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1: #include  <math.h>

2: #include <stdio.h>

3: #include <conio.h>

4:

5: #ifndef FUZZY_SET

6 #include "f_num.h"

7: #endif

8: // extern unsigned _stklen=30000U;

Oh

102 // + L o T N T O P B S EF B S R U PP S PRSIy
11: void main(){ :

120 [/ +iittbdhd N o S L Fobdabb bbb bbb bbb 4
13: FILE *file;

14: Point P1(1.0,1.0), P2(2.0,2.0);

16:

16:  file= fopen("sample.dta","w+")

17:

18: // bbbt S T e A
19: // Operations of Fuzzy Numbers
20 [/ dbbdbdbbbb bbb bbb bbb bbb S e
21 fprintf(file, "Operations of Fuzzy Numbers \n"):
22 Intervals 11(0.5,1.5), 12(1.5,2.5);
23 FuzzyNumbers F1(1.0,11), F2(2.0,12), F;
24:

: // Addition of Two Fuzzy Numbers

[}
w

26:  fprintf(file,"\n Addition of Fuzzy Numbers, F1 and F2 \n\n"};
27:  fprintf(file, " Fi= \n");

28: Fl.WriteToFile(file);

29:  fprintf(file, "\n F2= \n");

30: F2.WriteToFile(file);

31: F= F1+F2;

32: fprintf(file, "\n F= F14F2 \n");

33:  F.WriteToFile(file);

34:

35: // Subtraction of Two Fuzzy Numbers

36: fprintf(file,"\n\n Subtraction of Fuzzy Numbers, Fi1 and F2 \n");
37: F= F1-F2;

38: fprintf(file, " F= F1-F2 \n");

39: F.WriteToFile(file);

40:

41: // Multiplication of Two Fuzzy Numbers

42:  fprintf(file,"\n\n Multiplication of Fuzzy Numbers, F1 and F2 \n");
43: F= F1xF2;

44: fprintf(file, " F= F1#F2 \n"};

45:  F.WriteToFile(file);

46:

B i s I N o S O SN R S A ar
48: // Operations of Fuzzy Vectors

o 85_
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66:
67:
68:
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71:
72:
73:
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75:
76:
77:
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86:
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99:
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fprintf(file, '"\n\n Operations of Fuzzy Vectors \n");

Y P P P,
// Pyramid Shape

PR e e L T S ST S bbb bbb d £
fprintf(file, " Pyramid Shape \n");

Rectangles R1(P1,1.0,1.0), R2(P2,1.0,1.0), R;

Pyramids  Pyi1(P1,R1), Py2(P2,R2), Py;

// Addition of Two Fuzzy Vectors
fprintf(file, "\n Addition of Fuzzy Vectors, Pyl and Py2 \n');
fprintf(file, "\n Pyl= m); '
Pyl.WriteToFile(file);
fprintf(file, "\n\n Py2= ");
Py2.WriteToFile(file);

Py= Py1+Py2;
fprintf(file, "\n\n Py= Py1+Py2 ");
Py.WriteToFile(file);

// Subtraction of Two Fuzzy Vectors
fprintf(file,"\n\n Subtraction of Fuzzy Vectors, Pyl and Py2 \n");
Py= Py1-Py2; ' B
fprintf(file, " Py= Py1-Py2 \n');
Py.WriteToFile(file);

// InnerProduct of Two Fuzzy Vectors )
fprintf(file,"\n\n InnerProduct of Fuzzy Vectors, Pyl and Py2 \n");
F= Pyl.InnerProduct (Py2); )
fprintf(file, " F(Fuzzy Number)= (Py1’Py2) \n");
F.WriteToFile(file);

S/ Akt
//  Bell Shape
/] bbb

fprintf(file, "\n\nfs Bell Shape \n");
Circles C1(P1,2.0), €2(P2,1.0), C;
Bells B1(P1,C1), B2(P2,C2), B;

// Addition of Two Fuzzy Vectors
fprintf(file, "\n Addition of Fuzzy Vectors, Bl and B2 \n");
fprintf(file, ™\n Bi= \n");
Bl.WriteToFile(file);
fprintf(file, "\n B2= \n");
B2.WriteToFile(file);
B= B1+B2;
fprintf(file, "\n B= B1+B2 \n');
B.WriteToFile(file);
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100:

101: // InnerProduct of Two Fuzzy Vectors

102:  fprintf(file, "\n InnerProduct of Fuzzy Vectors, B1 and B2 \n");
103:  F= B1.InnerProduct(B2);

104:  fprintf(file, " F(Fuzzy Number)= (B1’B2) \n");

105: F.WriteToFile(file);

106:

107:  fclose(file);

108: }

109:

Ny =Ty AN
F_NUM.H

e

ARITHMETIC OPERATIONS FOR FUZZY NUMBERS

Y ) ’

: #include <stdio.h>

: #include <fstream.h>

: #define max(a,b) (((a) > (b)) 7 (@) : (b))
: #define min(a,b) (((@) < (b)) 7 (@) : (b))

: f#tdefine FUZZY_SETS 1
: #define NUMBER.OF_LEVELS 20
: #define WIDTH 5
: #define EPS 1.0e-4

g
O W 0N DD W N e

g
W

s /% Serkark Relations among Classes ks

L
<

Point

-
e

~- Intervals
|

CrispSets --|-- Rectangles
|

-~ Circles

BN RN e
W e O

~~ FuzzyNumbers
FuzzySets'4-: -- Pyramids
i-» FuzzyVectors -~:
l—— Bglls

W oW W W NN N R NN
W N e OWwWo NN

:ox/

s J/ wEwEE FREWEH
: class Point{
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: protected:
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double x, y;

public:
// Comstructor #1
Point(){x=0.0; y=0.0;}
// Constructor #2
Point(double p, double q){x=p; y=q;}

// Destructor
“Point () {}

double GetPointX(){return x;}

double GetPointY(){return y;}

void PutPointX(double a){x= a;}

void PutPointY(double b){y= b;}

void PutPoint (double a, double b){x= a; y= b;}
double InnerProduct(Point& v){return x*v.x+y*v.y;}
friend Point operator +(Point&, Pointk);

friend Point operator -(Point&, Point&);

friend Point operator *(double, Point&);

friend Point operator -(Point&);

+

A ——
class CrispSets{
7/ PR

public:

// Constructor #1
CrispSets O{}

// Destructor
“CrispSets(){}
i

7/ SR AR

class Intervals:public CrispSets{
/AR KA AN o

T ; HRkdk kR

protected:

double Minimum, Maximum;
public:
// donstructor Sl

Intervals(double, double);
// Constructor #2
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89: Intervals(Intervals&);

90:

91: // Destructor

92: “Intervals(O{}

93:

94: double GetMinimum(){return Minimum;}

95: double GetMaximum(){return Maximum;}

96: void  PutMinimum(double m){Minimum= m;}

97: void PutMaximum(double m){Maximum= m;}

98: void PutInterval(double, double);

99: void Show();

100: void WriteToFile(FILE%);

101: void ReadFromFile (FILE*)

102:

103:

104: // Operator Overloading

105:

106: friend Intervals operator +(Intervals&, Intervals&);
107: friend Intervals operator -(Intervals&, Intervalsk);
108: friend Intervals operator -(Intervals&);

109: friend Intervals operator *(Intervals&, Intervals&);
110: friend Intervals operator *(double, Intervals&);
111: friend Intervals operator /(Intervals&, Intervalsg);
112: friend Intervals operator /(double, Intervals&); .
113: };

114:

115:

116 // L 223 2 *%
117: class Rectangles:public CrispSets{

118: // A e WL I O R

119: protected:

120: Intervals X, Y;

121:

122: public:

123:

124: // Constructor #1

125:  Rectangles();

126: // Constructor #2

127:  Rectangles(Point, double, double);
128: // Constructor #3

129:  Rectangles(Intervalsk, Intervals&);
130: // Constructor #4 =
131:  Rectangles(Rectangles& OtherRectangle);

133:

134:

135: // Destructor
136:  “Rectangles(){}
137:

138: Intervals GetIntervalX(){return X;}
139:  Intervals GetIntervalY(){return Y;}
140: void PutIntervalX(Intervals& IntervalX){X= IntervalX;}
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144:
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146:
147:
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179:
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185:
186
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189:

Ty P4y P VOIIEEBER T 0 S5 L%y i — Y OBEF

void

void
void

void
void
void
void
Intervals

PutIntervalX(double Min, double Max)
{X.PutInterval (Min,Max);}

PutIntervalY(Intervals& IntervalY){Y= IntervalY;}

PutIntervalY(double Min, double Max)
{Y.PutInterval(Min,Max);}

Boundary(Point*, const int); )

Show() ; ’

WriteToFile(FILE*);

ReadFromFile (FILEx);

InnerProduct (Rectangles);

// Operator Overloading

friend Rectangles operator +(Rectanglesk, Rectangles&);
friend Rectangles operator -(Rectanglesk, Rectangles&);
friend Rectangles operator -(Rectangles&);

friend Rectangles operator *(double, Rectanglesk);

15

7/ R

class Circles:public CrispSets{

1/ Ho 3 LT T AT
protected:

Point Center;

public:

double Radius;

// Constructor #1

Circles();

// Constructor #2
Circles(Point, double);

// Constructor #3
Circles(Circles&);

// Destructor

“Circles(){}

Point GetCenter(){return Center;}

double GetRadius () {return Radius;}

void PutCenter(Point c){Center= ¢;}

void PutRadius(double r){Radius= r;}

void Boundary (Point*, const int);

Intervals InnerProduct(Circlesg);

void Show () ;

void WriteToFile(FILE%)’;
ReadFromFile(FILE%);

void

— 90 —
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190: // Operator Overloading .

191: friend: . Circles operator +(Circlesk, Circles&);
192: . :

193: };

194:

196: )
196: // RFk K
197: class FuzzySets{

198: // *kxdednr - Fokkkkk kR wARh
199:

200: public:

201:

202: // Constructor  #1

203: FuzzySets () {}

204:

205: // Destructor

206: “FuzzySets () {}

207: };

208:

209: // — A AR KK KKK K AR KR A AR KK K
210: class FuzzyMumbers:public FuzzySets{ -
211: // skokkokk ok kKK
212: protected:

213:

214: Intervals LevelSets[NUMBER_OF_LEVELS+1];

216:

216: public:

217:

218: // Constructor #1

219 FuzzyNumbers () ;

220:

221: // Constructor #2

222 FuzzyNumbers (double) ;

223:

224: // Constructor #3

225 FuzzyNumbers (double, Intervals);

228:

229: // Constructor #4

230: FuzzyNumbers (FuzzyNumbersk) ;

231:

232: // Destructor

233: “FuzzyNumbers () {}

234:

235: Intervals GetlevelSets(int);

236: void PutLevelSets(int, Intervals);

237: void PutCrispValue(double);

238: void Show();

239: void  WriteToFile(FILEx*);

240: void  ReadFromFile(FILE#);

241:

242: // Operator Overloading

243:
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244: friend FuzzyNumbers operator +(FuzzyNumbersg, FuzzyNumbersk);
245: friend FuzzyNumbers operator ~(FuzzyNumbers&, FuzzyNumbers):
246: friend FuzzyNumbers operator -(FuzzyNumbersg);

247: friend FuzzyNumbers operator *(FuzzyNumbersk, Fuzzylumbers&);
248: friend FuzzyNumbers operator *(double, FuzzyNumbersi);

249: friend FuzzyNumbers operator /(FuzzyNumbers&, FuzzyNumbersk);
250: friend FuzzyNumbers operator /(double, FuzzyNumbersk);

251: };

262:

253:

254: // i
255: class FuzzyVectors:public FuzzySets{

256: // wxk*% Rk
257:

258: public:

259:

260: // Constructor
261:  FuzzyVectors(){}
262:

263: // Destructor

264:  “FuzzyVectors(){}
265: }; '

266:

267:

268: [/ wkwrk s o o o o o e K oK o

269: class Pyramids:FuzzyVectors{

270: // *k *kkEk SRR RIS S PR EE L L L L L]
271: protected:

272: Rectangles LevelSets[NUMBER_OF_LEVELS+1];
273:

274: public:

275:

276: // Conmstructor #1

277:  Pyramids();

278: // Constructor #2

279:  Pyramids{(Point, Rectanglesk);

280: // Constructor #3

281: Pyramids (Pyramids&);

283: // Destructor
284:  “Pyramids(O{}

285:

286:  FuzzyNumbers InnerProduct(Pyramids&);

287:  void Show();

288: void PutLevelSet (int, Rectangles);
289: Hectangles GetLevelSet(int);

290:  void WriteToFile(FILE*);

291:  void ReadFromFile(FILE*);

292:

293: // Operator Overloading

294:

,_.92_
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295: friend Pyramids operator +(Pyramids%, Pyramidsk);
296 friend Pyramids operator -(Pyramids&, Pyramidsk):
207: friend Pyramids operator -(Pyramids&);

298: };

299:

300:

301: // e RS SR L L ST TS S
302: class Bells:FuzzyVectors{

303: // FRMLRA ek

304: protected: & :

305:

306: Circles LevelSets[NUMBER_OF_LEVELS+1];

307:

308: public:

309: - -

310: // Constructor #1

311:  Bells();

312: // Comstructor #2

313:  Bells(Point, Circles);
314: // Constructor #3

315: Bells(Bells&);

316:

317: // Destructor

318:  "BellsO{}

320: FuzzyNumbers InnerProduct(Bells&);
321:  void  Show();

322:  void  WriteToFile(FILE*);

323: void ReadFromFile(FILE#*);

325: // Operator Overloading

327: friend Bells operator +(Bells&, Bells&);
328: friend Bells operator -(Bells&, Bells&);
329: friend Bells operator -(Bells&);

330: friend Bells operator *(double, Bellsg);
331: };

332:

333:

Tad S ARE

F_NUM.CPP

s/
: // Implementation of F_NUM.CPP
2 // -

: #include <stdio.h>

: #include <stdlib.h>

: #include <math.h>

: #include <iostream.h>

W N DGR W N
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14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
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25:
26:
27
28:
29:
30:
31:

32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
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44:
45:
46:
47
48:
49
50:
51:
52:
63:
54:
55:
56:
57:
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: #include <iomanip.h>
10:
11:

#include <conio.h>
#ifndef FUZZY_NUMBER
#include "“f_num.h"

#endif

/) SEEHEESEEES RIS BREE B SEEHHHE S

// Class Point

7/ uiE W R B R R R B R SRR SRS S B S

// Operator Overloading

/7 *kk

Point operator +(Point& U, Pointg V){

7/ I Wk R
Point Result(U.GetPointX() + V.GetPointX(),

U.GetPointY() + V.GetPoint¥Y());

return Result;

}

7/ .

Point operator -(Point% U, Point& V){

77 . *oxwk
Point Result(U.GetPointX() - V.GetPointX(},

U.GetPointY() - V.GetPointY());

return Result;

Y

/7 LTI L FEEREREE

Point operator *(double a, Pointk W){

]/ FkkEErEEREEEs 4 HH Kk
Point Result(a*U.GetPointX(), a*U.GetPointY());
return Result;

}

// gy %k

Point operator -(Pointk U){

// ok *ok
Point Result(~U.GetPointX(),-U.GetPointY());
return Result;

}

// SARBH TR ERR RS HEL ":“_:'" LR e o v M 0 g e B I‘ 'ﬁfj

// Class Intervals ) -

// B[ e e 1 o o “:':_‘ HEREPFA LR ER R "I -, pegenik s

// Constructor #1

// ; e ke ok ook
Intervals::Intervals(double m=0.0, double n=0.0){
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Ty Y4y PVOTIEREE T O 55 no%y b — O ORISR

// *xk ik * X ko A RN
if(m < n)
{Minimum= m; Maximum= n;}
else :
{Minimum= n; Maximum= m;}
// Constructor #2
7/ EET S FREFEEKEE
Intervals::Intervals(Intervals& OtherInterval){
/7 L A LIS TI T S *E% Sk ok

Minimum= OtherInterval.Minimum;
Maximum=- OtherInterval.Maximum;

}
I wwrnn -
void Intervals::PutInterval(double m, double n){
/] *x R R e L e
if(m < n)
{Minimum= m; Maximum= n;}
else
{Minimum= n; Maximum= m;}
¥
V/AETTI TS EY ook sk ek ok ok ok
void Intervals::Show(){
// * AR AK LELELES
printf("%{1f, %1f", Minimum, Maximum);
}
YZaETE T2 2] Rk ok
void Intervals::WriteToFile(FILE# stream){
J/ x% E2 33 Xk
fprintf(stream,”%1f, %1f", Minimum, Maximum);
}
/] kR Rk kR Kok KRR Kk KK Fok kKKK kA K
void  Intervals::ReadFromFile(FILE* stream){
/] FEkEEkEERER Kook kR %

fscanf (stream,"%1f, %1£f"; &Minimum, &Maximum);

}

// Operator Overloading

// kK kXK Fokok ok k Rk kkokkok R kR kR Rk kb ke kR
Intervals operator +(Intervalsg& U, Intervalsi& V){

[/ wxkwrrmRak — an——

Intervals Result;
Result.Minimum= U.Minimum + V.Minimum;
Result.Maximum= U.Maximum + V.Maximum;
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156:
161:
162:
163:
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return Result;

}

/] ek *EFEEEEE

Intervals operator -(Intervalsg& U, Intervalsk V){

/7 * * kR R E R R

Intervals Result;
Result .Minimum= U.Minimum - V.Maximum:
Result.Maximum= U.Maximum - V.Minimum; -
return Result; 3

}

/] ** ok KK A LR PR T

Intervals operator ~(Intervalsg U){

/7 *kok KRR Hkk

Intervals Result;
Result.Minimum= -U.Maximum;
Result.Maximum= -U.Minimum;
return Result;

b

/] e Rk Sokok kK

Intervals operator *(Intervalsg& U, Intervals& V){
[/ Hkk ke ek ek ek o o AR AR A A KKK K RO
double t1, t2, t3, t4, t5, t6;
Intervals Result;

t1= U.Minimum * V.Minimum;

t2= U.Minimum * V.Maximum;

t3= U.Maximum * V.Minimum;

t4= U.Maximum * V.Maximum;

t5= min(t1,t2); t6= min(t3,t4);

Result .Minimum= min(t5,t6);

£6= max(t1,t2); 6= max(t3,t4);

Result.Maximum= max(t5,t6);

return Result;

¥

/] Fesrrrnn —— - *
Intervals operator *(double u, Intervalsk V){

/] *%k EE T ke ek oKk K

double t1, t2;

Intervals Result;
t1= wkV.Minimum;
t2= u*V.Maxinum;
Result.Minimum= min(t1,t2);
Result . Maximum= max(t1,t2);
return Result;

/] eREkEwErE 4+

Intervals operator /(Intervals& U, Intervalsk V){

REL T

=) 96 T
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//
Intervals T;
T.PutInterval (1.0/V.GetMaximum(),1.0/V.GetMinimum());
return UxT;

}

T

IR L T

//

Intervals operator /(double u, Intervalsg V){

// wxx 3

Intervals T;
T.PutInterval(1.0/V.GetMaximum(),1.0/V.GetMininum());
return uxT;

}

// it srnn 4 8 st BERRLY #

// Class Rectangles

// this # s tits # i

// Constructor #1

/7 Rk

Rectangles: :Rectangles(){

7/ *x TS

Point Center;
X.PutMininum(0.0);
X.PutMaximum(0.0) ;
Y.PutMinimum(0.0);
Y.PutMaximum(0.0);

}

// Constructor #2

//

Rectangles: :Rectangles(Point Center, double Hwidth, double Vwidth){

//

*ok ok

*k

kK

double t1= Hwidth/2.0;

double t2= Vwidth/2.0;
X.PutMinimum(Center.GetPointX() - t1);
X.PutMaximum(Center.GetPointX() + t1);
Y.PutMinimum(Center.GetPointY() - t2);
Y.PutMaximum(Center.GetPointY() + t2);

}

// Constructor #3

1/ #x R LEL

Rectangles::Rectangles{Intervals& IntervalX, Intervals& IntervalY){

// FA AR KA A A KK

X= IntervalX;
Y= IntervalY;
}

// Constructor #4

Kokkokkk

ke o ok ok ok Ak KKK K K

/] Hxx

Rectangles::Rectangles(Rectangles& OtherRectangle){

1/

“_.97

KK Ak K



217:
218:
219:
220:
221:
222:
223:
224:
225:
226:
227

229:
230:
231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
241:
242:
243:
244:
245:

247:
248
249:

251:
252:
253:
254:
255:
256
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:

Ty Y4 bNVOTIFEER 70 S5 A%y i — Y OB

X= OtherRectangle.X;
Y= OtherRectangle.Y;
}

[/ A EA KR ¥k
void Rectangles::Show(){

7/ SR o wxEE

printf (" (%1f,%1£) ", X.GetMinimum(),Y.GetMinimum());
printf (" (%1f,%1£) ", X.GetMaximum(),Y.GetMinimum());
printf (" (%1f,%1f) ", X.GetMaximum(),Y.GetMaximum());
printf (" (%1£,%1£) ", X.GetMinimum(),Y.GetMinimum());
printf ("\n");

}

] EEREER dhk bk E ¥ ; 3 Kokokkok
void Rectangles::Boundary(Point* u, const int N=25){’

7/ ok kR AR R R AR AR F ko

double Min, Max, x, y;
for(int i=1;i<=4;i++){
switch(i) {
case 1: Min= X.GetMinimum(); Max= X.GetMaximum();
y= Y.GetMinimum(); i o
for(int j=0;j<=N~1;j++){
x= Min + float(j)/float(N-1.0)*(Max-Min);
ul(i-1)#N+j].PutPoint (x,y); =~ =
}
break;
case 2: Min= Y.GetMinimum(); Max= Y.GetMaximum();
x= X.GetMaximum();
for (§=0; j<=N~1;j++){
" x= Min + float(j)/float(N-1.0)*(Max~Min);
ul(i-1)*N+j].PutPoint (x,y); o
}
break; 3
case 3: Min= X.GetMinimum(); Max= X.GetMaximum();
y= Y.GetMaxinum(); o
for (j=0; j<=N-1;j++){ )
x= Max + float(j)/float(N-1.0)#*(Min-Max);
ul(i-1)*#N+j] .PutPoint(x,y);
}
break;
case 4: Min= Y.GetMinimum(); Max= Y.GetMaximum();
x= X.GetMinimum();
for(j=0; j<=N-1;j++){
y= Hax + float(j)/float(N-1.0)*(Min~Max);
ul(i-1)*N+j].PutPoint (x,y);

— 98 1
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/7 W *# Hkk
Intervals Rectangles::InnerProduct (Rectanglesk V){
// W e o o A sk ok oK ok ok sk o sk

double Min, Max, t;
Point ul100}, v[100];
Intervals W;
this->Boundary (u,25);
V.Boundary(v,25);
Hin= Max= uf[0].InnerProduct{(v[0]);
for(int i=1;i<=99;i++){
t= uli].InnerProduct(v[il);
if (Min > t) Min=t;
if (Max < t) Max=t;

} : o
W.PutInterval (Min,Max);
return W;
}
J// FEREEEEEETRREERRR sk ROR Rk bRk R kR R AT * Ak
void Rectangles::WriteToFile(FILE* stream){
/] EExEE F 6 S A ke *kk

fprintf(stream, "(41f, %1f) \t",X.GetMinimum(),Y.GetMinimum());
fprintf(stream, "(%1f, %1£) \t",X.GetMaximum(),Y.GetMinimun());
fprintf(stream, "(41f, %1f) \t",X.GetMaximam(),Y.GetMaximum());
fprintf(stream, "(}1f, %1f)",X.GetMinimum(),Y.GetMaximum());

[/ Frk sk kR ok K Aok R A R R R R KRR ok ook o K ook o ook koK

: void Rectangles::ReadFromFile (FILE* stream){

/] kEkEkx Kok Kk
double tx1,tx2,tx3,tx4,tyl,ty2,ty3,ty4;
fscanf (stream, "(41f, %1f) \t C4L1f, %1f) \t (41f,%1f) \t
CALE,%16) ", &tx1, &tyl, &tx2, &ty2, &tx3, &ty3, &tx4, &tyd);

X.PutInterval(tx1,tx2);
Y.PutInterval(tyi,ty4);
}

// Operator Overloading

/7 % ko o ke FEEEEE R

Rectangles operator +(Rectangles& U, Rectanglesk V){
7/ SRR —
Rectangles Result(U.X + V.X, U.Y + V.Y);

return Result;

}

/] Ekkk kK Fok o KA R A R AR A ok ook kR Ak kR ok
Rectangles operator -(Rectanglesk U
, Rectanglest V){ .

.99__
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318: // * b A b i
319: Rectangles Result(U.X - V.X, U.Y - V.Y); .
320: return Result;

321: }

322:

323: // LA L

324: Rectangles operator -(Rectanglesk U){

325: // HE kR ok Rk
326: return (-1)*U;

327: }

328:

329: // sEdaEEeiEF

330: Rectangles operator *(double u, Rectangles& V){

331: [/ *ksFkkex

332: Rectangles Result(u*V.X, usV.Y);

333: return Result;

334: }

335:

336:

337: // HEAREASHUS RS R S SRR R R S I R R R R R R R SR
338: // Class Circles

330: // BESREARESEERRES RS R A SRR TR R E R R RN A 2
340: 4

341:

342: // Constructor #1

343: // avsrkre FrbaEbErbe

344: Circles::Circles({

345: // HAF *okk Rk ko kA

346: Center.PutPoint(0.0,0.0);;

347: Radius= 0.0;

348: }

349:

350: // Constructor #2

3511 [/ kkkkok ok ook A oo o A A O o R T S R K S K R S K K
352: Circles::Circles(Point ¢, double r){

3531 // kkkkkEE SRR EEAAERAEEEE R A AL R A S e o o e
354: Center= c¢;

355: Radius= r;

356: }

357:

358: // Comstructor #3

359: // AR A EE %4 g T g ATy

360: Circles::Circles(Circles& OtherCircle){

361: // HA

362: Center= OtherCircle.Center;

363: Radius= OtherCircle.Radius;

364: }

365:

366: // 4=+ *% H RN RAAEHEK R
367: void Circles::Boundary(Point* u, const int N=100){

368: // AR T FEEEE
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373:
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375:
376:
377:
2 //
379:
380:
381:
382:
383:
384:
385:
386:
387:
388:
389:
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391:
392:
393:
394:
395:
396:
397:
398:
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400:
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406:
407:
408:
409:
410:
411:
412:
413:
414:

416:
416:

77PNy NVOIIHEBRE T O 75 Aty ir— U DORES

const Pi= 3.14159;
for(int i=1;i<=N;i++){uli-1].PutPoint (Center.GetPointX()
+Radius*cos (2#Pi/float (N)*(i-1)),Center.GetPointY()
+Radius*sin(2*Pi/float (W) #(i-1)));
}
}

// PR o

Intervals Circles::InnerProduct(Circlesg V){

double Min, Max, t;
Point u[100], v[100];
Intervals W;
this->Boundary(u, 100) ;
V.Boundary(v,100);
Min= Max= u[0].InnerProduct(v[0]);
for(int i=1;i<=99;i++){
t= u{i}.InnerProduct(v[il};
if(Min > t) Min=t;
if (Max < t) Max=t;

}
W.PutInterval (Min,Max);
return W;
}
7/ % - S e P,
void Circles::Show(){
Y72ET] ETTS oA oK A A P Hokk ok ok

printf(“Center=( %1f, %1f) \t Radius= }1f",
Center.GetPointX(), Center.GetPointY(), Radius);

// Kk
void Circles::WriteToFile(FILE* stream){
1 Horx
fprintf(stream,”Center= (J1f, %1f) \t Radius= %1f \n",
Center.GetPointX(), Center.GetPointY(), Radius);

}

/7 ETT T TS FRERER AN *RR KA
void Circles::ReadFromFile (FILE* stream){

/] EEEEREERRAK S R R R R

double CenterX, CenterY, r;
fscanf(stream,”Centef= (A1f, Y1) \t Radius= %1f \n", &CenterX,
&CenterY, &r);
Center.PutPoint(CenterX, CenterY);
Radius= r;

¥

// Operator Uverloading

// [ - [ [
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Circles operator +(Circles& U, Circlesk V){
/7 E
Circles Result(U.GetCenter() + V.GetCenter(),

U.GetRadius() + V.GetRadius()):

return Result;
}

// piEre s idub o8-8 5o fraid 300 o a1l ey e B et 0 A 9

// Class Fuzzy_Numbers _
// B0t T ol e O 1 4 et B 4 7 i 4

// i T
FuzzyNumbers: : FuzzyNumbers () {
// AR

for(int i=0;i<= NUMBER_OF_LEVELS;i++){
LevelSets[i].PutMinimum(0.0);
LevelSets[i].PutMaximum(0.0);

}
}
// - -
FuzzyNumbers: : FuzzyNumbers (double Number){
7/ PO

for{(int i=0;i<= NUMBER_OF_LEVELS;i++){
LevelSets(i].PutMinimum(Number);
LevelSets[i].PutMaximum{Number);
) :
} ¥

[/ ek Rk R R R R KRR KRR KR
FuzzyNumbers: :FuzzyNumbers (double apex, Intervals Base){
/7
double alpha;
double minimum= Base.GetMinimum();
double maximum= Base.GetMaximum() ;
if ((apex<minimum) || (apex>maximum)){
printf("apex should locate in the interval);
exit (EXIT_FAILURE);
}
for(int i=0;i<= NUMBER_OF_LEVELS;i++){
alpha= double(i)/double(NUMBER_OF_LEVELS);
minimum= Base.GetMinimum(); '
maximum= Base.GetMaXximum();
LevelSets[i].PutMinimum(alpha (apex-minimum)+minimum) :
LevelSets[i] .PutMaximum(alpha* (apex-maximum)+maximum) ;

}

}

R Tos . T, EE R
FuzzyNumbers: : FuzzyNumbers (FuzzyNumbers& OtherFuzzyNumber){
// EEEE 23 P YT T TS

for(int i=0;i<= NUMBER_OF_LEVELS;i++)
LevelSets[il= OtherFuzzyNumber.LevelSets[i];
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: void FuzzyNumbers::Show(){
494
495:
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516:
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518:
519:
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}

/] % AR
Intervals FuzzyNumbers::GetlevelSets(int i){
// *E% : 3

return LevelSets[i];

b

//
void FuzzyNumbers::PutLevelSets(int i, Intervals U){
1/ *

LevelSets[il= U;
}

//
void FuzzyNumbers::PutCrispValue(double Humber){
J 7 AR A AR AC R o A A e e
for{int i=0;i<= NUMBER_OF_LEVELS;i++){
LevelSets[i] .PutMinimum(Number) ;
LevelSets{i].PutMaximum(Number);

}
¥

[/ ARk A KK K R R ST T T g

/] w%% A A
printf("\n");
for(int i=0;i<= NUMBER_OF_LEVELS;i++){
printf ("level= %5.3f \t",(float)i/float (NUMBER_OF_LEVELS)):
LevelSets[i].Show();
printf("\n"};

}
}
/7 Fxx
void FuzzyNumbers::WriteToFile(FILE* stream){
7/ R IR

for(int i=0;i<=NUMBER_OF_LEVELS;i++){
fprintf(stream, "%5.31f \t", (double)i/double (NUMBER_OF_LEVELS));
LevelSets[i].WriteToFile(strean);
fprintf(stream, "\n");

}
}
J/ kAN ok ook R o Fkk *
void FuzzyNumbers::ReadFromFile(FILE* stream){
/7 AR kK

double level;
for(int i=0;i<=NUMBER_OF_LEVELS;i++){
fscanf (stream, "}5.31f", &level);
LevelSets[i] .ReadFromFile(stream);
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520: fscanf (stream,”\n");

521:  }

§22: }

523: :

524: // hohhcoch
525: FuzzyNumbers operator +(FuzzyHumbers& U, FuzzyNumbers& V){
526: // EWE i L

527: FuzzyNumbers W;

528:  for(int i=0;i<=NUMBER_OF_LEVELS;i++)

529: W.PutLevelSets (i, U.GetLevelSets(i)+V.GetLevelSets(i));
530: return W;

531: }

532:

533: // £ 4

534: FuzzyNumbers operator .~(FuzzyNumbers& U, FuzzyNumbersk V) {
535: // 3 FEREE RN

536: FuzzyNumbers W;

537: for(int i=0;i<=NUMBER_OF_LEVELS;i++)

538: W.PutLevelSets(i, U.GetLevelSets(i)-V.GetLevelSets(i));
539: return W;

540: }

541:

542: // HEERE

543: FuzzyNumbers operator -(FuzzyNumbersg U){

s544: // HEAHFFFF A N ok *
545: FuzzyNumbers W;

546 for(int 1=0;i<=NUMBER_ DF LEVELS i+4)

547 W.PutLevelSets(i, ~U.LevelSets([il);

548: return W;

549: }

550:

581: // sskkskkx Kook kA R RE xE I
§52: FuzzyNumbers operator *(FuzzyNumbers& U, FuzzyNumbers& V){
553: // K e FoA AR A A K
554: FuzzyNumbers W;

555 for(int i=0;i<=NUMBER_ OF LE‘.VELS i)

556 W.PutLevelSets(i, U.GetLevelSets(i)*V.GetLevelSets(i));
567: return W;

558: }

559: ;

560: // Y TREEERE HEAERRR KRN KT R
561: FuzzyNumbers operator *(double u, FuzzyNumbers& V){

562: // Hkokok ok

563: FuzzyNumbers W;

564 for{int i=0;i<=NUMBER_OF_LEVELS;i++)

565: W.LevelSets[i]= u*V.LevelSets{il;

566 return W;

567: }

568:

569: // *h * sk Rk
570: FuzzyNumbers operator /(FuzzyNumbers& U, FuzzyNumbers& V){
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571:
: FuzzyNumbers W;
573:
574:
575:
576:
677
578:
579:
7 wer
581:

584:

7y P47 PAVOTIREEB T 0 5 ANy - O ORISR

1/

for(int i=0;i<=NUMBER_OF_LEVELS;i++)
W.PutLevelSets(i, U.GetLevelSets(i)/V.GetLevelSets(i));
return W;

}

//

FuzzyNumbers operator /(double u, FuzzyNumbersg V){

FuzzyNumbers W;
for (int i=0;i<=NUMBER_OF_LEVELS;i++)
W.LevelSets[il= u/V.LevelSets[i];

return ¥W;
}
: // RiHH ' uf#ﬂ.'ﬁ‘uu“unl o] uu\‘h“.‘_h-n-'xnl bid ek P
: // Class Pyramid
: /) R EIEE AR fHgrey i Y i EEI ]

: // Constructor #1

s /) EmmkErEw g

: Pyramids::Pyramids (){

s // *kk
596:
§97:
598:
599:
600:
601:
602:
603:
604:
605:
606:
607:
603:
609:
610:
611:
612:
613:
614:
615:
616:
617:
618:
619:
620:
621:

for(int i=0;i<= NUMBER_OF_LEVELS;i++){
LevelSets[i].PutIntervalX{0:0, 0.0);
LevelSets[i].PutIntervalY(0.0, 0.0);
}
}

// Constructor #2
/] FEFEEEEH EE 2]

Pyramids::Pyramids (Point apex, Rectanglesk Base){
// s o e ke TR O A O e e ek e ol e o i e o ko A AR A A A A AR o e ke o o ok ook ok o ok
double alpha, Min, Max;

for(int i=0;i<= NUMBER_OF_LEVELS;i++){

alpha= float(i)/float(NUMBER_OF_LEVELS);

Min= (Base.GetIntervalX()).GetMinimum();

Max= (Base.GetIntervalX()).GetMaximum();

LevelSets[i].PutIntervalX (Min+alpha*(apex.GetPointX()- Min),
Max+alpha* (apex.GetPointX ()~ Max));

Min= (Base.GetIntervalY()).GetMinimum();

Max= (Base.GetIntervalY()).GetMaximum();

LevelSets[i].PutIntervalY(Min+alpha*(apex.GetPointY ()~ Min),
Max+alpha* (apex.GetPointY()~ Max));
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// Constructor #3

// kR AR R R R R AR kKKK

Pyramids: :Pyramids (Pyramidsg U){

// Aok R

for{int i=0;i<= NUMBER_OF_LEVELS;i++)
LevelSets[il= U.LevelSets[i];

// kR Rk TEIEETETEELEL L S L 4o 1

FuzzyNumbers Pyramids::InnerProduct(Pyramids& U){
J/ FkEkkxFEFEF PP T T TR LI L S P
FuzzyNumbers W;
for(int i=0;i<= NUMBER_OF_LEVELS;i++)
W.PutLevelSets (i,LevelSets[i].InnerProduct (U.LevelSets{i]));
return W;

}

// Kok KK KKK ok 3 ok 3 ok K Kok KK

void Pyramids::PutLevelSet(int i, Rectangles U){

// 4ok Ak ok ok ok ok Ok K ok ok Kok K ok ok ok kK
LevelSets[i]= U;

}

7/ [F—

Rectangles Pyramids::GetLevelSet(int i){

/] wkrkREA AR EEAAE EE TR
return LevelSets[i];

}

1/ wxx *kE LEL] *¥

void Pyramids::Show(){

[/ RIS Kok ok KRk K wx

for(int i=0;i<= NUMBER_OF_LEVELS; i++){
printf("\n Levels= %10.7f \t", float(i)/float(NUMBER_OF_LEVELS));
LevelSets[i].Show(};

}
}
/[ wERkk *EEE =k FEEEE
void Pyramids::WriteToFile(FILE* stream){
[/ ARk KA R R + FEFFEEEEEsE

for(int i=0;i<= NUMBER_OF_LEVELS;i++){
fprintf(stream, "\n %5.31f \t", double(i)/double (NUMBER_OF_LEVELS));
LevelSets[i].WriteToFile(stream);
}
¥
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: // Operator Overloading
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693:
694:
695:
GO6:
=
698:
699:

701:
702:
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// ook o Kk ok oK o ook ok kK
void Pyramids::ReadFromFile(FILEx stream){
// FohE R sk : ok

double level;
for(int i=0;i<= NUMBER_OF_LEVELS;i++){
fprintf (stream, "%5.31f", &level);
LevelSets[i] .ReadFromFile(stream);
}
}

/] EkEkEEE
Pyramids operator +(Pyramids& U, Pyramids& V){ .
/7 kK
int i; 3
Pyramids W; : :
for(i=0;i<= NUMBER_OF_LEVELS;i++){
W.LevelSets[il= (U.LevelSets{i]) + (V.LevelSets[il);

}
return W;

} 3

F T e L P T o TS TR AR KA A A

Pyramids vperator -(Pyramidsk U, Pyramide® v){

/7 EETEEEY FekREREFREERE Rkk
Pyramids W;
for(int i=0;i<= NUMBER_OF_LEVELS;i++)
W.LevelSets[il= U.LevelSets[i] - V.LevelSets[i]:
return Wi

KhhAh AR R TR R REEEERT R AR AN

Fyramids operator -(Pyranidsk U){

: // Aokokdokok o *EFEEF SRR o R AR R R KKK kK o ko

: Pyramids W;

710:
T7i1:
712:
713:
714:
715:
716:
717:
718:
719:
720:
721:
722:
723:

for(int i=1;i<= NUMBER_OF_LEVELS;i++)
W.PutLevelSet (i, U.GetLevelSet(i));
return W;

}

/7 BRRARHEREERA SRR AR S R AL SRR G S SR R R i i g

// Class Bells ;
[/ HER R R E R R AR A R AR R AR B

// Constructor #1 -
// Hok Ak K kokok ok e ok ook ok K

Bells::Bells(){ : :
S/ RRFE AR A A AAAAE A AR AAAAAAA AR A A KA AA K F KA A A AR KK
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724: Point apex(0.0,0.0);

725: for{int i=0;i<= NUMBER_OF_LEVELS;i++){

726: LevelSets[i].PutCenter(apex);

727: LevelSets[i].PutRadius(0.0);

728: }

729: }

730:

731: // Constructor #2

732: // HHHFH b
733: Bells::Bells(Point apex, Circles Base){

734: // ok Ak WA *k
735: double alpha;

736 for(int i=0;i<= NUMBER_OF_LEVELS;i++){

737 alpha= float(i)/float(NUMBER_OF_LEVELS);

738 LevelSets[i].PutCenter (apex);

739: LevelSets[i].PutRadius ((1.0-alpha)*(Base.GetRadius()));

740: )

741: }

742:

743: // Constructor #3

744: // ®HAREARFEEEFEEEEF * kK
745: Bells::Bells(Bellsk U){

746: // EREREEEEREE R N
747: for(int i=0;i<= NUMBER_OF_LEVELS;i++)

748: LevelSets[il= U.LevelSets[il;

749: }

750:

751:

752: // LR Hkk Rk

753: FuzzyNumbers Bells::InnerProduct(Bells& U){

754: // *kkkwkdkkmk R ek =

755: FuzzyNumbers W;

756 for(int i=0;i<= NUMBER_OF_LEVELS;i++)

757 W.PutlevelSets(i,LevelSets[i].InnerProduct (U.LevelSets{i]));

758: return W; :

759: }

760:

761:

762: // EE R R TR E e R R P e e N LR L L AR AR S L E LR EE L 1Y
763: void Bells::Show(){

T64: [/ *kkdkkkkkfrfierrries Ak kR
765 for(int i=0;i<= NUMBER_OF_LEVELS;i++){

766: printf ("Levels= %5.3f \t", (float)i/float(NUMBER_OF_LEVELS));
767: LevelSets[i].Show();

768: ¥

769: }

770:

TT1: [/ Fkkrkkakknmshihsshs hths PP

772: void Bells::WriteToFile(FILE* stream){

773: // ok koK FErk kbR EEREEEE kK
774:  for(int i=0;i<= NUMBER_OF_LEVELS;i++){
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775:
776:
777
2}
779:
780:
781:
782:
: double level;
784:
785:
786:
787:
788:
789:
790:
791:
792:
793:
794:
795:
796:
797:
798:
799:
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fprintf (stream, "%5.31f \t", double(i)/double (NUMBER_OF_LEVELS));

LevelSets[i].WriteToFile(stream);

}
// Rk *kkxkk
void Bells::ReadFromFile(FILE* stream){
// *EkF Hh + %%

for{int i=0;i<= NUMBER_OF_LEVELS;i++){
fprintf(stream, "¥5.31f", &level);
LevelSets[i] .ReadFromFile(strean);
}
}

// Operator Overloading

7/ I
Bells operator +(Bellsk& U, Bellsg V){

// *% Ak K ok ok
Bells W;

for(int i=0;i<= NUMBER_OF_LEVELS;i++)
W.LevelSets[il= U.LevelSets(i] + V.LevelSets[i];
return W;

}
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