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ABSTRACT
In this work, Fuzzy relational equatiaf o Q = R is considered as model, whePeis
anm X n fuzzy matrix formed by taking the t-norms “minimtmalgebraic product”,
“bounded difference” and “drastic product” (respeslly) between the attributes related to
the labourers and the attributes related to theeosvof the labourers') is ann X 1
fuzzy matrix formed by the owner’s expectations @&hds the resultant matrix giving the
status of the bonded labourers. Her8 theans maxf compaosition. In this work we

consider T as t-norms “minimum”, “algebraic product”’, “bourdidifference” and

“drastic product” one after another. Finally, wesd@iven a comparative study among the
results of application of all t-norms used here.

Keywords: Fuzzy relational equation, minimum, algebraic pidbbounded difference,
drastic product.

1. Introduction

Since its introduction by Sanchez [9] in 1976, fuzelational equations have been
studied by many researchers [3-4], [6] in the theoal aspects. Pappis and
Adamopoulos [2] have contributed in the computati@spects. Lettieri and Liguori [4-5]
have investigated fuzzy relational equations predidith one solution. Pedrycz [8] and
Vasantha Kandasamy and Smarandache [10] have edavith a goal to applicational

aspects and Eli Sanchez [19] has investigatedigolof fuzzy relational equations with

extended operations. Alamet el. [1] has done theesaork on cottage industry labourers
using ‘minimum’. But here we have used the t-nortmsnimum(#)’, ‘algebraic

product(*)”, “bounded difference” and drastic pratitespectively to measure the effect of
globalization on Bangladeshi weavers.

2. Inspiration of thiswork

For last few years, we worked on fuzzy relationgiaion (FRE), To do so, we were
looking for an empirical study on FRE with main digcon Triangular norms. In our
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observation, we see that some researchers [7,1®ed®n the application of FRE but
they were completely dependent on expert's or wsis opinions to form fuzzy
relational matrix. As a result of which, the fuzmatrices, for same information, vary
due to unlike comments by the reviewers. Situdtlanthis, leads us to drive a method to
form fuzzy relational matrices based on Triangalams.

Here, we studied weaver's problems and the efféglabalization on their lives
using Fuzzy Relational Equations (FRE). We havéeredr at interesting conclusions to
understand and assay this grave problem.

3. Technique of study
We have made a sample survey of around 30 faniligsof 200 families. They are
interviewed using a linguistic questionnaire. Soshéhe notable facts about their lives
are as follows:
1. They do not know any other trade or work but mdsthem like to learn some
other work.
2. They are living now below the poverty line becaatéhe advent of electrical or
power looms which has drastically affected thedome.
3. The whole family works for over 10 hours.
4. Only one had completed his school final. All othkesre no education for they
have to learn the trade while very young.
5. They don't have even a square meal a day.
6. Owners of the bonded labourers are not able to giveugh work to these
labourers.
7. The maximum salary a family of 3 to 4 members muad Tk.5000. 20% only
get this, 70% of the families get below Tk.4000 penth.
8. Paying as rent, electricity, water etc makes theedelow poverty line.

The following attributes are taken as the main pfainstudy:
E,-Knowledge of other works.

E,-The effect of advent of power looms and globalara{modern textile machinery) on

their economy.
B,-Salary they earn in a month.

E ;-Level of savings or debts.
B_-Government interferes.
E.-Hours of work.
We have taken these six healg B, By, B, E< B, related to the bonded labourers

as the rows of the fuzzy relational matrix.
The main attribute€),, 0,, J4, 0. related to the owners of the bonded labourers are:

0,- Globalization/ introduction of modern textile niées.
0,- Profit or loss.

0- Availability of raw materials.

0,- Demand for finished goods.
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We have taken these four heafig 0,, 05,0, as the columns of the fuzzy relational
matrix. Then by operating pairwise these two sétatwibutes{B,, B, Bs, B;,B: B}
and{d,, 0,, 05, 0.} with the help of t-norms ‘minimum~{’, ‘algebraic product(*)”,

“bounded difference” and drastic product respetfivave find the fuzzy relational matrix
E.

The following are the grading policy and limit sesing the questionnaire:

1
B, = 1 iwhere n=numbers of work one knows.

E, = 0.5 Means no knowledge of other work, hence live inguty.

E,: Good 0}, Bac(0.5) and Wors{1)

E, = 0.5 implies power loom/other textile machinery had mé#ukir condition from bad
to worse.

B, = E‘[:’m;where n= monthly income in Bangladeshi taka.

B, = 0.5implies earning is mediocreB{ < 0.5implies the earning does not help them to
meet both ends)

B, =—1£;Where£' =amount of expenditure per month,= amount of income per
1+-
I
month.

B, = 0.5 implies no saving no debtH, << 0.5 implies they are in debt).

E.: Not helpe((1]), Medium level helpe{0.5) and Highly helpe{i0)

B. = 0.5 implies government interference has not helpeds. & 0.5 implies
Government interference have helped).

B, = .-; Wheren = working hours.

B, = 0.5 implies 5 hours work.B, = 0.5implies more than 5 hours of work).

0,: Highly affected( 1), Medium affected(0.5) and Not affectec( ()
0, = 0.5 implies the globalizations/ government has affédtee owners of the bonded
labourers drasticallydf; <= 0.5 has no impact on owners).

1
0, = —, whereC =Total cost and® =Total revenue.
=
R

0, = 0.5 implies no profit or no losg;, < 0.5 implies loss).

1

3= n= Number of shortage item.

0; = 0.5implies availability of raw materials. §; < 0.5implies shortage of raw
materials).
0,= D‘%; where I = Demand for finished goods arfdl= Produced goods.
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0, = 0.5implies just they can meet both ends i.e. demanmdfifished goods and
produced goods balanc& (= 0.5 implies demand is less than production).

4. Uses of t-norms

For case 1: The opinion of a group of labourers who are boniwedhe two generations
aged in sixties and their owners is given vital amance and their (labourers and owners)
opinion is transformed into the FRE, we obtain

Q=080 0,=0410,= 0500,= 0%

B,=050( 05 041 05 0.5
B,=0.70| 0.7 0.41 05 05
B,=0.50| 0.5 041 05 05
P=B,=0.48/0.48 0.41 0.48 0.4
B.=0.70| 0.7 041 05 05
B,=0.90( 0.8 041 05 05

|pe)

By considering the profit, suppose the owners givaelues for ¢ where
of = (0.6,0.5,0.7,0.5). Now P and @ are known in the fuzzy relational equation
P o @ = R. In order to find the result of these compositiaresintroduce Mathematica
program code as follows:

n[75k= maxmincomposition[A , x ] :=
Module[{AA, BB, p}, &4 = A; BB = x;
n =Dimension=s[ARA][[1]]; m = Dimensions[BB] [[2]];
For[i=1, i<mn, i++,

For[j=1, j£m, j++, p={};

Do[{d =Min[BA[[i, k]]., BB[ [k, J]111;
g=Join[p, {d}]; p= {g}; t[i, J] = Max[g]},
{k, 1, m}];

tt = Table[t[i, j], {i, 1, n}, {3, 1, m}]11]1:
Print["PoQ=", MatrixForm[tt]]]

40



Fuzzy Relational Equation Based on Triangular NariSetect the Problems of
Bangladeshi Weavers

nrel= P={{.5, .41, .5, .5}, {.7, .41, .5, .5},
{.5, .41, .5, .5}, {.48, .41, .48, .48},
{.7, .41, .5, .5}, {.8, .41, .5, .5}};
Q={{.6}, {.5}, {.7}, {-5}}:

maxmincomposition[P, Q]

oy o Ln

PoQ=

oo ooo
W
I

WegetR"=(0.5 0.6 0.5 0.48 0.6 O.¢
For the same data, we use the t-norm algebraiaupt@ohd get
Q=080 0=0410= 0500= O!

B,=050( 04 021 025 0.2
B,=0.70/ 0.56 0.29 0.35 0.3
B,=0.50| 0.4 021 0.25 0.2
"B, =0.48/0.38 020 0.23 0.2
B,=0.70/ 0.56 0.29 0.35 0.3
B, =0.90(0.72 0.37 0.45 0.4

ConsideringQT = (0.6,0.5,0.7,0.5),RT will be (0.24,0.34,0.24,0.23, .34,0.43).
The Mathematica programming code for the t-normgéhtaic product” are as follows:

Mathematica Program 2:

Similarly, we have used the t-norms “bounded défee” and “drastic product”
consequently, we ge®0, 0.11, 0, 0, 0.11, 0.30)" and (0, 0, 0, 0, 0, 0)"respectively as
R.In the fuzzy relational equaticfi = @ = R, @ is the profit, the owners expect afidis

the resultant giving the status of the bonded ledrsu When we assume the owners are
badly affected by globalizations but wants to caut/his business with no profit or no loss,
with moderate or good availability of the raw matkeand they have enough demand or
demand andsupply balance. We obtain the followitigbates related with the bonded
labourers. The bonded labourers life in acute pgwaes they have no other knowledge of
any other work. The power loom has made theirfiiwen bad to worst but the earning is
medium with no savings and little debts. They dboneaeive any help from government,
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but they have to Ilabor almost ten hours which isvegi by
(0.5 0.6 0.5 0.48 0.6 0.5(0.24,0.34,0.24,0.23,0.34,0.43)7,
(0,0.11,0,0,0.11,0.30)" and(0,0,0,0,0,0)T respectively.

Using the same matriXP and taking the expected views of the bonded laysur

R=(0.6 0.4 05 05 0.2 0.8 weobtanQ=(0.8 0.41 0.5 0.5)

(0.31,0.16,0.19,0.19)7, (0.5,0.11,0.2,0.2)7, (0,0,0,0)” using FRE P' cR=Q.
The value of@ states the owners are affected by globalizatidreyThave no profit but

loss. They do not get enough raw materials to @ivke bonded labor as the market prefers
machine woven saris to handmade ones, so the defoatiik finished goods declines.
Thus the main reason for their poverty is due tdaglization. That is, the advent of power
looms has not only affected them drastically ay tthe not have the knowledge of any
other trade but it has also affected the livediefrtowners.

Maxprod[h , x] :=
Modwle[{ff, BE, P}, AR =R; BB - x;
n=Dimensions [AR] [[1]1]:
m = Dimensions [BB] [[2]]
For[i=1, iz=n, 1++,
For[j=1, J=m, J++, D={};
Do[{d=RAR[[i, k]]1~BE[[K, 7]11:
g=Join[p, {d}]; p= {g}: t[i, 3] =HMHax[ul},
{k, 1, m}];
tt = Table[t[i, j], {i, i, n}, {j, i, m}]11]:
print["P-0=", MatrixForm[tt]]]

For case 2: A small owner’s (who own around ten bonded labaifamilies) opinion is
taken by the matrixF:

Q=085 Q=0400= 0400;= 0.

B =0.67(0.67 0.40 0.40 0.4
B,=0.80/0.80 0.40 0.40 0.4
B,=0.44|0.44 040 0.40 0.4
P=B,=0.47/0.47 0.40 0.40 0.4
B.=0.80/ 0.80 0.40 0.40 0.4
B,=0.1(0.85 0.40 0.40 0.4

Consider the profit expectation of the owr@ = (0.6, 0.5,0.7,0.5). From FRE
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PoR=Q, we obtain R = (0.6,0.6, 0.44,0.47, 0.6, 0.6)7.Bonded labourers live in

below poverty, as they have no other trade bue#tnaing is below average with no savings
and new debts. They do not get any help from gawent, but they have to work almost
ten hours a day which is given t@a.&,0.6,ﬂ.44,ﬂ.4?,ﬂ.6,ﬂ.6jr.lf we consider a

satisfactory norms for bounded labourers is tdioe (0.6,0.4,0.5,0.5,0.2,0.8)7, then
using the relational equationP™ = R = @, we get@ = (0.8, 0.4, 0.4,0.45)", which

states the owners are badly affected by globatimafihey have no profit but loss, they do
not get enough raw materials and demand for thehid goods declines.

For case 3: We have chosen very poor bonded labourers. Thefutlag relational matrix
P takes the form

Q=100 9=038Q= 0300= 0,

B,=0.71(0.71 0.38 0.39 0.4f
B,=0.90/0.90 0.38 0.39 0.4f
P=83 =0.38/ 0.38 0.38 0.38 0.3¢
B,=0.44/0.44 0.38 0.39 0.4f
B,=0.85/0.85 0.38 0.39 0.4¢
B,=1.00{1.00 0.38 0.39 0.4t

By considering the owner expectation of profif, = (0.6,0.5,0.7,0.5)" , from
P o @ =R, we find R = (0.6,0.6,0.38,0.44,0.6,0.6)". This reveals that the bonded
labourers standard of living is in a very pathetndition. They do not have any other
source of income or job. Their earning is bare minh with no savings. Neither the
government comes forward to help them nor redeeamtfrom their bondage. In their
work spot, they have to slog for 10 hours per day.

Again if we consider a satisfactory norms for bahdeabourers,
R = (0.6, 0.4,0.5,0.5,0.2,0.8)7 , we get@ = (0.8,0.38,0.39,0.43)7 from the

relation equation P” = R = @. The value of Q states due to the impact of glahsibn

(modern textile machinery), the owners are badigcééd. They are not able to purchase
enough raw materials and thus the output fromntastry declines. The owners do not get
any profit but eventually end up in a great loss.

5. A compar ative study among the result after applying thet-normsused here
Charts for the Comparison among the t-norms arengbelow:
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Figure 1. Status of labor’s for-norms “min”, “algebraic product”, “boundedifference”
and “drastic product”
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Figure 2. Status of the owner fo-norms “min”, “algebraic product”, “bounded differes
and “drastic product
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6. Conclusion

A fuzzy model of relational equation based on Tgiaar norms has been proposed to find
the status of Bangladeshi weavers. The proceddcertofuzzy relational matrices is more
scientific here i.e. our technique is significantipre accurate than the methods which
depend on expert’s or reviewer's opinions. We areently working to reduce the system
error to improve the accuracy of the model.
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