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Abstract:- In this article will be given alternative
positive fuzzy number and negative fuzzy number using
the area of positive-x axis and negative-x axis, and then
will given algebra modification in multiplying two
numbers of fuzzy. The linear system will be solve using
Cramer rules.
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I. INTRODUCTION

Fuzzy logic is part of mathematics science introduced
by L. A Zadeh a professor of electrical engineering UC
Barkeley, department of computer science in 1965. L. A
Zadeh thinking fuzzy logic can bridge machine language that
is precise to human language that emphasizes meaning[5].

Fuzzy linear system has three types, first fuzzy linear
system A% = b , A is a real matrix and %, b is vektor fuzzy.
Second fully fuzzy linear system A% = b, 4 is a fuzzy matrix
and %, b is vektor fuzzy. The last one is dual fully fuzzy
linear system A% + ¢ = Bx +d, A4, B is a fuzzy matrix and
%,¢,d is vektor fuzzy. Fuzzy linear system can be solved by
many kind method such as on linear system. In 2010 has
been completed a dual fully fuzzy linear using LU
factorization rules on triangular fuzzy numbers[7], [11] also
has completed fuzzy linear system using LU factirization
rules but on trapozoidal fuzzy number. In 2006 was
discussed using the Cramer rule in triangular fuzzy number
[6,12]. All method can be used in solving fuzzy linear
system, but the authors only discusses positive fuzzy, and
didn’t give a compatible solution. In this article will given
modification of fuzzy algebra, begin with define positive
fuzzy number and negative fuzzy number so will make have
a competible solution. Then it will be applied in a fully fuzzy
linear system using Cramer rules. And the end will be given
an example as an illustration.

II. PRELIMINARIES
A. Selecting a Template (Heading 2)
The concept of fuzzy numbers has been given by
[1,2,7,8] and [9], Cramer method[3].

Definisi 2.1 A fuzzy number is a fuzzy set @#i:R — [0,1]
which satisfies the following:
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i is upper semicontinuous.
i(x) = 0 outside the interval [a,d]
There exist real number b, c in [a, d] such that:

YV VV

e {i(x) monotonic increasing in [a, b],
e  {i(x) monotonic decreasing in [b, d],
e dilx)=1forb<x<c.

A more popular equivalent alternative definition of
fuzzy number is as follows.

Definition 2.2 A fuzzy number @ is a pair (u(r),u(r)) of
functions u(r),u(r), 0 < r < 1 which satisfy the following:

» u(r) is a bounded left continuous non decreasing
fuction over [0,1],

» u(r) is abounded left continuous non increasing fuction
over [0,1],

> u(r) <u(@r),0<sr<1

A trapozoidal fuzzy number can be written by two
ways, first @i = (a,b,c,d) with a <b <c<d and the
second is @i = (a, b, a, B) with a, b is the center, « is the left
width and g is the right width. A fuzzy number in
trapozoidal form @i = (a, b, ¢, d) is the function:

=

(2=% a<x<b
| b—a
1, b<x<c
ka0 = @ b,e,d) =1 4~
ld—' c<x<d
k 0, otherwise

A fuzzy number in trapozoidal form @i = (a, b, @, B) is
the function:

a—x
(1- a<x<bh

)

| a
1, b<x<c
.uﬁ(x) =,uﬁ(a,b,a,,8) = x—D>b
1- , c<x<d
0, otherwise

On the other ways, a parametric fuzzy number @ =
[u(r),u(r)] can be represented as:
u)=a-(>1-17a,
u(r)=b+ 1 —-r)B.
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Some reviewed for arithmetic between two trapozoidal
fuzzy number [1,2,4,6,8,11,12] and [9] .

Definisi 2.3 Arithmetic operations on trapozoidal numbers
Letii = (a,b,a,B), 7 = (c,d,y,6) and k is a scalar:

e Addition:
1@v=(u
u®v=(>(a+cb
e  Subtraction:
100=(u+vu+v)
16v=@-db—ca+68B+7y)
e  The Minus of Trapozoidal Fuzzy:
—ti=—(a,b,a,p)
-t =(-b—ap a)
e Scalar Multiplication:
- (ka, kb, ka,kB), k=0
k@u=k®@baf)= {(kb,ka,kﬁ,ka) k<0

Definisi 2.4 A trapozoidal fuzzy number @ = (a,b, @, B) is
said to be zero trapozoidal fuzzy number if and only if a
0,b=0,a=0,andg =0.

Definisi 2.5 Two fuzzy number @ = (a,b,a, ) and ¥
(c,d,y,d) are said to be equal if and only if a=c, b
d,a=yandp = 6.

1. POSITIVE FUZZY NUMBER AND NEGATIVE
FUZZY NUMBER

In this section will be given a new definition that fuzzy
said to be positive fuzzy number or negative fuzzy number
using the area of positive x-axis and negative x-axis, then it
will be followed by algebra modifications on two fuzzy
number .

Definisi 3.1 A fuzzy number sait to be positive(negative)
denoted by @ = 0(& < 0) using the area of positive x-axis
and negative x-axis:

» If the fuzzy area is in one of the x-axis so fuzzy said to
be positive fuzzy number(negative fuzzy number) if a —
a=0b-pB<0).

a b a b
(—a.-b,, §) (a,b,a,0)
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» Ifthe fuzzy area is in both of the x-axis so:

—a -b 0
(-a,-b,a,)

From the picture it appears that there are two regions
on the positive x-axis and negative x-axis will be devided
into four shapes:

L _1 o«
=3 @0 =5
L,=(@a—-b)1)=a-»b

1 B
L34 = E(,B)(l) = E
1 B—b\ _(B—b)>
L‘*‘E(ﬁ_b)( (ﬁ )b; Zﬁb ,
_ 2 2 _ K2
L3=L34_L4=§_ ,32‘3 = 'Bzﬁ

Will be shown type of fuzzy with the area of fuzzy:
L=L,—(L,+L,+Ls)

Lzﬁ:ﬁi_@+ b wb‘”)

28 a5
L=—a-p+B_ 2.0
- 2 278

A If a<0,b<0and b+ =0, so @ said to be

2
positive fuzzy number if —a — b + g - % + % >0, on the
contrary ii said to be negative fuzzy number if = —a —

2
p+L-212 <.
2 2 g8

b
R
N
N

a Y
—@¢  (-ab,a,p) b

From the picture it appears that there are two regions
on the positive x-axis and negative x-axis will be devided
into four shapes:

L= W =b
L=s®W=2
L= @0 =a

a
L= 5 @M =
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Will be shown type of fuzzy with the area of fuzzy:
L= (Ll + Lz) - (L3 + L4)

= (b+5)~(a+5)

_ p_a
L—b—a+2—2
B. Ifa<0and b >0, so & said to be positive fuzzy

number ifb —a — % + g = 0, on the contrary # said to be

negative fuzzy number if b —a — - +§ <0.

« [v]
0 a b
(a,b,a,3)

From the picture it appears that there are two regions
on the positive x-axis and negative x-axis will be devided
into four shapes:

Li=Mb—-al)(1)=b—a

_1 _k
L, = 21(,3)(1) =5
a
L3, = E(a)(l) = E
1l,a—a (a —a)?
L4=§( a )(a—a - 2a
a (a—a)? a?
by =l —le=y - =075,

Will be shown type of fuzzy with the area of fuzzy:
L= (L1 + L+ Ls) - (L4)

B B at\ ((a-a)p?
L= (b—a+5+a—z — T
a B a®
L=a+b —E+E—;
(@12, b1z, @12, B12)
(azz:bzz:.azz:ﬂzz)

(@11, b11, @11, B11)
(az1,b21, @21, B21)

@m1r bim1s Om1s Bm1)  (@mzs Pmas @12, P12)

fuzzy matrix 4 is partitioned so thats is obtained:

[a;;  a;; 7 Gan] b1y by bin
a=|® @ 7 Smlpo b b b
[An1 Gz 7 Gmn -bml bm2 bmn
(a1 a7 @an] (P11 Pz Pin
M = 05:21 05:22 a.Z" N = ﬁg1 ﬁgz ﬁzn
(A1 Omz " Emn -ﬁml ﬁmZ o ﬁmn

fuzzy matrix A can be written A = (4, B, M, N).
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(aln' bln' Xin, ﬁln)
(azns ban, Az, Bon) ® (x, th.le 75)

(amni bmn' amn' ﬁmn)
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C. Ifa>=0and b >0, so & said to be positive fuzzy
2
number ifa + b — =+ g —= 20, on the contrary @ said

2
to be negative fuzzy number if a + b — =+ g ~-=<0.

After being defined positive fuzzy and negative fuzzy
will be applied on multiplication fuzzy.

Definisi 3.2 Given i = (ab,ap) = (u@)ul))=
(a-A-7r)a,b+(1-71)B) and 7= (cd,y,6) =
(g(r),i(r)) =(c—-0-7r)y,b+ (1 —1r)d)sothat:

e Ifii>0and? > 0so:

w = (ac,bd, (ay + ca), (b6 + dp))
e Ifii>0and? < 0so:

w = (bc,ad, (by — cB), (ad — da))
e Ifii<Oand® > 0so0:

w = (ad, bc, (da — ad), (cB — by))
e Ifii<Oand? < 0so:

w= (bd, ac,—(dpB + bs),—(ay + ca))

IV. SOLVING FULLY FUZZY LINEAR SYSTEM

Next will be given the modification algebra on fully
fuzzy linear system A% =b for multiplication if % >
Oand 7 > 0,

ifi>0and? <0, ifi<0and v >
Oandtheend @i < 0Oand ¥ < 0. Start by partition fully
fuzzy linear system so that is obtained real matrix and real
vektor, to solve it can be aplication to Cramer method. To
get the value of X can be considered from positive(negative)
matrix A and vektor b so that the multiplication formula to
be used is determined.

Given fully fuzzy linear system A% = b written in the
form of a matrix:

(X1, y1,P1,T1) (c1,dy,v1,67)
(cy, d1' Y1,61)

(xM'ym’pmle) (le m:ym: m)

fuzzy vektor x is partitioned so thats is obtained:

L

fuzzy vektor X can be written ¥ = (x, y, p, 7).

fuzzy vektor b is partitioned so thats is obtained:

Al
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fuzzy vektor b can be written b = (c,d, v, 8). a;; dy v Qi

Finally fully fuzzy linear sytem can be written by: @ _ |G dz v Gan
Az =b Y Por o

(A,B,M,N) Q (x,y,p,7) = (c,d,y,5). An1 A " Qmn

To solve it can use Cramer method by determining the
determinant value in the matrix. Will be shown the

multiplication algebra for A > 0 and b < 0 obtained ¥ < 0. A Az Ay
Will be used multiplication formula for A > 0 and ¥ < 0: ym = d21 Q22 dg
(AIBIMIN)X(nylpIT)=(Cldly'6)l : : N d:
Bx,Ay,Bp — Nx,At — My) = (c,d,y, 6). Am1 Gmz 7 Om
¢ »op y)=(dys) So that is obtained:
B dety® 3 dety® _ det ym
So that is obtained: Y17 qeta 72T Tdeta Y™ T deta
Bx=c . .
Ay=d To find the value of p, first:
Bp—Nx =y Bp—Nx=vy
At —My =94 Bp =y + Nx
Tosolve Bx =¢
Bx =c £ Bi1i Bz = Bum][%a
biy bz v by [% G Bp = )/_2 + .Bg1 .Bgz “ Pon x‘Z
by1 by, v by |[X2| _ |2 : : : : :
: : k : L I Ym Bmi Bmz  Bmnd Xm
bpi bmz b Xm Cm
Using Cramer method: " 12! x1P11 + X2Pia + o+ XPin
[c1 b1z bin] Bp = )/:2 n x1P21 + x2ﬁ22:+ X Pan
x@ = by, -t ban : :
: : g : Ym xlﬁml + xZ.BmZ +t xmﬁmn
cn b b
m m2 mn Bp —y + Nx
byy ¢« bin
x@ = byy ¢ v ban byy by v b ][P1
1 P : b_21 bgz by p‘2
bml Cm bmn : : : :
bml me bmn Pm
Y1+ X1 P11+ X2Pia + o+ XpPin
by b, G _ | Y2+ X1Bo1 x50z + o+ Xpan
b b SR o) H
m) _ |P21 D22
x : : Ym + X1Bm1 + X2Bmz + -+ X B
bml me Cm

Using Cramer method:
So that is obtained:

detx® detx®@ det x (™ P(l_) )
1= 4etB 2T qetB '™ T TdetB Vit xBi %Py + o+ XpPrn bz v b
_| 2t X1f21 + xz[?zz + 4 X fBon bgz + byp
Tosolve Ay =d : P :
Ay =d Ym + X1Bm1 + X2Bmz + -+ XnBn bmz  binnl
Ay Az 7 Gan [V d,
A1 Gz 7 G |[Y2| _[d, P(Z_) _
: H - : : : bi1 Vit X Bt Xfr + o+ Xy Bin v bin
Am1 Ao 0 Qund Wm dm — b21 Y2 + x1ﬁ21 + x2ﬁ22 + o+ xmﬁZn b2n
Using Cramer method: : : 2 i
dl V) Qi -bml VYm T xlﬁml + xzﬁmz + -t xmﬁmn bmn-
dm Az " Amn
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p(m) 7m
byy by o Y+ X B Hxfip o+ X P 11 Gqz O F Yy F Yoy ot Y@y
_|b2r bz Vot XaBor FXofoy ot XPon _|a a o Sty Yaan ot Yoy
bm1 bmz ym+x1ﬁm1 +x2ﬁm2 +"'+xmﬁmn An1 Qpmz " 6m+YIam1 T Vol + ot Vi O
So that is obtained: So that is obtained:
_ det p® _ det p® _ det pm _ det 7@ _ det 7@ _ det 7
Pr="4etB 'P*~ detB P™ T “detB 17 et "2 T deta ™ T deta
To find the value of z, first: Example 1 Given a fully fuzzy linear system :
AT = 6 + My (5i6l2l3)21 @ (4;5;1;2)£2 @ (8!19!7!1)£3 @
= (—36,21,92,16)
61 all a12 aln yl (3i7i2i5)521 @ (9;11;2;1)522 @ (5!13!4!2)523 @
A= || p]en @ G|y = (~38,26,103,13)
: e (7,11,2,5)% @ (1,4,1,3)%, © (3,7,1,2)%; ®
Oml L&mi Az " Ao Vm = (—33,12,63,20)
8y Y1y + Yoy o0t Y For the first it appears that a matrix fuzzy 4 is positive
Az = |02 |4 | V1% T Y2ar ot YmQon fuzzy and vektor b is negative fuzzy, multiplication formula
: : will be used on A > 0 and % < 0. This fuzzy linear system
Ol LY1@m1 + Yolmz + 0+ YinGmnn can be written in matrix:

O1 + Y1011 + Y1 + o+ Yy

(5l6l2l3) (4)5)1)2) (8!19!7!1) fl
(3l7l2l5) (9)11)2)1) (5!13!4!2) |:le
X3

At = | G2 T Y1Ga1 T Y2000 F o F Ymlion (711,25 (1L413) (3,71,2)
m 1%¥m1 2¥m2 m“mn _ (—38,26,103,13)
At =6+ My (—33,12,63,20)
Ay A 7 Q[T fuzzy matrix A and vektor b is partitioned so thats is
A1 Ay 7 Qo || T obtained:
: : - : : 5 4 8 6 5 19
A1 Amz Aol | Tm A=(3 9 5|, B=|7 11 13|,
7 1 3 11 4 7
81+ Y101 + Y05+ Yy 2 1 3 2 1
8, +J’1a21+J’2?22+"'+3’m“2n M=[2 > Z CoN=[5 1 2]1
6m+y1am1+y2am2+'”+ymamn 2 11 5 3 2
. ) —36 21 92 ] 16
Using Cramer method: c= [_BSI' d= I26l’ y = I103 s = lBl
e -33 12 63 | 20
81ty + Y0+ F Y@y A 7 Gan 21 4 8] [5 21 8
8y + V1001 + YoQop + -+ Yoy Az 7 Qan YW =26 9 5 Y@ =13 26 5|
: : : 12 1 3l 7 12 3
Om + V1m1 + Yoz + -+ V@ Az " Qmn _ -
5 4 21
7@ Y®=[3 9 26|
Ay 6+ Y101+ Y20 o F Y, 7 Gan L7 1 121
= a:21 6 +yiaq, + YZ‘:X12 toF Y, T a.2n 36 5 19 6 —36 19
‘ ' ' xW=(-38 11 13|, X@=(7 -38 13|,
Am1 61+ Y1011 + Y21+ F Yy G —33 4 7] 11 -33 7
[6 5 —36]
X®=17 11 -38
11 4 —33l

detA = —266 detB = —1147
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detX® = 2294 detY® = —266
detX® = 1147 detY® = —532
detX® = 1147 detY® = —266

Obtained the value of vektor x and vektor y:

_detX® 2294
1T TGt T —1147
_detX® 1147
2T TgetB T 1147
_detX® 1147
BT detB T C1147
Vektor x is
-2
x=]-1
-1
_clet1/<1>_—266_1
Y17 Tqeta | —266
_detyY® 532
V2T Tqetd | —266
_ detY®  —266
V3T Tqetd | —266
vektor y is:
1
y=|2
- - - 1
To find the values of p, it applies Bp =y + Nx
921 [3 2 11[-2] [83
Bp=|103|+[5 1 2||[-1][=[90
631 5 3 2ll-1] l48
83 5 19 6 83 19
p®M =90 11 13|, p®P=|7 90 13
48 4 7] 11 48 7
6 5 83
p® =17 11 90|,
(11 4 48]

Obtained the value of vektor p and vektor t:

B detp® _—1147
PL="qetB ~ —1147

B det p@ _ —4588 A
P2 ="4etB  —1147

_detp®  —3441
P3 = "4etB  —1147

vektor p is:
1
p=14
3
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To find the values of p, it applies At = § + My

16] [2 1 7111 [27
At =|[13|+1]2 2 4||2|=]23
200 12 1 1ll1l l25
27 4 8 5 27 8
W =123 9 5| 1@ =[3 23 5]
25 1 3 7 25 3
5 4 27
® =3 9 23|,
7 1 25l
_detz®  —798
BT Tqetd T 266
_dett®  —266
27 "qetA T —266
_dett®  —266
3= "qetA  —266

vektor 7 is:

T =

B ——1

3
1
1

Maka diperoleh vektor ¥ untuk persamaan tersebut
sebagai berikut:
(-2,1,1,3)
=1(-1,241)|
(-1,1,3,1)

V. CONCLUSION

By define it as the type of positive fuzzy number or
negative fuzzy number so that it can be determined the type
of multiplication of two fuzzy number that will be used and
will give the comfertible result.
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