$newb[$j][$k]=$num/$denom;
}

}

$oldprob=0;

$newprob=0;

for ($i=0; $i<$hmm->numStates; $i++)

$oldprob+=%al phatabl e[ $i][$T-1];
}
$newHmMm = new CHMM;
$newHmm->numStates=$hmm->numStates;
$newHmMmM->M=$hmm->M;
$newHmm->pi=$newpi;
$newHmMmM->a=%$newa;
$newHmMmM->b=%$newb;
$newprob=$hmm->forward($o,$newHmm);
if ($newprob>%$oldprob)

{
$hmm=$newHmm,;
}
else
$done=true;
}
}
return $hmm;
}

.Baum-Welch u al 4 ) 8 ¢(19-11) J<ad)
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K-means 4l
O Al L jh 0 S d e Cumy el Zadl 0350 3 Cald) aud 1yl
Sl zagad Vs 2ael N ectUaadlall
con ol Cala ) gha 2ae TW
callall G yie b aae Sl B o sy cchandlall Al Jsha i T
Lt oS e 3 et i
N P EON NS P YR POV BN
o) Lia ) Jaa Gl g J30) Bl ad e S iy Aal o3 o gk 1L
Al oda Jealss (20-11) J&) o (HMM

function kmean($filename, $numOfState, $w, $T, $hmm)
{

$in=fopen($filename,"r");
if($in)
{
[Iread data from the file
for($i = 0; $i < $w; $i++)
{
$linea=fgets($in);echo $lineg;
$trainingdata[ $i]=explode("|", $linea);
echo "<br>";

}

//sdect means randomnly

for ($i=0; $i<$numOfState; $i++)
{
$r=rand(0,$w-1);echo $r;
$meang $i]=$trainingdata] $r][1];echo " =".$meang[$i]." <br>";
}
$done=false;
$co=0;
while (!$done)
{
/I Classify training data
for($i=0; $i<dw; $i++)
{

for($j=0; $<$T; $j++)
{

Scurrent=$trainingdata[$i][$];

$min_dist=sgrt(($current-$means[0])* ($current-
$means[0]));

$class=0;

for($k=1; $k<$numOfState; $k++)
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$dis=sgrt(($current-
$meang[ $K])* ($current-Smeang $K]));

/lecho" dist=$dis 0000000
min_dist=$min_dist<br>";

if($dis<$min_dist)

$min_dist=$dis;
$class=$k;
}

}
$classification[$i][$j]=$class;echo
$classification[$i][$j]."\t";
$aux[$co]=3$classification[$i][$j];$co+=1;
}

echo "<br>";

/I Calculate the new means
$new_means = array_fill(0, 6, 0);
$count = array _fill(0, 6, 0);
for($i=0; $i<dw; $i++)

{

for($j=0; $<$T; $j++)
{

$new_meang| $classification]$i][$j]]+=$trainingdata[ $i][$i];
$count[$classification]$i][$i]]++;
}
}

print_r($new_means);echo "<br>";

echo "<pr>*******xxxxxxx%%New count”;print_r($count);
for($k=0; $k<$numOfState; $k++)

{

}

eChO "<bl’>****************NaN
means";print_r($new_means);
/I Calculate RM S error
$rmeans=0;$rnew_means=0;
for($k=1; $k  <$humOfState; $k++)
{

$new_means]$k]=$new_meang] $k]/Scount[$k];

$rmeans+=$meang] $k] * Smeans[ $K];
$rnew_means+=$new_means[$k]* $new_means[$K];

}
$rmeans=sgrt($rmeans/SnumOf State);
$rnew_means=sgrt($rnew_means/$numOf State);
$error=abs($rmeans-$rnew_means);echo "errr=".$error;
if($error<0.1) $done=true
else

{
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$means = array_fill(0, 6, 0);
$means=$new_means;
for($i=0; $i<dw; $i++)
{
$classification[$i]= array_fill(0, 5, 0);echo
"'zerooossss’;

}

Hiend of if
}
echo "<br>**** calculate p values <br>";
[[F**x%xx%xx%%%% Cregte new hmm called hmm with N states, M distinct symbols and
array Of SymbOISV kkkkkkhkkhhkhhkhhkhhkhkhkhkkhkkhkkhkkhkkhkkhhkkhkkhkhkhkhkhkkhkkhkkkkk,*x%
for ($i=0; $i<$numOfState; $i++)
{
$count=0;
for($j=0; $j<$w; $j++)
{

if ($classification[$j][0]==$i) { $count++; echo
$classification[$][0]."\n";}

}
{/lecho $count;

$p[$i]=$count/Sw;echo "$Scount//Sw=p[$i]=".Sp[$i]."<br>";
}H/end of for -Initials

echo "<br>**** calculate A values <br>";
//***************************** Calculate'rransatlons MaII’IX

khkkkhkkkhkkhkkhhkhhkhhkhkhkkhkkhkhkhkhkhhkhkhkhhkhhkhhkhhkhkhkhkkhkkhkkhkkhkhkhkhkhkhkhkhkkhkkhkkk,kk,*x%
for($i=0; $i<$numOfState; $i++)

{
$a[$i]= array_fill(0, 6, 0);

}

for ($i=0; $i<$numOfState; $i++)
for($j=0; $j<$numOfState; $j++)
{

$count=$total_count=0;
for($k=0; $k<Pw; $k++)
{

for($t=0; $t<$T-1; $t++)
{

if ($classification[$k][$t]==$i & &
$classification[$K][$t+1]==$j) $count++;

if ($classification[$k][$t]==$i)
$total_count++;

}

if ($classification[$k][$T-1]==$i)
$total_count++;
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}
$a[$i][$j]=$count/$total_count; echo
"i=%$i,j=$j,Scount//$total_count=".$a[$i][$j]."\t<br>";
}

}

$hmm->printtable($a, Shmm->numStates, Shmm->numStates);
//******************************* Calculate Bla% MatrIXS
khkkkkkkhkkhkkhhkhhkhhkhkkhkkhkhkhkhkkhkhkhkhkhhkhhkhhkhhkhkhkhkkhkhkhkkhkkhkhkhhkhkhkhkhkhkhkkhkkkhkkkk,*x*%

$v=array(0,1,2,3,4,5);$M =6;$found=fal se;$done=false;

$hmm->v=9%v;

/I$v=array_count_values($aux); print_r($v); echo count($v);

$count = array _fill(0, 6, 0);

for ($i=0; $i<$numOfState; $i++)

{
$total_count=0;
for($j=0; $i<$w; $j++)
{
for($t=0; $t<$T; $t++)
{
if ($classification[$][$t]==$i)
{
$o=%classification[$j][$t];echo
$classification[$j][$t];
if (in_array($o, $v)) {
$key = array_search($o,
$v);
$count[$key]++;
echo "key=".$key."-
>" $count[$key]."<br>";
}
$total_count++;
}
}

}
/lecho "total_count=".$total_count;
[lprint_r($count)."<br>";
for($k=0; $k<$M; $k++)
$b[ $i][$K]=$count[$k]/$total _count;
}

eChO u<br>*********** B|ases |\/|aII’iX ***************<br>u.

for ($i=0; $i<$numOfState; $i++)
{

$sum=0;

for($j=0; $j<$M; $j++)

$sum+=$h[$i][$i];

}
for($j=0; §<IM; $j++)
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So[$i][$]] /= sum;

}
$hmm->printtable($b, $hmm->numStates, $M);

$this->save A B("A.txt", "B.txt", $p,$a, $b,SnumOfState, $M );

$hmm->numStates=$numOf State;

$hmm->sigmaSize=$M;//echo "this->sigmaSize=$this->sigmaSize";
$hmm->pi=$p; //echo "<br>this->pi=";print_r($hmm->pi);
$hmm->a=%a;//echo "<br>this->a=";print_r($hmm->a);
$hmm->b=3$b;//echo "<br>this->b=";print_r($hmm->b);

return ($hmm);

K-means 4w ) sa s (20-11) J<al

Save A B 4y

I A Gl

ke o lgle Jpand 3 A P, A, B il siadl ¢y 5t Alall oda a6 1z 4l
AV o3a Jpalis (21-11) JSED ) sl GogS e 3 geil il

function save_A_B($aname,$hmm)
{//************* Cl’%tEfllESfOl’ A and B**************
$Avector=fopen($aname,"w");
if (!file_exists($aname))
{

fwrite($Avector);
fclose($Avector); }
//************* Sa.VeA and B kkkhkkkkkhkkhkkkhkkhkkhkkhkk*k
$Avector=fopen($aname,"a");
fwrite($Avector, $hmm->numStates."\n");
fwrite($Avector,Shmm->M."\n");
for ($i=0; $i<$hmm->numStates; $i++)
fwrite($Avector, $hmm->pi[$i]."\n");
for ($i=0; $i<$hmm->numStates; $i++)
for($j=0; $<$hmm->numStates; $j++)
fwrite($Avector, Shmm->a[$i][$]."\n");
for ($i=0; $i<$hmm->numStates; $i++)
for($j=0; §<$hmm->M; $j++)
fwrite($Bvector, Shmm->b[$i][$]."\n");
fclose($Avector); fclose($Bvector);

ccu,3) Adee aas HMM 23 sail 5l @ jia Ul Jads 20 (21-11) JSa
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Load :4lla) aul
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function |oad($filename, $hmm)

$in=fopen($filename,"r");
if($in) {
//************ r%d the numbe’ Of Sat&, M gze***********
$hmm->numStates=fgets($in);
$hmm->sigmaSize=fgets($in);
// read theinitial probabilities
for($i = 0; $i < $hmm->numStates; $i++)
$hmm->pi[$i]=fgets($in);
//*********** r%d thetranstlon pl’ObabllltleS kkkkkkkkkhkkkk*k
for($i = 0; $i < $hmm->numStates; $i++)
for($j = 0; $j < $hmm->numStates; $j++)
$hmm->a[$i][$j]=fgets($in);
// kkkkkkkkkk*k r%d the bIaS probab””]% kkkkkkhkkhkkhkkhkkhkkk*k
for($i = 0; $i < $hmm->numStates; $i++)
for($j = 0; $j < $Shmm->sigmaSize, $j++)
$hmm->b[$i][$]=Fgets($in);
$v=array(0,1,2,3,4,5);

$hmm->v=9%v;

fclose($in); [[¥**** close filgF******
}
else

echo "can not find file";
return $hmm;

HMM ) cld siine Jaaas dlla ¢(22-11) J<))

IWEBISE Tree ) IWEBISE alaill doaapll Bl -5-11
(Programming

] b iy Sl ey iuY) ge PHP ) 4al, IWEBISE AUl das j &
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IWEBISE
» admin » connections » wysiwyg
Desingning » languages > tree
L tests > images » chatty header_lang
» students »  help » forum Freecour ses
» teacher » CSS B Al iy S -
Glile (g g3 lalaa -
acp » HMM 2l Lgtina_n 3 B0a
Laal)
CreatZi| '—p NN i . A
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o ol Jggae iy ehols e sy lie 21 e (admin) slaal) s s
Al el o3a alga (1-11) Jsaal

(admin) aUaill Js5ee alae cilile o(1-11) Jsaa
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AE el duadell ) e daa Ciis dill addcategory.php
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il el o e Saaa dc gess  Adl) addgroup.php
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o i) GaluaY) 4

alaill yas a0 8L adduser.php
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Sl dgal I W) admincadre.php

alaill g gane il ol A adminmenu.php

gadedll & el Cilial e Ciia Cada deletecategory.php

O (e de sana Cida deletegroup.php

gal s dal Cada deletelanguages.php

Al Aol LYl e e Ciia cada deletesubcategory.php

LAl Chda deleteuser.php

e sana ity e e ) lls Jua inscription.php

Clall A lells coUsill sana Agals Al Adl) languages.php
.53 g gl

Lo i e le clla s ¢ lad) unsuscribe.php

naddl @il Gl e i e glae aaas updatecategory.php

U] (e Lo de semay Faald il glaa uaat updategroup.php

e dgal g dad Cuaas updatelanguages.php

e i) Gl e e b e Clasbie Cyaal updatesubcategory.php
el il jial

PRECNPRLIN updateuser.php

Ledle Cplaaaall agd ) e e (DU (e daild el viewsuscribedstudents.php

O] AailE el viewusers.php

(Designer Folder) <, sl asaa alas -2-5-11

Aol aaae Ciillag eloly mews Laey ik 31 Lo (designing) s & 5
mracly et dme il O Jlo (gginy (feSt) oeas llaay o(2-11 Jpaa)
(3-11 Jsaa) dslasial) ALY
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g

Cilall aud

Al aliall ae doe il aalial) Loy

addattach con_subconl.php

Glginall A8 el (alsd (5 gine Ail) addconceptcontenu.php
anlid) Gbind L) 3 L ddiad) Al
dae Al Al Al

Mo et Cangd 3l aaalaadl 5 ) <l ol ) addconceptsl.php

cmbd il o sede dili) Addconcepts2.php

e s el Ay A ) s adad Cias A3l agdlol.php
el Gl Al

AE mje s e el agede dil) addsubconcept2.php
L)y s e il palidl

s et e ddl) addsubject.php

Lo pseiar o aseie Jay ) 3]

deleteattach_con_subcon.php

csmbadl a sgia Cada deleteconcept.php

Mo asgial el (s gine Cada deletecontenu.php
coanlal Caaa Cada deletelo.php

ol Cana um ash Al deletelo_areyousure.php
" caalxd ) jia Cada deletesub.php

Lot ) jie Cadal 2l Al

deletesub_areyousure.php

deletesubconcept.php

JS Adaiy e pend Leadedl ol jidl el
L) e

designer_tree.php

e Lo il dpadeil Calaa§L AailE el

learning_objectivs.php

el o g 53 5 Jsend

loadlearningunits.php

e Lo i b Basase el i) AS L

Al ) e

sharinglo.php
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L asae Aalal el ey jadl 55y )

tree_contenu.php

aadd) Agal gl ot N aY)

tree_frame.php

el st o ggie e slaa Caaad updateconcept.php

Lo o sgiar pald adlad (5 sine il shea Cuaas updatecontenu.php
el Caan il slae dpans updatelo.php

L oaalxd ) jia il slaa Cuaal updatesub.php

Sy u,-du o seia o slaa Cyani Updatesubconcepts2.php

viewcontenu.php

sadadl) @il clioal e g

viewsubject_descriptions.php

DRl lile Jarial aadtiin adsall (e ala S

.bﬁ.lm:!i\s

CreateZipFile.php
(http://www.phpclasses.org)

ZIip cale A adaiiay ) ad)

zipscript.php

.SCORM J\,}M éﬁ} JJM\ ﬁ.l.\aﬂ <Y

exportfunctions.php

(test) Lulaia¥) ALY araai alae cilile (3-11) Jsaa

g

Cilall au

USPIVIN IS RV PN E Ny R LN

delete_exe _con.php

Lo e Cings Gali Jgu Cida

delete_exe lo.php

Lo o onilel sedas pali Jgu Cida

delete_exe subcon.php

il age s bl adlsd asgidd g Al
Ll dal e 40 Al AL

exce-con.php

AL Al (mgey alsd Chagd e Al
A dal e o dalal)

exce-lo.php

B [aye s o 8 alsd asgdad e A8l
Ll dal e 40 Al AL

exce_subcon.php

Mo b ala o sgday (ald e dgans

update_exe con.php

Lo addat Cangr Gali J g yaas

update_exe lo.php

Lo e b el o sgder ald Jgae o

update_exe subcon.php
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(Student Folder) cllall alas -3-5-11
el Ay sy U e Lisa s ile 26 e (Student) slad s sa
il o Jyaldi (4-11) Jsaadl e cledle Jamall dgaiell

.(student) sl alae clala (4-11) Jsaa

g cilal) and
Lol aled o seied Lass adell 5 siadll el | Bd@ptiveconceptcontenu.ph
P
A Ay phay R el oty ) adaptive-frame.php
LmS.a sl day 3 el adaptivetree.php

s Al Lo ol 2 seial el (s il (m e
.:\—\SJS-’. ¥

. .

conceptcontenu.php

cmbadd i sgial catladll (5 ginall el

conceptcontenu_pre.php

Lall 4 bl el agiey Laldll gl da
&Sl

excercising.php

s hall L el G dalal okl Ja
sl

exelo.php

Al hail 8 L aidat Cags alad okl Ja

exercisinglo.php

Lol 8 L o aile seber daldl oplall Ja
sl

exercisingsucon.php

Lall b4l o f oalad ageba aldl) cplall s

exesubcon.php

lede Jasal aadedl i) pen (558 daia
S RS By Al dafie ki b s oL

Aaale

firstpage.php

il s dadie () by Levie daical oda el
A A e 53 s S By i
G dsadl (i plaiey) CulG la QY A

sl

firsttimepage.php
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o daa QY Al Gald Jas 8L

L earningStylesQuestionnair

’ e.php

et gy Aaldl due i) Auadedll aalidl (g lo.php
Lo

A e Ay ey jiall gl ) noadaptive-frame.php

AAKE e yiall day i el noadaptivetree.php

5 haall b L aseher Galdl saed) laiel) sl posttest.php
sl

hall 4 Loasehe galdl gaadl glaidy) as posttesting.php
sl

Lo atla o seial o) Cllsial) aalie; 4ails im je prerequi.php

Sl ) & L) latieV) s pretesting.php

PR P [ BN I N U IVEN

pretesting_results.php

(A e baaill 8 Ll Glanal) s

pretestingl.php

c= A psedal adlxill (5 fina (e

subcon_contenu.php

B aa Jid 0kl Jas Capaas

updateL earningStylesQuesti
onnaire.php

O sl pedd clal) Gl zipa duass

.(JJE.A\ ;\)’;j (we

updatestudentmodel.php

(Teacher Folder) alaall alaa -4-5-11
A ae) il 5l laall e duma y Clile 10 e (teacher) sl (s s
G S 3ke s (ACP) Aae o s simgy DUl Aud 0 s a4l ) jaal
plaall yelay a5 Javascript Zals (http://www.codetale.com) aésall (e Jals

JSs Aalal s Adliaall G il sae) il ddbide o) LAl 4l ey o)1 (e )
cclilal) o3 (5-11) Jsandl 7k . ke
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.(teacher) alaal) alae clile ¢(5-11) Jsas

g cilal) and
s e @ il addrules.php

g il B Cada deleterules.php

callall cula) 8V LGB i e prediction.php
celaad) dgal o s ) teachcadre.php

ERPOACH P W

teachmenu.php

el el i s e g 8 traces.php

Ao g il ae) @l Cuaas updaterules.php

e S5 alae JS (385 Ay s i) ac) il A i ge viewrulesbyteacher.php
AUl Al J8Y) A0 5 ae) @) e viewstandards.php

e (5 Aalal) dualel i) e

viewsubjects.php

(CSSFolder) CSS = alaw -5-5-11
Cligus (335 Gl 5 oLy Laladl (Style.css) Llal) 45 Slo alaall 13 (5 5n

JWEBISE xaal) oUai)) cilsdia

(HMM Folder) HMM —) alas -6-5-11
(4-11) 5550 d A il HMM 3 dua ) s

(NN Folder) NN =) alawe -7-5-11
Laldll YAl s g 5a0 N (fuzzyART2.php) ke e (NN) alaal) (5 9a
(311 52-11) & jadl) L da il s Fuzzy-ART2 ) s ) sia

(Connection Folder ) Jua®) alas -8-5-11
pdda aul yaatl aadiey (cONN.php) 2l ale e (connections) alaall s s
saclsy Jlai¥) Cargr by oy ye AalSy cariinall and y el saeli s Juail
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(Images Folder) jsall Alas -9-5-11
Al Hsay jseys bl Aalal clild) auea e (iMages) sl s s

(Languages Folder) «iall) alaa -10-5-11

a) as dlgila) B ) Hlal) clad cilde e (languages) alsad s sa
Al 5 «(Spanish.php) asbwy! s «(English.php) 4505591 5 «(Arabic.php)
.(French.php)

(Help Folder) sasluwall alae -11-5-11
i) aaadl saclue Cila s callall 3aclis Cale e (help) alaad) s 5

(Editor Folder) jjaall alaa -12-5-11

Al (http://Koivi.com) adsall (1o jala S e (WySiWyQ) adad) s ony
pannal zanss s HTML Glaiin s st 33583 30 JledsY a2y (PHP
ALYy 4 il daledl) aaliad) (e o sgie JS Aalal ciladial) areiy @l jial
Lad ey

(Tree Folder) 5 jaddl alas -13-5-11

28 5l (e BN G S e (tree) Alaal S
dday A ek axding s Javascript ) 4xl (http://www.destroydrop.com)
saddedll & i)

(Chat Folder) dislaall alawa -14-5-11

a ) dxd e als cwm e e (chatting)  asdd s
Dl ey aadiin s PHP ) asly (http://www.olivo.net/software/chatty
il dalall
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(Forum Folder) aiiall atas -15-5-11

a ) adsd e Al cw e e (forum) sl gy
aldail) saiie dead i gl aadiin o PHP ) sl (http://www.phpbb.com

(Index File) index = il -16-5-11
Dsoal LS5 Jaal and Jaal axiiedd] e a5 alaill sl dadia Jiey il
Aga) i Aad apaan

(Error File) error = «ala -17-5-11
Al 550 Al Jsio and aatied) Jiy e Wt Al ) i e Gadis

(Header Language L anguage) header lang = il -17-5-11
Ly Jad aadied) ciliia Jais Caags dmaal) Clild) apend du s € iy Cile
allal) deal )

(Free coursesFile) freecourses = il -18-5-11
clae U (DUl 8 (e Lendoa & sansall @) jially 4l (i yat dniia
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(Conclusion) daMal

) Ay 8 deadiad) Iy GLaY) e de gena Ge ali b a0 5
fasdinadl y PHP U &l Jasiuls HMM 5 Fuzzy-ART2 5 ART2 5 BAM
25 LS o iall aaks lee DA AlEiad) 49 ki sl 5 LY G lee Andar s
o STy alaa 17 e a3y IWEBISE aall oUaill dsa il 3 sl 7
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(Introduction) 4asial)

a5 Jal e IWEBISE Al e el e Jia¥) e dlde deadll 138 248
& sinsa e o Jal 35 Cua cal s sa el Calaal) BEad b dalaig 4ilels aa g 49
e el (5 s oy s paai s daled Gl jie U Bayk e el aaas
AR5 0l A4y jlay el o2a pladiul (3 )k

ARIS 24 500y) ARl ae) @ aaledl adeil) ) jaal ol el deadll 138 (o ey Aol i
U8 (e 452 Hlee (pulaay (5 sbse Chamy 5 (a5 ¢kt JaS [115 (1] el
aaly s ae il Gllee i A0S Ciuay LS ((pasas 3ac ¢ a5 acas
;ﬁl‘&dﬁiﬁ‘ﬂ}h}%ﬁ’w} palbady (B e pay gald S
ad i) Cangy SCORM bl (5 oo 550 Jlial a1yl ale <
NP URATF RIS

Aa1S 4 50Ky ALY ao) 6B agtadl pagdatl) R Rkl JUa -1-12
Example Application: Teaching English Grammar ) 4ial
(as Foreign Language Course

A1 4 I Aal) sel el adail) ) jiall Aluadil) Al G Gald) (s
Cm s anl 5y et laa e I e il 13a Cally [179 178 (1] sl
o Lo 5253 sl DAl 31085 5 Camy clie i Lasgde (e 5 Lol Lo see
Y13 (135) Logie prdie 5 ¥l 3u 278 oLt 55 LS . i) Cilliall aalia Pla
Ea gl (LAt (110) 5 ke da P (134) 5 Ll olaia¥) Pla
V150 (29) 5 el A Slaia¥) A Gube (15850) 1S jide Y15 (28) 235
S jitie Y3e (29) Lind an sy ccsnmdl glaie¥ly Ll lase¥) alisd ule S
Agilatey) Al g okl e
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Educational Course Production ) —ael=ill Al gl jLas) -1-1-12
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28l 5 aanas I Yo glae) 2555 (e o oadeill el zlgiall dbad 83 e pung 5
JWEBISE alail alasiuls Lllas) dal e o O] H e

(Results and Discussions) 4délia g pilil -1-1-1-12
sl Gulaay (5 sbe o a0 (A5 (1-12) Joaall J padli Al il il ]
S a5 aaas J8 e allsd ) e
sac g aaly aaae J8 e el apenad 235 Gale 25 lae ((1-12) Jsaal

Cbaaiaa Bas a9 aaaa Jaral)
i Lo A5l el w8 | dal e W) pes psaadll Gl s
il Alee B ab 53 pe (e ) Las | pesan Rl d) ) A U | aea
oAl paa e (ailed paa o A8 ja PR
To—e (Dga (udiga (pga)
(329l (3820 Baaria Jailig
A sy P el deend B | At isy@ DA i deaai | el
Deid e ea | el 554 (e ) B ALk
O
sala s eV o BY S| a6 sine Juead B | 5 5 e
25 08 s Dl i DL i E 0S| e
e Jeld @y (DU
e Clajie ) Siy Mokt 3] JSE S aalde JAY) B[ aal
o) Ll ol e cosgiall il | 55 Sy el oy bl | il

L )y a3l a5 pae 5 L)
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i A ) A cay | AR R e Ag JAN B[ s,e d
GO AY A il , gl S jaal

el a5 gie (Guay IWBEISE aaall Alaill 5l zlisud oS Giladl Jsaall
o m,d\ Gl A58k oLy e s 5 (Collaborative  Design) (- slasll
gl (8 e P agadl s gl agd s Las (b pauai s LS jliia 5 Lol (naaaall

Aalid) Taadadl agd ) jie

A ial A0S A 5Ky) Al ae) g8 addad ) jha Al daglie Lud) -2-1-12
(Teaching English as a Foreign L anguage cour se)
ol )yl (saaly aland o Levie ) e (gl Al o el allall sl
o slrally Jomas AW 3 Ll (Lo Bayk oo Al pllail) Jgse Jany -
Al e dalSy Jsa and paat g dualell 5 dad i)
b e ki (S ity Jpnniill 5 leind ey bl il adiiny -
A e Al Jlu ) 5 Al Jerdy allail) Jgame o 58y (S kel Al 2
A il a3 ladd (1-12) JSE oa e

(AL

NLEREN JLL Jaadd BJLA:L\.\A‘ c(l—lZ)dS.uJ\
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Following-up Student A ) (1) ateal aa () S5 il daglia ~1-2-1-12
(with Tutor A

Loy Ly cpitds Janws s 35 DA il 3 L3y il Ao (1) il
piy g Lo pdial) g ) gl 5 (V) ki Giiuds (PA el @l el (e A
[(2-8) Usaall b G sl A5 i) e il () aledl)

L) Adal)

3G B ) L 5 il 5 L) Slaiel) Jlaii s e J U Jsks xie
sverbtobe ) cp—eled Gds & oo Adlse (2-12 JSAN) ) e 3l 4l Gyl
Numbers 1- s Verb to be-Positive form ) cp ol (e s ¢ia s (Numbers
o Az el Clplanal) (385 Apaayd) ClaiaY) a5 agind 3 allall 134 458 (10

(2-12) Jsaal

A

(1) Ul daa) 58y ad) 5 e ((2-12) S

L. e e H‘ 5
A Be) 8 ()| daml | L. o .
= ’ AshalAl) w\
5 364 484 0 4 1
1 823 221 1 2 5
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A pea o Glaly 406 364 DA (1) cadleil) o sgial) Al o o6 Q&
Y slas (5) —s A6 (484) o8 (10 3 saa S8 (s2nl) GlatiaY)
(2-5-7) 55l 3dy Gl ) Jsnall 20 ) Aallaal) Gudaiy U3 aay WU o i
i) AN JEY) b ghiadl AV 038wy asis (3-12) Jsaall e Jgaall
) 2 aat Cangs Ll sl e DA Lgle Jsaand & 3 Fuzzy-ART2
Gkl Al ) j8e 3l a pad elld 22y, (4-12 Js0a) Qllall 5aaall 4 el

(3-12) Jal 8 e g WS (2-8) Jsan plaad) Jd (e 323sal) Ay g 5l 2 58l

csh ) el il Bkt aey (1) llall ) jaal) 5 jas o(3-12)J<a

A ) dadled) any Ul clica dadl ((3-12) Jsaad)

e il Cral ) s s —t
= g | SO ey | dey sl
o . e = 5> =5
N staal A | ) ’
o sgdall adbldl) | dasaal)
24332 | 0.005834 | 0424737 | 0564761 | 0 | 0004667 | 1
44054 | 0.000954 | 0.785305 | 0.210878 | 0.000954 | 0.001908 | 5

A waail Fuzzy-ART2 due 3 sall clesiu¥) dulee cila jia ((4-12) Jsaal
LAl 3aaal) b jadl

Aal | Jbes | T2aa | 3 | by | cima | dima | by
4 pal) la | asgdal
= (3) | 000I71 | 0.000134 | 0.025410 | 0.000230 | 0.00450 | 0.000120 | 1
1o, (2) | 0.000015 | 0.000987 | 0.000450 | 0.004325 | 0.003450 | 0.000980 | 5
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Adall o) (8 Tl aslaal (1) Callall 48 jedl Qs ((5-12) Jsaal

RPN
sl |8, | M Ual | aseidl 3, |
By | aseidl | cang) e | el | i
il | sl el
Jaa S 15 \Y 3 iae 01 |
Jas S 16 \Y 3 liae 02 |
s 17 \4 5 Jliae 03 |
i 18 \ 5 ice 04 |
Jaa 19 VII 5 Vice 05 ]
o gie 20 VII 5 Vice 06 ]
i 21 VII 5 Vice 07 ]
ey 22 VII 5 Vice 08 ]
s 23 VIII 5 ice 09 [
s 24 VIII Jas s 10 [
s 25 VIII i 11 1l
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a5 Aalad) Al 8 (1) Qllall il 5 sl ¢(4-12) Jsal
sl il (A ol (e 4880 90y pdiadl 5 Aalall Adad) 3 Calldall (3 yiciu
Bl (6-12) Jsnall o Say A DU Lned) LAY ] a g Ll Luader
o2gd Ay puiill Alee il (7-12) Jsand) Ledn LeS dndadl oda A il 1as Jelis

Cosiad) 5 Apalad) Audad) 8 alels P (1) el el (6-12)J saad)

-

X s s a— 8,
e BeI R )| Al |, .
. . 45 45 pogial
e gaal) | asghall | Al | )
4ikldl) Aasaal)

9 1712 170 3 3 10

1 877 151 6 1 11

8 381 466 5 0 12

0 1266 190 1 6 14

3 1386 75 5 1 15

1 1598 94 6 8 16

5 719 352 0 4 17

3 1167 283 3 0 18

8 1354 62 2 2 19

0 1647 379 1 5 20

5 885 276 5 4 21
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6 222 392 13 2 22
1 1006 141 0 10 23
5 383 9 2 1 24
8 842 361 6 9 25
5 1605 275 5 7 26
8 291 180 3 6 27
3 211 316 8 4 28
3 401 494 6 6 29
3 83 387 5 10 30
9 212 164 3 32
9 913 583 1 35
5 1462 543 2 38
4 586 116 0 15 39
8 673 486 4 5 40

o aeile el dlee Gl aay Lkl Dla ((7-12) Jsoal

(6-12) Jsaad

‘va e KT H’

= *UTJ* S I R ; Ja

cvgany | | gy | | e ot

o s¢al) LblAY | dagaaal

0.004744 | 0.902478 | 0.089615 | 0.001581 | 0.001581 10
0.000965 | 0.846525 | 0.145753 | 0.005792 | 0.000965 11
0.009302 | 0.443023 | 0.54186 | 0.005814 0 12
0| 0.865345| 0.12987 | 0.000684 | 0.004101 14
0.002041 | 0.942857 | 0.05102 | 0.003401 | 0.00068 15
0.000586 | 0.936145 | 0.055067 | 0.003515 | 0.004687 16
0.00463 | 0.665741 | 0.325926 0| 0.003704 17
0.00206 | 0.801511 | 0.194368 | 0.00206 0 18
0.005602 | 0.948179 | 0.043417 | 0.001401 | 0.001401 19
0| 0.810531 | 0.186516 | 0.000492 | 0.002461 20
0.004255 | 0.753191 | 0.234894 | 0.004255 | 0.003404 21
0.009449 | 0.349606 | 0.617323 | 0.020472 | 0.00315 22
0.000864 | 0.868739 | 0.121762 0| 0.008636 23
0.0125 0.9575 0.0225 0.005 0.0025 24
0.006525 | 0.686786 | 0.294454 | 0.004894 | 0.007341 25
0.002636 | 0.846073 | 0.144966 | 0.002636 | 0.00369 26
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0.016393 | 0.596311 | 0.368852 | 0.006148 | 0.012295 27
0.005535 | 0.389299 | 0.583026 | 0.01476 | 0.00738 28
0.003297 | 0.440659 | 0.542857 | 0.006593 | 0.006593 29
0.006148 | 0.170082 | 0.793033 | 0.010246 | 0.020492 30
0.022727 | 0.535354 | 0.414141 | 0.007576 | 0.020202 32
0.005952 | 0.603836 | 0.385582 | 0.000661 | 0.003968 35
0.002476 | 0.724121 | 0.268945 | 0.000991 | 0.003467 38
0.005548 | 0.81276 | 0.160888 0| 0.020804 39
0.006803 | 0.572279 | 0.413265 | 0.003401 | 0.004252 40
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ol | et el
5 e 19 VII 5 e 01 |
s 20 VII 5 e 02 |
sam 21 VII : Jias 03 |
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5 e 24 | VI 5 e 06 I
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Summary




The last two decades have testified the massive and considerable
development of information, computer and communication
technologies. New techniques have emerged to convert the world in a
small town, where its habitants in the east and the west can easily
communicate with each others, as if they were living in the same
neighborhood. Education has exploited these developments with the
objectives to improve the way students, teachers and organizations
exchange information and knowledge.

Traditional educational systems (just-put-it-on-the-web) make the
course content available from a set of links that lead to different web
pages, ignoring the student's background and knowledge acquired
during his’lher navigation within the course. This sometimes leads to
students getting lost in the course hyperspace without achieving the
learning objectives. Adaptive and intelligent web-based educational
systems (AIWBES) are considered a good solution to this problem.
Adaptive systems provide personalization of contents and links for
different types of students and groups, while intelligent systems refers
to the application of artificial intelligence (Al) techniques to provide
broader and better support to the users of web based educational
systems. AIWBESs are the result of the intersection of the Adaptive
Hypermedia System (AHS) and Intelligent and Tutoring Systems
(ITS). Some of their features are: Navigation Adaptation: It helps the
student in hyperspace orientation and navigation by changing the
appearance of visible links. This is done by link sorting, link hiding,
direct guidance, annotation or mapping. Examples. ActiveMath,
ELM-ART, KBS-Hyperbook, MLTutor and TANGOW. Presentation
Adaptation: It adapts the content presented in each hypermedia page
to student goals, knowledge and other information stored in the
student model. Examples: ActiveMath, ELM-ART and TANGOW.
Curriculum Sequencing: It helps the student to find the optimal path
through the learning materials; ELM-ART, SQL-TUTOR and
TANGOW are good examples of this method. Intelligent Solution
Analysis: It tells the student his’her missing or incorrect piece of
knowledge. Examples. ELM-ART, SQL-TUTOR, TANGOW and
WITS. Problem Solving Support: It provides the student with
intelligent help on each step of problem solving from giving a hint to
executing the next step. Examples: ADIS and AlgeBrain.

Student models are considered the core of any AIWBES. They
represent system's beliefs about the student's knowledge, interests and
goals and they are constantly updated in accordance with the student



knowledge acquisition process. They can be classified according to a
number of factors, ranging from how they are generated to their
content, and also to their application. Overlays are considered the
most common type of student models. They focus on modeling the
student's domain knowledge as a subset of a teacher's domain
knowledge. This means that the domain is decomposed into a set of
elements and the overly is simply a set of masteries over these
elements.

Machine learning is the subfield of artificial intelligence that is
concerned with the design and development of algorithms that allow
computers to improve their performance over time based on data
Theses algorithms are used widely in education at a distance with
objective to incorporate the concept of “adaptation” in current domain
knowledge level of the student, content presentation, problem solving
and in tutoring and communication with the student. The diversity of
student's profile, background, preferences and skills about learning
content are stored and updated constantly in student model. Neural
networks (NN) and hidden Markov Model (HMM) are good examples
of such algorithms and which are used in this research.

Artificial neural networks are considered as information processing
systems that have certain performance characteristics in common with
biological neural network. They consist of many interconnected
neurons with familiar characteristics, such as inputs, Synapses,
weights, activation and outputs. Artificial neural network training
methods can be identified as supervised and unsupervised learning; a
target output pattern is associated with each training input pattern. On
the other hand, during unsupervised learning the input pattern is only
presented to the network. Bidirectional Associative Memory (BAM)
Is used and it is considered as a good example for supervised training,
while Adaptive Resonance Theory (ART) and Fuzzy-ART2 are
admirable models for unsupervised training.

Bidirectional associative memory (BAM) is a supervised neural
network which is able to memorize binary, bipolar or continuous
patterns with two-way retrieval capabilities. It is essentially used in
the field of patterns recognition.

It consists of two layers of neurons arranged in X layer and Y layer,
connected by bidirectional weighted connection paths. Its essential
function is to store and retrieve pattern pairs. m and n denote number
of neuronsin X layer and Y layer respectively. Both layers serve as
both input and output units depending on the direction of propagation.



Adaptive Resonance Theory (ART?2) neural network is introduced as a
theory of human cognitive information processing. It is an
unsupervised neural network that based on competitive learning finds
categories autonomously and learns new categories if needed. It is
developed to overcome the problems of instability of feedforward
systems, particularly the stability-plasticity dilemma.

The heart of ART2 network consists of two parts; the attentional
subsystem and the orienting subsystem.

Where | is the input vector. p, g, u, v, w and X represent STM
activities of FO and F1 nodes. y is the STM activity of F2 node. Zij
and Zji denote the bottom-up and top-down LTM adaptive filter
respectively, and f(x) is a nonlinear function. The attentional
subsystem is composed of three fields;, two feature representation
fields FO and F1 that include several processing levels and a category
representation field F2 where competitive learning takes place. The
combination of contrast enhancement, noise suppression,
normalisation, and pattern matching is produced in FO and F1. The
two fields F1 and F2 are linked by bottom-up and top-down
connections called adaptive filters or Long Term Memory (LTM).
The orienting subsystem measures the degree of match between the
bottom-up input pattern and top-down template pattern. It also helps
guide the attentional subsystem in its search for a new category.

Fuzzy Adaptive Resonance Theory (Fuzzy-ART?2) is a self-organizing
neural network topology with dynamics based on Adaptive Resonance
Theory (ART).

Neural networks are widely used in constructing AIWBES, Multi
Layered Perceptron (MLP) is used within the KnowledgeClass system
to find the best educational units which match the student's knowledge
status, while Backpropagation neural network can predict future
students' actions and reactions.

HMM is a probabilistic model used to align and analyze sequence
datasets by generalization from a sequence profile. It is commonly
used in speech recognition and its applications have been spreading
steadily to other fields that include, e.g. communications,
computational biology and e-learning systems.

Many educational systems use HMM. It is implemented In WELS
(Web-Based English Learning System) to classify students in two
groups (novice and advanced) with the objective to offer adaptive
course for each group. IMMEX (Interactive Multi-Media Exercises)



utilizes HMM to model students' learning trgjectories and to predict
thelir future strategies.

HMM is extensively applied in predication applications. It is
implemented in MANIC (Multimedia Asynchrously Networked
Individualized Courseware) to prefetch lecture notes by predicting
future browsing actions of specific users.

IWEBISE (Intelligent Web-Based Interactive System for
Education)

IWEBISE is a new system introduced in this research for building
Adaptive and Intelligent Web-Based Educational Systems (AIWBES).
These educational systems apply:

- Navigation Adaptation technique by sorting or hiding links in a
Page.

- Presentation Adaptation by applying page variants concept
which links different types (Low, medium and high) of an
educational content page according to students' knowledge
status. It is aso applied by ordering different parts (content,
examples, exercises, post-test and conclusion) of a content page
depending on students' learning styles.

- Curriculum sequencing by predicting next students' actions, this
means the next future concepts will be visited by the student.

IWEBISE also uses a relational database for representing any course
knowledge. An opened and overlay student model is utilized to store
students' personal information and their knowledge level regarding
course content.

The originality of thisthesisis based on:

1. The discover and the use of a new neural network
architecture called hierarchical HBAM for modeling domain
knowledge of a course. This new network can be employed
in many other fields such as: pattern recognition.

2. The use of a new hybrid algorithm using a neural network
(Fuzzy-ART2) and a statistical method (HMM) in modeling
student's knowledge.

3. The comparison of many machine learning algorithms such
as. FBAM, ART2, Fuzzy-ART2 and a hybrid structure
Fuzzy-ART2/HMM, which are used for categorizing
students' thinking and reasoning into six levels; very weak,
weak, fair, good, very good and excellent.




4. The use of HMM to predict the next concept, based on the
history of concepts, visited by a certain student navigating
within the course;

5. Discovering Higher Institute of Languages (University of
Aleppo) students' learning styles in learning a language.
Thisis done by using Felder and Silverman model.

6. The comparison of the new system IWEBISE with others
adaptive and intelligent educational systems.

7. The ability of the new system IWEBISE to export and
package courses according to SCORM standard with the
objective to reuse them within others educational platforms
such as: MOODLE.

8. The construction and implementation of a new intelligent
and adaptive web-based educational system for teaching
English grammar.

This thesis is organized into thirteen chapters as follows:

Chapter |: This chapter explains the methodology employed in this
research to obtain an intelligent and adaptive system with high
performance in creating on-line courses with content adapted and
tallored to students' learning style and knowledge status. It also
details the main and secondary objectives, the feasibility study,
research questions, requirements, limitations and importance.

The other twelve chapters are distributed in three parts;

Part | (Theoretical Framework): This part exhibits the research
theoretical framework and it consists of four chapters:

Chapter 1l (Artificial Intelligence, Learning, Teaching and
Instruction): This chapter focuses on the definition of artificial
intelligence, teaching, learning, instruction, learning/instruction
theories and how they are used together to produce intelligent
educational systems.

Learning theories focuses on how knowledge is organized in learner
mind and it could be sequential, spiral or pyramid. Instructional
theories explain different strategies used by teachers to display course
content. There are three main categories or philosophical frameworks
under which learning and instructional theories fall: behaviorism,
cognitivism, and constructivism. Constructivism is used in our new
system IWEBISE for building adaptive and intelligent web-based
educational courses. Ausubel’s concepts Maps are utilized for
tailoring course content and Piageat’s learning cycle is also employed




with the objective to provide students an exploratory environment
which supports intelligent self learning.

This chapter also focuses on students' learning style models and
presents some kind of them, but it concentrates on Felder and
Silverman model. As well E-learning standards are explained,
especially SCORM and its components. At the end of this chapter
different levels and styles of interactivity are detailed and how they
could be utilized within educational systems.

Chapter 111 (Hyper media and Educational Systems): It begins with
the concept of hypermedia systems and their techniques(Navigation
and Presentation Adaptation), then it reviews the development of
educational systems covering Computer Assisted Instruction (CAl),
Intelligent Computer Assisted-Instruction (ICAI), Intelligent Tutoring
system (ITS), Adaptive and Intelligent Web-Based Educational
System (AIWBES) and Learning Management system (LMS). ITSs
use Curriculum Sequencing, Problem Solving Support and Intelligent
Solution Analysis techniques, while AIWBESs use Adaptive
information filtering, Intelligent Collaborative Learning and
Intelligent Class Monitoring techniques. This chapter also details the
three generation of Adaptive Hypermedia Systems from the beginning
of nineties till our days. At the end, some educational systems are
presented as examples of all the above mentioned systems.

Chapter IV (Student Model and Tutor Model): It provides the
theoretical concepts related to the heart of any intelligent and adaptive
educational system which is presented by " Student Model" and "Tutor
Model", as well it presents the kind of information that could be
employed in the student model. Finally, the chapter reviews some
kind of student and tutor models with some examples for each one.
Student model could be: Stereotype Model, overlay Model,
perturbation Model, Tracing-Model or constraint based modeling,
while Tutor model could be: Socratic, Coach, Learning by doing or
Learning while doing.

Chapter V (Machine Learning): It gives a high review of some
machine learning algorithms such as: Neural Networks (BAM, ART2
and Fuzzy-ART2) and Hidden Markov Model. These algorithms are
used within student and tutor models to represent students' knowledge
and tutor decisions in giving their students appropriate assistance
during the learning process in atimely manner respectively.



Part 1| (IWEBISE): IWEBISE consists of five modules. Domain
Model, Student Model, Tutor Model, Adaptation engine and Users’
interfaces, where each module is detailed in a separate chapter:
Chapter VI (Domain Model): The course content is organized into a
concept network to represent learning objectives. A learning objective
(LO) concerns several concepts which are classified in: main concepts
(MC), prerequisite concepts (PC) and sub-Concepts (SC). Each
internal node in the network represents a concept, and external nodes
in the lowest level symbolize several types of educational units (EU),
which are in the form of interactive flash multimedia files, images,
videos, texts, exercises, examples and tests.

Three methods are used to model course content with the objective to
choose later the best one of them:

In the first method the domain knowledge is conceived and modeled
using a hierarchical BAM neural network. The first BAM-1 is to
associate learning objectives with concepts and while the second
BAM-2 is utilized to assign educational units to each concept. The
output layer of BAM-1 is the same input layer of BAM-2 which can
be seen as an intermediate layer of the whole architecture. Number of
nodes of the input, middle and output layers represent number of
learning objectives, concepts and educational units.

In the second method arelational database is used to represent domain
knowledge. It consist of eleven tables (Main Category, Subcategories,
subjects, Learning objectives, Prerequisite-learning objectives,
concepts, Prerequisite-concepts, attach a sub-concepts with concepts,
concept content and test items).

A Document Type Definition (DTD) file is constructed in the third
method to determine a set of rules to define and describe the
organization of knowledge withinan XML file.

At the end of the chapter course packaging algorithm using SCORM
standard is detailed with the objective to reuse them within other LM'S
systems.

Chapter VIl (Student Model): This chapter details how students'
learning style is modeled according to Felder and Silverman model
which depends on many parameters such as. Number of examples,
number of exercises, examples before or after content and exercises
before or after content.

Students knowledge is expressed in the system by using the overlay
model which considers it a part of the knowledge domain. The
IWEBISE also uses an opened student model, which allows students




to change by themselves their knowledge status related to each
concept in domain knowledge; this permits them to study with wide
steps without feeling blocked during their learning process. The
student model is composed of two parts:
- Static part: It keeps student's personal information.
- Dynamic part: It maintains the record of the students'
understanding as the course progresses on the basis of their responses.
The personalization of navigation through the course content depends
on several parameters taken from the interaction of student with the
system. These parameters are: number of correct answers (NCA),
number of incorrect answers (NICA), time spent to solve a question
(TSSQ), time spent to reading or interacting with a specific concept
(TSR) and number of attempts to answer a question (NAAQ). Once a
student passes a pre-test session, the dynamic part is initiated using
these parameters. Using these parameters six methods are employed
to symbolize student's knowledge status in six levels (Excellent, very
good, good, rather good, weak and very weak) with the objective to
determine the best one to be used later within IWEBISE. These
methods are: FBAM, ART2, Fuzzy-ART2, HMM and NN/HMM.
At the end of this chapter, all previous agorithms performance is
evaluated by employing F-measure metric to determine the best one to
be used later in our new system.
Chapter VIII (Tutor Module): This chapter explains in details how
to model different teachers’ strategies in presenting course content to
students. This is done by having them in a table consisted of nine
fields which allow to store colors utilized to represent students’
knowledge status in the course map and the possibility of showing or
hiding a learning concept. Chapter VIl also focuses on a prediction
algorithm to foresee the next concepts might be visited by students.
The prediction process is achieved by following three phases:
- Initialization phase: For each student a HMM (1) is built based

on hisg’her previous concept access sequences.

Adjustment phase: Given a new observed sequence and a HMM

(1), the Baum-Welch algorithm is used to adjust the initialized

HMM and to maximize the new observed sequence.

Prediction phase: The Forward Algorithm is applied to

determine the probability distribution of each concept (state) in

the course. The highest value represents the next concept will

be visited by the student.



Finally, the students' actions prediction accuracy is measured with the
recall (sensitivity) and precision measures. The sensitivity is defined
as the number of correctly predicted concepts (true positives) divided
by the number of annotated concepts (actual positives). The precision
IS the percentage of positive predictions that are correct.
Chapter IX (Adaptation Engine): This chapter details the two
adaptation algorithms used in tailoring the two following points to
student:
Concept content concerning students’ learning style depending
on Felder and Silverman model.
Learning concept map according to students’ knowledge status.
In addition chapter | X shows:
- How different adaptation technologies are used in
IWEBISE such as: Adaptive Presentation, Adaptive
Navigation and curriculum sequencing.
How constructive theory is applied and used by the
intelligent tutor.
Chapter X (Users Interfaces). This chapter exhibits some windows
used to facilitate the interaction among different users of IWEBISE.
These windows are classified in four levels:
Administrator Interface: It permits administrators to create
course category, subcategory, users management and
subscription process.
Designer Interface: It permits course designers to manage
learning objectives, learning concepts, subconcepts, concept
content and tests questions. It also permits them to package the
whole course under SCORM standard.
Tutor Interface: Teachers can mange their teaching strategies
rules and trace students and give them the appropriate advises
when they deviate from the final goal of the course.
Student Interface: Students can complete their learning process
by using pretest, post-test, “Index Learning Style”
guestionnaire, glossary, chat and forum windows.

Part 11l _(Implementation Phase): The critica phase of any life
system cycle is the successful execution of the different parts of the
system for reaching its objectives and requirements. This is done by
putting all those parts in practice with the intention to detect any
inconsistencies could be existed between them and then to optimize
them. Part 11 consists of three chapters as follows:




Chapter XI (Programming): This chapter details scripts tree of the
new system, additionally all the functions employed to model
students’ knowledge and to predict their future actions within the
course. These algorithms are : BAM, ARTZ2, Fuzzy-ART2 and HMM.
Chapter XI1 (IWEBISE Testing): Testing step is performed on the
entire tool units. “Teaching English Grammar as Foreign Language”
course is taken as an application example for carrying out this step.
This course is uploaded first by one designer and then by many
designers just to verify the ability of IWEBISE to apply collaborative
design. It is also monitored many students during their learning
process to test the two adaptation mechanisms related to students
‘knowledge status and their learning style. Finally, course packaging
under SCORM standard unit is also tested.
Chapter X111 (IWEBISE Evaluation): This chapter concentrates on
the evaluation phase of IWEBISE which consists of many steps:
Defining Evaluation Objectives: Evaluation phase aims at
measuring system impact on its users and how easy of use and
understand.
Planning: This step consists of many points:

0 Selecting Evaluators: Teachers and students from
University of Aleppo are selected to evaluate IWEBISE.

0 Tasks Definition: Tasks for teachers and students are
defined as follows:

§ Teachers tasks: (Create new course, Add learning
objectives and concepts, test items, upload files
and course packaging).

§ Students tasks: (Course access, presenting pre-test,
navigating 2 to 10 concepts and presenting post-
tests).

0 Questionnaire Design: Teacher's and  student's
guestionnaires consist of 37 and 30 closed questions
respectively, according to Likert scale which is widely
employed to measure users' satisfaction. Only four scales
(strong disagree, disagree, agree and strong agree) are
used to avoid intermediate decisions.

Evaluation Conducting: The evaluation phase is carried out by
giving a workshop separately for 10 teachers and another one of
3 hours for 20 students. At the end of each workshop,
guestionnaires are distributed to collect their opinions.



Evaluation results analysis. Results are analyzed to highlight
how IWEBISE is easy of use and understand.

Final conclusions summarize the general results of our research which
have facilitated the construction of a new intelligent web-based
Interactive system for education. This system is effective, consistent,
easy of use and understand in managing both learning and teaching
processes.

This research ends with a table of future recommendations, references
and many annexes. Annex | refers to "Index Learning Style"
guestionnaire, while Annex Il illustrates some examples of students
responses to ILS, Annex Il depicts the course map used as an
application example for testing our new system, Annex |V presents
results collected by evaluation questionnaires from course designers
and students and finally Annex V presents different acceptance letters
or e-mails of papers submitted to many international conferences and
journals.

Conclusions

IWEBISE is a novel approach described in this thesis. It is used to
build adaptive and intelligent web-based educational system utilizing
Fuzzy-ART?2 algorithm, with the objective to determine and draw
students' paths through their navigation in the hyperspace of the
course, avoiding them to become overwhelmed with too much text,
links and images. Additionally it offers a potentially attractive way to
classify their knowledge status in six different levels. Courses built
using the new system are also adapted to student learning style using
Felder and Silverman model.

The work in this thesis carries out the following points:

Domain Knowledge
The course knowledge is organized into a concept map as
following:
0 Principal composite concept which represent the same
course.
o Learning objectives (LO) concern several concepts which
are classified in: main concepts (MC), prerequisite concepts
(PC) and sub-Concepts (SC). Each internal node in the
network represents a concept, and external nodes in the
lowest level symbolize several types of educational units




(EU), which are in the form of interactive flash multimedia
files, images, videos, texts, exercises, examples and tests.
The course knowledge is modeled using three different methods:
o Bidirectional Associative Memory neural network:

§
§

HBAM is considered a new method for knowledge
representation.

HBAM is a new neural network architecture which
could be used in many other fields such as. pattern
recognition.

Recall time of HBAM is very huge and it is
considered a time consuming for determining any kind
of concept to be displayed, this sometimes leads the
student to be very slow during his’her learning
process.

HBAM does not offer a standard and a fixed
architecture to be considered ideal to represent any
course knowledge within any intelligent educational
systems, due to the necessity to be retrained every
time the teacher wants to add any concept to the
domain model.

HBAM is not able to separate the course content from
its architecture, due to the necessity to be retrained
every time the teacher wants to link the same learning
unit with two different concepts.

0 Relational database using Myl

§

Eleven tables are built to model different concepts
encountered within the domain knowledge :

Main categories table to represent main classification
of the course.

Subcategories table to represent sub-classification of
the course.

Subject table to store course characteristics.

Learning objectives table to represent learning
objectives features.

Perquisites of Learning Objectives table to determine
the perquisites of each learning objective.

Concepts table to store main concepts.

Perquisites of concepts table to determine the
perquisites of each learning main concept.
Sub-Concepts table to store the course glossary.



o A table to link sub-concepts to a concept.

o Concept contents table to store the content of any
concept in many levels.

o Test items to store questions used in pre-tests and
post-tests.

§ Relational databases are considered very fast for data
retrieval and manipulation due to their architecture
which optimize their performance, but at the expense
of the flexibility.

§ Relational databases have an excellent security in
giving permissions and privileges to access the data.

o XML

§ A Document Type Definition (DTD) file is
constructed to determine a set of rules to define and
describe the organization of knowledge within an
XML file with the objective to represent the domain
knowledge  semantically. The  obtained
“IWEBISE.DTD” file has a general structure and it
could be within other courses in different domains.

§ XML could not be considered as an alternative of
relational databases, but its importance comes from its
ability way to convert and describe the course
knowledge.

§ XML separates the course content from its format.

§ Using XML makes course content reusable and
interoperable within other educational systems.

0 Relational database is selected to be used within our new
system IWEBISE due to the following reasons:

§ Some course designers prefer to have their course
contents confidential and protected.

§ XML could not treat huge course contents and all kind
of data such as images and video.

Student M odel
The ability of the students to change their knowledge status allows
them to finish the course with wide steps and without feeling
blocked and limited to the system suggestions and curriculum
planning, this was done thanks to the use of open student model
technique.
The static part of the student model is constructed employing four




tables:

0 Users table stores information related to users' personal and
system access data.

0 Students' group table relates students with each others to
grant the teacher the ability to manage them during chat
sessions, e-mails messages, assignments, etc more easily.

0 Inscription table relates students' and teachers' records with
courses records.

0 Index learning style table stores students' responses to the
ILS questionnaire to determine their learning styles.

The dynamic part of the student model is built employing three
tables:

0 Students' interactions table traces students movements
during their navigation within the course content.

0 Students' responses table guards all students' responses to
pre-tests and post-tests.

0 Students' knowledge map table stores students' knowledge
status related to each node encountered within the course
map.

Students' learning styles at Higher Institute of Languages
(University of Aleppo) are defined using Felder and Silverman
model, this is done by distributing questionnaires to one thousands
students of English, French, German courses. Results showed that:
0 Students prefer to study a foreign language utilizing the
following parameters:
Reading a huge number of examples.
Doing alot of exercises.
Preferring to read examples before content
Preferring to have exercises after content.
Preferring to have post-tests after content.
Displaying map course before, after or between
learning objectives.

§ Displaying conclusion before or after concept content

or composite concept.

§ Content typeis visual.
These parameters are used when a student skips the ILS
guestionnaire, this means they are considered and defined as
default standards within IWEBISE system to generate
intelligent and adaptive courses not only in learning languages
domain, but also in any other domains.

w W W W W N



0 62.5% of students at Higher I nstitute of languages are active,
87.8% are sensitive, 74.3% are visual and 66% are
sequential.

Students' vectors are categorized into six levels to represent their
knowledge status. Thisis done by applying six different methods:

o Traditional method:

§

Two rates are utilized which are dependent on the
time spent (T) on a concept and the answered
guestions (Q).

The extracted rules used in this method might be
different from teacher to teacher, this leads sometimes
to students' misevaluation, and then the course plan
could not be suitable for their needs and levels.

o FBAM method:

§
§
§

FBAM is set to have 5 nodes in the input layer and 6
nodes in the output layer.

FBAM could learn and categorize all students' vectors
successfully with average 30 minutes.

FBAM could recall and categorize all trained students'
vectors and new ones too successfully with 100%
percentage.

Defining training pairs' process for FBAM is very
complicated, time consuming and inaccurate too, this
Is due to the different thresholds might be employed
by teachers and vary from one to another.

o0 ART2 method:

§

ART?2 is configured to consist of 5 nodes in FO and
F1 for each processing level and 6 nodes in F2
representing different knowledge status.

ART2 could recall 1500 trained students' vectors and
500 new ones with 85.80% successfully and stably.
ART2 could be trained with a time average 20.80
seconds for each vector and it could recall them with a
time average 19 seconds.

ART2 could not learn if the vigilance parameter is
high.

ART2 could not sometimes learn all students' vectors
due to the bad choice of network parameters which
play an important role in pushing ahead the training
and recall phases.



§

Numbers of input vectors also play an important role
in recall phase.

0 Fuzzy-ART2 method:

§

Fuzzy-ART2 is configured to consist of 10 (5x2 for
complement coding) nodes in FO and F1 for each
processing level and 6 or 12 (6x2) nodes in F2
representing different knowledge status.

Fuzzy-ART2 network could learn stably and
generalize well with only 30 vectors which are
selected randomly for training phase, while the others
1970 are employed to test its performance.

ART?2 could recall 1934 new students' vectors with
98.17% successfully and stably.

Fuzzy-ART2 could train and recall trained students'
vectors with a time average 19.2 and 18.6 seconds for
each vector respectively. Fuzzy-ART?2 takes less time
than ART2 to train or recall a vector; this is due to the
use of fast learning.

o0 HMM method:

§

§
§
§

The number of hidden states of HMMs affects their
performance, e.g. No. 3 is considered the optimal to
get the highest recall performance percentage 66.40%.
The length of the input vector (observation sequence)
which is 6, is also affects recall performance.

HMM could classify students' vectors with a time
average 19.1 seconds for each vector.

HMM could recall trained students' vectors and new
ones with atime average 17.6 seconds for each vector.

0 Fuzzy-ART2/HMM method:

§
§

§

The optimal number of states for classify students'
vectors is 6 because recall success is 92.66%.

The new hybrid algorithm took advantage of the two
algorithms in improving recall performance from
66.40% to 92.66% in comparison with HMM.

The new hybrid algorithm could also shorten the
categorization time to 17.1 seconds.

F-measure metric is employed to measure all the above mentioned
algorithms performance. Results show that Fuzzy-ART2 gives
best categorization quality (0.281 as it is depicted in the following
table), which is considered a very important factor to assure that an



appropriate course map is displayed to the student according to
his/her knowledge status. This pushes him/her to finish the course
completely without feeling boring and lost in it.

Time

Time

Percentage
Algorithm average average of F-measure
training recall Recoanition
(Seconds) | (Seconds) 9
ART2 20.8 19 %85.80 0.250
Fuzzy-ART2 19.2 18.6 0498.17 0.281
HMM 19.1 17.6 %66.40 0.195
Fuzzy-ART?2- 30.6 171 %92.66 0.259
HMM

Student model plays three vital roles during adaptation process
within IWEBISE system:
0 As a planner of page content using Felder and Silverman
model.
0 As a planner of course map using the hybrid algorithm
Fuzzy-ART2/HMM.
0 Asastudent learning process observer using tables stored in
the dynamic part of student model.

Tutor M odel
- Teachers' strategies are modeled employing a table called
Pedagogical rules. Standards rules were also defined and used if
the teachers do not insert any new rules related to their courses.
HMM algorithm is also employed to predict future students'
actions.
Sensitivity (Recall) and Precision measures are employed to
evaluate the performance of prediction algorithm and the following
results were obtained :
0 HMM generates a higher precision with higher sizes of
training sets which vary from 20% to 99%.
0 The prediction precision reaches to 91% using 99% of
training set.
0 When precision is high the sensitivity is high too.
Tutor coach method is applied in tutor model through displaying a
suggested next concepts list to students.



Adaptation Engine
- Adaptation engine is considered the most important module of the
new system IWEBISE because it joins all others modules (Domain
Knowledge, Student Model, Tutor Model and User Interfaces) with
each others and it is responsible of producing :
0 Course pages adapted to student’s learning styles and
knowledge status.
0 Linksto associate course pages together (Course map).
Adaptation engine consists of two mechanisms:
0 Adaptation according to student’s learning styles
0 Adaptation according to student’s knowledge status.
Adaptation process is summarized in four steps to present
instruction strategy employed by the intelligent tutor. These steps
represent Piaget’s learning Cycle:  Discovering, explanation,
extending and evaluation.

User Interfaces
User interfaces are categorized into four levels regarding users'
profile: Administrators, Designers, Teachers and Students.
Course designer interface permits to upload, manage, share and
export course content under SCORM standards to be used later
within others platforms such as Moodle.
Tutor interface allows each teacher to add pedagogical rules and to
follow the student's steps and progress during his’her learning
process.
Administrators interface allows them to manage system’s users,
course’ categories, subscribe or unsubscribe students to a course,
assign tutors to a course and manage language interface.
Student interface permits the student interacts with the different
learning objectives and concepts of the course. It consists of a
window partitioned into 6 areas:

0 Index areaz Where a map of course content is displayed to
give the student the freedom of surfing among different
learning objectives. It also contains a legend of colors to
refer students’ knowledge status related to each concept.

o Navigation area: Where concept content is illustrated. It
consists of : introduction, examples, content and conclusion
ordered and displayed according to student’s learning styles.

0 Post-Test area is exhibited dynamically at the top or at the
bottom of the content page depending on each student’s




learning style. It has a link which displays a window
containing post-test questions.

0 Exercises area: It has a link to depict a window with
exercises related to the current concept. It is also adapted to
each student’s learning style.

0 Prerequisite area shows a link related to all prerequisite
concepts related the current concept.

0 Glossary area: where sub-concepts presented to support and
accelerate student's learning process. It is displayed at the
right top of the content page.

Programming
IWEBI SE is constructed using PHP, JavaScript, CSS and MySql.
IWEBISE scripts tree consist of 17 folders which contains more
than 100 files to perform system administrators, designers, tutors
and students tasks, with the objective to build adaptive and
intelligent web-based courses.

IWEBI SE Test
IWEBISE system is tested by designers and experiments showed
that it applies collaborative design which permits to build a
learning objects library.
Learning objects library allows designers to interchange, share and
export their learning objects. This feature saves designer's time in
building their future courses.
IWEBISE is also tested by students and experiments exhibited the
following results:

0 Presentation adaptation is applied as follows:

§ Page content is adapted and organized according to
students' responses to ILS questionnaire which
determine their learning styles.

§ Six levels of concept content could be displayed to
students (text-low), (text-medium), (text-high),
(visual-low), (visual -medium) or (visual -high).

o Navigation adaptation is applied as follows:

§ Course map uses colored boxes according to
pedagogical rules used by the teacher to express
students' knowledge status.

8§ A help link is used to alow students know
prerequisite concepts related to the actual one.




§ Some learning objectives or concepts are hidden if
students do not achieve an appropriate level of their
prerequisite concepts; this is also depending to
teacher's pedagogical rules.

§ Course map is displayed adaptively depending on
students' knowledge status.

0 Curriculum sequencing technique is also applied through
displaying a suggestions list to students which recommend
them the best next concepts should be followed by them.

Course packaging using SCORM standard is tested and a
compressed file is obtained which consists of:

0 A folder stores course pages.

o0 A folder contains objects learning.

o immanifest.xml file.

The compressed file is imported by MOODLE system
successfully, this means that IWEBISE is a powerful tool to create
reusable and interoperable courses with other LM S systems using
SCORM standard.

Packaging courses using the new system IWEBISE is easy and
very fast.

| WEBI SE Evaluation

- IWEBISE is evaluated concerning course designer and students
point of views, with the purpose to optimize its performance during
teaching and learning processes.
Twelve criteria are used to evaluate the new system IWEBISE :
Consistency, Self-Evidence, Predictability, Richness,
Completeness, Motivation, Hypertext Structure, Autonomy, Easy
of use, Aesthetic, Collaborative, and Interactive. Evaluation phase
results are:

0 Designers and students' interfaces are steady and reliable,
this means that IWEBISE provides consistency concerning
its layout and many other aspects like edit, create and
navigate.

0 System tools are unambiguous because users could
understand easily the objectives of objects (icons, texts,
buttons, colors) displayed to them, this feature pushes the
design and learning processes ahead rapidly.

0 Most of the time users get the expected output.

0 The new system is rich in terms of tools and helps to



0]

facilitate the design and learning process, but some helps’
features should be optimized to be at users reach at any
time.
IWEBISE provides users with sufficient and plenty tools to
cover all their objectives during design and learning process,
but other asynchronized tools should be add such as: video —
conference.
Links existed among designers or students' tools need more
refinement and improvement to obtain a better and
organized structure.
IWEBISE comprises abundance tools and controls which
allow users to feel independent and autonomous during their
interactions with the system.
IWEBISE tools are clear and easy of use because users do
not need any training course and they can explore the work
and learning environments by themselves.
IWEBI SE tools are designed harmoniously with each others
and this characteristic enforces the system to be self-evident
and make users to focus on their primary goals.
IWEBISE comprises collaborative tools which allow:

§ Designers to share their learning objects with each

others and create courses in groups.
§ Students to apply collaborative learning using forum,
chat, etc.

Users interfaces are interactive and respond to their
necessities rapidly at suitable time and place.

IWEBI SE appliesinteractivity as follows:

0]

0]
0]
0]

Student - Teacher: Using email, forum, chat,
announcements and homework.

Student — Student: Employing e-mail, forum and chat.
Teacher — Content: Using course management tools.

Content — Content: Utilizing sharing learning objects option
and using course packaging under SCORM standard.

IWEBI SE uses different levels of interactivity as follows:

0]

0]

Second level (Hierarchical Interactivity): Students can
navigate the course content by using a hierarchical map,
which consists of many levels to represent course structure.
Third level (Update Interactivity): The new system traces
students' steps by updating their model in order to present
adaptive content.
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0]

Fifth level (Simulation Interactivity): Students can change
their data stored in their model to modify the adaptation
process.

Sixth level (Free Interactivity): Courses created by
IWEBISE are supplied by links which permit students
navigate freely while they acquire their knowledge

IWEBISE utilizes additional tools such as:

0]
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0]

It supports four languages interface (Arabic, English,
Spanish and French) with the possibility to add a new
language.

File management tool to administrate learning objects.
Course packaging.

Students' traces.

Course categorization and sub-categorization.

Quiz items management tool.

Users' management tool.

Students' management tool.

IWEBISE is compared with other adaptive and intelligent
educational systems asit isillustrated in the following table:

Adaptation Techniques

; N T} Y4 — - Ll
o|lglx| 8 |, © = 2
Ok = 0 O s o] ®) m
282 & 32| £ | 8 s
Szl £ | E | = =
Fragment yesno| no |Limitedno|no| no no yes
variants
Page -
variants | "|0| yes Limitedyes|yes| yes no yes
Direct guideyesyes yes | yes |yesyes Yyes no yes
Hiding link |nojno| no no |yesyes yes no yes
Maps [nojno| no no |yesyyes| no no yes
Annotationslyesyes yes | yes |yesiyes| yes no yes
Currlcul_um no|no| no no |nojno| no no yes
sequencing




L earning Style

Felder
nojnohoneyy no |nojno| no no and
Silverman
Standards
IMS IMS
SCORM|SCORM| SCORM
|IEEE | |IEEE
Student M odel
Store
student |yesyes yes | yes |yesyes Yyes no yes
model
Open no|no| no no |yesno| no no yes
Content Tools
Content
managementy%y% yes | no |no|yes| yes yes yes
| mport nolyes vyes es |yes no es es no
content yesy y y y y

According to the above results, it could conclude that:

A new Intelligent WEb-Based | nteractive System for Education
(IWEBISE) is developed, tested and evaluated successfully and
effectively.



Recommendations

- Add new tools to the new system IWEBISE which help to improve
the both teaching and learning processes such as. Tests (quizzes)
management tool, Templates management tool, calendar, news,
efc.
Add new tools to help designers to build courses for handicap
people such as. course reader for blind people, specia templates
for visually impaired people, and using access keys for movement
impaired people too.
Add an intelligent search engine to help users achieve their goals
rapidly; this could be done by clustering algorithm such as Fuzzy-
ART2.
Take in consideration more students’ parameters with the objective
to get an optimal student model. These parameters could be:
Bandwidth, operating system, Internet Navigator, screen
resolution, microprocessor, keyboard, text size and type of devise
(mobile or normal computer).
Apply adaptations techniques in selection tests items.
Optimize HMM algorithm using fuzzy logic in predicting future
students' actions and comparing results with the actual ones.
Add group model to apply collaborative learning.
Add intelligent collaborative learning technique by including
Group model.
Compare the obtained results with Bayesian algorithm to detect the
best.
Take in consideration students' errors to give them suitable and
intelligent feedback while they doing or resolving problems.
Add an import tool to make the new system able to upload courses
constructed using other LM S systems.
Implement the new system IWEBISE in rea educational
institutions and virtual universities with the purpose to improve it
and get a better performance.
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