Scientiae Mathematicae Japonicae 1

FUZZY LINEAR PROGRAMS WITH OCTAGONAL FUZZY NUMBERS

FELBIN C. KENNEDY *AND S.U. Marint

ABSTRACT. Zimmermann [9] developed the decision making concept in a fuzzy environment which was
proposed and analysed by Bellman and Zadeh [3] in 1970. Its application in fuzzy linear programming
was well handled by Tanaka et al. [7] and by Maleki et.al in [6] . Later several kinds of fuzzy linear
programming problems have been dealt with and various methodologies have been adopted to solve such
problems using trapezoidal fuzzy numbers for example as in [4, 8]. The concept of octagonal fuzzy numbers
was introduced by the authors in an earlier paper [5]. In this paper the octagonal fuzzy numbers are used
to solve fuzzy linear programming problems (FLP) involving simplex method. A method for solving FLP
involving symmetric octagonal fuzzy numbers is developed and it may be noted that it is solved without
converting to crisp linear programming problem. The process is illustrated with a numerical example
involving a real life problem.

The distinguishing factor which is innovative in the present study is the use of a new arithmetic on
symmetrical octagonal fuzzy numbers. On this class is introduced a binary operation of multiplication
denoted by * defined in Definition 1.2 that is more natural having the desired property AxB ~ —(—A)*B
and such a property is absent in the multiplication introduced by earlier authors in [4].

Keywords Fuzzy linear programming, symmetric octagonal fuzzy numbers, ranking.

1 Introduction We adhere to the concepts, notions and notations in [5]. Here we consider a subclass
of octagonal fuzzy numbers called symmetrical octagonal fuzzy numbers using which a method for solving
fuzzy linear programming problems without converting them to crisp linear programming problem has been
discussed. The * multiplication defined in this paper is more natural as it coincides with multiplication of
real numbers in crisp case.

In section 1 octagonal fuzzy numbers that are symmetrical is considered and fuzzy arithmetic on this class
and fuzzy measure of octagonal fuzzy numbers are defined. In section 2, a general fuzzy linear programming
problem is cited and the theory related to simplex algorithm for solving FLP is dealt with. The same is
illustrated by using a numerical example in section 3.

Definition 1.1. A fuzzy number A is called a symmetric octagonal fuzzy number if there exist real numbers
a,,a,,a, <a, and h>s>g>0 such that

k‘{hfs—&-hhias‘}, x € [a, —h,a, — s
k, x €la, —s,a, — ¢
B(-k)[2+ 5], selo, -ga)]
_ 1, x € a,,a,]
(1.1) py(x) = (k) |:a2;-g_§:|7 z€la,a,+
k, x € la, +g,a, + ]
k [aﬁih - hfs} , z € la, + s,a, + h)
0, otherwise

We denote it by A ~ (a1 — hya1 — s,a1 — g,a1,a92,as + g,as + s,as + h; k,1) When h = s = g = 0; A~
(a1,a1,a1,a1,a9,a2,az,az2; k, 1) reduces to a trapezoidal fuzzy number. The set of all symmetric octagonal
fuzzy numbers is denoted by F(So).
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Definition 1.2.

If A=~ (a1 — hyaq — —g,a1,as,a2 + g,as + s,a2 + h;k, 1) and
B (by —m, by — l, b1 fyb1,b2,ba + f,ba 4+ 1,ba + m; k, 1) are two symmetric octagonal fuzzy numbers.
Then
(i) Addition:

A+B = (al—l—bl—(h—l—m),al—i-bl—(s+l),a1+b1—(g+f)7a1+b1,
ag +bayas +bo+ (g+ f),aa +ba+ (s+1),a2 + by + (h+m); k, 1)
(ii)Subtraction:
A—é ~ (a1—bg—(h+m),a1—b2—(s+l),a1—bg—(g—|—f),a1—bg,

ag — bl,CLQ — b1 + (g+f),a2 — bl + (S+l),a2 — bl + (h+m),k:, 1)
(iii) Multiplication:
b1 + bo

)

ai + as b1+52
> |12 g)
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where p = (T) a = min(a1by, a1ba, asby, azbs), f = max(aiby, arbs, asby, asbs)
Also, it is clear from (iii) that for any real A
(May — h), (a1 — 8), Aa1 — ) Aai, Aaz, A(az + g),
Aaz + 8), Maz + h); k, 1) ,for A >0
( (a2+h)v (a2+ )v (a2+g) >‘a2’)‘a17>‘(a1_g)a
Mar — s),A(a1 — h); k, 1) for A <0

A ~

Remark 1.3. Any real number r € R can be expressed as (r,r,r,r,r,r,r,r;k,1). Continuing this view point
consider two real numbers r,s € R expressed as symmetric octagonal fuzzy numbers (r,r,r,ryr,rr,rk,
(s,8,8,8,8,8,8,8; k,1). Using the Definition 1.2 we obtain its product as (rs,rs,rs,rs,rs,rs,rs,rs;k,1).

Definition 1.4. For any symmetric octagonal fuzzy number &, let us define & = 0 if there exist a > 0 and
h>s>g >0 such that

7= (—(a+h),—(a+s),—(a+g),—a,a,(a+g),(a+s),(a+h);k,1). Note that (—(a+h),—(a+s),—(a+
9),—a,a,(a+g),(a+s),(a+ h);k,1) is equivalent to 0.
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Remark 1.5. % is called zero symmetric octagonal fuzzy number if T = 0. & is said to be a mon-zero
symmetric octagonal fuzzy number, if & % 0. If & is a non-negative symmetric octagonal fuzzy number and
Z is not equivalent to 0, then & is called a positive symmetric octagonal fuzzy number denoted T > 0. If &
18 a non-positive symmetric octagonal fuzzy number and is not equivalent to 0, then T is called a negative
symmetric octagonal fuzzy number denoted & < 0.

Definition 1.6. Two symmetrical octagonal fuzzy numbers A, B are called equivalent denoted, A B if and
only if for

/}z (a1 — h,a1 — s,a1 — g,a1,a2,a2 + g,as + s,as + h; k,1) and
B~ (bl _m7b1 _lvbl _f7b17b27b2 +f7b2 +lab2 +mak71)a

we have

(a1 — h,a1 — s,a1 — g,a1,a2,a3 + g,as + s,as + h; k, 1)

—(by —m, by —1,by — f,b1,ba, by + f,bo +1,bs +m;k, 1)
(—a—(h+m),—a—(s+1),—a—(g+ f),—a,q,a+ (g+ f),
a+(s+1),a+ (h+m);k,1)

0

Q

Q

ie.(ar —h,a1 — s,a1 — g,a1,a2,a2 + g,as + s,a2 + h; k, 1)
%(b]_—m7b1—l,b]_—f7b]_,b2,b2+f,b2+l,b2+m;k,1)
Note that this is possible even if a; # b; and as # bs.

Remark 1.7. A particular case of Definition 1.2 taking h = s = g and m = | = f resulting in symmetric
trapezoidal fuzzy numbers whose x multiplication will be as follows:

For A=~ (a1 —g.a1,a2,a2 +g), B~ (by — f,b1,b2, b2 + f)
a1 + as b1+bg

Then
or = (((3) (22 @) (25220
by +b bi+b
((m—;ag) ( 1-;- 2)_p)7(a1;—a2> ( 1; 2)+p,
(32) (32) e (2= 2510)

2 2
where p = (B—Ta) ;o = min(a1by, arbe, asby, agbs), B = max(aiby, a1be, asby, asbs)
In this case, we note that A x B ~ —(—A) x B is satisfied which falls in line with the classical problems
in the crisp case.

Remark 1.8.

(i) Symmetr@ctagonal fuzzy numbers satisfy the distributive property i.@et a,b and ¢ be any three
symmetric octagonal fuzzy numbers, then ~ ~
¢x(a+b)=(¢xa+cxb)and ¢x(@a—b) = (¢xa—¢cxb),
where addition, subtraction and multiplication is defined by Definition 1.2
(ii) Multiplication operation given by Definition 1.2 asserts that product of two symmetrical octagonal
fuzzy numbers is a symmetrical octagonal fuzzy number.
(iii) Insistence on a symmetric product is easier to handle for computational purposes.

Remark 1.9. In the literature the following fuzzy number@ considered - triangular fuzzy numbers, trape-
zoidal fuzzy numbers and hexagonal fuzzy numbers. In this concept we have used octagonal fuzzy numbers
recently. The class of such numbers form a tower of subclasses. The last one namely octagonal fuzzy num-
bers forming the largest subclass. Therefore operations defined for the last class of octagonal fuzzy numbers
evidently apply to the smaller classes.
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Definition 1.10. [5] Let A be a @nal octagonal fuzzy number. The value M (A), called the measure of
A is calculated as follows:

MO (A) =

M| =

k 1
1
/ )+ la2(r))dr + 3 /(sl(t) + s2(t))dt where 0 <k <1
0 k

[k(a1 4+ as + a7 + ag) + (1 — k) (a3 + a4 + a5 + ag)]

| =

Remark 1.11. [5]

1) If a1 + as + a7 + ag = az + a4 + as + ag we would get the measure of an octagonal number same
for any value of k. (0 <k < 1)
2) In case of symmetric octagonal fuzzy numbers, the condition a1 + as + a7 + ag = az + a4 + a5 + ag
holds and hence the measure is independent of the choice of k.
3) If A and B are two normal octagonal fuzzy numbers, then as in [5] we adhere to the following
definitions:
LIf MO (A) < MP'(B) then A < B
ii. If M{'(A) = MP(B) then A~ B
iii. If MOCt(A) > MOCt(B) then A = B
4)Also A Band B A+ A~ B

2 FUZZY LINEAR PROGRAM The mathematical model
~ 2
Subject to constraints
@) Zaijfcj<bi,i:1,2,...,mo

n ~
> ayd; = by, i=mo+1,mo+2,....m

andijk(jforalljzl,l...,n

where a;; € R, ¢, 25, b € F(So)i = 1,2,...,m,j = 1,2,...,nand F(Sp) the set of all symmetric
octagonal fuzzy numbers, is called a fuzzy linear programming problem.

Definition 2.1. Any & = (1, Z2,...%,) € F"(So)(= F(So) x F(So) x ... x F(So) : (n fold)), where each
Z; € F(So), which satisfies 2.1 is said to be a fuzzy feasible solution to equation 2.1.

Definition 2.2. A fuzzy feaszble solution is called a fuzzy optimum solution to equation 2.1, denoted (Z9,

z8,...,28) € Q if Z ;] Z ¢;T;V elements of Q) ,where Q) is the set of all fuzzy feasible solutions of
j=1

equation 2.1 .

Definition 2.3. If7; =~ (—(a;+h;), —(aj+s;), —(a;+g,), —ay, aj, (aj+g5), (aj+s;5), (a+hj); k, 1) for some
oj >0 and hj > s; > g; >0, then T is said to be a fuzzy basic solution, where T solves AT =~ 5, A being the
appmpf‘iamfc (aij). If%; 7 (—(aj+hy), —(ej+s;), —(oj+9;), —aj, o, (e +95), (j+55), (aj+hy) k, 1)
forall oy =oand h; > s; > g; > 0, then T has some non-zero components which can be reordered if required,
say T1,%o, ..., 2,1 <t <n.Then AT = b becomes
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a1 T 4 aplo + -+ Ty + a1 [(— (g1 + hegr), — (g1 + Se41),

—(pg1 + git1), =g, g1, (g1 + Gegr)s (g1 + Se41),

(ars1 4+ hes1)s k1) + apo(— (g2 + heyo), —(Qug2 + se42),

—(ug2 + gig2), =g, g, (Qppo + gry2), (Qpgo + Sey2), (Qug + heyo)s K, 1]
+ ot ap[(—(an + ha), —(an + 8n), —(an + gn), —am,

(A + gn), (o + 8p), (i + hy); ky 1]

~ b

And T will become a fuzzy basic solution if the columns ay,as,...,a corresponding to these non-zero
components Ty, Ta,...,Ts are linearly independent.

Remark 2.4. Given a system of m simultaneous fuzzy linear equations involving symmetric octagonal fuzzy
numbers in n unknowns (m < n) Af = b;b € F"(So) where A is a (m x n) real matriz and rank of A is m.
Let B be any (m x m) matriz formed by m linearly independent columns of A. Then the fuzzy basic solution

is ¥p = B7'b, where 2 € F™(So). We will eventually prove that, if ip is a basic solution for the fuzzy
linear programming problem equation 2.1, then a solution to the given system is [Zg, 0] where 0 € F*~™(So)

i.e.d = (%1, %2,...,%k,0,0,...0). In this case we also say that Zp is a fuzzy basic solutio@
We shall now give the fuzzy analogues of some important linear programming results.
The standard form of any fuzzy linear programming problem is given by:

n
@) minz ~ ) & * T
=1

where A = (ag;) is an (m x n) real matrix, b, & Z are (m x 1), (1 x n), (n x 1) fuzzy matrices consisting of
symmetric octagonal fuzzy numbers.

Definition 2.5. We say that a fuzzy vector & € F(R)™ is a fuzzy feasible solution to the problem given by
equation 2.2 if T satisfies the constraints of the problem.

Definition 2.6. A fuzzy feasible solution &, € F(R

)" is a fuzzy optimal solution for equation 2.2, if for all
fuzzy feasible solution T for equation 2.2, we have ¢I

< CT

Improving a fuzzy basic feasible solution
Let the basis for the columns of A be B = (b1, ba, ..., by,). Let a fuzzy basic feasible solution be 7 = B~1p
and the fuzzy value of Z is given by 2y = ¢p * Tp, where
B = (¢B,,¢B,,¢Bs,---Cp,,) is the corresponding cost vector of 7.
uppose that

m

a; = > yijbi = y; B
i=1

m
and the symmetric octagonal fuzzy number z; = Z €B,Yij = Cpy; are known for every column vector a;

1=
in A, which is not in B. Let us now examine the possibility of finding another fuzzy feasible solution which
will improve the fuzzy value of Z, by replacing one of the columns in B by a;.

Theorem 2.7. Let ip be a fuzzy basic feasible solution of equation 2.2 such that Tp ~ B~Yb. If the condition
(2; —¢;) > 0 hold for any column a; in A which is not in B and y;; > 0 for some i, i € {1,2,3,...,m} then
we can obtain a new fuzzy basic feasible solution by replacing one of the columns in B by a;.
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Proof. Let #p =~ (ZB,,ZBy,---,TB,,) be a fuzzy basic feasible solution with ¢ positive components such that
Bip = b or ip = B~'b where Tp, = ((qi — hi), (i — si), (i — gi), i, Biy (Bi + 94), (Bi + 84), (Bi +
hi);k‘,l),ai < ﬁ“hz >s; 29, >0,0< k < land

MP(&p,) >0fori=1,2,...,t and M (7p,)=0fori=t+1,t+2,...,m

ie., Tp, ~0fori=1,2,...,t and

i'Bi ~ (7(ﬂi+hi)~v 7(ﬁi+5i)v 7(ﬂi+gi)a 7ﬂia Biv (6i+gi)> (ﬂi+5i)a (ﬂz+hl)v k7 1) fori = t+1,t+2,...,m;0 <
k <1 Then Big =~ b is written as

ZxB b + (= (Be1 + heg1), = (Bew1 + 8e41), = (Bes1 + ge41), —Bet,

5t+1, (Bes1 + gex1)s (Bea1 + 8t41), (Beg1 + Pegr); by 1) beyq +

(—(Bts2 + hiya), —(Bira + str2), —(Beyz + ger2), —Brr2, Biras (Bt + gev2),
(B2 + st42), (Beya + hig2); b, 1) bigo + -+

+(=Bm + hm)s = (B + 5m), — (B + gm)s —Bms Bm,

(ﬁm + gm)7 (5m +5m), (Bm + hm); k, l)bm

~ b

ie.,

ZZB b; + Z (Bi + hi), —(Bi + 5i), —(Bi + gi), =B,

1=t+1

51', (Bi + 94), (Bi 4 54), (Bi + hi); k, 1) by

@.3) ~ b

Now any column a; of A not in B can be written as
Zywb —ylgbl +92]b2+ +yrgb + - +ymjb YJB

Also 1f the basis vector b, for which y,; # 0 is replaced by a; of A, then (b1, by, ..., 0.1, a5, byi1,..., b))
still forms a basis.

Now for y,; # 0 and r < ¢, We can write
m m

b, = a; yij — yw L= Y Yij b
T Y Z Yrj bi ym Z Yrj bi Yrj ) 2 Yrj
1=1 i=t+1

ZIB b; + 2B, by + Z (Bi + hi), —(Bi + i), —(Bi + 9i), —Bis

1=t+1
1757"

Bi, (Bi + gi), (Bi + i), (Bi + hi); k, 1)b;

~ b

Z Yijbi + Z (Bi + ha), —(Bi + s1),
z;ér z;ér TJ i=t+1 1=t+1

—(Bi + 9i), —Bis B, (Bi + i), (Bi + 54), (Bi + hi); k, 1) b;

~ b
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i + Z (Bi + hi), —(Bi + si), —(Bi + gi), —Bis

i=t+1

t
z;ﬁr )

Bis (Bi + i), (Bi + 54), (Bi + hi)i k, 1) — ) yz_])b

rj

~ b

Since &g, ~ (—(8i + i), —(Bi + 5:), —(Bi + i), —Bi, Bir (Bi 4 94), (Bi + 83), (B + hi); k, 1) for i =t +1,¢ +
2,...,m, we have

t ~
Z(~i ZB.T ;->b+ }a]+z<x3—y)biz5
7

1=t+1

e
I
S

m
= Z%Bibl +5%B,.aj ~ b
=1
i#ET

where ‘%Bi = (5531. — %yij) vi#rand g, = QZB? which is a improved fuzzy basic solution to AT ~
g ]
We shall now prove that the improved solution is also feasible. That is to prove that

(i‘Bi - ) =0,i# r and ZB_’ = 0. To this end, select yrj > 0 such that % ~ min{ff*? Yij > 0}.
v v v

Then 28= <
Yrj

iBi

Yij

(ar_hr Qp — Sp Oy — Gr & ﬁ Br+gr 5r+sr Br+ﬁ
) ) ) s K s Urj ) yQ

Yrj Yrj Yrj Yrj Yrj Yrj

- (Oéihi o= ai—gi o Bi Bitgi Bitsi &@)
o Yij ’ Yij ’ Yij ' yij7 yij7 Yij ’ Yij ’ Yy
(ai_&_(hrﬁi),ai_ Br _(&nﬁi),%_ﬁr_(gwgz’),
Yij  Yrj Yri  Yij ) Yis  Yrj Yri  Yij ) Yii  Yrj Yri  Yij

ai_@ﬂ’ﬂi_%,ﬁi_aw(grﬂz),
j Yrj Yij

Yij ’ Yij ’ Yij ’ Yij
Bi — ar 6@'_047“"'(97""'91') ﬁi_ar+(3r+5i) Bi_ar+(hr+‘g>

Yij ' Yij ’ Yij Yij
= 0

= <a7ﬂr(hr+h7) aifﬂrf(sr‘i’si) ai75r7(9r+gi) Oéifﬂr
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) )

MOct <ai_5'f_(h’f+hi) ai_ﬁ’r_<sr+8i) ai_ﬂr_(gr+gi) Oéi_Br7

Yij Yij Yij 7 Yij
Bi —ar Bi—ar+(g9r+9i) Bi—ar+ (sr+5i) Bi_ar+(hr+@>
Yij ’ Yij ’ Yij ’ Yij
> 0

= 1 (k <azﬂr(hr+hz) + aifﬂrf(sr‘i’si) + Bi*ar+(5r+5i) +/Bi04r+(hr+hi)>
4 Yij Yij Yij Yij
©(1—k) (ai_ﬂr_(gT‘ng) n a; — Br +/Bi_ar 4 Bi_ar+(gr+gi)>
Yij Yij Yij Yij
> 0
:>1<ai_ﬂ7" +Bi_0‘r) >0
4 Yij Yij
N (W)_ <W> >0= <xB _f”Br> .y
Yij Yij Yij Yrj
and hence the improved solution is a fuzzy basic feasible solution and the theorem is proved. O
Remark 2.8. The new basis matrix obtained after replacing the basis vectors is B = (51, 52, ey l;m), where

b; = b; fori #r and b, = a;. The new fuzzy basic feasible solution is Tp, where Tp, ~ (5& — f;’f; Yij )4 # T

2 T . .
and Tp, = yB_T are the basic variables.
J

Theorem 2.9. If ip and Ip are the fuzzy basic feasible solutions of 2.2 having their objective values
Zo~ CpxIp and Z = Cg * xB respectively and if T xB was the value obtained after admitting a; in the basis, it
being a non basic column vector and also for which (2; —&;) = 0 and y;; > 0 for some i,i € {1,2,3,...,m},

then 2 < Zy.

Proof. Given Zg be a fuzzy basic feasible solution and Zy ~ ¢gZp. Let b, be the column vector removed from
the basis in place of which a; is introduced. Also given that zp is the new fuzzy basic feasible solution, then

2 ~ i~ Zp .. ; = — Tp
Tp, = (3731- - yu> ,i#rand Tp, = -

Since éB,-, ~ Cp,,1 # r and ép, = ¢;, the modified fuzzy value of the objective function is

i=1 i=1
iET
- - B -~ IR
~ ) ¢, (9631 - yu) +¢j—
i=1 yrj yrj
iET
m ~ ~
- . TB, -~ TB,
Ny e | Em -y ) + 8
i=1 il Yrj
m ~ m ~
ONC s~ B, \ - B,
~ g CB,TB; — ] E CB;Yij tCj
i=1 Yri i3 J
. TB.. ., .7TB
~Zy — Zj+cj—
Tj Yrj
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~ TB, ,~ ~
@) ~io— — (3 - )
Yrj

3 I~ ~ 0 T 0 z r (% ~ 0

Since yr; > 0, (Z; — ¢;) >A0 and y’fj = 0, hence y‘fj (2j —¢;) = 0.
@ua‘cion 2.4 implies z < Zy. Hence the new fuzzy basic feasible solution gives the improved fuzzy
value of the objective function. O

Condition of optimality

Similar to classical linear programming problem, we can prove that the process of inserting and removing
vectors from the basis matrix will lead to the following situations

i) unbounded solution

ii) infeasible solution

iii) optimal solution. In which case, (Z; — ¢&;) < 0.

Hence we have the following theorem whose proof is immediate.

Theorem 2.10. If i = B~ b is a fuzzy basic feasible solution of 2.2 and if (2 — &) = 0 for every column
aj of A, then g is a fuzzy optimal solution to 2.2.

Remark 2.11. Here we solve a fuzzy linear programming problem whose optimal function is to be minimised
and whose variables are non-negative. Hence we arrive at two situations and they are i) we obtain the
optimal solution or ii)we obtain an infeasible solution in sense the optimality will not be reached inspite of
repeated iterations.

Remark 2.12. Theorem?2.9 and Theorem?2.10 gives sufficient condition for existence of optimal solution. It
s to be seen whether this sufficient condition ensures convergence of the iteration problem. Condition for
convergence of iteration process needs to be studied separately.

Remark 2.13. If we consider the mazimisation problem given by

n
maxz = E Cj *.’Ej
Jj=1

Subject to Ai ~ b and =0

then this problem can be converted into a minimisation problem given by

maxz

Q
|
E
=
|
Nl
Q
T
QQ !
¥
m& !

Q
S
©
=
a.
8
v
=)

Subject to Az
and solved as above.

3 Numerical Example Food A contains 20 units of Proteins and 40 units of minerals per gram. Food

B comtains 30 units eachroteins and minerals. The daily minimum human requirementsrotein and

@neral are 900 units and 1200 units respectively. How many grams of each type of food should be consumed
as to minimize the cost, if food A costs Rs.6 per gram and food B costs Rs.8 per gram.

Note that the daily minimum human requirements of proteins and minerals may vary from individual

to individual. Also the cost of food may vary depending on the market condition. Due to these uncertain
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variations the problem is modelled as a fuzzy linear programming problem and symmetrical octagonal fuzzy
numbers are used to describe these uncertain values.

Cost of Food A 6 is modeled as (2,3,4,5,7,8,9,10;0.3, 1)and the same is done for the other parameters
also . Hence the mathmatical formulation of the above problem is given by fuzzy linear programming problem
as

minz = (2,3,4,5,7,8,9,10;0.3, )&, + (3,4,5,7,9,11,12,13;0.3,1)Z5

Subject to 20%; + 30Z = (885, 886, 888, 890,910,912,914,915;0.3,1)

4021 + 3023 = (1190,1191,1193,1195, 1205, 1207, 1209, 1210; 0.3, 1)
Ty = 6, To = 0.

Hence the fuzzy linear programming problem in standard form is

minz ~ (2,3,4,5,7,8,9,10;0.3, 1), + (3,4,5,7,9,11,12,13;0.3,1) T2

Subject to 20%; + 30Z5 — S1 + A1 ~ (885,886, 888,890,910,912,914,915;0.3,1)

4071 + 3075 — Sy + Ay ~ (1190,1191,1193,1195, 1205, 1207, 1209, 1210;0.3,1)
.%1,,%2,,5’1, 5’2,1211,/12 = 0

where Si, S5, are the surplus fuzzy variables and Ay, Ay, are artificial variables. That is

min % ~ ¢& subject to AZ ~ b and 7 3= 0, where
ay a2 a3 Qa4 Aas ag
A= ( 200 30 -1 0 1 0

40 30 0 —1 0 1
T~ 885,886,888,890,910,912,914,915;0.3,1 ~ o (A ~ & & it e
b (1108 )i~ (@ & S 8y A Ay)

(1190.1191,1193,1195,1205,1207,1209,1210;0.3,1)
And ¢ 5, 886, 888,890, 910,912,914, 915;0.3, 1),
(1190,1191,1193, 1195, 1205, 1207, 1209, 1210; 0.3, 1)
Initial Iteration: The initial fuzzy basic feasible solution is given by g ~ B~

’q? b 7M)
Ly, where
B 1 0 s /Nh EN( (885,886,888,890,910,912,914,915;0.3,1) )and

“\o 1 )77 A, "7 \(1190,1191,1193,1195,1205,1207,1209,1210;0.3,1)

~ (0,0,0,0,0,0,0,0;0.3,1), & ~ (0,0,0,0,0,0,0,0;0.3,1), S; = (0,0,0,0,0,0,0,0;0.3,1),
S» =~ (0,0,0,0,0,0,0,0;0.3,1), A, ~ (885,886, 888,890,910,912, 914, 915; 0.3, 1),

A =~ (1190, 1191, 1193, 1195, 1205, 1207, 1209, 1210; 0.3, 1)

and the fuzzy objective value is

Z = (2075M,2077M, 2081 M, 2085M,2115M,2119M,2123M,2125M; 0.3, 1).
Now (21 — é&1) > 0 is one among the highest positive value among all Zj — ¢

First Iteration: By Theorem 2.7 and Theorem 2.9, we get a new fuzzy basic feasible solution
jil ~ (%7 %) 117837 %7 %85’%7 %) %éo; 0'37 1)7 i‘Q ~ (07 07 0’ 07 0707 07 0; 0'37 1)7

Sy = (0,0,0,0,0,0,0,0;0.3,1), S =(0,0,0,0,0,0,0,0;0.3,1)

Ay~ (550,532, 502 505, 6 631 B3T 630:0.3,1), Az ~ (0,0,0,0,0,0,0,0;0.3,1)

with the improved fuzzy objective value

5 av (112000142320 11260%+3532’ 11380M 44751 11500 M +5970

40 ) 40 )
12500048430 '12620M+9649 12740M 10868 12800M+12080.() 3 1)
~ 40 J 40 g 40 J 40 109y 1)
Here (23 — é2) > 0 is the highest positive value among all Z; — ¢&;
Second Iteration: Proceeding in a similar way, we get a new fuzzy basic feasible solution
7 N(@@@@@@%@.Ogl)
1~ \"40 > 740 » 40 » 40 * 40 * 40 > 40> 40 2 4>
7 %(@@@@@@@w-ogl)
b2 30230 30 30 30 30230 30 )
S~ (0,0,0,0,0,0,0,0;0.3,1), 32 ~ (0,0,0,0,0,0,0,0;0.3, 1),
A, ~(0,0,0,0,0,0,0,0;0.3,1), A3 = (0,0,0,0,0,0,0,0;0.3,1)
with the improved fuzzy objective value,
5~ (7830 12412 17186 24460 35540 42814 47588 52170.() 3 1)
~ 7207120 » 120 120 ° 120 > 120 ’ 120 @ 120 > Ot/ -
Here (Z; — ¢;) < 0 for all j. Here by Theorem 2.10, the feasible solution obtained now is a fuzzy optimal

solution.

Remark 3.1. The parameter k is involved in calculating the ratio between the minimum requirements and
the selected y;; column elements.

Remark 3.2. The measure M{* considered (as in Definition 1.10) is used in comparing the ratios mentioned
in Remark.3.1
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Remark 3.3. The choice of trapezoidal, hexagonal or octagonal fuzzy numbers for minimum feasible solution
range seems to be dependent on the parameter k. Details of these investigations will be published after
completion.

Remark 3.4. In [1] the authors have proved the following theorem, For a fized partition P,,, the set F¢ m(R)
18 isomorphic to the convex closed cone C' = {z c R2(m+) . By > 0} with

[ -1 1 0 0 .. 0
o -1 1 0 .. O
0 o 1 1 .. 0
B =
L 0O 0 o 0 =1 1 J o emee)

where F..,(R) is the space of real fuzzy subsets of R with level sets belonging to the space of compact
convex subsets of R endowed with suitable Hausdorff metric.This implies that trapezoidal fuzzy numbers
correspond to the case m = 4 and octagonal fuzzy numbers correspond to the case m = 8 in the mentioned
theorem. As these cones are distinct it is clear that these numbers also have distinct properties. Also
trapezoidal fuzzy numbers can be viewed as special case of octagonal fuzzy numbers.

4 Conclusion In this paper FLP is solved without converting it to crisp linear programming problem. If

tl@roblem is solved using several steps with trapezoidal fuzzy numbers, then there is a sizeable difference
in the spread of the solution when compared to the solution obtained for octagonal fuzzy number problem and
this diference is dependent on the choice of k. The concept of octagonal fuzzy numbers enables using more
data relating to the problem and obtaining similarly more data about the solution. Also the x multiplication
defined in this paper is more natural. Approximation of any fuzzy number by trapezoidal fuzzy numbers was
considered by Ban et.al. and symmetric trapezoidal approximation is cited as future work [2].We may have
to consider whether the data given in our problem can be approximated to trapezoidal fuzzy numbers given
in [2] which would give a solution, which is nearer to the solution given using octagonal fuzzy numbers as
such. Octagonroximations in a fuzzy environment may be considered for future work.

Acknowleagement The authors wish to thank Dr. M.S. Rangachari and Dr. P.V. Subrahmanyam
for their useful discussions and reviewers for their comments which were useful in shaping the paper.
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