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Study on Mastery Learning of Basic Structure followed by Extended Through Fuzzy Theorem
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Abstract

Because the five-type fuzzy implications related to fuzzy three-type complements, six-type
unions, and six-type intersections, they will become very complicate. Their combinations are more
than ten thousand as compared with digital logic. Therefore, we select only two combinations from
ten thousand ones as the basic structure, and teach student how to mastery learn the basic structure of
fuzzy theorem is our first approach. Then in the next step, we would like to see how many students
can extend and learn some from those then-thousand combinations. Specially, our questionnaires are
designed that student should provide evidence to verify their responses. From these questionnaires,
we find that around 84% of students can really understand these two basic structures. In the second
step, their extending ability will be evaluated, and the result of evaluation is around 68%. There are
three characteristics of particular value of fuzzy theorem, and we expect most of students should and
can realize the importance and difference of these three characteristics. (1) It can precisely describe
the human language instead of obscureness. (2) It extends the probability to possibility, so the sum of
possibility can be other than one. (3) Its relationship can have the one-to-many mapping which the
function is not allowed. The results of the research referred from the statistics of questionnaires are
satisfied, and the outcomes of learning by doing with Matlab for inverted pendulum and Segway
projects are as expected. More detail analysis, ninety percent of student can understand the extension,

but only sixty percent can very familiar and use the extension. Total result of evaluation for this study



is around 75%. We find that almost every student can finish the inverted pendulum project based on

fuzzy theorem, but only half of student can extend it to the position control of Segway projector.

Keywords : basic structure of fuzzy theorem, mastery learning, extended through -
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® Fuzzy Complement

B Traditional (1.7 7 ¥ _~ 2.4vif ~ 3. E & 4.5 7%)

B Sugeno Class (1.7 % ~2.4vig ~3RE L 4557

B Yager Class (1.7 i ** C2AmiE S 3R E S 405

® Fuzzy Union (s-norm)

Dombi Class (1.7 £ ~ 2.5 ~ 3.3 82 4.5 %)
Yager Class (1.7 /F B 25 ~3REE4EY)
Drastic Sum (1.7 7§ ~ 2. 403 ~3.# EH 4% 7)
Einstein Sum (1.7 F ¥ ~ 2.4 ~3.# E & 4.5 7)
Algebraic Sum (1.7 j#_~ 240 ~ 3R EH 455 %)
Maximum (1.7 F % ~ 2403 ~ 3R EZ 45 1)

® Fuzzy Intersection (t—norm)

Dombi Class (1.7 £ ~ 2.5 ~ 3.3 82 4.5 %)
Yager Class (1.7 ; ** C2AmiE 3R EE 4 E)
Drastic Product (l PR 2.4 3 REE 4B
Einstein Product (1.7 j# # ~ 2.4vif ~ 3.3 E & 4.5 %)
Algebraic Product (1.7 7F#_ ~ 2.4 ~3. 3 £ 4.8 %)
Minimum (1.7 F & ~ 2.4 -3 E &2 4.5 1)
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— + @ B | b EmeR | A xEEE |V A8 — + @ B D EER | A xBEER | Ve
B  Sugeno Class (2.40i8) B Sugeno Class (2.403#)
3.1: Fuzzy Complement 3.1: Fuzzy Complement
® Sugeno Class o Sugeno Class
(35) ala ‘lA \:\ (~1,00) (35)
afa) = 1-awhenA =0

B 30 #1921 s Sugenoth i ik & C(e) 9 3.4 ${ 7 F) A4 #)Sugeno i 15 #1# £ C , (a)
B Yager Class (2.40ik) B Yager Class (2.40i)

3.1: Fuzzy Complement

o Yager Class
(36) wla) = (1-a")"" . we (0.0 (36)

' 03 o3 e o 0% 67 T 0y I
D 3.2 917 Ptk o1 Vagarth b ik 8. (a) B 3.2 3R Pl 69 Yagar 8 B £ C,(0)
® Fuzzy Union (s-norm) ® Fuzzy Union (s-norm)
B Dombi Class (2.40ili) B Dombi Class (2.40il)

®  Fuzzy Intersection (t-norm)

o Dombi Class: for A € (0,00) B Dombi Class (2.4¢3¥)
1  Dombi CI
51(a.b) F (39 o 1
1 A 1 A Y tila b) — (3.25)
(2—1) “+(3—1) G-+ -]

B Yager Class (2.4038)
e i 7 kol
B Yager Class (2.4viii) & Yager Class: w € (0,00)
o Yager Class: twl(a.8) =1 —min |1.((1 - 2)"
. ; B Drastic Product (2.403K)
sw(a.b) = min [1, (3" + )" ,we (0,00)  (3.10)

@ Drastic Product

. . s ifb-1
B Drastic Sum (2.40il) tap(2.B) {n ifa—1 (3.28)
0 Otherwise
@ Drastic Sum W  Einstein Product (2.4038)
a ifb=0
sds(a, b) b ifa=0 (3.11)

1 Otherwise
M Einstein Sum (2.40iif)

o Einstein Sum
atb

Ses(a, b) 3.12
s 13 (3.12)
g s « Einstein Product.
B Algebraic Sum (2.40ii) tola. b b 32
: e = lat b ab) )
o Algebraic Sum:
- Algel c Pro ct (3.0 &
sus(ab) = a+ b— ab (3.13) Algebraic Product (3.7 %)
@ Algebraic Product
B  Maximum (3.3 %) tipla.b) = ab (3.30)
B Minimum (3.% %)
o Maximum: » Minimum

t(a, b) = min[a, b

s(a, b) = max|a, b
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Fuzzy Intersection Fuzzy Complement Fuzzy Union
(t-norm) ® Traditional (s-norm)
Dombi Class ® Sugeno Class Dombi Class
Yager Class ® Yager Class Yager Class

Drastic Product Drastic Sum

Einstein Product Einstein Sum

Algebraic Product Algebraic Sum

® © & 0 0 o
® ®© 0 0 0 o

Minimum Maximum
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Def. Fuzzy complement: A function c:[0,1] —[0,1] c(, (X)) = 5 (X)
Axiom cl (Boundary condition): ¢(0)=1, c(1)=0
Axiom c2 (Monotonely Decreasing): For all a,b €[0,1], if a <b, then c(a) > c(b)

PG TAZEE AR
® Traditional: c(a)=1-a, c(u,(X)) =1— 2, (X)

1-a
® Sugeno Class: c¢,(a)= ,
e @) 1+ Aa

A e (-1 )

® Yager Class: ¢, (a)=(1—a")"",we(0,)

HAxt#%HBEre ~ A AE
Def. Fuzzy Union/s-Norm: s:[0,1] — [0,1] S(zz, (X), 45 (X)) = 22, 5 (X)
Axiom sl: s(1,1)=1s(0,a)=s(a,0)=a
Axiom s2: s(a,b)=s(b,a)
Axiom s3: ifa<d and b<e, thens(a,b)<s(d,e)
Axiom s4: s(a,s(b,d))=s(s(a,b),d)
P T A A
® Maximum: 1, 5(X) = max{s,(X), 15 (X)}
1

® Dombi Class: for A€ (0,),s,(a,b) = 1

L) DT

® Yager Class: s, (a,b)=minfl, (" +b")""},we (0,0)

a ifb=0
® Drastic Sum: S, (a,b)=<b ifa=0
1 otherwise
I a+b
® Einstien Sum: s (a,b)=
1+ab

® Algebraic Sum: s, (a,b)=a+b—ab

Biitmi e £ 8 0@

Def. Fuzzy Intersection/t-Norm: t:[0,1] — [0,1] t(zz, (X), ££5 (X)) = 2,5 (X)
Axiom tl: t(0,0)=0,t(0,a)=t(a,0)=a

Axiom t2: t(a,b) =t(b,a)

Axiom t3: ifa<d and b<e, thent(a,b) <t(d,e)

Axiom t4: t(a,t(b,d))=t(t(a,b),d)
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® Minimum: Hang (X) = min{z, (X), 45 (X)}

1

LG -+ -DT

for 1€ (0,), t,(a,b) =
® Dombi Class:

®  Yager Class: t,(a,b) =1-min{L ((1-a)" +(1—b)")""}, we (0,)

a ifb=1
® Drastic Product: t, (a,b)=1b ifa=1
0 otherwise
o ab
® Einstien Product: t,(a,b)=————
2—(a+b—ab)

®  Algebraic Product: t, (a,b)=ab
AwmE LN REFARER Fc@=1-a B E u,(X)=max{u,(X), 4 ()} 2

Ftyab)=ab - FF2REL > L & LF L P AW X0 Sas 5 GFE AT

c;%

rEr e ko ENREPREAAMT N NFEP AT E 0 S A B3
'p‘“)"g’x» &vﬁ? R F v R

H&*‘?z%?*{ﬁi R AEIE s T apr AL R BN B
Pl 51?91:}3'[?‘_0 A v ix i 4 &3 2 Mamdani 3k & Mamdanlﬁvj‘#&ﬂ—’_frl?’ S
AREL LR RE A AW o HOB IF-THEN(Pp—> Q)RR A AT 5 T 7 A4

Tk

~ ﬁ{:
5),, o

pvq )
— 1 if p<q
Pp—o>Qqe pv(p/\q)orp—>q<:>{ herwi
oAQ q otherwise

P AT ey AT fE 4 soeh @ik (implication) 4832 5 | EF

® Mamdani & [ #3231 & (p—>q< PAQ) =ty (X Y) =Min{u, (X), e, ()}

® Mamdani LI HF (P>q PAY) = sy (X Y) = e (X) f1ep, ()

® Zadeh #3331 HF (p>q< Pv(PAG) = sy, (X, Y) = maxfl— uep (X), Min{ise, (X), s, (V)33
® Lukasiewicz &35 & (p >0 < PV )= po (X Y) =mMin{L1— zep (X) + s ()}

® Dienes-Rescher #3251 (p—>q< PV Q)= s (X Y) =max{l— s (X), e, (Y)}

R & ¥ 7w £ % ;% (Generalized Modus Ponens) ~ & & (1 E %8 2 # ;% (Generalized Modus
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Tollens) ¥? B % == £ # ;% (Generalized Hypothetical Syllogism) o * + #-##5 B % (Fuzzy
Relation) 5 [f141.4f # (Cylindrical Extension)£? 4% 8 (Projection)id® > e ™ 7| = AR H#H K
HED o4tk ?‘;{;‘J‘ftjgi\#f?_ v e & Y § Matlab T BHREY | A AHK e and P o2

TR REA RS R RENEFSE F T e kX BT
® Individual-Rule Based Inference with Union Combination
® Mamdani Minimum Implication
® min Operation for t-norm
® max Operation for s-norm
2 3% — 18 ¥4 A5 LR B ey IF/THENGER] > 3
Mamdaniis minimum implication /& ¥
kR APHMEH
s-norm 4% A 3% A {i
» RE—mPr oM ")
e R IR St Hiemae
BT :T3REY | 231 FRp L%

BREG TR, BE S B2 A T
® G bn TRR L F A LHARE Y FAET 0 KR AL AR
® i T &R F | (Probability B~ B E 1 %fc i DIF L ¥ i 1 (Possibility & *

EE 1 BT 42 1)
® ¢ " Sn#ic, (Function ¥t & # &t 1 ¥ 2)4F %+ "M % |, (Relation ¥ &7 1 % %) o
B Oy R

AmT LR IHREY > L RFA - T RHREP o F ARG TR, T
RIS | A AiEARE 0 deB T o % & Matlab Fuzzy toolbox ¥ B iE = ik A &
FH GRS MR N EEREFRS LG AFEO P RF LT N E T
RN ES  HBREY S BB g A - £ 110 8 B K
WEGE EA N2 AA T A RREYELEV FTUEA LI BRA D FFEO
A~ arig 80 A ~ B E 90 A~ EH 100 A 0 KBRS K A fhend 2 o

M % - AR RE Y25 > Lo d T2 hIBR > BEET 29284 F R
AW OARER HEE S F 8416% T2 0 i d AT - L phu ¥ F
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WP IEHIE R > TR AL F L E T e R (fe s 80 4) 0 et AL TR E DR >
HiZ 255 68.04% Bfs#m Mo P - A®G 0 Tiad 5 5 7556% -

BERFOED T S TRES 1 2TEN B IFRY60 DA 0 X E R
fo3 T GEE T o Sk 83.0% R RS F S Lo T 5 Ap ] ¥

bl FRRSEFE AP R HetE o 180 o7 R 1‘%—*@&%‘%&.&]
LB - X ,,1‘11!&%180'\4\(;*.» 90 = A )k HHE > F B e
AR R ;w/w o R EFAAM LY 2 A= :% < ?%‘K%‘i’i&?ﬁ;fﬁé
A2 2FTE A F WL R 54.48%¢ S AL w AR T e

AAEMESIED A 604 L E R AAIIIESEHAF T0A, 5 E F 1108 &
EHERPEAELEH LY ’Mfw PIEAEA (A B4 L ERLFIE ) @ A B A 60 2
T0 A2 ¥ > WA BIEGELATE > A LTI G B b B S 4 e 1T %
EH g ER AR A REIAT 0 2T TN 7348 B L 1340 Bt o LR T
B E AN 7348+ 13482438 p T 0E A F T5.56%4R ¢4 L e

4

Bk 70 24 8 Hp & %

120

100

o|||| |||| |||||||‘ ||“II|

123 456 7 8 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29

Bl 120 =84 X% (L7348 £E L [34)

8

o

6

o

4

o

2

o

- IR XN A
(fe i @ 2R 04 ~ i 80 4 ~ #E 90 & ~ F* 100 &)

Fuzzy Complement PR | | BE | B F A
Traditional 0 24 3 2 82.41
Sugeno Class 2 24 2 1 75.86
Yager Class 3 24 2 0 72.41
Fuzzy Union PR | g | RE | B

Dombi Class 3 22 3 1 73.45
Yager Class 4 25 0 0 68.97
Drastic Sum 3 26 0 0 71.72
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Einstein Sum 2 26 1 0 74.83
Algebraic Sum 0 28 1 0 80.34
Maximum 0 20 8 1 83.45
Fuzzy Intersection PR | wE | RE | B
Dombi Class 7 19 2 1 62.07
Yager Class 5 24 0 0 66.21
Drastic Product 6 23 0 0 63.45
Einstein Product 6 20 3 0 64.48
Algebraic Product 0 22 4 3 83.45
Minimum 0 23 3 3 83.10
Fuzzy Relation B & e 3 /3 48 2/ B &H 4 25 0 0 68.97
#-43 IF-THEN R (2 f848) 3 26 0 0 71.72
EAD AT 0 22 5 2 83.10
ok 1§ B i Fuzzifier(PR b~ = &3]~ $27) ~ 4 ¥K) 0 10 15 4 87.93
4 s v DeFuzzifier(® = @-T35~ £ ~ % i7) 0 15 12 2 85.52
LRl -3 PR g | BRE | B
Mamdani # -] 4272 51 & 0 14 11 4 86.55
Mamdani 3k ;2 #6372 51 &F 0 16 10 3 85.52
Zadeh 483251 5 20 2 2 68.28
Lukasiewicz 483251 & 4 21 3 1 70.69
Dienes-Rescher 4832 51 & 7 21 1 0 61.03
Tt U R 0 22 5 2 83.10
SEGWAY == #5741 10 15 2 2 54.48
WP EHZ - 4 PR | | BE | B
(HEFE2FLF7 > WRAFEFAALAES |0 13 16 0 85.52
BEARFHAFABGAELL BT <3 1) |0 15 14 0 84.83
KB GE BT 1 3%) 0 20 8 1 83.45
o L bR SR Y FOR (e d RA T ) 84.16
¥ Aphp AWW P (i d T P) 68.04
KEFT BRI 75.56

I~ Z#HhyaEik

AFFHEX ;%ﬁ’s"“?ﬁpgﬁﬁ”éﬁ?%ﬁﬂ?fifi"‘g’i,rzﬁé,‘;_;\w‘ e 1108 & B
TEGN A I IAE THRIES 220+ H A ER 0 ¢ RSP IEE R . Tk
F 73480 FHREL 1340 AP E A B FHAF KR FEF RN LS
£

o
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HREF Y 2 A 7 H(Master Learning of Basic Fuzzy System) &34 ~ 1% — 384 chk # > i
BB RERRE ﬁﬁﬂ@??f ‘-’mF Yo @ EEaE e Ho IET hkE g
T ARAYZFA T PAREAINFH A RETRVEREBE AL D FE
7o A 4% 30 fjﬁf'i%?'%)%%svﬂﬁq #.p) R TIF/THEN ;2 | ~ fe & 144t # (Cylindrical Extension)
% PR (Projection) » i f e Bl )i Faa 2w B o B8P WAL L 18 B
Sfice BfS g XPFE R RE - FA P LR Bk E T{&*%ﬁf!ﬁ#i P iE AT © W
T E ISR E AL AAEY ndeR 0 FIHEHE2 LT REN R ERRES
e R HRERNE 5o

.2&-%”3 PRI UREEFEY A AEF - A TRREY b AAE T?ﬁ?f
FRf e S AphiAmpHEAE L Tl i ) it 4« 5L Ah2 LEHFLIFY
B B3 Re R ERE S S EN G SR éﬁﬁﬁo»fi&ﬁﬁm@ﬂ’%
Brh LR A B ANER S FEHEL £i4¢r‘&w bl s B I EF LY o
TEd R 0 TR RF L BRI AR RS R RFL R 2
s ‘*1‘#}%’3“' IR RE AR NERSFRDT S er'J o JE Kk B P B (T AP RE dE F & %
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