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) [yl € [x] < |Mid[x] - Mid[y]| < R[x] = R[y].

oL

:Q)ﬁpdﬁ\,;.ae[x]n[y])[x]n[y]¢Q)6r:;s¢u,zjs\,\;{\:¢;e)(l

a€lx]=|Mid[x]-a|<R[x] : .
a€ly]=|Mid[y]-a|<R[y } = |Mid[x] — a| + [Mid[y] — a| < R[x] + R[y].

—_

WS Cl C‘éb RS
|Mid[x] — Mid[y]| < |Mid[x] — a| + |Mid[y] — a,
:V'U"’ ol 51 s
IMid[x] — Mid[y]| < R[x] + R[y].
A ol Iyl i Sy Cend il

Iv_:‘)‘.) ‘)j'.’.) db—jb CJ‘)‘,«G Q’.’.\)J [X]ﬂ[}f] = @
S ol sy I ol [x] < [¥] o8 » :Jsl &I

|Mid[x]-Mid[y]|=|Mid[x]-%|+|%—y| +|y-Mid[y]

=R[x]+|¥-y|+R[y]=R[x]+R[y].
el T a3l S aS

* Radius



o sl S SU by e U Sl bt SlS (sl U [Y] <[] o8 e s I
e o3 ol e U Mid[y] = Mid[x] S1.[y] € [x] oS 8 o o2 il s, (Y
Zr..u\b ‘JJ'.’.) C,Jl:-).ﬁ ) g2
1l el g e ol 53 Ly 55k 4 Mid[y] € [x, Mid[x]] o sl -
R[x]=|£—z|+|X—Mid[y]|+|Mid[y]—Mid[x]|
=|x—y|+RIy1+|Mid[x]-Mid[y]],
R[x] = Rly] = |x — y| + |[Mid[x] — Mid[y]
= |Mid[x] — Mid[y]| < R[x] — R[y].
el wlie ol Mid[y] € [ Mid[x], x] o8 ,a: p53 S
il 506 by Jl il 13 5 (F) Cand Sl S (slesl oS ST 5 i8S
S oS Dol 3 YT & [X] S o s syt € [Y] e [Y] E [x]
|Mid[x]-y*|2R[x : P * . _
piall Il = [Mid[x] — y*| — |y* — Mid[y]| = R[x] - R[y].
|Mid[x] — Mid[y]| = R[x] — R[y],
Wl plas o psn i S cpl by el ST sl S wS

V-Y-) 4
14S &b S dm Olg o VY- ij\élajpsw&tu%ﬁ@v;j:l{

V) [xIN[y]#0 o 2|Mid[x] — Mid[y]| < Wid[x] + Wid][y],
Y) [y] € [x] & 2|Mid[x] — Mid[y]| < Wid[x] — Wid][y].



A=Y\ iy

oS o i 5 oo a L [X] sl el sae Sl 55 (2]

|[x]| = max {|t| : t€ [x]} = max {|x| |x]}.

R A

oS o i 5 s a L [X] el 245 (5 4aS 3l 505 [2]

min { |x|,[xI}, o€ [x],

<[x] >=min {|t]: t€[x]}= {o oc [x].

s o3k sl g9, gl Jles! Y-
VY-

5ot G e gl sl o cnl 3 sl el s 6l 63l sde s [v] 5 [x] <&, [33]
Mg 8 2 D) 52 A e

[x]+vI={x+y : xexlyely]}

[x] -I={x—-y: xelxlyelyl},

[

x|'lyl={x-y: x€lx],y €yl},

A={Z: xeldyebl}, s -ebl

*Absolute value
"‘Minimal absolute value



(B P

2] * [y] oSST*E {4, =,/F 5 sl olds sl o3l sas 2 [y] = [y, V] 5 [x] = [2,%] o5

sl iy s 4 gl o3l dde K5

[x] * [y] = [min{g*z,g*?,f*z,f*?},max {E*z,ﬁ*if*gf*?}]

o [] by s o 2

W3S enB OS2 G s S m S L
P+l =[z+pE+5]  K-Dl=[x-%x-y]

¥ [y] = [min {x-y,x-5.% y,% ¥}, max (x-y,x 7% 3,% 3}

Y=Y\ S
%ﬂﬁ)&)}«ﬁ‘ud‘)}yb)&»‘ uj.paKj}\.ERJ[X] EHR@L;)A‘\—V—].‘L&J‘UV}JL
S

[Ax,2x], 11 =0,
Mx]={Ax : xe[x]}= 1%, ] <o

Y-y s

s pae g o] = [o0] Lol pp e i phe S S pans VTl n s L

[ =[11] vt oy o0



LYY s

osSan gae Gl el s gl esl e e |t ey S Wi (IR 5 (IR, +) sl o&Kanes

-)";’Ld“"uf”)@"dw“‘-’w

0-Y—\ &

éwjﬁ\ﬂ)',\.é:d@éj‘bﬁéhé_é&iNé}é;ﬁ;&)@%dkﬁ“{é\a}l{ﬂw‘émww

.M.}&O‘v\fﬂ&iM&M@‘W.Mp&c};&b‘}}é}‘Jﬁ

\-v-) VJ

el [Z] 5 [y] Jx] olsds s 3L slael g1 5 [3]

oL

Wosd o ol Sl 4 G g daly V) g asSa e gL

Y-¥-\ ?'J

*€ omen 5 Y] S [W] 5 [X]E 2] sk [x][y] 2] [W] €IR WS 55 (3]
nte| g{+, —,',/}

oL

Woss o ol Sl a Gy g dal, 0 g aSaar g



L A PP
S o S o et VYL VYL Sl Gl Sl esland
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Novel methods to obtain the solutions of interval and fuzzy linear
systems

Abstract

In this thesis, first we will discuss about the interval mathematics and introduce the
concept of interval number, interval arithmetic and interval linear system. We
introduce a new method for estimation the algebraic solution of an interval linear
system where coefficient matrix is real-valued and right-hand side vector is
interval-valued. In the proposed method, we first apply the interval Gaussian
elimination method. Then by the limiting factors we obtain a limited solution set
for related interval linear system that will be algebraic solution for this system.

Also we introduce a fuzzy number, fuzzy arithmetic, and the fuzzy linear system
where coefficient matrix is real-valued and right-hand side vector is fuzzy-valued.
Then we obtain the nearest symmetric fuzzy solution for a symmetric L-L fuzzy
linear system by a new metric. Finally symmetric L-L fuzzy linear system is
transformed to a non-linear programming problem that the obtained solution is
favorite fuzzy number vector solution.

Keywords: Interval number, interval arithmetic, interval linear system, fuzzy
number, fuzzy arithmetic, fuzzy linear system

Elnaz Haghi



Islamic Azad University
Science and Research Branch

Ph.D Thesis in Applied Mathematics

Subject:

Novel methods to obtain the solutions of interval and fuzzy
linear systems

Supervisors:

Prof. Tofigh Allahviranloo
Prof. Saeid Abbasbandy

Advisor:

Dr. Mir Mozaffar Masumi

By:

Elnaz Haghi

July 2013



