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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).
Pahlaj Moolio and his coworkers have worked on the Cobb-Douglas production functions to determine
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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 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 ﬂ1 and ﬂ.z , 6%6 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 (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 (Mohajan, 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),

Uw,, wy, Wy, w, ) = ww,wyw, (1)
The budget constraint of the consumers is,

Blw,, w,, Wy, w, )= pw, + p,w, + pywy + p,w, 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(w,wy, wy,w, ) =kw, +k,w, + kw, + k,w, 3)
where kl s kz s k3 ,and k 4 are the coupons necessary to purchase a unit of commodity of w;, w,, Ww;,

and W,, respectively.
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Using (1), (2), and (3) we can express Lagrangian function V(Wl, W, , W, Wy, /11 R ﬂz) as (Baxley &
Moorhouse, 1984; Ferdous & Mohajan, 2022),
V(W wy, wy, Wy, A, 4y )= wiw, wow, + 4 (B — pow — pyw, — psws — puwy)
+ (K —kow, —kyw, —kwy —k,w, ) 4)
Lagrangian function (4) is a 6-dimensional unconstrained problem that maximizes utility functions; where A,
and 22 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,. %)
V=0, V,=V,, =ww,, V=V, =w,w,,
Vi,=Vy=ww,, V,, =0, V,, =V, =ww,,
Vy=Vy=ww,, V;3=0, V,,=V,=ww,, V,,=0; (6)

2 2
where 5_B =B,, a—K =K, 5_B =B,, 8_V =V, a—V =V, 8—12 =V, , etc. indicate partial
ow, ow, ow, ow, ow,w, ow,

derivatives of multivariate functions.
Now we consider the bordered Hessian (Mohajan, 2021a; Mohajan & Mohajan, 2022c),

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

0 0 -K, -K, -K, -K,
|H| _ -B -k, Vi "o Vs Vi . )
Va £ Vs Vau

-B; —K, Vi Vi Vis Vi
Vi Ve Vis Via

Weuse p;=p, and p, = p,,i.e., amount of a pair of prices are same, and k3 = k1 and k4 = kz ,le.,a
pair of coupon numbers are same. Now we consider that in the expansion of (7) every term contains p, p,k,k, ,
then from (7) we can derive (Mohajan & Mohajan, 2022¢);

|H|=-2p,p,kk, <0. )

For w,, W,, wy, W,, A ,and A4, intermsof p,, p,, p;, P.. k., k,, ky, k,,B,and K we can

_ . o4, 04, o4 0, ow, ow,

calculate sixty partial derivatives, such as — , —=, .., , Y ey T T
op, p, Ok, Ok, op, Ok,

oA o4 . . . . .

8_3 Y e a_K , etc., (Islam et al., 2011; Mohajan, 2021c). Now we consider 6x6 Hessian and Jacobian matrix

as (Mohajan, 2021b; Mohajan & Mohajan, 2022a);
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0 0 -B -B, -B, -B,
0 0 -K, -K, -K, -K,
|J| _ |H| _ -B, -K, i Mo Vs Va )
=B, -K, WV Vi £ Vaa
_B3 _Ka V31 V32 V33 V34
_B4 _K4 V41 V42 V43 V44

which is non-singular at the optimum point (W1* R W; R W; , W: R /1?, ﬂ; ) Since the second order conditions have
been satisfied, so the determinant of (9) does not vanish at the optimum, i.e., |J | = |H | ; and we apply the
total 16 study, ﬂl , ﬂz
Wy, Wy, Wy, Wy Dy Das Pas Pas ks Ky ki, k,, B,and K . By the implicit function theorem, we can write
(Moolio et al., 2009; Islam et al., 2010);

implicit-function theorem. We have variables in our such as

=G (py, Pys D3 DKy by Koy ky, BLK). (10)

Now the 6x10 Jacobian matrix for G, regarded as J; is given by (Mohajan, 2021a; Mohajan & Mohajan,
2022a),

o oh o O O o o4 o o o4 ]
op, Op, Op, Op, Ok Ok, Ok, Ok, OB oK
oA, O0A, 04, 04, 0A, 04, 04, 04, 04, 04,
op, Op, Op, Op, Ok Ok, Ok, Ok, 0B oK
ow, Ow, oOw, Ow, Ow, Ow, Ow,  Ow, ow,  Ow,
J - op, ©Op, Op, ©Op, Ok Ok, Ok, Ok, oB oK an
ow, ow, oOw, Ow, Ow, Ow, Ow, Ow, 0w, Ow,
op, ©Op, Op, Op, Ok Ok, Oky Ok, 0B 0K
ow, Ow, Ow, Ow, Ow, Ow, Ow, Ow, ow,  Ow,
op, ©op, Op, Op, Ok Ok, Ok; Ok, OB oK
ow, ow, ow, ow, oOw, Ow, oOw, Ow, Ow, Ow,
' dp, Op, Op; Op, Ok Ok, Ok, ok, 0B 0K
—w, -w, —w, —w, 0 0 0 0 1 0]
0 0 —-w —-w —-w —-w, 0 1
=4 -4 0 0 0 0
=—J (12)
-4 0 -1, 0 0 0
-4 0 0 -1, 0 0
i 0o -1 0 0 0 -4, 0 0 |
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J

The inverse of Jacobian matrix is,

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

-1 :_CT

1

V1

-w =W, =W, =W, 0 0 0 0
0 0 0 0 —-w —-w —-w -—-w
- 0 0 0 -2 0 0 0
JG _ _L CT /11 2
] 0 -4 O 0 0 -4 0 0
0 -4 0 0 0 -4, 0
L 0 0 - 0 0 -4,
Now 6x6 transpose matrix C T canbe represented by,
_Cn G, G, Cu G o
G, G, G, Cp G, Ce:
"= Gs Gy G Cs Css Gs
Cs Gy G, Cu G Cs
Gs Cis Cs Cis Css Ges
_Cls G Css Cis Css Ces_

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

-wG=A4G, w6 AG -wG-AG -wG —AG
WG =A4G,  -wGy—ACG,  -wG,-AG,  -wG,-4G,
JG__l WG -AG wG-ACG, -wG-AG -wG-AG,
|J| WG, —AG,  —wC-AC,  -wG-4G, -w(G, -4,
WGs—AGs  -mG—ACGs  wmGs-A4Gs —wGs—AG
| WGe=AGs  —mGe—AC,  -wG—A4C,  —wC—AC
WG =A4C,  -wG =46, w6 -A4G G G
WG =4C, WG, -4, w646, G, G,
WG —AC,  mC-4CG;  -wG-A4G, G Gy
WG, —AC, WG —AG, -wC-4CG, G, G
WG =4Cs WG —AGs  -wGs—ACs G5 Gy
WG =G WC—AG,  -wG—AG, G G
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, where C = (Cg), the matrix of cofactors of J,and T

(13)

oS O O O
S O O O L o

(14)

WG, —4G,
-G, —4G,
WGy = 4G
WG, —4Cy,
—WCs—AC;
WG~ 4G

(15)

Now we analyze the nature of Lagrange multiplier ﬁl when total coupon K of the consumers increases. Taking

Tmo), (i.e., term of 1% row and 10% column) from both sides of (15) we get (Islam et al., 2011; Mohajan &

Mohajan, 2022¢),

Oh__ 1
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Q

Vi

Vis
Vis

Via

Vs

Vi

Vi

V24
Via
Vi

V22
£
V42

Vl
Vs
V41

|

V22 V23
V22 V24

—K2
_V14 _K3

V23 V24 _Kz sz V24
+V13_K3 Vsz V34

Vs Vi
V43 V44

—K2
_Vlz _Ks

Vas Vs
Vs Vi
Vs Va

Var

Vi, Vi

V42 V43

-K,

- K4 V42 V44

-K,

Vi

V21
_KI Vl

Vi, Vi
V42 V44

Va

Vs
+ B,

_Kz Vl
_Vl4_K3 Vl

Vs
Vs

V23 V24 _Kz VZI
+V13_K3 V31

Va

Vis

Vi

Vis

_K4 Vl V43

_K4 Vl V:M

Vi Vi

Va

_Bz _Kl Vl

_Kz V21 V23
a Vs
V1 V43

+V12_K3
—K4

Vo Vi
Vi Vi
Vi Vo Vg

Va
_Kl V31

N

_Kz Vl V24 _Kz V1 sz
V31 Vs4 _V14 _K3 V31 V32
V1 V44 -K, Vy VYV

+V12 _Ks
—K4

|

Vo
{_ BlK1V23V24V34

_Kz Vl
_V13 _K3

Vi

Vi

Vi Vg

-K,

+B KV, Vs,

+B KV, VoV,

_B1K2V12V3§t

_B1K1V23V24V34

_ L
1

2
23

+BlK2V13V24V34 _BlK3V13V2i +BlK4V13V23V24 +BlK2V14V23V34 _BlK3V14V23V24 _BIK4V14

+B, K ViV Vs +B, K V3Vl =B, K VsV +B,K, V.V

- BzK1V12V14V34

+B,K V3V s

_BzK2V13V14V34 +BzK3V12V14V34 _BzK3Vz3 1421

2
13

+ BzK3V13V14V24 - BzK4V24

- B3K3V12V14V24

2
12

+B3K1V12V24V34 _B3K1V13V2%1 +B3K1V14V23V24 +B3K2V12V14V34 _K3K4V34

19
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+ B K Vo NaVos + BUKVVsVsy + BKV3VyV o, _B4K1V14V223 +B,K Vs, _B4K3V34V1§

+B4K3V12V14V23 _B4K4V12V13V23 _B4K2V24V1§ +B4K2V13V14V23 +B4K3V12V13V24 _B4K4V12V13V23}

1

1
- p1k3W12W2W§W4
- k1p2W1W22W32W4
+ p2k3W1W22W32W4
+ p2k4W1W22W3Wj
_p3k4W1W2W32Wj

2 2
= Pakywy wywiw

2 2
+ pl,wy wywsw,
2 2

+ p kW wywaw,

2 2

— Pokywiwy wiw
P 2

+ plowywywywy,
—p.k 3

PyRsWW, W Wy,

22
+ Pk, wwy Wy W

2 2
+ pl,wwywaw,
2.2
+ Pk oWy wywaw,
—pn.k 3
Py WW, WsW,
2 P
— pskywy wywyw,
22
+ psk,ww,wyw,

2.2
= Paksww, wiw

_ 3 2 2 P 2 P 2
—_{_2P1k1W1 wowsw, = plk,awiwywaw, + plk,awiwyawawy + pikwrwowiw,

2 P
- plwiw,wiw,
—pn.k 3
Py WW, Wsw,
2 2
+ pkyww, wiw,
2 P
+ pikowwywiw,

2 2
+ pkowy wywsw,

2 2
+ pakswiwy wiw,

22 22 2. 2 3
= Dk, wwywiw + pl,ww, wiwy + pwow, wiwy — ki wiw,wiwg }

1

d

2 2
+2p,kwywywsw,

2 2
+ Pk wyww

2 2
+ pakowy wyws W

2 P
- plswiw,wyw,

2 2
= pil,wiwywyw,

- p1k4W12W2W3Wj
+ P2k4W1W22W3WZ
- pzk3W1W22W32W4
+ P3k2W1W22W32W4
+ P4k1W12W2W3WZ

3
= Pak,ww,wiw,

_ 3 3 3 3 2 2
= {_ 2pkwiw,wswy =2pykywiwywiw, — pskswiwywyw, =2 pkoww, wiw, =2 pik, wiw, wiw,

2 2
+ pikowywywiw,

22 22 2. 2 2. 2 22
+ Dok WWy Wy W+ Py Ww, Wiwy + Do kswwy wswy + pik,wwy wiwy + plw wywy W4}

oA, _ Ww, W w,

oK ]

{_ 2p1k1W12

- 2p2k2W22

- ]73]‘3""32

- 2p4k4wf

+ 2(p2k1 - pk, )WIWZ

+ (p3k1 — Dk )W1W3 + (p1k4 + pok, )W1W4 + (p2k3 + psk, )W2W3 + (p2k4 + pok, )W2W4 + Py wyw, } .

(16)

Using W, =W, =W, =W, =1 in (16) we get,

o1
oK |J]|

+ psky + poky + pik, + puk; }

Using ky; =k, and k, =k, in(17) we get,

o1
oK |J|

Let k, =k, =k, and |J| = —2p1p2k2 then we get from (18),

20

_(_ 3pik, —2p,k, +5p,k, )

_{_ 2p ik, =2p,k, — psky —2pk, +2p,k, —2pk, + pik, — pik; + pik, + pik + ok

(17

(18)
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oK  2pp,k
where p, p,k>0.
If p,> p, in(19) we get,
%>O. (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,

% <0. 21
oK
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, a—Kl # 0 . Therefore, from (19) we see that, p, # P, , ie., 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 2,2 when total coupon of the consumers increases. Taking

Tz(lo) , (i.e., term of 2™ row and 10" column) from both sides of (15) we get (Islam et al., 2010; Mohajan &

Mohajan, 2022e,1),

o1, 1
8_K - _m[ 22 ]
__ L Cofactor of C,,
1
0 -B -B, -B, —-B,
1 - B, Vi Vo Vs Vi
= m - B, V, V, Vy Vi
- B3 V31 V32 V33 V34
- B4 V41 V42 V43 V44
- B, Via Vs Vi - B, Vi Vs Vs
_ L B - Bz sz V23 V24 _B - Bz V21 V23 V24
|J| 1 _B3 V32 V33 V34 ’ _B3 V31 V33 V34
- B4 V42 V43 V44 - B4 V41 V43 V44
- B, Vi Vs Vi - Bl Vn V12 V13
+33 _Bz V21 sz V24 —B4 _Bz V21 sz V23
- B3 V31 V32 V34 - Bs V31 V32 V33
- B4 V41 V42 V44 - B4 V41 V42 V43

21
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1 sz V23 V24 - Bz V23 V24 _Bz sz V24 - Bz sz V23
= m B1—B, Vsz V33 V34 Vs B3 V33 V34 + V13 _B3 V32 V34 - V14 _B3 V32 V33
V42 V43 V44 B4 V43 V44 _B4 V42 V44 B4 V42 V43
V2] V23 V24 - Bz V21 V24 Bz V21 V23 V21 sz V24
_Bz _Bl V3| V33 V34 + V13 Bs V31 V34 V14 B3 V3| Vs3 +Bs _BI V31 V32 V34
V41 V43 V44 _B4 V41 V44 B4 V41 V43 V41 V42 V44
_Bz V21 V24 Bz V21 sz V21 sz V23 _Bz V21 V23
+V12_B3 V31 V34 VI4 B3 V31 V32 _B4 _BI V31 Vsz V;3 +V12_B3 V31 V33
_B4 V:u V44 B4 V:u V42 V41 V42 V:B _B4 V:u V:B
_Bz VZl sz
_VIS _B3 V31 V32
_B4 V41 V:u
1

:_{_2312V23V24V34 _BleVleit +BlB4Vle23V34 +BlB3V12V24V34 +BleVl3V24V34 _BlB3V13V2i

1
+BBV,.V,,V,, +BBV.JV,V, +BBV,.,V,, —-BBV.)JV, —-BBV., Vs +BBV, V.V,
+BleV13V24V34 _Bsz13V14V34 _BzB4V12V13V34 +BzB3V13V14V24 _BzB4V1§V24 _Bsz13V14V34
+B,BV, V\,V,, —B,BV.V,, +B,BV. Vs, —BBV.,V,V. —BBJV.,), +BBYV.V,V,,
+B,BV . V\.V,, —BBVV, —-BV.,VV, +BBV.V.V, +BBV.,V,V, +BBV. V.V,
_BlB4V14V223 +BzB4V12V13V34 _B3B4VéV34 +B3B4V12V14V23 _BjV12V13V23 _BzB4V1§V24
+ ByBY Y, Vs + BBV ViiVsy = BV ViV |

o4, 1

_ 23 22 2 2 2 2
oK _m{_ 2pwiw,ww, — PiPoyW Wo Wy W, T DD Wy W Wy PP W W W,

2 2 2 2 2 b 2 2 2 2
T DD WL, WsW, = DI DIWWLWIW, DI DWW WW, T D DWW, W W, D DWW, W W,

2 2 2 2 2 2 2 3 2 2

= DDV Wy W, W, = DIDWI W W W, 2D DWWy W W, = DYWIWI WS W, = Dy DWW, Wi W,
+ 2.2 _ 2 2 2 3 4 2 2 _ 2 2

Pr DWW, Wy W, Pr DWW, wsw, DPrywiw, wsw, DPrDsWw, Wi W, PrDsWw, Wi W,
+ 2 2 2 2 B 2 2 + 2 2 + 2.2

Pr DWW, wiw, D\ PsWy W, Wi W, P1psWy WoWs W, Pipswy oWz W, PrPsWw, Wy W,

_ 22 2 3 + 2.2 b 2 2 2

P3PW, Wi, PsWwW,Ws W, D3 Pamw,wsw, PPy Wo,Wwsw, PP Wo,Wsw,

22



FRONTIERS IN MANAGEMENT SCIENCE FEB. 2023 VOL.2, NO.1

2 2 2 2 2.2 22 2 3
— DDV WWIW, T D DWWLWIW, = DI DOWWLWIW, S D DOWW,WIW, = DWW, W,

2 2 2 2 22 2 3
— DaDyWWI W W, + Dy DWW WaW, + Dy DWW, Wi W, —p4W]W2W3W4}

oA 1

8K2 = _m{_ 21712W13W2W3W4 _2p22W1W§W3W4 _p32W1W2W33W4 _2ij1W2W3Wj +2P1P2W12W22W3W4
+ 2p1p4W12W2W3Wj + 2p2p3W]W22W32W4 + p3p4W]W2W32Wf}

(22)

o4, _ W1W2W3W4{222_222 202 Z2 PR 42 2 >

oK =- |J| <D W PoWy, = P3sW3 —2aPygWy + 2D\ p,WW, + 2D DWW, + 2D, PW, Ws
+p3p4W3W4}

(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; =Ww,,and W, =W,, then (23) becomes;

2.2
oA, W W

oK 2p,p,kk,

(pzwz — P )(3P1W1 —4]?2W2), (24)

where p,p,kk, >0 and w'w; >0.

4
Now if p,w, < pw, < E P,W, in(24) we get,

oA,

—>

oK
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.

0. (25)

3
Now if p,w, < Zplw1 in (24) we get,

% 0. (26)
oK

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, a—Kz # 0, so that, W, # p,w, and also 3p1w1 * 4]92W2 , 1.e., the prices of two

commodities W, and W, are notequal, i.e., it seems that these goods are different.

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.

23



FRONTIERS IN MANAGEMENT SCIENCE FEB. 2023 VOL.2, NO.1

References

Baxley, J. V., & Moorhouse, J. C. (1984). Lagrange Multiplier Problems in Economics. The American
Mathematical Monthly, 91(7), 404-412.

Bentham, J. (1780). An Introduction to the Principles of Morals and Legislation. CreateSpace Independent
Publishing Platform.

Coleman, J. S. & Fararo, T. J. (1992). Rational Choice Theory. Nueva York: Sage.

Eaton, B., & Lipsey, R. (1975). The Principle of Minimum Differentiation Reconsidered: Some New
Developments in the Theory of Spatial Competition. Review of Economic Studies, 42(1), 27-49.

Ferdous, J., & Mohajan, H. K. (2022). Maximum Profit Ensured for Industry Sustainability. Annals of Spiru
Haret University. Economic Series, 22(3), 317-337.

Hu, Y., Imkeller, P., & Miiller, M. (2005). Utility Maximization in Incomplete Markets. The Annals of Applied
Probability, 15(3), 1691-1712.

Islam, J. N., Mohajan, H. K., & Moolio, P. (2009a). Preference of Social Choice in Mathematical Economics.
Indus Journal of Management & Social Sciences, 3(1), 17-38.

Islam, J. N., Mohajan, H. K., & Moolio, P. (2009b). Political Economy and Social Welfare with Voting
Procedure. KASBIT Business Journal, 2(1), 42-66.

Islam, J. N., Mohajan, H. K., & Moolio, P. (2010). Utility Maximization Subject to Multiple Constraints. /ndus
Journal of Management & Social Sciences, 4(1), 15-29.

Islam, J. N., Mohajan, H. K., & Moolio, P. (2011). Output Maximization Subject to a Nonlinear Constraint.
KASBIT Business Journal, 4(1), 116-128.

Kirsh, Y. (2017). Utility and Happiness in a Prosperous Society. Working Paper Series, No. 37-2017, Institute for
Policy Analysis, The Open University of Israel.

Kothari, C. R. (2008). Research Methodology: Methods and Techniques (2"¢ Ed.). New Delhi: New Age
International (P) Ltd.

Mohajan, D., & Mohajan, H. K. (2022a). Profit Maximization Strategy in an Industry: A Sustainable Procedure.
Law and Economy, 1(3), 17-43. https://d0i:10.56397/LE.2022.10.02.

Mohajan, D., & Mohajan, H. K. (2022b). Utility Maximization Analysis of an Organization: A Mathematical
Economic Procedure. Law and Economy, Manuscript Submitted.

Mohajan, D., & Mohajan, H. K. (2022¢). Utility Maximization Investigation: A Bordered Hessian Method.
Annals of Spiru Haret University. Economic Series, Manuscript Submitted.

Mohajan, D. & Mohajan, H. K. (2022d). Sensitivity Analysis among Commodities and Prices: Utility
Maximization Perspectives (Unpublished Manuscript).

Mohajan, D. & Mohajan, H. K. (2022¢). Sensitivity Analysis among Commodities and Coupons during Utility
Maximization. Frontiers in Management Science, 1(3), 13-28.

Mohajan, D., & Mohajan, H. K. (2022f). Importance of Total Coupon in Utility Maximization: A Sensitivity
Analysis. Law and Economy, 1(5), 65-67.

Mohajan, H. K. (2017a). Optimization Models in Mathematical Economics. Journal of Scientific Achievements,
2(5), 30-42.

Mohajan, H. K. (2017b). Two Criteria for Good Measurements in Research: Validity and Reliability. Annals of
Spiru Haret University. Economic Series, 17(3), 58-82.

Mohajan, H. K. (2018a). Aspects of Mathematical Economics, Social Choice and Game Theory. PhD
Dissertation. University of Chittagong, Chittagong, Bangladesh.

Mohajan, H. K. (2018b). Qualitative Research Methodology in Social Sciences and Related Subjects. Journal of
Economic Development, Environment and People, 7(1), 23-48.

Mohajan, H. K. (2020). Quantitative Research: A Successful Investigation in Natural and Social Sciences.
Journal of Economic Development, Environment and People, 9(4), 52-79.

Mohajan, H. K. (2021a). Utility Maximization of Bangladeshi Consumers within Their Budget: A Mathematical
Procedure. Journal of Economic Development, Environment and People, 10(3), 60-85.

Mohajan, H. K. (2021b). Product Maximization Techniques of a Factory of Bangladesh: A Sustainable Procedure.
American Journal of Economics, Finance and Management, 5(2), 23-44.

24



FRONTIERS IN MANAGEMENT SCIENCE FEB. 2023 VOL.2, NO.1

Mohajan, H. K. (2021c). Estimation of Cost Minimization of Garments Sector by Cobb-Douglass Production
Function: Bangladesh Perspective. Annals of Spiru Haret University. Economic Series, 21(2), 267-299.

Mohajan, H. K. (2022a). Cost Minimization Analysis of a Running Firm with Economic Policy. Annals of Spiru
Haret University. Economic Series, 22(3), 171-181.

Mohajan, H. K. (2022b). An Overview on the Feminism and Its Categories. Research and Advances in
Education, 1(3), 11-26. https://doi.org/10.56397/RAE.2022.09.02.

Mohajan, H. K. (2022c). Four Waves of Feminism: A Blessing for Global Humanity. Studies in Social Science &
Humanities, 1(2), 1-8. https://doi:10.56397/SSSH.2022.09.01.

Mohajan, H. K., Islam, J. N., & Moolio, P. (2013). Optimization and Social Welfare in Economics. Lambert
Academic Publishing, Germany.

Moolio, P., Islam, J. N., & Mohajan, H. K. (2009). Output Maximization of an Agency. Indus Journal of
Management and Social Sciences, 3(1), 39-51.

Ojo, S. 0. (2003). Productivity and Technical Efficiency of Poultry Egg Production in Nigeria. International
Journal of Poultry Science, 2(6), 459-464.

Pandey, P., & Pandey, M. M. (2015). Research Methodology: Tools and Techniques. Bridge Center, Romania,
European Union.

Pandi, S. N, Torsen, E., Martins, D., & Modibbo, U. M. (2022). Application of the Techniques of Determinants
to the Utility Maximization for a 4-Period Age-specific Inter-temporal Budget Constraints: Determinants to
the  Utility = Maximization.  Journal of  Computational — and  Cognitive  Engineering.
https://doi.org/10.47852/bonviewJCCE2202353.

Roy, L., Molla, R., & Mohajan, H. K. (2021). Cost Minimization is Essential for the Sustainable Development of
an Industry: A Mathematical Economic Model Approach. Annals of Spiru Haret University. Economic
Series, 21(1), 37-69.

Samuelson, P. A. (1947). Foundations of Economic Analysis. Harvard University Press, Cambridge, MA.

Zheng, K., & Liu, Y. (2022). Application of Mathematical Models in Economic Variable Input and Output
Models under the Scientific Visualization. Computational Intelligence and Neuroscience. Article ID
6269358.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

25



