Department of Logistics Management

Basic Inventory Models

Inventory Concepts

Q models and P models
= EOQ

Variations of EOQ model
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Trade-off between Inventory and Service
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1. Inventory Concepts

Manufacturing/Transportation
raw materials 42 #7Z ep okl gr oh pEE 12

Work In Process # %42 ¢ % ¥ g2 e & 57

Finished Goods Inventory & # E s 5

spare parts and supply f&3F % $LiF (T 24 F 2

Retail/Service
merchandise 4 & %8 % m?’é r‘%
zs

service supply i& {7 JR7.
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Rationale for Inventory

Batching Economies/Cycle Stocks
Price discounts $ P 2 hif &
Transportation rate discounts i& 3 ik &
Production economics # # »z% éh¥ &
Uncertainty/Safety Stocks
WRR R R e A 2 T
A APRETE
Je D BT fenggp i

In-Transit (pipeline) and Work-in-Process Stocks

SHER ERA LRI R ORE
Seasonal Stocks # &M it
Anticipatory Stocks L% &k i % %] ff
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Cycle Inventory
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Inventory 20 New Shipment Arrives
\
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Seasonal Inventory

Tons of 15400 7

Beets 1200

(in 000s)
1,000 A

Total Beets Received

Inventory
Total Beets
800 Processed
600 -

400 o

200 4 #

Time

End of Harvest

HESAH LA JEESIRELDER
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Inventory costs: 20% to 40% of the inventory’s worth

Holding or Carrying Cost (¢ % 3@%?]1% PR )

capital (opportunity) cost F £ f & #74f 4 | L SR F AR
storage space cost £ &5 7 B 22K i s &
operationcost * ¥ § * ~ KT F -~ fiL &
risk cost PAIE ~ B F - ) f 2 S

Ordering or Setup Cost
SRR N g P R A

Shortage Costs, Backordering, Lost Sales Thc bt it
B dE A s W f A A PR
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Inventory Decision Making

Decisions: When to order? How many to order?

Product Characteristics # &%

Demand Variability 3 &% 2

Service Level Requirement fRis+ & +

Replenishment Lead Time # § & /&

Ordering Cost and Holding Cost 37 f 2145 § = %

Stock out or Backordering Cost 4 f £ & f & %
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2. Q models and P models
B R RGPS FTEETF 0 T R
ST ARG L E A ko T0F R g KRR L
Question: 4oie4f o B 35 % LT p ehg K9

Answer:
Fixed Order Quantity model (Q model)

Fixed Order Period model (P model)
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Fixed Order Quantity model Q model (s, S)=(R,Q)

S=R 7+ "(tkH ) s=37 | 8 L=lead time
Order quantity Q=S-s  Reorder point R=dxL

!

Average Inventory =Q/2 §poms &

Number
of units
on hand

Range of demand

Stockout
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Fixed Order Quantity model

Ivemory under the condition of Uncertainty
Reorder | |Q,,
point
8| o TR RERER A T
Time
Order quantity=Q Average Inventory
Reorder point R=dxL + safety stock =Q/2+safety stock
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P model
order interval=T days

Fixed Order Period model (with Safety Stock)

No lead time
Level of
_ _Beorder_ _  _ _ inventory i _________
B

$4,000 B
quantity
3,000
5 Order up to level
£ 2000 =dxT + safety stock
Safety stock Y RTX g eh® 2 RS
Zero stock in
inventory
é (possible stockout)

1,000

2 3 4 51

12 3 451 2 3 4 51
Time {weeks)

Order size= Order up to level — Inventory

e AT
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Fixed Order Period model (with Safety Stock) P model
order interval=T days

If lead time L is significant....
Place — Place
order order P- Model

Inventory P
ace

on hand
(in units) Orderl

Safety
stock
Time

i

Order size = (_1><(T+L)+safety stock - Inventory
L RTHLA 7 F eht 2 B
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. Rl e o L 5
M Excel ik Fl i P 3 g 1L
HS - £ | =MAX(H$2-(ES4F5+G5),0)
C D E F 6 | W | 1 ) K L [ N
| LR BOCRM WivEE BURE RESE TREA
400 s5 s1 52 $30 $70 |
T EEER ER WEET ik 17582 TEE $ERNH SRR RERE BERE TEAE Ris
400 213 213 187 0 DI 213! $1,065 $293.50 S0 $30 $70 $672
187 179 179 8§ 213 0 179 $895  $310.50 S0 $30  S70  $485
8 182 8 0 179 213 §  S40 $39600  $348 $30 ST0 (5804)
213 177 177 36 8 179 177 $885  $311.50 50 $30 ST0 $474
215 282 215 0 177 8 215 $1,075 $292.50 $134 $30 s70 $549
8 218 8 0 215 177 §  S40 $39600  $420 $30 $70  ($876)
177 255 177 0 8 215 177 5885 $31150  S$156 $30 $70  $318
146 267 146 0 134 120 146 $730 $327.00  S242 $30 $70  s61
120 2001 120 0 146 134 120 S600 $340.00  S162 $30 $70 (52)
134 176 134 0 120 146 134 670 $33300 S84 $30  S70 $153
146 161 146 0 13 120 146 $730 $32700  $30 $30  S70  $273
120 128 120 0 146 134 120 $600  $340.00  S16 $30 $70  S144
[[14846 18323 12948 1898 $647.40_$335.26 _S107.50 $104.6
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Two-Bin System

P

demand

-

demand

Option Replenishment

ool 839
OOOOO 000
Istbin  2nd bin
! 000
< 000
000
Istbin  2nd bin
-«
000
000
000
Istbin  2nd bin
____________ >
replenishment
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3. Inventory Control for ABC Classification

e Class A=large volume or low volume but high value.

Use Q models with Normal demand for fast-moving A items.

Adjust reorder point (safety stock) according to supply condition

to control shortage. 7 #137 b BH(% 2 B 5 ) M ¥ L4 b
Supplier capacity and delivery delay can cause problems.
T T A d K ﬁ%lhi ##(lead time)

e Business may carry a hi-end item for its prestige value. ## 467 4

Lot for Lot ordering can reduce holding cost.
Use Basestock models (s=S-1, Q=1) for very expensive A items.

Department of Logistics Management

Managing Routine (Class B, C) Inventories

1. Items with low dollar volume need not be placed in the class C.
R RE T AR AL BAC

2. Shortages on a slow moving product can cause severe
reductions in the usage of class A items. Cag#: § ¥ iv # LA 4 &

3. Shortages on a cheap components can cause the delay of the

complete product and force customers switching to competitors.
DR A 4 AT

4. Use P models or two-bin systems for inventory control.
5. Group into families to reduce cost. & #f ¥ 32 Category Management

6. Review the ABC classification periodically.
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doie Tk i
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M b

— d{i?}_\g °
e % 3 4p Bf B o
- i,ti/f &{—'J“
S —— U3 S A
WENF I AP B B
e Tl 3 4P B 5
oo o g
1 ; - 7’1’3% =
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Stocking vs. Not Stocking a Class C Item

Many class C items with extremely low sales may be eliminated from
catalog to save operating cost. § #% & % 4 2

Avoid stocking a class C item if

e The operating cost is too high compared to its value. #4487 jt
e High depreciation and/or carrying cost. # 4 + + 3

e Low ordering or setup cost and fast delivery. s p:t =

e Customers are willing to wait. # & & i<

e An internal supplier (central warehouse) is available.

Some items may be variations of popular items and should be kept in
stock due to marketing considerations. |7 4 4 £ @ %4 & 540 % 5
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4. Economic Order Quantity

Fixed Order Quantity Approach (Condition of Certainty)

D = annual rate of demand
Q = order quantity (production lot size)
S = order or setup cost
¢ = value or cost of one unit in dollars
o = carrying cost per dollar value in percent
h = aC = annual storage cost in $/unit ¢ & i = 1
TC = total costs in dollars per year

Inv1-20
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Economic Order Quantity

TCQ) =25 +2h-1 szOth:hm
Q 2 dQ h
PERG AT R AAEG A A
(% % R EH ) TEBRERE
Le «_ 123
vel of inventor — _= ==
e Average inventory D/Q Dh

Units

P gR Leaf ik

-— 00—

- — Time =T ? 2t=dxL
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Optimality=Balance
D *
Q S Q h-1
Q Order Cost Holding Cost Total Cost
100 $7,200 $1,250 $8,450
140 5,143 1,750 6,893
180 4,000 2,250 6,250
220 3,273 2,750 6,023
240 3,000 3.000 £.000
260 2,769 3,250 6,019
300 2,400 3,750 6,150
340 2,118 4,250 6,368
400 1,800 5,000 6,800
500 1,440 6,250 7,690
Inv1-22
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Insights of EOQ

If Q=1.5xQ*

Then TC(Q)z%S +%h 1~1.08-TC(Q*)

SVHEDTEE RERIT BRI S F R g
Powers of 2 Order Intervals

ngm T=2Tn+l

om 2m\/§ 2m+1
2 weeks 2.83 weeks 4 weeks

Inv1-23
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5. Relaxing Assumptions of EOQ Model

e Fixed setup costs

e Fixed unit price

e Instantaneous delivery/production
Long shelf life

Deterministic and constant demand

Fixed delivery lead time

Inv1-24
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EOQ and Setup Costs

Q%= 2DS Alternative Thinking: reducing S
h = reducing Q* and Total cost
1950s % W& 4 & 2800F w7 & vs. Fo &7 § Ia +4m
1953 p AARE BT 8B B> AT ad- f FrEEaS A ird B

g

|
E v In 1990s, Ford carried 15
O I L LY I S, times as much WIP as Toyota

|| PR
* R

e
0 1 2 3 4
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EOQ and Unit Price: price break models

Annual Demand (D)=10,000 units Carrying cost (o)) = 20% of total cost
Cost to place an order (S)=$20  Cost per unit (c) = $5.0 (<500)
= $4.5 (<1000)

TC(Q) =Dc +%S +%ac 1 = $3.9 (=1000)

1100 =
1,000 =
900
800 -
700

@ C = $4.50

|

@c=5®

Ordering
costand 600 -
holding 500 -

cost
400

300 —
200 -

666

G 1 S

100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300
Units
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EOQ for Production: Economic Production Quantity

AR EERM ARG wd AT AR AR

2000 - ]
/1
1800 - 7 :
/
- |
1600 0\43// :
1400 4
&Pf/ IMaximum inventory level = Q(1— d/p) = | max
" 1200 - S / % 8
= / Q& |
€ 1000 |- S )
S _\.@Q/ d:\“ | "e%
wor S ! %
sof /S i Qe
/ : 2y
400 - // : P, S
200 // i
0 1 1 1 | 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 Time
A\ /

V
Replenishment order cycle

Order quantity 2000 units
Daily demand (d) = 100 units
Daily production (p) = 250 units
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EPQ Decisions

p: daily production rate d: daily demand rate

Maximum Inventory: lya.y = Q( —%j

EPQ Total Cost:  TCpq = (8 sj v ('M%h . 1)

2DS
(-5
p

Inv1-28
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EOQ with Perishable Products

LASERBRFUR %44 >Q<dxU
EOQmodel Q*< dxU= ki i £ %

EOQ model Q*> dxU= & 37 p £"% % dxU

2. A SR 1S 0 FE NG SPpE F

EOQ model Q* i % % |_2DS
(h+0oc¢)
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6. Safety Stock

In reality, demand is not constant but varies from day to day.

amount of inventory carried in addition to expected demand E(D)

provide protection against stockout before the replenishment
FARANAGETFLR - ZREPEL B H 34

P (demand>E(D)+safety stock)
Probability
(Stockout)

EQ)
safety stock
Inv1-30
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Demand During Lead Time L

ok g ARG ARRA LR o T ¥ L ke

_ 1\2
Daily demand ~ N(@, 64°) o,° ~ Z:(—ld)

Demand during lead time ~ N(Lx@, Lxc4?)

d
n—

the curve - 6826%—»
. - 05 4%
&F%#\j\%]‘\d’f’"ﬁ ﬂq;@sﬁ%“ ’%-Q;F_ 99.73%
Bl f AT g KD 2R R s — .
97.72%: 228% —»
o = N(D, o?) coan 013,
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Fixed Order Quantity with Safety Stock

Decision: 37 p B:R

R RERER=L

R

R=D +zx0,

Range of demand

B
D|_ =3 %\“ R enTeg £ 0 Stockout

Time ———>
o =% FHRSE fEEL=[Lo

z =service level
B3 Hakp 285 >95% (99%) = z=1.64 (2.33)
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Fixed Time Period with Safety Stock

Place

Decision ordor P Madel

Inventory

%T E‘ ‘E‘_ Q on hand

(in units) | order

SR GERER S
=T + L !<—L+I T

B 5 %, % F=Average demand + Safety stock
= AT+ «2x0p, ) =F B 5 R+ £Q
Safety stock =zx o, |

¥ (d;-d)*

or =T+ Lo = (T +Lx =2
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D R

EmcT R S BGTHE P DR &y - Bl

PERY 5 kP B ¥ (Purchase lead time) - H i & 5% 5
L=T1 +T2 +T3 +T4 +T5

Tl —— & Fp e fF o prRy |

T2 TH R

T3 — &R 7 & S/
T4—3’§§i%]_f’nr¢fﬁ“ ;

T5 R S TR E R ATIE Y chpE R o

K$T1 FeTS ¥ ap et » B SRR EF 7 fzeh o
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Uncertainty of Lead Time

Daily demand ~ N(d_, o4)  Leadtime ~N(L, 5,?)

Demand during lead time ~ N(Lxd, 6?) o?=Lo? +d o}

Qmodel R=D, +zx,/Lo?+do?

SAHFRLEH A PR HA A e 2R
Alternative Thinking: reducing L = reducing safety stock

Inv1-35
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7. Other EOQ Models: Q model with Backorders

D=#RFH S=37h 34 h=HiFi 34 p=H=1 4
Q=i"fi#¥ R @ I[=THRji B=-THi{iE

TC(R,Q) = %s +1(R,Q)h-1+B(R,Q)b-1
. [2DS
O

Optimal service level ®(z) = bLh =R =dL+z o
+
b=h = z=0 = No safety stock

Inv1-36
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Inventory Rationing

PRERAREATIE R > FlA G A AR A
Qmodel: A2 MEQ > B8R BFEFEX
FREFRHIX Bk I EERIIESREE -
FALIE AN EFIIBIBEE o

BETEXKET SR o HAedFy A AERA KB E o
m RFEXR LM L FIRAEL -
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2DS b
= | = = —_—
Q . R=D, +zx0, D(2) b h

Constant Demand = No safety stock is required.
Zero Lead Time = Reorder point=0
No Ordering Cost = EOQ=0 = JIT Delivery

No Backordering Cost = z = -00 = Wait until backorders = EOQ

Inv1-38
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8. Performance Measures of Inventory Control

inventory turnover weeks of supply
o rEHE B o s L3R 5 E
ErdEgy=" T+ ¥R = %52
ERE S i P Lamnen
. 4odp - f
service level fill rate= FXET

dedp

PRI R I = — e
BN NN

Inv1-39

ent of Logistics Management

Saving Inventory Dollars by Inventory Turns

TABLE 6-8The Relationship among Inventory Turnover, Average Inventory,
and Inventory Carrying Costs

Inventory Average Inventory Incremental Savings Cumulative Savings
Turnover Inventory Carrying Cost*  in Carrying Cost In Carrying Cost
1 $20,000,000 $6,000,000 = 35000000
2. 10,000,000 3,000,000 $3,000,000
30 6,666,667 2,000,000 1,000,000 5000000 |
4. 5,000,000 1,500,000 500,000
(B 4,000,000 1,200,000 300,000 % 000000
6.. 3,333,333 1,000,000 200,000 |2
7. 2,857,143 857,143 142,857 |¢
8.. 2,500,000 750,000 107,143 z;m”m
9.. 2,222,222 666,667 83,333 |2
W 2,000,000 600,000 66,667 |2 2%
*Assume that inventory carrying cost equals 30%. 1.000000 |
"7 35 4 5 6 7 8 9 1
Inventory tums
Inv1-40
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Trade-off between Inventory and Customer Service

«—— dominating

Investment in inventory

L 1 1 | | 1 | 1 | 1 1
0 10 20 30 40 50 60 70 80 90 100%

Customer service level

Are customers satisfied with the current level of service?
v §E 7 zservice level (fill rate) » 2R {8 % 4 "% M A
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SUMMARY

There are reasons for carrying inventory.

Inventory decisions: how much to order and when to order
EOQ: ordering cost vs. holding cost

Safety Stock: variability affects service level

Customer service: Inventory cost vs. Backorder cost

Manage trade-off between inventory cost and service
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