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Record Accuracy

» Accurate records are a
critical ingredient in
production and inventory
systems

» Periodic systems require
regular checks of inventory

» Two-bin system

» Perpetual inventory tracks receipts
and subtractions on a continuing basis

» May be semi-automated



Record Accuracy

» Incoming and outgoing
record keeping must be
accurate

» Stockrooms should be secure

» Necessary to make precise decisions
about ordering, scheduling, and

shipping




Control of Service Inventories

» Can be a critical component of profitability
» Losses may come from shrinkage or
pilferage
> Applicable techniques include
1. Proper personnel selection, training and
discipline
2. Tight control of iIncoming shipments
3. Effective control of all goods leaving faclility



Holding Costs
Determining Inventory Holding Costs

COST (AND RANGE)

AS A PERCENT OF

CATEGORY INVENTORY VALUE
Housing costs (building rent or depreciation, 6% (3 - 10%)
operating costs, taxes, insurance)

Material handling costs (equipment lease or 3% (1 - 3.5%)
depreciation, power, operating cost)

Labor cost (receiving, warehousing, security) 3% (3 -5%)
Investment costs (borrowing costs, taxes, and 11% (6 - 24%)
insurance on inventory)

Pilferage, space, and obsolescence (much 3% (2 -5%)

higher in industries undergoing rapid change like
tablets and smart phones)

Overall carrying cost 26%




Holding Costs
Determining Inventory Holding Costs
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Inventory Models for
Independent Demand

Need to determine when and
how much to order

. Basic economic order quantity
(EOQ) model

. Quantity discount model
. Production order quantity model



EOQ is a Robust Mode|

» The EOQ model is robust

> It works even If all parameters and
assumptions are not met

>

t

he total cost curve Is relatively flat in

ne area of the EOQ



An EOQ Example

Determine optimal number of needles to order

D =T066-shits. 1,500 units  Q*; 5oo = 200 units
S = $10 per order T =50 days

H = $.50 per unit per year Q*1 500 = 244.9 units
N= 5 orders/year

Ordering previous Q* Ordering new Q*

TC__S+§ 500 244.9
150% 200 ;44 9 ($10)+ —($ >0)
200 00 L0+ _($ °0) 6.125($10)+122.45($.50)

—$75+$50—$125 =$61.25+%$61.22=$122.47



An EOQ Example

Determine optimal number of
D ="T;066-saits. 1,500 units Only 2% less than
S = $10 per order the total cost of
H = $.50 per unit per year $125 when the
N= 5 orders/year order qlé%gtlty was
Ordering old Q* Or
TC:2S+%H _ 1,500 2449
150% - = (810)+ 272 (5.50)
200 —o0 L0+ —($ °0) 6.125($10)+122.45($.50)

—$75+$50—$125 =$61.25+%$61.22=$122.47



Quantity Discount Models

> Reduced prices are often available when larger quantities are
purchased

» Trade-off is between reduced purchasing (product) cost and
Increased holding cost

Example: Chris Beehner Electronics stocks toy remote control flying
drones. Recently, the store has been offered a quantity discount
schedule for these drones. This quantity schedule was shown in Table
12.2 . Furthermore, setup cost is $200 per order, annual demand is
5,200 units, and annual inventory carrying charge as a percent of cost,
|, is 28%. What order quantity will minimize the total inventory cost?

TABLE 12.2 A Quantity Discount Schedule

PRICE RANGE QUANTITY ORDERED PRICE PER UNIT P

Initial price 0to 119 $100
Discount price 1 200 to 1,499 $ 98
Discount price 2 1,500 and over $ 96



Quantity Discount Models

Total annual cost = Setup cost + Holding cost + Product cost

TC:2S+QIP+PD
0 2
where  Q = Quantity ordered P = Price per unit
D = Annual demand in units | = Holding cost per unit per year

S = Ordering or setup cost per order expressed as a percent of price P

._ [2Ds
< IP

Because unit price varies, holding cost is expressed
as a percent (1) of unit price (P)



Quantity Discount Models

Steps in analyzing a quantity discount

1. Starting with the lowest possible purchase
price, calculate Q* until the first feasible
EOQ is found. This is a possible best order
guantity, along with all price-break
guantities for all lower prices.

2. Calculate the total annual cost for each
possible order quantity determined in Step
1. Select the guantity that gives the lowest
total cost.



Quantity Discount Models

Recall that in the basic EOQ model, the determination
of the optimal order size does not involve the
purchasw(\jg cost, since under the assumption of no
guantity discounts, price per unit is the same for all
order guantities.

When quantity discounts are offered, there Is a
separate U-shaped total-cost curve for each unit price.

Because the unit prices are different, each curve Is
raised by a different amount: a smaller unit price will
raise the total cost curve less than a larger unit price.

No single curve applies to the entire range of
guantities.

Each total cost curve has its local minimum.



Quantity Discount Models

Figure 12.7 N
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Quantity Discount Example

Calculate Q* for every discount
starting with the lowest price

2(5,200)($200)

0" =

2DS
P

Qgo6™ = \—25)%9%) =878 drones/order

Infeasible — calculate Q*
for next-higher price

Ot = Jz(s,zoO)($200)
$98 T AT (28)(398)

Feasible

= 275 drones/order




Quantity Discount Example

TABLE 12 3 Total Cost Computations for Chris Beehner Electronics

ANNUAL ANNUAL ANNUAL
ORDER UNIT ORDERING HOLDING PRODUCT TOTAL ANNUAL
QUANTITY PRICE COST COST COST

$3,782 $3,773 $509,600
1,500 $693 $20,160 $499,200

Choose the price and guantity that gives the
lowest total cost

Buy 275 drones at $98 per unit



Quantity Discount Variations

> All-units discount is the most popular form

> Incremental quantity discounts apply only to
those units purchased beyond the price
break quantity

> Fixed fees may encourage larger purchases
> Aggregation over items or time

» Truckload discounts, buy-one-get-one-free
offers, one-time-only sales.



EOQ with Planned Shortages

> Here the assumption that changes - in relation to
the assumptions of the EOQ model - Is that
shortages are permissible to a certain extent.
Demand Is manifested when there I1s no stock
and Is met with delay when the new inventory
batch (backordering) arrives. For each unit of
roduct requested and not delivered directly due
0 shortage a cost of shortage B per unit of
product and time unit is implied.

> The system’s decision variables are the order

uantity Q and the maximum allowable level of

K (Stock out). The time evolution of the stock is

illustrated Iin the next figure (negative inventory
means pending demand()J.




EOQ with Planned Shortages

Copyright © 2017 Pearson Education, Ltd.



EOQ For Planned Shortages

> When the inventory level reaches — K then
guantity Q arrives covering the demanded
units and the inventory level reaches Q-K.
The cycle time between two consecutive
arrivals T Is divided Iinto two Intervals: T1
(immediate demand coverage) and T2
(pending demand)

» The total cost function that must be
minimized iIs:
D (Q-K)* _K?
TC. =S—+H +B—
" 7 Q 2Q 2Q




EOQ for Planned Shortages

> The optimal order quantity that minimizes the

total cost Is:
0 - 2DS (H + B)
| H B

» The maximum level of unsatisfied demand is:

K*:Q*(HTB)




EOQ For Planned Shortages

> The time interval that the inventory is positive

IS:
T, = -k
d

where d Is daily demand

> The time interval that the inventory is negative
IS

T, =

K
d




Production Order Quantity Model

Inventory level

1. Used when inventory builds up over a

period of time after an order is placed

2. Used when units are produced and

sold simultaneously

Maximum
inventory

Figure 12.6

¢ Part of inventory cycle during which
production (and usage) is taking place

Demand part of cycle with no
production (only usage takes place)

/

l—t — Time




Assumptions

Only one item is involved

Annual demand is known

Usage rate is constant

Usage occurs continually, but production occurs periodically
Production rate is constant and Q is always the same

Lead time is not zero but does not vary (including elements that
correspond to the idle production times for machine calibration, tool
placement, study of the data for the production of the new batch,
removal of the previous production batch parts, cleaning of the
production area, etc.)

No quantity discounts



Production Order Quantity Model

Q = Number of units per order p = Daily production rate
H = Holding cost per unit per year  d = Daily demand/usage rate
t = Length of the production run in days

[Annual inventor

holding cost

V) - _ Holding cost
} = (Average inventory level) x [per unit per year}

[Annual inventor

y] = (Maximum inventory level)/2
level

[ Maximum ] _ [Total produced during]_ [ Total used during ]

inventory level) | the production run the production run

=pt—dt



Production Order Quantity Model

Q = Number of units per order p = Daily production rate
H = Holding cost per unit per year  d = Daily demand/usage rate
t = Length of the production run in days

[ Maximum ] _ [Total produced during]_ [ Total used during ]

inventory level) | the production run the production run

= pt —dt
However, Q = total produced = pt ; thus t = Q/p

Maximum Q Q d
[inventory Ievel] =P [T] —d [T] =Q [ — T]

Maxi ' tory level
Holding cost = aximum inventory leve H) = % |:1 B [i] H]

2



Production Order Quantity Model

Q = Number of units per order p = Daily production rate
H = Holding cost per unit per year  d = Daily demand/usage rate
t = Length of the production run in days

Setup cost = (D/Q)S
Holding cost = %Hle— (d/p)g
D

ES = 1 HOf1- (d/ p)g

2 _ 2DS
Hgl— (d/p)H

O = 2DS
? Hgl— (d/p)H




Production Order Quantity

Example
D = 1,000 units P = 8 units per day
S=9%10 d = 4 units per day

H = $0.50 per unit per year

. 2DS
%= o)
o - \/ 2(1,000)(10)
"\ 0.50[1—(4/8)]

20,000
_\/0.50(y2)_ 50,000

= 282.8, or 283



Production Order Quantity Example

Note:

ae D 1,000
~ 7 Number of days the plant is in operation ~ 250

When annual data are used the equation becomes:

o - 2DS
* | % Annual demand rate 0
& Annual production rateg



Production Order Quantity Example Il

A toy manufacturer uses 48,000 rubber wheels per
year for its popular dump truck series. The firm makes
its own wheels, which can produce at a rate of 800 per
day. The toy trucks are assembled uniformly over the
entire year. Carrying cost is $1 per wheel a year. Setup
cost for a production run of wheels is $45. The firm
operates 240 days per year. Determine the

a. Optimal run size
b. Minimum total annual cost for carrying and setup
c. Runtime



Solution

D = 48000 wheels per year
S =9%45

H = $1 per wheel per year
P = 800 wheels per day

J = 48000 wheels per 240 days, or
200 wheels per day

o \/ZDS p_ \/2(48000)45 \/ 800 _ 5400
H \p-d 1 800200




Solution

L =2 (p—d) =229 800 200) =1800
0 800
TC = 1igian x 1+ 480000 x $45 = $900 + $900 = $1800

Q" 2400

cycle=— — —l12days

>/ 200 2/

Run = QL = 2400 = 3days

b 800




Acoknon 3 (Marmrmng, 2006, oeA. 140)

Mia pikpny eTaipeia TTapAyel gia NAEKTPOVIKI OUOKEUN TTOU XPNOIMOTIOIEITAI O€
ouoThiuaTa TTAoynong agpookapwyv. H {ntnon Baciletal o€ TTapayyeAiec néow
OUMBOAdiwY yIa agpOOKAPN Kal gival yvwaoTo OTI €ival OJoIOPOPPN KAl JE puBuO
6,400 povadeg €TnNOiwG. 'Eva BOATOUETPO TTOU XPNOIMOTIOIEITAI O QUTAV TNV
OUCKEUN MTTOPEI va TtrapaxBei amd Ttnv etaipgia pye pubpd 128 povadeg
nuePNoiwg. To €1og €xel 250 epydoiues NUEPES. To KOOTOG ETOINACIOG KAOE
TTaPTIOAC TTAPAYWYNG Eival 24 cupw, KAl TO KOOTOC ATTOBAKEUONG €ival 3 eupw
ava dovada  TIPoIovVIoG  £TNOiwg.  Znteitar . BEATIOTR  TTOMITIKA
ATTO0EUATOTTOINONG VI AUTO TO TTPOIOV.



AoKnon 3
AUon: To BEATIOTO PEYEBOC TNC TTAPTIOOC TTAPAYWYNAG Eival
Q"= [2DS/H(1-d/p)]¥2=[2x24x6,400/3x(1-6,400/(128x250))]2=358 povadeg.
O xpovog ToToBETNONG KABE TTapPTidAC TTapaywyNnG ival
Cycle=Q"/d=358/6,400=0.056 xpovia=0.056x250=14 €pydCIhEC NUEPEG.

O XpOVvog TToU ATTAITEITAI VIO TNV TTAPAywYyn Jiag TTapTidag ival
Run= Q"/p=358/128=2.8 ¢pydciuec NUEPEC.

To eAAXIOTO KOOTOG TTOU AVTIOTOIXEI O€ QUTO TO PEYEBOC TTaPTIOAC €ival

Ciota™"=[2SHD(1-d/p)]2=[2x24x3x6,400(1-6400/(128x250))]*/°=858.65
EUPW/XpPovo.



Acoknon 4 (Matrng 2006, ogA. 141)

Y1r08£0Te OTI N €TQIPEIQ OTNV TTPONYoUUEVN AoKNon OIOKOTITEI TNV TTAPAYWYI)
BOATOMETPWYV KOl Ta TTAPAYYEAAEL ATTO €vav eCWTEPIKO TTPOUNBEUTH e KOOTOG 20
EUPW ava povada TTPoIdvTog. To KOOTOC EAAEIYNnG gival 40 eupw ava povada
TTPOIOVTOC £TNCIWG £€AITIOC TNG EMITTPOCOETNG £pyACiag TTOU ATTAITEITAI yIA TNV
ATTOOUVAPHMOAOYNON TWV MEPIKWG OAOKANPWHEVWY COUOKEUWYV. To KOOTOG
TTapayyeAiag gival 27 eupw, Kal TO KOOTOG armroBnkeuong utrohoyiletal oto 30%
TOU €TTEVOUPEVOU  KeaAaiou. H dioiknon emOuuei va  yvwpilel  TIg

TTPOKUTITOUOEC AAANQYEC OTNV TTOAITIKA) AVATTANPWONG TOU QATTOBEUATOC TWV
BOATOUETPWV.



Aocknon 4
AUon: H BEATIOTN TTOOOTNTA TTAPAYYEAIAC €ival N

Q"=(2SD/H)Y?[(B+H)/B]Y2=(2x27x6,400/0.3x20)/2((40+0.3x20)/(40))/2=258
MOVADEG

To PEYIOTO €TTITTEQO ATTOOEPATOC Eival

| =Q"-K'=(2SD/H)Y2[B/(B+H)]2=(2x27x6,400/0.3x20)1/2(40/(40+0.3x20)) /2=
224 povadeg.

O xpovog ToTToBETNONG avaTtrapayyeAiag gival
T=Q"/d=258/6,400=0.04 xpo6via=0.04x250=10 €pydcIuEC NUEPEC.

H 1ToodtnTa TnG {ATNONG TTOU OV KAAUTITETAI O KABE KUKAO 100UTAIl JE
K'=Q™1,,,=258-224=34 YovAdeg.



