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o x is fast.
o % is medium. o x is not slow.
o x is very slow.
o x is slightly fast.

o x 1s more or less medium.
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(o)

(o)

(o)

(o)

slightly

a little
more or less
some what
very
extremely
exactly
more than

less than

Hstighty 4(%) = [Ha(X)]Y3

Ha titrre a(X) = [y (x)]/3

Hmore orless A (x) — [ﬂA (I)]lfz

Hsome what A (x) = [ﬂA (x)] 1/2

au-veryﬂ(x) — [P'—A(x)]z
auextremelyﬂ(x) — [auA (x)]3

a”—exar:ﬂyﬂ(x) — [ﬂA (x)]m

pa(x) if x <minf[x|p,(x) = 1]
1 otherwise

a(x) if x> max|x|p,(x) W

1 otherwise

Hinore thanA(x) — [

Hiess thth(x) — {
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O very very Hveryvery a(X) = [, ()]

o not very Hnotverya(X) =1 — [y (0)]?

o not more or less  HUnotmoreor Iessﬁl(x) =1- [,U.A (x)]uz
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Table 2.3 Some widely used hedges

HEDGE MEANING

about, around, near, roughly approximate a scalar
above, more than restrict a fuzzy region
almost, definitely, positively contrast intensification
below, less than restrict a fuzzy region
vicinity of approximate broadly
generally, usually contrast diffusion
neighbouring, close to approximate narrowly
not negation or complement
quite, rather, somewhat dilute a fuzzy region
very, extremely intensify a fuzzy region

L. Reznik, Fuzzy Controllers, Newnes, 1997. Page 47,
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_(2[pg(0)]? for0 < pu,(x) <0.5
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1.0 0.8 0.6 0.4 0.2

Il = very small : !
sma 1 + > + 3 + 4 + S

very very small :o

more or less small :z

1.0 0.64 0.36 0.16 0.04
very small = + + + +—

1 2 3 - 5

1.0 0.4096 0.1096 0.0256 0.0016
veryvery small = — - + +

1 2 3 % 5

1.0 0.8944 0.7746 0.6325 0.4472
more or less small = + + + +

1 2 3 £ 5
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auextremelyﬂ(x) — [auA (x)]3

Hmore or less A (x) = [ﬂA (I)]lfz
U tittie a(X) = [4(x)]1/3
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Medium
tr very Medium -
extremely Medium
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Wooro thana(X) = {ﬂA(l’) if x <min[x|p,(x) = 1]
frore than 1 otherwise
Wyocc tham a () = [ﬂA(x) if x > max|x|p,(x) = 1]
ess than 1 otherwise
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Figure 4.9 Membership function Very_Small created without hedges.

W. Siler and J.J. Buckley, Fuzzy Expert Systems and Fuzzy Reasoning, Wiley, 2005 Page. 71
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atomic fuzzy o x 1s fast.
proposition . .
o0 x 1s medium.

o x 1s slow or x is not medium.

compound fuzzy

o x is not slow and x is not fast. proposition

o (x is small and x is not fast) or x is medium. g\
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FP = (x is slow and x is not fast ) or x is medium.

tep (X, %, %) = s{t|pg(x), 1 — pp(x)], pp ()}




(mliS O=F 51 g0 bl 52) Jlio
S Slos 038 L g o0l 0018 Cugac il bould i 538 wolio gl

e |y 35 &5 g0 (5318 eyl S Cuguac U cnot gor cand glp vl 53

o FP1:
o FP2:
o FP3:

et Lod o 33 9
x is slow or x is not medium. 1]
x is not slow and x is not fast. a0
(x is slow and x is not fast) or x is medium. a

1

A

Slow

Medium Fast

50

75 100 vmax -
Speed of car (km/h)




o FP1:
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x 1s slow or x is not medium. Jur1 |

Hpp1(X,X) = pPpps(x) = max{pg(x),1 — pp, (%)}
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o FP2: xis not slow and x is not fast. a0

Upp2(X,X) = Uppy(X) = min{l — us(x),1 - Uy (x)}

A
Slow Medium Fast

0 50 75 100 Vmax ~
Speed of car (km/h)
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o FP3: (x1isslow and x is not fast) or x is medium. ¥a

Hrp3 (x, X, x) = HFrp3 (x) — max{min[ys(x), 1- .u'f (x)], nu'm(x)}
— max{ius (x), .u-m(x)}

A
Slow Medium Fast

0 50 75 100 Vmax ~
Speed of car (km/h)
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: Dienes-Rescher ol 3Liw!
IF <FP,>THEN<FP,>

O PV q interpretation
o basic fuzzy complement

o basic fuzzy union
Ko, (x,y) = max[l — HFrp, (x) yFp, 0’)]

é&@%@jﬂ@

interpretation gue.t)

implication ol i
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IF <FP,>THEN<FP,>

O PV q interpretation
o basic fuzzy complement
o Yager s-norm with w=1 for fuzzy union

1
sw(a,b)|,=1 = min [1, (a¥ + bw)ﬁl

= min|1,a+ b]

w=1

to,(x,y) =min|1,1 — ppp (x)+ppp, ()]
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IF <FP,>THEN<FP,>

o pV (pAq) interpretation
o basic fuzzy complement

o basic fuzzy intersection

o basic fuzzy union

Ug, (x,y) = max[min(ﬂFpl(x) » HFP, (»),1- ﬂFPl(x)]
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IF <FP,>THEN<FP,>
S 4 SIS of liw! | cog8f0 (gARumgs O
|1 if ppp,(x) < ppp,(y)
Mo (x,y) = :
upp,(y) otherwise
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IF speed is fast THEN resistance is high

IF < FP, > THEN < FP,> ELSE < NOTHING >
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IF <FP,>THEN < FP,>

o pAqinterpretation

o min or algebraic product fuzzy intersection

Koo (x,y) = min[ﬂFpl (x) y HFp, (J’)]

KQup (X Y) = tpp, (X). tpp, (¥)
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1 if x, = 35 1 Ea—
55 —x ¥
Htow(X1) = ' if35<x, <55 = ”5’ \
20 [} 1 1 't

0 if x; > 55 0 20 40 60 80 100 x1
L Xo =
ﬂsmaﬂ(xz) — 10 2 = D.E\
0 10 20 30 x2

0 ify<=1 1] ' -
au.[arge(y): y_l ifl"-:y{_iz f';-"[}_5_
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IF x, is slow and x, is small, THEN vy is large %’JL”@

1 if x; =35 10 — x,
55 — x ——— ifx, =10
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20 0 if x, > 10
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\ 200
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