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1. Introduction

Mathematical modeling in economics is the application of mathematics in economics that operates
among prices, production, employment, saving, investment, etc. [Samuelson, 1947]. At present, it
successfully covers many leading fields of modern society, such as economics, sociology, psychology,
political science, etc. [Zheng & Liu, 2022]. The utility is an important and fundamental concept in modern
economics [Fishburn, 1970]. It is the property in any object that produces benefit, advantage, pleasure,
good, or happiness (positive utility), i.e., to prevent the happening of mischief, pain, evil, or unhappiness
(negative utility) of a particular individual or a community of the society [Bentham, 1780; Castro & Araujo,
2019]. In every society, individuals want to obtain the highest level of satisfaction by the use of their
purchasing goods and utility maximization helps in this favor [Kirsh, 2017]. Utility helps organizations to
achieve maximum profit within the fixed budget and available technologies, and efficient use of raw
materials [Eaton & Lipsey, 1975]. The notion of utility was established 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; Marshall, 1920].
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In this study, we have tried to discuss sensitivity analysis among Lagrange multipliers and commodity
coupons during utility maximization, where we have used two constraints; budget constraint and coupon
constraint. In the mathematical modeling, we have worked with the determinant of bordered 6x6 Hessian
matrix and 6x10 Jacobian matrix, and have used implicit function theorem. In the analysis, we have tried
our best to achieve the best result through the application of the scientific method of optimization.

2. Literature Review

In any research area, the literature review section is an introductory section of research, where the
seminal works of previous researchers in the same field within the existing knowledge are highlighted [Polit
& Hungler, 2013]. In 1928, two world-famous American scholars; mathematician Charles W. Cobb (1875-
1949) and economist Paul H. Douglas (1892-1976), in a seminal paper provided the mathematical
procedures of production functions; which is known as Cobb-Douglas production function [Cobb & Douglas,
1928]. Later in 1984, another two American researchers; mathematician John V. Baxley and economist John
C. Moorhouse, worked on production functions, and they also provided the utility maximization policy
[Baxley & Moorhouse, 1984]. David Gauthier believes that a rational and moral economic person seeks to
maximize utility [Gauthier, 1975]. F. Thomas Juster gives a brief history of the development of utility theory.
He examines the role of goods and services that produce utility [Juster, 1990].

Famous Bangladeshi mathematician and physicist Jamal Nazrul Islam (1939-2013) and his coauthors in
two different papers have discussed both profit maximization and utility maximization [Islam et al.,
2010a,b]. Young and novel researcher Lia Roy and her coauthors have provided a series of appendices to
calculate cost minimization by the use of the Cobb-Douglas production function [Roy et al., 2021). Pahlaj
Moolio and his coauthors have worked to form economic models with the Lagrange multiplier [Moolio et
al., 2009]. Devajit Mohajan and Haradhan Kumar Mohajan have discussed utility maximization and profit
maximization policies. They have studied the Cobb-Douglas production function with detailed
mathematical analysis [Mohajan et al., 2013; Mohajan, 2022, Mohajan & Mohajan, 2022a].

3. Methodology of the Study

The academicians take the research as an essential and influential work to lead an academic empire
[Pandey & Pandey, 2015]. The methodology is a guideline to perform good research that helps the
researchers to increase the trust of a reader in the research findings [Kothari, 2008]. Hence, research
methodology is a way for the researchers for organizing, planning, designing, and conducting good research
[Legesse, 2014]. It helps novice researchers to identify research areas and projects within their capacities
[Blessing et al., 1998].

In this study we have tried our best to maintain reliability and validity, and have tried to cite references
properly in the text and reference list [Mohajan, 2017b]. We have used both published and unpublished
secondary data sources of optimization to prepare the research paper [Mohajan, 2018b, 2020]. We have
also taken help from journal articles, conference papers, published books, and handbooks, the internet,
websites, etc.

4. Objective of the Study



(online) = ISSN 2285 — 3642

27N ISSN-L = 2285 - 3642
; {4.‘ Journal of Economic Development, Environment and People
W Volume 12, Issue 1, 2023
W
l \ URL: http://jedep.spiruharet.ro

e-mail: office_jedep@spiruharet.ro

The prime objective of this article is to discuss sensitivity analysis among Lagrange multipliers and
commodity coupons for utility maximization policy. In mathematical economics, the property of a
commodity that enables it to satisfy human wants is considered a utility. The other related subordinate
objectives are:

e to demonstrate the mathematical calculations elaborately,
e to show the economic predictions appropriately, and
e to adjust the economic properties with mathematics.

5. An Economic Model of Utility

We consider that there are only four commodities in society, such as E,, E,, E,, and E,. Let the
consumers in the society willing to purchase only ¢, e,, e;, and e, amounts from these four commodities

E,, E,, E,,and E,, respectively. The utility function for these four commaodities can be written as [Islam
et al., 2010a; Mohajan, 2018a; Mohajan & Mohajan, 2022b],

u(el,ez,e3,e4)= €6,65¢,. (1)
Now we consider that the budget constraint of the consumers is [Mohajan, 2021a],
B(elsezae3’e4):plel + pye, + pses + pue, (2)

where p,, p,, py,and p, are the prices of per unit of commodities ¢, e,, ¢;, and ¢,, respectively. Now
we consider that the coupon constraint is [Mohajan & Mohajan, 2022d],

N(el,ez,e3,e4):n]el +n,e, +nye; +n,e,, (3)
where n,, n,, n,, and n, are the coupons necessary to purchase a unit of commodity of ¢, e,, ¢;, and
e,, respectively.
Using (1), (2), and (3) we can present the Lagrangian function U(el,ez,e3,e4,,ul,,u2) as [Baxley &
Moorhouse, 1984; Mohajan & Mohajan, 2022a],

U(elaezaevew/v‘]aﬂz): €6,6:¢4 + [ (B — D€~ D26, — D6 —p4e4)

+ ,uz(N—nlel —n,e, —nse, —n4e4). (4)
Lagrangian function (4) is a 6-dimensional unconstrained problem that maximizes utility functions; where
M, and u, are two Lagrange multipliers.

Now taking first and second order, and also cross-partial derivatives in (4) we obtain [Islam et al. 2009a,b;
Mohajan & Mohajan, 2022c];

B, = py, B, = p,, B; = ps, B, = py;
N, =n,, N, =n,, N, =n,, N,=n,; (5)
U, =0, Uy =U, =ee,, Uj; =Us = eey,
Uy =U, =ee, U, =0, Uy =Us;, =ee,,

Uy =Up =ee, Uy =0, Uy =U; =¢e,, Uy =0, (6)
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OB OB ON ON oU oU o’U
where —=B,, —=8B,, —=N,, —=N,, —=U,, —=U,, -

Oe, Oe, Oe, Oe, Oe, Oe, oe;
differentiations of multivariate functions. Now we consider the determinant of bordered Hessian matrix
[Mohajan, 2017a; Ferdous & Mohajan, 2022],

0 0 -B -B, —-B, -B,
0 0 -N, -N, —-N, —N,
|H|= -B -N, U, U, U Uy, . (7)
-B, =N, U, Uy Uy Uy
=B, -N; Uy, Uy Uss Uy
-B, -N, U, U, U, U,

For convenience we use p; = p, and p, = p,, i.e, the amount of a pair of prices are the same, and also

=U,,, etc. are partial

n; =n; and n, =n,, i.e., a pair of coupon numbers are the same. Now we consider that in the expansion

of (7) every term contains p, p,nn,, then for utility maximization, from (7) we can derive [Mohajan &
Mohajan, 2022¢];

|H|=-2p,p,nn, <0. (8)
We can determine the Lagrange multiplier £ >0 as [Mohajan & Mohajan, 2022b,d],
e,n, —en
U =ee, 22 (9)
nypy —np,

where n,p, #n,p,.
We can calculate the Lagrange multiplier £, > 0 as [Mohajan & Mohajan, 2022b,e],

&P, —éep
— 2172 1471
U, =ee, ——"— (10)
mp, —mp,
where n,p, #n,p,.
For ¢, e,, e, e,, i, and i, intermsof p, p,, ps, p,, n,, n,, ny, n,, B, and N we can calculate

0 0 0 0 0 0 0 0
sixty partial derivatives, such as #h , th L A , £ , g ca 9t i, etc., [Islam

op, op, on,” on," " op, " om " OB' T ON

et al.,, 2011; Mohajan, 2021c]. Now we consider 6x6 Hessian and Jacobian matrix as [Mohajan, 2021b;
Mohajan & Mohajan, 2022a; Roy et al., 2021];

0O 0 -B -B, -B, -B,

0 0 -N, -N, —-N, -N,

-B -N, U, U, U Uy,
U

(11)
21 n Uy Uy
U

U
- Ba -N 3 U31 U32
- B4 - N, 4 U41 U42 U43 U44
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which is non-singular at the optimum point (el*, e;, e;, e:, ,ul*, ,u;) Since the second-order conditions have
J|=|H

implicit function theorem. We have total 16 variables in our study, such as p,u,, ¢,e,,¢e,¢,

; and we apply the

been satisfied, so the determinant of (11) does not vanish at the optimum, i.e.,

Di> Da» Py> Dar Ny, 1y,05,0,, B, and N . By the implicit function theorem, we can write [Islam et al.,
2010a; Mohajan et al., 2013];

H
Hy

:G(plap29p3:p47n1’n2,n39n4:BaN)' (12)

6(#]7/'12561,@2,@3’64)
a(pU Dys D3> PysPy, Hy, n3,n4,B,N

Now the 6x10 Jacobian matrix for G; regarded as J; = ), and is

presented by [Mohajan, 2021a; Mohajan & Mohajan, 2022a],
Oy Oy Oy Oy Oy Opy Opy Opy  Opy Opy
op, op, ©Op, Op, On, On, Ony On, OB ON

Oy Opy Opy Opy Opy Oy Oy Oy Oy Oy
op, Op, Op, Op, On, On, On, 0On, OB ON
Oe, 0Oe  0Oe  Oe  0Oe  Oe  COe  Oe  Oe  Oe

7 - op, o, O, Op, On On, On, On, OB ON (13)
“ de, 0Oe, Oe, 0Oe, 0Oe, 0Oe, Oe, Oe, 0Oe, Oe, |

op, ©Op, Op, Op, On On, On, On, OB ON
Oe, Oe, 0Oe, 0Oe, Oe, Oe;, 0Oe, Oe, 0Oe, Oe,

op, ©op, Op, Op, ©On, On, On, On, OB ON
de, Oe, Oe, Ce, Oe, Oe, Oe, Oe, Oe, Oe,

op, o, Op, Op, On, On, On, On, OB ON

[—e, —e, —e, —¢, O 0 0 0 1 0
0 0 0 0 —-¢ -e —-¢ =-e¢ 0 1
| 0 0 -4, 0 0 0 0 0 (1a)
0 —x 0 0 0 - 0 0 0 0
0 0 —x O 0 0 -4 0 0 0
0 0 0 - O 0 0 -x 0 0|



The inverse of Jacobian matrix is, J! ——CT, where C = (Cij ), the matrix of cofactors of J, where T
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indicates transpose, then (14) becomes [Mohajan, 20173a; Islam et al., 2009b, 2011],

0

S O O O =

-¢Cy - 1,C,
-¢,Cy, —1,C;
—¢Cy - 1,C;
-¢C,y - 1,C,,
—¢,Cys = 1,Css
—¢,Cy = 11,C

-e —e —e —e, 0 0 0 0 1
0 0 0 0 —-¢ -e -¢ -¢ O
JG——LCT — 4 0 0 0 —-pu 0 0 0 O
| 0O -4 0 0 0 -z, 0 0 0
0 0 —y 0 0 0 -pu 0 o
0 0 0 -y 0 0 0 —-u O
Now 6x6 transpose matrix C" canbe represented by,
G, G, G Gy G Co |
C, Gy G, G, Gy Co,
o = Cy Gy O O o Cos
Cs G G (G Cy Co
Cs Oy Cs G5 Gy Cos
1Cs Gy Cs G Gy Ces |
Using (16) we can write (13) as a 6x10 Jacobian matrix [Mohajan & Mohajan, 2022b];
__elcll -G -,C - mCy —eCi—-uCs -0 -1 Cy
-eCy-mCy,  -6C,-uCy -eCy-pCy,  -e,C,-uCy
_ s —eCy- Gy —eCy-mCy —eCy-pCyy —e,Cy— 1 Cy
‘ |J| -¢Cy-uCy  -6C,-uCy  -eC,-pC, -eC,-uC,
—eCs—mCys  —e,Cs—pCys —eCs—pCss —e,Cs— 1 Cs
|—aCe— Gy —e,C—uCy —eCo—pCs —e,Crg— 1 Cy
-0,y -1,Cy -0y -G —e Gy -Gy G Gy
-0 —1,Cpy -0 —1,Cy, —e,Cly-p,C, G, Gy
—Cu-Cy  —e,Cy-1,Cy —e,Ci-iCyy Gy Gy
-0y —1,Cy  —6Cy-1,Cy —e,Cy-uCy Gy Cy
=00y —iCis —e,Cs—1,Css —e,Cs—1,Cs - G5 Gy
-,y —1,Cy —eCy—1,Csg —e,Crs— G Cg Cyg

6. Sensitivity Analysis

(15)

(16)

(17)
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0
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Cofactorof C,, +£2 Cofactorof C,

Now we analyze the nature of the Lagrange multiplier s, when the quantity of surrendering coupons

Oy

on,
é
1
B3

n, for the purchasing of the commodity e, increases. Taking 75, (i.e., term of 1% row and 5" column) from
+

both sides of (17) we get [Islam et al., 2011; Mohajan & Mohajan, 2022¢],

SIS
S'ds s e
N2N3N4 U2UT1,.U4
__4_ N1
5
| Bs
& 3 . 3 +
S T
SEn 2R
\|\J 111
|44MM N en < 3U
SEsS T2
= = = =
NI W I
R 5 3.3 )
5D D _
S I
_N_UU S EF 5
sESS T 00
g 5 =z = =
N_ U_ L
<+ 5 o« <+ <« < U]
q = & 3 833
TR RRR T
- BB%U2U3U4
#3WU2UBUUU
zzzzUnUwUuUUU
D_uNUzU4 = 5 = S
! | 559
TESS 8 T
= =

N.

_|_

b
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-N 2 U21 U24 —-N. 2 U21 U22 U21 Uzz U23 -N, U, U23
+UL =Ny, Uy Uy _U14 _Ns U31 U32 _B4 _Nl U31 U32 U33 +Up|=N;, Uy Uy
- N, 4 U4| U44 =N, 4 U41 U42 U41 U42 U43 - N, 4 U4| U43
-N, U, U, -N, -N; -N, -N, =N, =N, N, -N, -N,
—Us=N; Uy Uy |+ I|L;_2| —N)\=B)|\Uy, Uy, Uy +By| Uy Uy Uy =By Uy Uy Uy
-N, U, U, Up Uy Uy Uy Uy Uy Uy Uy Uy
~-N, —N, —N, ~-N, —-N, —N, ~-N, —-N, —N, ~-N, —-N, —N,
+B,| Uy Uy, Uy |p + Ny =B\ Uy Uy Uy | +B,) Uy Uy Uy =B Uy Uy, Uy
Uy U, U, Up Uy Uy Uy Uy Uy Uy U, Uy
~N, =N, —N, -N, -N, -N,| |-N, =N, —N, -N, -N, —-N,
+B,/U,, U, Uyl|lt-Ns-B|U, U, U, +B,U, U, U, -BlU, U, U,
Uy Up U Up Uy Uy Uy Uy Uy Uy U, Uy
- Nl - Nz - N3
+B,|U,, U, Uy
Uy Uy Uy
= _|€71| {_ BlN1U23U24U34 —BNUULU;, — BlN2U12U324 +BN,ULU»Us + BN,ULULU,

+ B N,U,,U,Uy, —BNU,Us, + BNULULU,, + BN,UUpUs, = BNU U Uy, ~ BNULUS,
= B,N\UZU Uy + ByNUUpUs, + ByNU UL U, = ByNURULUs, + ByNU LU,
+B,N,U3U Uy, — B2N4U24U123 = B,N,UjU Uy + ByN;ULU WU, — BzN3U23U124 +B,N,UsU, Uy,
+B,NUUUs, —~ B3N1U13U224 +B,NU UpUy, + ByNU LU, —~ K3N4U34U122 —BNU LU LU,
+B,N,U,U, .U, +B,NU,,U,Us, + B,NU,Up,U,, - B,NU, U +B,N,U,U, U, - B,NU,,U},
+B,NU,U,,U,; —B,N,U,UU,, — B,N,U, UL + B,N,U U, Uy, +B,NU,UU,,

—B,NULU LU, } + it;_2| {+ BIN22U324 = B,N,N,U,,Us, = BIN,N,U, U, — BzN1N2U324 +B,N,N;U U,
+ B,N,N,U,,U,, + B;N,N,U, U, — B,N*U,,U,, — B,N,N,U,;U,, + B,N,N,U,,U,, + B,N,N,U,.U,,
- B4N22U13U34 +B,N,NU Uy, = BN, NU WUy = BIN,NUL U, + BIN32U224 —B\N;N,U,U,,

- B,N,N,U,,U,, - B,N;U,,U,, — B,N,N,U,U,, + B,N,NU,U,, — B,N,N,U;, + B,N,N,U,U,,

+ B,N,N,U,U,, + B,N,N,U,;U,, + B,N,NU,,U,, — B,N,NU,,U,, — B,NU,,U,, — BN,N,U,,U,,
= B\N;N,U,U,, + BNU; + ByN\NU, Uy, = B,N;N,U Uy + ByNNUGU,, — BzNlesUB
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+B;N\N U Uy, + BN,NU LU, = BN, NUU,, — B3N5U12U23 - B4]v1N4U223 +B,N,N,U3U,;
+B,NNU LUy, }

b
d

2 2 2 2 2 2 2 2 22 2 2
T PiLe 668, T Pihe €68, — D 6,6 e, — DiNe 6,68, — P66, 6¢, + D)ne e e,

3 2 2 2 2 2 2 2 2 2 2
{— 2p1n1€1 e.ee, — pn,eeee, + pneeee, + prneeee, — pn,eeee, — pne eee,

2 2 3 2 2 2 2 2 2 3
T D€ 668, — Prlhe 668, + Dhnee, e, + Phnie e, e e, — pn,ee,ee, — Prlhe e ee,
2 2 2 2 2 o 2 2 2 2 2 2
T Palse e ese, — P)iee, e e, + prnee,ee, + pine e,e e, — Pile e,6;€, + pile eee,
2 2 2 2 3 2 2 2 2 2 2
T Dime e, e, — pingee,e e, — Piie 6,6 e, + Piinyee,e ey + Py 6,66, + Pyiie €,e€;
2 2 2 2 2 2 2 2 3 2 2
 Pale€ 6,638, + Pi1he 6,658, — Pylh€€,63€, + Pyl €,63€, — Pyly€,6,638, — pPyihee,ese,

+ e e + pieeee, — pkeeee, } + il'j_2| {p]n22612622 —2pmnelee; —2pninelee,
—2pmn,elee, — pmmele; + pmmeese; + pnnee;e, + pi,e ee — pineese;
—2pmn,ee.ee, + pimnee,ee, + Pimn,eeee, + pnmneeee, — pee,ee, + piniele

— pnnelee, — ponsee,e; —2p,nn.ee,e.e, + psnee,ee, — e e + piann.eese,

+ el ee, + pnnee,ee, = pisece, + piele; + pnn.elee, + pnnee.ee, - pnieee;
+ pnelee, — pinieese; — payngee; + pingeee; + pinneeie, }

O __a
on, |J |
- 2p2n2€16363e4 +p2n381622€32€4 +p2n4ele§e3ej +p3n1€1282€3264 +p3n261622632€4 - p3n361€2€;e4

+ peleee, + pameeiee, + pineeee, —2pneeee, } + 2 {plnzzelzezz ~2pmnselee,

d

2 2.2 2 2 2.2 2 2 2 2 2
—2pnsne ee, + pnje e, —2pn,ne ee, + pniee; — pnne e, + Dh,1see5e, — D,Nnse; e,e,

3 2 2 2 P 2 o 2 2
{_ 2pnieie,ee, — pimye e ee, + Pie e, — Pike e,ee, + p,ne eee,

2, 2 2 2 2 2 2 2, 2 22
— p,nseee; + p,n,neee, + p,nn,eee, — p,n,eee, +p3nll’lzel 6,6, — P3N, ee,e; — Pinin,e e,
2 2 2, 2 2 2, 2 2 2
T Di11,€65€4 + Py €8y — P3Ny €636, + Dyiihe €€, + Pyhe e 68, — Pull; 6636, — pyinge €,
2 2
T Payiee,e, + pisn,eese, } (18)

Using ny =n, and n, =n,;and p; = p, and p, = p,,and also ¢; =¢, and e, =¢, in (18) we get,

ou e
1 _ & 4 2 4 2 33 33 3 3 240 Hy 3
= __{pznlel e, —3pne’e; +3p,nee, + pmele; + pn.ee, —3p,n.ee, }_ {plnlnzel €
om || ]

222 2 2 23 2 2
—2pimyee; — pimmee; —2p,niee, +4p,mme;e, } (19)

Using ¢, =e, =¢ in (10) we get,
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_e(p,-p)
nmp, —nmp,

M, (20)

where n,p, #n,p,.
Using ¢, =e, =e in (19) we get,

O
on,

7 4
= _|e7|(4p2n1 =3pn + pn, — 2p2n2) _%

Now using |J| = |H| =—-2p,p,mn, from (8) and the value of y, from (20) in (21) we get,

;
% — —e—(3P1”1 —4p,n, —pn, + 2}72”2) +
on, 2ppymyn,

(2pln§ +2p,nn, +2p2n12 —4p2nln2). (21)

67([92 _pl)
2ppamns(mp, =y,
Oy _ e7(4p]p2n22 —5ppon +3ppymm, +6pin’ =3ping + pinn, —6p22n1n2)

)(2171”22 —4p,mn, +2pmn, + 2p2n12)

(22)
on, 2p,pnn, (n1p2 _n2p1)
where n,p, #n,p, and p,p,nn, >0.
Now putting n, =n, =n in (22) we get,
7
o _ e g (23)
on; pyn

From inequality (23) we see that if the quantity of submitting coupons n; for the purchasing of the

commodity e, increases, the level of marginal utility also increases. It seems that commodity ¢, is a
superior good and it has no supplementary goods.

Now we analyze the nature of the Lagrange multiplier £z, when the quantity of submitting coupons n, for

the purchasing of the commodity e, increases. Taking 755, (i.e., term of 2" row and 5™ column) from both
sides of (16) we get [Islam et al., 2010a; Mohajan, 2018a],

O, _ ¢ Hy
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Using n; =n, and n, =n,;and p; = p, and p, = p,;andalso e; =¢, and ¢, = e, in (24) we get,

ou e Y7,
81’12 = _m {3p12614€22 _7p1p2el3€§ +4pzzelze;t} +ﬁ{2p§n261€§ +2p1p2n2612622 _3]722”1612922 +p1p2nzel3€2
1
+3p12n1614 —pfnzefez}. (25)
Using ¢, = e, =¢ in (10) we get,
3
e —
nmp,—n,p

where n,p, #n,p,.

Now using |J| = |H| =-2p,p,nn, from (8), ¢, =e, =e and value of x, from (26) in (25) we get,

aﬂz — 67(3p12 _7p1p2 +4p22) _ 67(]?2 _pl)(3p1p2nz +3p12n1 _3p22n1 —p12n2 +2p§n2)

@7
on, 2ppymn, 2ppomn, (n1p2 - nzpl)
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on, 2p,p,mn, (n1p2 _”2p1)
where n,p, #n,p,.
Now using n, =n, =n in (28) we get,
2
o, _e'(2p,—p) +p.(p,~6p) (29)
ony 2p,p,n’
where 2p, p,n° >0.
Now if p, >6p, in (29) we observe that,
9 L, (30)
on,

From the inequality (29) we have realized that if the quantity of submitting coupons n, for the purchasing
of the commodity ¢, increases, the level of marginal utility also increases. Therefore, if the number of

coupons 7, increases one unit, marginal utility increases exactly 1, units. It seems that commodity ¢, is a
superior good and it has no supplementary goods. In this situation, the organization should try to increase
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the production of the commodity ¢, depending on the local and global demand [Mohajan & Mohajan,
2022c,f].

Now if p, <1.9p, in(29) we observe that,

% <0. (31)

on,
The inequality (31) indicates that if the quantity of submitting coupon n, for the purchasing of the
commodity e, increases, the level of marginal utility decrease. That is, for the increase of coupons n,, the
marginal utility will decrease by exact , units. This situation seems reasonable result in the sense that a
commodity e, has many substitutes, and hence consumers switch to substitutes when the price of a

commodity e, goes up.

7. Conclusion

In this study, we have discussed sensitivity analysis among Lagrange multipliers and commodity coupons
during utility maximization. Of course, the Lagrange multipliers method is a very useful and powerful
analysis in multivariate calculus. We have realized that sensitivity analysis is very important for economists,
and the producers can predict their future production. Throughout the study, we have tried to present the
mathematical representations elaborately.
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