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REPORT

A webinar was organised by Department of Mathematics,
Pattamundai College, Pattamundai on 26" September 2020 on the topic
“APPLICATION OF CALCULUS IN MATHEMATICAL MODELLING: A JOURNEY
THROUGH INVENTORY MODELLING” . Dr. Bijoy Krishna Debnath, Assistant
Professor of Mathematics, Department of Applied Sciences, School of
Engineering, Tezpur University, Assam who graced the webinar with his
analytical thinking. We were able to get the beautiful glimpses of the students
of our Department in this webinar. Sri Arabinda Pandab, Head of the
Department gave a key note address of the topic. Principal Prof Adhikari
Laxminarayan Dash welcomed the guest and participants of different colleges
of our state through web. The webinar was ended with a vote of thanks by Dr

Nirmal Kumar Sahoo, another faculty member.

rabinda Pandab
HOD& Convenor
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To
Dr. Bijoy Krishna Debnath,
Assistant Professor of Mathematics,
Department of Applied Sciences,
School of Engineering,
Tezpur University, Assam

Sub: Invitation to act as the Resource Person in the extramural webinar

of Department of Mathematics of Pattamundai College.
Sir,

| am pleased to invite you to kindly act as the resource person in the
extramural webinar on “Application of Calculus in Mathematical Modelling: A
Journey through Inventory Modelling” organised by Dept of Mathematics on 26"
September 2020 at 10.30a.m.

Your kind consent in this regard is highly solicited.

Principal
Pattamundai College

principal
Pammundal\) College

: ~www.pattamundaicollege.ac.in,
E-mail : pattamundaicollege@gmail.com, pattamundaicollege@yahoo.com
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Principal Pattamundai College <pattamundaicollege@gmail.com> Mon, Sep 21, 2020 at 11:20 AM
To: bijoy91@tezu.ernet.in

pl Find the attachment
Principal
Pattamundai College

-@ Math Webniar 2.pdf
144K

Dr. Bijoy Krishna Debnath <bijoy91@tezu.ernet.in> Mon, Sep 21, 2020 at 11:27 AM
To: Principal Pattamundai College <pattamundaicollege@gmail.com>

Dear Principal,

It is an immense pleasure for me to act as a resource person for the said
webinar. | am confirming myself to attain as a resource person. Thank you
so much for inviting me. Hope to see you in the webinar.

> pl Find the attachment
> *Principal*
> *Pattamundai College™

> *pattamundaicollege@gmail.com <pattamundaicollege@gmail.com> *
>

3ff gfgd/ with Regards,
81 fasra Wi g1/ Dr. Bijoy Krishna
Debnath
Tegd UhR, 71fUrd / Assistant
Professor, Mathematics
3fquged fasm fawmy
Department of Applied Sciences,

' / School of

Engineering,
ﬂag? fasyfaemerar Tezpur
University,
foran: - agR, diefi-amamy
District:-Sonitpur, PO-Napaam
fo -784028, 3G/ PIN-784028, Assam,
HIE126-7005299232/ Mobile- 7005299232
Website Address: http://www tezu ernet infappsc/
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This e-mail may contain privileged information and is intended solely for the individual named. If you are not
the named addressee you should not disseminate, distribute or copy this e-mail. Please notify the sender
immediately by e-mail if you have received this e-mail in error and destroy it from your system. Though
considerable effort has been made to deliver error free e-mail messages but it can not be guaranteed to be
secure or error-free as information could be intercepted, corrupted, lost, destroyed, delayed, or may contain
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C.V of Resource Person Dr. Bijoy Krishna Debnath

Dr. Bijoy Krishna Debnath is currently working as an Assistant
Professor of Mathematics at Department of Applied Sciences, School of
Engineering, Tezpur University, Assam. Prior to that he was working as an
Assistant Professor at Government College of Engineering, Kalahandi, Odisha.
He did his Ph.D. in Operations Research from National Institute of Technology
Agartala, Masters from Gauhati University. His area of research includes
Operations Research, Fuzzy Mathematics and Optimization, Mathematical
Modelling. He has published research articles in SCI, SCOPUS and Journal of
international repute that includes International Journal of Operations research,
Hacettepe Journal of Mathematics and Statistics, International Journal of

Logistic System and Management, Iranian Journal of Fuzzy Systems.
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Topic: Application of Calculus in Mathematical Modelling: A Journe
through Inventory Modelling

Presented By: Dr. Bijoy Krishna Debnath, Assistant Professor (Mathematics), School of
Engineering, Tezpur University, Assam, India

Presented at: Pattamundai College on 26.09.2020
Outline of Presentation

» Calculus

» Maxima and Minima of function

» Basics of Inventory Modelling

» Discussion on an Inventory Model as a Special Case

What do you mean by Calculus?

Calculus is the branch of mathematics that deals with the finding and properties of derivatives and
integrals of functions i.e. application of derivatives and integrals. One of those application of derivatives
involved convexity, concavity and point of inflexion.

Definition

Consider a function f(x) that is defined in an interval /. If the second order derivative f"(x) = 0 for
all x in an interval { then f is convex on /. On the other hand, if /"(x) < 0 for all x in an interval /,
then / is concave on /.

Suppose that f is differentiable on an interval /. The graph of f is

» concave up on [ if f’ (slope from negative to positive) is increasing on [ i.e., slope is increasing:
and

concave down on /, if ' (slope from positive to negative) is decreasing on / i.e., slope is
decreasing

Y



For a continuous and differentiable function fix) a stationary point x" is a point at which the

slope of the function vanishes, i.c. f'(x) = 0 at x = x, where x" belongs to its domain of

definition.
Ji=0
Sy <0 Ji>0
Sin<o S>>0
Sixi=0
minimum maximum
Fig. 1
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What is inventory

Inventory can be defined as a stock on hand at a given point of time which may be held for the purpose of
later use or sale. It has an economic value that include raw material, work in progress inventory, semi finish
or final product. In inventory control, our main aim is to manage the inventories in such a manner so that the
day to day work is running smoothly without any delay but at the minimum cost.

Various costs related to inventory are

» Purchase Cost: This is the cost involved in purchasing of inventories. It depends upon the quantity.

Therefore,

Purchase Cost (PC)= No of units (Annual Demand) x cost/unit.

» Ordering Cost: The costs involved in ordering inventories from source to destination is called



Y

ordering cost. It includes the tender, processing charge, paper works, inspection and transportation.
Therefore,

OC=No of orders x cost/order.

Setup Cost: When the inventory items produced internally, then the costs associated with bringing
the shutdown system into work, the costs related with this is called set-up cost. It includes
maintenance cost, schedule chart preparation, bringing raw materials, arrangement of workers,
tools, equipment costs etc. Therefore,

SC= No of Set-up x cost/set-up.

Holding / Carrying Cost: The costs associated with the storing, keeping the inventory items within
the production system. It includes shortage costs, handling costs, damage costs etc. It depends upon
the quantity and period for which the inventory is kept. Therefore,

Holding Cost=Avg. inventory for a period x Holding Cost/ unit time.

Shortage Costs: It occur for any absence in the inventory and the costs which are associated with
not serving the customer. The loss due to this is called shortage cost or stock-out costs. Therefore,

SC=No of units short x shortage cost/unit

Inventory Control-Terminology

>

Y

Demand: it is the number of items (products) required per unit of time. The demand may be either
deterministic or probabilistic in nature.

Order cycle: The time period between two successive orders is called order cycle.
Lead time: The length of time between placing an order and receipt of items is called lead time.

Safety stock: It is also called buffer stock or minimum stock. It is the stock or inventory needed to
account for delays in materials supply and to account for sudden increase in demand due to rush
orders.

Re-order level (ROL): It is the point at which the replenishment action is initiated. When the stock
level reached R.O.L., the order is placed for the item.

Re-order quantity: This is the quantity of material (items) to be ordered at the re-order level.
Normally this quantity equals the economic order quantity



Model Description

Let us discuss an inventory model by considering two levels of trade credit, limited storage capacity and
assuming the retailer can delay incurring interest charges on the unpaid and overdue balance due to the
difference between interest earned and interest charged. a situation designed to reflect real world business
situations.

Assumptions
» The replenishment rate is infinite, i.e., the replenishment is instantaneous.
» Backlogging is not allowed.
» The lead-time is assumed to be negligible.
» The demand rate is known with certainty and uniform.

» A constant fraction, @, of the on-hand inventory which deteriorates per unit time and there is no
repair or replenishment or the deteriorated inventory during a cycle time.

» The retailer can accumulate revenue and earn interest after the customer pays for the amount of
purchasing cost to the retailer until the inventory cycle T when M < T and the retailer earns interest

on sales revenue up to the permissible period M when M > T.

» The retailer can decide to pay off all accounts either at the end of the permissible period M or at any
time point during (M, T].

Notations

» D = annual demand rate



» 6 = aconstant fraction of the on-hand inventory which deteriorates per unit time
» ¢ = unit purchase cost of the item.

» s =unit selling price of the item.

»  h = unit stock holding cost for item in OW (excluding capital opportunity cost)
» k= unit stock holding cost for item in RW (excluding capital opportunity cost)
» A = the ordering cost per order.

» M = the retailer's trade credit period offered by supplier in years.

» N = the customer's trade credit period offered by retailer in years.

» I, = the annual interest that can be earned per unit.

» I, = the annual interest charges payable per unit.

» T = replenishment cycle time

» = the storage capacity of OW

Let /(7) be the inventory level at any time 7, (0<1<T). Depletion due to demand and due to deterioration
will occur simultancously. The differential equation that describes the instantaneous state of (1) over [0, 7] is

given by

et +0I(n=-D, 0<1<T.
dr

The solution of the above differential equation with boundary condition /(T)= 0 is
I(0) = -‘g[c“ T™_ 1} 0<i<T.

Thus,

D

0= !(0).—_3(&”’ -1

The number of units that deteriorate during one cycle is

D™ - 0T - 1)

Q- DT = ;

Let

1
T,:%In(%+ l).

Egs. (3) yields
O>Wifand onlyif T>T,.

(n

2

3)

4

(3

(6)



(4) The interest eamed per year can be obtained as follows:
Case 1: 0<T <N

Annual interest eamed = sI,D(M — N)
Case 2:N<T<M

2 2
Annual interest eamed =$"D{M2}~ i

Case 3: M<T<W

In this case, T <« W* implies that the retailer pays off the total amount owed to the supplier ¢DT and has amount
sDPoh&?‘—’—rﬂronhandattimeMﬁxentttretailacanobu‘ndrhﬁmtunwd!,{sl)M+5=§‘—"—dJT](T—M)+55';,.ﬁ1
during the time period [M. T]. On the other hand, after the time point M, the retailer continuously sells items and uses the revenue
to earn interest until time 7. That is, the retailer can accumulate revenue and eamn interest sLD(T — M)*[2 during the period Mto T.
Therefore,

; I, sI,DM? sID(T ~-M)*  sL,DIM? - N?)
Annual interest eamed = T(SDM - — cDT) (T-M)+ 57 il oy

Case4: W <T
In this case, W' < T implies that the money in the account at time M is less than the purchasing cost, then the retailer
gradually reduces the finance loan from constant sales and revenue received until the time point M 4+ {cDT — sDM—

!'9-!,'11/1)}. After this time point, the retailer continuously sells items and uses the revenue to earn interest until time
T. Therefore,

- SDM - 4000 }
Annual intﬂﬁtemlzsf,D{T---M-[cDT :I:M weog=) /s0}

Case M <=TcW

In this case, T < W" implies that sDM + %2550 5 (DT, then the retailer pays no interest charge.

Case 4: W* < T

In this case, W* < T which implies that sOM + 2240 . ¢DT, then the retailer needs to finance the difference with intes-

est rate [, at time M. Based on the assumptions, the retailer gradually reduces the amount of financed loan from constant
sales and revenue received. Therefore, the interest payable per cycle is

fofor-foe-2225]]

Furthermaore, the annual total relevant cost for the retailer can be expressed as
TC(T) = ordering cost + detetiorating cost + stock — holding in RW 4 stack — helding cost in OW
+ interest payable - interest earned.
From passible values of N, M and W, this study has the following four possible cases.



(1) Suppase T, <N <M< W
in this case, the annual total relevant cost can be as follows

TCuT) f0<T<T,
TCT) HT,<T<N
TOT) = S TC(T) HN<T<M
TCuT) UM<TewW
TCyT) HW <T

where

.M = ‘; D‘"’“"g -0 aom-m

rc,;r,-f.ﬁ";;—‘ﬂeﬂ - uue-uar. 1)+ CWT - T,)] - DM - N)

M -4 P ey “",r'”;me"c cr.-n.o'm_r-r.}:.-"%”l
A Dik - N
Teum =44 —D‘-T,;—‘l’i:r" err-n-%m{a“um--1,.a'ww-r.}i~%_f§
3
[mhﬂ!!#,m]g-m_ﬂ%lﬁ
and
. A Dik+ o) k- ) . SDV -NY |,
K;!th-f --?—-(t’rﬂ” W{D(H‘-ﬂ.-h#f‘f“—rd —ﬂ—m

{or- [ 1000 w0 #{r-u-“’"'t“"‘i;""‘-'r"'—"i}z

(la)
(1b)
(g
(1d)
(le)

@)

3)

4
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6)

From Egs. (2)<(6), it is obvious that TCUT)=TCAT,) TCAN) = TGNL TCH(M)=TCAM) and TCW*)=TGAW").

Furthermore, TC(T) is continuous on (0, « )

in this case, the annual total relevant cost can be as follows
TC(T) if0<T<EN
TCe(T) IFN<T<T,
TCM) ={ TCy(T) T, <T<M
TC(T) ifM<T<W
TCs(T) ifW <T

where

mm_‘% D%,'t”—‘”{!“—ﬂ?»l) %ﬂ 2MT - N - T3

Obviously, TCi(N) = TGs{N) and TCs(Ty) = TCy(T,). Furthermore, T((T) is continuous on (0, o).
(1) Suppose N<M < T, < W*
in this case, the annual total relevant cost can be as follows

TC:(T)
TCe(T)
TC(T) = ¢ TG(T)
TC4(T)
TCs(T)

where

Tf?(T}uA-i L

T
slD
pig

iF0<T<N
ifN<T<M
iFM<T<T,
ifT,<T<W
irTw <T

2 2
(,«_w-,,_w,_;[m4

2T 2

shDM® - N*)

T[T - M|

Likewise, TC4(M) = TCAM) and TGAT,) = TC4(T,). Furthermore, T((T) is continuous on{0, o)

(7a)
(7b)
(7c)
(7d)
(7e)

(8)

(9a)
(9b)
(9¢)
(9d)
(9e)

(10)



Tablke 1
The aptimal replenishment policy used Theorem 1,
& B A ¢ s k h e & N M T, W A A A AAT ™CT)

(A1) .1 250 160 5 103 1 012 0.15 02 03 50 01980 0606 <0 <0 <0 <0 <0 T;=-0621 4152456
(A2) 01 S00 100 5 16 3 1 012 015 02 03 S50 00995 0606 <« <0 <0 <0 >0 T,=0362 4534573
(B1) Bi1 BI12 BI3 Bil4 T K1 B15 0.15 00161 00165 B16 B17 Bi8 0 <0 >0 <0 <0 T;=00161 148020
(B2) 0.1 500 B8O 5 19 3 1 012 015 0.2 03 50 00995 0606 <0 <0 >0 <0 >0 T=033 3956781
(B3) D.1 500 50 5 103 1 012 015 02 03 50 00995 0606 <« <0 >0 >0 >0 T;=0237 2827535
(C1) C11 €12 C13 19999 2 1.1 1 Cl4 015 €15 Ci6 €17 Q8 00161 <« >0 =0 <0 <0 Ti=0.0161 166450
(C2) 001 100 5 2 4 3 1 012 015 02 021 10 01 04205 < >0 >0 <0 >0 T;=0.199 397380
(C3) 0.1 500 5 5 W3 1 012 0.15 02 a3 50 00995 0606 <0 >0 >0 >0 >0 T;=0.1065 272602
(D1) D11 100 D12 19999 2 1 1955 D13 €15 D14 D15 165 DI6 Di7 >0 >0 »0 <0 <0 T;=DI8 D19
(D2) 0.1 500 3 5 10 11 1 012 0.15 01 012 50 00995 02405 0 >0 >0 <0 >0 T;-0.0890 55.1821
(03) 0.1 500 3 5 13 1 012 0.15 02 03 50 00995 0606 0 >0 >0 >0 >0 T;=0.0890 7.1821

B11 =~ 0.00001; B12 - 9,000,000; Bi3 ~ 1224.0458507278; B14 » 1.9999; B15 « 0.000005; B16 ~ 144900; B17 = 0.01609999870; B18 = 0,01650082507385;
C11=000001; C12 = 10000,000; C13 = 1378.92297; C14 = 0.000005; C15=0.016119; C16 = 0.0161201; C17 = 100,000; C18 = 0.0099999;

D11=000001; D12 =0012930483: D13=0000115 DI4=001650098; D15=0016501; D16 =0.01649999864949; D17 = 0.01650182509129;
D18 = 0.016194501: D19 - 1 S67067798:
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