Chapter 9 Managing Inventory

= Types of Inventory

= ABC Analysis

= Q models and P models

= Supplement C: Special Inventory Models

| Case: Inventory Management at JiIS§sN¥]

SIgn up and choose Get them in the Relum them and
your movies. mall Free shipping! we’ll send you more.

'%Qs

44M streaming customers worldwide and 7M DVD customers in US.

89M discs distributed across 39 warehouses in US. Each can process
60000 orders per day.

Discs are scanned by machines to see if any customer has ordered
them. Others are shelved for future rentals.

Proper managed inventories can support competitive priorities of
variety and delivery speed.




What is Inventory?

A stock of materials used to satisfy customer demand
or to support the production of services or goods.

Manufacturing Inventory
raw materials, WIP, maintenance and repairs, supplies, FGI

Retail Inventory
merchandise, supplies B2

What is Inventory Management? video

The planning and controlling of inventories to meet
the competitive priorities of the organization.

Inventory Costs

m Purchase Cost «— order too little

® Holding or Carrying cost order too much or too early
opportunity cost EE£ERIETIEL
storage cost Ef#H - EL R
shrinkage cost 218 - % 818 - RE

® Ordering or Setup cost AIE{FZEM A «——order too often or too little
HOMREE MR - B - B NERESE « FHEE - HE

= Shortage costs or Lost Sales order too little or too late
BLRENERX  ERXENIHN
HER D RIEEKR




Pressures for Small Inventories

Inventory holding cost
Cost of capital (opportunity cost)
Storage and handling costs: space, labor, machines
Taxes (ZE#5RE), Insurance
Shrinkage
m Pilferage by customers or employees
m Obsolescence due to model changes or new products
m Deterioration: limited shelf life

Pressures for Large Inventories

Customer service: stockout (lost sale) or backorder

Ordering cost: fixed cost of preparing a purchase order
Transportation cost: full truckload or full container
Payments to suppliers (quantity discount) #Eoae

Setup cost: fixed cost of changing over a machine to
produce a different product.

Labor and equipment utilization




Type of Inventory and Reduction Tactics

o Cycle inventory 5] EERHIIEEFE: Reduce the lot size
= Reduce ordering and setup costs and allow Q to be reduced

Safety stock inventory FEAIFE KM Z 2 E7F: Place orders closer
to the time when they must be received
= Improve demand forecasts

= Reduce lead times and supply uncertainties
Anticipation inventory HZ=a1#E EFRER A= ES: Match

demand rate with production rates
= Add new products with different demand cycles Z &1 5

m  Provide off-season promotional campaigns

Pipeline inventory £ % E77: Reduce lead times
= Find more responsive suppliers and select new carriers

Economic Order Quantity mazEss®

e The lot size, Q, that minimizes total annual inventory
holding and ordering costs. EFERAMRARBNEETES
Demand rate is constant and known with certainty.

The only two relevant costs are the inventory holding cost
and the fixed cost per lot for ordering or setup.

Decisions for one item can be made independently of
decisions for other items.

The lead time is constant and known with certainty.

o Usethe EOQ &&=
m  Make-to-stock strategy with relatively stable demand.
m  Carrying and setup costs are known and relatively stable




Calculating EOQ

e Annual Demand =D

o Annual holding cost 0
= (Average cycle inventory) x (Unit holding cost) = EXH

o Annual ordering cost D
=(Number of orders/Year) x (Ordering or setup costs) = EX S

Total costs = C(Q) =%H XHgS

d

—C=0=>E0Q=0"= 2D8
do

EOQ

Time Between Orders = T

Calculating EOQ

Total cost

Holding cost

Annual cost (dollars)

Ordering cost

v

EOQ Lot Size (Q)
ARMPAMMRAZER




Example 9.2: Bird Feeder

Sales are 18 units per week, the supplier charges S60 per unit.
Ordering cost is $45.
Annual holding cost is 25 percent of a feeder’s value.

What is the annual cycle-inventory cost of the current policy of
using a 390-unit lot size? Would a lot size of 468 be better?

D=(18 units/week)(52 weeks/year) = 936 units
H=0.25($60/unit) = $15 S=8$45

936
390 ($45)

=$2,925+ $108 = $3,033

CO=GHx1+ 08 == (515 +

| Example 9.3 EOQ for bird feeders

EOQ= \/ 22 - \/ 203~ 74.94 or 75 units

Parameters

Current Lot Size (Q) Economic Order Quantity
Demand (D) (

Order Cost (S)

Unit Holding Cost (H)

Annual Costs Annual Costs based on EOQ

Orders per Year Orders per Year
Annual Ordering Cost Annual Ordering Cost
Annual Holding Cost Annual Holding Cost
Annual Inventory Cost Annual Inventory Cost




Inventory Control Systems

Periodic Review System Continuous Review System
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Fixed Order Period

Fixed Order Quantity
P model

Q model

Continuous Review System ##%zEsE

e Qmodel or fixed order quantity system
m Tracks inventory position (IP)

m Reorder point system (ROP) and fixed order quantity (Q)

m Decision Includes scheduled receipts (SR), on-hand
inventory (OH), and back orders (BO)

EHE S
Inventory position (IP) = OH + SR - BO
FEKE RA RE

Rule: If IP < ROP, place an order of size Q




Continuous Review System: Variable Demand

On-hand inventory
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Select ROP base on Demand, Lead Times, and Safety Stock.
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| Example 9.5  RrOP=300, Q=250, L=5 days

Con [oemma || 58— 80
1 400

2

60

80

40
75

55

95

50

340

260 250 after ordering

220 250
145 250
90 250

0 250+ 250=500
after ordering

250-50-5

-195 250

400 +0 =400

340 + 0 =340

260 < R before ordering

250 due

260+250=510 after ordering Day 8

220 +250=470
145 + 250 = 395

90 + 250 = 340

5 0+250-5=245<R before ordering 250 due

245 + 250 = 495 after ordering Day 12

195 + 250 = 445
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Continuous Review System: Reorder Point

Constant lead time and variable demand ZXHIEE - BRKFEE

Reorder point = Average demand during lead time + Safety stock

= dL + Safety stock
HIMREBHNEmEM B RFKIEMMRASE
Choosing a Reorder Point
2. Determine the distribution of demand during lead time
1. Choose an appropriate service-level policy 5 R AR & ER

3. Use the formula to calculate the safety stock and reorder
point levels

(2) Distribution of Demand during Lead Time

o Specify mean and standard deviation of daily demand &R
d o,

m Standard deviation of demand during lead time

Oyr= 1, oL = o, ‘JL TEBBHEE..

7: 7:5 75 22 5
Demand for Demand for Demand for
week 1 week 2 week 3

Demand for 3-week
lead time




(1) Service Level

Service level RRERIZEK = 85%

Probability of stockout

Average (1.0-0.85=0.15)
demand

during
lead time ROP
N

| 2047 |

Service level = 85% = z = ®(0.85) = NORMINV(0.85,0,1)=1.036

(3) Safety Stock and Reorder Point

Safety stock =z« 07 = z - o4VL IEEERE

z =number of standard deviations needed to achieve the service level
o0, =stand deviation of daily demand
0,7 =stand deviation of demand during lead time

If E=75, 0,=15, L=3 and service level=85%,
then safety stock = 1.036 - 15v3 = 26.92

Reorder point = R = d L + safety stock = (75)3+26.92

If service level=95%, safety stock = 1.645 - 15v/3




Continuous Review System

o Both Demand and Lead Time are Variable sk Bz HAE R E

ROP = (Average daily demand x Average lead time) + Safety stock
=dL+ Safety stock = dL+ 2047

where
d =average daily (or weekly or monthly) demand

L =average lead time (1H[E 5 E1)
Ogr =N Lof + d 20,2

o0, =standard deviation of daily demand
0,7 =standard deviation of the lead time

Periodic Review System BExB#i&E  FEEE%E
o Fixed interval reorder system or P model
Target

Inventory Position

Order  QOrder
placed received Order Order  Order Order
/ placed received placed received

N\

— L— — L — L—| Time
P
[¢<=— Protection interval =

1N
I
I
I
I
!
!
1
1
I
I
I
I
!
1
1
I
|

Rule: Check inventory (IP) and then place order to meet target
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| Example 9.8 Target =620, P = 6 days, L = 5 days

o A
1 400 400

2 60 340 280 after 340 before ordering 620 - 340 =
ordering 340+280=620 after ordering 280 due Day 7
3 80 260 280 260 + 280 =540
4 40 220 280 220 + 280 = 500
5 75 145 280 145 + 280 = 425
6 55 90 280 90 + 280 = 370
90+280—
275 +0=275
/ 95 95=275
8 50 225 395 after 225 before ordering 620-225=395
ordering 225+395=620 after ordering due Day 13

24

Periodic Review: variable demand & fixed lead time

. E0Q

Selecting the time between reviews @&EEH P = 5

Set Target Inventory Level. B#2E# PR T must cover demand
over a protection interval of P+ L

= Average demand during the protection interval is d(P + L) &8
m Safety stock for the protection interval = z - 6p,,= 2 - 04VP + L
m 7 is determined by the service level.

m T=dP+L)+z-04/P+1L

Order Quantity Q = T — Inventory Position (IP)
SHlEE  BHEERLR EfFKE

25
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Example 9.9: Bird Feeder

o Weekly demand for the bird feeder is normally distributed with a
mean of 18 units and a standard deviation of 5 units.

The lead time is 2 weeks. The O system called for an EOQ of 75
units and a safety stock of 9 units for a cycle-service level of 90%.

What is the equivalent P system?

75
18 ~ 4 weeks Service level of 90% = z=1.28

T=dP+L)+z 04VP +L=18(4+2)+ 1.28(5)V4 + 2
=108+15.68 ~ 124

Continuous Review vs. Periodic Review

o Advantages of the Q System
m The review frequency of each SKU may be individualized.
m Fixed lot sizes can results in quantity discounts.
m |t requires low levels of safety stock during the lead time.

e Advantages of the P System
¢ Replenishments are made at fixed intervals.

¢ The inventory position needs to be known only when a
review is made (not continuously).

¢ Orders for multiple items from the same supplier can be
combined into a single purchase order.

Optional Replenishment System #E#IE#E £ 4t

13



ABCRE. 5 & t\f% J®  Pareto’s 80/20 principle

SKU no. annual demand unit cost annual dollar value
1 2500 330 825000
1000 70 70000
1900 500 950000
1500 100 150000
3900 700 2730000
1000 915 915000
200 210 42000
1000 4000 4000000
8000 10 80000
9000 2 18000
500 200 100000
12 400 300 120000

O 00 N O U1 A W N

= e
= o

There are other ways to do ABC classification. Review ABC classification periodically.
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Pareto Chart for ABC Analysis

100 Class C

90
80
70

Inventory Accuracy by APICS
Class A: £0.2%
Class B: £1%

60
40 Class C: £5%
|

50

30

Percentage of dollar value

20

L1 L1 1 1
10 20 30 40 50 60 70 80 90 100 Percentage of SKUs
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Supplement C: Economic Production Quantity

#KmA ERLEEconomic production Lost Size Q.

Production rate p > the demand rate d, so there is a
buildup of (p — d) units per time period.
Buildup continues for O/p periods.

Production

Demand during quantity

production interval )
Maximum

inventory

Production Demand
& demand only

Economic Production Quantity economic lot size

o Q
Max. inventory is: Ipgx = (p — d) X production time = (p — d) ;

Average inventory is no longer Q/2, itis /.. /2

max

Total annual cost = Annual holding cost + Annual setup cost

C=%(H)+§(S)=% pp%d (H)+§(S)

- 2DS p
B = EPQO=FELS = ,|— | ——
A&/ IME 0 S 1/ ’p—d

15



Example C.1

A plant manager must decide the lot size for a product that has a steady
demand of 30 units per day. The production rate is 190 units per day,
annual demand is 10,500 units, setup cost is $200, annual holding cost
is S0.21 per units, and the plant operates 350 days per year.

EPQ:\/zz)s » =\/2(10500)(200) 10 _emaa
H \p-u 0.21 19030

0.21) + 10500 200
0.21) 4873.4( )

_ 4873.4 (190 — 30
T2 190

Q: What are the advantages of reducing the setup time by 10%?

Supplement C: One-Period Decisions

o BRARAUEBEGAEFEERZBMRBERE - kEEBRRTU

o Example C.3: A gift shop sells a Christmas ornament carved from
wood and makes a $10 profit per unit sold during the season,
but it takes a S5 loss per unit after the season is over.

Step 1: List the demand levels and probabilities.

Demand 10 20 30 40 50
Demand Probability 0.2 0.3 0.3 0.1 0.1 &8

Step 2: Develop a payoff table that shows the profit for each
purchase quantity, Q, at each assumed demand level, D.




| One-Period Decisions

Payoff = (Profit per unit)(Demand quantity) — (Loss per unit)(Leftovers)
_ {p'Q if Demand > Order Quantity
p-D—-1(Q—-D) if Demand < Order Quantity

Demand Expected
10 (0.2) 20 (0.3) 30(0.3) 40(0.1) 50 (0.1) [ LG Al

10 100 100 100 100 100 100
20 50 200 200 200 200 170
30 0 150 300 300 300 195
40 -50 100 250 400 400 175
50  -100 50 200 350 500 140

Order
Quantity

Steps 3 &4: Calculate the expected payoff of each O and pick the best.

Newsboy Problem D~N(E(D), 5)

FERIFRAR T KD ERE S TR ~ N(90 102)

e \ /- Probability
#1590 papers = P(stockout)=50% i ok

E(D)

CAERSMTRNEMMA-ERE-RE HAEE=0.20
CAEBRMEBRNBMUMA-EE-EE HAFE=-030
HRIER0 - BINERZEAIEINAE ?

Airline Overbooking
Rt A0E RN - KL BB AT MIANEERFEUAHSIERR (no-show)
Solution: FBXRA] 1

HBEEE] 482 (B 1k no-show) BE i1 A AR =C,

HBEEET A7) (1K1 no-show)AY BB i1 AR AR=C,




