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Solution of Linear Diophantine Fuzzy Linear Programming Problems by Separation and
Addition Method

Naveed Yaqoob®, Salma Igbal and Afsana Khursheed

ABSTRACT: There are many real-world applications for the widely used concepts of intuitionistic fuzzy sets
(IFSs), Pythagorean fuzzy sets (PFSs), and g-rung orthopair fuzzy sets (q-ROFSs). Unfortunately, these
theories have limitations of their own regarding membership and non-membership grades. We present the
novel idea of a linear Diophantine fuzzy set (LDFS) with the addition of reference parameters to get rid of
these limitations. The decision maker (DM) can freely select the grades without any restrictions due to this
concept, which eliminates the limitations of existing methodologies. By modifying the physical meaning of
reference parameters, this structure also categorises the problem.To address triangular fully linear Diophantine
fuzzy linear programming (TFLDFLP) problem, we developed a technique separation and addition approach.
The main advantage of ranking functions is that the linear Diophantine variables nature was not altered
to become crisp. It is divided into linear programming (LP) strategies by using arithmetic operations and
ordering relations. Numerical examples are presented in detail to illustrate the suggested methodology.

Keywords: Intuitionistic fuzzy numbers, linear programming problems, fully fuzzy linear program-
ming problem, linear diophantine fuzzy sets, linear diophantine fuzzy numbers.
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1. Introduction

In operations research, the linear programming (LP) strategy is the most significant and successful. In
everyday life, we frequently deal with hazy or unclear information. Accessible information can occasionally
be ambiguous or lacking. Fuzziness is typically described linguistically by terms like intervals, fuzzy
numbers, or intuitionistic fuzzy set (IFS) numbers. In fuzzy set theory, Zadeh [23] developed the idea of
ambiguous data in 1965. According to Zadeh, a linguistic variable is a variable whose values are phrases
or words in either a synthetic or natural language. The variable is known as a fuzzy linguistic variable if
these words are expressed by fuzzy sets defined over a universal set [23]. The fuzzy linguistic technique
offers positive results in a number of domains, whose descriptions are generally of high quality. The use
of sentences or words rather than numbers is encouraged since linguistic classifications or categorizations
are typically less absolute than algebraic or arithmetic ones. Decision-making frequently involves issues
with unknown conditions, yet these issues are difficult to solve because of how difficult it is to predict
and manage these uncertainties. Atanassov [2] presented the idea of intiuistic fuzzy set (IFS). The
components of degree of membership and non-membership are divided in a particular set. The geometrical
explanation of the components of intuitionistic fuzzy objects was proposed by Atanassov [3]. The total
of membership and non-membership degrees to which an alternative satisfying an attribute specified by
the decision maker (DM) may be greater than 1, but their sum of squares is less than or equal to 1,
applies to several practical difficulties. Yager [20,21] created a Pythagorean fuzzy set (PFS) as a result,
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which satisfies the requirement that the sum of squares of its membership degree and non-membership
degree is less than or equal to 1. Many scholars Ali [1], Liu [10] and Yager [22] have looked at the g-rung
orthopair fuzzy set (q-ROFS) model to expand the scope of IFS and PFS.

Riaz and Hashmi [17] rigorously analysed the limits on membership and non-membership functions
in the FS, IFS, PFS, and g-ROFS structures in 2019 and identified these restrictions statistically. To
get rid of these limitations, they added reference parameters to the IFS structure and created the linear
Diophantine fuzzy set (LDFS). They claimed that the LDFS concept would eliminate limitations in
the current techniques of other sets and permit the practise of freely selecting data. Additionally, they
demonstrated using the arbitrary property of the reference parameters that the space of this set is greater
than those of the FS, IFS, PFS, and ¢-ROFS.

Dubey and Mehra [4] describes LP with triangular IF numbers by varying it into crisp set and solving
it afterward. The nonlinear programming method was devised by Parvathi and Malathi [15]. A novel
ranking function was proposed by Nachammai and Thangaraj [12], and it was solved by Nagoorgani
and Ponnalagu [13,14] without being converted into a crisp LP problem. By using LP, Jayalakshmi and
Pandian [6] established the separation and bound approach.

Dubey and Mehra [4] described intinuistic fuzzy linear programming (IFLP) using the principles of
value and ambiguity. To create a more realistic alternative, Parvathi and Malathi [15,16] combined the
bisection approach and the two-phase phase method. A common sorting index method was developed
by Seikh et al. [18] to solve IFLP with interval numbers. In IFLP, Mitchell [11] created fuzzy ranking.
In order to address the IF transportation problem, Gani and Abbas [5] presented a novel strategy. For
the representative interval parameters of the IFLP, Wan and Dong [19] provided a probability degree
technique. Later, Kabiraj et al. [8] developed the Zimmermann technique, which transformed IFLP into
crisp LP. Moreover, to address IFLP, Jayalakshmi et al. [7] introduced another technique called the
separation and addition approach.

In the present attempt, we suggest a method for solving TFLDFLP using separation and addi-
tion.Here, we first build an LP and then use the simplex process to solve it. The key advantage is
that it deals with nonnegative linear Diophantine fuzzy (LDF) solutions rather than the current ap-
proaches, ranking functions are not employed, and is particularly suitable for LP solver because it solely
depends on LP methodology.

2. Preliminaries and Basic Definitions

In this section we defined some basic definitions of linear Diophantine fuzzy numbers.

Definition 2.1 [17] Let X be the universe. A linear Diophantine fuzzy set (LDFS) R on X is defined
as follows:

R ={(0,(5(0),xr(0)), (a(0),8(0))) : 0 € X},
where %5(0), x%(6), a(0), B(0) € [0,1] such that

IA A

The hesitation part can be written as
0np = 1= (a(0)2(0) + B(0)xR(0)),
where o is the reference parameter.

Definition 2.2 [9] Let £ be a LDFS on R with the following membership functions (% and o) and
non-membership functions (x and f3)

5;.:3911 v <x < 1;933:52 ¥y <z < V3
rp(2) = q 325 Us<a<ds . xnle)={ 59 ds<az <,

0 otherwise 0 otherwise,
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and
vV gy <z < 0 L S
o0, 2= =73 9y—0y L= T =08
al@) =4 dw L B@) = v :
= ¥y < <Y, i ¥y <z < Jy
0 otherwise 0 otherwise,

where 19; < 19'2 < 19/3 < 19; < 19'5 for all x € R. Then L9 is called a triangular LDFN if ¥3 = 19:3 and
P <y <3 <Yy < Vs

Definition 2.3 [9] A TLDFN £y, ppn = {(191’192’193’194’195) is said to be positive if and only if 91 > 0

, (94,0405, 9%)
and 9; > 0.

o _  (¥91,92,93,94,95) — J(61,02,03,04,05)
Definition 2.4 [9] Two TLDFNs £, prn = {(19,1’19,2’193’192’0;) and ORpp ppn = (6].5,.65.5,.50)

to be equal if and only if ¥1 = 61, 92 = 02, U3 = I3, ¥4 = d4, U5 = J5, 19/1 = 5'1, 19,2 = 5/2, 19;1 = 5;1 and
5 = 0.

are said

We now define the arithmetic operations on TLDFNs using the concept of interval arithmetic.
Definition 2.5 [9] Consider two positive TLDFNs

01,92,93,94,95) (61,02,03,04,05)
£ = {( and = {
Wrioes = (@0 ondy 0 M Otriorn = (555550

then
. _ J(91401,92+02,034063,94404,95+35) |
(i) £otrsnen + Onriors =4 (5 151 sh vt oot 8
” _ S (W1—65,02—084,93—083,94—02,05—51) |
() £nizioes — Onrioes = (5t 3o 5o sht s

(9161,9202,9303,0404,9505)
X = :
(ii6) £Rriprn X ORrLprN {(19'151719'25;719353719;5:“19;5;) )
(ILI Y2 U3 Y4 1975)

(ZIU} £mTLDFN ~ O%RriprN —

’

/ !’ 7
(k9 k) kg, ko) k9,

kY1,kV2,k93,k04,k9 .
{( 1,k02,k03,k0y, 5; ifk>0
(V) kX £xrrpppy = {(ws,km,wg,,wz,wl)

’

(kO k) k93, k95, k") if kb <0.

3. Separation and Addition Method

The mathematical procedure of separation and addition method taking in the following steps. Con-
sider the fully linear Diophantine fuzzy linear programming problem (FLDFLPP) in general form as given
1,2 .3 .4 .5

below:
. 91 92 93 94 05) n ({ (01,02,03704705) { (x xe., s, T x) )
Max (or Min (01,02, 03, 04, = R A A ® 1T TG T, T
e { oo o) =5 (LB, o et

1 2 3 4 5 1 2 3 4 5
i ({ (aijl‘aaéjlwaéjaazaa?/') ®{ (le';l'jg/l‘jészl;xj)& ){<,%’>}
j=1 (ajj, aij, a3y, ajj, ajf) (zj', 2, j, 2’ ) -

{ (b1, b2, b3, b4, 1)

subject to

50750V Vi Yy

BV B2 B B )

[ A T A A A A

1,2 .3 .4 .5

(m-,x-,x»,x»,x.) ; ;

1) %o, 754,05, >0, Vi=1,2,...,mand j=1,2,...,n.
(xjaxj7x €L )

ER R
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Step 1: From the FLDFLP problem, first take two seperate subproblems for (61,0s,0s,604,05) and
(01,605%,05,04,0L). The subproblem for (61,602, 03,604,05) is

Max (or Min) (61,02,03,04,05) = > ((c;,c?,c?,c;*,cg?) @ (2}, 22,23, 23, 27))

/A I A
j=1

Q

n
subject to 321 ((a}jvagja a?jv a?jva?j) ® (1‘;71‘53 333,.73;1,33?)) {Sv 72}
(bl b2 p3. bt b5)

(R i i T 1

(x%,x?,x?,x?,x?) >0, Vi=1,2,...,mand j=1,2,....,n,

and the subproblem for (01,65, 65,04, 0%) is

n
Max (or Min) (6,05, 05,6/, 0%) = ((c;',cif,c§7c§/,c§/) ® (x;',x§',x§,x§',x;/))
j=1
n
subject to Z ((a}_;v a7j2]/'7 a?jv CL?]/»7 a?j/) ® (CE;/, "E?/, ZL'?, x?/v l’?/)) {Sa %7 Z}

J(Zgll b2/ b3/ b4/ b5/)

L AR A e

(x}’,x?ﬂx?,x?',x?’) >0, Vi=1,2,....,mand j=1,2,...,n.

Step 2: First we solve the subproblem (01, 02, 63, 04, 05). For this, using the arithmetic operations and

partial ordering relations, we write the above subproblem (61, 02, 63,604, 05) as LP problem. We construct
the objective function as follows:

n n n n n

. _ 1.1 22 3.3 4,4 5.5

Max (or Min) 6 = E cjr; + E cjri + E cjry + E c;ry + E cjx;.
Jj=1 Jj=1 Jj=1 Jj=1 Jj=1

and the constraints as follows:

Zn: az]l"; { < ,~>} bll, i=1,2,....,m;
j=1
zn: a”x? { < =230, i=12..,m
j=1
” afﬂ“?{ < &>} b;?’, i=1,2,....,m;
j=1
Xn: AT { < ,=>} b?, i=1,2,....,m;

—

M= 5
Q
SO
8
.ot
—~—
IA
Q

230, i=1,2,..,m.

j=1
T S 9r+17 T = 1,2,3,4.
of < 2t r=1,234and j=1,2,...n.

Now we get this subproblem in classical linear programming form. Then we solve the problem by simplex

method and obtain the values of (], 27, 23,27, 2%) for j = 1,2,...,n.

Step 3: Solve the subproblem for (61,65, 05,0}, 0%) by using the method used in step 2.
Stop 4: Combine the solutions obtained in step 2 and step 3. By simple substituitions we obtain the

soltion of Lo s s
{ (91,92,93,94,95) and { (xjvxjaxj7mjaxj)

Y, ropl ot 7l Pu sy forj=1,2,..n
(07,05, 05,04,05) (‘rj7$j7xj7xj’ j)
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4. Numerical Examples
In this section the above proposed method is explained with the following numerical examples.
Example 4.1 Let us consider TriFLDFLP problem:
Mazimize 0 = AX + BY +CZ
Subject to A X + BlY + ClZ < D1
AQX + BgY + CQZ < D2
A3X + BgY + CgZ < D3

X,Y,Z>0.
Where,
g_ (01a02303794305) 5(: _ ($1,$2,$3,$4,$5)
B ( 1 0/2793794’9/) B ($I17x/27x37x£17x/5)
37_{ (y17y2,y3,y47y5) ~_{ (21,22,23,24725)
- - ! ! ! /
(y17y2ay37y47y5) (Z172272'3a2472’5)
~ [ (2,4,5,6,8) (3,5,6,7,9) ~{ (4,6,7,8,10)
A‘{ G359 0 BT @aes10) 0 T Garol)
T (24568) 5 _{ (5,7.809,11) o - (311,12,13, 15)
7 (1,3,5,7,9) 0 TP (4,6,8,10,12) 0 T (8,9,12,14,16)
T -/ (810,11,12,14) 5 _ ] (6.8,9,10,12) & (11,13,14,15,17)
27 (5,9,11,13,15) ~\ (6,7,9,11,13) ° (10,12,14,16,18) ’
1 _ { (10,12,13,14,16) 5 _ [ (13,15,16,17,19) 3,5,6,7,9)
570 (9,11,13,15,17) 7 T3 T (12,14,16,18,20) 246810 ’
5 _ [ (19,42,54,71,95) 5, — | (32,60,73,92,120) o (49,76,89,103,131)
V7 (7,31,54,83,111) ° T2 7\ (15,49,73,106,138) ° ~° (21 62,89,117,151)

Using the arithematic operations and partial ordering relations we defined TFLDFLP problem as:

max 01 = 2x1 + 3y; + 421,
max 0y = 4dxo + by + 629,
mazr 03 = bHxz+ 6ys + 7z3,
max 04 = 6x4 + Tys + 824,
max 05 = 8xs+ 9ys + 1025,

subject to
2z1 4+ 5y + 821 <19, 8z; +6y; + 1121 <32, 10x; + 13y; + 321 <49,

dxo + Tys + 1129 < 42, 10xz5 + 8y + 1320 < 60, 1225 4 15y + 529 < 76,
5T3 + 8ys + 1223 < 54, 1lag+ 9ys + 1423 < 73, 13x3 + 16ys + 623 < 89,
624 + 9ys + 1324 <71, 1224 4+ 10yq + 1524 <92, 1day 4+ 1Ty, + 724 < 103,
8xs 4+ 11ys + 1525 < 95, 145 + 12y5 + 1725 < 120, 1625 + 19y5 + 925 < 131,

01 < 0, 0 <03, 03 <04, 04 <05,
x1 <2, T2 <3, T3 < X4, T4 < Ts,
Y1 S Y2, Y2 S Y3, Y3 S Ya, Ya S s,
21 < 29, 22 < 23, 23 < 24, 24 < 25,
Tly ey 55 Ylyoory Y5y Z1y ey 25 2 0.
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Now consider the following LP problem

2%1 + 3y1 + 421
+4x9 + 5ys + 622
max 0 = +5x3 + 6y3 + Tz3
+6x4 + Tys + 824
+8x5 4+ 9ys + 1025.

subject to
221+ 5y1 + 821 <19, 8x1 4+ 6y1 + 112 <32, 1021 + 13y; + 321 < 49,

dzo + Tya + 1129 <42, 10z2 + 8y + 1322 < 60, 12z9 4 15y2 + 522 < 76,
ox3 + 8ys + 1223 < 54, 1lws+ 9ys + 1423 < 73, 13z3 + 16y3 + 623 < 89,
624 + 9yq + 1324 <71, 1224 4+ 10yq + 1524 <92, 1day 4+ 1Tys + 724 < 103,
85 + 11ys + 1525 <95, 1dws + 12ys + 1725 < 120, 16x5 + 19y5 4 925 < 131,

2x1 + 3y1 + 421 — 4xe — Sy — 629 < 0,
4xo + Bys + 629 — Hxz — by — 723 < 0,
53 + 6ys + Tz3 — 614 — Tyy — 824 < 0,
624 + Tys + 824 — 8x5 — 9ys — 1025 < 0,

1 —x2 <0, w2 —1x3 <0,
3 —x4 <0, T4 —75 <0,
yl_y2go7 y2—93§07
ys—ya <0, ya—y5 <0,
21— 22 <0, 22—23 <0,
23— 24 <0, 24 —25 <0,
L1y X5, Y1y---,Y5, 2154525 2 0.
Solving the above problem by simplex method, the optimal solution is:
204 759 844 479 703
($1,$2,$3,$47$5) = ( 1337 358° 393° 214° 249 )
331 535 1292 358 851
(Y1,92,Y3,Ya,¥5) = ( 133> 179’ 393° 107° 249 )
58 205 1111 226 578
(21722,23,24,Z5> = ( 179 249 )

(015 027 93794a 05

133 179’ 786 ° 107’ 249
1633 5423 31721 5751 19063)

1337 179 786 > 107> 249

Similarly,

maz 0] = 1z} + 2y + 321,

maz 0 = 3xb + 4yh + 525,

max 03 = brz+ 6ys + Tz3,

mazx 0y = Tx)+ 8yy+ 92},

maz 05 = 9xf + 10y} + 11z,
subject to

lzf + 4y} + 821 <7, bBxf +6y) + 102 <15, 9z + 12y + 221 < 21,
3xh + 6yh + 925 <31, 9xh + Tyb + 1225 <49, 11zh + 14yl + 425 < 62,
5x3 + 8ys + 1223 < 54, 1las+9ys + 1423 < 73, 13z3 + 16y3 + 623 < 89,
o + 10y, + 142, < 83, 132, + 11y} + 162, < 106, 15, + 18y, + 8z, < 117,
9zl + 12y + 1624 < 111, 152 + 13y, + 182, < 138, 17 + 20y% + 102, < 151,
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07 <0y, 05 <03, 03 <0, 05 <0,
oy <ah, xh <uws, xz <ualy, ) <uf,
Y1 < Y5 Y5 < Y3 Y3 < Vi, Y4 < s
2y <zb, 2h <z, z3<2z), =z <=z,
Ty hy Yy e Ysy 24y ey 26 > 0.
Now consider the following LP problem may be written as:

1z + 2y) + 32]
+3xh + 4dys + 525
+5x3 + 6y3 + 723
+7x) + 8yy + 92

+9zf + 10y5 + 1124

mazx 0 =

subject to
lay +4yy + 821 <7,

3ah + 6ys + 925 < 31,
53 + 8ys + 1223 < 54,

5xy + 6y} + 1021 < 15,
9zh + Tyh + 1224 < 49,
11zs + 9ys + 1423 < 73,

97 + 12y1 + 224 < 21,

112, + 14y}, + 42} < 62,
1323 + 16y3 4 623 < 89,
Tz, + 10y + 1424 <83, 13z} + 1lyy + 162 < 106, 15z + 18y} + 8z < 117,

Ozl +12¢L + 1624 < 111, 150 + 13y, + 1821 < 138, 17aL + 20y% + 1024 < 151,

1o + 2y} + 321 — 3ah, — 4yh — 525 <0,

3xh + 4yh + 5z — brs — bys — Tz3 < 0,

Sxg + 6ys + Tz3 — Tay — 8yy — 924 <0,
Tz + 8y, + 9z — 9zt — 10y; — 1121 <0,

) — x4 <0, zf—x3 <0,
x3 —xy <0, zj)—axf <0,
yllfyégoa yl27y3§07
Y3 — vy <0, yj—ys <0,
21— 25 <0, zhb— 23 <0,
23— 2y <0, zj—2z <0,

/ / / / / /
Ty ooy T8y Ylseoor Ysy 215 eeey 25 2> 0.

Solving the above problem by simplex method, the optimal solution is:

/. PN 99 1216 844 1167 1639
(21, xg, w3, 4, 75) = ( 65° 597’ 393’ 463 533 )
ro / / _ 7 501 1292 1577 153
(W1 Y293 94,95) = (15, Jo50 505> aeas ar )
I I 27 649 1111 1035 1284
(21,23, 23, 24, 25) ( 65> 597’ 786° 463’ 533 )
/Y Iy 50 12005 31721 30100 48765
( 1a92793a94a95) - ( 13> 597 786 463 533 )
Hence, the optimal solution of above TriFLDFLP problem is:
(& 759 844 479 @)
29 ) b
(21,79, 73,74, 75) 133 358 303) 214 249
/ / ! ! -
(@], xh, x3, Y, F) (@ 1216 844 1167 1639
657 507 > 3937 463 533
(@ 535 1292 358 @)
b b bl bl
(yb Y2, Y3, Y4, y5) _ 133 179 393 1o7 249
/ ! ! ! -
(Y1, Y5, Y3, Y4, Us) 7 501 1292 1577 153
(ﬁ’ 199 393 463 H)
(ﬁ 205 1111 226 Lm)
) ) b b
(21,22, 23, 24, 25) 133 179 786 107 249
! / ! / -
(21, 25, 23, 24, 25) (z 649 1111 1035 1284)
657 5070 786 ° 463 533
(1633 5423 31721 5751 19063 )
b) ) b b
{ (61,02,03,04,05) 133 179 786 107 249
! A A ! -
(01,0, 03,04, 05) 50 12005 31721 30100 48765
(33 597 786 463 533 )
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Example 4.2 Let us consider TFLDFLP problem:

Minimize § = AX + BY +CZ

Subject to 1?1)} Ef/ + 6’12 > 171
A2X B2Y + CQZ > D2
—A3X BgY + C3Z < D3

X,Y,Z>0.
Where,
9 (01702793764795) X _ (37171'2,1'37.'1;4,255)
( €2’93794795) (x/lﬁx/%x?ﬁxibxi’))
Yy — { (y1,y2,y3,y4,y5) Z:{ (21,22, 23, 24, 25)
(ylvaay37y47y5) (217212723324/17'2%)
i (2,3,4,5,6) 5 (3,4,5,6,7) 5o (4,5,6,7,8)
1 (1,3,4,4,5) ° 1\ (2,4,5,5,6) ~ 1 (3,5,6,6,7) °
T (5,6,7,8,9) 5 (2,3,4,5,6) 7 (9,10,11,12, 14)
Y7 (4,6,7,7,9) 0 TP T (2,3,4,4,5) 0 TP (6,7,11,13,15)
a1 — (3,4,5,6,7) B (1,2,3,4,5) _J (3,4,5,6,7)
27 4,5,5,6,7) 0 T2 (1,2,3,7,8) - 4,5,5,6,7
Z — (5? 67 77 87 9) § _ (47 57 6? 7’8 7 ?6? 7)
ST (3,:4,7.89 7 TP (3,4,6,6,6 3,4,6,7,9)
5 (9,19,21, 33,45) B — (36, 54, 74,90, 137) (26,34, 44, 58, 81)
Y7 (5,15,21,35,55) 0 T2 ) (28,62, 74,106, 165 ' (16,29, 44, 80, 96)

Using the arithematic operations and partial ordering relations we defined TFLDFLP problem as:

min 01 = 2x1 + 3y + 421,
min 0y = 3xy + 4ys + 529,
min 03 = 4x3 + Sys + 623,
min 0y = 5xg + 6y + T2y,
min 05 = 6xs + Tys + 825,

subject to
5!,61 — 6y1 + 921 Z 9, 3:1;‘1 — 5y1 + 321 2 36, —91‘1 — 8y1 + 421 2 26,

6x9 — dys + 1020 > 19, 4dxg — 4ys + 429 > 54, —8xg — Tys + 520 > 34,
Trs —4ys + 1123 > 21, bSrs —3ys + 523 > 74, —Txrs— 6ys+ 623 > 44,
8ry — 3ys + 1224 > 33, 6x4 — 2y4 + 624 > 90, —6x4 — Dyy + Tz4 > 58,
x5 — 2ys + 1425 > 45, Taxs —ys + Tz5 > 137, —bas — 4ys + 8z5 > 81,
01 < 0, 03 <03, 03 <04, 04 <05,

x1 < X9, T2 <3, T3 < Ty, T4 < T,
Y1 < Y2, Y2 < Ys, Y3 < Ya, Y4 < Ys,
21 < 22, 22 < 23, 23 < 24, 24 < 25,
L1y X555 Y1y---3Y5, 215--45 25 2 0.

Now consider the following LP problem can be written as:

2wy +3y1 + 42
+3x2 + 4y + 522
min 0 = +4x3 + dys + 623
+5$4 + 6y4 + 72’4
+6x5 + Tys + 8z5.



SoLuTION OF LDF LP PROBLEMS BY SEPARATION AND ADDITION METHOD

subject to
5r1 —6y1 +921 > 9, 3x1 — by +321 > 36, —9x1 — 8y; + 421 > 26,

6z — dya + 1029 > 19, 4xy —4ys + 429 > 54, —8xa — Tys + 529 > 34,
Tx3 —4ys +11z3 > 21, dx3 —3ys +523 > 74, —Tx3— 6ys + 623 > 44,
8ry — 3ys + 1224 > 33, 6x4 — 2ys + 624 > 90, —6x4 — Sys + 724 > 58,
x5 — 2ys + 1425 > 45, Txs —ys + 7z5 > 137, —5xs5 — 4dys + 825 > 81,

21’1 + 3y1 +4Zl — 3252 — 4y2 — 522 S 0,
3xg + 4ys + 529 — 4wz — by — 623 < 0,
4xs + dys + 623 — dxy — 6yy — 724 <0,
514 + 6yy + 724 — 625 — Tys — 825 < 0,

1 —22<0, x3—23=<0,
23— 24 <0, w4 —w5 <0,
y1 — Y2 <0, y2—y3 <0,
Ys—ya <0, ya—ys <0,
21 —22 <0, 22—23<0,
23 =24 <0, 24—25<0,
L1yeeey L5y Yl1yeey Y5, Z1y...9 25 2 0.
Solving the above problem by simplex method, the optimal solution is:

22 67 224 47 529 )

13> 26 65 13 91
0, 0, 0, 0, 0)

($1,$2,£L’3,1’4,(E5 (
(
( 134 142 738 148 1252
(

(ylayQ,y& Y4, Ys
(Zla 29,23,%4, %5
(01,02,03,04,05

- 130 130 65 13> 91 )
580 1621 5324 1271 13190 )
137 26 7 65 7 13 7 91

o e

Similarly,
min 0] = 1z} + 2y] + 321,
min 04 = 3z + 4yb + 525,
min 03 = 4x3 + dyz + 623,
min 0 = 4zl + Sy + 624,
min 05 = bxt + 6yf + 7zL,

subject to
4o} — byy +62] > 5, 4dal —8yy +4z] > 28, —9z) — 6y] + 321 > 16,
6ah, — dyh + 725 > 15, bah — Tyy + 5z > 62, —8x), — 6yh + 424 > 29,
Trs —4ys + 1123 > 21, bSxs — 3ys + bzg > 74, —Txs — 6ys + 623 > 44,
Tx) — 3y, + 132} > 35, 62} — 2y, + 62, > 106, —da, — 4y} + 72, > 80,
9zf — 2yt + 1525 > 55, Taf — 1yl + 7zf > 165, —3zf — 3yh + 925 > 96,
0/1 S aéa 0/2 S 03, 03 S 9:17 051 S 9{5;
zy <, zy < w3, 23 < 3y, v <

/ ! / / / !
Y1 < Yo, Yo < Y3, Y3 < Ya, Yg < Ys,
/ / / / / /
21 S 29, 29 S 23, 23 S 2y, 24 S 25,

/ / / / ! /
Ty ooy TSy Ylyooor Ysy 215 ey 25 2> 0.

Now consider the following LP problem may be written as:

1z} + 2y) + 32}

+3x5 + dy5 + 524

min ' = +4x3 + 5ys + 623
4z + byl + 62

+5x5 + 6y5 + 7z5.
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subject to
da} — byy +62] > 5, 4dal —8yy +4z] > 28, —9z) — 6y] + 321 > 16,
6xh, — dyh + 725 > 15, bah — Tyy + 52 > 62, —8z) — 6yh + 424 > 29,
Trs —4ys + 1123 > 21, bxs — 3ys + bzg > 74, —Txs — 6ys + 623 > 44,
Tl — 3y + 13z, > 35, 6x) — 2y} + 624 > 106, —4z} — 4y + 72} > 80,
Oz — 2yt + 152L > 55, Taf — 1yl + 7zf > 165, —3xk — 3yt + 92L > 96,
1o + 2y} + 321 — 3ah, — 4yh — 525 <0,
3xh + 4yh + 5z — dxs — By — 623 < 0,
das + by + 623 — daly — byy — 624 <0,
4z} + 5y + 62 — dxf — 6y — 725 <0,
’rlli‘ré Soa x,27‘T3 Soa
x3—ay <0, ) — x5 <0,
1 -y <0, ¥y —y3 <0,
ys —y2 <0, ¥y —y5 <0,
2] — 25 <0, zh — 23 <0,
23— 2y <0, zj — 2zt <0,
/ / / / / / > 0
Ty ey Ty YLy ey Uhy 214y 25 > 0.

Solving the above problem by simplex method, the optimal solution is:

roo AN 5 103 224 131 271
(@), 25,23, 24,75) = (15 %0 o> 330 28 )
/ / / !
(y17y2ay37y4ay5) = ( 07 03 07 07 0 )
ro Py 79 641 738 452 389
(Z1’22a237z47z5) - ( 12° 60> 65° 33> 28 )
I Iy 121 1757 5324 3236 2039
(01,05,05,04,05) = ( 6> 30 65 33 14 )
Hence, the optimal solution of above TFLDFLP problem is:
(22, 61 24 a1 52
) ) )
(21,29, T3, 24, 15) 137 26 65 13 91
/ / / / -
(21, w3, w3, 4, 25) (5 13 224 1m0 21y
127 60° 65° 33 28

{ (y17y27?/3>y473/5)

b b b b
(134 142 738 148 @)
(21,722, 23, 24, 25) 13° 13’ 65 13> ol
{ (21,29, 23,20, 25) 79 64l 738 452 389
(12 50> 650 330 o5)
580 5423 1621 1271 M)
(61,05,05,04,05) 13° 179° 26 13 91
{ (01,05,03,04,05) (l2L 1757 5324 3236 2039
6> 30 ° 65° 33 14

Now consider the following fully linear Diophantine fuzzy linear programming (FLDFLP) with m
constraints and n variables:

n 1.2 .3 4 5 1,2 .3 4 .5
Max (or Min) { (01,02,05,04,05) S ({ (5.5, 5, ¢5: ¢5) ) ®{ (xj,xj,szafj,xj)
Jj=1

! /gl 1 .2r .3 4 5 1 .21 2.3 417 .51
(1702’03’94305) (Cjacj7cj7cjacj (xj,xj,xj,xj ZE']) )

S ({ Craair o B, Vs~
IA / / / / / / / 9y
j=1 (aij, aj, @iy, ajj, ajy) (', 5’ 5, @', 25") C

{ (b}, b7, b7, b7, b7)

(b, 02 b3 b3 b2)

1 978 Yy 2 Y

subject to

1,2 .3 .4 .5
(31,’ Iy 321,3)5, >0, Vi=1,2,....,mand j=1,2,...,n.
(@), a3, a5, @3’ x )
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n

> ik

k=1

Maximize (or Minimize) Z

subject to

where 7}, is unrestricted for some k.

Example 4.3 Let us consider TFLDFLP problem:

AX +BY +CZ

A X+BlY+ClZ<D1
A2X + BY T+ CQZ < D2

A3X + B3Y + 032 < D3
X is unrestricted, Y 4 > 0.

Mazimize § =
Subject to

g— (91,92793794,95) T (@1, x2, 3, T4, X5)
( 9/2’93792179/5) (xﬁ,xé,xg,xﬁl,mg)
V= { (y1,y2,y3,y4,y5) ~:{ (21,22, 23, 24, 25)
(y17y27y37y47y5) (21,212,23,24/1,2%)
i) 24568 5 [ (356,79 & — ) (4,6,7,8,10)
1 (1,3,5,7,9) 0 7 7 ) (2,4,6,8,10) ° 1 (3,5,7,9,11)
a (1,3,4,5,7) & (3,5,6,7,9) &~ 1 (4,6,7,8,10)
170 (0,2,4,6,8) © Tt (2,4,6,8,10) © T (3,5,7,9,11)
i -] (35679 5 _ | (24,568 &, - | (356,79
27 (2,4,6,8,10) ° 727\ (1,3,5,7,9) ° 27 (2,4,6,8,10)
Av( P (47 67 7’ 87 10) E — (5)7787 9?11) 61( _ (2?4? 5)678
37 3,5,7,9,11) 57 (2,6,8,10,12) © 37 ) (1,3,5,7,9
5 J (21,47,61,73,101) & f (28,54,68,80,108) & _ [ (39,65,79,
Y7 (9,35,61,87,121) 0 T2\ (14,42,68,94,128) ' T3 T\ (19,53,79,

11

91,119)
105, 139)

Using the arithematic operations and partial ordering relations we defined TFLDFLP problem as:

mazx 61 2x1 + 3y1 + 421,
mazr 0o = 4dxo + dys + 629,
max 03 = bxg+ 6ys + Tz3,
max 04 = 6x4 + Tys + 824,
max 05 = 8xs+ 9ys + 1025,

subject to
1y + 3y1 + 42 < 21,

3xo 4 Hyo + 629 < 47,

4z + 6y3 + Tz3 < 61,

5r4 + Tys + 824 < 73,
Trs + 9ys + 1025 < 101,

3x1 + 2y1 + 321 <28,
5xo + 4yo 4+ Hz9 < 54,
623 + Hys + 623 < 68,
Try + 6yy + Tz4 < 80,
925 + 8ys + 925 < 108,

4z1 + by + 221 < 39,
629 + Tys + 420 < 65,
Trs + 8ys + bz < 79,
8xq + Yys + 624 < 91,
10z5 + 11ys + 825 < 119,
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01 <0, 02<03, 03=<0,, 04 <05,
1 < X2, T2 < x3, T3 < Ty, T4 < T3,
Y1 < Y2, Y2 S Y3, Y3 S Ya, Ya S Ys,
21 < 22, 22 < 23, 23 < 24, 24 < 25,
1, ..., L5 1S unrestricted, Yy, ..., Yys, 21,...,25 > 0.

Now consider the following LP problem can be written as:

21[,'1 + 3y1 + 42’1
+4z5 + Sy + 629
max 0 = +5x3 + 6y3 + Tz3
+6x4 + Tys + 824
+8x5 4+ 9ys + 1025.

subject to
ley 4+ 3y1 + 420 <21, 3z +2y1 + 321 <28, 421+ 5y1 + 22 < 39,

3x9 + bys + 629 < 47, Sxo +4ys + 52zo <54, 629 + Tys + 429 < 65,

4dxs 4 6ys + Tz3 < 61, 6x3 4 dys + 623 < 68, Tzs+ 8ys + dbzz < 79,

9T4 + Tys + 824 <73, Taxy +6ys+ 724 <80, 8xrg+9ys+ 624 <91,
Trs + 9ys + 1025 < 101, 9x5 + 8ys + 925 < 108, 10z5 + 11ys + 825 < 119,

2x1 + 3y1 + 421 — 4dxg — dys — 629 <0,
41’2 + 5y2 + 622 — 5(E3 — 6y3 — 723 < 0,
5x3 + 6ys + Tz3 — 624 — Tyy — 824 < 0,
624 + Tys + 824 — 8x5 — Yys — 1025 < 0,

1 —x2 <0, w2 —123 <0,
3 — 14 <0, 74— 15 <0,
Y1 —y2 <0, y2—y3 <0,
ys—ya <0, ya—y5 <0,
21— 22 <0, 20— 23 <0,
23 —24 <0, 24 — 25 <0,
T1,..., X5 1S unrestricted, yi, ..., Y5, 21,.--,25 > 0.

Solving the above problem by simplex method, the optimal solution is:

_ 40 360 444 520 688
(1‘1,96273637334;375) = ( =5 B9 71> 83° 107 )
_ 17 149 182 213 279
(Y1,Y2,Y3,Ya,¥5) = ( =5 B9 71> 83 107 )
_ 158 209 246 348
(21722723724725) ( 2, 59 71 837 107 )
_ 187 3133 4775 6579 11495
(01a92793a94705) - ( 7 59 71 83 107 )
Similarly,
maz 0] = 1) + 2y] + 324,
maz 04 = 34 + 4y + 525,
max 03 = dxs + 6ys + Tz3,
maz 0y = Ty + 8yy + 92},
/! ! / /
maz 0 = 95 + 10y + 1125,
subject to

0z 4+ 2y; +321 <9, 2z} + 1y} +221 <14, 3z} +2y) + 12 <19,
2wl + 4dyb + 52 < 35, dah + 3yb + 4z, <42, 5ab + 6yh + 325 <53,
dzg + 6ys + Tz3 <61, 6x3 4 dys + 623 <68, Trz+ 8ys + Hzz <79,

62 + 8y + 9z <87, 8zl + Ty, + 824 <94, 9z} + 10y} + 7z} < 105,
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8zl + 10y} + 1125 < 121, 10x% + 9y + 1025 <128, 1lzf + 12yf + 925 < 139,
0,1 S 9/23 eé S 033 93 g 9217 0:1 S 0?’)7
zy <y, w5 <y, w3 <y, T < T,
Vi< Yo Yr <3 Ys < Wi Yy <5
2y < zh, 2h <zs, z3 <z, zy <z,
xh, ..., xk s unrestricted, yy, ..., Y5, 24, ..., 25 > 0.
Now consider the following LP problem can be written as:
1z + 2y} + 32}
+3zh, + 4yh + 52}
max 0’ = +5x3 + 6y3 + 723
+7x) + 8y + 924
+9z% + 10y% + 1121,
subject to
0z) + 2y; + 321 <9, 227+ 1y] +225 <14, 3af +2y] + 12] <19,
2@l + dyh + 525 < 35, dah + 3yh + 42, <42, 5Bab + 6y, + 325 < 53,
4dxs 4 6ys + Tz3 < 61, 63 4 dys + 623 < 68, Trs+ 8ys + dz3 < 79,
6z + 8y + 9z < 87, 8zl + Ty, + 8z <94, 9zl + 10y, + 72} < 105,
84 + 10y + 1124 < 121, 102} + 9yl + 102, < 128, 11af + 12y + 92} < 139,
1y + 2y) + 324 — 3z, — 4y, — 524,
3zt + 4yh + 5zh — bxg — bys — Tz,
Sx3 + 6ys + Tz3 — Tx) — 8y, — 92},
Tz + 8y + 9z — 9xy — 10y} — 1121,
xllixé SO7 Il27I3 Sov
x3—ay <0, xy—af <0,
Y-y <0, y5—y3 <0,
ys —ya <0, yi —y5 <0,
z2p — 25 <0, 2z —23<0,
zg— 2y <0, zj— 2z <0,
&Y, ..., xh s unrestricted, yi, ..., y5, 21, ...,25 > 0.

Solving the above problem by simplex method, the optimal solution is:

(xllvxévxi%xﬁl’xg) = ( %’ %’ %’ %’ % )
Wveusvys) = (0 4% 7 % i)
(21725,2’3,24/1,2%) = ( %’ %’ 27L197 %7 % )
( /176‘/2763791179/5) = ( %’ %’ %’ %’ 1?185 )

Hence the optimal solution of above TFLDFLP problem is:

(@ 360 444 520 @)
7 B9 71 83 107

{ (.'171,1:2,1:37334,1‘5)

!/ ! ! !
(2, 25, x3, 7}, w5) (48 2 aa4 o1 790
11> 47 0 71 95 119
(L, 9 1s2 213 219,
) b) b) b)
(Y1, Y2, Y3, Y4, Y5) L
! ! ! / -
(y17y27y37y47y5) 24 118 182 246 318
(1, T 710 50 i)
(2, 155 o 26 )
b b b b
(21,22,23,24,25) _ 59 1 83 107
! ! ! !/ -
(21,23, 23, 24, 25) (I 121 200 207 63y
1’ 47 710 95 17
(M 3133 4775 6579 11495)
7T 59 71 0 83 107

{ (01,02303794a05) _

/ / !/ / -
( 1 927 937 94a 95) 147 1929 4775 8869 15195
( 17 47 710 95 7 119 )
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5. Conclusion

This study proposes a simple, straightforward, and easy-to-apply method for determining the value
of the decision variables in LDFLP issues that uses non-negative LDF numbers. The linear programming
problems with LDF parameters that occur in real-world scenarios can be simply determined by the use
of a separable and bound approach.
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