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Abstract This paper projected a new overall probabilistic single-source inventory model. This
model is devised to evaluate how the firm can determine the optimum order amount, and the
optimum reorder time for every piece to reach the key objective of reducing the estimated
overall price. The requirement is a chance variable and the lead. A period is a constant.
Calculate the economic order quantity (EOQ) for reducing the overall supply price. Compute
the reorder level (ROL) to determine replenishment time with known and unknown demand
for inventory items. Calculate and understand the use of buffer stock, safety stock, and reserve
stock with known and unknown stockout costs. Use inventory status systems . Calculate EOQ
when quantity discounts are available.

Keywords: Probabilistic inventory model, Purchase cost, Ordering Cost, Carrying cost,
Shortage cost, Order size, Annual Demand, Cycle time, Economic Order Quantity, Stock out,
Single period.

1 Introduction
The phrase inventory implies any supply with financial cost and is retained to satisfy an
association's current and upcoming demands. According to Fred Hansman, inventory is a new

source of any type, given that such a source has financial importance. Supplies may be
categorized into 3 broad types: (i)physical resources such as natural resources, half-completed
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supplies, completed supplies, extra components, oils, etc., (ii)human resources such as idle
labor; and (iii) financial supplies such as working capital, etc.

The next are some examples of the kind of inventory taken by several companies. As the final
result of a maintenance association such as a bank, infirmary, etc., cannot be collected for usage
in the future, the idea of inventory control for them is linked with the numerous types of
valuable capability.

Types of Organization Types of Inventories held

Manufacturer Raw materials; half-completed supplies;
completed supplies; extra components, etc.

Hospital Amount of cots; supply of medicines; specific
employees, etc.

Bank Money funds, bankers, etc.

Airline company Accommodating capability; extra

components; specific conservation staff, etc.

Inventory of supplies is organized to offer popular merchandise or assistance to consumers and
accomplish deal objectives. Because investing in inventory signifies a significant part of the
overall capital investments in any company, consequently investing in inventories past a
specific point alters the company's money surge and operating capital. Therefore, to guarantee
the overall lowest inventory price, it is vital to stabilize the benefit of getting an inventory of
supplies and the price of sustaining them.

One of the fundamental tasks of managing is to use investment effectively to produce the
highest profits. This can be accomplished in 2 methods or by both, i.e., (a) By increasing the
allowance of gain; or (b) By increasing the manufacture with a provided quantity of investment,
i.e., to boost investment efficiency. This implies that the board must attempt to make its
investment perform as efficiently as viable. Though this is all repeatedly overlooked, and much
time and creativity are dedicated to getting the only work to work harder. In the procedure, the
investment income and thus the efficiency of investment are frequently overlooked. New
organizations have utilized numerous innovative methods to solve this shortage. Resources
Managing has developed to be highly efficient in Resources Managing; Supply Management
plays a crucial part in improving investment efficiency.

Inventory organization or Inventory Controller is one of the methods of Resources Managing
which assists the organization in advancing the efficiency of investment by dropping the actual
prices, stopping the enormous quantities of investment being sealed up for extended ages, and
refining the investment -income percentage. Inventory management methods were developed
and established in and after the Second World War and assisted the more technologically
advanced nations in achieving remarkable growth in enhancing their efficiency.

2 Function role of inventory

Because investment in inventory signifies a significant fraction of the overall investment in any
industry, consequently queries like: (i) why invest funds in inventory? Moreover, (ii)what
benefit can be derived by investing in inventories? Are frequently raised. The purpose of
carrying inventories will be discussed in the next section. However, certain distinct forms of
inventories and their functions are shown in Table 1.
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Inventory
Function
Transit (Pipeline)

Inventory Form
| Half-Finished Goods | Completed Supplies
Logistics Decisions

Raw Goods

The layout of

The layout of the design

The layout of factory place

resource and materials handling | and merchandise delivery
structure, system. method.
provider spot,
shipping
means

Cycle(EOQ.lots) Product / Process/ Design Decisions
Order  size, | Lot size, set-up cost Delivery fees, lot sizes
order cost

Buffer Management Threat Point Judgment and Doubt

(uncertainty) Possibility Probability dispersal of a | Probability distribution of
distribution of | machine and product | demand and associated
price, supply, | capabilities. carrying and shortage
stockout, and costs

carrying costs

Anticipation Price/Availability Decision and Uncertainty, Seasonality Capacity
(Price/shortage) | Identify Size, Manufacture | Order designs (seasonal)
upcoming expenses of employ,
quantities and | move, bonus, unused
expected cost | period, etc.
amount
Dissociating Production Control Decisions
(inter reliance | Reliance / | Reliance/independence of | Dependence/independence
Freedom from | consecutive  fabrication | from marker behavior
provider procedures
behavior

3 Factors involved in inventory problem analysis.

Regardless of the type of inventory items maintained, an inventory system that comprises the
various subsystems is shown Inventory System in Fig. 1.

Purchase Cost/Unit
Ordering Cost/Unit
Holding Cost/Time/Unit
Shortage Cost/Unit

System’s Performance
(Total Inventory Cost)

Replenishment Inventory System Demand

Pattern Pattern

A

3 Instantaneous

. Deterministic
. Probabilistic

. Gradual

Operating Operating

Constraints Decision Rules

. Warehouse

When to Order
(Reorder Point)

. Finance

. Number Of
Units of
Each Item
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How Much to Order
(Order Quantity)

Buffer Stock
Safety Stock
Reserve Stock

Customer Service Level

4 Classification of EOQ Models

A broad classification of EOQ Models into three categories is shown in Fig. 2, .and all these
will be discussed below.

List of symbols used We apply the following signs to develop various inventory diagrams
discussed in this chapter. The brackets indicate the unit of measurement of each of them.
C = buying (or producing) price of merchandise (Rs per unit)

C, = buying (or set-up) price per demand (Rs per order)

r = price of carrying one rupee's worth of inventory expressed in terms of percent of rupee
value

of inventory (percent per unit time)

C, =C - r=price of taking a single part of a thing in the inventory for an afforded duration
of a period (Rs per item per unit time)

Cs = unavailability price per division per time (Rs per unit time)

D = annual requirement (demand) of an item

Q = order quantity (units) per order

ROL = reorder level (or point) when an instruction is assigned

LT = replenishment start period (delivery time or period)

n = amount of purchases per period

t = reorder period (period), i.e., period break amid consecutive purchases to restock
inventory stock.

t, = manufacture time

1, = manufacture ratio (quantity per unit time) at which number Q is included in the
inventory

TC = total inventory cost (in Rs)

TVC = overall varying inventory price (in Rs)

Classification of Deterministic Inventory Control Models is shown in Fig2.
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Inventory Control Models

EOQ Models without
Price-Quantity Discount

EOQ Models with
Price-Quantity Discount

Deterministic Demand:
EOQ Models

Static Demand EOQ Models

l

l

Probabilistic Demand:
EOQ Models

Dynamic Demand EOQ Models

EOQ Model with Variable Demand and
Constant Lead Time

(@) Fixed-Order Quantity EOQ Model with Variable

Lead Time
(b)  Fixed-Interval Ordering EOQ Model with

|

EOQ Models without Shortage

Demand rate constant in all
cycles, supply is
instantaneous.

Different rates of demand in
different cycles, but Total
demand is known over the
planning period.

Demand rate constant, supply
is non-instantaneous.

A

EOQ Models with Shortage

e  Variable order cycle
time: Supply is
instantaneous

e  Constant order cycle
time: Supply is gradual

. Demand rate gradual,
supply
is non-instantaneous.

Variable Lead Time

EOQ Models with Constraints
. Floor space constraint
e Investment constraint

. Inventory size constraint
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Control model devoid of scarcities

Model 1: EOQ Model with a continual level of Requirements

This diagram aims to decide on an economical purchase amount, Q* (EOQ), and the ordering
frequency. (Time when an order should be placed) in such a manner that the overall annual
inventory price is reduced. Fortis model, the following characteristics (or inputs) are assumed:

Inventory
Level

The inventory method includes one kind of thing or merchandise.

The requirement is recognized and continuous and is resupplied instantaneously.

The inventory is refilled in single distribution for every purchase.

Lead time (LT) is perpetual and identified, i.e., replenishment is instantaneous so that
inventory increases by Q units as soon as an order is placed.

Scarcities are not permitted. That is, there is constantly sufficient inventory on hand to
satisfy the requirement.

Buying price and rearrange expenses do not differ from the amount requested. That is
an amount discount. Is not offered.

Transporting price per annum (as a portion of product cost) and requesting price per
purchase are recognized and continual.

Everything is separate, and cash cannot be spared by swapping more objects or group
price numerous objects into a separate purchase.

The primary purpose of this simplified model is to derive beneficial results rather than
representing a real-life inventory problem. The results of this model are a good
approximation and provide useful guidelines. The few assumptions made in this model
will be removed in the subsequent models to bring them close to realistic problems of
inventory control. Inventory Model with Constant Demand and Instantaneous supply is
shown in Fig 3.

Maximum Inventory Level

"""""""""" {l

f ROL

<4—— Order
Quantity, Q

A >
>

Time (Year)

Order Points
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TvC*
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Lead < > _

Time t= Q/D
Fig3. depicts an inventory system that operates on certain assumptions listed above. At the start
of the inventory phase period, a total sum of inventory identical to the purchase quantity Q is
obtainable in the supply. The amount of inventory on utilization decreases at a constant
percentage. Once it achieves a particular point termed reorder level (ROL), sufficient inventory
is offered to cover up anticipated need through the lead time LT. At this point (point), a
directive is placed equal to Q, which comes at the end of Leadtime, when the inventory amount
reaches 0. This quantity is put in supply all at once, and the supply amount reaches up to its
highest point, Q

Order quantity replenished in one inventory cycle = Consumption of stock in one
inventory cycle.
Q=D.t
The total variable inventory cost incurred when an order of size Q is placed at the end
of the recorder cycle is given by.
TVC = Annual carrying cost + Annual ordering cost
={Average inventory level x (Carryingcost )} +
{Number of orders placed per year X (Ordering cost )}

= {—Imax‘Hmin} . Ch + g- CO

2
_Qp 4D
=2Ch+2.Co

As shown in Fig.14.4, the overall alterable inventory price is least at a value of Q, which
happens to be the time wherever inventory bearing and buying prices are equivalent.

_D ZDCO

0=— Cpor Q% =

TQ
2DC, 2xAnnual demand X0Ordering cost
Q'(E0Q) = @ = |22 °——J

Carrying cost

Q™ is also identified as the Wilson or Harris lot size principle.
Trade — off between EOQ and Inventory Costs are shown in Fig4.

Total Cost

Purchase Cost, DC
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v

Q* (E0Q)
Optimal interval, t* between the successive orders

Q"=

Dt
po @1, [P [
D D Cp DCp

An optimum amount of purchases (N*) to be put in the allotted period.

1 DCp

X—e== [—
2DCo ZCO
Ch

Optimal (Minimum )total variable inventory cost (TVC™)

Order Size, Q

N* =2 —
Q

WU=%Q+£Q
2DC
= DC, x Jﬁr 2% _ [2DCyCh
Ch

Optimal total inventory cost

TC = Fixed purchase cost + Total variable inventory cost
=D.C+TvVC*

Often the carrying cost is expressed as a proportion of the monetary cost of

inventory items. In such cases, the total annual carrying cost is calculated as
Ch =rXc

The annual demand for inventory items is expressed in rupee value rather than

in units. In such cases, the demand may be expressed in units as follows,
Rupee value of demand

Demand (in units ) = : ,
Unit cost of the item

% 2xAnnnual demand in rupee xOrdering cost
Q (EOQ) - \/ Inventory carrzing cost .
2x(C.D)Cy
rXc
The optimal value of Q that minimizes the TVC can be similarly achieved by
utilizing difference calculus as follows:

D Q
TVC=5xC0+;xCh

d D 1
E(TVC) = _@XCO-I_EXCh

d
E(TVC) =0
— X Co 35X =0
* — |2DG
Q==
(TVC) == >< Co, is positive for any finite value of Q > 0

dQZ
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e The change (increase or decrease) in the total variable inventory cost (TV C)due
change in the order quantity Q*is expressed as:
Q=k.Q"
k = % and the ratio of TVC's associated with Q and Q*

ey =29 o 25 )

Model 2: EOQ Model with Various Levels of Requirement

This inventory system also operates on Model I(a) assumptions, except that the demand is
constant and varies from period to period. The objective is to determine the order size (or
production quantity) in each reorder cycle (or period) to minimize the overall inventory price.
The total demand, D, is specified. Over the planning period, T.

Ift,, t,, ts, ... .... t,, denotes for successive replenishment and D,, D, D5, ... .... D,, is the demand
rates at these cycles, respectively, then the total period T is given by T = t; + +t, + t3 +
-+, +t, Fig 14.5 depicts the inventory system under the assumption of Model 1 plus other
condition. Inventory level with different rates of demand in different cycles are shown in Fig5.

A

Inventory
Level

Maximum Inventory Level

»
»

Suppose every period is an endless amount; if g is ordered, then the number of oraers in full-
time T willben = g, wherever D is the overall requirement in time T. Therefore, the inventory

transporting price and ordering price for the time T.

Carrying cost = %q. t,Cp + %q. L+ + %q. tnCh
==q.Culty + ty + e L)
==q.C,T

Ordering cost = SCO

Hence ,the annual total variable inventory cost
TVC =—~qCyT + SCO
For optimum value of g that minimum TV C,

2DC,

1 D .
EthT _ECO orq* = T
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TVC = [264Co (3)

Model 3: Financial Manufacture Amount Diagram when Quantity (Replenishment) is
Slow

This diagram is comparable to that of EOQ Model I, the only change being the period to restock
inventory. In this diagram, it is believed that the replacement is ongoing. This is since, in many
circumstances, the sum requested is not supplied immediately, but the requested amount is sent
or collected steadily on the duration of moments at a predictable level (i.e., given supply rate)
per unit of time. Gradual (i.e., non-instantaneous) supply may arise in two cases:

e The amount ordered is provided by the supplier in numerous deliveries over a phase of
time. Thus, the inventory is being used while the new inventory is yet being collected
at a faster rate and, therefore, inventory gradually builds up to its maximum level. At
this level, incoming shipments stop, but their use continues and declines to its lowest
level.

e The inflow and consumption of inventory most frequently overlap internally on the
shop floor when the process that fills the order is located near the operation that will
use the order as inputs. For example, after some internal lead time, the manufacturing
method starts, and many are supplied throughout a period. The amount supplied is
steadily utilized (i.e., sold, shipped out, or used internally in making another item) until
a repurchase time is achieved.

The additional assumptions made in this model are as follows:

e The requirement is constant and at a continuous pace.

e Throughout the manufacture, the manufacture of the thing is constant and continuous
until the amount (Q) is completed.

e The ratio of delivery ( p) of replacement of inventory (i.e., items received per unit
period) is larger than the usage rate (d ) (i.e., items consumed per unit time).

e The production runs in order to restock inventory are produced at a continuous period.

e The manufacture set-up price is permanent (independent of the amount generated).

In the inventory system, as shown in Fig .5, if t,the period necessary to receive (or produce)a

whole collection sum @ at a rate p, then the ratio at which the sharesis p = tg or t, = %
P

A

Inventory Amount
Level . Produced
3 \\\ Amount Sold (or consumed) During
] T . Production Time.
Production

NG lmaxztp(p —d)

Rate \

Production
Log Size, Q

Reorder Level (ROL)

2849




Deterministic and Probabilistic Single -item inventory Control Models without Shortages

(p-d)

»
>

‘4___ t, ___,<4_ Inventory < Time (Year)

Depletion Time

P

Throughout the manufactu Production Cycle oy rises at the ratioJ)f p and instantaneously

redEces at the level of d. 7 Time, t=Q/D ry increasingly develqgps at the level of p — d
units throughout a production run and declines at the ratio d between productions. Thus, the
highest inventory amount achieved at the end of t,, will be.

Lnax = Inventory accumulation rate X Production time

~ (-t = - D2=(1-5)0

Since the minimum inventory level , I,,,;, = 0

- =2(1-¢
The average inventory level= . (1 p)

. _Q d
Carrying cost= > (1 - 5) Cp
Production set— up cost = g X Cy

TVC—Q(l d)c Ny
2 p/ Q"0

Set — up cost = Carrying cost

ngO =%<1—%)Ch

saaer = [25( 1)

e The total minimum inventory variable cost
Ve =2Co+2(1-2) ¢
Q* 0 2 D h

* — _4a
TVC* = \/ZDCOCh (1 p)
e The optimum size of every lot size manufacture runt* = %
e The optimum size of every lot size manufacture run t = %

. . . D
e The optimum size of every lot size manufacture run N* = o

*

Conclusion
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Scientific inventory management includes utilizing statistical models to obtain an optimum
inventory strategy. Deciding the proper purchase amount for restocking inventory of a specific
product every period includes analyzing the exchange amongst the system cost acquired by
commencing the replacement and the expenses related to carrying the inventory of any
merchandise. The expenses related to scarcities involving lost potential deals since discontent
through maintenance should also be contemplated. The price of buying parts of the
merchandise is not essential if the yearly purchase price is permanent. The yearly purchase
price enhances a portion of the overall flexible inventory price per annum to reduce.
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