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CHAPTER 9 INVENTORY THEORY
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(Purpose of Inventory Management)
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INVENTORY CONTROL SYSTEM
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Uselunivas@nA1asnad (Benefit of Inventory)
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° . 1mqﬁnttaz§%da%ﬁ1t§a (Raw materials and purchased parts)

* . 9IHITRINN (Work-In-Process : WIP)

o . auﬁqau‘éagu (Finished Goods : FG, Merchandise)

o _Zudmoslng nasie uaﬁaqﬁh;ﬂﬁm (Replacement parts,
Tools and Supplies)

* . AwArszrelonds (Goods-in-transit to warehouses or

customers)
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1. Azditadwa1nlsurannala (Order Quantity)
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1. algaslunisdednan (Purchasing cost)
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A lF918AINT Liladin1sFITa nIadINan (Set up cost/ Ordering cost)

algarelunsiiusnednwan (Holding cost)
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A lFnaLladna1z1nila (Shortest cost)
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COMPONENTS OF INVENTORY MODELS

o Components of Inventory Models
» 1) Ordering Cost
« 2) Holding Cost
« 3) Shortage Cost

« 4) Other relevant factors include revenue,
salvage cost, and discount rate.
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COMPONENTS OF INVENTORY MODELS
1) Ordering Cost

oThe cost of ordering an amount z (either through
purchasing or producing this amount) can be represented
by a function c(z).

¢(z) = cost of ordering z units

[0 ifz=0
T K+ ez if z=0.

where K = setup cost and ¢ = unit cost.
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COMPONENTS OF INVENTORY MODELS

2) Holding Cost (or Storage Cost)
oThe cost that represents all the costs associated
with the storage of the inventory until it is sold or
used.
3) Shortage Cost (Unsatisfied Demand Cost)
oThe cost that represents all the costs associated
with the storage of the inventory until it is sold or
used.
olncurred demand exceeds the available stock.
oThere are 2 cases; (1) backlogging and (2) no
backlogging
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COMPONENTS OF INVENTORY MODELS

o Another component of an inventory model is the /fead
fime, which is the amount of time between the
placement of an order to replenish inventory (through
either purchasing or producing) and the receipt of the
goods into inventory.

o If the lead time always is the same (a fixed lead time),
then the replenishment can be scheduled just when
desired.
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COMPONENTS OF INVENTORY MODELS

o Continuous Review. an order is placed as soon as the
stock level falls down to the prescribed reorder point.

o Periodic Review: the inventory level is checked at
discrete intervals, e.g., at the end of each week, and
ordering decisions are made only at these times even if
the inventory level dips below the reorder point between
the preceding and current review times.
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INVENTORY MODEL FOR THIS CHAPTER

1. Basic EOQ Model

2. EOQ with Planned Shortage ( EOQ wuulWfiduen
anfia’le)

3. EOQ Model with Quantity Discounts (EOQ uuudl
n1sliauanlun1sdaduan)

4. ABC Classification Analysis
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EOQ- How MucH To ORDER?

Annual Cost

Optimal ! Order Quantity e
Order Quantity (Q¥)
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(1) BAsic EOQ MODEL

fishudsiliendassivsialus

K =  Set up cost

¢ = Unitcost lun1swan uiada samine

h = holding cost per unit of time

Q = Order quantity or batch size

L = Leadtime aailunisiideduan

R = Reorder pointqm’;mﬁﬁm‘sﬁa%aﬁuﬁq

a = ANNAINISAUAEaNUILLIAN (unit /time)
p Shortage cost per unit of time short

S = Inventory level just after a batch of Q is added to inventory
7 = Total cost per unit time

t= nafiiansun
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(1) BAsic EOQ MODEL EQUATIONS

EOQ- WHEN To ORDER

Bunansdediailscudafign o+ = 2XD XK
(EOQ) h
Optimal Average
Fuaselunisdedud(sial) =N = D Order Inventory
* R *
Q Quantity (Q*12)
198152 M I3 =7 = Working Days  / Year (@)
N
Reorder
_ D D = Demand per year Point == =
Working Days / Year K = Setup (order) cost per order (ROP) I
q h = Holding (carrying) cost I
ROP =d XL T e
d = Demand per da ) :
. p. / Lead Time
L = Lead time in days
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1) BAasic EOQ MODEL- THE INVENTORY CYCLE |) BAsIC EOQ MODEL
Inventory
Level
Profile of Inventory Level Over Time —Q
Q —
Batch size, 9< Q@/
Quantity
on hand
Time, t
Reorder 0 >
M NN Qla 2Qla
Time Diagram of Inventory level as a function of time for the basic
Receive Place Receive Place Receive EOQ model
order order c|)rder order order e @
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) BAsic EOQ MODEL

Example A Manufacturing of a speaker set
Setup Cost = $12,000

Unit of production cost = $10

Holding cost = $0.30 siatfiau

Shortage cost =$ 1.10 siaifian

Example B Wholesale distribution of bicycle
Ordering Cost = $200

Bicycle = $35

Holding cost = $1 sialfiau

Shortage cost = $15 per bicycle per month
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) BAsic EOQ MODEL
Example 1 Manufacturing of a speaker set

24,000 speakers are produced in each production run
Production rate = 8,000 per month

Setup Cost = $12,000

Unit of production cost = $10

Holding cost = $0.30 sialfiau

Shortage cost =$ 1.10 siatfiau
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) BAsic EOQ MODEL

Example 2  vadmwhmilsdnszasvindnsnasiuunana 10,000
wWu il leafidunuunuar 2 U lunisaudausiazase ude
A1ldfd1a 100 v A1ldnalunisiiududn 1 wnu Wu 15% sa
wiu siall T

n) FmUnEABNAITTaLRRLASY

1) sauLafIUaIn1sdvEa
A) Fruuasandedaluusazil

V) Al Ianavuasiail e
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) BAsic EOQ MODEL

Example 3  luusiaziusdasnisdudiadwmiialszuna 100 wiie
NN q ANNNFedadud1 ziaanldInalunisdaindu 500 un @1
AuSnEduAIsiaduinay 0.40 un drgvaindvduaivingu 2
Ju T

n) AunuaInTsANTanlssudangn

) FAUNANUDINTIIG

A) Aanidavdvtadual
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) BAsic EOQ MODEL

Example 3 (I.WJJI.G]JJ) ‘lutmav’mmaam‘iﬁumamwuqﬂsvmm
100 Miae NN 9 ASIRAVEFUA udadrlgelunsdamiagy 500
VN AALSARIFUAIRaIUINAY 0.40 U

) dranindaringy 7 fu Tivigadedalua

) d1gaNidinAy 23 Ju Tiuiaededalul
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(1) EOQ WITH PLANNED SHORTAGE

Inventory
Level

A

L

Batch
size,Q

Qla

v

N

Diagram of Inventory level as a function of time for EOQ model
with planned shortages
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(1) EOQ WITH PLANNED SHORTAGE

fishulsiliendassivsialus

K =  Set up cost

¢ = Unitcost lun1swan uiada samie

h = holding cost per unit of time

Q = Order quantity or batch size

L = Leadtime availunisiideduan

R = Reorder point qmnmﬁﬁmsﬁqs?}aﬁuﬁ'\

a = ANNAINISAUAGNUILLIAN (unit /time)

p =  Shortage cost per unit of time short

S = Inventory level just after a batch of Q is added to inventory

7C = Total cost per unit time

ty,= Cycle length a
©Copyright

Operation Research (IE 255320) Original work by K.Y.Tippayawong September, 2010

(1) EOQ WITH PLANNED SHORTAGE

Example 4 Manufacturing of a speaker set

24,000 speakers are produced in each production run
Production rate = 8,000 per month

Setup Cost = $12,000 , Unit of production cost = $10
Holding cost = $0.30 siatfiaw, Shortage cost =$ 1.10 siaifian
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(1) EOQ WITH PLANNED SHORTAGE

Example 5 mmmmmsﬁumamwmmmmnu 600 Fusiail
51A1&uen 500 U msagu m‘l‘nmﬂmm‘lum‘sﬁwaﬁummu 50
Umsansy ANAUSnEFuAIAIAEY 1 Fu mawuyﬂ WinAu 20% wav
5113 UAN nsalfuf1eaiavziualgiasadu Ay 10 unsia
WWau Arua’ly 1 18 300 Ju 29un

n) Yaunoe Q fitwnnesau

21) 151104 Maximum shortage finanliiindu

A) BIA1TUINNSEIED warduuasidasdedalu 11
3) drlisanlaudanaiia dandudrlddnaiumsaanas
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(1) EOQ WITH PLANNED SHORTAGE

Example 5 mmmmmsﬁumamwmmmmﬂu 600 Gusiail
571A1&uen 500 U msagu m‘l‘nmﬂmm‘lumﬁﬁwaﬁummu 50
Umsansy ANALSnEFUAIAIAEY 1 Fu ma‘wuyﬂ WinAy 20% wav
F1A13UAN nsalfuftvaiavziualginasagu Ay 10 vnsia
Wau Arua’ly 1 18 300 Ju 29un

2) Winadvdalui Waranitdeduduiu

1. L=159u 2. L=6%u

3. L=0u 4. L=307u
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(111) EOQ MODEL WITH QUANTITY DISCOUNTS

Example:

To illustrate this model, consider the TV speakers example introduced in Sec. 19.1.
Suppose now that the unit cost for every speaker is ¢; = $11 if less than 10,000 speakers
are produced, ¢z = $10 if production falls between 10,000 and 80,000 speakers, and

= $9.50 if production exceeds 80,000 speakers. What is the optimal policy? The solu-
tion to this specific problem will reveal the general method.

Solution:
Given:

K = 12,000, h = 0.30, a = 8,000,

. [(2)(8,000)(12,000) _
or = 030 = 25,298
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(111) EOQ MODEL WITH QUANTITY DISCOUNTS

Solubion: [ (2)(8,000)(12,000)

0 = | 030 = 25,298

1) ¢; = $11if less than 10,000 speakers are produced
So, we will not considered 1) (Q@*> Q)

2) ¢2=$10 if production falls between 10,000 and 80,000 speakers,
So, we should produce select Q*= 25,298

3) €= $9.50 if production exceeds 80,000 speakers.
So, we select @Q;= 80,000
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(1) EOQ MODEL WITH QUANTITY DISCOUNTS

Solution: aK hO

Calculation of 7, forj= 1.2, 3.

1) 7,: Not considered
2) T,:Use Q,= Q*=25,298 = 7,=$ 87,589 (c,= $ 10)**
Minimum

3) 7,: Use Q,=80,000 & 7,=$ 89,200 (c,=$ 9.50)

Ans: The company should produced at 25,298 ( Q*.
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(1) EOQ MODEL WITH QUANTITY DISCOUNTS

Example:
If ¢;is change from $9.50 to $9.00;

Solution:

1) 7,: Not considered

2) T,: Use Q,= Q*=25,298 =& 7,=$ 87,589

3) 7;: Use Q;=80,000 & 7,=1$ 85,200 (c;=$ 9.00)**
Minimum

Ans: The company should produced at 80,000 (Q,).
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(111) EOQ MODEL WITH QUANTITY DISCOUNTS

105.000 |— )
_ T (unit cost equals $11)
; 100,000 — \ ///’
E| A\ -
3 N P - T2 (unit cost equals $10)
& 95,000 B - -
8 \ / T (unit cost equals $9.50)
£ 90000 — \
~
& N\ .
FIGURE 19.3 7
Total cost per unit time for 85.000 1= \\\ e
the speaker example with 82,500 -
quantity discounts. 10,000 25,000 80,000 Batch size O
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(1v) INVENTORY CLASSIFICATION - ABC

sruLn1sanunaumnsnasuiiy ABC

aa ' a4 a e [ <
5’12|ﬂ'151/|34¥@ﬂ']§\1 AR AUAIAIARKY TREIRE 15- 203

A NAASINDY 75-80% ADIUAANINNRA
siay ' <y 2 v @
5 srenshidyaAiliunate Aa AuA1AIARI Saraz 30-

40 HyamINLszanl 15% 2a9uRANINNR

< - -2 v w -
F18N15NNYAAGN ARRUAIAIARY SREAE 40-50 &
NRA95INLTENIU 10-15% TDINRATVIUNA ,
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(1v) INVENTORY CLASSIFICATION - ABC

. .
Example: [ K [AnpualDellar [ sgthowl [ 5
ABC 22 95,000 40.8 40.8
Classification ’K 68 75,000 32.1 72.9
27 25,000 10.7 83.6
E 03 15,000 6.4 90
82 13,000 5.6 95.6
54 7,500 3.2 98.8
36 1,500 0.6 99.4
19 800 0.3 99.7
’? 23 425 0.2 99.9
41 225 0.1 100
Total 233,450 100.0
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(1v) INVENTORY CLASSIFICATION - ABC

. Class Item No. Annual % of Total
Example: Dollar
ABC Usage
Classification A 22, 68 $ 170,000 72.9
B 27,03, 82 $ 53,000 22.7
C 54, 36, 19, 23, 41 $ 10,450 4.4
Total $233.450 100
100 BErmns
Percentage of total % |
inventory value 10 [
20 C : B items C items
o | ' . I ]
20 40 60 80 100
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Percentage of total list of different stock items
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