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Abstract— In this paper, we discuss minimum and maximum membership values of w- type-1 trapezoidal fuzzy number (w —
T1TrFN), lower and upper membership functions of w- type- 2 trapezoidal fuzzy number (w — T2TrFN) and find a new optimal complete
matching of edges with minimum reduced cost by using ranking method for solving w-Type-2 trapezoidal fuzzy linear sum assignment
problem (w — T2TrFLSAP). Sometimes, we obtain multiple matched columns or single matched column and get corresponding optimal
solution. If we get multiple matched columns and get corresponding partial optimal solution, then we proceed to each step in bipartite edges
through interchange unassigned matching to new matching edges and corresponding dual variable’s solution is updated from a shortest
alternating path to get new optimal complete matching edges with minimum reduced cost.

Keywords— w- trapezoidal fuzzy number; w-type-1 trapezoidal fuzzy number (w — T1TrFN) ; w —type-2 trapezoidal fuzzy number
(w — T2TrFN); bipartite graph; alternating path; ranking method.

I INTRODUCTION

Zadeh introduced Fuzzy Set concept in 1965 [12]. Cheng, proposed a new approach for ranking fuzzy numbers by distance
method in 1998. Mendel, J.M, John and Liu, discussed interval type-2 fuzzy logical systems made simple in 2006 [5].Mitchell
discussed Ranking type-2 fuzzy numbers [6]. Chen and Sanguansat proposed analyzing fuzzy risk based on a new fuzzy
ranking method between generalized fuzzy numbers in 2011 [4]. Amarpreet kaur and Amit kumar introduced a new method for
solving fuzzy transportation problems using ranking functions in 2011 [1]. In 2013 Aminifar and Marzuki proposed uncertainty
in interval type-2 fuzzy systems. Moslem Javanmard and Hassan Mishmast Nehi, solving method for fuzzy linear
programming with interval type-2 fuzzy numbers in 2017 [9]. Moslem Javanmard and Hassan Mishmast Nehi discussed
Rankings and operations for interval type-2 fuzzy numbers: a review and some new methods [10]. Nagoor gani. A and shiek
pareeth.T compute Feasible degenerate pivoting and optimal non-degenerate pivoting for solving fuzzy linear sum assignment
problems in 2018 [11]. Nagoor gani.A and shiek pareeth.T proposed a new modified optimal perfect matching in partial
feasible matching for solving fuzzy linear sum assignment problems in 2018 [12]; Nagoor gani.A and shiek pareeth.T proposed
a spread out of new partial feasible and optimal perfect matching for solving interval a-cut fuzzy linear sum bottleneck
assignment problem in 2020 [13].

we discuss, assign each machine to a job with minimum reduced cost in that job by using ranking method of lower and upper
membership function of the w-Type-2 trapezoidal fuzzy linear sum assignment problem (w — T2TrFLSAP) and obtain new
optimal complete matching of edges.

I PRELIMINARIES

We present here membership function of w- trapezoidal fuzzy number (w-TrFN) and minimum and maximum membership
value of w- type-1 trapezoidal fuzzy number (w — T1TrFN),lower and upper membership function of w- type-2 trapezoidal
fuzzy number (w — T2TrFN).

Definition 2.1: A fuzzy number w;  is said to be w- trapezoidal fuzzy number, then the following membership function is

X—Qg X
—a < <
w(ak—aa) if ap < x < ai
:uwz: w lf ag <x =< a;
ag—x .
lw(ﬁ ) if ay Sx< ag
aﬁ—al

Where w € (0,1)
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Definition 2.2: A w-type 1 trapezoidal fuzzy number(w — T1TrFN) is denoted as wgz,= (aq, ax, a;, ag, wq, ;) and w; is
minimum membership value of typel trapezoidal fuzzy number(T1TrFN) and w, is maximum membership value of typel
trapezoidal fuzzy number(T1TrFN) if the following membership function

lf W, (:k__‘z"‘a) if az < x < ay
u“’ﬁf{ wy + (zz . )((Uz w;) if ap < x < Where w; < w,
w, (55_;;) if ay <x< ag
By,

(‘)Z L — L —

W, [— —

w;l

a, a, a; a,,
Definition 2.3: A fuzzy number wy, is said to be w-type 2 trapezoidal fuzzy number (w — T2TrFN) and is defined as, wy, Lm
= (ag, @™, a™, ag" "M, w,"M) and ,wg, M = (ag™, @™, a™, ap™, 03", w,UM) are lower and upper

membership function of w-type 2 trapezoidal fuzzy number,(w,* , w,™ ) and (w3"™, w,Y™) are lower and upper
membership value of w-type 2 trapezoidal fuzzy number (w — T2TrFN), if the following membership function

_ LM=
““)Az
x —akM )
[wl ( ) if akM < x < aiM
I ai” — g
- a ( — MM if @M < x < oM
w, MM W i WM — wy if a £ x < q
—at
atM — x
| LM /3— . LM LM
1y i i if ¥ <x< ag
ag’ —aj
and
_ UM =
UM
X~ Qg .
w3 (—) if ad < x < a™
alM —al
x— al
UM k UMY ; UM %
w3+ =g —om ("™ — w3"™) if a™ < x < qaf
ar ay
ag” — x
vm(_“B— * UM UM
Wy (UM_ UM) if a" <x< ag
a a
B 1
He,
%2
UM —————————
(.UgUM -
w, M [
-
wILM
N
aa / w'dz
Where,

afM<afM < af™ < af™ < af™ < a!™ < af” <apg and ;" < w,"M < WM < w,
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11l. ARITHMETIC OPERATIONS OF w-TYPE-2 TRAPEZOIDAL FUZZY NUMBER (w — T2TrFN)

Let,wgz LM — (aéM’ a]L{M , a%M’ (ZéM,wlLM ,wZLM), (UAZ UM — (a‘ll]M, a}l{]M , alUM! a;;]My (L)3UM, w4UM); wéz LM — (béMl b}l{,M
o bPM M ™M, M) wg, UM = (bIM, b™, b™, bEM, w3, w,U™) are two w —type-2 trapezoidal fuzzy numbers
,then the following operations.

i) Addition:

wi, ® wg, = (wz,"™MO wp,"™, wr, "™M® wz,"™) = (aM®bM, M ®bM, o ®bM,
ag"®bg™ min{w,"™ , w,"™)  min (03", 0, } ), (af"®bIM, a™ ®bM,  a™ @b, a[’;’M@bé’M,min{wl”M , wUM)

min (w;"™ , w, "™ }.

(if) Subtraction:
— LM LM um UMY\ — LM LM LM LM LM LM LM LM H LM LM

wi, ® wg,=(wg, " Owg, ™, wg, MO wg, ") =((ag"—bg", ag” — b, ai™ — b, ai — b ,minf{w; ", w,M)
min (w;™M ,a)4LM)),(agM—b;;’M, af™ — p™M, ™ — pIM alM — pIM  min(w, "™ , w,"™) min (w3, w,"M)).

(iii) Scalar Multiplications:

— - LM LM LM UM UM UM

)\. (UA"Z - ((UA"Z LM, (UA"Z UM) - ( )LaéM s }\.ak N }\.al N }\.a , a)lLM y (,UZLM) ( XagM N kak s }Mal s }\.aﬁ ’ (1)3UM y (1)4UM) If)b
>0,

Awg, =(wz, ™, wgz, ™=0ag" , haf™  Aag™ a0 MM, 0" ag™  ha™  AalM | hadM, w3 w, UMY IFL <0

1IV. ANEW RANKING METHOD OF w-TYPE-2 TRAPEZOIDAL FUZZY NUMBER (w — T2TTFN)

The lower membership function of w-type-2 trapezoidal fuzzy number is denoted as wy, LMand upper membership
function of w-type-2 trapezoidal fuzzy number is denoted as wz, U™; where wgz, "™ = (@i, ai™ , ai™, ag™ 0, , w,"™)
and wgz, "™ = (a@™, a™, a™, ag™, w;"™, w,”M). The ranking method of lower membership function of the w-type-2

trapezoidal fuzzy number( wy, LMY is defined as sz v and The ranking method of upper membership function of the w-
2
type-2 trapezoidal fuzzy number is defined as R wy, UM -
2

V .THE NEW RANK OF OF w-TYPE-2 TRAPEZOIDAL FUZZY NUMBER (w — T2TrFN)
1 .
Roy =3 [RwZZLM min (w;*M, w,™) + szzum max (ws"™, w,"™)]
Where R, im min (™M, w, M) =
2

((aéM+ akM+ af‘M+ aéM) min (wlLM,mzLM) )
)

4

R

wz

((a,lx’M+ a,Lc’M+ alUM+ a/Lg’M) max (w3UM,aJ4UM) )

vm max (ws"™, w,'™) =
2

4

R, =
Az
1 (@8 + a™+ af™+ ag™) min (0", w,*) . (@™ + af™ + af™ + ag™) max (w;"™, w,"™)
2 4 4

Ruy, =

(a6" + i + ai™ + ag") min(w, "™, w,"")

+(@™ + a™+ af™ + agM) max (w3, w,™)

( % )
K 8 )

Theorem 1: If R, = @, then Xij =1 provides an optimal complete matching of edges.

proof
First choose , Ry, # 0, then we proceed with the lowest possible expense for each job j € Ry, with an,-: min {chu_

Ry, : row i is present in the tree}. pick j € Ry, ., with minimum an]_ - vaj and set an]_ = vaj then add new edge [i';j'] to

the tree, where i' is the row vertex compute an]_. For each i€eU ; Xij'=I then we proceed to Ry, = R - R, and [i,j'T add
Y ]

to the tree. Reyy valand Ry, should all be modified and hence Continue the loop until Ru,, = @ and then the turn paths to
obtain a new optimal complete matching of edges.
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VI. ANEW OPTIMAL COMPLETE MATCHING SOLUTION WITH MINIMUM REDUCED COST BY USING

RANKING METHOD OF w-TYPE-2FUZZY LINEAR SUM ASSIGNMENT PROBLEM (w —
T2FLSAP):

We discuss a new optimal complete matching solution for solving w-type-2 fuzzy linear sum assignment problem by using
ranking method and compute each machine to a job with minimum reduced cost in that job. We introduce the following new

procedure.

Step 1: If the total number of machines (M) is equal to the total number of jobs (J), then w-type-2 fuzzy linear sum assignment
problem is balanced. otherwise w-type-2 fuzzy

linear sum assignment problem is unbalanced. if w-type-2 fuzzy linear sum assignment problem is unbalanced, then we
introduce dummy row or dummy column.

Step 2: Balanced w-type- 2 fuzzy linear sum assignment problem is converted to ranking of balanced w-type-2 fuzzy linear
sum assignment problem.

Step 3: Let us assume Ry, . Ra,v1and R,,, are column vertices with no machine Matched, one machine matched and more

than one or two machine matched. For job j=1,2,3... ndo Rmvj =0.

Step 4: construction of the tree: Choose a job r € Ry, as the root, and set v, =0; for each i€eU, Xir =1 then we proceed Ry, =
Ro.,. the tree with the edge [i,r] such that Xir =1.

Step 5 : Select one row assigned column Ry, , 0 then we proceed for each job j € Ro,,, with minimum reduced cost
an,-: min {R‘”Cij_ Ry, : row i is in the tree}.

Step 6: Select j € Ry,,, with minimum an,- - va,- and set an,- = vaj then add new edge [i'j'] to the tree, where i' is the
row vertex obtaining an,-' For each i€U ; Xij'=I then

weijg” vajand [i,j'] add to the tree.

Step 7: Select the unassigned job R‘”i* € Ry, and set Ry, . = arg miniey {chl,j* 'Rwui}'Rwu,-*: chm* Ruyy - Let P be the
bipartite path Ro,,. connecting to a column of Ry,,-

Interchange unmatched edges to matched edges along path, X;«;-=1.

Step 8: Update LT Ra,vland Ry,,- Continue the process until Ry, = @ and then alternate paths to obtain a new optimal

complete matching of edges.
Step 9: Stop.

we proceed to Ry, =R

A. Example:
The number of machines equal to the number of jobs, so therefore the given fuzzy linear sum assignment problem is balanced
otherwise unbalanced fuzzy linear sum assignment problem The balanced w-type-2 trapezoidal fuzzy number of fuzzy linear
sum assignment problem as follows.the new ranking method of w-type-2 trapezoidal fuzzy number(w — T2TrFN) is as
follows:
wz, = (5,11,14,20,0.2,0.4 );(2,8,17,23,0.4,0.8) — R,,, =625,
wj, =(3,16,20,28,0.1,0.3); (4,12,24,32,0.45,0.6) — szz =6.30.
wz, = (14,26,32,44,0.25,0.3); (8,20,38,50,0.4,0.5) — R, =10.88
wz, = (20,30,35,45,0.25,0.4); (15,25,40,50,0.6,0.8) — R, =17.06
wz, = (20,40,50,70,0.2,0.35); (10,30,60,80,0.5,0.8) — R, =22.50
wz, = (40,60,70,90,0.3,0.5); (30,50,80,100, .65, .95) — R, =40.63
w7, =(35,45,50,60,0.65,0.75) ; (30.40,55,65,0.8,0.9) — R, =36.81
wz, = (60,80,90,110,0.25,0.45) ; (50,70,100,120,0.7,0.95) — R, =51

Majcgig(ej()lvl)/ Ji J, J; Js
M; 36.81 51 40.63 51
M, 6.30 40.63 10.88 36.81
M; 6.25 22.50 22.50 51
M, 17.06 22.50 6.30 6.30
Table:2
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M, < R ¥
M5 (;;/CD Js
My < < 1,

FIGURE -1

Machine(M)/ Jq J, N N
JOB(J)
M 36.81 51 40.63 51
M, 6.30 40.63 10.88 36.81
Ms 6.25 22.50 22.50 51
M, 17.06 22.50 6.30 6.30
Table:3

My J,
M, <7 Js
My <

1a
FIGURE - 2

Updated dual solution and Ro,,, ={2,3} and obtain Ro,,= min {R%i]_- Ry, = 16.25 (row 3) add new edge[3,2], update Ry, =
34.75 and Ry, ,= min {quj- Ry, == 4.58 (row 2), add new matching edge [2,3]; update Ry,,= 1.72., add new matching edge
[1,2]; Update the dual solutions is Rwui = (34.75, 6.30, 6.251.72); R, = = (0, 16.25, 4.58, 4.58).select unassigned
column Rw]_*: {4} va,-*:( chl_*j* -Rwui*) = 4.58 (row 4).hence, path P= {[4,3J],[2,3],[2,1]}, unassigned to assigned edges are
X43=0, X23 =1, X21=0, X44=1.

=

=

FIGURE - 3 FIGURE - 4

w-Type 2 Fuzzy Linear Sum assignment schedule is
My —Jy; My—Js; Mz—Jy; Myg—J,
A new Optimal complete matching solution of ranking
w — T2FLSAP is 51+10.88+6.25 + 6.30 = 74.43
A new Optimal complete solution of w — T2FLSAP is (87,133,156,202,0.1,0.3);(64,110,179,225,0.7,0.95)

CONCLUSION

We use ranking of -type 2 Trapezoidal fuzzy number to assign each machine to a job with the lowest cost/time in that job for
solving -type 2 fuzzy linear sum assignment problem (w -T2FLSAP). Furthermore, each iteration updates a non-matched edge
to a matched edge and the corresponding dual variable's solution by alternating path to a new optimal total matching solution.

REFERENCES

[1] Amarpreet kaur, Amit kumar: A new method for solving fuzzy transportation problems using ranking functions. Applied
mathematical modelling. 35(12), 5652-5661 (2011).

[2] Aminifar, S., Marzuki, A.: Uncertainty in interval type-2 fuzzy systems. Math. Probl Eng. (452780),1- 16 (2013).

[3] Anil, Gotnare D, Khote, P G: Solution of fuzzy assignment problem by using branch and bound technique with application
of linguistic variable, International Journal of Computer and Technology 15(4),6649-6653 (2016).

104



Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 02, 2021

[4] Anchal Choudhary. Jat.R.N., Sharma.S.C., Sanjay Jain.,” A New algorithm for solving fuzzy assignment problem using
Branch and Bound Method”, International Journal of Mathematical Archive, 7(3),5-11(2016).

[5] Anthony Przybylski, Xavier Gandibleuxa, Matthias Ehrgott,” A two phase method for multi-objective integer programming
and its application to the assignment problem with three objectives”, Discrete Optimization (7), 149-165 (2010).

[6] Bao, C. P., Tsai, M. C. and Tsai, M. I., A new approach to study the multi-objective assignment problem, WHAMPOA.-
Anlnterdisciplinary Journal, 53, 123-132,(2007).

[71 Chen S M, Chen J H: Fuzzy risk analysis on the ranking of generalized trapezoidal fuzzy numbers, Appl.Intell.26, 1-
11(2007).

[8] Chi-Jen Lin, Ue-Pyng Wen, A Labelling algorithm for the fuzzy assignment problem, fuzzy sets and systems 142, 373-
391(2004).

[9] Chen M.S., On a fuzzy assignment problem, Tamkang Journal, 22, 407-411 (1985).

[10] Cheng, C.H.: A new approach for ranking fuzzy numbers by distance method. Fuzzy Sets Syst. 95(3),307-317 (1998).
[11] Chen, S.M., Sanguansat, K.: Analyzing fuzzy risk based on a new fuzzy ranking method Between generalized fuzzy
numbers. Expert Syst. Appl. 38(3), 2163-2171 (2011).

[12] Fan, Y.R., Huang, G.H.: Robust two-step method for solving interval linear programming problems within an
environmental management context. J. Environ. Inf.19(1), 1-9 (2012).

[13] Haddad,H., Mohammadi, H.and Pooladkhan, H.two models for the generalized assignment problem in uncertain
environment, management science letters 2,623-630(2002).

[14] Kumar, A. and Gupta, A., Methods for solving fuzzy assignment problems and= fuzzy Travelling salesman problems with
different membership functions, Fuzzy Information and Engineering, 3,3-21 (2011).

[15] Keshavarz Ghorabaee, M., Zavadskas, E.K., Amiri, M., Antucheviciene, J.: A new method

of assessment based on fuzzy ranking and aggregated weights (AFRAW) for MCDM problems under type-2 fuzzy
environment. Econ. Comput. Econ. Cybern. Stud.Res. 50(1),39-68 2016).

[16] Mendel, J.M., John, R.I., Liu, F.L.: Intervaltype-2 fuzzy logical systems made simple. IEEE Trans. Fuzzy Syst. 14(6),
808-821 (2006).

[17] Mitchell, H.B.: Ranking type-2 fuzzy numbers. IEEE Trans. Fuzzy Syst. 14(2), 287-294 (2006).

[18] Moslem Javanmard, Hassan Mishmast Nehi:A solving method forfuzzy linear

Programming with interval type-2 fuzzy numbers, International Journal of Fuzzy Systems(springer) 2017.

[19] Moslem Javanmard, Hassan Mishmast Nehi: Rankings and operations for interval type-2 fuzzy Numbers: a review and
some new methods, J. Appl. Math. Comput. (2018).

[20] Marius Posta.,et.al.,” An Exact Method with variable fixing for solving the generalized assignment problem”,
CIRRELT,1-21 (2011).

[21] McGinnis L.F, Implementation and testing of a primal-dual algorithm for the assignment problem, Oper.Res., 31(2) ,277-
291 (1983).

[22] Nagoor gani. A and Mohamed.V. N: The Signature Method for Solving Intuitionistic Fuzzy Assignment Problems,24, 21-
30 (2019).

[23] Nagoor gani.A and shiek pareeth.T: Feasible degenerate pivoting and optimal non- degene -rate pivoting for solving fuzzy
linear sum assignment problems. Journal of Physical Science.23, 97-109(2018).

[24] Nagoor gani.A and shiek pareeth.T:A new modified optimal perfect matching in partial feasible matching for solving
fuzzy linear sum assignment problems.38E,432- 440(2019).

[25] Nagoor gani.A and shiek pareeth.T: A spread out of new partial feasible and optimal perfect matching for solving interval
a-cut fuzzy linear sum bottleneck assignment problem.19 (11), 1159-1173 (2020).

[26] Sathi Mukherjee and Kajla Basu, Application of Fuzzy Ranking Method for solving assignment problems with Fuzz
Costs, Int.Jour.Comp and Appl. Mathematics, 5(3),359- 368 (2010).

[27] Wang, Y.M., Luo, Y.: Area ranking of fuzzy numbers based on positive and negative ideal points. Comput. Math. Appl.
58(9), 1769— 1779 (2009).

[28] Wu, H., Mendel, J.M.: Uncertainty bounds and their use in the design of interval type-2 fuzzy logic systems. IEEE Trans.
Fuzzy Syst.10, 622-639 (2002).

[29] Wu, D., Mendel, J.M.: A comparative study of ranking methods, similarity measures and uncertainty measures for interval
type-2 fuzzy sets. Inf. Sci. 179, 1169-1192 (2009).

[30] Zadeh, L.A.: Fuzzy sets. Inf. Control 8(3), 338-353 (1965).

105



