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ABSTRACT

In this research, we explore the supply and demamdel and pursue the factors that
influence demand and supply. We discuss the sgiftinequilibrium points for the
changes of supply and demand. Equilibrium is thietpehere both the consumers’ and
producer's willingness agree. Since there existsnmamy factors affecting the
equilibrium point and the data are imprecise, we @ming to find the equilibrium
interval rather than the crisp point. We conduat work with the help of interval
arithmetic of fuzzy numbers and the classical mgtbbsolving the system of fuzzy
linear equations.

Keywords: Demand, Supply, Equilibrium, Linear Demand, and @ypModel,
Classical Method.
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1. Introduction

A linear system of equations shows a significanicfion in the field where the
parameters are uncertain. Linear systems of equsliaving unpredictable parameters
are used widely owing to some inexact data on tmnection of a linear system of
equations. In our competitive market, the equilibriprice of a product is the only price
where the desires of both consumers and produgeeg.alThe product's quantity that
consumers are willing to consume (quantity demanded the product's quantity that
the sellers are willing to sell (quantity supplieate equal in equilibrium price. The
equilibrium quantity is the mutually intended qugntiesired by both consumers and
producers. At any other price, we see that theegher deficiency or abundance of the
commodity, deficiency or abundance of the consumsmnertage or surplus of the
producers.

But for the instability of the market, thace of a product may vary every other
day. For example, we can bring to the front thevipress market of onion and potato.
When a market has equilibrium price and quantitgnéans the interest of buyers and
sellers towards a product maintains balance. Barvéhmarket isn't in equilibrium, it
causes a troublous situation. To avoid the ersitti@ation fuzzy approach in finding the
equilibrium point could be a useful technique. Thepose of this research is to find
out the equilibrium price and quantity using fuiimear demand and supply equations
in an interval rather than a crisp value, which lddelp to maintain the stability of the
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price and quantity supplied of a product. Here se the Classical Method to solve the
fuzzy system of linear equations to find the eguilim quantity. The arithmetic
operations of fuzzy numbers usingcuts have been discussed before as we use the
triangular fuzzy number in our examined demandsarply problem.

2. Related work

In [6], Horcik examined the solution of a systemliokar equations having fuzzy
numbers. In [7], the parametric form of fuzzy numsbeas being used by Vroman et.al.
(2007) to solve the general system of the lineaadgn having fuzzy numbers. In [8],
Li. et.al. (2010) introduced a new algorithm toveol system of the linear equation
having fuzzy numbers. In [9], Sevastjanov and Dym®uggested a new technique for
the interval and also for the fuzzy systekhs: AX + U. In [10], Amirfakhrian (2012)
formulated a method for solving a system of fuimgar equations where he had used
the procedure of fuzzy distance. In [11], the Cemtred width-based approach for
working out fuzzy systems of linear equations wasetbped by Chakraverty and
Behera (2012). In [12], for solving fuzzy lineasgsms, Senthilkumara and Rajendran
(2011) pertained to an algorithmic approach. In1#3 Das and Chakraverty (2012),
Senthilkumara and Rajendran (2011) also examinédlya fuzzy system of linear
equations. In [20], Nasseri et al. (2011) examiaexystem with fuzzy right-hand side
and crisp coefficients for their fuzzy procedurestpply-demand model. Applying the
QR-decomposition procedure, they have unravelegstem. Rupjit Saikia, Dipjyoti
Sarma examined in their work “A Case study on amnBmic problem by using Fuzzy
linear Equations” about solving an economic isssiaglinterval/fuzzy outcomes of a
system of linear equations.

In this research, we want to find the equilibriunces in terms of fuzzy numbers,
which would help us to know the equilibrium prides a specific period. We aim to
generate our research more specific in solvinglémeand and supply model and which
can provide strong fuzzy solutions.

3. Overview about demand and supply [3][19]
Supply and demand play the most vital role in deteing the costs and quantities of
most goods and services available in a given ma8giply and demand maintain the
commerce between the purchaser and seller of aigirod service. The point at which
the alliance between supply and demand maintagbdlance is called the equilibrium
price.

In this segment, we review basic knowledge aboutadel, supply, and their
influencing factors.

3.1. Demand

In economics, demand is that the volume of a prothat a consumer’s willingness
and purchasing ability meet at different rates miyia given time. The demand curve
shows the connection between price and quantityadeled. An item's perception of
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need, price, perception of quality, comfort, corigahsubstitutes, purchasers' earnings,
and savors, and other influencing factors can énfae the demand for a selected item.

3.2. Factor influencing demand

Demand can be dominated by several factors thatleseribed as determinants of
demand. The followings are some of the determinaint&emand:

. Good's price

. Price of similar goods

. Personal earnings

. Taste of choices

. Consumer anticipations about prospective ratsimgs, and availability
. Population

. Nature of the product

. The number of buyers in a market

3.3. Supply

In its most simple form, a linear supply functierépresented in general as follows: y
= mx+ b. Here, x represents the independent variabtl y represents the dependent
variables which means that we've got the variabbntity on the x-axis and therefore
the variable price on the y-axis.

In economics, supply refers to the quantity of@dpict available within the marketplace
for sale at a specified price at a given time. Wilkngness of a producer or seller to
produce or sell the desired amount of a producdhimitt selected price and time is
considered as supply.

3.4. Factor influencing supply
Supply can be dominated by several factors thatdaseribed as determinants of
supply. The followings are some of the determinaftsupply:
* Price
e Cost of production
* Natural conditions
» Technology
e Transport conditions
» Factor prices and their availability
e Government's policies
* Prices of related goods

3.4. Linear demand and supply model S
Here we would like to consider a fuzzy linear systf the formA. X + C = B, wherein
the coefficients and variables both are fuzzy nusb&'e consider an economic problem
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where the demand and supply of a particular prodrectiner functions of price are given
by

Qi =a+bp
Qs =c+ dp
; Pzs=a+bp
'\R —_ 3
Equilibrium Q.=c+dp
point

Equilibriumn price

Equilibrium guantity Eluanl:ilt'..r

Figure 1:

In the demand equation, the quantity of demangd, is dependent on pricg)( a is
guantity intercept and is inverse of the slope of demand equation, i%.,ln supply

equationg is the quantity intercept of the suppdy= i—g is the price coefficient of supply

which is the responsiveness of the producers. WieldMike to solve the fuzzy linear
demand and supply equations using the solutiomtgub (Classical Method) for solving
fuzzy systems of linear equations and find fuzzyildzrium prices, at which prices the
guantity supplied and the quantity demanded aeguilibrium.

3.5. Shifting of equilibrium point [15][16]
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Table 1: Shifting of equilibrium point fothe changes of supply and dem

Change in Demar | Change ir Effect on Effect on Equilibriun
Supply Equilibrium Price
Quantity
No chang Increas Increas Decreas
No chang Decreas Decreas Increas
Increas No chang Increas Increas
Decreas No chang: Decreas Decreas
Decreas Increas Indeterminar Decreas
Increas Decreas Indeterminar Increas
Increas Increas Increas Indeterminar
Decreas Decreas Decreas Indeterminar

4. Arithmetic operations of fuzzy numbers using a-cuts [4]

The a-cuts of fuzzy numbers always are closed and atlsmdbed intervals. Here
we consided andB where both andB are fuzzy numbers and l&fa) = [a, (@),
a,(a)] andB(a) = [by(a), by(a)], for 0 < a < 1, are then-cutsA* andB* of
the fuzzy numberd andB respectively.

The arithmetic of fuzzy numbers with the help oéithu-cuts can be defined as
follows:

Let x€ (+,—,%, /). Then the ** operation on fuzzy numbefAsandB , denoted by
A * B, gives a fuzzy number iR where,

AxB = Ua.(A*B)“

And (A * B)* = A+« B%*, «a€ (0,1]£.Z
Whered® andB“ are the intervald(a) = [a,(a), a,(a)] and
B(a) = [b1(a), by(a)] respectively.
Let,P = A + B, then
Pla] = A[ a] + B[ «a],

or,

Pla] = [a;(a) + by (), az(a) + by (a)],
For subtraction, if we le§ = A — B, then

Qla] = [a1(a) — by (), az(a) — by (a)],
If R = A.B, then

Rla] =[a1(), az(a)].[b1(a), ba(a)] =[ri(a), r2(a)], for0<a<1.

where ri (@) = min{a, (@)b,(a), a;(a)by(a), az(a)bi(a), ay(@)by(a)}

and
a; (a)b;(a), az(a)b,(a), az(a)by(a)}.

r, (@) = max {a,(a)b;(a),
Sla] = [a;(a), az(a)]/[b1(a), by(a)] = [s1(a),sz(@)], forO<a<1.

for0<a<1

forO0<a <1

Lastly, if S = A/B, then
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Here,
d51(0-’) = min {a,(a)/b;(a), a;(a)/b;(a), az(a)/b,(a), az(a)/by(a)}
an
sp(a) = max {a;(a)/b;(a), a;(a)/by(a), a(a)/b;(a), a(a)/by(a)}.
Assuming that zero does not belongsd]. HereP[«a], Q[a], R[] andS[«a] are the
a-cuts of P, Q, R andS respectively.

Example
Considerd = (0/1/2) andB = (1/2/3) with membership function
x, 0<x<1 x—1 1<x<2
Uy(x) =42—x, 1<x<2 anduy(x) =43 —x, 2<x<3.
0, otherwise 0, otherwise

Herea-cut of A isA[a] = [a, 2 — a] anda-cut of BisB[a] = [1+ a, 3 — «a].
Since the fuzzy numbers= (0/1/2) andB = (1/2/3) both are positive.

Then we use simply

Rla] = Ala]. Bla] = [a1(a)b1 (@), az(a)bz(a)] and

Sla] = Alal/Bla] = [a1(a@) /by (), ay(a) /b, (a)] according to interval arithmetic.
Then

1. Pla]=la+a+1,2—a+3—a]=[1+2a,5—2a],

2. Qlal=la—B—a),2—a—(a+1)] =[2a —3,1—2«a],
3. Rla]=[a(a+1), 2—a)(3—a)] =[a?+ a,6 — 5a + a?],
4. Sla]l=[a/B—-a),2—-—a)/(1+ a)].

We see thaP = (1/3/5), Q = (-3/—1/1),R = (0/2/6), andS = (0/0.5/2).
[Note: For the fuzzy seP, we haveP[«] then support

P[0]=[0+1,5—0] =[1,5], and coreP[1] = [2 + 1,5 — 2] = [3,3] = 3. Since the
fuzzy numbersM = (0/1/2) and N = (1/2/3) both are triangular theR must be
triangular or triangular shaped. Similarly, we ¢ Q, R andS].

4.1. Arithmetic operations of triangular fuzzy numbers
Let us consider two triangular fuzzy numbdrandB. Then

e The additionA + B and subtractionA — B are also triangular fuzzy
numbers.

* The multiplicationA. B and the divisioM /B may or may not be triangular
fuzzy numbers. In general, they are triangular-sddpzzy numbers (also
called approximated triangular-shaped fuzzy numbers

* ‘max’ and ‘min’ operations of triangular fuzzy nuems are not always in
the form of triangular fuzzy numbers.

We can simply use the following two formulas foe thddition and subtraction of
two fuzzy numbers. Let two triangular fuzzy numbleesA = (a,/a,/a3) and

B = (bl/bz/b3), then
1. A+B=(a1+b1/a2+b2/a3+b3)
2. A —B = (a1 - b3/a2 - bz/a3 - bl) and_B = (_bl/_bz/_b3)
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For multiplication and division, the method @fcut is the best way. Thecut of
the triangular fuzzy numbet = (b, /b, /b3) is

B%* = [(b, — by)a + by, — (b3 — by)a + b3],Va € [0,1].

5. Solution technique for fuzzy system of linear equations[17][18]
We will consider thelassical method for finding the solution of a fuzzy system of lare
equations. Throughout work < B meansA(x) < B(x) for all x. Here we use the works
of Buckley and Qu and Eslami.
We are to work out the fuzzy matrix equation
AX+C=B (D
HereA = [a;;] be am x n matrix where eacls;; are real triangular fuzzy numbers for
1<i<mandl <j<n,

Bt = (by, b,, ..., b,) be an x 1 vector where each;, (1 < i < n), are unknown real fuzzy
numbers,
C' = (¢,,¢5, ..., Cy) be an x 1 vector where each;, (1 < i < n), are unknown real fuzzy
numbers,
Xt = (¥%,,%,,...,%,) be an x 1 vector of unknown real fuzzy numbers1 < i < n.
For simplicity, we investigate first the crisp thgdor 2 x 2 systems and then fuzzify it.
A linear system which i8 x 2 can be written as

a11X; + Agp%; = by — ¢y, (2)

Az1X1 + A2X; = by — ¢y, (3)
wherea, 1, a5, a,1,a22, by, by, ¢, @andc, are crisp constants angl, x, are crisp variable
(unknown). We are to work out these two equatidrana time forx,, x,.

a a _ a1t . . .
Here[ 1 12] must be non-singular alﬁ11 12] exists. Then the unique solution
az1 Qz2 21 Q22

can be written as
. = az2(b1 — ¢1) — ag2(by — ¢3) 4)
1 — 1]
A11037 — Q12021
Y = a11(by — ¢3) — az1(by — c1) (5)
2 — )
A110A22 — A12021

Or,
Axq Ax,
asTgFe Ry
Where,

A= ay1a33 — a0z
Axy = az5(by — 1) — aga(b; — ¢3)
Axy = ay1(by — €3) — az1(by — 1)
Now the linear system of equations needs to beittewin matrix form. Consider21x 2
matrix of coefficients as

_ [G11 Q12
4= [a21 azz] (6)
Also, consider
X= [xz] (7)
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_[b
B=p] (8)
And
€1
c=|.] )
be two2 x 1 matrices (vectors). Now we write our linear systfequations as
AX=B-C (10)

We need to fuzzify equation (10).
ConsiderA = [a;;] is a2 x 2 matrix and the elemen®; of matrix A = [a;;] are
continuous fuzzy number8t = (by, b,) be a2 x 1 vector whose membebts, i = 1,2
are given continuous fuzzy numbers axid= (x;,%,) is a2 x 1 vector of unknown
continuous fuzzy numbess, i = 1,2.
The fuzzified equation

AX=B-C (11)
By using4 , B andC, we are to solve equation (11) fr

5.1.Classical solution
We represent the classical solutiordoX = B — C asX,, if the solution exists.
Alter theo-cuts ofa;;, %;, b; andg; for @;;, x;, b; andé;(1 < i,j < 2) respectively in the
following system
Q11X + 1%, = by — €4, (12)
Ap1Xy + A%, = by — Gy, (13)
After substituting ther-cuts ofa;;, x;, b; andc; for a;;, x;, b; andc;(1 < i,j < 2) inthe
equations (12) and (13), we hereafter obtain theitwerval equationsa € [0,1],
[a11.(@), a1y (@)]: [x1, (@), X1y (@)] + [@12, (@), @12y (@)]- [x2, (@), x5y ()]

= [by (@), byy(a)] — [c1.(@), c1y(@)] (14)
[az1, (@), azqy(@)]. [x1, (@), x1y(@)] + [az21, (@), azzy ()] [x2, (@), X2y ()]
= [ba (@), byy(@)] — [czp (@), oy ()] (15)

We now require simplifying these equations.
Consider alla;;, b; and¢; are triangular fuzzy numbers and eefl in the preceding two
equations (14) and (15). Then we get the followdrigp system
a11X1 + Q12X = by — ¢4
Az1%1 + A% = by — ¢
The sign of the unknown fuzzy numbe¥g x, can be determined by the sign of the
solutionsx;,, x,. Let us consider for this work that all tag > 0 and all theb; > 0,¢; >
0, so that we attempt fa; > 0,i = 1,2. We get from equations (14) and (15)
[ay1.(@)- %1, (@), a11y(@). X1y (@)] + [a12,(@). X2, (@), @y2p (). X2y (a)]
= [by (@) — ¢1y(@), byy (@) — ¢y (@)]
[az1.(@). x1,(@), az1y(@)- %1y (@)] + [az2(@). x21,(), Azp (@) x5y ()]
= [by(a) — oy (@), by (@) — ez (a)]
Which results in & x 4 crisp system of linear equations as

ayq(@). %1, (@) + agp(@). xz, (@) = by (@) — cyy(a) (16)
azq(a). xqp, (@) + azzp(@). xzp (@) = by (@) —cyy (@) 17)
ayqy(a). xy(a) + a2y (a). xoy (@) = byy(a) — ¢1(@) (18)
az1y(@). X1y (@) + azay(@). xy (@) = byy (@) — ¢z (@) (19)
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We solve this system faog;; (@) andx;y (a),i = 1,2, € [0,1].
This system can be written using matrix notation as

ay1.(@)  agz (@) 0 0 [*1.(@)]  [bi(@) = cry(@)]
aziL(a)  az(a) 0 0 [x2.(@) | _ | bzr(a)—cay(a)
0 0 allU(a) a12U(0-’) |x1U(a)| - [blu(a) — ClL(a)}
0 0 @@ @l @] lby@ - cu@
Using,
a;y (@) aip (@) 8 8 [leEag
az (@) apy(a Xy (a
W= 21L(() ) Z(Z)L( ) ayy(@)  aszy(@) S = lxlzlL,(oc)
0 0 azy(a)  azy(a) X,y (@)
And
[b1L(a) - C1U(a)]
V= | bz (@)—cay(a) |
[bw(“) ~ ey (@)
byy(a) — ¢ (@)
A crisp system is obtained of the form
w.Ss=v (20)

For attaining the fuzzy solution for the fully fuzinear system of equations, in the
converted crisp system the coefficient matrix nagshon-singulaivva € [0,1].
We partition the system (20) into two systems as

[allL(a) alzL(“)] ' [ML(“)] _ [bu(a) —¢y(a)

azy(a)  azy (@)l Lxy (a) by (@)—coy (@)

[a11U(C¥) a12U(05)]'[x1U(a)] _ [bw(a) — ¢y (@)

az1y(@)  azy(a@)l lxy(a) byy(a) — ¢z (@)

and

That is,W;.S; =V, andW;.Sy = V. The solution of these crisp systems specifies
x;,(a) andx;y (a),i = 1,2, ¢ € [0,1], which are used for reconstruction of the comptsen
of 2 x 1 fuzzy vectorX.

After working out for thex;; (@) andx;; (a),i = 1,2 « € [0,1] we test to see if the
intervalsx; = [x;; (@), x;y(@)], i = 1,2,a € [0,1] define continuous fuzzy numbers for
i =12
What is required is:

ad
1. a(xiL(a)) > 01
2. —(x(a)) <0, and
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6. Numerical illustration

Price Quantity Supplie Quantity Demande
1 10 50
2 20 40
3 30 30
4 40 20
5 50 10

From this table, we can easily find out the lindeamand and linear supply equations.

Demand equation:

The general linear demand equatiofjs= a + bp

In the linear demand equation, the tdriis used as the price coefficient of demand or, the
amount by which quantity will fall for every unitérease in price.

A 10-20
Here,b = 20 _ =-10
AP 5—-4

At pricep = 3, Q; = 30, so,a = 60
Now we have the linear demand equation
Qg = 60—10p (21)

Supply equation:
The general linear supply equatiorQis= ¢ + dp
50-40

In this equation, the price coefficient of supgly; 2—2 = = 10
In the linear supply equation, the tecmeflects the quantity intercept of the suplwvill
always beD. In the case of subsidy,may be positive.
At pricep = 3, Q; = 30, so,c = 0.
So, the linear supply equation

Qs =10p (22)
Consider the fuzzy form of the linear demand ambuequation

Qs = 60— 10p
Qs = 10p

[(h. qZ] + (8'10712)[291' pZ] = (50:60:70)}
[qll qZ] - (8110112)[p11 pZ] = (_1:0:1)

We find the solution of these fuzzy matrix equasioising theslassical method.
Here a;; =1, a;, = (8,10,12),ay; = 1,d,, = —(8,10,12). Also, we have,b; =
(50,60,70), b, = (—1,0,1).
Then thea-cuts are:

apzla] = [agy (@), az1y(@)] = [8 + 2,12 — 2a],

6_22[05] = [az21 (@), azpy(@)] = —[8 + 2a,12 — 2q],

bi[a] = [byy(a), byy(a)] =[50 + 10,70 — 10a],

bsla] = [by (@), byy(@)] = [-1+a,1—a], Va € [0,1].

Now substituting thei-cuts ofa,,, @,,,b,, b, fora,,, a,,,b;, b, in the system23), we
get

as

(23)

[q1,92] + [8+ 2,12 — 2a][p4,p2] =[50 + 10,70 — 100(]}

91,21 — [8 + 20,12 — 2a][py, po] = [-1 +a,1 — a @4
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The system (24) can be partitioned into two systass

g, + (B +2a)p; =50+ 10a} (25)
g1 —B8+20)p,=—1+a
q, + (12 = 2a)p, =70 — 100(} (26)
g, — (12 -2a)p,=1—«a

In matrix form, system (25) can be written as
(1 8+2a) ‘h]_ 50+10a]

1 —8—2a pd Ll —1+4a
8+ 2a )‘1 50 + 10«
—8 -2« -1+«
Za)( 1+a) 4 (=8 —2a)(50 + 10a)
] —16 — 4a —16 — 4a
-1+« 50 + 10«
—16 —4a —16—4a

In matrix form, system (26) can be wrltten as
( 12 — 2« ) ] [70 — 10«
1 =

—-12 + 2« 1—a
qZ] _ (1 12 — 2a ) 70 — 10a]
1) 1 —-12+4 2« 1—«a
(70-10a)(—12+ 2a) (1 —a)(—12+ 2a)
N [qZ] _ —24 4+ 4a + —24 4+ 4a
70 — 10« 1—-«a

TT24t4a  “2414a
Now we have,

[ | _ -1+« 50 + 10« 70—10a+ 1—«a

PPl = g ~ e a0’ " 24+ 40 —24 1 4d)
(-8—-2a)(—1+a) (—8—-2a)(50+ 10a) (70 —10a)(—12 + 2a)

(91, q2](a) = [

—16 — 4a —16 —4a ’ —24 + 4a
1-a)(—12 + 2a)
—24 + 4a
We here analyze as follows,
€[01] p(a) q(a)
p1(a) p2(a) q1(a) q2(a)

1 3 3 3C 3C

.8 3.0z 2.97 28.¢ 31.1

.5 3.0¢ 2.9¢ 27.2¢ 32.7¢

.3 3.12 2.9( 26.1¢t 33.8¢

0 3.1¢ 2.87 24.F 35k
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7. Conclusion

Equilibrium is the state in which the supply andnd@d of a product or service make
harmony with each other, and consequently, prieestne stable. Any case in economics
and finance related to linear equations can be egbdut using the fuzzy form of the linear
system if the data are inexact.
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