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Abstract

Every organization expects to achieve maximum profit for its survival economic environment. To develop profit
maximization strategy an organization must be sincere in economic sensitivity analysis. In this study sensitivity
analysis is inspected to predict about the economic situation for the efficient production of the organization. Here
scientific based production policy is indicated subject to a budget constraint, using Lagrange multiplier
technique.
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1. Introduction

At present mathematical modeling in economics becomes popular in economics and social sciences (Samuelson,
1947). It plays a governing role in modern economics to build local and global financial structures (Ferdous &
Mohajan, 2022). The economists not only see their own benefits but also see welfare of the society (Eaton &
Lipsey, 1975). No doubt, an organization wants to achieve maximum profit, but it must be sincere about
environment pollution in every step of its operation (Mohajan et al., 2013; Mohajan & Mohajan, 2022b, 2023h).

Cobb-Douglas production function is a popular mathematical model in economics that can be applied for the test
of profit maximization (Cobb & Douglas, 1928). In this study, we have tried to discuss sensitivity analysis for
inputs of the organization with respect to the increased wage rate. We have used determinant of bordered 6>6
Hessian matrix and 610 Jacobian matrix to analyze optimization problems.

2. Literature Review

In any research procedure, the literature review is an introductory section and a researcher presents published
works of famous authors (Polit & Hungler, 2013). It deals with a secondary research source and does not thinks
about coming research works (Gibbs, 2008). In 1928, two American professors: mathematician Charles W. Cobb
(1875-1949) and economist Paul H. Douglas (1892-1976) have obtained the functional distribution of income
between capital and labor (Cobb & Douglas, 1928). Later in 1984, another two American professors:
mathematician John V. Baxley and economist John C. Moorhouse have provided a mathematical formulation for
nontrivial constrained optimization problem (Baxley & Moorhouse, 1984).

Bangladeshi famous mathematician Jamal Nazrul Islam and his coworkers have worked on optimization
problems with a reasonable interpretation of the Lagrange multipliers (Islam et al., 2009a, b, 2010, 2011).
Starting with four variable inputs; Devajit Mohajan and Haradhan Kumar Mohajan have discussed profit
maximization procedures (Mohajan & Mohajan, 2022a, 2023g). They have also worked on the sensitivity
analysis in a series of papers (Mohajan & Mohajan, 2022c, d).
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Pahlaj Moolio and his coauthors have operated on optimization structure (Moolio et al., 2009). Lia Roy and her
coworkers have shown that cost minimization is essential for the sustainable development of an industry (Roy et
al., 2021). Jannatul Ferdous and Haradhan Kumar Mohajan have established a profit maximization problem
(Ferdous & Mohajan, 2022).

3. Research Methodology of the Study

Research is a fundamental and significant tool to the academicians to lead in academic world (Pandey & Pandey,
2015). Methodology is a guideline to prepare a good research that follows scientific methods efficiently (Kothari,
2008). Research methodology is the collection of a set of principles for planning, designing, organizing, and
conducting a good research (Legesse, 2014).

We have started our research work with a Cobb-Douglas production function. Then we have used Lagrange
multiplier, 6>6 bordered Hessian matrix, and 6>6 Jacobian to discuss sensitivity analysis. Reliability and validity
are soul of a seminal research and we have stressed on these as far as possible (Mohajan, 2017b, 2018a, 2020).
To make this article attractive to the readers we have depended on the secondary data sources of optimization,
such as published and unpublished articles, published books, conference papers, internet, websites, etc.
(Mohajan, 2017a, 2018b).

4. Objective of the Study

The chief objective of this study is to discuss sensitivity analysis of various inputs when wage rate is increased.
Other trivial but related objectives are as follows:

e to explain Cobb-Douglas production function,
e to predict the economic results, and
e to show the results properly.

5. An Economic Model

Let us consider that an organization deals with h1 quantity of capital, h2 quantity of labor, h3 quantity of
principal raw materials, and h4 quantity of other inputs. The profit function of the organization can be
represented by the Cobb-Douglas production function as (Cobb & Douglass, 1928; Mohajan & Mohajan,
2022c,d),

P=f (f’ll,hz,h3,h4)=Ahlah§h§hf (€

where A is the technical process of economic system that indicates total factor productivity. Here a, b, ¢, and d are
parameters, where a is the output of elasticity of capital measures the percentage change in P for 1% change in h1 ;
while h2 : h3 ,and h4 are held constants. Similar properties carry the other parameters b, ¢, and d. The values of
a, b, ¢, and d are determined by the available technologies, and must satisfy the following four inequalities (Roy et
al., 2021; Mohajan & Mohajan, 2023a,b):

O<ax<l, O<b<l1, O<c<l,and O0<d <1. )

A strict Cobb-Douglas production function, in which X =a+b+C+d =1 indicates constant returns to scale,
2 >1 indicates increasing returns to scale, and % <1 indicates decreasing returns to scale (Moolio et al., 2009;
Mohajan et al., 2013).

The budget constraint of the organization can be expressed as,

B(h,h,, h,h,)=kh +Ih, + mh, +nh,, ®)

where k is rate of interest or services of capital per unit of capital h1 ; | is the wage rate per unit of labor h2 ;mis
the cost per unit of principal raw material h3 ; and n is the cost per unit of other inputs h4 .

Now we introduce a single Lagrange multiplier £, as a device; and by using equations (1) and (3) we can
represent the Lagrangian function Vv (hl, hz, h3,h4, ,u), in a 5-dimensional unconstrained problem as (Baxley &
Moorhouse, 1984; Mohajan & Mohajan, 2022b, 2023c,d),
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V(b hy, hyhy, )= ARhSheh + 42 (B —khy —th, —mh, —nh,). @

2y 2y
where E=Bl @:Bz ﬂ=vl, 0 o

' ' =Va1, =5
oh, oh, oh, 8h18h3 oh;

consider the determinant of the 5>5 bordered Hessian matrix as (Mohajan, 2021b),

=V,,, etc. are partial derivatives. Let us

0 -B -B, -B, —-B,
- Bl Vii Vip Vis Vig
H=|- Bz Vor Vo Va3 Vy ®)
- Bs Vi Vg Vs Vi,
- B4 Vir Vg Vs Vi
Taking first-order partial differentiations of (3) we get,
B,=k, B,=l, B;j=m,and B, =n. (6)
Taking second-order and cross partial derivatives of (4) we get (Islam et al., 2010a; Mohajan, 2021a),
v,, = a(a—1)Ah?*hehshy |
V,, = b(b —1)Ahf‘h§‘2h§hd ,
Vs = ¢(c—1)AhhPhi2hy |
Vy = d(d —1)Ahf‘h§h§hf’2,
Vy, =V, =abAh*h)*heh
V3 =V, =acAh? hohhy
vy, =V, =adAh* *thiheh! ™, ©)
V,; =V,, =bcAhh2*hhy
V,, =V, = bdAhf‘hg’lhghf’l,
V,, =V, = CdARh2hSthe ™
Now we expand the bordered Hessian (5) as,
ASBZade 3ah3bh30h3d
H|= LUV ®)

h?hZhZhZs

where A>0, a,b,c,d >0, and budget, B > 0, therefore, |H| > 0. Hence, the profit is maximized (Islam
et al., 2011; Mohajan & Mohajan, 2023e).
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6. Sensitivity Analysis

We have observed that the second order condition is satisfied, so that the determinant of (5) survive at the optimum,
ie., |J| =|H | ; hence, we can apply the implicit function theorem. Let G be the vector-valued function of ten
variables g ,h,hy,h;, h, k., I,m,;n | and B, and we define the function G for the point
(,u*,hl*, hy, h;, h;,k, 1, m,n, B)e R', and take the values in R®. By the implicit function theorem of
multivariable calculus, the equation,

F(u",h 0 h2 by k,1,m,n, B)=0, ©)
may be solved in the form of
_ﬂ_
h,
h, [=G(k,1,m,n,B). (10)
h3
_h4_

a(ﬂ’hl’hz’hs’hzt)
a(k,1,m,n,B)

Now the 555 Jacobian matrix for G ; regarded as Js = , and can be represented by

(Baxley & Moorhouse, 1984; Mohajan & Mohajan, 2023f);

w o ow . ow ow
ok ol om on oB

oh, oh oh oh oh
ok a4 om on 0B
oh, oh, oh, oh, oh
=& @ m am @ w
oh, eh, oh, oh, oh,
ok o om on OB
oh, oh, oh, oh, oh,

ok 4 om  on B |

—h, -h, —h, -—h,
—u 0 0 0
=JY% 0 -x 0 0
0 0 -u 0
0 0 0 —u

©O 0O 0O O I

4 1
The inverse of Jacobian matrix is, J " =-—C", where C = (Cij), the matrix of cofactors of J, where T

9|

stands for transpose, then (11) becomes (Islam et al., 2010; Mohajan & Mohajan, 2023g),
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_Cll C21 C31 C41 C51—__ h1 - hz - h3 - h4 1
1 Co Cp Gy Cp Cyp | —u 0 0 0 0
= _m C Cpu Cyu Cpy G| 0 —u 0 0 0
Cu Cu Gy Cu Gy O 0 —H 0 0
[Cs G Gy Cus G| O 0 0 —u 0]
- h1C11 - IUC21 - h2C11 - IUC31 - hacu - ﬂC41 - h4C11 - ﬂcsl C11 ]
1 - th12 - ﬂczz - h2(:12 - ﬂcsz - h3C12 - ,UC42 - h4C12 - ﬂCsz C12
‘]G = _m - th13 - ﬂcza - h2C13 - /”C33 - h3C13 - :UC43 - h4C13 - IUC53 C13 (12)
- h1C14 - /“C24 - h2C14 - ﬂC34 - h3C14 - ,“C44 - h4C14 - ,UC54 C14
L~ th15 - :“Czs - th15 - IUC35 - h3C15 - /’C45 - h4C15 - /’Css ClS |
In (11) total 25 comparative statics are available, and for sensitivity analysis we will try only on ﬁa_f:l aa—hlz ,
nd 6a_h|4 for the prediction of the economic analysis during the profit maximization investigation

al

(Mohajan & Mohajan, 2023h).

Now we observe the effect on capital h1 when the wage rate per unit of labor, | increases. Taking T22 (i.e., term
of 2" row and 2" column) from both sides of (12) we get (Mohajan, 2021a; Wiese, 2021),

0 h
_hlz_z[clz]"'ﬁ[csz]
ol |J J|
h
— 2 Cofactor of C,, +-=- Cofactor of C,,
9] 9]
- Bl Vip Vi3 Vi 0 - Bz - Bs - B4
_ & _Bz Vo Va3 Vo _HITP 12 Vig Viy
|J| - Bs Vi Va3 Vg |J| - Bs Vs, Vaz Vg
- B4 Vo Vuz Vi - BA Vi Vis Vuu
h Vop Vo3 Vyy - Bz Voz Vo - Bz
_ 2
- _m - Bl Vap Va3 Vgy| —Vip|— Bs Vg Vg +Vy5— Bs
V42 V43 V44 - B4 V43 V44 - B4
- Bl Vig Vg - Bl Vip Vig - Bl
U
_m Bo|=Bs  Vaz Vau| =Bg|=B; Vi V| —B,-Bs
- B4 Vi Vau - B4 Vo Vi - B4

J

V22
V32
V42

Vi,
Vs,
Vi

Vay - Bz
Vag| —Via|~ Bs
L - B4

Vis

Va3

Vas

- _2| [_ B1 {V22 (V33V44 — V43V ) Vo3 (V42V34 A ) +Vyy (V32V43 —Vy5Va3 )}

— Vi, {_ Bz (V33V44 —Vy3Va, ) +Vy3 (_ B4V34 + st44 ) +Vyy (_ st43 + B4V33 )}

+ Vi3 {_ Bz (V32V44 —VyoVay ) +Vy, (_ B4V34 + st44 ) + Vo (_ st42 + B4V32 )}
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—Viy {_ Bz (V32V43 —VyoVa3 ) +Vy, (_ B4V33 + st43 ) + V3 (_ B3V42 + Bd Vs, )}]

- ﬁ [Bz {_ Bl (V33V44 —Vy3Vay ) -V (_ st44 + B4V34 ) + Vi, (_ st43 + B4V33 )}
- Bs {_ Bl (V32V44 —VyoVay ) — Vi, (_ st44 + B4V34 ) +Vy (_ st42 + B4V32 )}

- B4 {_ Bl (V32V43 —Vy5Va3 ) — Vi, (_ B3V43 + BAV33 ) + Vi3 (_ st42 + B4V32 )}]

h
_ 2
BT {_ B1\/22\/33\/44 + B1V22V43V34 - B1V23V42V34 + B1V23V32V44 - Blvz4V32V43 + B1V24V42V33

N
+ B2V12V33V44 - 82V12V43V34 + B4V12V23V34 - B?,V12V23V44 + B3V12V24V43 - B4V12V24V33 - B2V13V3.2V44

+ B2V13V42V34 - B4V13V22V34 + B3V13V22V44 - B?,V13V24V42 + B4V13V24V32 + 82V14V32V43 - 82V14V42V33

y7;
+ B4V14V22V33 - B3V14V22V43 + BSV14V23V42 - B4V14V23V32} - m {_ Bl B2\/33\/44 + Bl BZV43V34

2

—B,BoVigVas =By BiVigVay —B,BoViVius +B,BViVas  + BBV vy —BBovpVa, - B3Vi,Vas
2 2

+ BB ViV, + BiViVe, — BiBViaVa, +BiBVoVis —BBVypVas —BiBVivs = PAUPAZ

2
+B3B,V1aVy, — By V13V32}

h
2 2 2 2
BT {_ B1\/22\/33\/44 + B1V22V34 - B1V23V42V34 + B1\/23\/44 - Blvz4V32V43 + Blvz4V33 + B2V12V33V44

9|
2
- BZV12V34 + B4V12V23V34 - BSV12V23V44 + B3V12V24V43 - BAV12V24V33 - BZV13V32V44 + BZV13V42V34
2
- B4V13V22V34 + B3V13V22V44 - B3V13V24 + B4V13V24V32 + BZV14V32V43 - BZV14V42V33 + B4V14V22V33

2 H 2
- BSV14V22V43 + B3V14V23V42 - B4V14V23} - _{_ Bl 82V33V44 + Bl BZV34 - Bz B3V13V44 - Bz B4V13V34

9]
2 2
+B,BVigVas +BByViVey  +BBVyvy, —BiByvpVa,  —BaVipVy, +BiBVipvs,  + B3V,
2 2
= B3B,ViuVap + B ByVgVys — BBy VipVas — BsB,VipViys + B, VipVss + ByB,VigVi, — B, V13V32}

__i AShlBahZSbh:fchASd
|J| hfhzhghf

{khbb-1)k(c—1d(d-1)  +khtb(b—1)c2d?  —khZbc?d?

+kh??c?d(d -1) —khb*c?d? +kh?b’c(c—1)d®> +Ihh,abc(c-1)d(d-1) —Ihh,abc?d?

+nhh,ab’c®d —mhh,ab’cd(d -1) +mhh,ab’cd® —nhh,ab’c(c—1)d —Ihh,abc?d(d —1)
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+Ihh,abc’d® —nhh,ab(b-1)c*d +mhh,ab(b—1)cd(d -1) —mhh,ab’cd® +nhh,ab’c?d
+Ihh,abc?d? —Ihh,abc(c—1)d? +nhh,ab(b—1)c(c-1)d —mhh,ab(b-1)cd? +mhh,ab’*cd?

i AhPhhzhz
9] hihghch;

—nhh,ab%c?d | {~KIn?hZc(c—1)d(d 1) +kIh?hZc?d? —Imh,hZh,acd(d - 1)

—nlh,h?h,ac?d +ImhhZh,acd® + nlh,hZac(c —1)d? + kmhh,hbed (d —1) — kmhPh,h,bed (d —1)
—m*hh,hZabd(d —1) +mnh,h,h;h,abcd +m?hh,hZabd? —mnhh,h,h,abcd
—knh?h,h,be(c —1)d +knh?h,h,bc?d —mnhh,h,h,abcd +n?hh,hZabc(c -1)
+mnhh,h;h,abed —n?hh,hZabc? |

1 Afabedh®h®hFh
O hZhh?h?

{kh?a*(b-1)c-1)d-1) +kha'(b—ld  —khfa 'bed

+kh?a?bc(d —1) —khfa™bed +khfa'b(c-1)d +Ihh,(c—1)d-1) —Ihh,ecd +nhh,bc
—mhhb(d-1) +mhhbd —nhhb(c-1) —Ihhc(d-1) +Ihhed —nhh,(b-1)k
+mhh(b-1fd -1) —-mhhbd +nhhbc +Ihhed —Ihh(c-1)d +nhh,(b-1)c-1)

1 Acdh?®hZhZh??
9] hihghshy

—mhh,(b—1)d +mhh,cd —nhhbc} - {-KIh?h? (c—1)d —1) +kIh?hZcd

~ImhhZha(d-1) —nlhh?hac  +Imhh’had  +nlhh’ac-1) —m’hh,hZabc™(d —1)
+m2hh,hZabc™d —knh?h,h,b(c —1) —knh?h,h,bc +n2hh,hZab(c —1)d * —nZhh,hZabed |

1 A%abedh?hZhZh?

3 3a}y3by3c},3d
1 A"abedh*h,"hy"h, {E(1_2)+g(a+b+0+d)}

R z Pl RN
XthYhZIRW 2 2
Ah1h2h38h4h1h22 {%(c+d)+C%}

3 3ap,3b}y 3¢} 3d
__1A abcdh; 22 2h3 h, E(1+2c+d)<0- )
|H| hh,hsh, Z

From (13) we observe that when the wage rate increases, the capital h1 of the organization decreases. It seems
that due to increase of labor cost, production cost of the organization increases. On the other hand, the laborers
work for fewer hours due to income effect. Consequently, for the sustainable profit maximization the organization
should decrease its capital.

Now we analyze the effect on labor h2 when the wage rate per unit of labor, | increases. Taking T, (i.e., term of
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3 row and 2" column) from both sides of (12) we get (Mohajan, 2021c; Mohajan & Mohajan, 2022k1),

o _hhre LA
6I _| |[C13]+|J|[C33]

= ﬁCofactor of Cj; + £ Cofactor of Ci

9] 9]
=B vy Vg vy, 0 -B -B; -B,
& Bz Vor Va3 Vo H Bl 11 13 14
|J| - Bs Vap  Vaz Vy |J| Bs a1 Vaz Vi
- B4 Var Vaz Vs - B4 Vir Viz Vi
Vor Va3 Vo - Bz Vs Vi - Bz Vor Vo - Bz Vor Va3
—E—Bv Voo Vol =Vi,|—B. Vo, Vo, | +V.|—-B, Vv,, V,|l—V,-B, Vv, V
= |J| 1|V31 33 34 11 3 33 34 13 3 31 34 14 3 31 33
Vir Vaz Vi - B4 Vis Vi - B4 Vir Vag - B4 Vi Vs
- B1 Viz Viu - Bl Vii,  Viu - Bl Vip Vi3
yZi
+ m - Bl - Ba V33 V34 + Bz - Ba V31 V34 - B4 - Bs V31 V33
- B4 Vis Vi - B4 Var Vi - B4 Vir Va3
_ hz

| J | [_ Bl {V21(V33V44 —Vy3Vay ) Vo3 (V41V34 —V31Vy4 )+ Vou (V31V43 —Vy1Vs3 )}

- Vll{_ Bz (V33V44 —Vy3Vay ) Va3 (_ B4V34 + BBV44 ) +Vy, (_ B3V43 + B4V33 )}
+ Vi3 {_ Bz (V31V44 — V4 Vay ) + V21(_ B4V34 + BBV44 ) + Vo, (_ B3V41 + B4V31 )}
— Vi, {_ Bz (V31V43 —V41Va3 ) + V21(_ B4V33 + B3V43 ) + V3 (_ st41 + B4V31)}]

+ ﬁ [{_ B1 {_ Bl (V33V44 —Vy3Vay ) +Vi5 (_ B4V34 + st44 ) + Vi, (_ st43 + B4V33 )}

+ B3 {_ Bl (V31V44 _V41V34)+ Vll(_ B4V34 + st44)+ Via (_ BBV41 + B4V31)}
- B4 {_ Bl (V31V43 _V41V33)+V11(_ B4V33 + BSV43)+ Vis (_ st41 + B4V31)}]
h
_ 2
- _m {81V21V33V44 - B1V21V43V34 + B1V23V41V24 - B1V23V31V44 + Blvz4V31V43 - B1V24V41V33
- B2V11V33V44 + BZV11V43V34 - B4V11V23V34 + B3V11V23V44 - B3V11V24V43 + B4V11V24V33 + B2V13V31V44

- BZV13V41V34 + B4V13V21V34 - B3V13V21V44 + B3V13V24V41 - B4V13V24V31 - BZV14V31V43 + B2V14V41V33
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LM

ol

2 2
—B,B3VigVis +B,B3VyVis —ByByVy Vg — By BoVayVy, + By BoVyyVa, —BsB,Vyyvg, + B3ViiVay — BgViuVay

2 2
- B4V14V21V33 + BSV14V21V43 - B3V14V23V41 + B4V14V23V31} {Bl V33V44 - Bl V43V34 + BlB4V13V34

2 2
+ByB,V1aVay + BB,V Vg — BBV, Vs + BiViyVag — BB, Vi Vg5 + BiB ViV, — By V13V31}

_ _& A3 h13a h23b h330 hjd
9] hehzhihg

{khh,abc(c-1)d(d —1) —khh,abc?d? +khh,abc?d?

—khh,abc’d(d-1)  +khh,abc’d®>  —khh,abc(c—1)d®>  —IhZa(a—1)c(c—1)d(d —1)
+Iha(a-1)c?d* —nhh,a(a—1pbc’d  +mhha(@a-1)pcd(d -1) —mhha(a-1)ocd’
+nhh,ala-1pbc(c-1)d +IhZa*c®d(d -1) —IhZa’c®d® +nh,h,a’hc’d —mh,h,a’bed(d —1)
+mhh,a’bed®  —nhh,a’bc’d  —IhZa*c®d®  +lhZa’c(c-1)d®  —nh,h,a’bc(c-1)d

+mh,h,a’hed? —mh,ha’bed? + nh,h,a’hc?d |

2lh2ap2bp2c2d
“A hlz h§ ?3 2h4 k2h?hze(c—1)d(d -1) —k’hZh2c2d? +knhh2h,ac?d
|J| hl hZ h3 h4
—kmhhZhacd(d -1)  +kmhh’h,acd®  —knhh?h,ac(c-1)d —kmhhZhacd(d —1)

+kmhhZh,acd? —nlh?hh,a(a—-1)cd +m?hZhZa(a—-1)d(d —1) —m?hZhZa®d? +nlhZh,h,a’cd
+knhh?h,ac®d  —knhh?hac(c-1)d  +n®h?h?a(a—1)c(c—-1)  —mnhZhh,a(a—1)cd
+mnhZh,h,a’cd —n’h2hZa’c? }

_ 1 abcdA’h*h*hi°h)

T h2hZh?2 {kh(c-1)d —1) —khc(d 1) +khed —kh(c—1)d +Ih,ab™c(d 1)

—2lh,ab™cd +Ih,ab?(c-1)d —Ih,(a—1po*(c—1)d 1) +Ih,(a—1p"cd +mh,(a—1)d -1)
—2mha(d-1) +mhad  +nh,(a-1)c-1) -nh,(a-1c -nhalc-1) +nh,ac}

L 1 Acdn*hhhi Ahvhihihy's
9 h2n2n? B

{k?h?(c—1)d 1) —k°h2cd +knhh,ac —kmhh,a(d —1)

+kmhh,ad —knhh,a(c-1) —kmhh,a(d -1) +kmhh,ad —nlh,h,a(a—1)

+m’hfa(a-1)c*(d-1)  -m’hla’c’d  +nlhh,a®>  +knhhac  —knhh,a(c-1)
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+n’h?a(a—1)c—1)d * —mnhh,a(a—1) + mnhyh,a? —n?hZacd |

_ 1 abcdA’h*h°hi°hB
] h?hZhZs

{2a(c-1)d -1) —(a-1)c—1)d -1) —2ca(d -1) +(a—1)c—1)d

1 acdA’h*h’h¥*h¥B
—alc—1)d +acd} +|J| nhehes

{ac-1)d -1) —2ac(d-1) +3acd —2a(c—1)d

+(a-1)x(d -1) +(a-1)c—1)d —2(a—1)cd}

1 A’hhhih’B

1 A’h’*hh¥h'B

=— d(abc—bcd +b d d
3 Wi acd (abc —bed + )+|J| henis acd(a+c+d)
1 acdA’h**h¥h¥hXB
=0l hllzh;hf; + —{(=+bcd)-b(ac +2)} (14)
From (14) we observe that if (Z +bced ) > b(aC + 2) we get,
%>O. (15)

The inequality (15) indicates that if the wage rate | of the organization increases, the total labor h, of the
organization also increases, which is reasonable. Due to substitution effect for more income the total labor hours
among the laborers increase.
From (14) we observe that if (Z +bced ) < b(ac + 2) we get,
oh,
o
The inequality (16) indicates that if the wage rate | of the organization increases, the total labor h, of the
organization decreases, which is not reasonable. It seems that due to income effect laborers need less total labor

<0. (16)

hours to manage necessary money of daily expenditure. Consequently some laborers remain absent, because they
have enough money to carry on their absent periods.

Now we analyze the effect on principal raw materials h3 when the wage rate per unit of labor, | increases. Taking
T,, (i.e., term of 4" row and 2™ column) from both sides of (12) we get (Mohajan, 2022; Mohajan & Mohajan,
2023i),

oh, h,

E :m[cl4]+ £ [034]

vl

h
=ﬁCofactor of C, +ﬁCofactor of C,,

_B1 Vg Vi, Vi 0 _Bl _Bz _B4
hz _Bz Voo Vo Vy _ﬁ_Bl Vi Vip Vi
|‘]| - Bs Var Vg Vg |J| - Bs Vap Vg o Vg

B

_B4 Vir Vi Vi —bB, Vi Vg Via
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h Vor Voo Vo - Bz Vo, Vo - Bz Vor Vo - Bz Vo Yy
== |J| -B 1Var Vi Vg — V|~ Bs Vap V| +Vpp|— Bs Vi Vg — V4|~ Bs Vap Vg
Vi Voo Vi - B4 Vo Vau - B4 Var Vas - B4 Vi Vi
- Bl Vio Via - Bl Vii Vi - Bl Vii Vi,
Y2
_m Bl - Ba Vs, Vag| — Bz - Ba V3p V| + B4 - Bs Vi Vg
- B4 2 Vuu - B4 Var Vaa - B4 Vir Vg
h
_ 2
- m [_ Bl {V21(V32V44 —VyoVay ) +V;, (V41V34 —V31Vau ) + Vo (V31V42 —V41Vs )}

— Vi {_ Bz (V32V44 —VioVay )"‘ Vo (_ B4V34 + st44 ) + Vo (_ st42 + B4V32 )}
+Vp, {_ Bz (V31V44 V41V )"‘ V21(_ B4V34 + st44 ) + V24( 3V41 + B V. 1)}
—Viy {_ Bz (V31V42 —V41Vao )"‘ V21(_ B4V32 + st42 ) + sz( B Va1t B 4Va1 )}]

- m [_ Bl {_ Bl (V32V44 — VoV, ) +Vi, (_ B4V34 + st44 ) +Viy (_ st42 + B4V32 )}

- Bz {_ Bl (V31V44 — V4 V3, ) + Vll(_ B4V34 + B3V44 ) + Vi, (_ st41 + B4V31)}
+ B4 {_ Bl (V31V42 —V41Va )"‘ V11(_ B4V32 + Bzv42 )"‘ Vio (_ B3V41 + B4V31 )}]

h
_ 2
- __{_ B1V21V32V44 + B1V.21V42V34 B 1VooVaiVas + B 1VooV31Vas -B 1VosV31Vao T+ B 1V24Va1Vsao

]
+ B2V11V32V44 - B2V11V42V34 + B4V11V22V34 - B3V11V22V44 + B3V11V24 42 -B 4V11V24V3,
- B2V12V31V44 + B2V12V41V34 - B4V12V21V34 + B3V12V21V44 - B3V12V.24V41 + B4V12V24V31

+ 82V14V31V42 - BZV14V41V32 + B4V14V21V32 - B3V14V21V42 + B3V14V22V41 - B4V14V22V31}
H { 2 2
_m Bl ViV — Bl VyoVas + Bl B4V12V34 - B1 B3V12V44 + Bl B3V14V42 - Bl B4V14V32

+ BBV Vs — ByBoViyVay + BB Vi Ve, — B BoViyViy + BBV Vg — BBV,
2 2
= B BVgyVa, + ByB,VyyVap — BiVyy Vs, + B3BViyVi, — ByBViVy + By V12V31}

3 3a},3b 3¢, 3d
— 1A hl h h zh {_ khlh:gabZCd (d —1) + khlh3ab2Cd 2 - khlh3ab(b _l)Cd © - khlh3ab2Cd i
"] neh,nin;
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+nhha(a-1p(b-1)cd —mhZa(a—1p(b-1)d(d-1) +mhfa(a—1)p?d* —nhh,a(a—1)b*cd
—Ihh,a*bed(d -1)  +Ih,h,a’becd®  —nhh,a®’cd  +mhla’b’d(d-1) —mhZa’h?d?
+nhh,a’b’cd +1h,h,a’bed? —Ihh,a’bed?® +nhh,a’b’cd —mhZa’h?d?® +mhZa’b(b-1)d?
—nh;h,a%b(b—1)cd |

—ﬁ{kzhfhzmbcd (d-1)  —Kkh?hhbcd?  +knhhhhabcd  —kmhh,hZbcd(d —1)
+kmhh,h?bcd® —knhh,hh,abed +klIhh?hacd(d —1) —kIhhZhacd® +nlhZhh,a(a—1)cd
+ImhZhZa’d® —ImhZhZa(a—1)d(d -1) —nlh?hh,a’cd —knhhhh,abed +knhh,h,h,abed
—n?h,h;hZa(a —1)bc +mnh,h?h,a(a—1bd —mnh,hzh,aed +nh,hhZa’be|

__ 1 Aabodn*hPhhiB 1 A’abedni*h*hihi’B
9] hZhhhZs 9] h2hhhis

From (17) we have realized that there is no relation between principle raw material and wage rate. It seems that

although if the wage rate increase, the organization may increase or decrease principle raw material depending on
its demand.

=0. 17)

Now we observe the effect on other inputs h4 when the wage rate per unit of labor, | increases. Taking T52 (ie.,

term of 5 row and 2" column) from both sides of (12) we get (Islam et al., 2011; Mohajan, 2017a; Ferdous &
Mohajan, 2023j),

= B—2|Cofactor of C; + ﬁCofactor of C,

h2 Vo Vo Vg - Bz Var Vo3 - Bz Vor Va3 Bz Vor  Va
= m Bl Va; Vg Vgl —Vpy Bs Vap Vag| + Vo, Ba Va;  Vag| = Vi3 Bs Va1 Vg
Var Vo Va3 - B4 12 Va3 - B4 Var Vag B4 Vir Vi
- Bl Vip Vi3 o B1 Vig Via - Bl Viy Via
+ﬁ Bl Ba Vap  Va3| — Bz - Ba Vap  Vaz| + Bs Bs Va1 Vi
- B4 Vo Va3 - B4 Vs Vas - B4 Var Vap
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] h’hhih,E

abcd(-ab+a-1) +m h h abcd(—ac-a+1)

1 A’h¥*hhih’'B
3] h’hhih,=

a’bed(b+¢)<0. (18)

From (18) we have realized that when the wage rate per unit of labor, | increases; the amount of other inputs h4
decreases. It seems that other inputs are not essential materials for the organization, and labor level of it may
decrease from this sector.

7. Conclusions

In this study we have studied sensitivity analysis of various inputs, such as capital, labors, principal raw
materials and other inputs with the increase of wage rate. We have started the discussion with the Cobb-Douglas
production function by considering the budget as constraint. This study will be beneficial for the organizations
where wage rate is increased remarkably. In this paper we have tried to present mathematical calculations in
some details.
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