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ABSTRACT
The linear relationship of the crisp demand function is represented by p =a+bx,

D<x < —EI;, a>0, b<0.When the crisp revenue function is R(x)=a+bx’ and

crisp cost function as 7{x)= u+ vx, the profit function is N (x)=ac+bx’ —u—vx.
The demand quantity with respect to price p is x (=7} ). In a perfect competition
market, there can be slight fluctutation and for the demand quantity d at price p,

the points of demand quantities in a straight line vary in the interval between x—A
and x+A{0<A<x,inwhich A isto be selected), it means that the fuzzification

of d is D .For demand quantity 4, the profit function is
N{d)=ad +bd* —u—vd . If bd® +(a—vMd ~u =z, the membership function
pN(ﬁ)(z) and its centroid M(A, x) of fuzzy profit N (5) can be obtained by the

extension principle. This centroid value is the estimate value of the profit for demand
quantity x in the fuzzy sense. By numerical method, the maximum profit for fuzzy

number (x" A" X"+ A“) is max M (A", x"). If actual fuzzy situation is not

Ochxs
(x” —A" x"+ A"], the estimate value of profit is not good, then the optimal solution
of crisp function can be compared with the maximum profit M (A", x“) for the
optimum quantity of demand x" in fuzzy sense.

Scope and Purpose

The demand functionis p=a+bx, ngsib, a>0, b<0 and cost function is

zr(x) —u+vx, 0<x, #>0, v>0.Inmonoply market, the profit function is

N(x)=ax +bx* —u -, Ost—%.From N(x), we find when the demand x. is

;(_;) , N{x,) is the maximum profit. But in perfect competition market, with the

same price p, the demand is not x[: —&g—a) in general. It may fluctuate around x.

We can fuzzify the demand quantity to a fuzzy number D=(x-Ax x+ A),
0 < A < x . In this way, we get fuzzy profit N (5) Through extension principle, we
can find its membership function N(ﬁ)(z) and its centroid M(A, x). This centroid

can be used as an estimate of profit when demand is x in the fuzzy sense. If
A € (0, x), then we can use numerical approximation from M (A,x) tofind x™



such that M (A, x") is the maximum.

KEYWORDS: fuzzy profit, fuzzy demand, extension principle.
1. INTRODUCTION

In [2], he considered the compound interest in the fuzzy sense. In {7], he considered
a fuzzy model of economic choice. In [6] he considered the profit apportionment in
mutually owned concerns and their expected profit in the fuzzy sense. Yao and the
others [3, 8~10] considered economic principle in the fuzzy sense, consumer surplus
and producer surplus in the fuzzy sense and best prices of two mutually
complementary merchandise in the fuzzy sense. These were the economical problems
using fuzzy concepts to consider in the past. In this article, we treat the profit for
fuzzy demand in the fuzzy sense.

The linear relationship of the crisp demand function is represented by P =a +bx,

a
0<x<

—5 7 0, b<0 when the crisp revenue functionis R(x)=a +&x”,

0<x < _ag and crisp cost function as n‘(x): u+vx, x>0, the profit function is
N{x)=ax+&x* —u - vx . In a perfect competition market for the same price p, the
daily demand quantity is not fixed there can be slight fluctuation around the point

x (: (p ““%) in the straight line, for which the points of demand quantities in this

straight line vary in the interval between x—-A and x+A, 0<A<x.By
fuzzification of the demand quantity d as D, atprice p with d varying around

the point x (: (p "a%), then the membership function fuzzy demand D is

assumed to be fuzzy number D =(x-A, x, x+A)
the centroid of uj {d), u,=x iscorresponding to the estimated value of demand
quantity in fuzzy sense at price p, the centroid is identical with crisp demand

x (:(p—a%] at price p.

Assume the profit function for demand d is N(d)=bd® + (a—~v)d —u, from
N(d)=bd’ +{a - v} —u =z, by extension principle the membership function

2
N(x.):—u+(j(:‘;)) is the maxima. Assume x, =x~A, x,=x, x,=x+A, for

H)(d) of the fuzzy profic fanction N{D). When x, =

finding pN(b.)(z) conveniently, 0<x, <x, <x, divide into 4 different condition for
calculation; in §2.1 condition x, <x, <x, <x; find ,uN(ﬁ)(z) and centroid

M,(A, x),in §2.2 condition O<x, <x, <X, <x, find ,uN(ﬁ)(z) and centroid
M,(A, x),in §2.3 condition 0<x, <x,<x,<¥, find ﬂN(ﬁ)[z) and centroid

M,(A x),in §2.4 condition 0<x, <x, <x. <x, find ”u(ﬁ)(z) and centroid



M, (A x). In §3, from §2.1~§2.4 the centroid M(A, x) of ,uN(ﬁ)(z) and the
maxima point (A", x") of M{A,x} are calculated by approximate solution, 1.e., we
can find the optimal demand quantity x™ and the maxima profit M (A“, x“) in the
fuzzy sense.

In §4, we give examples to find Y (A"', x") are compared with the
optimal quantity x, and the maxima profit N(x,) in crisp case.

2. FUZZY PROFIT AND I'TS MEMBERSHIP FUNCTION

The linear relationship of the crisp demand function is expressed as

p=a+bx, OSxS—aI; 1

inwhich a>0, #<0, p ispriceand x demand quantity, a, b are known
constants. The crisp revenue function is

R(x)=x-p=ax+bx’, OSxS—%. {2)
Crisp cost function is

n(x):u+vx, 0<x 3)

inwhich #>0, O<v<a, u, v areknown constants.

The crisp profit function is

N(x)= R(x)-nlx)=~u+(@-v)x+bx’, Ogxs<-+ 4)

a—v (@-vf . |
when x = ——(=x, say), Nix.)=-u+ is the maxima value. In actual
problem (1) for same price p, the daily demand is not fixed and varies slightly (cf.

Fig 1).
di

p=a+bx
Fi 3
I x=A x xX*A -
Y

Fig 1. The fluctuation of x

Thus, the problem in fuzzy sense is to consider the fluctuation of x(: (p-a)y ) in the
neighborhood of x—A and x+A (0<x< A)(cf. Figl) for demand quantity 4 at

4



price p.Since A isknownin most casesas 0<A <X, the fuzzy situations are
numerous, however, we would like to find out the maxima value of profit. In crisp

case d = x, the demand quantity d is related to (1) for fuzzificationto D with
following fuzzy number its membership function with respect to any fixed point in the
straight line (1) for x(:— (p-a)yf ) (c.f Fig.1)1s

t—Zj—A— , x-A<d<x
psld)= ﬁi%—_ﬁ o x<d<x+A (5)
0 , otherwise

inwhich 0<A<x< —a—b, A is an unknown to be decided by decision maker, with

establishment of 0 <x—-A<x<x+A. Here D is referred as fuzzy demand
quantity with fuzzy number of (x—A x, x+ A), which varies with the change of x.

The centroid of p;{d) is

2 u{t)dt _

MD = E;___E.._-yi_. = x[: Ez—q_] A
j: Hy (t )dt

For demand quantity in the fuzzy sense at price p, M, =x isthe estimated

value to be identical with demand quantity x in the crisp case. If the revenue
function for demand quantity & is R{d)=ad +bd* and cost 7(d)=u+vd , then

profitis N{d)=R(d)-n(d)=-u+{a-v}d+bd*, 0<d S—F%;. Assume

Nld)=bd* +(@-vid-u=z (6)
by extension principle the membership function of the fuzzy set N (ﬁ)(fuzzy profit),
is obtained as following
sup uz(d) if N7'(z)=¢
ﬂN(ﬁ)(z) =4 deN"\z} (7)
0 if N'z)=¢

The determinants of the quadratic equation for d in (6) are

D, =(@-v) +4b(u+2)20 if zs-—u+(a—v)2 (= N{x.)).

4(- b)
a-dB_ D

For D, >0, the two roots are

J :f(a—v)-h\/D_]:x _ JD.
‘ 2b

 ———— <X, d; = . 2 X..
T 26 20"

For D, =0, the duplicate root of (6) is d, =d, = x,. Then,

d <x,%d,, d +d,=2x (8)
From (7), we obtained

2
a-v '
when 2+ SR N(e), )= maxl ), e ©



(a—vy

when z>-u +W, yy(ﬁ)(z): 0 (10)

Let x, =x—A, x,=A, x;=x+A4A, O<A<x£—%,ﬁ‘om(5)

d}.-—x+A

A
x+A-d.
il )=/ ca s an

0 ,  otherwise
In this section, we obtain pN(ﬁ)(z) and its centroid M(A, x}, the later being the
estimated value of profit for demand quantity x in the fuzzy sense. In (5) the fuzzy

number (x —-A x, x+ A] , x and A satisfy the relationship 0 <A <x < _a_g with

centroid x.When x and A varybetween 0<A<x< _az , the fuzzy number

(x-A, x, x+A) also varies accordingly with respect to real number variable, x.
When the define the fuzzy number (x—A, x, x + A) as fuzzy number variable. In
crisp sense, the maxima profit, N (x.) of demand quantity x as real number
variable can be found in the optimal demand quantity x, in the region of

a . T .
0<x< =5 With respect to this situation in the fuzzy sense, the optimal fuzzy

number (x" A X T+ A") can be found from fuzzy number variable

(x—A, x,x+A) intheregionof 0<A<x< —25 to maximize for the

centroid(estimated value of profit) Af (A“, x”). In §4, we obtained optimal demand
quantity x” in the fuzzy sense and maxima profit M (A", x") are compared with

the values of optimal demand quantity x, and maxima profit ¥ (x.) in crisp sense
respectively; it means that under which condition in the fuzzy sense, the estimated
value of profit is at maxima. In the event of actual fuzzy phenomena for fuzzy number

(x“ A" X" xT 4 A") with estimated profit value of M (A“, x") as maxima. If
the actual fuzzy number (x— A4, x, x + A} is not the fuzzy number
(x"' —A" ", T+ A"), the estimated profit value of Af(A, x) is not at maxima,
which can be applied to determine whether maxima profit is obtained.
For finding u N(ﬁ)(z) in (9), we consider the following positions of &, and 4,
from (11).
Table 1. The positions of d, and d,

case X, =x- A X, =X X; =X+ A JUN(&“)(Z)
(1) d] d2 0
Q) d, d, gdl__zx_f@_




(x+A-d,)
(3) d, d, —
{4) d, d, ( 0 )
d,—x+A
d d i A
) . 4 A
©) d, d, maxfigs, 24 |
d, - x+A)
(7N d, dz L_I'_A——_
(x+A-d)
d d = U
®) 4 o
A—d,)
d d L’ﬁf____i_
(9) ] 2 A
(10) d, d, 0
Since, 4 F;H-A < x+i—d2 &d +d, <2x o x, <x then
iLlA{ié— if 0<x<x,
—x+A x+d-dy | _
mMP—A——,T]- x+A—-d (12)
F_A_—z if  x.<x

The following relationship is applied to obtain pN(ﬁ)(z), assuming
=—ut+la-v)x, +bxi, j=123.

e}.

_u+(a—v)xj+bxf—Lu+l%};— b[a—v+2bxj]2 <0(Since b <0), then

¢, —¢€; = b(xi - lex,. +x, —-(9-_}42 b(x,. —xj)-[x,. +x; —2x.].
Since b<0, i< j, x, <x;, then

2
e, =—u+la-v)x, +bx’ <-u+ (Z(_ ‘;)) , j=123

>0 if x +x,>2x
for i<j, e,~e, =¢<0 if x,+x,<2x,
=0 if x +x;,=12x

2
From (9) the follow range of z should satisfy z < -w+ (a- v)

4(- b)

(") x, <d,, j=123, x,s XL v( ‘[—@J—w v—2(~b)x

(13)

(14)

then if a—~v~2{(- b)xj >0,ie. when 0 < x; < X., thus by squaring both sides of

the above inequality, we obtain e, <z, then from (13)

(xj Sd,)/\(0<xj Sx.)::>ej Szg_u+(a—v)2

4(~b)

(15)

(2“)di <x;, j=123& Jb—l >a-v-2(- b)xj, we obtain the following two sets of

inequalities, from (13)



d <x,
{0<x.sx, i

z<je or z<—u+(a_v)2
= =)
[@ <x)alo<x, sx)=z<e, | (16)
(d] sxj)/\(x. Sx!):>z_ (a( ‘;)) (17N
a-v+D,
(3 )x <d,, j=123, xj.ﬁ——i—l;r 2(mb)x —(a v)< D, , we obtain the
following
2
a-v
(x, <d,)nlo<x, sx)mz<-u+ (4(_b)) (18)
(xjsdj]f\(x.ij)2>2<e (19)
(4°]d2 <x,, j=123 < 2(- b)x —(a-v)=2 \/f)_ we obtain the following
(dzéxj) (x.,<x):>e <z<—u+(a vy (20)

4(~ b)
For finding the centroid of sz(z), we need the following
Let

G, (‘171 ’ qz)

= [ Ja-v) +ablu + )z
:J—{[(afv)z+4bu+4bq2}%—[a—v)2+4bu+4bq1]%}
G(qi,qz )= [ 2a-v) +4blu + 2}z

- My capes g ) [l o + 0]

(a—v) +abu {[( s aplurq)ff fa-vy +4b(u+ql)]y}

T
Vi a,)=[d,-de=[" oo Sl g

-a+v | 21)
= b (qz_‘ﬂ) sz(qI’qz)
Vol @)= d,-dz=[" ook fle P oshens) gy
—a+v 1 (22)
= 2 ( q. — ) EGl(qla qz)
2 —-a+ 1
Volar 0.)=[ 24, de= Zb 4% —qf)”r“Gz(qh %) (23)
sz(ql,qz)zﬁzz'dz 'dz="—'—%§l( ) ql) G (‘h qz) (24)

To find conveniently /”N(E)(z) and its centrotd, we devide 0<x, <x, <x; into



four different conditions:
(Nx, <x <X, <X; (2)0<x, <x, <X;<X,

N0<x, <X <X; <X BH0<x, <x,<x, <X
1 2 3 1 2 3

2.1 fi(z(z) AND ITS CENTROID UNDER THE CONDITION

Xy <X <X, <X4

In condition, Xx. <X, <X, <X, (25)
from (14), we have
e, <e, <g (26}

From table 1, (13)~(20) and (25), (26), we have the following:
(1)case (1), (4), (10), ,uN(E)(z) =0,
(2)case(5)~(9), there are one inequality x; <d,, j=12 and x. <x, ;then, from
( ) and (15), no solution.
(3)case(2) d, <x £d, <x,,since x,<x;, j= 1,2,3, then

A
(@ <x)le. <x,). Fom (17, then <+ 4720 and

(x, <d,)A(x, <x,), from (19), then z<e, and

2
(d, <x,)nlx < x,), from (20), then e, <z < -u+ @-v) . From (13) and (26),

4(- 6)

we have
_d,-x+A
A
(4)case(3) d, <x, and x, <d, <x; Since x.<x,, j=123, from (17), (19},

(a—v)

_ 2
aCo) z<e, and e3$z§_fu+(a ) , from (13)

4(~ b)

e, <z<e and pN(&-)(z) 27

(20), we have z<-u+

and

Z) _ x+A- dz
A

From (27), (28), we have the follow property 2.1.

(26), wehave e; <z<e, and gy (28)

i a
Since x,=x—4A, x=x,, x;=x+4A, 0<A<x s—b—,therefore
0<x, <x, <X, isvalidand x,<x, <x, <x, canbe converted into a condition

x.,<x—A and 0<A<xs—a—.

Property 2.1 For the condition x, <x—-A and 0<A<x< -—a—b , the membership

function of N(ﬁ) is



A , e52z%5¢
d,—x+A
zuN(ﬁ)(z) = "'2_2_—_ , € SZ5¢ (29)
0 otherwise

2

Property 2.2 For the condition x, <x—-A and 0<A<x= ﬁb- , the centroid of

(29) of yN(g)(z) is
_ Rl (A, x)
) G9)
At here, from (21)~(24), we have

P(a, x)=fm H(s) (2 )z

A 1 1 —x+A
:JC-!- (ez _ea)—'sz(esaez)"'ZVz(ezael)""_'%—(e& _ez)

M, (A, x)

A
Rz(Aa x)=fwz . P’N(ﬁ)(z)dz
“+ A 1 | —x+A
ZXZA (eg—e;)—EV22(93,92)+KV22(32,€,)+ :.A (elzﬁez)

2.2 t,(;(z) ANDITS CENTROID UNDER THE CONDITION

O<x <x, <X; <Xu

In condition, 0 <x, <x, <Xx; <X, 31)
from (14), we have
e, <e, <€ (32)

From table 1, (13)~(20) and (31), (32), similarly section 2.1, we have the following:

Property 2.3 For the condition x+A <x, and 0<A<x< —% , the membership

function of N{D) is

;

d —-x+A
_l_Tx__ , e<z<e,
x+A-d,
ﬂN(ﬁ)(Z): 4 ~———A-—— ., €5 £z< 2, (35)
0 , Otherwise

.

Property 2.4 For the condition x+A<x, and 0<A<x< % , the centroid of

(35) of ,uN(ﬁ)(z) is
_R (A, x)
M,(A, x)= ) (36)

At here, from (21)~(24), we have

10



P, (A= x): E; luN(ﬁ)(z)dz
1 -x+tA, x+A, oy 1
_K]/](epez)*' A (ez e1)+ A (es ez) AVz(ezaeJ
Ry, x)={" z- piy (e

1 -x+A x+A 1
=Eﬂz(e=vez)+_}2‘3—(e§_ef)+ A (esz—eg)’KVlz(eza%)-

23 4, (;(z) AND ITS CENTROID UNDER THE CONDITION

0<x, <x, <x, <X,

In condition, 0 <X, <X, <X, <X, 37
from (14), we have
¢, <e,. (38)

: a
Since x,=x-A, x,=x, x;=x+A, 0<A<xs—5,then x +x, =2x,

A
x +x,=2x—A then x +x,<2x, &0<x<x,, xl+x2>2x,<:>x>x.+5,

x, +x; >2x, and x1+x2<2x..<:>x,.<x<x*+-§~ (39

e, e,, e, incondition (38), (39), from (14), we have the following permutation

e, <e, <e If D<x<x,(&x +x;<2x,) (40)

e, <e <e If xu<x<ux, +—g—(<:> X, +x;>2x, and X, +x, <2x.) (41)
. A .

e, <€, <e¢ if x,,+-2—<x(<::>smce x, +x,>2x) (42)

From table 1, (13)~(20) and (37)~(42), we obtain the following:
(1ease (1), (4), (10), p,15(z)=0.
(2)case (8), (9) have one inequality x, <d, and x.<x,, from (I'}, (15) no

solution.
(3)case(2), d, <x, <d, <x,, since x, <x,<x, j=23,then, from(16), (18),

Y P
(20), wehave z<e, z<—u+ (Z(_‘;)) and e, <z<-u+ (Z(_;)) ; from (42)

d,—x+A

and (13), we obtain
A i
when x, + 5 < x, then uN(ﬁ)(z) = if ¢,<z<e (43)

(4)case(3) d, <x, and x, <d, <x,, from (16), (19), (20), we have

2
z<e, z<e, and e352£—u+(a‘v) : from (41), (42) and (13), we have
d

o 4(- )
when x, <x<x, +%’ then ,uN(s)(z)z ii}i:—i if e;<z<e (44)

x+A-d,

when x, +2— < x, then J”N(ﬁ)[z): if e;<z<e, (45)

11



(5)case(S) x, <d, and d, <x,, from (15), (20), we have

2 Y
e < £~u+(a—v) and e2st—u+-(——)—;from(40)~(42)and(13),we

B 4(-5) 4(-b)
have
2
when 0 <x <x,,then ,uN(ﬁ)(z):_z%‘_ié if e, 525_u+% (46)
when x,.<x<x.+%,then ,uN(ﬁ)(z)zﬂ—————d2 _z+A if
(47)
ezszﬂ— (a v)
4(-b)
A d —-x+A . —vY
when x.+—2-<x,then pNﬁ(z)z_l__;__ if ELSZS—uﬂ»(Z(_ )) (48)

(6)case(6) x, <d, <x, <d, <x,, from (15), (17), (19), (20}, we have
(@a-v)
4-8)

(a-v) (a=v)
e <zs-u+ , z<—u+-—4~ z<e, and e; <z<-u+
4(-) 4(- )
from (40), (41) and (9), (13), we have the following
x4+ A x+A-d,
A A
ul _;”A,“’Z‘dl} if e, <z<e, (50)

(Ncase(7) x, £d, <x, and x, <d,, from (15), (17), (19), we have

when 0<x< x.,pN(ﬁ)(z) = max[d } if e,<z<e, (49)

when x, <x<x, + % pN(ﬁ)(z)z max[

e,sz£’u+( — ) ( — ) and z <ée,;
4(-8) ° 4(-b)
from (40) and (13), we have
when O < x < x,, then yN(ﬁ)(z) = i;Ax_-FA if e,sz<e, (51)
Summarizing above, we obtain the following property 2.5.
Since 0<A<xu<_-—a—b and O<x, <x,<x, isvalid, x, =x-A, x, =x,

x; =x+A, therefore 0<x, <x, <X, <x, canbeconvertedinto x-A<x, <X

and O<A<x$~£b—.

Property 2.5 For the condition x~A<x, <x and 0<A<x< _‘_’}?_ , the

membership function of N (ﬁ) is the following as
(1°)if 0<x<x., (¢ <e; <e,) then, from (51, (49), (46), (12), we obtain

12



é%i—é . €, <zse,
2
PR ezgzsfﬁ(‘;(:‘;)) 52)
L 0 , otherwise

(2° )if X, <X<Xe +%, {e, <e, <e,) then, from (44), (50), (47), (12), we obtain

ﬁ_ﬂ , e3£z<e
: oy
d, —-x+A a—v
pfd)=| P L e sisur T 53)
0 , otherwise

(3°)if X, + % <x, {e;<e, < e,) then, from (45), (43), (48), we obtain

_x:%ﬁ , e, <zse,
2
wp))=1 _xw » B R2S (a(—;)) (54)
0 s otherwise

Property 2.6 For the condition x—A<x.<x and O0<A<x< _ag , the centroid

of (52)~(54) of 41,5 (z) is
( )1f 0 < x < x., the centroid of (52) of 15 (z) is
R, (4, x)

M, (A x)= ) (55)

At here,
P31 (Aa x) = f; #N(ﬁ)(z)dz

A - R

= <Hifeve,
R31(A,x) rz Hu(p ()dz
-l SR )y b ) A i) -

(s°)if x,<x<x + —2— , the centroid of (53) of g, 5)(z) is

R, (A, x)
M. (A, A Bl A
2(8,x)= P20 (56)
At here,

P32(A, x):"._z #N(ﬁ)(z)dz

13



—x+A( 2l )
Uty T

A 1 1
=xz (e, _63)_KV2(63’62)+XV2(62’_u+ - )+

R, (A’ x):‘[l z- ﬂN(ﬁ)(z}iz

=x2+AA (‘3§ _ei)qi—Vn(e3jez)+%V22(ezﬂ_"+14£(?92Y)+ - ;Z A[(—u+ HE )2 *ezz]

(6o)if X, +—§— < x, the centroid of (54) of ﬂN(ﬁ)(Z) is

B8, -
Palt7)

M, (A: x) =
At here,
Py (A’ x)zfmﬂw(ﬁ)(z)dz

A ! 1 i - A a-v
:x*; (ez"es)—EVz(eg,ez)-i-ZVz(ez,—u+(4‘_b);)+ xA+ [(——u{-%r__bfy)’_eg:l

R 4, x)=j:z ' ‘uN(ﬁ)(z}t

S ! wop), ~X+A
) Srfene) e ko S o (ursf -]
Assume, (), :{(A, x10<x<x.}

0, ={(A, x#x.<x<x.+%}

0, ={(A, x#x,+%<x}'

; ﬂ{l , if (A x}ed

o, if(Ax)ed
Then, property 2.6 can be written as following.

Property 2.7 For the condition x—A<x,<x and 0<A< ib , the centroid of

(52)~(54) of pN(ﬁ)(z) is

M (A, x)=Y M, (A x) I, (58)
k=1

2.4 p,(;(z) ANDITS CENTROID UNDER THE CONDITION

D<x <x, <x, <X,

In condition, 0<x, <x, <X, <X, (59)
from (14), we obtain
e <e,. (60)

As §2.3, we obtain the following.
All arrangements for ¢, e,, and e,, under condition (60), we obtain from (14)

the following relationship:

e <e, <e if O<x<x.——'2é (<> since x, +x, <2x,) (61)

14



. A .
e <e, <e, if x,‘—5<x<x.(<:>smce x, +x, >2x, and 62)

x, +x, <2x,)

e, <e <e, if x,<x(<>since x +x;>2x,) (63)
From table 1, (13)~(20) and (59)~(63), we obtain the following;

(1ease (1), (4), (10), p,(3(2)=0.

(2)case (2), (5) there is an inequality 4, <x, and x, <x,, from (4" )(20) ne

solution.
(3)case(3), d, <x, and x, <d, <xj,since x, <x. <Xy, j=12; therefore, from

2 2
(16), (18), (20), we obtain z<e,, zs—u+(a ) and e, Szg—u+£q——-‘i)-—

4(- b) 4(-») "’

from (63) and (13),

when x, <x, then ,uN(ﬁ)(z) = fi%___fﬁ, if e,<z<e (64)

(4)case(6) x, £d, < x, <d, <x,, from (15), (16), (18), (20), then

(@~vy (a—vy
apy T )
from (62), (63) and (12), (13), we obtain

(a-vy
4(-0)

e, Sz<—u+

z<~u+ and e, <z<~u+

A
when x, —~—2—<x<x.,then

()_ di—x—l-t_\. x+A-d2 __d]—-x+A of <5<
ﬂN(-v)Z = max A N A = A 1 83_2_82 (65)
when x, < x, then

d-x+A x+A-d x+A-d, . {66
ﬂN(ﬁ-)(Z)Z ma){ ! A N A zjl'; A Loif e, £z Sez )

(5)case(7) x, <d, <x, and x, <d,, from (15), (16), (19), we obtain

e <z<~u+ (a - v) , Z5e, and z < e,, from (61), (62) and {13), we obtain

4(- b)

when O<Xx<x.——, ly ()— x+/_\. if e, <z<e, (67)

A
when x, - = <x <x., then Hepls)= —‘—A—~ if e <z<e, (68)

(6)case(8) x, <d, and d, < x,, from (15), (20), we obtain e, <z <-u+ (a-v)

4(- b)

2
and e, <z<-u+ ( ) ; from (61)~(63) and (13), we obtain

4-b)’

A x+A-d . a-—-v ?
when O0<x< Xe— —5’—, then ”N(ﬁ)(z) =2 = "1 if e, <z<—u+ (4(_ b)) (69)
A _x+A-d, . (@a-v)
when x, — ‘5 <X <X, then #N(ﬁ)(z) = ‘_T_L if e Szx-u+ 4(‘_ b) (70)

15



(‘: (‘_ ‘;)) )
(a-v)

(T)case(9) x, <d, <x, <d,, from (15), (17), (19), we obtain e, <z<-u+ o)

(a—v)

z<-u+ 4(-b) and z<e,;

if e, <zs—u+

when x, <x, then yﬁ(ﬁ)(z) = E—T—%_—d—’

from (61) and (13), we obtain
when O<x<x,— % , then ﬂw(ﬁ)(z) = ii_AA__.‘iL if e,<z<e, (72)
Summarizing above, we obtain the following property 2.8.
When 0<A <x<—-, O<x <x,<x, isvalid, x, =x-A, x,=x,
~-b

x, =x+A, therefore 0<x, <x, <x, <X, canbe converted into a condition

x<x,<x+A and 0<A<xs%.

Property 2.8 For the condition x <x, <x+A and 0<A<x< %, the

membership function of N (fj) is
(1°)if O<x<x,— % (e, <e, <e,) then, from (67), (72), (69), we obtain

rd! —-x+A
-—-—A——— s e, sz=xe,
2
7 N(Z)=<_x_i_A__.c_{‘_ , e gzg_u_,.f_:.z)._ (73)
v(p) A 2 4(-b)
0 , otherwise

“

(2n )if X, — % <x<Xx,, (e] <, < ez) then, .from (68), (65), (70), we obtain

’d, -X+A
A gszse,
()_' JC-!-A"-di <o (a—v2
}uN(ﬁ)z ——1—-——A s el__z_—u+ 4(—-b) (74)
. 0 , otherwise
(3°)if X, <X, (e3 <e, < ez) then, from (64), (66), (71), we obtain
x+A-d,
— e,<z<e,
_Ix+A-d, (a—vy
#N(b‘)(z) = N € Szs-ut 4(__ b) (75)
0 . otherwise

16



Property 2.9 For the condition x <x, <x+A and 0< A<x< —% , the centroid
of (3)(75) of py(z(2) is |

( )ﬁ" D<x<Xx, —% the centroid of (73) of 41,5 (z) is

Ry(a x)
M, (A, x)= b (76)
At here,

Po(8,x)=[ pupleke
=iﬂ(el’ez)+jfé’(ez—el)+
R, (A, x)=f;z ) )u,v(ﬁ)(z)dz
e R e (e et |- Db )

(5 )lf X. —% < x <x,, the centroid of (74) of s, (z) is

x: (uﬁ% )"‘,IEK("P‘”J"%)

R (A x)
M A, x) =22~ -
ol x)= 0 (77)
At here,

ﬂZAx=FuN~ 2z
V(e, o)+ X8, o)+ F
Ra(a, x)={ 2 Ju,v(ﬁ)(z

e I e | o R RS

(6")if x, <x, the centroid of (75) of x5 (z) is

33 A
e g

A(‘"”“‘ :i‘: ‘ez)‘i‘Vr(ezT”"' i )

M 43 (A? X )
At here,

Py(8, x)zﬁoﬂw(ﬁ}(z)dz

=x-£A(e2-—e3)—-£l§V2(e3,ez)+xZA[( A ]——V(ez 1)
Ry(A,x)=[" z ”-#N(s (k=

=x2+AA(e§_e§) Llene)+ 2 [(— PRSCIA } Volesu+ 28],

A
ssume, E = {(A x]0<x<x, —%—}

E, :{(A, xﬂx. —%<x<x.}
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£, = {8, x}x. <x}

then, property 2.9 can be written as following.

Property 2.10 For the condition x <x.<x+4 and 0<A<Z % , the centroid of
(13)~(75) of pr5(z) is

M, (A, x)= iM“ (a,x)- 1 . (79)

k=)
3. OPTIMAL SOLUTION

From property 2.2 (30), property 2.4 (36), property 2.7 (58), property 2.10 (79) and
assume the following, then we obtain the theorem 1.

Assume, a
R =1(A x x‘<x—AandO<A<x£—b

R, :{(A,x4x+.ﬂ<x,.and0<A<xg_f%}
Rs={(A,x4x—A<x.<xandO<A<xg }

L
-b
R4={(A,x*x<x,<x+Aand0<A<x£ib}.

Theorem U The Centroid of yw(ﬁ)(z)is
M(A, x)=D M (A x)- 1, (80)
k=1

Under the condition 0 <A<x < % the estimated profit value of demand

quantity x inthe fuzzy sense is M (A, x).
In order to minimize —~ M (A, x){i.e. maximize M{A, x)], we apply the

Nelder-Mead method[3]. But in our paperthe A, x should satisfy 0<A<x < —-C—lg )

therefore, we apply the Nelder-Mead simplex algorithm [1], the two transformation
(81) and (82) shown in figures 1 and 2, instead of the two transformation of algorithm
6.5 of Nelder-Mead method[3].

In this paper, we denote A for R(1), X(1), G(1), E(t) and x for R(2),
Xx(2), G(2), E(2).

optimal point for the i R=X +d(X -G}
last time N =(1 +d)X - dG
G R
where 0<d <1 81
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optimal point for the i E=X+e(R-X)
last time o X - . =(1-¢)X +eK
where e>1

(82)

Fig 2. Contraction step
Wetet H = X(1)- X(2)-G(1}+G(2)

1 if H>0
I(H):{o if H<0

H, = nﬁn{f%‘—&-f(ﬁ), 1}.

If we take in {81) satisfying
0<d<H, (63)
then it is easy to shown that R(1)< R(2).
Welet L=X(2)-X(1)+R(1)-R(2) and

. {X(Z); x(1) i L0
® if L<O
If we take d in (83) satisfying
l<e<l, (84)
then it is easy to shown that E{1)< E(2).

We modify R(K)=2M(k)-V{Hi, K) inthe subroutine Newpoints of Algorithm
6.5[3]to be R(K)=(1+dWM(K)-dV(Hi,K) where d satisfies (83). Also, we
modify E(K)=2R(K)-M(K) tobe E(K)=e R(K)+(1-e)-M(K), where e
satisfies (84). Use the modified Algoritme 6.5[3], we can find A", x~ such that -
Mmia”, x™) is the local minimal value that is M (A", x™) is the local maximal value.

The M, =x" isoptimal demand and A (A“, x") is the maximum profit in fuzzy
sense.

4. NUMERICAL EXAMPLE IMPLEMENTATION

In this section, we apply theorem 3 for some numerical examples to find optimal

demand x” in the fuzzy sense such that estimated profit M (A", x") is the
maximum,

Let (A, x} be any initial points, A™, x™ the coordinates of local minimum for
-M(A, x), x™ the centroid (the optimal demand) for the triangular fuzzy number

(x“ ~AT x4+ A“) X, = ﬁ is the crisp optimal demand and profit

-
X —X,

2
N(x, )= —u+ (Z (_ ;)) is the maximum profit. Let 7, = x 100%

Xa
M{A”, x™)- N(x.)
Nix.)
and the relative error of fuzzy profit.

ry =

x100% be the relative error of demand in the fuzzy sense
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From the definition ;;N(ﬁ)(x"], we know that it is the membership degree of x™.

EXAMPLE 4.1 Since there are two variable in M(4, x} by algorithm discussed in
section 3. When we run the program to solve assign a set of three initial points (A, x)

which satisfies O<A<xs—a—b.Given a=30, b=-2, u=10, v=6, x. =6,

N(x.)= 62, we give set (4.1.1)~(4.1.5) of initial points value of (A, x)} and we
obtain the computing results for each case as follows.
From §2(9), the range of pN(ﬁ)(z) is z < N{x,); therefore, it is necessary to find

(A, x) to make M (A, x) thecloserto N (x,) the better.

(4.1.1)
A X A" =0.0656
0.8715 5.2360 X" =59959
0.4412 6.5568 M(A", X™)= 61997084163
1.6567 5.4938 r, = 0.068333%
7, =0.004703%
(4.1.2)
A X A" =0.0518
0.9934 6.1403 X" =5099]12
0.9083 5.1739 M(a”, x*)=61.997782973
1.5070 5.1229 r, = 0.146667%
r, =0.003576%
(4.1.3)
A X A™ =0.003
0.8643 5.3484 X" =6.0005
0.3056 6.4804 M{&™, X™)= 6199959915
1.5147 5.5550 r, =0.008333%
r, =0.000065%
(4.1.4)
A X A" =0.0038
1.5216 5.6120 X* =6.0083
0.8353 5.8086 M(A™, X™)= 6199844747
0.1538 6.9196 r, =0.138333%
r, =0.000252%
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