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Why do we need a stock?

What does its size depend on?
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The stock is:

Material goods are purchased/produced in 

a larger quantities than the quantity of a temporal

demand for fulfilling certain objectives

• Guaranteeing the production continuity

• Guaranteeing the continuity of supplies

to receivers in the case of demand fluctuations

Stock storage objectives:
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Good to possess them as they

• Guarantee the continuity of access to goods in the

case of supply continuity

• Guarantee the possibility to use the goods in the 

periods of their unavailability

• Ensure the required customer service level in the

case of random demand fluctuations

• Ensure the required customer service level in the

case of  the supply timeliness uncertainty

Bad to possess them as they

• Occupy the space (warehouses)

• Cost (place, losses, capital); Their storage

(carrying) might annually cost even 20% of the 

purchase/produce price

To possess or not to possess stocks?  
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Simulation of 

inventory

replenishment

processes
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Weeks Demand:  

1- 6 37 45 27 22 25 26

7-12 40 21 29 51 69 22

13-18 36 38 42 34 34 51

19-24 49 46 21 18 42 32

25-30 46 21 67 36 39 33

31-36 32 59 27 19 21 14

37-42 65 35 41 30 30 26

43-48 34 25 59 34 23 37

49-52 40 21 19 25

Demand changes in the consecutive weeks of the last year

Simulation



Inventory management

PIOTR CYPLIK, Ph.D., D.Sc., Associate Professor

MICHAŁ ADAMCZAK, Ph.D Eng.
7

Demand changes in the consecutive weeks of the last year
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Cost data

• Reordering cost (Fixed cost per order) K = 500 EUR

• Purchase unit price P = 300 EUR

• Coefficient of an annual stock storage cost h/P=30%

Activity objectives

• Quantity-oriented Customer Service Level as high as minimum 

98% 

• Minimum reordering and storage costs

Initial conditions:

• Initial stock IS= 200 units

• No order was previously made.

Simulation
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Week Supply
Stock  at the

beginning of the

week
Demand Sales

Stock at the end of 

the week Orders

Out of 

Stock

No. Sup. BS D Sal. ES O OOS

800        180       180 620

620 160 160 460 600

460 170 170 290

290        130 130 160

160 150 150 10

600 610 190 190 420 600

420 180 180 240

240 160 160 80

80 170 80 0 600 90

600 600 200 200 400

400 ...... ...... ......  
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Simulation

Inventory management

PIOTR CYPLIK, Ph.D., D.Sc., Associate Professor

MICHAŁ ADAMCZAK, Ph.D Eng.
10

Simulation conclusions

Simulation
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The problems in inventory replenishment

systems might be visually reflected by an

Inventory Replenishment System Problems

Virus.

It is bulit of a central element called a virus core and internal and external

coats.

The virus core reflects root causes. In the internal coat there are

major prombles which influence the decrease in an enterprise’s

production system efficiency. The external coat is made of flaps. They

symbolise the syptoms of appearing inventory replenishment system

problems.

Inventory Replenishment System Problems Virus

Wirus problemów systemu odnawiania zapasów

11
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Inaccurate forecasts

of usages in S&OP

Long delivery fulfillment

periods

Incomplete information on the

delivery time

No information from the

supplier on the order 

processing date

Delayed supplies

Too large inventories in the

warehouse

Discrepancies in stock taking

High material changeability

Incomplete information

Making intuitive decisions about

inventory replenishmentCommunication

misunderstandings

between logistics and 

production

It does not execute

production plans.

Double Excel-ZSI information

No supplier assessment

indicators

Unmeasured indicator

processes and definitions

Weak information flow

No forecasting procedures

Inventory

replenishment

systems

Lack of trust in system 

data

No detailed inventory

replenishment

standards

Example of the Inventory Replenishment System Problems Virus

What are the virus activity effects? 12
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Total average inventory

– cycle stock (CS)

– safety stock (SS)

– surplus stock (SuS)

CS

SS

CS

SS

CS

SS

SuS

Sample situation

!?

Inventory structure

13

25%

32%

43%

Zapas zabezpieczający
Zapas cykliczny
Zapas nadmierny

Safetty stock

Cycle stock

Surplus stock
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Nietrafne 

prognozy

Długie czasy realizacji 

dostaw do MC

Niepełna informacja Klienta o 

czasie dostaw

Brak informacji od dostawcy o 

terminie realizacji zamówienia

Opóźnione dostawy

Zbyt duże zapasy na Sklepach

Rozliczenie niedoborów w MC

Duża zmienność produktów w 

TOPX 

Nie pełne informacje

Intuicyjne podejmowanie decyzji o 

odnowieniu zapasu

Braki 

na 

TOPX

Nieporozumienia na 

linii logistyka -

sprzedaż

Niewiedza pracowników co do 

funkcjonalności analizy produktowej

Podwójna informacja Excel -

ZSI

Brak wskaźników oceny 

dostawcy

Nieopomiarowane procesy oraz 

definicje wskaźników

Słaby przepływ informacji

Nieuporządkowane procedury 

prognostyczne

Systemy odnawiania 

zapasów

Brak zaufania do 

danych 

systemowych

Brak szczegółowych 

standardów 

odnawiania zapasów

14

25%

32%

43%

Zapas zabezpieczający
Zapas cykliczny
Zapas nadmierny

Safetty stock

Cycle stock

Surplus stock
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Level of the seles

The surplus stock is from 

10% to 30 % in most Polish

production enterprises 

(over 85%).

Source: the author’’s own unpublished research
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Stock 

replenishment systems

Simulation
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The decoupling point is a place in the process of adding value,

from which a product is related to a particular customer's order. Therefore, it separates the

part of the value chain controlled by the customer's order from the parts controlled by

forecasts.
[Skipworth H. Harrison A., (2006), "Implications of form postponement is manufacturing a customized product", International Journal of Production Research, 

Vol.44, No.8, 1627-1652, p.1629]

What is the process of adding value?

It is a sequence of activities undertaken in a supply chain (by one or more

organizations) which aims at providing a product or service satisfactory from the

perspective of the customer's needs

Consumers
Final

assembly

Production

of parts / components

Processing

of materials

Raw material 

market
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Goods are already in the distribution network. The customer can go to the store and
purchase them without waiting for them. The customer must choose from the available
goods of specified configuration. It is not possible to further adapt them to the
customer's needs.
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MTS - "Make to Stock" is based on the forecasted sales of a

given product. Manufactured according to a production plan,

products go to the warehouse from where they can be

released for clients. In this model, customers do not have a

direct impact on the technical specification of the product

they buy.
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The location of the decoupling point prior to assembly (ATO – "Assemble to Order") entails the

production of components to spare. The assembly of finished products is triggered by an order

placed by the customer. The manufactured components are standard. The product is adjusted to the

customer's requirements at the stage of assembly. Typically, the assembly stage in the ATO model is

much less labour-intensive than the production of components. Due to differences in the labour-

intensity of different production stages before and after the decoupling point, the assembly of

products usually begins when the set of components is available
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ETO
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The structure of stock tells how much of particular components are there in the current state of

the stock (in terms of quantity or value) , namely: the cycle stock, the safety stock and the

surplus stock.

Components of the structure of stock

0

20

40

60

80

100

120

140

160

180

200

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0

Surplus stock Safty stock Cycle stock

Inventory management

PIOTR CYPLIK, Ph.D., D.Sc., Associate Professor

MICHAŁ ADAMCZAK, Ph.D Eng.

Cycle stock - known also as rotating. Stock arises as result of cycle deliveries. It is issued to

satisfy the current needs of clients. It is used for the execution of customer orders between

successive deliveries. It is sufficient to satisfy the needs of customers if the demand does not

exceed the average demand and the lead time does not exceed the one assumed in

parameters replenishment system.

Safety stock - non-rotating stock used when the demand in the replenishment cycle is greater than

the demand assumed in the parameters of the replenishment cycle or when the lead time is longer

than usual. The objective of the safety stock is to ensure the availability of goods in the conditions

of changing demand and changing lead time. This leads to increasing the level of customer

service.

Surplus stock - non-rotating stock which exceeds the needs defined by the average demand in the

replenishment cycle and the assumed level of customer service. Maintaining this stock is an

unjustified expense for the company.
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CYCLE STOCK

CS=
1

2
𝑂𝑄

CS - cycle stock

𝑂𝑄 - the average size of the

delivery (order quantity)
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SAFETY STOCK

𝑆𝑆 = 𝜔 ∙ 𝜎𝑃𝑇
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SAFETY STOCK

Statistical tables

POP - cycle service level
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SAFETY STOCK

𝑆𝑆 = 𝜔 ∙ 𝜎𝑃𝑇
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STOCK SAFETY - DEMAND DEVIATION IN THE STOCK REPLENISHMENT CYCLE

𝜎𝐷𝑇 = 𝜎𝑇
2 ∙ 𝐷2 + 𝜎𝐷

2 ∙T

CONDITION: Variable demand, variable lead time

𝜎𝐷 - standard deviation of demand

𝑇 - lead time

𝜎𝐷 > 0 𝜎𝑇 > 0

𝜎𝑇 - standard deviation of the lead time

𝐷 - average demand in a unit of time
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SURPLUS STOCK

𝑆𝑢𝑟𝑆 = 𝐴𝑆𝑟 − 𝑆𝑆 − 𝐶𝑆

SurS - surplus stock

AS - average stock

SS - safety stock

CS - cycle stock
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Before discussing inventory replenishment policies, we need to explain the notion of free stock.

Free stock, also known as disposable stock, is stock that can be released to customers

(external or internal) at present or in the foreseeable future.

Therefore, free stock includes stock that has been ordered from suppliers but has not yet been

delivered. It will, however, be delivered in the foreseeable future and it will increase stock on

hand. Disposable stock does not include goods that have been purchased by an external

customer or reserved by an internal customer, but have not physically left the warehouse.

How to calculate free stock?

𝑭𝑺 = 𝑺𝒐𝑯+ 𝑺𝑶 − 𝑺𝑹

FS - free stock

SoH - stock on hand

SO - stock ordered (not delivered)

SR - stock reserved (but not released from the warehouse)
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Stock replenishment systems

In the classic approach, we distinguish between two types of stock replenishment
system:

The continuous review 

system, also called the 

perpetual review system or 

the fixed-order-quantity

system

The periodic review system, 

also called the fixed-time-

period system 
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Continuous review systems

The continuous review 

system, also called the 

perpetual review system or 

the &*fixed-order-quantity 

system

 In the continuous review system, information on

&*disposable stock is available on an ongoing basis.

Whenever stock on hand changes, a reservation is

made for materials or an order is placed with a

supplier, the current level of &*disposable stock is

calculated.

 The fundamental parameter of the system is the

&*reorder point. It's a value against which the

&*disposable stock is compared whenever it changes.

 An order is placed with a supplier when the level of

&*disposable stock is equal to or falls below the

reorder point.

Change in stock on hand

Calculation of free stock (FS)

START

FS <= 

ROP

STOP

Place an order with the supplier

NO

YES
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Continuous review systems

 To successfully use the system, we need to calculate the *reorder point properly:

ROP = 𝑫 ∙ 𝑻 +SS

ROP - reorder point

D - average demand per unit of time (eg. a week) may be replaced with a forecasted value

- for more, see lessons on Demand Profile or Forecasting

T – replenishment lead time – for more, see lesson on Basic concepts

SS – safety stock – for more, go to Inventory Structure
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Optimising order quantities in the continuous review system: 

𝐸𝑂𝑄 =
2 ∙ 𝐷 ∙ 𝑐𝑜
𝑐 ∙ 𝜇0

EOQ – economic order quantity

D – forecast demand

c0 - cost per order (cost per one delivery)

c - purchase unit price (item cost)

μ0 - Inventory carring rate
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Because of the continual record of the free stock level and the necessity to react in

fluctuating periods of time, this system is recommended for the management of

high-value goods and goods of great relevance to the business.

Inventory management

PIOTR CYPLIK, Ph.D., D.Sc., Associate Professor

MICHAŁ ADAMCZAK, Ph.D Eng.

Periodic review systems

The continuous review 

system, also called the 

perpetual review system or 

the &*fixed-order-quantity 

system

 In the periodic review system, orders are placed at

specific time intervals, denoted as T0

 Orders are therefore placed regularly, e.g.

once a week. On the day when an order is to be

placed, inventory is reviewed

and free stock is determined.

 The system's basic parameter is the &*maximum

inventory level, i.e. the level to which the free stock

determined on the day of the review is replenished.

Collect system parameters

Specify the day 

START

Is it a 

review 

day?

STOP

Place an order with the supplier OQ 

= Smax-FS

NO

YES
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Periodic review systems

 To successfully use this system, we need to determine the maximum inventory level properly:

𝑺𝒎𝒂𝒙 = 𝑫 ∙ 𝑻 + 𝑻𝟎 + 𝑺𝑺

Smax - the maximum inventory level

D - average demand per unit of time (eg. a week) may be replaced with a forecasted value

- for more, see lessons on Demand Profile or Forecasting

T – replenishment lead time – for more, see lesson on Basic concepts

T0 - review cycle time

SS – safety stock – more on this in the lesson Inventory Structure
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Due to the fact that the inventory level in this system is reviewed periodically, the

level of stock held is slightly greater than in the continuous review system. For this

reason, it's recommended for low-value goods used up at a regular pace.
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Periodic review system

 Information on inventory available only on 

review days

 Orders placed at regular intervals

 Basic parameter: maximum stock level

 Order quantities change

Continuous review system

 Orders placed at different time intervals

 Information on the current level of 

inventory available on an ongoing basis

 The basic parameter: reorder point

 Fixed order quantities

Replenishment systems – a comparison
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Stock 

replenishment systems -

models in spreadsheet software 

Simulation
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