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Abstract

Sensitivity analysis is a vital concept in optimization models. From this analysis an
economist can predict on the outcome of an economic model by the use of certain range of
input variables. Utility maximization policy is essential for the sustainability of the
economic organizations. This study takes an attempt to discuss sensitivity analysis between
Lagrange multipliers and consumer coupon, where utility maximization is analyzed with
detail mathematical analysis. In the study method of Lagrange multipliers is used to
investigate the utility function; subject to two constraints: budget constraint, and coupon
constraint. Moreover, two Lagrange multipliers are used here with four commodity

variables.
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1. Introduction

Mathematical modeling in economics is the application of mathematics in economics, which
makes relationships among prices, production, employment, saving, investment, etc. It is a
highly abstract discipline that covers many fields, such as economics, sociology,
psychology, political science, etc. (Samuelson, 1947; Zheng & Liu, 2022). The concept of
utility was developed in the late 18" century by the English moral philosopher, jurist, and
social reformer Jeremy Bentham (1748-1832) and English philosopher, political economist,
Member of Parliament (MP) and civil servant John Stuart Mill (1806-1873) (Bentham,
1780). In modern economics, utility is a measure of a consumer’s preferences on an
alternative set of commodities or services (Coleman & Fararo, 1992, Islam et al., 2009a).
Utility maximization policy is the best way for the sustainability of the organizations (Kirsh,

2017). It is a blessing both for individuals and the organizations (Eaton & Lipsey, 1975).

The method of Lagrange multiplier is a very useful and powerful technique in multivariable
calculus, which transfers a constrained problem to a higher dimensional unconstrained
problem (Islam et al., 2009a,b, 2010). The sensitivity analysis plays an important role to
predict on future production of the commodities and about future profit of the organizations
(Islam et al., 2010). In this study, we have included four commodity variables, the
determinant of 6x6 Hessian matrix, and 6x10 Jacobian matrix to investigate the sensitivity

analysis.

2. Literature Review

Two American researchers, John V. Baxley and John C. Moorhouse have discussed the
utility maximization through the mathematical formulation by illustrating an explicit
example (Baxley & Moorhouse, 1984). Well-known mathematician Jamal Nazrul Islam
(1939-2013) and his coauthors have discussed utility maximization by considering
reasonable interpretation of the Lagrange multipliers (Islam et al., 2010, 2011). Pahla;j
Moolio and his coworkers have worked on the Cobb-Douglas production functions to
determine maximum profit (Moolio et al., 2009). Novel and young researcher Lia Roy and
her coauthors have applied necessary and sufficient conditions to make the economic model
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for the cost minimization problem of an industry for its sustainable development (Roy et al.,

2021).

Sabo Nelson Pandi and his coauthors have used the Lagrange multiplier method to derive a
mathematical formulation that works out an optimal solution for a 4-period overlapping
generation model with autonomous consumption to maximize a lifetime utility for
households subject to age-specific inter-temporal budget constraints (Pandi et al., 2022).
Ying Hu and her coworkers consider the problem of utility maximization for small traders
on incomplete financial markets. They have wanted to show that a small trader can
maximize the utility from his/her final wealth measured by some utility function (Hu et al.,
2005). Haradhan Kumar Mohajan has considered the utility maximization and cost
minimization techniques (Mohajan, 2021a, 2022a). He and his coauthors also have

investigated optimization problems for the social welfare (Mohajan et al., 2013).

Jannatul Ferdous and Haradhan Kumar Mohajan have tried to calculate a profit
maximization problem from sale items of an industry. They have realized that profit
function plays an important role in modern economics for the development of global
financial structure, and to achieve maximum profit an industry must be careful in every step
of its operation (Ferdous & Mohajan, 2022). Devajit Mohajan and Haradhan Kumar
Mohajan have realized that the sensitivity analysis provides the economic predictions of

future production of an industry (Mohajan & Mohajan, 2022a).

3. Research Methodology of the Study

Research is an essential and influential works to the academicians (Pandey & Pandey,
2015). Methodology is a system of explicit rules and procedures in which research is based
(Ojo, 2003). Therefore, research methodology is a guideline to accomplish a good research
(Kothari, 2008). To prepare this paper we have considered four commodity variables, two
Lagrange multipliers 4, and 4,, 6x6 Hessian, and 6x10 Jacobian. After using two Lagrange
multipliers we have observed that 4-dimensional constrained problem has developed to a 6-
dimensional unconstrained problem that maximizes utility function (Mohajan, 2017b,

2020). We have tried to preserve the reliability and validity of the research analysis
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(Mohajan, 2017a, 2022b). Throughout the study we have shown mathematical calculations
very clearly (Mohajan, 2018b, Mohajan & Mohajan, 2022a). In this study, we have used
material from the secondary data sources of utility maximization. We have consulted the
books and handbooks of famous authors, journal articles, internet, websites, etc. to enrich

this article (Islam et al., 2012; Mohajan, 2012, 2014a,b, 2017c, 2018a, 2022c).

4. Objective of the Study

The chief objective of this study is to demonstrate sensitivity analysis between Lagrange
multipliers and consumer coupon when utility maximization is analyzed. The other trivial
objectives are as follows:

e to show the mathematical calculations elaborately, and

e to provide the economic results accurately.

5. An Economic Model of Utility

To study sensitivity analysis we consider four commodities: W,, W,, W,, and W,. Let the
consumers in the society wants to purchase w,, w,, w,, and w, amounts from these four
commodities W, , W, , W, , and W, , respectively. The utility function for these four
commodities can be written as (Islam et al., 2010; Mohajan & Mohajan, 2022b),
U(WI,WZ,WS,W4)= WW,WaW, . (D)

The budget constraint of the consumers is,

B(w,,wz,w3,w4): DWW, + DoW, + paws + pw, (2)
where p,, p,, p,, and p, are the prices of per unit of commodities w,, w,, w;, and w,,
respectively. Now the coupon constraint is,

K(wl,wz,w3,w4): kow, +k,w, + kyw, +k,w,, 3)
where k,, k,, k,, and k, are the coupons necessary to purchase a unit of commodity of w,,
w,, w,, and w,, respectively.
Using (1), (2), and (3) we can express Lagrangian function V(w,,w,,w;,w,,4,,1,) as (Baxley

& Moorhouse, 1984; Ferdous & Mohajan, 2022),



V(wl, Wy, Wi, w4,21,/12)= W W, WaW, +Z1(B— DW= DyW, — DyW; — p4w4)
+ (K = kyw, =k, wy —kywy —k,w,). (4)
Lagrangian function (4) is a 6-dimensional unconstrained problem that maximizes utility
functions; where 4, and A, are two Lagrange multipliers.

Now taking first and second order and cross-partial derivatives in (4) we obtain (Islam et al.

2009a,b; Mohajan & Mohajan, 2022d);

B =p,, B,=p,, B, =p,, B,=p,.

K =k, K, =k,, K, =k, K,=k,. (5)

Vi, =0, Vi, =V, = wyw,, Vi =V, =ww,,

Vie=V,=ww,, V,, =0, V=V, =ww,,

Vo, =V, = ww;, V,, =0, Vi =V =ww,, V,.=0; (6)

where 6—B:Bl, 6—K:K1, a—B:BZ, v =V, oV =V, i‘Z:VD, etc. indicate partial
ow, ow, ow, ow, ow,0w; ow,

derivatives of multivariate functions.
Now we consider the bordered Hessian (Mohajan, 2021a; Mohajan & Mohajan, 2022c),
0O 0 -B -B, -B, -B,
0 0 -K, -K, -K, -K,
|H|= _Bl _Kl Vn V12 V13 V14 . (7)
- Bz -K 2 21 V22 V23 V24
- B3 - K3 V31 V32 V33 V34
- B4 -K 4 V41 V42 V43 V44

We use p,=p, and p,=p,, i.e.,, amount of a pair of prices are same, and k, =k, and
k,=k,, 1.e., a pair of coupon numbers are same. Now we consider that in the expansion of
(7) every term contains p,p,kk,, then from (7) we can derive (Mohajan & Mohajan,
2022e);

|H| =-2p, p,kk, <0. (8)
For w,, w,, w;, w,, 4,, and 4, in terms of p,, p,, ps, p,, k,, k,, k;, k,, B, and K we can

calculate sixty partial derivatives, such as %, %, s %, %, . %, . %, .
o, Ok, Ok, py ok,
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% y e Z—i etc., (Islam et al., 2011; Mohajan, 2021c). Now we consider 6x6 Hessian and
Jacobian matrix as (Mohajan, 2021b; Mohajan & Mohajan, 2022a);
0O 0 -B -B, -B, -B,
0 0 -k, -K, -K, —K,
|J|=|H|= -B -k, V Via Vis Via 9)
-B, -K, Vy Vo Vas Vo
—-B, —-K; |V Vi Vi Vi
- B4 -K 4 V41 V42 43 V44

*

which is non-singular at the optimum point (w1 LWy, W, ,w4,/1f,/f;). Since the second order
conditions have been satisfied, so the determinant of (9) does not vanish at the optimum,

1.e.,

J|=|H

; and we apply the implicit-function theorem. We have total 16 variables in our
study, such as A, 4,, w,w,,w;,w, p,, P,, P Ps» ks ky ks k, s B, and K. By the implicit

function theorem, we can write (Moolio et al., 2009; Islam et al., 2010);

:G(pl’ p2’ p39p4’k1,k2,k3,k4,B, K).

(10)

Now the 6x10 Jacobian matrix for G, regarded as J, is given by (Mohajan, 2021a;

Mohajan & Mohajan, 2022a),

o on 0h o o Ooh 4 0 O 04
op, ©Op, Op, Op, Ok Ok, ok, Ok, oB oK
oA, 0A, 0OA, O0A, 0OA, 04, 04, 04, oA, o4,
op, ©Oop, Op, ©Op, Ok 0Ok, Ok, Ok, OB oK
ow, oOw, oOw, Ow, Ow, Ow, Ow,  Ow ow,  ow,
J - op, ©op, Op, Op, Ok Ok, Ok, Ok, OB 0K
ow, oOw, Ow, Ow, Ow, Ow, Ow, Ow, 0w, Ow,
op, ©Op, Op, Op, Ok Ok, Ok, Ok, OB 0K
ow, Ow, Ow, Ow, Ow,; Ow, Ow, Ow, ow,  Ow,
op, Op, Op, Op, Ok Ok, ok, ok, oB oK
ow, ow, ow, oOw, oOw, Ow, Ow, Ow, Ow, Ow,
| op, Op, Op; Op, Ok Ok, Ok, ok, 0B 0K

(11)



1
0 0 0 0O -w -w, —-w -w, 0

0
1
- 0 0 0o -4 0 0 0 0 0
A 2 (12)
o -4 0 0 0 -2 0 0 0 O
0 0 -4 0 0 0 -, 0 0 0
0 0 0 -4 0 0 0 -4 0 0|
The inverse of Jacobian matrix is, J ' = LCT , Where C = (C,j), the matrix of cofactors of J,

Y

and T indicates transpose, then (12) becomes (Mohajan, 2017a; Islam et al., 2009b, 2011),

-w =W, —w, —w, 0 0 0 0 1 0
0 0 0 0O -w -w —-w -w, 0 1
-1 0 0 0 -2 0 0 0 0 O
P z a3)
|0 -4 0 0 0 -4 0 0 0 0
0 0 -4 0 0 0 -4 0 0 O
0 0 0 -4 0 0 0 -4 0 0|
Now 6x6 transpose matrix C” can be represented by,
_Cll C21 C31 C41 CSI C61 |
Cl2 C22 C32 C42 C52 CGZ
CT — C13 C23 C33 C43 C53 C63 (14)
C14 C24 C34 C44 C54 C64
CIS C25 CSS C45 CSS C65
_C16 C26 C36 C46 CS() C66 _

Using (14) we can write (11) as a 6x10 Jacobian matrix (Mohajan & Mohajan, 2022b);

—wC, -4C;,  -w,C-4C,  -wC,-4Cs  -w,C,-4Cy  -wC, -4,
-wCy=4C,  -wC,-4C,  -wC,-A4C,,  -w,C,-4C,  -w(Cy-4C,
b Wl 4G, -wCy-A4C;  -wC=A4C;  -w,C3-4Cq  -wCy-4C;
|J| -wC,-4Cy  -wC,-4Cy  -wC,-4Cy,  -w,C,-4Cy  -w () -4,Cy,
-wCs=ACs  -wCs-4Cs  -mC;s-4Cs  -wCs-4Cs  —wCy5-A4,Cs
|-wCe—4C  —w,Cs—A4C  —mC—AC  -w,Ci—A4C  —wCy—4,Cy

G

-w, Gy = 4G, —wCy = 4C, —w,Cy - 4Gy G, Gy

W =4C,  -wCy-4Cs,  —w,Cyy - 4G, C, G,

WG =4Cs  -wCy-4C  -wCy-4C  C5 Gy (15)
WG =4Cy  -mCy-A4Cy, -w,Cy-4Cy Gy Cy

“-W,Cos=4,Cs W0 =4,Css —w,Cpis—4,Cs  Cs Cys

WG =AhC  —mCy—4C -, C—4C Cg Cy |



Now we analyze the nature of Lagrange multiplier 4, when total coupon K of the

th

consumers increases. Taking 7)), (i.e., term of 1™ row and 10™ column) from both sides of

st

(15) we get (Islam et al., 2011; Mohajan & Mohajan, 2022e¢),

A
oK

[C.1]

L
]

Cofactorof C,,

1

-B, -B, -B, -B
Vi Vo Vi VW

0
~K,

V23 V24

VZ 2

V33 V34
V43

V3 2

V44

V4z

V41

]

Vo Vi

Vi

V42 V44

V41

~ >

-~ >

|

V22 V24

V32 V34
V42 V44

Vay st
V3z V33
Vi V43

Vl
_Kz Vl

—K2
+V12 _K3

_V14_K3
—K4
Vl

_K1V1

_Kz sz V24
+Va[- Ky Vi, Vi,
_K4 V42 V44
_Kz V21 V23
V=K Vo Vi
K, Vi Vi

Vi, Vi
Vi Vi
Vis Vi

V24
; V34
V. 1 V44

—K2
_V12_K3
—K4
_Kz V21
+V13 _K3 Vl
—K4

N

Vi
Vi
Vis

S T I
S AN
o o o V2 V3 V4
SN
K_ NN
/J\.l|\ Kl
Q _ |
—|= '
|

Vas
V 1 V33
V. 1 V43

-K,

sz
V32
V42

V21
_B4 _Kl V31
Vl

v 1 V22
V 1 V32
V. 1 V42

_K2

_V14 _K3
—K4

1
V2 V3 V4 Vﬂ Vﬁ VM
SN RGN

_KZ

+V12 _K3
—K4

_Kz V21
_V13_K3

_K4

{_ Bl K1V23V24V34 - Bl K1V23V24V34 - Bl K2V12

+BK,V,,VoVay + B KV, Vo Vi + B KV VLV,

2
34

1
1
_BlK3V13

_BzK1V12V14V34

2
23

V.

_BlK4V14

+ Bl KZ‘/I 4V23V34 - Bl K3‘/I4V23V24

+ Bl K4‘/l 3V23V24

V.

2
24



+B, KV \VyVay +B,K\ViV,,\Vay —B,KViVVa +BKV,V3Va,  +BK VWY, _B2K4V24‘/1§

- BzK2V13VmV34 + BzK3V12V14V34 - B2K3V23‘/142t + BzK4V13V14V23 + B3K1V1 2V24V34 - BsK1Vl 3V2%t
+ BsK1V14V23V24 + B3K2V12‘/14V34 - K3K4V34Vé - B3K3V12VMV24 + BsK4V12V14V23 + B4K1V12V23V34
+ B4K1Vl3V23V24 - B4K1V14V223 + B4K2V12V13V34 - B4K3V34V1§ + B4K3V12V14V23 - B4K4V12V13V23
- B4K2V24V1§ + B4K2V13V14V23 + B4K3V12V13V24 - B4K4V12V13V23}
1

= |7 {_ 2P1k1W13W2W3W4 - p1k2W12W§W3W4 + p1k4W12W2W3WZ + p1k3W12W2W32W4 - p1k2W12W22W3W4
= P wiw,wiw, + Pk wiwyww + pikowiwy wow, = Pk wiw,wiw, = kWi w W)
—k, pywwswiw, + DWWy wow, + Pk wiwy wow, — Pk wwywyw, S I ATAUSTATH

2.2

+ pokswywywiw,
+pk 2y w?
DPrRyWWH WaWwy
_ k 2.2
D3R WW, Wy Wy

2 2
= Pakywywywswy

ok 2 2

DR WW, WiW,
+ pkowrw,w?

DsRiWy WoWs Wy
3

— Dskyww,wiw,

2 2
+ pikawywywiw,

3
— Pykywwywiw,
ke’ 2
DykW WoWy Wy
+ pik 2w?
D3R yWIW, W Wy

2. 2
= Pakswywywswy

2 2

+ pokswwywiw,
+ pkwrw,w?

DKWy Wows W,

2 2
+ Dakowy wywswy

2 9
+ pkyww,wiw,

ok 2.2

DrRsWW, Wy Wy
22

+ psk,wwywiw,

+ pkow? 2

PyyWy WoWawy

3
) ZUACACAUATA

2,2 2,2 2,2 3
= Pikywwy wawy + pukywiwy Wiy + pukswiwywiwy — p4k4W1W2W3W4}

3 3 3 3 2 2
:|7{_2P1k1W1W2W3W4 —2pkywwywsw, = piksww,wiwy =2pk,ww,wiwy o =2 plk,wiwywsw,

2 9
+ 2 p,kwiwywaw,

1
|

2 2 2 2 2.2 2.2
+pkwiwawaw, + pkwiwowiw, = plkawiw,wiw, + pikwiwywiw,

+ Dok, Wwa Wiy + PR W W Wow + koW wiwow, + pok,wwawiw, + p4k3W1W2W32Wj}
% _Ww,ww,
oK |

+ (p1k4 + Pk, )W1W4 + (P2k3 + psk, )W2W3 + (p2k4 + Pk, )W2W4 + pikswyw, } .

{_ 2plklwl2 - 2p2k2W22 - p3k3w32 - 2p4k4wj + 2(p2k1 - pik, )Wlwz + (p3k1 — Pik; )W1W3
(16)
Using w, =w, =w, =w, =1 in (16) we get,

0 1
A ——{— 2pk, —2p,k, — psks —2pk, +2p,k, —2pk, + p;k, — pky + pk, + p.k, + poks + pik,

oK ||
+ Pk, + Dk, + pky . (17)
Using k, =k, and k, =k, in (17) we get,
0 1
£ZM(_3plkl —2p2k2+5p2k1). (18)
Let k, =k, =k, and |J|=-2p, p,k* then we get from (18),
%:3(171_172) (19)
oK 2ppok
where p,p,k>0.
If p,> p, in (19) we get,
%4 . (20)
oK



Inequality (20) indicates that if the total coupon of the consumers’ increases, the level of
marginal utility will also increase. Therefore, in this situation the consumers will collect
more coupons. Depending on the consumers’ demand, the organization should take attempts
to increase the production level.

If p,>p, in (19) we get,

oA
~ <0 1)

Inequality (21) indicates that if the total budget of the consumers’ increases, the level of
marginal utility will decrease. Therefore, in this situation the consumers will reduce the
collection of coupons. Depending on the consumers’ demand, the organization should take

attempts to decrease the production level.

oA

In this study we observe that, 6—7&0. Therefore, from (19) we see that, p, # p,, i.e., the

prices of two commodities w, and w, are not equal and consequently, these are different

goods.

Now we analyze the nature of Lagrange multiplier 4, when total coupon of the consumers

increases. Taking T, (i.e., term of 2" row and 10™ column) from both sides of (15) we

get (Islam et al., 2010; Mohajan & Mohajan, 2022e,f),

oA, 1
2 ___|C
oK |J|[ 2]

__L Cofactorof C,,

g
0 -B -B, —-B, —-B,
1 - B, Vi Vi Vis Vi
= m =B, Vy Vy Vs Vy
- Bz V31 V32 V33 V34
- B4 V41 V42 V43 V44
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_Bl Vlz V13 Vl4 _B1 V11 Vlz Vl4 _B1 V11 V12 V14
_ 1 -B, Vy, Vi Vi _B =B, V, Vi Vi +B =B, V, V Vi
= 2 3
|J| - B3 V32 V33 V34 - B3 V31 V33 V%4 - Bs V31 V32 V34
- B4 V42 V43 V44 - B4 V41 V43 V44 - B4 V41 V42 V44
- B] Vl 1 V12 Vl 3
_B - Bz V21 sz V23
4
- B3 V31 V32 V33
-B, V, Vi Vi
1 sz V23 V24 - Bz V23 V24 - Bz V22 V24 - Bz V22 V23
= m Bl _Bl V32 V33 V34 V12 _Bs V33 V34 +V13 _B3 V32 V34 _Vl4 - Bs Vsz V33
L V42 V43 V44 - B4 V43 V44 - B4 V42 V44 - B4 V42 V43
V21 V23 V24 - Bz V21 Vz4 - Bz Vzl V23 V21 V22 V24
_Bz - Bl V31 V33 V34 + V13 - Bs V31 V34 _V14 - B3 V31 V33 + B3 - B1 V31 V32 V34
V41 V43 V44 - B4 V41 V44 - B4 V41 V43 V41 V42 V44
=B, Vy Vy, =B, Vy Vy n Vo Vi =B, Vy Vi =B, V, Vy
Vol By Vi Vay|=Vi|=By Vi Vi |p =By =B\\Vyy Vi, V| +Vyy =By Viy V| =V =B,V Vy,
B4 V41 V44 - B4 V41 V42 V41 V42 V43 - B4 V41 V43 - B4 V41 V42
1
= m {_ 2312V23V24V34 - B132V12V3i + BIB4V1 2V23V34 + Bl B3V12V24V34 + Blevl 3V24V34 - BlB3V13V2%t
+ B1B4V13V23V24 + Blev14V23V34 + B1B3V14V23V24 - BlB4V14V2i - B132V12V3i + B1Bzv14V23V34
+ Blev13V24V34 - B;V13V14V34 - BzB4V12V13V34 + BzB3Vl3Vl4V24 - BzB4V1§V24 - Bzzv13V14V34
+ BzB3V12V14V34 - BzB3V1§tV23 + BzB4Vl3V14V23 - B1B3V12V24V34 - B1B3V13V231 + B1B3V14V23V24

+ BzB3V12V14V34 - BsB4V1§V34 - B32Vle14V24 + B3B4V12V13V24 + BlB4V12V23V34 + BlB4V13V23V24 - BlB4V14V223
+B,B,V,ViiVay - B3B4VI§V34 +B,B,Vi,V1,Vas - ijl ViV - BzB4V1§V24 +B,B,V;V1.V);3
+ BsB4V12V13Vz4 - BjV12V13V23 }

oA, 1 2203 2.2 2 2 2 2 2 2

oK _m T LYW WLW W, — DY POW Wy W W, D DWW, WW o DL DWW WEW, D DWW W W,
_ 2 2 N 2 2 " 2.2 N 2 2 _ 2 2
P1P:;Wy WoWy Wy P1PyWy WoWs Wy P1PoWy W W3Wy P1PsW Wo,Wi Wy P1PyWy WoWs Wy

_ 2.2 ) 2.2 2 3 _ 2 2 4 2.2
P1PoWy Wo W3Wwy DP1PoyWy Wy W3 Wy PoyWWrowsw, Po DWW, WaWy D2 DWW, Wawy
2 2 2 3 2 2 2 2 2 2
— Dy DWW, WaW, — DoyWW,Wiw, + P, DWW, Wi W, = Dy DWW, W3 W, T Py PaMWr WaWy
2 2 2 2 2 2 2.2 2.2
= D1 PsWy WoWs Wy = D\ PsWyWows Wy t PP WoWa W, T Py DWW, WaWw, — D3 PyWW, Wi Wy,
2 3 N 2.2 " 2 2 N 2 2 _ 2 2
PyWwrwswy P3PyWiWoWs Wy P1PyWy WoWswy P1PyWy WoW; Wy P1PyWy WoWswy

2 2
+ Dy DWW, Wisw,

2.2
— D3 PsWW, Wi Wy

2.2
+ D3 PyWWr, W W,

2 2 2.2 2 3
t Dy PAMWLWsWy + D DWW, WIW, — DWW, W W,

11
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T PyWiWr WiWy

2 2
— Do PaWWHOWs W,



o1, 1

23 23 2 3 2 3 2 2
{_2p1W1W2W3W4 —2pywWyWsw, = PIWW,WIW, 2D WWmaWaW, 2P DWWy W W,

K ||

+2p1p4w12w2w3wj + 2p2p3W1W22W32W4 + p3p4w1w2w3zwf}. (22)
oA

6K2 == WIW|2JT3W4 {_ 2p12W12 - 2p22W§ - p32w32 - 2pfwf +2p,p,ww, +2p pww, +2p, pw,wy

+ D P WsW, | (23)
Now we use p,=p,,and p, = p, where pair of prices are same, a|J|=|H|=-2p,p,kk,. Now
we use w;, =w,, and w, =w,, then (23) becomes;

2.2
o4, W, W

oK - 2p,p,kk,

(pzwz - P )(3P1W1 _4P2W2)’ (24)
where p,p,kk, >0 and w'w: >0.

. 4 .
Now if p,w, < pw, < 3P in (24) we get,

% >0. (25)
Inequality (25) indicates that if the total coupon of the consumers’ increases, the level of
marginal utility will also increase. Therefore, the consumers will try to collect more
coupons. The organization should take attempts to increase the production level, depending

on the consumers’ demand.
Now if p,w, < % pw, 1n (24) we get,

ok, _

=2 <0. (26)

Inequality (26) indicates that if the total budget of the consumers’ increases, the level of
marginal utility will decrease. Therefore, the consumers will try to reduce the collection of
more coupons. The organization should take attempts to decrease the production level,

depending on the consumers’ demand.

oA : .
From (24) we see that, —= =0, so that, p,w, # p,w,and also 3pw, #4p,w,, i.e., the prices

of two commodities w, and w, are not equal, 1.e., it seems that these goods are different.
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6. Conclusions

In this study we have taken attempts to discuss sensitivity analysis between Lagrange
multipliers and total coupon during the utility maximization investigation. To discuss utility
maximization we have used two constraints: budget constraint and coupon constraint. In this
article we have run the mathematical calculations with four commodity variables. We have
observed that uses of the Lagrange multipliers are very fruitful both for the consumers and

producers.
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