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Abstract

The centroids of isosceles triangular and trapezoidal membership functions are men-
tioned in this paper. We proved the agreement of the same function expressed with
different parameters and formalized those centroid with those parameters. In addition,
various properties of membership functions on intervals where the endpoints of the

domain are fixed and on general intervals are formalized.
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Listing 1. FUZZY_7:17, FUZZY .7:21

theorem :: FUZZY_7:17

for a,b,c,d be Real, f be Function of REAL,REAL st

a<b&b<c&c<d& fisintegrable_on ['a,d’] & f | [’a,d’] is bounded & for x be Real st x in ['a,b’] \/ ['c,d’]
holds f.x = 0 holds centroid(f,[’a,d’]) = centroid(f,[’b,c’]);

theorem :: FUZZY_7:21

for A,B be non empty closed_interval Subset of REAL, f be Function of REAL, REAL st

lower_bound B <> upper_bound B & B c¢= A & f is_integrable.on A & f | A is bounded &

(for x be Real st x in (A \ B) holds f.x = 0) & f.(lower_bound B) = 0 & f.(upper_bound B) = 0 holds
centroid (f,A) = centroid (f,B);

D% b kEC Listing &, b € [a,c] & L, PAXM [a, ] DEBES b, c|([a,b]) i2BWT
ANy TR fl2) =0 TH2 e E, ZOXBIQITELMENFELETS, ZOXMH
BEVTIET 7 0 (UERFHET 3 KB [0,0](b,]) L TEB 2L ERLTVA,
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article [7] IZHBWT, KD D K5 =M% HFEX Ty FRIBUIBEEIED 1 %
7230 2 R BEFEBDEE T A=K LT TD X 512 TriangularFS, TrapezoidalFS
DA TERZIN TV S.

Listing 2. FUZNUM_1:def 7, 8

definition

let a, b, ¢ be Real,;
assume that

Z1: a < b and
Z2:b <c;
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func TriangularFS (a,b,c) —> FuzzySet of REAL equals :TrDef: :: FUZNUM_1:def 7
((AffineMap (0,0)) | (REALY J.ac.))) ++ ((AffineMap (1 / (b — a)),(— (a / (b — a))))) | La,b]))
+x ((AffineMap ((— (1/ (e — B)),(c / (e - b)) | [be);

coherence

pr(g;)f end;

definition
let a, b, ¢, d be Real;
assume that
Z1: a < b and
Z2:b < c and
Z3:c<d;
func TrapezoidalF'S (a,b,c,d) —> FuzzySet of REAL equals :TPDef: :: FUZNUM_1:def 8
((((AffineMap (0,0)) | (REAL \ J.a,d.[)) ++ ((AffineMap ((1 / (b —a)),(— (a / (b — a))))) | [a,b.]))
+* ((AffineMap (0,1)) | [.b,c.])) +* ((AffineMap ((— (1 / (d — ¢))),(d / (d — ¢)))) | [-c,d.]);

)

coherence
proof end;
end;
1
a b c a b c d a-c a atc
TriangularFS(a, b, c) TrapezoidalFS(a, b, c,d) f(x)
1. Triangular Membership Functions and Trapezoidal Membership Function
Listing 3. FUZNUM_1:def 9
definition

let F be FuzzySet of REAL;

attr F is triangular means :: FUZNUM_1:def 9

ex a, b, ¢ being Real st F = TriangularF'S (a,b,c);

attr F is trapezoidal means :: FUZNUM_1:def 10

ex a, b, ¢, d being Real st F = TrapezoidalFS (a,b,c,d);
end;
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b(x —a)

Listing 4. FUZZY_7:4

theorem :: FUZZY_7:}

for a,b,c be Real st b > 0 & ¢ > 0 holds

for x be Real holds

( AffineMap ( b/c,b—axb/c) | |. —infty,a .|+ AffineMap (—b/c,b4axb/c) | [. a,+infty .[ ).x = b — |. bx(x—a)/c .|;
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BXNYy T THZ e BRLTWS. D% ) EiRo Listing 8 ZHE L TW3.

Listing 5. FUZZY_7:3

theorem :: FUZZY_7:3
for a,c be Real, f be Function of REAL,REAL st ¢ > 0 & ( for x be Real holds f.x = max(0, 1 — |. (x—a)/c .|) )
holds f is FuzzySet of REAL & f is triangular FuzzySet of REAL;

—F, BFRX Ry TEBIZAERIX oy y FRIFNC MIN BIFUC X 2 58] D
(clipping method) Z#H L TERBADFIRETH 5. R () TREINZ ZEFL=MAIF R N
v TRIBUC MIN BEE2 o TRIRE 1 THYID 23 % L BFAIX oy y TR DS
HrifEs 5.

Listing 6. FUZZY_7:6

theorem :: FUZZY_7:6

for a,b,c be Real, f be Function of REAL,REAL st

b>1& c > 0 & ( for x be Real holds f.x = min(1, max(0, b — |. b¥(x—a)/c .|)) ) holds

f is FuzzySet of REAL & f is trapezoidal FuzzySet of REAL & f is normalized FuzzySet of REAL;

4 Lipschitz E&4

EEOIET 7 P 4 O BRERIEFEEOFFHICBWT, 7 7 P 1 #Emib R o
ZROB T % Lipschitzian Mtk DB %2 1T - 72 [10,01). DIRO 2 @I, SK%ZNh5
DFFAD Mizar 12 & 2 WEEICHEH X N2 RIAATH 5. 1 DDIEFARMTHEAL LIz X N
>y TEBUIRT 2 DT, fAIEXSMREEBICNT 2D TH 3.

Listing 7. FUZZY_7:24, FUZZY _7:38

theorem :: FUZZY_7:24

for a,b,c be Real, f be Function of REAL,REAL st

b >0 & c > 0 & (for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|)) holds
f is Lipschitzian;

theorem :: FUZZY_7:38

for a,b,p,q be Real, f be Function of REAL,REAL st a <> p &

f = (AffineMap (a,b)|].—infty,(q—b)/(a—p).]) +* (AffineMap (p,q)|[.(q4—b)/(a—p),+infty.[) holds
f is Lipschitzian;

5 “HEI=AFEEIVEFHAERRDED

BH & 22 “EE N =AURIBB O EDNEIC X 3IET 7 O 4 LEIZZ DTES D BRI R
LEEROROBIETH S, UTOEMTZOERERZERMLLTWS.

Listing 8. FUZZY_7:25, FUZZY _7:26, FUZZY _7:27

theorem :: FUZZY_7:25
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for a,b,c be Real, f be Function of REAL REALstb >0& ¢ >0 &

f] [a—c,a+c]

= ( AffineMap ( b/c,b—axb/c) |[. lower_bound ['a—c,a+c’], ((b+axb/c) — (b—axb/c))/((b/c)—(—b/c)) .] )
+% ( AffineMap (—b/c,b+axb/c) |[. (b+axb/c — (b—axb/c))/((b/c)—(—b/c)), upper_bound ['a—c,a+c’] .] )
holds centroid (f,[’a—c,a+c’]) = a;

theorem :: FUZZY_7:26

for a,b,c be Real, f be Function of REAL,REALstb >0& c¢c >0 &

( for x be Real holds f.x = max(0, b — |. bx(x—a)/c .|) ) holds

f| [a—c,atc’] =

( AffineMap ( b/c,b—axb/c) | [. lower_bound ['a—c,a+c’], (b+a*b/c — (b—axb/c))/((b/c)—(—b/c)) .])

+x* (AffineMap (—b/c,b+axb/c) | [. (b+axb/c — (b—axb/c))/((b/c)—(—b/c)), upper-bound ['a—c,a+c’] .] );

theorem :: FUZZY_7:27
for a,b,c be Real, f be Function of REAL,REAL st
b >0 & ¢ > 0 & ( for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|) ) holds centroid (f,a—c,a+c’]) = a;

L OEHIITES DD (a,b) D I =MAROBBOELERD TS, 2
DWTC, b=12F2Z2REoTAYANYy TEBE LTIRS 28D TES. RUIDE
HTX MR TRIN T I =AFPRX Ny y TRBOEL a THE
ZAEEAL, ROEHTZ O (0) DBICEIENS 2 HW TR L7z,

DR OER#I Listing B DER TR E N 2 ZFEL=APRIX > N>y TR OE LD b
THBILERLTVS.

Listing 9. FUZZY_7:31, FUZZY _7:33

theorem :: FUZZY_7:81
for a,b,c be Real st a < b & b < ¢ & b—a = ¢—b holds centroid (TriangularFS (a,b,c),[’a,c’]) = b;

theorem :: FUZZY_7:33
for a,b,c,d be Real st a < b & b < ¢ & b—a = ¢c—b & d <> 0 holds centroid (d (#) TriangularFS (a,b,c),[’a,c’]) = b;

FHBEFAIRX ooy TREBOBELH EE (FE) OFETH2 ZIZEPETHS. M
ToERizFroFEELEAL 7.

Listing 10. FUZZY_7:36, FUZZY_7:48, FUZZY _7:49

theorem :: FUZZY_7:36

for al,c,a2,d be Real, f be Function of REAL ,REAL st

c>0&d>0&al <a2&f=(d(#) TrapezoidalFS (al—c,al,a2,a2+c) ) | ['al—c,a2+c/]
holds f is_integrable_on ['al—c,a2+c’];

theorem :: FUZZY_7:/8
for al,c,a2,d be Real, f be Function of REAL REAL st c >0& d>0& al < a2 &
f] [.al—c,a2+c.] = AffineMap(d/c,—(d/c)x(al — ¢)) | [.al—c,al.] +x
AffineMap(0,d) | [.al ,a2.] +x
AffineMap(—d/c, (d/c)*(a2 + ¢)) | [.a2,a2+c.]
holds
integral( f,al—c,a2+4c’]) =
integral( AffineMap(d/c,—(d/c)*(al — c)), ['al— c,al’]) +
integral( AffineMap(0,d) , ['al ,a2’]) +
integral( AffineMap(—d/c, (d/c)x(a2 + c)) , [a2,a2+c’]) ;

theorem :: FUZZY_7:49
for al,c,a2,d be Real st c > 0 & d > 0 & al < a2 holds
centroid ( d (#) TrapezoidalFS (al—c,al,a2,a2+-c), ['al—c,a2+c’]) = (al+a2)/2;

I THOWLRTWSEREFRERT FROE X a2—al, FEDEEZD a2—al+2c,
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FUZZY_7 [Isosceles Triangular and Isosceles Trapezoidal Membership Functions
by Takashi Mitsuishi

Summary: The centroids of isosceles triangular and isosceles trapezoidal membership

functions are mentioned in this paper. We proved the agreement of the same function

expressed with different parameters and formalized those centroid with those param-

eters. In addition, various properties of membership functions on intervals where the

endpoints of the domain are fixed and on general intervals are formalized.

Listing 11. FUZZY_7 - abstract

environ

vocabularies NUMBERS, XBOOLE.0, SUBSET_1, XXREAL_1, CARD_1, RELAT_1, TARSKI,
FUNCT.1, XXREAL_0, PARTFUN1, ARYTM_1, ARYTM_3, COMPLEX1,
MEASURE5, FUZNUM_1, REAL_1, ORDINAL2, XXREAL_2,FUNCT_7,
JGRAPH_2, FUNCT_4, FCONT_1,SQUARE_1,SIN_COS,
VALUED_1,FDIFF_1, INTEGRA1,INTEGRA5,SEQ 4,
POLYEQ_3,NEWTON, MSALIMIT,NUMPOLY1, FUZZY _6;

notations

TARSKI, XBOOLE_0, SUBSET_1, NEWTON, RELAT 1,
ORDINAL1,NUMBERS, SQUARE_1, BINOP_1, NORMSP_1,METRIC_1,
INT_1, XCMPLX_0,XXREAL_0, COMPLEX1,XXREAL_2,XREAL_0,

REAL_1, RELSET_L,

PBOOLE, MEASURES5, PARTFUN1, FUNCT_2,

PARTFUN2, FUNCT_1, FCONT_L,

FUNCT_3,INTEGRALINTEGRA2, RFUNCT_3,

FUNCOP_1, NAT_1, VALUED.0, VALUED_1, FUNCT 4,

ARYTM_2, ARYTM_1, ARYTM_0, COMSEQ_2, FDIFF_1,
MEMBERED, FINSEQ_1, FINSEQ_2, SEQ_2, SEQ_4,
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SIN_COS, RFUNCT_1, POLYEQ_3,
RVSUM_1,RCOMP_1, TOPMETR, TAYLOR.1, PRE_TOPC, TOPS_2, POLYDIFF,
INTEGRA5,COUSIN2, DOMAIN_1, TSEP_1, TMAP_1,

FUZZY _1,FUZNORM1,FUZNUM_1, FUZZY _6;

theorems

TARSKI, XBOOLE_0, FUNCT_.1, ABSVALUE,

COMPLEX1, XREAL_1, XXREAL_0, XXREAL_1, FUNCT_2, RELAT_1,
XREAL_0, FCONT_1, XCMPLX_1, FUNCT 4,
FDIFF_1,VALUED_1,INTEGRA1,INTEGRAS5,

NEWTON,INTEGRA4, INTEGRA6,SEQ_4, COUSIN2,

POLYEQ.3, FUZZY_5, FUZZY 6, FUZNUM_1;

constructors
XBOOLE.0, ZFMISC_1, SUBSET_1, FUNCT_1, FUNCT_2, XCMPLX_0,
XXREAL_0, XREAL_O,
COMPLEX1, RFUNCT_1, SEQ_4, RELSET_1, FUZZY_1, FCONT_1,
FUNCT _4,FUZNUM_1,
LFUZZY_1,RELAT_1,SIN_.COS,XXREAL_3,NUMBERS,
SIN_COS6,TOPMETR,SQUARE_1,TAYLOR_1,POWER, COMPTS_1, RCOMP_1,

FINSEQ_1, FINSEQ_2, INT_1,0RDINALI,
FDIFF_1, NORMSP_1,METRIC_1,VALUED_1,PARTFUN1,MEASURES5,

COMSEQ_2, PARTFUN2,POLYDIFF,PREPOWER,NEWTON,

RFUNCT_3,FUZNORMI1, BINOP_1, BINOP_2,INTEGRA1,INTEGRA2,INTEGRA3,INTEGRAS5,
COUSIN2,SEQ_1,SEQ_2,RVSUM_1, NAT_1,
XXREAL_2, EXTREAL1, MESFUNC5,TOPS_2, CONNSP_1,

TMAP_1, PCOMPS_1,REAL_1,ARYTM_1,ARYTM_0,PBOOLE,FUNCOP_1,FUNCT_3,

POLYEQ_3,FUZZY 5,FUZZY_6,MEMBERED;

registrations RELSET_1, NUMBERS, XXREAL_0, MEMBERED, XBOOLE_0, VALUED.O0,
VALUED.1,COMSEQ_2,PDIFFEQ1,FDIFF_1,FUZZY 1,
FUNCT_2,XREAL_0, ORDINALI, FCONT.1, RELAT.1, TOPREALB, FUNCT_4, FUNCT_1,
XCMPLX_0, NAT_1, RCOMP_1,FUZNUM_1,NUMPOLY],
LFUZZY_1,SIN_COS,XXREAL_3,

SIN_COS6,TOPMETR,SQUARE_1,SIN_COS3, CARD_3, INT_1,SUBSET_1,SIN_COS9,
NORMSP_1,PARTFUN1,INTEGRA1,MEASURE5,COMSEQ_1,
FDIFF_2,POLYDIFF,PREPOWER,NEWTON,RFUNCT_3,FUZNORM1,INTEGRA2,RFUNCT_L,
SEQ.2,SEQ_1,RVSUM_1,NAT_3, PRE_TOPC, METRIC.1, BORSUK_1, CONNSP_1,

EXTREALL, SUPINF_1, SUPINF_2 XXREAL_I;

requirements NUMERALS, REAL, SUBSET, BOOLE, ARITHM ;

definitions XBOOLE_0, TARSKI, XXREAL_2,FUZNUM._1,
FUZZY_1,RELAT_1,
XXREAL_3,NUMBERS,SIN_COS6,TOPMETR,SQUARE_1, COMPTS_1, RCOMP_1,
FCONT_1,INT_1,SUBSET_1,VALUED_1,XXREAL_0,SIN_COS,
PARTFUNI,INTEGRALINTEGRA2,INTEGRA3,INTEGRA5,MEASURE5,FUNCT 2,RFUNCT_1,
BINOP_1,FUZNORM1,SEQ_1,SEQ_2,COMSEQ_2,FINSEQ_1,NAT_1, TAYLOR_1,FUZZY 6,
RVSUM_1;

equalities FUZZY_1, RCOMP_1,FUZNUM_1,
RELAT_1,XXREAL._3,
NUMBERS,SIN_COS6,SQUARE_1,FUNCT 4,RFUNCT_1,INTEGRA1,INTEGRA2;
expansions TARSKI, FCONT_1,FUZNUM_1,
FUZZY_1,RELAT_1,XXREAL.3,
NUMBERS,SQUARE_1,FUNCT 4,RFUNCT_1,INTEGRA1,INTEGRA2;

schemes FUNCT_2;

begin
reserve A for non empty closed_interval Subset of REAL;
theorem :: FUZZY_7:1

for f,g be Function of REAL,REAL st
f is continuous & g is continuous
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holds
max(f,g) is continuous;

theorem :: FUZZY_7:2

for f,g be Function of REAL,REAL st
f is continuous & g is continuous
holds

min(f,g) is continuous;

theorem :: FUZZY_7:3

for a,c be Real, f be Function of REAL,REAL st

¢ > 0 & ( for x be Real holds f.x = max(0, 1 — |. (x—a)/c .|) )
holds

f is FuzzySet of REAL & f is triangular FuzzySet of REAL;

theorem :: FUZZY_7:4

for a,b,c be Real st b > 0& ¢ > 0

holds

for x be Real holds

( AffineMap ( b/c,b—axb/c) | ]. —infty.a .]

+* AffineMap (—b/c,b+axb/c) | [. a,+infty .[ ). x =b — |. bx(x—a)/c .|;

theorem :: FUZZY_7:5

for a,b,c be Real, f be Function of REAL REAL st
b>0&c>0&

(for x be Real holds f.x = b—|. bx(x—a)/c .|) holds
f = AffineMap (b/c,b—axb/c) | |. —infty,a .|

+x AffineMap (—b/c,b+axb/c) | [. a,+infty .[;

theorem :: FUZZY_7:6

for a,b,c be Real, f be Function of REAL,REAL st
b>1&c>0&

( for x be Real holds f.x = min(1, max(0, b — |. bx(x—a)/c .])) )
holds

f is FuzzySet of REAL &

f is trapezoidal FuzzySet of REAL &

f is normalized FuzzySet of REAL;

theorem :: FUZZY_7:7

for s be Real, f,g being Function of REAL,REAL holds
dom ( ( f|].—infty,s.] ) +* ( g | [-s,+infty.[ ) ) = REAL &
dom ( (f|].—infty,s.[ ) +* ( g | [-s,+infty.[ ) ) = REAL;

theorem :: FUZZY_7:8

for a,b being Real holds

(a > 0 implies

|. AffineMap (a,b) .| = (— (AffineMap(a,b) | |.—infty,(—b)/a.[))
~+# (AffineMap(a,b) | [.(—b)/a,+infty.[) )

theorem :: FUZZY_7:9

for a,b being Real holds

(a < 0 implies

|. AffineMap (a,b) .| = ( (AffineMap(a,b) | ].—infty,(—b)/a.[ ))
+% — (AffineMap(a,b) | [.(—b)/a,+infty.[ ) );

I

theorem :: FUZZY_7:10

for a,b,c be Real, f be Function of REAL,REAL st
b>0&c>0&

(for x be Real holds f.x = max(0, b — |. bx(x—a)/c .|)) holds
for x be Real st not x in ['a—c,a+c’] holds f.x = 0;

theorem :: FUZZY_7:11

for a,b,c be Real, f,g be Function of REAL,REAL st
a<b &b < cholds

(f|]. —infty,b .] +* g | [. b,+infty .[ ) | [ a,c ]
={[[ab.])+x(g][ be])

theorem :: FUZZY_7:12
for a,b,c be Real, f be Function of REAL ,REAL st
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b>0&c>0

holds

( AffineMap ( b/c,b—axb/c) | |. —infty,a .]

+* AffineMap (—b/c,b+axb/c) | [. a,+infty .[ ) | [. a—c,a+c ]
= AffineMap ( b/c,b—axb/c) | [. a—c,a .]

+x AffineMap (—b/c,b+axb/c) | [. a,a+c .];

theorem :: FUZZY_7:13
for a,b,c,d be Real st a < b & b < ¢ & ¢ < d holds
[a,d]\ ['b,c’] e= [a,b’] \/ ['e,d];

theorem :: FUZZY_7:14
for a,b,c,d be Real st a <b & b < ¢ & ¢ < d holds

[ad.]\[bc.]Jce=[ab.]\/[ cd.];

theorem :: FUZZY_7:15
for a,b,c,d be Real st a < b & b < c & ¢ < d holds

[ad ]\ [bec.]=[ab.[\/]cd.l;

theorem :: FUZZY_7:16

for a,b,c be Real, f be Function of REAL ,REAL st

a<b &b < c& fisintegrable_on ['a,c’] & f | ['a,c’] is bounded
holds

f is_integrable_on ['a,b’] & f is_integrable_on ['b,c’] &

f | ['a,b’] is bounded & ['a,b’] c= dom f &

integral (f,a,c) = (integral (f,a,b)) + (integral (f,b,c));

theorem :: FUZZY_7:17
for a,b,c,d be Real, f be Function of REAL ,REAL st
a<b&b<c&c<d&

f is_integrable_on [a,d’] & f | [’a, ] is bounded &
for x be Real st x in Pa,b’] \/ [ d’] holds f.x =0
holds

centroid(f,[’a,d’]) = centroid(f,[’b,c’]);

theorem :: FUZZY_7:18
for p,q,r,sbeing Real st p<r& r<=s& s <q
holds

[r,8.] c< [.p,q.];

theorem :: FUZZY_7:19

for A,B be non empty closed_interval Subset of REAL
st B c< A holds

lower_bound A < lower_bound B or

upper_bound B < upper_bound A;

theorem :: FUZZY_7:20
for AB be non empty closed_interval Subset of REAL st
B c= A holds

lower_bound A <= lower_bound B & upper_bound B <= upper_-bound A;

theorem :: FUZZY_7:21
for A,B be non empty closed_interval Subset of REAL,

f be Function of REAL REAL st lower_bound B <> upper_bound B & B c= A &

f is_integrable_on A & f | A is bounded &

(for x be Real st x in (A \ B) holds f.x = 0) &
f.(lower_bound B) = 0 & f.(upper_bound B) = 0
holds

centroid (f,A) = centroid (f,B);

theorem :: FUZZY_7:22
for a,b,c be Real st ¢ >= 0 holds
¢ * max (a, b) = max (cxa, cxb) & c * min (a, b) = min (cxa, cxb);

theorem :: FUZZY_7:23 ::Th13:

for a,b,c be Real, f be Function of REAL REAL st

b>0&c>0&

( for x be Real holds f.x = max(0, b — |. bx(x—a)/c .|) ) holds
= b (#) (TriangularFS (a—c,a,a+c));
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theorem :: FUZZY_7:24

for a,b,c be Real, f be Function of REAL,REAL st

b > 0 & ¢ > 0 & (for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|)) holds
f is Lipschitzian;

theorem :: FUZZY_7:25

for a,b,c be Real, f be Function of REAL,REAL st

b>0&c>0&

f| fa—c,at+c’] =

( AffineMap ( b/c,b—axb/c) |

[. lower_bound ['a—c,a+c’], ((b+a*b/c) — (b—axb/c))/((b/c)—(—b/c)) .])
+% ( AffineMap (—b/c,b+axb/c) |

[. (b4axb/c — (b—axb/c))/((b/c)—(—b/c)), upper_bound [a—c,a+c’] .] )
holds

centroid (f,[’a—c,a+c’]) = a;

theorem :: FUZZY_7:26

for a,b,c be Real, f be Function of REAL ,REAL st

b>0&c>0&

( for x be Real holds f.x = max(0, b — |. bx(x—a)/c .|) ) holds

f| fa—c,at+c’] =

( AffineMap ( b/c,b—axb/c) |

[. lower_bound ['a—c,a+c’], (b+axb/c — (b—axb/c))/((b/c)—(—b/c)) .])
+% ( AffineMap (—b/c,b+axb/c) |

[. (b+axb/c — (b—axb/c))/((b/c)—(—b/c)), upper-bound [a—c,a+c’] .] );

theorem :: FUZZY_7:27

for a,b,c be Real, f be Function of REAL,REALstb >0& ¢ >0 &
( for x be Real holds f.x = max(0,b—|. b*(x—a)/c .|) ) holds
centroid (f,[’a—c,a+c’]) = a;

theorem :: FUZZY_7:28

for a,b,c be Real, f be Function of REAL,REAL st
b>0&c>0&

(for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|))
holds

f is_integrable_on A & f | A is bounded;

theorem :: FUZZY_7:29
for a,b,c be Real, f be Function of REAL REAL st
b>0&c>0&

(for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|))
holds

f.(lower_bound ['a—c,a+c’])

=0&f(a—¢c)=0&
f.(upper_bound ['a—c,a+c’]) =0 &

f.(a+c) = 0;

theorem :: FUZZY_7:30 ::Th20:

for a,b,c be Real, f be Function of REAL,REAL st
b>0&c>0&[a—catc]c=A&

(for x be Real holds f.x = max(0,b—|. bx(x—a)/c .|))
holds

centroid (f,A) = a;

theorem :: FUZZY_7:81
for a,b,c be Real st a < b & b < ¢ & b—a = c—b holds
centroid (TriangularFS (a,b,c),[’a,c’]) = b;

theorem :: FUZZY_7:32

for a,b,c be Real st a<b & b < c
holds

TriangularFS (a,b,c) is_integrable_.on A &
TriangularFS (a,b,c) | A is bounded;

theorem :: FUZZY_7:33
for a,b,c,d be Real st a<b & b < c & b—a =c—b & d <> 0 holds
centroid (d (#) TriangularFS (a,b,c),[’a,c’]) = b;
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theorem :: FUZZY_7:34

for abccd be Realsta<b & b<c&c<d
holds

TrapezoidalFS (a,b,c,d) is_integrable.on A &
TrapezoidalFS (a,b,c,d) | A is bounded;

theorem :: FUZZY_7:35

for a,b,c,dyr be Realsta<b & b <c&c<d
holds

r (#) TrapezoidalF'S (a,b,c,d) is_integrable_on A;

theorem :: FUZZY_7:56

for al,c,a2,d be Real, f be Function of REAL ,REAL st
c>0&d>0&al <a2&

f = (d (#) TrapezoidalFS (al—c,al,a2,a2+4c) ) | [al—c,a2+c’]
holds f is_integrable_on [al—c,a2+c’];

theorem :: FUZZY_7:37

for a,b,c be Real, f,g be Function of REAL,REAL,

h be PartFunc of REAL,REAL st

a<=b & b <= c & f is continuous & g is continuous &

h | [ac]=(f|[ab]) +* (g ]| [bec]) & fb=gb & [.a,c.] c=dom h
holds h | [.a,c.] is continuous;

theorem :: FUZZY_7:38
for a,b,p,q be Real, f be Function of REAL,REAL st a <> p &
f = (AffineMap (a,b)|].—infty,(q—b)/(a—p).]) +x*
(AffineMap (p,q)[-(q—b)/(a—p),+infty.|)
holds f is Lipschitzian;

theorem :: FUZZY_7:39

for a,b,c be Real, f,g,h be Function of REAL,REAL

st

a<=b & b <= c & f is continuous & g is continuous &

h| [a,c] = (f] [a,b.]) +* (g | [byc]) & fb=gb

holds

integral((id REAL) (#) h,[’a,c’])

= integral((id REAL) (#) f,[’a,b’]) + integral((id REAL) (#) g,[’b,c’]);

theorem :: FUZZY_7:40
for r be Real, f,g be Function of REAL,REAL holds

v (#) (f++g) = (r (F) D) += (v (F) 8);

theorem :: FUZZY_7:41

for a, b, ¢, d, r be Real st
a<b&b<<c&c<dholds
(((AffineMap ((1 / (b —a)),(— (a / (b — a))))) | [a,b.])) +=*
((AffineMap (0,1)) | [.b,c.]) +x*

((AffineMap ((— (1 / (d = ¢))),(d /

= TrapezoidalFS (a,b,c,d) | [.a,d

theorem :: FUZZY_7:42
for a, b, ¢, d, r be Real st
a<b&b<c&c<dholds
TrapezoidalFS (a,b,c,d)
= (AffineMap (0,0) | (REAL \ ].a,d.[)) +* TrapezoidalFS (a,b,c,d) | [.a,d.];

theorem :: FUZZY_7:43
for r be Real, f be Function of REAL ,REAL holds

(r (F#) DA =1 (F#) (F]A);

theorem :: FUZZY_7:44
for r be Real, f be PartFunc of REAL,REAL st A ¢c= dom f
holds

(r (#) D[ A=r(F#) (f]A);

theorem :: FUZZY_7:45
for a, b, ¢, d, r be Real st
a<b&b<cé&c<dholds
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) AffineMap ((— (1 /
(#) TrapezoidalFS (

theorem :: FUZZY_7:46 ::fuzzy618:

for s be Real, f,g being Function of REAL REAL holds
(f|].—infty,s.] ) +* (g | [.s,+infty.[ )

is Function of REAL,REAL;

theorem :: FUZZY_7:47
for a,b,r being Real holds
r (#) (AffineMap (a,b)) = AffineMap (rxa,rxb);

theorem :: FUZZY_7:48
for al,c,a2,d be Real, f be Function of REAL ,REAL st
c>0&d>0&al <a2&

f| [.al—c,a2+c.] = AffineMap(d/c,—(d/c)x(al — c)) | [.al—c,al.] +x

AffineMap(0,d) | [.al ,a2.] +x*
AffineMap(—d/c, (d/c)x(a2 + ¢)) | [.a2,a2+c.]
holds
integral( f,’al—c,a2+c’]) =
integral( AffineMap(d/c,—(d/c)*(al — c)), [al— c,al’]) +
integral( AffineMap(0,d) , ['al ,a2’]) +
integral( AffineMap(—d/c, (d/c)x(a2 + c)) , [a2,a2+c’]) ;

theorem :: FUZZY_7:49
for al,c,a2,d be Real st c > 0 & d > 0 & al < a2 holds

centroid ( d (#) TrapezoidalFS (al—c,al,a2,a2+c), ['al—c,a2+c’]) = (al4a2)/2;
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