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more
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Inventory management why ?

* When Jeff Bezos opened his
revolutionary business in
1995, Amazon.com was
intended to be a “virtual”
retailer—no inventory, no
warehouses, no overhead—
just a bunch of computers
taking orders for books and
authorizing others to fill
them.

* Now, Amazon stocks millions
of items of inventory, amid
hundreds of thousands of
bins on shelves in over 150
warehouses around the
world.




Why inventory ?

1. To provide a selection of
goods for anticipated customer
demand and to separate the
firm from fluctuations in that
demand. Such inventories are
typical in retail establishments.

3. To take advantage of
quantity discounts, because
purchases in larger quantities

may reduce the cost of goods or
their delivery.

2. To decouple various parts of
the production process. For
example, if a firm’s supplies

fluctuate, extra inventory may
be necessary to decouple the
production process from
suppliers.

4. To hedge against inflation
and upward price changes




Types of

Inventory

Raw material
inventory Materials
that are usually
purchased but have
yet to enter the
manufacturing
process.

Work-in-process
(WIP) inventory
Products or
components that are
no longer raw
materials but have
yet to become
finished products.

Maintenance/repair
[operating (MRO)
inventory
Maintenance, repair,
and operating
materials.




Inventory Costs

® |nterest or
Opportunity Cost

® Storage and
Handling Costs

® TJaxes, Insurance,
and Shrinkage




Inventory Costs

Customer Service
Ordering Cost
Setup Cost

Labor and
Equipment Utilization

Transportation Costs
Payments to Suppliers




Types of Inventory

Cycle Inventory

: Q+0
Average cycle inventory = 2

Safety Stock Inventory
Anticipation Inventory
Pipeline Inventory

Pipeline inventory = D,__ =dL



Types of Inventory

Cycle inventory = Q/2
280/2
140 drills

Pipeline inventory = 5L = dL
= (70 drills/week)(3 weeks)
= 210 drills

Example 15.1



ABC Analysis

Percentage of dollar value

Class C
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Policies that may be based on ABC analysis include the following:

1. Purchasing resources expended on supplier development should be much higher for indi-
vidual A items than for C items.

2. A items, as opposed to B and C items, should have tighter physical inventory control;
perhaps they belong in a more secure area, and perhaps the accuracy of inventory records
for A items should be verified more frequently.

3. Forecasting A items may warrant more care than forecasting other items.

Better forecasting, physical control, supplier reliability, and an ultimate reduction in inven-
tory can all result from classification systems such as ABC analysis.

10 20 30 40 50 60 70 80 90 100
Percentage of items






Record

accuracy

And Cycle counting

* A continuing
reconciliation
of inventory
with inventory
records

. L .

In this haspital, these vertically
rotating siorage carousels prowide
rapid access 0 hundreds of
crivcal items and at the same Sm
save floor space. This Omnicel
Inventony management carouss
i also secure and has the added
achvantage ol printing bar code



e CYCLE COUNTING AT COLE’S TRUCKS, INC. Cole’s Trucks,
Inc., a builder of high-quality refuse trucks, has about
C ‘ 5,000 items in its inventory. It wants to determine how

yC e many items to cycle count each day.

CO u ntl n * APPROACH After hiring Matt Clark, a bright young OM
g student, for the summer, the firm determined that it has

* 500 A items, 1,750 B items, and 2,750 C items.

example

. | . (every 20 working days), all B items every quarter
p I p e I n e (every 60 working days), and all C items every 6 morms

(every 120 working days). The firm then allocates so

e Company policy is to count all A items every month

items to be counted each day.

/
/
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Economic Order Quantity — 488

Assumptions

1. Demand rate is constant

2. No constraints on lot size

3. Only relevant costs are holding and
ordering/setup

4. Decisions for items are independent from
other items

5. No uncertainty in lead time or supply



Economic Order Quantity ﬁ

Receive Inventory depletion
/ order (demand rate)

o

Average
cycle
inventory

On-hand inventory (units)
N O

Figure 15.3 Time



Economic Order Quantity ‘

Total cost = HC + OC

/

™~ Holding cost (HC)

Annual cost (dollars)

Ordering cost (OC
e g (OC)

Figure 15.4 Lot Size (Q)



EXAMPLE

Total cost is Holding cost + ordering cost

e Costing Out a Lot-Sizing Policy

* A museum of natural history opened a gift shop
two years ago. Managing inventories has become a
problem. Low inventory turnover is squeezing profit
margins and causing cash-flow problems.

* One of the top-selling items in the container group
at the museum'’s gift shop is a bird feeder. Sales are
18 units per week, and the supplier charges $60 per
unit. The cost of placing an order with the supplier is
$45. Annual holding cost is 25 percent of a feeder's
value, and the museum operates 52 weeks per year.
Management chose a 390-unit lot size so that new
orders could be placed less frequently. What is the
annual cost of the current policy of using a 390-unit
lot size? Would a lot size of 468 be better?



Economic Order Quthiy/ VN

Example 15.2

3000
Total cost = 9(H)+ —(D S)

2000
™ Holding cost = %(H)

Annual cost (dollars)

1000

Ordering cost = g(S)

50 100 150 200 250 300 350 400
Lot Size (Q)



Economic Order Quthiy/ VN

Example 15.2

3000
_ D
7 /Total cost = %(H) + (_)(S)

Bird feeder costs

D = (18 Iweek)(52 weeks) = 936 units  Holding cost = %H)
H = 0.25 ($60/unit) = $15

S =9%45 Q = 390 units
_Q D Ordering cost = Q(S)
C= D) (H) + Q (S) / Q
—_—
C =$2925 + $108 = $3033

300 350 400



Economic Order Quthiy/ VN
Cur;?s‘: \ Example 15.2

l
l
l
D = (18 Iweek)(52 weeks)\= 936 units  Holding costd FH)
H = 0.25 ($60/unit) = $15 !
S = $45 Q =\390 units |

|
C = /Ordering coslt = %(S)

300 350 1400
Current

Q

C =$2925 + $108 = $3033



Economic Order Quthiy/ VN
Curéigt \ Example 15.2

o m—mm e
Total cost = 9(H) + —D(S)
P 2 Q

2

Bird feeder costs

H = 0.25 ($60/unit) = $15

l
l
l
D = (18 /week)(52 weeks) = 936 units  H0lding °°S“: 2+
S =%45 Q = 390 units |

Q Orderin col = Q(S)
=S+ 2(8) Jordenng ceg= g
|

300 350 1400
Current

Q

C =$2925 + $108 = $3033



Economic Order Quthiy/ VN
Cur;?s‘: \ Example 15.2

o m—mm e
Total cost = 9(H) + —D(S)
P 2 Q

2

Bird feeder costs

H = 0.25 ($60/unit) = $15

l
l
l
D = (18 /week)(52 weeks) = 936 units ~ Holding °°S“: 2H)
S = %45 Q = 468 units |

Q Orderin col = Q(S)
=S+ 2(8) Jordenng oy = g
|

300 350 1400
Current

Q

C =$3510 + $90 = $3600



Economic Order Quthiy/ VN
oot T

00 = = = = Bird feeder costs

z Total cost D = (18 /week)(52 weeks) = 936 units
S - H = 0.25 ($60/unit) = $15
= 2000 S =$45 Q=EOQ
: 2DS
3 eoa=[20°  c=FH+ 2(®)
c
< 1000

0

150 200 250 300 400
Example 15.3 Lot Size (Q) Current



Economic Order Quthiy/ VN
oot T

00k = = = = Bird feeder costs
z Total cost D = (18 /week)(52 weeks) = 936 units
S - H = 0.25 ($60/unit) = $15
= 2000 S = $45 Q=75
: / 2DS _rg/ D
g EOQ = H _z(H)+Q(S)
c
< 1000
0
150 200 250 300 400
Example 15.3 Lot Size (Q) Current



Economic Order Quthiy/ VN
oot T

00 = = = = Bird feeder costs

- Total cost D = (18 /week)(52 weeks) = 936 units
S - H = 0.25 ($60/unit) = $15
g 2000 S= $45 Q =75
§ 2DS D
E F0a =5 {C=§<m+a<s>
[t
<

1000 C = $562 + $562 = $1124

0
150 200 250 300 400
Example 15.3 Lot Size (Q) Current



Economic Order Quthiy/ VN
oot T

0k = = = = Bird feeder costs
- Total cost D = (18 /week)(52 weeks) = 936 units
S - H = 0.25 ($60/unit) = $15
g 2000 S =9%45 Q=75
8
3 o= a2 [0S c- 2+ L)
g |
1000 l C = $562 + $562 = $1124
Lowest
cost | 7 |
Ot
50 | 100 150 200 250 300 350 \400
Example 15.3 Best Q Lot Size (Q) Current

(EOQ) Q



Economic Order Quthiy/ VN
oot TN

300 = = = = Bird feeder costs

7 Total cost D = (18 /week)(52 weeks) = 936 units
S o H = 0.25 ($60/unit) = $15
8
2DS
s [Fr-=v E0a=/22 c=Tm+ s
g |
1000 C = $562 + $562 = $1124
Lowest
cost
0
50 | 100 150 200 250 300 400
Example 15.3 Best Q Lot Size (Q) Current

(EOQ)



Economic Order Quthiy/ VN
Current

Parameters

Current Lot Size (Q) 390  Economic Order Quantity 75
Demand (D) 936

Order Cost (S) $45

Unit Holding Cost (H) $15

Annual Costs Annual Costs based on EOQ

Orders per Year 24 Orders per Year 12.48
Annual Ordering Cost  $108.00  Annual Ordering Cost $561.60
Annual Holding Cost  $2925.00  Annual Holding Cost $562.50
Annual Inventory Cost $3033.00  Annual Inventory Cost $1,124.10

LUOL

0

| 4

50 | 100 150 200 400

- Best Q Lot Size (Q) Current
Figure 15.6 (EOQ) Q

250 300



Economic Order Quthiy/ VN
oot TN

Time between orders

Total cost

3 ~ EOQ

2 TBOgoq="p = 75/936 = 0.080 year
< 2000

73 - TBO,oq = (75/936)(12) = 0.96 months
£ 1000 TBOgq = (75/936)(52) = 4.17 weeks

Lowest TBOgoq = (75/936)(365) = 29.25 days

cost

|
0

50 | 100 150 200

Best Q Lot Size (Q)
Example 15.3 (EOQ)

250 300 400

Current






Continuous Review

IP IP
7/ 7
Order Order Order Order
received received received received
7 / 7

On-hand inventory
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Figure 15.7



* Determining Whether to Place an Order

 Demand for chicken soup at a
supermarket is always 25 cases a day and
the lead time is always four days. The
shelves were just restocked with chicken
soup, leaving an on-hand inventory of only

EXAM P I_E 10 cases. There are no backorders, but

there is one open order for 200 cases.

What is the inventory position? Should a

new order be placed?




Continuous Review

IP IP
7/ /7

Order Order Order Order

received r/eceived received received
-
2 Chicken Soup
§ Q
= P “N  R= Average demand during lead time
s OH . =(25)(4) = 100 cases
22 R
© S IP= OH + SR - BO

Order =10 + 200 — 0 = 210 cases

Time

Example 15.4



Special Inventory Models

Quantity Discounts




Special Inventory Models

Quantity Discounts Figure E.3
A
g
)
8
©
|§
0 100 200 300
Purchase quantity (Q)

(a) Total cost curves with purchased materials added



Special Inventory Models

Quantity Discounts Figure E.3

CforP=%4.00
C for P = $3.50 \
CforP= $3.00\
? \
8
8
5
8
o)
©
0 100 200 300

Purchase quantity (Q)
(a) Total cost curves with purchased materials added



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P = $3.50 \
CforP= $3.00\
| IR — \
8 : -
ot | )
!
8 I |
= | :
First ! Second |
price : price |
break . . break . 1
AN N
0 100 200 300

Purchase quantity (Q)
(a) Total cost curves with purchased materials added



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P = $3.50 \
CforP= $3.00\
3
(1]
g : |
8 | :
= | :
First ! Second |
price : price |
break . . break . 1
AN N
0 100 200 300

Purchase quantity (Q)
(a) Total cost curves with purchased materials added



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P = $3.50 \
CforP= $3.00\

)

PDfor |
P = $4.00

PD for |
P=$3.50 |

PD for
P = $3.00

Total cost (dollars)

0 100 200 300
Purchase quantity (Q)

(a) Total cost curves with purchased materials added



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P = $3.50 \
CforP= $3.00\

)

PDfor |
P = $4.00

PD for |
P=$3.50 |

PD for
P = $3.00

Total cost (dollars)
Total cost (dollars)

0 100 200 300 0 100 200 300
Purchase quantity (Q) Purchase quantity (Q)

Accompany Krajewski & Ritzman Operations Man(b)eEQQSnand pnce break quantltles
ysis, Seventh Edition © 2004 Prentice Hall, Inc: Allrights reserved.



Special Inventory Models

Quantity Discounts Figure E.3

C for P=$4.00
C for P= $3.50 \
CforP= $3.00\
g ) g
S ' S
© - ©
—~| PDfor =
g| P=%4.00, PDfor | 3
= P=%3501 PDfor =
© P = $3.00 ©
0 100 200 300 0 100 200 300
Purchase quantity (Q) Purchase quantity (Q)

(a) Total cost curves with purchased materials added (b) EOQs and price break quantities



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P= $3.50 \
CforP= $3.00\
S J S L
© - ©
=| PDfor | = I
3| P=%4.00, PDfor | 3 I |
= P=%3501 PDfor = | I
§ P = $3.00 E : I
First | Second |
price : price :
break * break
\ N
0 100 200 300 0 100 200 300
Purchase quantity (Q) Purchase quantity (Q)

Accompany Krajewski & Ritzman Operations Man(b)eE,QQSnand pnce break quantltles
ysis, Seventh Edition © 2004 Prentice Hall, Inc: Allrights reserved.



Special Inventory Models

Quantity Discounts Figure E.3

C for P = $4.00
C for P= $3.50 \
CforP= $3.00\
S " S L
© - ©
=| PDfor | = I
3| P=%4.00, PDfor | 3 I |
= P=%3501 PDfor = | I
é P = $3.00 E : I
First | Second |
price : price :
break * break
A\l \I
0 100 200 300 0 100 200 300
Purchase quantity (Q) Purchase quantity (Q)

(b) EOQs and price break quantities



Special Inventory Models

Quantity Discounts




Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

Example E.2



Special Inventory Models

Quantity Discounts
Order Quantity Price per Unit
0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price
2DS
EOQs; g = “H

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

[ 2(936)(45)
EOQg; .00 -,\/ 0.25(57.00)

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

[ 2(936)(45)
EOQg;.00 -,\/ 0.25(57.00)

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

EOQs7 g0 = 77 units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantit Price per Unit

) - 299 $60.00

300 - 49¢ 153.80
500 or more \ $57.00

EOQs; g0 = 77 units

Annual demand = 936 units
Ordering cost = $45
Holding cost = 25% of unit price

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M EOQsq g9 = 76 units

Example E.2



Special Inventory Models

Quantity Discounts

Annual demand = 936 units

e ; Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M EOQgg go = 76 units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M EOQ units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M EOQ units  EOQgg oo = 75 units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantit Price per Unit

) — 299 $60.00 Annual demand = 936 units
300 — 49F $58.80 Ordering cost = $45
500 or more $57.00 Holding cO%&g 25% of unit price

M EOQ units  EOQgg oo = 75 units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units
300 - 499 $58.80 Ordering cost = $45
500 or more $57.00 Holding cost = 25% of unit price

M EOQ units  EOQgg oo = 75 units

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price
M EOQ units  EOQgg oo = 75 units
C= % (H) + % (S)+ PD

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price

M EOQ Units  EOQgy 00 = 75 units
936 /

Cps = %5 [(0.25)($60.00)] + == ($45) + $60.00(936)

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price
M EOQ units  EOQgg oo = 75 units
C,s = $57,284

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

Annual demand = 936 units
Ordering cost = $45
Holding cost = 25% of unit price

M EOQ units  EOQgg oo = 75 units

C,s = $57,284

Caoo = %m [(0.25)($58.80)] + % ($45) + $58.80(936)

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price
M EOQ units  EOQgg oo = 75 units
C,s = $57,284

Caoo = $57,382

Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 — 499 358 80 Ordering cost = $45
200 or more $57.0C Holding cost = 25% of unit price

= $57,284
Cao0 = $57 382

unﬁN EOQgg g0 = 75 units

Csoo = 2 222 [(0.25)(857.00)] + 200 222 (845) + $57.00(936) Examplo E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price
M EOQ units  EOQgg oo = 75 units
C,s = $57,284

Caoo = $57,382

Capo = $56,999
Example E.2



Special Inventory Models

Quantity Discounts

Order Quantity Price per Unit

0-299 $60.00 Annual demand = 936 units

300 - 499 $58.80 Ordering cost = $45

500 or more $57.00 Holding cost = 25% of unit price
M EOQ units  EOQgg oo = 75 units
C,s = $57,284

Caoo = $57,382

Cspo = $56,999
Example E.2



Whole Nature Foods sells a gluten-free product for which the
annual demand 1s 5,000 boxes. At the moment, it is paying
$6.40 for each box; carrying cost is 25% of the unit cost; order-
ing costs are $25. A new supplier has offered to sell the same
item for $6.00 if Whole Nature Foods buys at least 3,000 boxes

per order. Should the firm stick with the old supplier, or take
advantage of the new quantity discount?

Discount
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Special Inventory Models é!@

One-Period Decisions

Demand | 10 20 30 40 50

Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10

20 ForQ=D

30 -
20 Payoff = pQ

50

Example E.3



Special Inventory Models é!@

One-Period Decisions

Demand | 10 20 30 40 50

Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10
20
30
40
50

ForQ=D
Payoff = ($10)(10)

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

20 ForQ=D

30 -
40 Payoff = $100

50

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10 $100 $100 $100 $100 $100

:233 ForQ=<D
20 Payoff = pQ
50

Example E.3



Special Inventory Models

One-Period Decisions

Demand | 10 20 30 50
Demand Probability | 02 03 03 041 0.1
Profit per ornament during season = $10
Loss per ornament after season = $5
D

Q 10 20 30 40 50

10 $100 $100 $100 $100 $100

20 200 200 200 200 o q<p

30 300 300 300 Payoff = pQ

40 400 400

50 500

&

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10 $100 $100 $100 $100 $100

20 200 200 200 200
ForQ>D

30 300 300 300 S

40 400 400 avotr=pD-KQ-D)

50 500

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 50
Demand Probability | 02 03 03 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10 $100 $100 $100 $100 $100

20 200 200 200 200
ForQ>D
30 300 300 300 Payoff = ($10)(30)
40 400 400 — ($5)(40 — 30)
50 500

Example E.3



Special Inventory Models

Q:ZJ S
One-Period Decisions é

Demand | 10 20 30 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40
10 $100 $100 $100 $100 $'NQO
20 200 200 200 20
ForQ>D
30 300 300 300 off = ($10)(30)

40 400 400 _
50 500 ($5)(40 - 30)
Example E.3




Special Inventory Models

One-Period Decisions

Demand

| 10 20

30

50

Demand Probability | 02 03 03 0.1

Profit per ornament during season = $10

Loss per ornament after season = $5

D

Q 10 20 30 40 50
10 $100 $100 $100 $100 $100
20 200 200 200 200
30 300 300 300
40 400 400
50 500

0.1

ForQ>D
Payoff = $250

&

Example E.3



Special Inventory Models

MJ S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50
10 $100 $100 $100 $100 $100

20 200 200 200 200
ForQ>D
30 300 300 300 Payoff = $250

40 250 400 400
= Q/
Example E.3
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Special Inventory Models

One-Period Decisions

Demand | 10 20 30 40 50
Demand Probability | 02 03 03 041 0.1

Profit per ornament during season = $10
Loss per ornament after season = $5

D
Q 10 20 30 40 50

10 $100 $100 $100 $100 $100
20 50 200 200 200 200

ForQ>D
30 0 150 300 300 300 e
40 -50 100 250 400 400 & yof=pD-(Q-D)
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability |0.2 03 03 01 0.1

Q 10 20 30 40 50

10 $100 $100 $100 $100 $100
20 50 200 200 200 200
30 O 150 300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability |0.2 03 03 01 0.1

Q 10 20 3 40 50

10 $100 $100 0 $100 $100
20 50 200 200 200
30 0™ 150 300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability |0.2 03 03 01 0.1

Q 10 20 30 40 0

10 $100 $100 $100 91 $100
20 50 200 2 00 200
30 0O 150300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability | 0.2 03 0.3 0.1

Q 10 20 30 40 50

10 $100 $100 $100 $100 $100
20 50 200 200 200

30 0O 150 300 0 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50
Demand Probability | 0.2 03.=698=01 0.1

Q 10 20 30 50

10 $100 $100 $100 $1pO0 $100
20 50 200 200 290 200
30 O 150 300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

One-Period Decisions

Demand | 10 20 30 40 50

Demand Probability | 0.2 03 0.3 0.1

Q 10 20 30 40 50

10 $100 $100 $100 $100 $10
20 50 200 200 200 2
30 O 150 300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability |0.2 03 03 01 0.1

Q 10 20 30 40 50

10 $100 $100 $100 $100 $100
20 50 200 200 200 200
30 O 150 300 300 300
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Special Inventory Models

@«’4 S
One-Period Decisions é

Demand | 10 20 30 40 50

Demand Probability |0.2 03 03 01 0.1

Q 10 20 30 40 50 Expecked Payoff

10 $100 $100 $100 $100 $100
20 50 200 200 200 200
30 0O 150 300 300 300 195
40 -50 100 250 400 400
50 -100 50 200 350 500

Example E.3



Uncertain Demand

Figure 15.8

On-hand inventory
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Reorder Point / Safety Stock

Average
demand

during
lead time

Cycle-service level = 85%

Probability of stockout
(1.0-0.85=0.15)

C N

Figure 15.9

— zo,



EXAMPLE

Records show that the demand for dishwasher detergent during the lead time 1s
normally distributed, with an average of 250 boxes and variance [ = 22.

What safety stock should be carried for a 99 percent cycle-service level?

What is R?



20 0l 0 0 04 05 06 07 08 09

U 5000 5040 5080 S 5160 5199 5139 5279 5319 5359
A 5398 5438 5478 S517 5557 5596 5636 5675 STI4 5153
2 57193 5832 5871 5910 5948 5981 6026 6064 4103 6141
3 b179 6217 6155 6293 6331 .6368 6406 4443 6480 6517
4 6554 6591 6628 6664 6700 £736 4112 .6808 6844 6879
5 6915 6950 6985 J019 J054 1088 J123 1157 1190 NP
) 157 1291 3 1357 1389 141 J454 .1486 Jsh 1549
i 1580 J611 1642 1613 1704 1734 1764 1794 1823 1852
k] 1881 J910 1939 1961 71995 8023 8051 8078 8106 8133
] 8159 8186 8112 838 8164 8289 8315 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 8554 851 8599 8621
LI 8643 8665 8686 8708 879 8149 8110 8790 8810 8830
12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
13 9032 9049 066 9082 9099 RIH 9131 ST 9162 91
14 9192 9207 nn 9236 9251 9265 nn 910 9306 9319
15 9332 9345 9357 9310 9382 9394 9406 9418 9419 9441
e 9452 9463 9474 9484 9495 9505 9515 9525 9538 9545
L1 9554 9564 RATE] 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 3113 9 9726 411 9738 9144 9750 9756 9161 9167
i m 9118 9783 9788 9793 9798 9803 9808 9812 9817
1l 9811 9826 9830 9834 9638 9842 9846 9850 9854 9857
1 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
PE] 9893 9896 9898 9901 9904 9906 9909 9911 9913 9916
U 9918 9920 m 9915 9921 9929 9931 9932 9934 9936
15 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
1 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
i) 9965 9966 9967 9948 9969 9970 9971 99 9973 9974
13 9974 9915 9976 91 nn 9978 9719 9979 9980 9981
19 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 9987 9987 9987 9988 9988 9989 9989 9989 9990 9990
3 9990 9991 9991 9991 999 9992 9992 9992 9993 9993
Eb| 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
bk} 9995 9995 9995 9996 9996 9996 9996 9996 9996 9997
4 9997 9997 9997 9997 9997 9991 9997 9997 9997 9998




Reorder Point / Safety Stock

Safety Stock/R

Safety stock =zo;
= 2.33(22) = 51.3

- i - )
= 51 boxes Cycle-service level = 85%

Reorder point = ADDLT + SS \

= 250 + 51 N

= 301 boxes Probability of stockout
(1.0-0.85=0.15)

Average

demand

during
lead time R \

—2z0o,

Example 15.5



Example
Finding the
safety stock and
R When the
Demand
Distribution for
Lead Time must

Be Developped

* Let us return to the bird feeder example. Suppose
that the average demand is 18 units per week |\

» with a standard deviation of 5 units. The lead time
is constant at two weeks. Determine the safety stock
and reorder point if management wants a 90 percent
cycle-service level. What is the j total cost of the Q
system?



20 0l 0 0 04 05 06 07 08 09

U 5000 5040 5080 S 5160 5199 5139 5279 5319 5359
A 5398 5438 5478 S517 5557 5596 5636 5675 STI4 5153
2 57193 5832 5871 5910 5948 5981 6026 6064 4103 6141
3 b179 6217 6155 6293 6331 .6368 6406 4443 6480 6517
4 6554 6591 6628 6664 6700 £736 4112 .6808 6844 6879
5 6915 6950 6985 J019 J054 1088 J123 1157 1190 NP
) 157 1291 3 1357 1389 141 J454 .1486 Jsh 1549
i 1580 J611 1642 1613 1704 1734 1764 1794 1823 1852
k] 1881 J910 1939 1961 71995 8023 8051 8078 8106 8133
] 8159 8186 8112 838 8164 8289 8315 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 8554 851 8599 8621
LI 8643 8665 8686 8708 879 8149 8110 8790 8810 8830
12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
13 9032 9049 066 9082 9099 RIH 9131 ST 9162 91
14 9192 9207 nn 9236 9251 9265 nn 910 9306 9319
15 9332 9345 9357 9310 9382 9394 9406 9418 9419 9441
e 9452 9463 9474 9484 9495 9505 9515 9525 9538 9545
L1 9554 9564 RATE] 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 3113 9 9726 411 9738 9144 9750 9756 9161 9167
i m 9118 9783 9788 9793 9798 9803 9808 9812 9817
1l 9811 9826 9830 9834 9638 9842 9846 9850 9854 9857
1 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
PE] 9893 9896 9898 9901 9904 9906 9909 9911 9913 9916
U 9918 9920 m 9915 9921 9929 9931 9932 9934 9936
15 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
1 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
i) 9965 9966 9967 9948 9969 9970 9971 99 9973 9974
13 9974 9915 9976 91 nn 9978 9719 9979 9980 9981
19 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 9987 9987 9987 9988 9988 9989 9989 9989 9990 9990
3 9990 9991 9991 9991 999 9992 9992 9992 9993 9993
Eb| 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
bk} 9995 9995 9995 9996 9996 9996 9996 9996 9996 9997
4 9997 9997 9997 9997 9997 9991 9997 9997 9997 9998




Lead Time Distributions

=15
< /N

Bird feeder Lead Time Distribution

75
Demand for weel t =1 week d=18 L=2

0',_=0't«JL_=5«JZ_=7.1 ~

Safety stock =z5, =1.28(7.1) = 9.1 or 9 units

-

Reorder point = dL + Safety stock
=2(18) + 9 = 45 units

- [ | ~

Example 15.6 75
Demand for week 3




Lead Time Distributions

=15
< /N

Bird feeder Lead Time Distribution

75
Demand for weel t =1 week d=18 L=2

Reorder point =2(18) + 9 = 45 units

-

75 936
C = —($15) + ——($45) + 9($15)
2 75
Dem
C =$562.50 + $561.60 + $135 = $1259.10
Example 15.6 = 7'5 —

Demand for week 3

|7



Lead Time Distributions




* When data on demand during
lead time are not available,

Other there are other models available

Probabilistic * When demand is variable and
lead time is constant

Models (1 of * When lead time is variable and

4) demand is constant

* When both demand and lead 0
time are variable

/

o




Other Probabilistic Models (2 of 4)

Demand is variable and lead time is constant

ROP = (4verage daily demand x Lead time in days) +Zo; ;

where o, =0, JLead time

o, = Standard deviation of demand per day



Probabilistic Example

Average daily demand (normally distributed) =

Lead time in days (constant) = 2
Standard deviation of daily demand =5
Service level = 90%

ROP:(IS units x 2 days) +Z20,;
=30 + 1.28(5)(12)
=30 + 9.02 = 39.02 = 39

Safety stock is about 9 computers

15

Z for 90% = 1.28
From Appendix |



Gauss table and random distribution Appendix

.00 0l 02 03 04 05 .06 07 .08 .09

] .5000 .5040 .5080 5120 5160 5199 5239 5279 5319 5359
A 5398 5438 5478 5517 5557 .5596 5636 5675 STI4 5753
2 5793 .5832 5871 5910 5948 5987 6026 6064 6103 6141
3 6179 6217 6255 6293 6331 .6368 6406 6443 6480 6517
4 6554 6591 6628 6664 6700 6736 6172 .6808 6844 6879
5 6915 .6950 6985 1019 1054 1088 J123 J157 7190 224
) 1257 291 134 1357 1389 42 7454 7486 J51 7549
4! 1580 J6l1 J642 1673 1704 734 764 794 7823 7852
k] 1881 1910 1939 1967 1995 8023 8051 .8078 8106 8133
3 8159 8186 8212 8238 8164 8289 8315 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 .B554 8577 8599 8621
LI 8643 8665 8686 8708 87129 8749 8770 8790 8810 8830
12 8849 8869 .8888 .8907 8925 8944 8962 .8980 8997 9015
13 9032 9049 9066 9082 9099 9115 9131 9147 9162 1
14 9192 9207 912 9236 9251 9265 9219 9292 9306 9319
15 9332 9345 9357 9310 9382 .9394 .9406 9418 9429 9441
L6 9452 9463 9474 9484 9495 .9505 9515 9525 9535 9545
L1 9554 .9564 9513 9582 9591 9599 9608 9616 9625 9633
18 9641 9649 9656 9664 5671 9678 9686 9693 9699 9706
19 13 719 9726 91312 9738 9744 9750 9756 9161 9161
'} m 97118 9783 9788 9793 9798 9803 .9808 9812 9817
1 9821 9826 9830 .9834 9838 .9842 9846 .9850 9854 9857
1 9861 9864 9868 9871 9875 9878 9881 .9884 .9887 .98%90
13 9893 9896 .9898 .9901 9904 9906 9909 9911 9913 9916
pE} 9918 9920 m 9925 9927 9929 9931 9932 9934 9936
15 9938 9940 9941 9943 .9945 .9946 9948 .9949 9951 9952
1 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
17 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
13 9974 9975 9976 9917 9917 .9978 9979 9919 9980 9981
19 9981 9982 99812 .9983 9984 .9984 .9985 .9985 .9986 .9986
30 9987 9987 .9987 .9988 .9988 9989 9989 9989 99%0 9990
3l 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993

1 9993 9993 9994 9994 .9994 9994 9994 9995 .9995 9995

13 9995 9995 .9995 9996 9996 9996 9996 9996 9996 9991

14 9997 9997 9997 9997 9997 9997 .9997 9997 9991 9998




Other Probabilistic Models (3 of 4)

Lead time is variable and demand is constant

ROP = (Daily demand x Average lead time in days) +Z % (Daily demand) x o, ,

where o, = Standard deviation of lead time 1n days



Probabilistic Example (3 of 3)

Daily demand (constant) = 10

Average lead time = 6 days

Standard deviation of lead time =7, ,=1

Service level = 98%, so Z (from Appendix |) = 2.055

ROP =(10 units x 6 days) +2.055(10 units)(1)
=60 +20.55=380.55

Reorder point is about 81 cameras



Other Probabilistic Models (4 of 4)

Both demand and lead time are variable

ROP = (Average daily demand % Average lead time) +Zc, ,

wher o, =Standard deviation of demand per day

e o, =Standard deviation of lead time in days

O, r= \/ (Average lead time x o , ) + (Average daily demamd)2 o,



Probabilistic Example

Average daily demand (normally distributed) = 150
Standard deviation = 0, = 16

Average lead time 5 days (normally distributed)
Standard deviation = 0, , = 1 day

Service level = 95%, so Z = 1.645 (from Appendix |)

ROP = (150 packs x5 days)+1.6450 ,,

G = (5 daysx16% )+ (150° x 1) = (5% 256) + (22,500x1)

= /(1,280)+(22,500) = /23,780 =154

ROP =(150x5)+1.645(154) =750+ 253 =1,003 packs




Single-Period Model

* Only one order is placed for a product

* Units have little or no value at the end of the sales period

C, = Cost of shortage = Sales price/unit — Cost/unit

C, = Cost of overage = Cost/unit — Salvage value

C

N

C +C

S 0

Service level =



Single-Period Example (1 of 2)

Average demand = 4 = 120 papers/day
Standard deviation = 0 = 15 papers

C. = cost of shortage = $1.25 — $.70 = $.55
C, = cost of overage = $.70 - $.30 = 5.40

C
Service level = S |
o = 15 copies
C +C,
o

.55 jovel
= 57.9%

S55+.40

55 m ='1zo\
= = 579 Optimal stocking level




Single-Period Example (2 of 2)

From Appendix |, for the area .579, Z = .199
The optimal stocking level

= 120 copies + (.199)(0)

=120+ (.199)(15) =120 + 3 =123 papers
The stockout risk = 1 - Service level

=1-.579=.421=42.1%



* The demand at Arnold Palmer Hospital for a

specialized surgery pack is 60 per week, virtually
every week.

OT H E R * The lead time from McKesson, its main supplier, is
normally distributed, with a mean of 6 weeks for this
QU EST' O N product and a standard deviation of 2 weeks.
* A 90% weekly service level is desired.
Find the ROP.




Gauss table and random distribution Appendix

.00 0l 02 03 04 05 .06 07 .08 .09

] .5000 .5040 .5080 5120 5160 5199 5239 5279 5319 5359
A 5398 5438 5478 5517 5557 .5596 5636 5675 STI4 5753
2 5793 .5832 5871 5910 5948 5987 6026 6064 6103 6141
3 6179 6217 6255 6293 6331 .6368 6406 6443 6480 6517
4 6554 6591 6628 6664 6700 6736 6172 .6808 6844 6879
5 6915 .6950 6985 1019 1054 1088 J123 J157 7190 224
) 1257 291 134 1357 1389 42 7454 7486 J51 7549
4! 1580 J6l1 J642 1673 1704 734 764 794 7823 7852
k] 1881 1910 1939 1967 1995 8023 8051 .8078 8106 8133
3 8159 8186 8212 8238 8164 8289 8315 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 .B554 8577 8599 8621
LI 8643 8665 8686 8708 87129 8749 8770 8790 8810 8830
12 8849 8869 .8888 .8907 8925 8944 8962 .8980 8997 9015
13 9032 9049 9066 9082 9099 9115 9131 9147 9162 1
14 9192 9207 912 9236 9251 9265 9219 9292 9306 9319
15 9332 9345 9357 9310 9382 .9394 .9406 9418 9429 9441
L6 9452 9463 9474 9484 9495 .9505 9515 9525 9535 9545
L1 9554 .9564 9513 9582 9591 9599 9608 9616 9625 9633
18 9641 9649 9656 9664 5671 9678 9686 9693 9699 9706
19 13 719 9726 91312 9738 9744 9750 9756 9161 9161
'} m 97118 9783 9788 9793 9798 9803 .9808 9812 9817
1 9821 9826 9830 .9834 9838 .9842 9846 .9850 9854 9857
1 9861 9864 9868 9871 9875 9878 9881 .9884 .9887 .98%90
13 9893 9896 .9898 .9901 9904 9906 9909 9911 9913 9916
pE} 9918 9920 m 9925 9927 9929 9931 9932 9934 9936
15 9938 9940 9941 9943 .9945 .9946 9948 .9949 9951 9952
1 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
17 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
13 9974 9975 9976 9917 9917 .9978 9979 9919 9980 9981
19 9981 9982 99812 .9983 9984 .9984 .9985 .9985 .9986 .9986
30 9987 9987 .9987 .9988 .9988 9989 9989 9989 99%0 9990
3l 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993

1 9993 9993 9994 9994 .9994 9994 9994 9995 .9995 9995

13 9995 9995 .9995 9996 9996 9996 9996 9996 9996 9991

14 9997 9997 9997 9997 9997 9997 .9997 9997 9991 9998




* The inclusion of safety stock ( ss ) changed the
expression to

e ROP=d*L+ss

* The amount of safety stock maintained depends
on the cost of incurring a stockout and the cost
of holding the extra inventory. Annual stockout
cost is computed as follows:

. Annual stockout costs =

* The sum of the units short for each demand
level * The probability of that demand level *
The stockout cost / unit * The number of orders .

per year
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- order “ " Order “ " Order
~ received ~ received - received
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1
% 7 OH Q2 7~ OH N
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2
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£ _ Oorder
e placed
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‘ L | Time

l— Protection interval —
Figure 15.12 ote



Example
Calculating

Pand T

e Again, let us return to the bird
feeder example. Recall that demand
for the bird feeder is normally
distributed with a mean of 18 units
per week and a standard deviation in
weekly demand of 5 units. The lead
time is 2 weeks, and the business
operates 52 weeks per year. The Q
system developed in previous example
called for an EOQ of 75 units and a
safety stock of 9 units for a cycle-
service level of 90 percent. 0

 What is the equivalent P system?
What is the total cost ? Answers are to ,
be rounded to the nearest integer.

o



Periodic Review Systems VN
N

Bird feeder— Calculating Pand T

c,=5units L=2weeks cycle/service level =90%
EOQ = 75 units D = (18 units/week)(52 weeks) = 936 units

_ EOQ _ _I3 =
P==5— (52) = 936 (52) = 4.2 or 4 weeks

S =G, AP+ L= 54/6 =12 units

T = Average demand during the protection interval + Safety stock
=d(P+L)+z0p,,
= (18 units/week)(6 weeks) + 1.28(12 units) = 123 units

l~— Protection interval ——
Example 15.8



Periodic Review Systems VN
N

Bird feeder— Calculating Pand T

g’ c,=18 units L =2 weeks cycle/service level =90%
§ EOQ = 75 units D = (18 units/week)(52 weeks) = 936 units
- P=4weeks  T=123 units
&
<
c
O 4(18) 936

C= ——($15)+ ———(%45) + 15(%15

7~ ($15) + 575, (845) + 15($15)

C =$540 + $585 + $225 = $1350

l— Protection interval —
Example 15.8



Comparison of Q and P Systems

P Systems

® Convenient to administer
® Orders may be combined
® |P only required at review

Q Systems

® |ndividual review frequencies
® Possible quantity discounts
® Lower, less-expensive safety stocks



QUIZ

INVENTORIES




1-ABC analysis divides on-hand inventory into three classes, based on:
a) unit price.
b) the number of units on hand.
¢) annual demand.
d) annual dollar values.

2-Cycle counting:
a) provides a measure of inventory turnover.

b) assumes that all inventory records must be verified with the
same frequency.

c) is a process by which inventory records are periodically verified.

d) all of the above.
3-The two most important inventory-based questions answered by the
typical inventory model are:

a) whento place an order and the cost of the order.

b)  when to place an order and how much of an item to order.

c) how much of an item to order and the cost of the order. .

d) how much of an item to order and with whom the order
should be placed.

a) reorder point.
b) safety stock.
c) just-in-time inventory.

d) all of the above /

4- Extra units in inventory to help reduce stockouts are called: I




5-The difference(s)

between the basic
EOQ model and
the production
order quantity

model is(are) that:

6-The EOQ model
with quantity

discounts attempts
to determine:

7-The appropriate
level of safety
stock is typically
determined by:

A-the production order quantity model does not require the assumption of known, constant demand.
B-the EOQ model does not require the assumption of negligible lead time.

C- the production order quantity model does not require the assumption of instantaneous delivery.
D-all of the above.

A-the lowest amount of inventory necessary to satisfy a certain service level.
B-the lowest purchase price.

C-whether to use a fixed-quantity or fixed-period order policy.

D-how many units should be ordered.

E- the shortest lead time.

A-minimizing an expected stockout cost.

B-choosing the level of safety stock that assures a given service level.
C-carrying sufficient safety stock so as to eliminate all stockouts.
D-annual demand



Problem 1

Booker’s Book Bindery divides inventory items into three classes, according to their dollar usage.
Calculate the usage values of the following inventory items and determine which is most likely to
be classified as an A item.

PART NUMBER DESCRIPTION

UNIT VALUE ($)

| Boxes 500 3.00
2 Cardboard (square feet) 18,000 0.02
3 Cover stock 10,000 0.75
4 Glue (gallons) 75 40.00
5 Inside covers 20,000 0.05
6 Reinforcing tape (meters) 3,000 0.15
7

0.45

Signatures 150,000




20 0l 0 0 04 05 06 07 08 09

U 5000 5040 5080 S 5160 5199 5139 5279 5319 5359
A 5398 5438 5478 S517 5557 5596 5636 5675 STI4 5153
2 57193 5832 5871 5910 5948 5981 6026 6064 4103 6141
3 b179 6217 6155 6293 6331 .6368 6406 4443 6480 6517
4 6554 6591 6628 6664 6700 £736 4112 .6808 6844 6879
5 6915 6950 6985 J019 J054 1088 J123 1157 1190 NP
) 157 1291 3 1357 1389 141 J454 .1486 Jsh 1549
i 1580 J611 1642 1613 1704 1734 1764 1794 1823 1852
k] 1881 J910 1939 1961 71995 8023 8051 8078 8106 8133
] 8159 8186 8112 838 8164 8289 8315 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 8554 851 8599 8621
LI 8643 8665 8686 8708 879 8149 8110 8790 8810 8830
12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
13 9032 9049 066 9082 9099 RIH 9131 ST 9162 91
14 9192 9207 nn 9236 9251 9265 nn 910 9306 9319
15 9332 9345 9357 9310 9382 9394 9406 9418 9419 9441
e 9452 9463 9474 9484 9495 9505 9515 9525 9538 9545
L1 9554 9564 RATE] 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 3113 9 9726 411 9738 9144 9750 9756 9161 9167
i m 9118 9783 9788 9793 9798 9803 9808 9812 9817
1l 9811 9826 9830 9834 9638 9842 9846 9850 9854 9857
1 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
PE] 9893 9896 9898 9901 9904 9906 9909 9911 9913 9916
U 9918 9920 m 9915 9921 9929 9931 9932 9934 9936
15 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
1 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
i) 9965 9966 9967 9948 9969 9970 9971 99 9973 9974
13 9974 9915 9976 91 nn 9978 9719 9979 9980 9981
19 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
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‘A regional warehouse purchases hand tools from various suppliers and then distributes them on
Jemand to retailers in the region. The warechouse operates five days per week, 52 weeks per year.
Only when it is open can orders be received. The following data are estimated for 3/8-inch hand
drills with double insulation and variable speeds:

Average daily demand = 100 drills
P rO b | e m 2 Standard deviation of daily demand (o,) = 30 drills
Lead time (L) = 3 days
Holding cost (H) = $9.40/unit/year
Ordering cost (S) = $35/order
Cycle-service level = 92 percent

The warchouse uses a continuous review (Q) system.

a. What order quantity, Q and reorder point, R, should be used?
b. If on-hand inventory is 40 units, there is one open order for 440 drills, and there are no

i backorders, should a new order be placed?
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David Rivera Optical has determined that 11s reorder point for eyeglass 'rames 18 50 (¢ X L) units, lis
carrying cost per frame per year 5 $5, and stockout (or lost sale) cost 15 $40 per frame. The store has
experienced the following probability distribution for inventory demand duning the lead time (reorder
period). The optimum number of orders per year is six.

NUMEER OF UNITS PROBABILTY

30 2
40
ROP — 50
€0
70

How much safety stock should David Rivera keep on hand?

APPROACH P The objective is to find the amount of safety stock that minimizes the sum of the addi-
tional inventory holding costs and stockout costs. The annual holding cost is simply the holding cost per
unit multiplied by the units added to the ROP. For example, a safety stock of 20 frames, which implies
that the new ROP, with safety stock, 18 70 ( — 50 + 20), raises the annual carrying cost by $5(20) ~ $100.

However, computing annual stockout cost is more interesting, For any level of safety stock, stockout
cost 18 the expected cost of stocking out. We can compute it, as in Equation (12-12), by multiplying the
number of frames short (Demand -~ ROP) by the probability ol demand at that kevel, by the stockout
cost, by the number of times per year the stockoul can occur (which i our case 1$ the number of orders
per year). Then we add stockout costs for cach possible stockout level for a given ROP A




SOLUTION P We begin by looking at zero safety stock. For ths safety stock, a shortage of 10 frames
will occur if demand is 60, and a shortage of 20 frames will occur if the demand is 70. Thus the stockout
costs for zero safety stock are:

(10 frames short) (.2)($40 per stockout) (6 possible stockouts per year)
+ (20 frames short) (1) ($40)(6) ~ $960

The Tollowing table summarizes the total costs Tor cach of the three alternatives:

ADDITIONAL
HOLDING COST STOCKOUT COST

(20)(35) ~ $100 $100
10 (10)(35) — $ 50 (10) { 1) (340) (&) $240
0 $ O (10) (.2) ($40) (6) + {20) (1) ($40) (6) ~ $960

The safety stock with the lowest total cost 1s 20 frames. Therefore, this safety stock changes the reorder
pomnt to 50 & 20 ~ 70 frames.

INSIGHT P The optical company now knows that a safety stock of 20 frames will be the most economi-
cal decision.




ROP = d(daily)x
Lead time + safety
stock (= z.Standard

deviation L)

P System

ROP = d daily

x(Period+Lead

time) + safety
stock (p+l)

Period=
EOQ/Annual
demand
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