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Premise 1: x is A
Premise 2: IF xis ATHEN y is B

Conclusion: yisB

P=0
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premise pade 48

conclusion Az




Modus Tollens glicuw! goucls

Premise 1: y isnot B
Premise 2: IF xis ATHEN y is B

Conclusion: xisnotA




Hypothetical Syllogism gUliciw! goucls

Premise 1: IF xis ATHEN y is B
Premise 2: IF y is B THEN z is C
Conclusion: IF xis A THEN zis C
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1. Generalized Modus Ponens (GMP)
2. Generalized Modus Tollens (GMT)
3. Generalized Hypothetical Syllogism (GHS)
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Premise 1:

Premise 2:

x is A

IF x is A THEN y is B

Conclusion: yis B

15O e (52 ylxo

x is A’ (Premise 1)

y is B’ (Conclusion)

criterion pl
criterion p2
criterion p3
criterion p4
criterion pb
criterion p6
criterion p7

ris A
x is very A
z is very A
% is more or less A
z is more or less A
x is not A
x is not A

yis B
y is very B
y is B
y is more or less B
yis B
y is unknown
y is not B

intuitive criteria
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x is A" (Premise 1)

y is B’ (Conclusion)

criterion pl
criterion p2
criterion p3
criterion p4
criterion pb
criterion p6
criterion p7

Tis A
x is very A
T is very A
x is more or less A
% is more or less A
T is not A
x is not A

yis B
y is very B
yis B
y is more or less B
yis B
y is unknown
y is not B

yis B gx is A sy Jokro g cule bLi )l a5 cowl ol ol ds bgspe d o ¥ ol yLuxo

IF xis ATHEN y is B ELSE y is not B

Dl (698

w9 ) O ygo d oueld pui 4 gy V Lo

(0,18 09,5 03039, s gliccw! 5o (Jg G ydize S5 3l jo (b, iy a2 ST)

)P r 63l acgommo 4igei S Gl 2 GO9S Lo slno plod 0,105 (T 59 00

ol



Generalized Modus Tollens gliciw! gousld

Premise 1:
Premise 2:

Conclusion:

y is B'
IF xis ATHEN y is B

x is A

15O e (52 ylxo

y is B’ (Premise 1)

z is A" (Conclusion)

criterion tl
criterion t2
criterion t3
criterion t4
criterion tH

y is not B
y 18 not very B
y is not more or less B
yi8 B
y is B

z is not A
x is not very A
x 1s not more or less A
& 15 unknown

£ is A




Generalized Hypothetical Syllogism Eb’.&.’.&.u‘ 604&@

Premise 1: IF xis ATHEN y is B
Premise 2: IF y is B' THEN z is C
Conclusion: IF xis A THEN zis C'

(5O oyl

y is B’ (Premise 2) | z is C' (Conclusion)
criterion si y1s B - zis
criterion s2 y is very B z is more or less C
criterion s3 y is very B zis
criterion s4 | y is more or less B z is very C
criterion 85 | ¥ is more or less B zis C
criterion s6 y is not B z is unknown
criterion s7 y is not B z 18 not U
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Inferring y = b from z = @ and y = f(x)

Compositional rule of inference Zlocw! S 5 goueld
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Inferring interval b from interval e and
interval-valued function f(z).
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A?
Inferring fuzzy set B’ from fuzzy set A’ and
fuzzy relation Q.

By (x,y) = py (x)
”A’EQQ (x, y) =1 [”A;E (x, Y); MQ (x' y)] — t[ﬂA’ (X), MQ (x' y)]
Hy (y) = sup g (), o (x,y)]

Hy (y) = sup (4 (X) * po(x, )]



Generalized Modus Ponens gzlocww!| goucls

Premise 1: x is A fuzzy set A'in U
Premise 2:  IF x is A THEN y is B fuzzy relation A—B in UxV
Conclusion: yisB' fuzzy set B'in V

pp (y) =suptipy (x), pap(x,y)]

xelU




Generalized Modus Tollens glocww! goucls

Premise 1: y is B' fuzzy set B'in V
Premise 2:  IF x is A THEN y is B fuzzy relation A—B in UxV
Conclusion: xis A’ fuzzy set A'in U

py (x) = Sy‘:‘l,’ tlug (¥), masp(x,y)]




Generalized Hypothetical Syllogism CL’&.LM ‘50.\3@

Premise 1: IF xis ATHEN y is B fuzzy relation A—B in UxV
Premise 2: IF y is B' THEN z is C fuzzy relation B'->C in VxW
Conclusion: IF xis A THEN z is C' fuzzy relation A—C' in UxW

Haoc (x,2) = sup tlag(x,y), g (¥, 2)]
ye
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A'=A &I
'=very A o
A' =more or less A :z

. A'=~A
:69lob
pg (y) = sup tipuy (x), usp(x,y)]

xelU



A'=A A

pg (¥) = suptluy (x), s p(x,y)]

xeU

pg (y) = sup{min|pu,(x), py () pp(¥)1}

xelU

pg (y) = sup{p,(x)up(y)}

xeU

ug (y) = ug(y)




pg (y) = sup tlpy (x), masp(x,y)]
up (¥) = il:g{min[uﬁ (x), ma( g}

pg (¥) = ilelll]){ﬂA (x). min|p,(x), pp(¥)1}
5 (x) pa(x) < pp(y)

g (y) = sup {u a@up(y)  ma(x) = pp(y)

xelU

ug (y) = ug(y)

'=very A o
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pg (y) = sup tluy (x), pasp(x,y)]

A'=more or less A :z
py () = sup {min [u}/? (), s s |}

xeU

pg (y) = le:lll){ﬂA (x). ug(¥)}

ug (y) = ug(y)




pg (y) = sup tluy (x), pasp(x,y)]

pg (¥) = sup{min[1 — p,y(x), us (g ()1}

xelU

1—ps(xg) = pa(xo)up(y) = pa(xo) = 1+ ug(y)

wy (y) = pe(y)
? 1+ pug(y)
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ug ) = us(y) A=A

g (¥) = pg(y) '=very A o

g (¥) = pup(y) A'=more or less A e

, _ HUB (¥) b A .
Up (}’)—1+”B(y) A'=~A
(o9 (L Hlire
x is A’ (Premise 1) | y is B’ (Conclusion)
criterion pl rzi1s A yis B
criterion p2 x is very A y is very B
criterion p3 z is very A y is B
criterion p4 | x is more or less A | y is more or less B
criterion pb | x is more or less A yis B
criterion p6 z is not A y is unknown
criterion p7 x is not A y is not B
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A'=A

'=very A o

A' =more or less A :z

. A'=~A
:69lob
pg (y) = sup tipuy (x), usp(x,y)]

xelU
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'=not very B :©

'=not more or less B ¥a

B'=B :»
269100

py (x) = Syl:ll/) tlug (¥), masp(x,y)]



B'=~B &l

| o
py (x) = Syl:Il) tlug (), ap(x, y)]
Py (x) = sulll){min[l —ugY), pa(DupgM1}
Y€
1
1—ug(yo) = ua(ug(yo) = up(yo) = TR

pa(x)
1+ pyu(x)

Py (x) =
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'=not very B :o

py (x) = Syl:ll/) tlug (¥), masp(x,y)]

Py (x) = S;‘:]l/){min[l —up(), ma(ug |}

() £ i) + 4
%

1 - up(¥o) = ma()ug(yo) = up(yo) = >

) + g () [ G0 + 4
2

py (x) =
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py (x) =suptiug (y), pasp(x,y)]

v
ye '=not more or less B :z

iy (0 = sup {min |1 - p/* ), kA ) |}

yevV
1+ /1 du,(x)
1- Illla/z o) = ua(X)pp(yo) = ”11;/2 (¥o) = y ’

2p4(x) X

2ps(x) +1— 1+ 4p,(x)
2p,(x)

Py (x) =




py (x) = syglg tlug (¥), masp(x,y)]

py (x) = sup{min|ug(y), ua(x)ug(y)l}
yev B'=B

py (x) = Syl:[?{ﬂA (Dus(y)}

Py (x) = pa(x)
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HBasc (x, Z) = Sul,ll) t[ﬂAeB(x: J’); ”B’—>C(y: Z)] :6)9T‘>L,’, B'=B d‘"
ye
'=very B :©
Pac (x,2) = sup{min|p,(x)pup(y), ug )uc(2)]}

yev
B' = more or less B ¥a

B'=~B :»



) B'=B i
o

Pac (x,2) = sup tlpap(x,y), up c(y, 2)]
ye

Hasc (x,2) = Sylglll){min[uA Dug(y), ug(Y)uc(2)1}

Pac (x,2) = fvlil?{”B (yymin[u,(x), uc(2)]}

Ha-c (x, Z) = min [MA (x)' Hc (Z)]




' e

Pac (x,2) = sup tlnag(x,y), ug c(y, 2)]
Yye

Pasc (X,2) = Syl:y{min[ﬂA (XDup(y), ﬂ)zg Muc (Z)]}

Pyc (x,2) = Syl:'I/){MB (y)ymin[p,(x), pup(¥)puc(z)1}

Paoc (x,2) = min[p,(x), uc(2)]

B'=very B :©




'z J=
Pac (x,2) = sup tlnag(x,y), ug c(y, 2)]
b%3

}B' = more or less B ¥

Hase (x,2) = sup {min [ua(Ops ), 15> Mue(2)]
yev

Hase (x,2) = sup {ug/* (Yymin |1y Mpa(x), me(2) |}
yev

Paoc (x,2) = min[p,(x), uc(2)]
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Basc (x,2) = suptp, p(x,y), ug c(¥,2)]
yel B'=~B

Pasc (x,z) = F;,l:III){min[ﬂA (Dpp(y), (1 — ug(y)uc(2)1}

pe(z)
pa(x) + puc(z)

pa()pup(yo) = (1 — ug(¥o))uc(z) = upg(yo) =

pra(x)puc(z)
pa(x) + pc(z)

I"A—)C’ (x) Z) —
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0.5 1.0 0.6 1.0 0.4
A= B =

+ . .
X1 * X3 * X3 Y1 Y2 Dienes-Rescher sl 3! !
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0.5 1.0 0.6 5 1.0 0.4 Dienes-Rescher sl jlw!
A= _

Dienes-Rescher pljlow! wlw! p

Pasp(x,y) = max{(1— pus(x)), up(y)}

1)y akly s yilo 1l akly w il 18l y akly s yilo
(A—B) A'g (A—-B)NA'y
Y1 Yo Y1 Yo Y1 Yo

x| 1 | 0.5 x, | 0.6 | 0.6 x, | 0.6 | 0.5

x,| 1 | 0.4 x,| 0.9 | 0.9 x, | 0.9 | 0.4

x,| 1 | 0.4 x, | 0.7 | 0.7 x, | 0.7 | 0.4
B s, A—B)NAY poai B =22 22 °

Y1 Y2




0.5 1.0 0.6 1.0 0.4
A= + + B = +
X1 X2 X3 Y1 Y2

0.6 0.9 0.7
=—+—+

' e
X1 X2 X3

Lukasiewicz ol sl wlal w

Lukasiewicz el o

!/

Pasp(x,y) = min{l,1 — py(x) + pg(y)}

1!y ally oyl 1!y ally o Yo 1!y adly g o

(A—B) A'g (A—-B)NA'y
yYi Yo Y1 Yo Y1 Yo
x| 1 | 0.9 x, | 0.6 | 0.6 x, | 0.6 | 0.6
%, 1 | 0.4 %, | 0.9 | 0.9 x,| 0.9 | 0.4
x,| 1 | 0.8 x5 | 0.7 | 0.7 x5 | 0.7 | 0.7
B oy ABINNy s 2,0 o




0.5 1.0 0.6 1.0 0.4
A= B = ~+

X1 X2 X3 Y1 Y2

+—+ 0

XX X T J= Zadeh sljliwl iz
Zadeh p‘}lM‘ u»Lw' 5

Pasp(x,y) = max{min(pu,(x), ug(y)), 1 — pa(x)}

1)y akly s yilo 1l akly w il 18l y akly s yilo
(A—B) A'g (A—-B)NA'y
Y1 Yo Y1 Yo Y1 Yo

%, | 0.5 | 0.5 x, | 0.6 | 0.6 x, | 0.5 | 0.5

x,| 1 | 0.4 x,| 0.9 | 0.9 x, | 0.9 | 0.4

x, | 0.6 | 0.4 x, | 0.7 | 0.7 x, | 0.6 | 0.4
B s, A—B)NAY poai B =22 22 °

Y1 Y2
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Pasp(X,y) = ua(x)up(y)

18l y adly g ko

1!y ally o Yo

(A—B) A'g
Y1 Yo Y1 Yo
x, | 0.5 0.2 x, | 0.6 0.6
x,| 1 | 0.4 <, | 0.9 | 0.9
x3 | 0.6 | 0.24 xg | 0.7 0.7
B 5, A—B)NAy poai B = Oyf " Oyf

1!y ally o ylo

(A—-B)NA'y
Y1 Y2
x,; | 0.5 | 0.2
x, | 0.9 | 04
x5 | 0.6 | 0.24
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ac gozmo g4,k 0 iINfimum ¢ suprimum gbzMas! 3y

b 5555 &5 Cowl dcgamme guiae (31 yiSz oS (Al gomo SO (gaSgozoy ) SUPTIMUM
LUB ¢ least upper band g, :p! jl .0l o0 acgomxo p j sbas! plod g9lumo

: g o0 0ol 3o
AWl dc gozxo p ) uac SUPTIMUM o;lus 093

Cwwl SUPTIiMUM o> 6,8 SUPrima

b 595 45 Cowl S gommo i oy 155 ) 3 AS gozme Sy (gaSgazmoy j infimum ©
L greatest lower band g, (p! 3l .0l oo 4 gozxo 9 § las! plod G9lums
g o0 0ol 3 GLB
Al dcgozxo 5 qac INfimum s,1u5 o9y

ol INfimum gze> o8 infima



|-
dlocl dc gozxo j0 |y ouul 0010 glrac gozxo p ) infimumgsuprimla;ﬂm
A
A={1,2,3}
B={xeR|0<x<1}
C={xeR | 8<x3<27}

D=y
inf (A) =1 sup (A) =3
inf (B) = 0 sup (B) =1
inf (C) = 2 sup (C) =3
inf (D) = +co sup (D) = -0
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