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Abstract

This article tries to discuss profit maximization policies by using four variable
inputs, such as capital, labor, principal raw materials, and other inputs in an
industry, where mathematical economic models are applied by considering budget
constraint. For the sustainable production, every industry should apply scientific
method, such as mathematical techniques to obtain more accurate results. In the
study Cobb-Douglas production function is analyzed with detail mathematical
analysis. The sensitivity analysis is included in the operation to show profit
maximization that is a pivotal goal of the industry. The economic predictions of
future production are provided through the comparative statics to become sure of
profit maximization before starting of production in the industry. In the study
Lagrange multiplier technique is applied to achieve optimal result in every step of
industrial operation.
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1. Introduction

Mathematical modeling in economics is considered as the application of
mathematics to represent theories and analyze problems in economics, which
began in the 19" century with the use of calculus to represent and explain
economic behavior of optimization (Samuelson, 1947). In the 21* century, many
analytic problems of economic theory are presented in terms of mathematical
economic models (Carter, 2001). The firms and industries of every nation are
continuously trying to maximize their profits; subject to their production functions,
input costs, and market demand (Dixit, 1990).

In economics and business activities, profit is depended on easily available
necessary inputs, their marginal productivities, factor shares in total output, and
degree of returns to scale (Khatun & Afroze, 2016). Profit maximization is the
capability of an industry to earn the maximum profit with minimum cost. It is a
financial act to achieve the highest revenue by the efficient use of raw materials. It
directly effects on the industry and indirectly plays a role in economy and social
wellbeing (Eaton & Lipsey, 1975).

Cobb-Douglas production function is one of the most widely used production
function in mathematical economics. It helps the industry to take rational decision
on the quantity of each factor inputs to employ so as to minimize the production
cost for its profit maximization (Cobb & Douglas, 1928; Mohajan, 2021a). 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. 2010a, b; Mohajan, 2021a).

In this study we have tried to display mathematical calculations elaborately. We

have introduced some theorems with proof where necessary to make the article

interesting to the common readers. To obtain maximum profit, an industry must be
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very sincere in every step of its operation, such as in production, financial balance,
demand and supply strategy, transportation, total management system, etc. In this
study we have stressed only on production sector, so that the profit of the industry
1s maximized.

2. Literature Review

In economics, the literature review section is an introductory region of research,
which shows the works of previous researchers in the same field within the
existing knowledge (Polit & Hungler, 2013). Abhishek Tripathi has defined the
economic profits as the difference between total revenue and economic costs. He
observes that profit maximization is generally used in explaining managerial
decision making (Tripathi, 2019). Two American scholars; mathematician Charles
W. Cobb (1875-1949) and economist Paul H. Douglas (1892-1976), have worked
on production functions in a seminal paper in 1928 that delivers maximum profit
(Cobb & Douglas, 1928). Later, another two American professors; mathematician
John V. Baxley and economist John C. Moorhouse, have given the production
functions in an outstanding and extraordinary paper with sufficient mathematical
techniques (Baxley & Moorhouse, 1984). Steven E. Landsburg has tried to
highlight on the profit maximization techniques (Landsg, 2002). Famous
mathematician and physicist Jamal Nazrul Islam (1939-2013) and his coauthors
have discussed both profit maximization and utility maximization in two different
articles (Islam et al., 2010a, b). Pahlaj Moolio and his coworkers have considered
the Cobb-Douglas production functions to determine maximum profit (Moolio et
al., 2009).

Waheed Hussain believes that corporations and their managers should maximize
profits because they will lead to an ‘“economically efficient” or “welfare
maximizing” outcome. He argues that the fundamental problem with this argument
is really not, because the markets in the real world are less than the perfect
(Hussain, 2006). Steven D. Levitt shows that profit maximizing behavior by firms
i1s one of the most fundamental and widely applied policies in all of economics
(Levitt, 2006). Lia Roy and her coauthors have worked on cost minimization by
3



the use of Cobb-Douglas production function (Roy et al., 2021). On the other hand,
Haradhan Kumar Mohajan has considered the Cobb-Douglas production function
to predict the cost minimization policies (Mohajan, 2021a). In the earlier, he and
his coworkers have considered the optimization techniques to discuss social
welfare economics (Mohajan et al., 2013). Shaiara Husain and Md. Shahidul Islam
have used the Cobb-Douglas production functions for impressive average annual
growth of manufacturing sector of Bangladesh (Husain & Islam, 2016).

3. Research Methodology of the Study

Research is an essential and influential device to the academicians for the leading
in academic kingdom (Pandey & Pandey, 2015). Methodology is a guideline for
performing a good research. It helps the researchers to increase the trust of a reader
in the research findings that create credibility of the research (Kothari, 2008). It
tries to describe the types of research and the types of data, which are gathered to
do the research efficiently and successfully. It generally encompasses the
theoretical concepts that further provide information about the methods selection
and application. It examines the purposes, problems, and questions of a research
(Somekh & Lewin, 2005). It highlights the criteria of the experiment to measure
the validity and reliability of the prevailing research. It also tries to create new
knowledge with the existing knowledge (Goddard & Melville, 2001).

In this article, the profit maximization mathematical model is developed using a
quantity of capital, b quantity of labor, ¢ quantity of principal raw materials, and d
quantity of other inputs. The Cobb-Douglas production function plays an important
role in the optimization techniques of mathematical economics, and we have
discussed it with detail mathematical analysis. In this section, we have tried to
obtain optimum values of a, b, ¢, d, 2, and P. We have used 5x5 Hessian matrix to
discuss the profit maximization policies. Then we have tried to predict on future
production for the maximization of profit, where we have used the determinant of
5x5 Hessian and Jacobian matrices. We have tested three comparative statics, such



o G , oa in three theorems to predict on the efficient production of the
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industry.

In this study we have depended on the optimization related mathematical
secondary data sources. The data are collected from the internal and external
secondary data sources, such as published research papers, books of well-known
authors, handbooks of expert researchers, research reports, internet, websites, etc.
(Mohajan, 2017a, 2018b). In the study we have tried to maintain the rules of
reliability and validity, and have tried to cite the references properly throughout
our research area (Mohajan, 2017b, 2018a, 2020).

4. Objective of the Study

The chief objective of this study is to discuss profit maximization strategy of an
industry. Other subordinate objectives are as follows:

o to display the calculation more clearly and accurately,

 to highlight on Cobb-Douglas production function analysis, and

 to predict the nature of future effects in sustainable production.

5. Combination of Profit Function and Lagrange Multiplier

Let us consider the authority of an industry wants to produce and distribute its
products within a year; say for 2023, using a quantity of capital, b quantity of
labor, ¢ quantity of principal raw materials, and d quantity of other inputs. Here a,

b, c, and d are exogenous variables. The objective of the factory is to maximize the
profit function (Islam et al., 2010a, b, Moolio et al., 2009),

P=f(ab,cd), (1)

subject to the budget constraint,



B(a,b,c,d):ka+lb+mc+nd, 2)

where k is rate of interest or services of capital per unit of capital a; [ is the wage
rate per unit of labor b; m is the cost per unit of principal raw material; and n is the
cost per unit of other inputs d; while fis a suitable profit function. We assume that
second order partial derivatives of the function f with respect to the independent
variables (factors) a, b, ¢, and d exist.

Now we introduce a single Lagrange multiplier 4, as a device, by using equations
(1) and (2); and define the Lagrangian function U, in a five-dimensional
unconstrained problem as follows (Mohajan et al., 2013; Mohajan, 2015):

Ul(a,b,c,d, A)=P(a,b,c,d)+A(B—ka—Ib—mx—nd). 3)

We consider that the industry maximizes its profits, the optimal quantities
a,b,c,d,and 1 of a, b, ¢, d, and 1 that necessarily satisfy the first order
conditions; which we obtain by partial differentiation of the Lagrangian function
(3) with respect to five variables a, b, ¢, d, and 1; and setting them equal to zero
by the condition of optimization, we obtain;

U,=B-ka—Ib—mc—nd =0, (4a)
U =P -Jk=0, (4b)
U,=B,-Al=0, (4c)
U =P—im=0, (4d)
U,=P,—An=0, (4e)

where U, = z—l/{ ,U, = aa—U, etc., specify partial derivatives. Now we have a desire to
a

a

establish a relationship of Lagrange multiplier 42 with the profit function P. The
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relation will benefit the industry to take quick decision about the various inputs and
expected profit. Now we will try to provide a theorem with proof which will hunt
for the effects of future production for maximum profit with the change of budget
(Mohajan et al., 2012, 2013).

Theorem 1: Lagrange multiplier 2 can be interpreted as the marginal profit as,
dP

2B =1

Proof: Let the industry wants to make a maximum profit $P. It uses a quantity of
capital, b quantity of labor, ¢ quantity of principal raw material, and d quantity of
other inputs. It has total budget $B that supports for sustainable production with
maximum profit P. In this theorem we use the optimization techniques of (4)
(Chiang, 1984; Mohajan et al., 2012, 2013).

From (4b) we get, A= % . (5a)
P
From (4¢) we get, A= Tb (5b)
P
From (4d) we get, A=-<. (5¢)
m
P
From (4e) we get, A=-4, (5d)
n
Combining (5a-d) we can express the Lagrange multiplier 2 as;
A_B_B_PB_, ©)
k I m n

Now we consider that the industry makes infinitesimal changes da, db, dc and, dd
in a, b, ¢, and d respectively. Also it makes infinitesimal changes dP and dB in P
and B, respectively; we yield the relations,



dP =Pda+ Pdb+ Pdc+ P,dd , (7)

dB =B da+ B,db+ B.dc+ B,dd

dB = kda + ldb + mdc + ndd . (8)
Dividing (7) by (8) we get,

dP Pda+ Fdb+ Pdc+ P,dd

—= )
dB kda+1db+ mdc + ndd
Also from (5a-d) we get,
,_Pda_Bdb_Pdc_Pdd _ Pda+Bdb+ Pde+ Pdd (10)
kda ldb mdc ndd kda+1db+ mdc+ndd
Combining (9) and (10) we get,
dpP
—=1. .E.D. 11
1B Q (11)

From (11) we have observed that the Lagrange multiplier 4 can be interpreted as
the marginal production. From (11) we see that profit, P will be increased 4 units
from the increase of a unit of budget, B. The industry will deprive from A units of
profit if it decreases one units of its budget; and will gain additional 2 units of
profit from more one unit increase in budget. Therefore, it will proceed to produce
its products efficiently for the sustainable strategy (Mohajan, 2021b, c; Roy et al.,
2021).

6. Cobb-Douglas Production Function

Let us consider the Cobb-Douglas production function f as (Cobb & Douglas,
1928; Mohajan, 2021a; Roy et al., 2021),
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P=f(ab,cd)=Aa*b’cid", (12)

where A is the efficiency parameter that reflects the level of technology, i.e.,
technical process, economic system, etc., which represents total factor
productivity. Moreover, A also reflects the skill and efficient level of the
workforce. Here x, y, z, and w are parameters; x indicates the output of elasticity of
capital measures the percentage change in P for 1% change in a, while b, ¢, and d
are held constants; y indicates the output of elasticity of labor, z indicates the
output of elasticity of principal raw materials, and w indicates the output of
elasticity of other inputs in the production process, are exactly parallel to x. The
values of x, y, z, and w are determined by available technologies. Now these four
parameters x, y, z, and w must satisfy the following four inequalities (Mohajan,
2021a; Mohajan et al., 2013):

0<x<1,0<y<l,0<z<l,and 0<w<1. (13)
A strict Cobb-Douglas production function, in which Q=x+y+z+w<1 indicates
decreasing returns to scale, Q=1 indicates constant returns to scale, and Q>1

indicates increasing returns to scale, can be obtained by using (4), (6), and (12) in
(8) as (Moolio et al., 2009; Islam et al., 2010a,b; Roy et al., 2021);

Ul(a,b,c,d,A)= Aa*b’c'd" + M(B—ka—Ib—mc—nd).  (14)

For maximization, first order differentiation equals to zero; then from (14) we can
write,

U,=B—ka—Ilb—mc—nd =0, (15a)
U, = xAa™bcd” - 2k =0, (15b)
U, =yAa'b'c’'d” -1 =0, (15¢)



U,=zAa"b’c'd" - im=0, (15d)
U, =wAa"b’c’d"" —In=0. (15e)
From (15a) we get,

B=ka+1b+mc+nd. (16)

In the next step we want to provide a theorem with the help of Cobb-Douglas
production function, P = f (a,b,c.d), to achieve maximum profit. In this study, we
want that the industry will use its raw materials efficiently in all times. To establish

Theorem 2, we take help from equations (13) to (16) where necessary (Humphery,
1997; Moolio et al., 2009).

Theorem 2: A factory can make profit $P in 2023 using a quantity of capital, b
quantity of labor, ¢ quantity of principal raw materials, and d quantity of other
inputs. Using Cobb-Douglas production function; Lagrange multiplier can be

Ax*y 7' w" B! . . . :
expressed as, A= lez; ZZ V:QQ_I , and the maximum profit function of the industry
mn
. Ax*y’ 7B . .
1s, P= L where Q=x+y+z+w and B is the budget of the industry.
mn

Proof: The industry uses a quantity of capital, b quantity of labor, ¢ quantity of
principal raw materials, and d quantity of other inputs within its budget B
(Mohajan, 2021b; Moolio et al., 2009). To prove the theorem we use the
mathematical tools of equations (14), (15) and (16).

From (15b) we get,

XY T W
i:anb c'd (17a)
ka
X1V 2 W
jkazw_ (17b)

From (15¢) we get,
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_YAa'b'cd”

A 18
m (18a)
o pp= 20t ed” (18b)
A
From (15d) we get,
4 HAabcd” (192)
mc
= me=AdbCd” (19b)
A
From (15e) we get,
P wAa’b’c*d (20a)
nd
= nd = M . (20b)

Now using the necessary values from (17b), (18b), (19b), and (20b) in (16) we get,

_ xAa'b’c*d"” N yAa'b’c*d" N ZAa*b’c*d” N wAa'b’c*d"
A A A A

B

_Aa'b’cd”

B (x+y+z+w)

_Aa'b’c*d"Q
A

B 2D

where Q= x+y+z+w. Now we use the value of A from (17a) in (21) to obtain;

11



B Aa'b’c*d"Q

" xAa'b’c'd”
ka
gk (22a)
X
~g=a' =8 (22b)
kQ

where Q=x+y+z+w. In the next step we use the value of 4 from (18a) in (21) to

yield;
_Aa'b’c*d"Q
yAa'b'c*d"”
Ib
g (23a)
y
b= =28, (23b)
79

Now we use the value of 4 from (19a) in (21) and hence we get;

_Aa'b’c*d"Q)
Aa’b’c*d”
mc
g% (24a)
Z
se=c =B (24b)
mQ



Now we use the value of 4 from (20a) in (21) to get;

_Aa’b’c'd"Q
wAa b c*d"
nd
Q)
g (25a)
w
sd=d' =22 (25b)
nQ

The stationary point for the production can be written as;

(a*,b*,c*,d*):(ﬁ,Y_B,ﬁ,W_B) (26)
kQ 1Q mQ nQ)

Putting the values of a, b, ¢, and d from (22b), (23b), and (24b) in (17a) we get,
) (i) ) )
1= kQ )\ 1Q ) \mQ ) \ nQ

xB
0

x)CB.)C yyBy ZZBZ WWBW Q

KQ" I'QY m*Q* n"Q" B

) 3 AxxyyZZB971

Now substituting the values of a, b, ¢, and d from (22b), (23b), (24b) and (25b)
into (12), we get the optimal value of the profit function,

{5 () ()G
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_ AxxyyZszBQ

=P — -
kK'’m*n"Q

Q.E.D. (28)

Equation (28) is the production function in terms of k,l,m,n,A,B>0, x,y,z,w>0,
and Q=x+y+z+w>0. All the parameters in right hand side of (28) are known to

the industry and can easily calculate its maximum profit.

7. Verification of the Maximum Profit

In this section we will try with the second-order partial differentiation with
sufficient conditions of optimization. Of course, we will test whether the maximum
profit of the industry is possible or not, by using mathematical economics model
(Baxley & Moorhouse, 1984). Let us consider the determinant of the 5x5 Hessian
matrix,

0 -B, -B, -B -B,
- Ba Uaa ab Uac Uud
|H| =-B, U, U, U, U,| (29)
- Bc Uca Ucb Ucc Ucd
- Bd Udu Udb Udc Udd

For maximum profit, determinant of 5x5 Hessian matrix,

H|>0. Now we want to

confirm that the profit function that is obtained in equation (28) is really maximum
(Moolio et al., 2009, Mohajan et al., 2013). The following Theorem 3 clarifies the
concept of maximum profit.

14



Theorem 3: The profit by the use of Cobb-Douglas production function is indeed a

maximum, i.e., for maximum profit, determinant of 5x5 Hessian matrix, [H|>0.

Proof: In equation (28), we have obtained the maximum profit function. Now we
will try to verify that it is really a maximum. Here, we use the results obtain in
equations (2) and (15). Taking first-order partial differentiations of (2) we get,

B, =k, B,=1, B.=m, and B,=n. (30)
Taking second-order and cross-order partial derivatives of (15a-d) we get,

U, =x(x—1)Aa"b’c?d",

U,, = y(y—1)Aa"b"?c*d",

U, =z2(z-1)Aa"b’cd",

U, =ww=1)Aa"b’c?d",

U, =U,, =xAa"'b""c'd"

U,=U,=x:Aa""b"c""d",

U,=U, =xwAa""'b’c*d"",

(31)

U, =U, =yAa'b""'c*'d",

U, =U, =ywAa'b""'c*d"",

U,=U, =zwAa"b’c'd"".

Now we expand the Hessian (29) as,
15



Ubd

Udd

Udb

|

ch

- Bb Ubh

U.

Udc

- Bd Udb

U,

_Bb Uba

UCC

Udc

- Ba’ Uda

Uhd

- Bh th

Ucd - Uad - Bc Ucb

Udd

- Bd Udb

Ubd

Uba

Ucd - Uad - Bc Uca

Udd

- Bd Uda

th

Uba

Ubd

Uba

Ucb

Ucd - Uad - Bc Uca

Udd

Udh

_Bd Uda

B Bd Uda

Ubh
Ucb
Udh

_Bb Uba
_Bd Uda

UCL' - UHC - BC Uca

U,.
Udc

Uba
- Bd Uda

Uhd

ch

Ucd + Uac - Bc Ucb
Udd

UUC

Udc

_Bd

Ubd

ch

Ucd + Uac - Bc Uca

Udd

Udc

_Bd

Ubd

Ubb

Ucd + Uab - Bc Uca
Udd

U cb

Udb

U,.
Ucc + Uab - Bc Uca
Udc

Ubb
Ucb
- Bd Udb

ch Ubd

Ubb

Ucd - Utll? - Bc

U,

Udc Udd

Udb

ch Ubd

Uba

Ucd - Uaa - Bc Ucc

UCC

Udc Udd

Uda

Ubb Ubd

Uba

Ucd - Uau - Bc
Udd

Ucb

Udb

Uda

Bu _Bu Ucb

_Bb _Bu Ucu

+ BC - Ba Uca

Uba Ubb ch
- Ba Uca Ucb Ucc - Uaa - Bc
Uda Udb Udc

{U bb (UccUdd -U chcd )"‘ ch (UdbUcd - Uchdd ) + Ubd (Uchdc - UdbUcc )}
- BaUab {_ Bb (U ccUdd - Uchcd )+ ch (_ BdUcd + BcUdd )"’ Ubd (_ BcUdc + BdUcc )}

+BU, {_ B, (Uchdd ~UuUy )+ Uy, (_ B,U.,+BU, )+ U (_ BU,+BU, )}
- BaUad {_ Bb (Uchdc - UdbUcc)+ Ubb (_ BdUcc + BcUdc)+ ch (_ BcUdb + BdUcb )}

+ Ba Bb {Uba (UccUdd - Uchcd )+ ch (UdaUcd - UcaUdd )+ Ubd (UcaUdc - UdaUcc )}

=— B’

+ BbUaa {_ Bb (UccUdd - Uchcd )+ U be (_ BdUcd + BcUdd )+ Ubd (_ BcUdc + BdUcc )}
- BbUac {_ Bb (UcaU dd — UdaUcd ) + Uba (_ BdUcd + BcUdd )"’ Ubd (_ BcUda + BdUca )}

+ BbUad {_ Bb (UcaUdc - UdaUcc)+ Uba (_ BdUcc + BcUdc)+ ch (_ BcUda + BdUca )}
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- Bch {Uba U chUdd - Uthcd )"’ Uhh (UdaUcd - UcaU dd )+ Uhd (UcaUdb - UdaUch )}

- BcUaa {_ Bb (U chU dd — Uthcd )+ Ubb (_ BdUcd + BcUdd )+ Uhd (_ BcUdb + BdUcb )}
+ BcUah {_ Bb (UcaUdd - UdaUcd )"‘ U ba (_ BdUcd + BcUdd )+ Uhd (_ BcUda + BdUca )}
- BcUad {_ Bb (UcaUdh - UdaUcb ) + Uha (_ BdUch + BcUdh ) + Ubh (_ BcUda + BdU ca )}

+ Ba Bd {Uba (Uchdc - UdbUcc ) + Ubb (U U - UcaUdc ) + ch (UcaUdb - UduUcb )}

da™~ cc
+ BdU aa {_ Bb (Uchdc o UdbUcc ) + Ubb (_ BdUcc + BcUdc ) + ch (_ BcUdb + BdUcb )}
_BdUab _Bb(UcaUdc _U U +Uba BdUcc+BcUdc)+ch(_ BcUda +BdUca)}

{ da™~ cc ) (_
+ BdU ac{ Bb (UcaUdb - UdaUcb ) +U ba (_ BdU at BcUdb + Ubb (_ BcUda + BdUca )}

== Ba2 UbbUccUdd + Baz UbbUchcd - Ba2 chUdbUcd + Baz chUchdd - Ba2 Udechdc
+ Bj UdedbUcc + BaBbU abUccUa’d - BaBbUabUch a T BaBdUabchUcd -B,BU chUdd

a~c~ ab

+ BchUabUdedc - BquUabUhdUcc - BthU U Udd + BaBbUaCU thcd - BaBdUacUthcd

ac~ ¢cb
+ BchUacUbbUdd - BuBcUacUhdUdb + BaBdUacUhdUcb + BthUadUchUdc - BaBbUadUthcc
+ BaBdUadUthcc - BchUadUthdc + BchUadchUdh - BaBdUadchUcb + BthUbaUccUdd

_BuBhUhaUchCd +BaBbchUdaUcd _BuBhU U Udd +BaBbUde caUdc _BthUhdU U

b ca da" ce
-BU v, +Bu v, u.,-BBUUU., +BBUUU, —BBU,U,U,.
+B,B,U, U, U, + Bb2 UlUUai = Bh2 U UiUea + B,BU,U,U., — BbBcUacUhaUdd
+B8,8U ., U,U, -B,BU,U,U, — Bb2 UiUUye + Bb2 VUil =B,B,U,U,U.,.
+B,BU,U,U, -B,BU,U,U, +BBU,U,U,~-BBU,U,U, +B,BU,U,U,

- Ba BcUbbUdaUcd + Ba BcUbbUcaUdd - BchUdecaUdb + Ba BcUdedaUcb + BbBcUaaUchdd

- BbBcUaaUdbUcd + Bc BdUaanbUcd - BczUaanbUdd + BczUaandUdb - BchUaandUcb
- BbBcUabUcaUdd + BbB U UdaUcd - BchUabUbaUcd + Bc2 UabUbaUdd - Bc2 UabUdeda

c ab
+ BchUabUdeca + Bb BcUadUcaUdb - BbBcUadUdaUcb + Bc BdUadUbaUcb - BczUadUbaUdb
+ BczUadUbbUda - BchUadthUca + BaBdUbaUchdc - BaBdUbaUthcc + BaBdUthdaUcc
- BquUthcaUdc + BaBdU chcaUdb - BaBdchUdaUcb - BdeUaaUchUdc + BthU aaUdbUcc

- BjUaanhUcc + B(‘BdUaathUdc - BchUaaUthdb + BjUauchUcb + BdeUahUcaUdc
- BdeUabU U, + Bd2UabU U _BdeUabUbaUdc +BchUabchUda _B;UahchU

da™~ cc ba™ cc ca

- BdeUacUcaUdb + BdeUacUdaUcb - BjUacUbaUcb + BchUacUbaUdb - BCBdUacUbbUda
+ BjUacUbbUca

== Bj UbbUccUdd + Bj UbbUczd - Bj chUdbUcd + Bj szc'Udd - Bj Udechdc + Bj szdUcc
+ BaBbU abUccU ad ~ BaBbUabUczd + BaBdUabchUcd -B,BU chUdd +B,BU Udedc

a~c~ ab a~c~ ab
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- BaBdUahUhdUcc - BthUacUchdd + BaBbU acUthcd - BaBdUacUthcd + BchUacthUdd
- BuBcUacUlfd + BaBdUacUhdUcb + BthUadUchUdc - BthUadUdbUcc + BaBdUadUbbUcc
- BchUadUthdc + BchUadUthdc - BaBdUadUlfc + BthU U ‘Udd - BaBbUband

ba™ cc
+ Ba BbchUdaUcd - Ba BbUbCUcaUdd + BaBbUdecaUdc - Ba BbUdedaUcc - BszuaUccUdd + BszaaUCzd
- BdeUaancUcd + BbBcUaancUdd - BbBcUaandUdc + BdeUaandUcc + Bb2Uachdd - BbZUaCUdaUcd

+ BdeUacUbaUcd - BbBcUacUbaUdd + BbB U Udeda - BdechUbd - BszadUcaUdc + Bb2Ua2dUcc

c ac

- BdeUadUhaUcc + BthUadUbaUdc - BbBcUilch + BdeUadU U, - BuBcUhaUchUdd

bc™ ca

+ BchUbaUdbUcd - BchUbbUdaUcd + BchUbbUcaUdd - BchszdUca + BchUdedaUcb
+ BbBcUaaUchUdd - BthUaaUdbUcd + BchUaanbUcd - BfUaanbUdd + BfUuaU;d - BchUaandUcb
- BbBcUabUcaUdd + BbBcUabU daUcd - BchUaszcd + Bc2 Uaszdd - Bcz UabUdeda +B.B,U,U,U,,

+ BbBcUadUcaUdb - BbBcUaszcb + BchUadUbaUcb - BczUadUbaUdb + BczUdebb - BchUadUbbUca
+ Ba BdUbaUchdc - Ba Bd UbaUdbUcc + Ba BdUbbU U. - Ba Bd UbbUcaUdc + Ba BdU U Udb

da™~ cc bc™ ca
- BaBdszcUda - BdeUaaUchdc + BdeUaaUdbUcc - BjUaanbUcc + BchUaanbUdc
- BchUaancUdb + deUaanzc + BdeUahU caUdc - BdeUahUdaUcc + BjUijcc - BL'BdebUdc

+ BchUabchUda - Bz?UabUb U, - BdeUz-Udb + BthUacUdaUch - BjUacUbaUch + BchUacUhaUdh

C ca ac

- BchUacUbbUda + BjchUbb

A b e d™
a’b’c’d’

+i2a’y’ w(w—1) = k’a’y*2°w* + k*a’y*z(z — 1)w* + klabxyz(z —1)w(w —1) — klabxyz*w’

+ knadxy®z*w — kmacxy*zw(w —1) + kmacxy*zw* — knadxy*z(z —1)w — klabxyz*w(w —1)

+ klabxyz’w* — knaa’xy(y - l)zzw + kmacxy(y - 1)zw(w - 1) — kmacxy®zw* + knadxy®z*w

+ klabxyz’w® — klabxyz(z - 1)w2 + knadxy(y - l)z(z - l)w - kmacxy(y - 1)zw2 + kmacxy®zw’

— knadxy®z*w + klabxyz(z —1)w(w —1) — klabxyz*w* + klabxyz*w* — klabxyz*w(w —1)

+ klabxyz*w* — klabxyz(z —1)w* —*b*x(x — l)z(z - 1)W(w - 1) + lzbzx(x —1)z2°w?

— nlbdx(x —1)yz*w + Imbex(x — 1)yzw(w - 1) - lmbcx(x —1)yzw’ + nlbdx(x —1yz(z-1)w

+120%dx* 22w(w —1) = Pb*X*2°W + nlbdx*yz*w — Imbex” yzw(w — 1) + Imbex® yow® — nlbdx® yz*w

— DWW + 0% (2 — )W —nlbdx’ yz(z —1)w + Imbex® yzw® — lmbex® yzw® + nlbdx® yz*w

{— ka’y(y —1)z(z = Dw(w—1) + k*a’y(y — 1)z2w2 —-k’a’y’z’w’

— kmacxy* zw(w —1) + kmacxy® zw* — kmacxy(y —1)zw’ + kmacxy(y - l)zw(w —1) — kmacxy®zw*
+ kmacxy®zw* + Imbex(x — l)yzw(w - 1) — Imbex(x - 1)yzw2 + mncdx(x - l)y( y—1)zw
- mzczx(x - l)y(y - l)w(w - 1) +mPc*x(x— 1))12w2 — mncdx(x - 1)y2zw — Imbex® yzw(w—1)

+Imbex’ yzw® — mncdx” y*zw + mzczxzyzw(w - 1) —m’c’x*y*w’ + mnedx’y*zw + Imbex® yzw®

—Imbex® yzw® + mncdx>y*zw —m*c*x*y*w? + mzczxzy(y — l)w2 — mncdxzy(y - l)zw

+ knadxy*z*w — knadxy’z(z — )w + knadxy(y —1)z(z — 1)w — knadxy(y —1)z*w + knadxy*z*w
18



— knadxy’z*w — nlbdx(x - l)yzzw + nlbdx(x - 1)yz(z - 1)w - nzdzx(x - l)y(y — 1)Z(Z - 1)
+ mncdx(x - 1)y(y - 1)zw - mncdx(x - l)yzzw + nzdzx(x - 1)))2Z2 +nlbdx’ yz*w — nlbdxzyz(z - 1)w
+ nzdzxzyzz(z — 1) —mncdx’y*zw + mncdx’y*zw —n’*d’x*y’z* — nlbdx’ yz°w + nlbdx’ yz*w

—n*d*x*y° 7> +mncdx’y’zw — mncdxzy(y - l)zw +n°d 2xzy(y - l)zz}

A’ xyzwab> > d?” 1 1 1
- = 212 2 42 __kzaz(y—l)(Z—l)(W—l)+—k2612(y—1)zw ——kzazyzw
ab cd X X X

+ 1 Ka’yz(w—1) — 1 k*a’yzw + 1 k*a’y(z —1)w + klab(z —1)\w —1) — klabzw + knadyz
x x x

— kmacy(w —1) + kmacyw — knady(z —1) — klabz(w —1) + klabzw — knad(y —1)z
+kmac(y —1)w —1) — kmacyw + knadyz + klabzw — klab(z —1)w + knad(y —1)z 1)
—kmac(y —1)w + kmacyw — knadyz + klab(z —1)\w —1) — klabzw + klabzw — klabz(w —1)

+ klabzw — klab(z —1)w — lzzbz(x 1Nz —1)w—-1)+ lzzlyz(x —1)zew —nlbd(x 1)z
y y
+Imbc(x —1)w—1) = Imbc(x = 1)w + nibd(x —1)z —1) + llzbzdxz(w - 1) - llzbzxzw + nlbdxz
y y

— Imbex(w —1) + Imbexw — nlbdxz — llzbzxzw + 1 lzbzx(z - 1)w — nlbdx(z —1) + lmbexw
— Imbexw + nlbdxz — kmacy(w —1) + kmacyw — kmac(y —1)w + kmac(y —1)\w —1) — kmacyw

+ kmacyw + lmbc(x —1)w- 1) —Imbc(x—1)w + mncd(x - 1)(y ~1) - lmzcz()c - 1)(y - 1)(w - 1)
<

+lmzc2 x—=1)yw —mncd(x—1)y —Ilmbcx\w —1) + Imbcxw — mncd. +lm202x w—1
y y Xy y
Z Z

——m’c*xyw + mncdxy +Imbcxw —Imbexw + mncdxy — l171262)cyw + 1 m2c2x(y - l)w
< < <

— mncdx(y —1) + knadyz — knady(z —1) + knad(y —1Yz —1) — knad(y —1)z + knadyz — knadyz
—nlbd(x —1)z +nlbd(x 1)z 1) - lnza,’z(x - 1)(y - 1)(z - 1) +mncd(x—1)y —1) —mned(x—1)y
w
+ L n’d*(x— 1)yz +nlbdxz — nlbdx(z ~1)+ L nzdzxy(z - 1) —mncdxy +mncdxy — 1 n’d’xyz
w w w

— nlbdxz + nlbdxz — 1 nd*xyz + mncdxy —mncdx(y —1) + 1 n’d*x(y - 1)z}
w w

3 3x1.3y 3z 33w
_4 xym;zz lzdzc d Fxea(y =1z =1 w—1) + x Ka*(y —1)ow — x 'K>a’ yzw
a C

+ x’lkzazyz(w - 1) —x'k*a’yzw + x’lkzazy(z - 1)w -y 'I*’p? (x - 1)(z - 1)(w - 1) + y’llzbz(x - l)zw
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+y P dxz(w—1) — y ' Pb*xzw — y ' PbPxzw + y ' PBx(z = Dw — 7' (x = 1)y = 1) w—1)
+z 1mzcz(x Dyw +z 1mzczxy(w 1) - z7'm*cxyw — 27'm’cPxyw + 2 1mzczx(y 1w
Wd*(x—1)y 1)z —1) +w'n’d*(x —1)yz +w'n’d*xy(z —1) —w'n’d*xyz —w 'n’d’xyz
+ w’1n2d2x(y —1)z + klab(z —1)\w—1) — klabzw — klabz(w —1) + klabzw + klabzw — klab(z —1)w
+ klab(z —1)w—1) — klabzw + klabzw — klabz(w —1) + klabzw — klab(z —1)w — kmacy(w—1)
+ kmacyw + kmac(y —1)w—1) —kmacyw — kmac(y —1)w + kmacyw — kmacy(w —1) + kmacyw
—kmac(y —1)w + kmac(y —1)\w—1) — kmacyw + kmacyw + knadyz — knady(z —1) — knad(y —1)z
+ knadyz + knad(y —1)z —1) — knadyz + knadyz — knady(z —1) + knad(y -1z —1) — knad(y — 1)z
+ knadyz — knadyz + Imbc(x —1)\w—1) — Imbc(x — 1w — Imbex(w —1) + lmbexw + lmbexw
—Imbexw + Imbe(x —1)w —1) = Imbe(x —1)w — Imbex(w —1) + Imbexw + Imbexw — Imbexw
—nlbd(x —1)z + nlbd(x —1)z —1) + nlbdxz — nlbdxz — nlbdx(z —1) + nlbdxz —nlbd(x —1)z
+nlbd(x —1)z —1) — nlbdxz + nlbdxz + nlbdxz —nlbdx(z —1) +mncd(x 1)y —1) — mncd(x 1)y
+mncdxy +mncdxy —mncdx(y —1) +mncd(x 1)y —1) — mncd(x —1)y — mncdxy + mncdxy
+mncdxy —mncdx(y —1) —mncdxy)

3 3x3.3y 3z 33w
- A Dy e Do 1)+ (3w 25w 1) 5z ]

+ y’llzbz[— (x=1)z=1)w=1) +(x—=1)zw —2xzw + x(z = )w + xz(w—l)]

+7'm cz[ (x 1)(y 1)(w 1) (x 1)yw 2xyw +xy(w 1) +x(y l)w]

+w i’ d? [~ (x =1y —1)z—1) + (x—1)yz + xy(z —1) = 2xyz +x(y —1)z]

+ 2klab|(z —1)w—1) —z(w—1) - (z — 1w + zw| + 2knad|[yz — y(z - ) (y-1)z + (y ~1)z— 1)]
+ kaac[— y(w—l) +yw +(y —1)(w—1) —(y-1w ] + 2lmbc[(x 1)(w 1) - (x—l)w —x(w—l)
+xw]+2nlbd[— (x 1)z + (x = 1)z —1) = x(z = 1) + xz] + 2mncd[(x 1)y- 1) —(x=1)y +xy

—(x=1)y]}

ASxyzwa3xb3yC3zd3w
- a’b’c’d’
—w'n’d*(x+ y + z—1) + 2lmbc +2nlbd + 2mncd +2klab + 2knad + 2kmac}

{—x‘1k2a2(y+z+w—1)—y_llzbz(x+Z+W—1) Zm’c*(x+ y +w-1)

_ Alxyzwa> bV d {_ 2B’

+xz+ yz+xw+ yw+ —lsz +—2 2(x + X2+ YZH+ W+ YW+ Zw)
XY+ X7+ yz+xw+ yw+ zw—
a’b*c*d? Q° Y Y Y 2 Q° Y Y Y
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_ ASXyzwa3.rb3yc3zd3w' B2

a’b*c*d? Q >0 (32)

Since A>0, x,y,z, and w are the rates of inputs of a, b, ¢, and d, respectively and
hence all are positive; while B is budget, which will never be negative, therefore,
|H|>0, as required for maximum profit. Thus, the value of the profit function

obtained in (28) is indeed a relative maximum value. Thus, the theorem is proved
(Islam et al., 2010a,b; Moolio et al., 2009).

8. Prediction of Production by Economic Analysis

We have observed that the second order condition is satisfied, so that the

determinant of (28) survive at the optimum, i.e., |J|=|H|; Hence, we can apply the

implicit function theorem. Let G be the vector-valued function of ten variables
A,a,b,c.d k,l,mn, and B, and we define the function G for the point
(/1*, a,b,c,d k,l,mn, B)e R", and take the values in R’. By the Implicit Function
Theorem of multivariable calculus, the equation,

F(,a',b"¢"\d" k,1,m,n,B)=0, (33)

may be solved in the form of

* é)-x-

*

=G(k,1,m,n, B). (34)

S

& %

Also the Jacobian matrix for G is given by,
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o  or  ar ox an]

ok ol om on OB

oa” dd 0d od  od’ —a’ -b - -d" ]

ok ol om  On OB -2 0 0O 0 0

b o o ab o

£ 2 2 2 Z__j .y ) 35
ok o  om on OB 0 P 5
o o o oo 00 A0

ok ol om on OB 0 0 0 0 -]

*

od” od" od od” od
| ok ol om on OB |

In (35), /" =L ", where ¢ =(c,). Now (35) can be expressed as,

1

IV Y Y .Y .Y

ok ol om on OB

6a" 0a  0d 0Oa  Oa —ad =b = =-d

ok ol om on OB -x 0 0 0

1
o ob  ob ob ob 1 0
— = — = —|===Cc"M 0 A& 0 0 o0
ok ol  om on  OB| |
oc- oc o  oc oc 0

ok ol om on OB 0 0 0 0 -4
od” od° od° od od
| Ok ol om on OB |

C, C, C, C, C,|-a -b" - -d" 1]
. ¢, C, C, C, C,|-2 0* 0O 0 O
=—m C, C, G, C; C;l O -2 O * 0 O
¢, ¢, ¢, C, C,| O 0 -0 0
Cs G G5 Cy C55__ 0 0O 0 0 —ﬂ*_
-a'C,~-1C, ~bCy-2Cy -cC,-2C, -dC,-2Cy C,
| _aiclz_;iczz _bzclz_;ticn _C**Clz_;icztz _djclz_/fcsz Gy,
:_m —a*CB _ﬂ’*CB _b*CIS _{sz _C*CIS _{C43 _d*CIE _{Csz Cys (36)
—aC,-A1C, -bCy-ACy -cCy-4ACy -dC,-1Cy C,
|~ a*CIS _/1*C25 _b*CIS _fcss - C*Cls - /1*C45 _d*CIS - )“*Css Cis i
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In (36) total 25 comparative statics are available and we will try three of them in

Theorems 4 to 6 to predict the economic analysis for the maximum profit (Baxley
& Moorhouse, 1984; Islam et al., 2010a,b, Mohajan, 2020a).

Theorem 4: There is no effect on the level of labor b, if the interest rate of capital

®

a increases, 1.e., —=0.
ok

Proof: Now we examine the effects on labor » when the interest rate of capital a
increases. From equation (36) we can write,

ob’ 1 .
a_k:_m —a Cy—ACy
a* 2{*
=—|C;|+—=|C
|J|[ 13]+|J|[ 23]

* *

= £ _Cofactorof C st L Cofactorof C,,
] 7]
_Ba Uua Uac Uad O _Ba _Bc _Bd
_a - B, U, U, Uy i* -B, U, Upe U
|J| - Bc Uca Ucc Ucd |J| - Bc Uca Ucc Ucd
- Bd Uda Udc Udd - Bd Uda Udc Udd
a4 Uba ch Ubd - Bb ch Ubd - Bb Ubu Ubd - Bb Uba ch
= m - Ba Uca Ucc Ucd - Uaa - Bc Ucc Ucd + Uac - Bc Uca Ucd - Uad - Bc Uca Ucc
Uda Udc Udd - Bd Udc Udd Bd Uda Udd - Bd Uda Udc
" - Bh ch Ubd - Bh Ulm Uhd - Bb Uba ch
- _| Ba - Bc Ucc Ucd - Bc - Bc Uca Ucd + Bd - Bc Ucu Ucc
- Bd Udc U dd - Bd Uda Udd - Bd Uda U de




= |a7| [_ Ba {Uba (UccUdd - Uchcd )+ ch (UdaUcd - UcaUdd )+ Ubd (UcaUdc - UdaUcc )}
- Uaa {_ Bb (UccUdd - Udc cd )+ ch (_ BdUcd + BcUdd )+ Ubd (_ BcUdc + BdUcc )}
+ Uac {_ Bb (UcaUdd - UdaUcd )+ Uba (_ BdUcd + BcUdd )+ Ubd (_ BcUda + BdUca )}
- Uad {_ Bb (UcuUdc - UdaUcc )+ Uba (_ BdUcc + BcUdc )+ ch (_ BcUda + Bd Uca )}]
ﬂ*
- 7| [Ba {_ Bb (UccUdd - Uchcd )+ ch (_ BdUcd + BcUdd )+ Ubd (_ BcUdc + BdUcc )}

|
_Bc {_ Bh (UcaUdd _UdaUcd)+Uha (_ BdUcd + BcUdd)+Uhd (_ BcUda + BdUca )}
+Bd {_ Bb(UcaUdc _U U )+Uba(_ BdUcc + BcUdc)+ch(_BcUda + BdUca )}]

da™~ cc

*

= _|a7 {BanaUccUdd - BanaUchcd + BanCUdaUcd - BancUcaUdd + BandUcaUdc
- BuUdedaUcc - BbUaaUccUdd + BbUaaUchcd - BdUaancUcd + BcUaancUdd - BcUaandUdc

+ BdUaandUcc + BbUacUcuUdd - BqucUdaUcd + BdUacUhaUcd - BcUacUbaUdd + BcUacUdedu
- BdUacUdeca - BqudUcaUdc + BqudUdaUcc - BdUadUbaUcc + BcUadUhaUdc - BcUadchUda

+ BdUadchUca } +|A7| {BaBbUCCUdd - BaBbUczd + BaBdchUcd - Ba BcchUdd + BchUdedc
- BaBdUdecc + BbBcUcaUdd - BbBcUdaUcd + BchUbaUcd - BbeaUdd + Bfudeda - BchUdeca
-BBU U, +BBU, U, -BU,U._ +BBUU,-BBU,U, +BU,U }

da™~ cc ba™ cc bc™ ca

*

= _|a7| {BanaUccUdd - BanaUczd + BancUdaUcd - BancUcaUdd + BandUcaUdc - BandUdaUcc
- BbUaaUccUdd + BbUaaUczd - BdUaancUcd + BcUaaUthdd - BcUaaUhdUdc + BdUaandUcc

+ BijcUdd - BhUacUdaUcd + BdUacUbaUcd - BcUacUhaUdd + BcUacUdeda - BdUachbd
- BbUadUcaUdc + BijdUcc - BdUadU U + BcUadUbaUdc - B U2 ch + BdUadU U }

ba™ cc ¢~ ad bc™ ca
24*
+ |7 {BaBbUccUdd - BaBbUczd + BaBdchUcd - BchchUdd + BchUdedc - BquUhdUcc
+ BbB U Udd - BthUdaUcd + BchUhuUcd - BL'ZUhaUdd + BczUdeda -B.B Udeca - BdeUcaUdc

¢ ca c—d

+B,BU, U, -BU,U, +B.BU,U, —BBU,U, +BU,U.,|

da™~ cc ba™ cc bc™ ca
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B _a_* A3a3xb3y03zd3w

|J | a’b’c’d?
+ kabxyz*w* — kabxyz(z —1)w* —Ib*x(x—1)z(z — 1)w(w —1) +b°x(x—1)z°w* —nbdx(x—1)yz*w
+mbex(x —1)yzw(w —1) —mbex(x —1)yzw? + nbdx(x —1)yz(z —Dw +Ib*dx* 2 w(w—1) = b x*2°w*
+nbdx’yz*w —mbex® yow(w —1) + mbex® yzw® —nbdx® yz*w — b x*2°w* +1b*x*z(z —1)w?

/1* A2a2xb2yc2zd2w

—nbdx*yz(z—1)w +mbex®yzw® — mbex” yzw® + nbdx’ yzzw} + = s
| a’b’c’d
{klazbzz(z —Dw(w—1) —kla’b>z*w* + kna’bdyz*w — kma’beyzw(w—1) + kma*beyzw’
— kna’bdyz(z —1)w + Imab’cxzw(w —1) — Imab*cxzw® + mnabedxyzw —m*abc® xyw(w—1)

{kabxyz(z —1)w(w—1) — kabxyz*>w* + kabxyz*w” — kabxyz*w(w—1)

+m’c’xyw® —mnabcdxyzw —nlab*dxz*w +nlab*dxz(z —1)w —n’abd’xyz(z —1) + mnabedxyzw
— mnabcdxyzw +n’abd’xyz’ }

_ _a_* A3xyzwa3xb3y632d3w i* A2zwa2xb2yc22d2w
|J| a’bctd? |J| abc’d?
{klab(1— z —w) + knady + kmacy —Imbcx + 7 'm*c*xy — nlbdx + w_‘nzdzxyz}

{~ka(z—1)w +y ' 1b(1-w—2z) +mc +nd} +

—(1—w—z)+—+

_i A3xyzwa3xb3yc3zd3w {B ZB W_B} +i A3xyzwa2xb2yc2zd2w AaxbycdeQ

Y abc*d’ Q Q af | abc’d’ B
B’ B>  wB’
SIS
3 3xp.3y 3z g3w
__ 1 Axyzwa 2b;c d {E_E}:O. 37)
/] abc*d Q Q

Equation (37) notices that there will be no effect on the level of labor b, if the
interest rate of capital a increases, i.e., there is no relation between labor b and
capital a in the production procedure of the industry (Islam et al., 2010a,b;
Mohajan, 2017a). We think for an industry, capital and budget are essential items.

sk

Now we consider the analysis for aaiB' In the following Theorem 5 we will try to

find a relationship between capital and budget to obtain a maximum profit during
sustainable production procedures.
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Theorem 5: If the budget size of the industry increases, the level of input of
capital a must be increased and the maximization of production will provide

*

maximization of profit, i.e., % >0.

Proof: If the industry makes a change in budget B, it will effect on a, b, ¢, and d. If
the industry wants to increase its production in parallel to its maximization of
profit, it must try to increase its existing budget (Islam et al., 2010a, b; Mohajan et
al., 2013).

£

da_ = —iCofactorof C,
oB |/

Ubd - Bb ch Ubd - Bb Ubb U bd - Bb Ubb U be
- B Ucb U Ucd - Uab - Bc Ucc Ucd + Uac - Bc Ucb Ucd - Uad - Bc Ucb Ucc
Udd - Bd Udc U dd - Bd Udb Udd - Bd Udb Udc

1

- a

[_ B {Ubb (U ccUdd - Uchcd )+ ch (U dbUcd - Uchdd )+ Ubd (Uch de UdbUce )}
(

U 'L'Udd - Uchcd )+ U be (_ BdUcd + BcUdd )+ Ubd (_ BcUdc + BdUcc )}

&

Uab {_ Bb
+ Uac {_ Bb U bUdd - UdbUcd )"’ Ubb (_ BdUcd + BcUdd )+ Ubd (_ BcUdb + BdUcb )}

Cl

- Uad {_ Bb (Uchdc - UdbUcc ) + Ubb (_ BdUcc + BcUdc ) + ch (_ BcUdb + BdUcb )}]

= |7 {_ BathUccUdd + BanbUch cd BancUdbUcd + BancUch ad — BandU chdc + BaU de dbU cc
+ BbUabUccUdd - BbU abUchcd + BdUabU chcd - BcUabchUdd + BcUabUdedc - BdUabUdecc
- BbUacUchdd + BbUacUdbUcd - BdUacUbbUcd + BcUacU bbUdd - BcU acUdedb + BdU aCUdecb

+ BbU adUchdc - BbU adUdbU T BdUadUbbUcc - BcUadUbbUdc + BcUadchUdb - BdUadchU cb}
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= |7 {_ BaUthccUdd + BanbUch - BancUdbUcd + BaU;cUdd - BandUchdc + Banszcc
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1
|
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2
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—labxyz(z — 1)w2 + nadxy(y - l)z(z - l)w —macxy(y —1)zw’ + macxy*zw* — nadxyzzzw}
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3 3x7.3y .3z j3w
_ 1 Axyzwa”b"cd £(1—9)+g(x+y+z+w)

Y bic*d? Q
1 ASxyzwa3xb3yC3zd3w B
SRt (38)

The inequality (38) indicates that when the budget size of the industry increases the
level of input of capital a must be increased for increasing the production to obtain
maximum profit.
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Theorem 6: If the interest rate of the capital a increases, the industry may decrease
the level of input capital a for its production to maintain profit maximization

*

. oa
strategy, 1.e., —<0.
gy ok

Proof: Now we find out the effect on capital a when its interest rate, k increases.
From the equation (36), we find that (Mohajan, 2021a, b; Wiese, 2021),
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+ Uac {_ Bb (Uchdd - UdbUcd )"’ Ubb (_ BdUcd + BcUdd )+ Ubd (_ BcUdb + BdUcb )}
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where (2x-Q)>0. Equation (39) provides, aaik<0. Equation (39) indicates that if

the interest rate of the capital a increases, the industry may decrease the level of
input capital a for the sustainability of its production and also for profit
maximization (Moolio et al., 2009; Mohajan et al., 2013).
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9. Conclusions

In this study we have tried to discuss profit maximization policy of a running
industry and ultimately we have realized that of course profit is in maximization.
We have taken help of Lagrange multiplier method in the mathematical analysis
procedures. We have also analyzed the Cobb-Douglas production function with the
subject to constraint of budget. We have successfully verified that the profit is
obviously maximum by the use of mathematical economics model. We have
provided the prediction of future production for maximum profit with the use of
comparative statics by applying the implicit function theorem. Throughout the
paper we have tried to show mathematical calculations in some details.
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