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Announcements Inventory Lecture (1)

( TIME b\
N A

= B

1. This week tutorials on inventory

—

2. Sport Obermeyer case is due on March 28 (‘quaury ) Friceicos)
i & . L L R o S BT
just after the break (office hours will be P
scheduled over SIP week) .ff‘gxa@

Trade-off:
Inventory Cost Vs. Capacity Vs. Service Level

From the Trenches... Why Inventory Costs Money

Too much:

*Liz Clairborne experiences unexpected eamings decline as a consequence
of higher-than-expected excess inventories” WSJ, July 1993.

“On Tuesday, the network-equipment giant Cisco provided the grisly details
behind its astonishing $2.25 billion inventory write-off in the third quarter”
News.com, May 2001. eQ ﬂﬂ eb

Too little:

“IBM struggles with shortages in ThinkPad line due to ineffective inventory
management” WSJ, 1994.

“Since 1990 we have designated the Department of Defense's management

of its inventory, including spare parts, as high risk because [...] its — N TyplCE' per annum
management systems and procedures were ineffective.”, Army Inventory: —/ inventory holding cost

Parts Shortages Are Impacting Operations and Maintenance Effectiveness,
US General Accounting Office report, August 2001.




Why Hold Inventory? How Much?

Type of Inventory Decision Tool

Buffer/Decoupling Build-up diagrams
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Pipeline Little's Law (Next time)

Build-up diagrams
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Capacity-Inventory Tradeoff

Inventory

:
i
!

{ Capacity

i

Outline

* This lecture: basic trade-offs and models

Newsvendor model: safety inv I

——

Econoch order quantity: ix::l’elrme_n_tg_m

* Next lecture: replenishment models
Periodic Review / Order-up-to policy

Continuous Review / Reorder point policy

The Newsvendor Problem

Preparing for the Christmas sales season, Tree Inc. has to decide
how many Christmas trees to purchase. The selling season starts
December 1, but due to long supply lead times Tree Inc. must
decide how many trees to purchase before the beginning of the
selling season. The purchasing price is $15 per tree, and the per
tree selling price is $105. At the end of the season Tree Inc. can
salvage excess inventory for $5 per tree. Unfortunately the exact
demand for Christmas trees is uncertain. The marketing department
anticipates an average demand of 30K trees with a standard
deviation of 10K. To support the decision, they simulated the
demand distribution, assuming it follows Normal(30;10) distribution
(measured in 1000 units). How many trees should Tree Inc. order?




Simulated Demand

Demand Time Series

Simulated Demand
(1000 units)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Sample

Newsvendor Model Parameters

q = Order Quantity (units) decision
¢ =$15 = Unit Cost ($)

r = $105= Unit Revenue ($)

b = $5= Unit Salvage Value ($)

(r>c>b)

D = Demand (units) - random variable, uncertain
value, follows Normal(30,10)
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Supply-Demand Mismatch

IFg>d
(quantity ordered > demand)

IFd>q
(demand > quantity ordered)

Disposal cost (Salvage cost):

Opportunity cost (Lost-Sales):

(r-c)x(d-q)= (c-b)x(q-d)=
$90x(d-q) $10x(qg-d)
Objective:

minimize expected opportunity + disposal cost:
E[(r-c) x max{D-q,0} + (c-b) x max{qg-D,0}]=

l E[90 x max{D-q,0} + 10 x max{q-D,0}]
\ L -

Newsvendor Model

+ One time decision under uncertainty, entire supply

arrives before the selling season

+ Trade-off:

— Ordering too much (waste, salvage value < cost) versus
- Ordering too little (excess demand is lost)

* Examples:

-~ Restaurant;
— Fashion;
— High Tech;
'—'.? Key tool to determine/evaluate safety inventory




Newsvendor Example

Based on forecasts and marketing studies you are expecting a total
lifecycle demand N(60,000;20,000) for a new product due to launch in
the future. The product has a gross margin of $750 and a net
liquidation/disposal cost (for unsold inventory) of $250. Because of long
lead-times you must commit orders to supplier for the entire product
life-cycle now. How much should you order?

Economic Ordering Quantity

A PC assembly operation procures its 128Mb memory chips at $45
each (purchase + shipment cost) from a foreign vendor; in addition
each order also costs $500 in customs fees. Assuming a constant
demand of 400 chips per week and an inventory holding cost of 45%
per dollar investment per year, how often would you order?

Economic Order Quantity Model

+ Set order size for repetitive ordering process with
fixed ordering costs (order in batches)

+ Trade-off:
— Batch size too large (too much average inventory) versus
— Batch size too small (too much ordering cost)

+ Examples:
— Change-over costs (e.g., first 10 items must be scraped);
— Transportation/Shipment costs...

"> Key tool to determine/evaluate cycle inventory

EOQ Model Parameters

* Q= Order Quantity decision

+ D =400 = Demand Rate (units/time)
+ C =45 = Purchasing Cost ($/unit) parameters
+ F==1500 = Fixed Order Cost ($)

+ H =45 =Inventory Holding Cost rate (%/$ investment/time)

Assumptions: - constant, deterministic demand
- instantaneous replenishment




EOQ Model Derivation EOQ Formula
0 D oV DF CH _
« Inventory Cost C-H 5 ; Order Cost F-B ; « Set first derivative to 0: }5 = 0’ +T =0
+ Total Cost V(Q)= F'g-kC.H g + This yields:
- . [2DF
Q. Q0 =
=~ CH
, | V(Q.)z\/FDCH +\/FDCH =TT
Cyclic inventory _g l[? _L{)? 4[_‘)? time 2 2
EOQ - Robustness Inventory Lecture Wrap-Up
Cost | 1(0.50")=V(20) =1257(0) J
1. Functions of inventory: seasonal, cyclic,
safety stock
2. EOQ (cyclic stock) and Newsvendor (safety
stock) models
0.5Q' Q 2Q Order size
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Announcements

1. This week tutorials on inventory

2. Sport Obermeyer case is due on March 28
just after the break (office hours will be
scheduled over SIP week)

3. Mid-class online survey coming soon

From the Trenches...

Too much:

“Liz Clairborne experiences unexpected earnings decline as a consequence
of higher-than-expected excess inventories" WSJ, July 1993.

“On Tuesday, the network-equipment giant Cisco provided the grisly details
behind its astonishing $2.25 billion inventory write-off in the third quarter”
News.com, May 2001.

Too little:

“IBM struggles with shortages in ThinkPad line due to ineffective inventory
management” WSJ, 1994.

“Since 1990 we have designated the Department of Defense's management
of its inventory, including spare parts, as high risk because [...] its
management systems and procedures were ineffective.”, Army Inventory:
Parts Shortages Are Impacting Operations and Maintenance Effectiveness,
US General Accounting Office report, August 2001.

Inventory Lecture (1)
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Trade-off:

Inventory Cost Vs. Capacity Vs. Service Level Qé\
ol
S
=

Why Inventory Costs Money

‘ Typical per annum
inventory holding cost



Financial Inventory Metrics

COGS <= — — — — EarningsorP & L
Inventory Turns =
Inventory Value « — — — Balance sheet
Inventory Value x Holding Cost Holding Cost
Inventory Cost/ Unit = =
COGS Inventory Turns

National Demand - Unins

Example: 10k filings, 2002 ($M)

Wal Mart Stores Inc. Kmart Corp.
Inventory $22,749 $4,825
C.0.G.S $171,562 $26,258

Anticipation Stock

Capacity-Inventory Tradeoff

: Capacz£gy /\ \
s ]

Why Hold Inventory? How Much?

Type of Inventory - Decision Tool

Buffer/Decoupling Build-up diagrams

Seasonal/Anticipation Build-up diagrams

Cycle stock Today (EOQ)

Safety stock Today (Newsvendor)

Pipeline Little’s Law (Next time)
Outline

 This lecture: basic trade-offs and models
Newsvendor model: safety inventory

Economic order quantity: cycle inventory '

* Next lecture: replenishment models
Periodic Review / Order-up-to policy

Continuous Review / Reorder point policy



The Newsvendor Problem Simulated Demand

Demand Time Series

Preparing for the Christmas sales season, Tree Inc. has to decide 100 4
how many Christmas trees to purchase. The selling season starts 90 |
December 1, but due to long supply lead times Tree Inc. must
decide how many trees to purchase before the beginning of the
selling season. The purchasing price is $15 per tree, and the per
tree selling price is $105. At the end of the season Tree Inc. can
salvage excess inventory for $5 per tree. Unfortunately the exact
demand for Christmas trees is uncertain. The marketing department
anticipates an average demand of 30K trees with a standard
deviation of 10K. To support the decision, they simulated the
demand distribution, assuming it follows Normal(30;10) distribution
(measured in 1000 units). How many trees should Tree Inc. order?

80 -
70 -
60 -
50 4

(1000 units)

40 -

Simulated Demand

30 -
20 4

10 -

¢ +—r-—--r—r—+T"TT—T—T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Sample

Christmas Tree Problem Ordering Too Many....

DECEMBER DECEMBER
3/4/5/6|7 6|7
10111/12(13114 1314
17118/192021 20121
2425/26/2728 27)28
31 @




.Versus Ordering Too Few! Newsvendor Model Parameters

DECEMBER * g = Order Quantity (units) decision
112/3|4{5|6|7
891011121314 el T
15/16/17/18/1912021 el Un't_ Costd)
23124/25/26/27/28 e r =$105= Unit Revenue ($) parameters
293031 | | « b = $5= Unit Salvage Value ($) (r>c>b)
» D = Demand (units) - random variable, uncertain
value, follows Normal(30,10)
Supply-Demand Mismatch Supply-Demand Mismatch
Crystal Ball Profit = (r-c)E[D]
IFd>gq IFg>d
Eggte_;t:lceis = (demand > quantity ordered) (quantity ordered > demand)
Actual Salvage Cosf Opportunity cost (Lost-Sales): Disposal cost (Salvage cost):
oapected } (r-c) x (d - a)= (o= b) x (a-d)=
profi $90x(d- .
. SuPpLDa x(d-q) $10x(qg-d)
Mismatch
Objective:
minimize expected opportunity + disposal cost:

E[(r-c) x max{D-q,0} + (c-b) x max{q-D,0}]=
E[90 x max{D-q,0} + 10 x max{q-D,0}]




Newsvendor Model

« One time decision under uncertainty, entire supply
arrives before the selling season

* Trade-off:

— Ordering too much (waste, salvage value < cost) versus
— Ordering too little (excess demand is lost)

+ Examples:
— Restaurant;
— Fashion;
— High Tech;
Key tool to determine/evaluate safety inventory

Newsvendor Formula

-

P(D<g*) ="—= =
————  r=b (r—c)+(c-b) u+o
In-Stock Probability IS S
costof costof
under over-
stocking stocking
e q — E[D]=safetystock o

Remark: If D is Normal(p,o),
q*=p+ko with
o =95% 2> k=164

o = 99% - k=232
Demand Distribution a «=999% > k=3.09

Solution Derivation

Incremental Analysis: qg— q+1:

- IFd>q
(demand > order qty)

« IFd =<q
(demand < order qty)

A Mismatch: -(r—c¢) (c-b)

E[A Mismatch]= —P(D > q)-(r-c)+ P(D<q)-(c-b)

As long as the expected AMismatch is negative, it is
lucrative to increase g to g + 1 1!/

Newsvendor Example

Based on forecasts and marketing studies you are expecting a total
lifecycle demand N(60,000;20,000) for a new product due to launch in
the future. The product has a gross margin of $750 and a net
liquidation/disposal cost (for unsold inventory) of $250. Because of long
lead-times you must commit orders to supplier for the entire product
life-cycle now. How much should you order?



Economic Ordering Quantity Running to the Store a Lot...

A PC assembly operation procures its 128Mb memory chips at $45 MO Tue We Thu Fri

at
each (purchase + shipment cost) from a foreign vendor; in addition <§ (é ;

@

Sun

.

each order also costs $500 in customs fees. Assuming a constant
demand of 400 chips per week and an inventory holding cost of 45%
per dollar investment per year, how often would you order?

Inventory

Vs. nning to the Store a Little Economic Order Quantity Model

» Set order size for repetitive ordering process with
fixed ordering costs (order in batches)

Sat

Wed Thu Fri Sun

* Trade-off:

— Batch size too large (too much average inventory) versus
— Batch size too small (too much ordering cost)

 Examples:
— Change-over costs (e.g., first 10 items must be scraped);

Inventory — Transportation/Shipment costs...

- Key tool to determine/evaluate cycle inventory



EOQ Model Parameters

» Q = Order Quantity decision
« D =400 = Demand Rate (units/time)
» C =45 = Purchasing Cost ($/unit) parameters

+ F==500 = Fixed Order Cost ($)
» H =45 =Inventory Holding Cost rate (%/$ investment/time)

- constant, deterministic demand
- instantaneous replenishment

Assumptions:

EOQ Formula

oV DE @H
= =0

9,0 0 %

» Set first derivative to 0:

« This yields:

>
Q =

\

2DF
CH

V(Q*)z\/Fch‘HJr\/FDzCTH _ oIDCEH
\ - _

EOQ Model Derivation

D
* Inventory Cost C-H-% ; Order Cost F-E -
D
» Total Cost V(Q)=F-—+C-H-Q
0O 2
O R e s e

Inventory

20Q 3Q 4Q time
D D

=] lo)] el g

Cyclic inventory

v}

EOQ - Robustness

Cost [ 7(0.50)=V(20) =125V (Q") ]

O.éQ' Q 2Q‘ Order size



inventory Lecture Wrap-Up

. Functions of inventory: seasonal, cyclic,
safety stock

. EOQ (cyclic stock) and Newsvendor (safety
stock) models
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Announcements

1. Tutorials this week about inventory
management

2. Next class is on Monday, March 29

3. Sport Obermeyer is due first class after
break!

4. Online mid-class survey is posted

Inventory Lecturé (2)
e Q{’,vlg‘/
‘\jluE‘/h\

s & N
( quaury ) fRicE/cOST)
\ ~— /'/ \\_/

(FLEXIBILITY )
\\_ —

Trade-off:
Inventory Cost Vs. Capacity Vs. Service Level

QQU\‘Q'/

Outline
* Quick review on last lecture
+ Replenishment policies:
Periodic Review, Order-up-to policy

Continuous Review, Reorder point policy

* Implications for supply-chain design

Newsvendor Formula

Under Ordering (r-c) VS. Over Ordering (c-b)

r=gc r—c u
P(D<g*) = = =
D) r=b (r—c)+(c-b) u+o
In-Stock Probability —— el
mer ot b0ty

stocking stocking

q" — E[D]= safety stock

“Order just enough so that the probability of
having enough inventory is u/u+o”

+0ékz/ ( p(J/Lo\vtc / b} (//\Wf?(xf'/;

Uéﬂ“ﬂnd

!

1
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Newsvendor Formula
D is Normal(u,o)

P(Have Enough Inventory)
r=c

Want:P(D<qg*)=u

Solution:
q"=u+ko with

a=95% 2> k=164
o =99% 2> k=232
@=99.9% = k=3.09

4 D
. Inventgry Cost C-H-% ;OrdéryCost F-E :

+ Total Cost V(Q):F.§+C.H.Q

Cyclic inventory % l[()? 3Q 4Q  time

EOQ Model Derivation

2

o

Inventory

D D

Elonpmies 0{ Scale

Fetoed ot po Orces

Com@)}ft A (ocfan i ledd fim

EOQ Model

Fixed Ordering Cost (F) VS. Holding Costs (HC)

T e
0" = %, V(0')=~2FDCH

\.

Constant rate demand and instantaneous replenishment

o

Inventory

Q2

40 time

Cyclic i t Q
yelic inventory S

Multi-Period Models

Dynamic ordering over time under uncertainty
¢ zCYQ
Periodic Vs. Continuous Review

Backlogged demand Vs. Lost-Sales

Obijective:

Minimize holding and transportation costs under
service level constraints

Minimize overall expected cost (holding, ordering,
backlogging/lost-sales)

aéﬁ/ﬂ\pﬂo.@
— Mo lew{ ﬂrm

- UMSIluﬂ‘}/ ﬁo(ﬂvd&/ QIPVW’CI
don \an any Coshorers
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Periodic Review Policy An Order-Up-To S Policy

5 Order-up-to s policy' > “order back to S every review period”
Every review period, check the inventory Set S as the newsvendor solution:
position IP, and order Q such that: P(DDLTRP < S) =
Q+IP = S‘\_ Base Stock where:
Level
. Inthis system: P=1,+1, - a is the desired service level (e.g., 95%)
/ \ -DDLTRP =
Nveditary Inventory Demand During Lead-Time and Review Period
On Hand in Pipeline

Otu| Pidute

Order-Up-To Policy Periodic Review System

|::> “order back to S every review period”

:/ “order back to S every review period”
in transit on hand

TR el
i wuﬁ‘/ ;/ ///Z (

inventory inventory

LT = Lead Time

T = Cycle Time or
Review Period

DDLT = Actual

Demand During Lead

Time

Qi = Order Size

+ . Cycle ! § = Order UpTo
\ \ ‘ : : : - =l Inventory Level
(M ( e /Q i - I — Safety Stock
peunt RP i 0 T iteRR | sy I
- —,  —— v Stack :
R il i time
1 Ie) a 4 Order 1 Order 1
(review period) placed  received

Hinoath deand NN
ity b o % bela ()
VT 6“@!&(7 mire {hay Cevipw Wefiorl Mort Al §% ot ‘ﬁ«;

| ‘ .
O(&@”: 5-' my Pogitied 3
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Periodic Review Parameters

Main idea: set target level S such that:
P(DDLTRP =S )=a (ex: 95%)

« Target Level: S = E[DDLTRP] + ko[DDLTRP]

+ Safety Stock: SS = ko[DDLTRP]

+ Cycle Stock: CS=E[DDRP]/2

+ Pipeline Inventory: PS = E[DDLT]

+ Total Stock: TS=S-CS

Periodic Review Example

A PC assembly operation procures its 128Mb memory chips at $45
each (purchase + shipment cost) from a foreign vendor by placing
weekly orders. Assume a normally distributed weekly demand
N(400,80), a delivery lead-time of 2 weeks, and an inventory holding
cost of 45%. Whal periodic review order-up-to S policy would you use
to achieve a 95% service level? What is the Annual inventory cost?

Continuous Review System

> “order Q whenever inventory reaches R”

Invento LT = Lead Time
v E[DDLT] = Expected Demand During Lead Time
= DDLT = (Actual) Demand During Lead Time
=4
E»
E
g [=4
=4 e
i | 3
S & Y e T S <4
z ] £
g % ; -
£ Safety Stock Y~
order1 " LT Opders - LT2 Time
placed raceived

(R,Q) Parameters
> “order Q whenever inventory reaches R"
+ Set Q as the EOQ solution
+ SetR as the newsvendor solution:
P(DDLT =R)=«

where a is a desired service level (e.g., 95%)

DDLT = Demand During Lead Time
Example (cont'd): if weekly demand for 128Mb chips, each shipment
costs $500 custom fees, weekly demand is N(400,80) and delivery time
is 2 weeks, for a 95% service level:
Q = 1,013 units (use EOQ formula with D=40, C=45, H=0.45/52, F=500)

R = E[DDLT] + 1.64 x o[ DDLT] = 800 + 1.64 x sqrt(2) x 80 = 986




Inventory (2) Lecture Wrap-Up

EOQ model to evaluate cyclic inventory

Use basic models to develop heuristics for
multi-period models

Continuous and discrete replenishment
policies (safety stock formulas)
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Announcements

. Tutorials this week about inventory

management
Next class is on Monday, March 28

Sport Obermeyer is due first class after
break!

Online mid-class survey will posted soon

Outline
Quick review on last lecture
EOQ model
Replenishment policies:
Periodic Review, Order-up-to policy

Continuous Review, Reorder point policy

Implications for supply-chain design

Inventory Lecture (2)

&
&
e

Trade-off:

Inventory Cost Vs. Capacity Vs. Service Level

(vog%n)oq

Why Hold Inventory? How Much?

Type of Inventory

Decision Tool

Buffer/Decoupling

Seasonal/Anticipation

Cycle stock

Safety stock

Pipeline

Build-up diagrams

Build-up diagrams

EOQ

Newsvendor

Little’s Law



Newsvendor Formula

Under Ordering (r-c) VS. Over Ordering (c-b)

/P(D<q*)_r—c_ TizmC B U\
————  r=b (r—c)+(c-b) u+o
In-Stock Probability (TR

costof costof
under over-
¢ stocking stocking
q — E[D]=safetystock
A Y/

Remark: If D is Normal(p,o),

N
I
o

g*=p+ko with

S
[
Sy

. @=95% > k=164
e «=99% > k=232
q €=99.9% > k=3.09

Demand Distribution

Running to the Store a Lot...
Mon e Wed Th Fri ~ Sat Sun

Inventory

Economic Ordering Quantity

A PC assembly operation procures its 128Mb memory chips at $45
each (purchase + shipment cost) from a foreign vendor; in addition
each order also costs $500 in customs fees. Assuming a constant
demand of 400 chips per week and an inventory holding cost of 45%
per dollar investment per year, how often would you order?

Inventory




Economic Order Quantity Model

- Set order size for repetitive ordering process with
fixed ordering costs (order in batches)

« Trade-off:
— Batch size too large (too much average inventory) versus
— Batch size too small (too much ordering cost)

« Examples:
— Change-over costs (e.g., first 10 items must be scraped);
— Transportation/Shipment costs...

‘ Key tool to determine/evaluate cycle inventory

EOQ Model Derivation

D
* Inventory Cost C-H-% ; Order Cost FE :

* Total Cost

rP.cg2
Vi) =F Q+CH 5

2

Inventory

Cyclic inventory %

EOQ Model Parameters

* Q = Order Quantity decision
» D =400 = Demand Rate (units/time)
« C =45 =Purchasing Cost ($/unit) parameters

« F==500 = Fixed Order Cost ($)

« H = 45 =Inventory Holding Cost rate (%/$ investment/time)

- constant, deterministic demand
- instantaneous replenishment

Assumptions:

EOQ Formula

o @ bE CH

o Set first derivative to 0: @ Qz )

* This yields:
/Q* _ |2 PF
CH

\V(Q*):,/—FDSH +1/——FD§H =Jm/

\




EOQ - Robustness Multi-Period Models

» Dynamic ordering over time under uncertainty

Cost { 7(0.50")=V (20 )=1.25/(Q") ]

+ Periodic Vs. Continuous Review

+ Backlogged demand Vs. Lost-Sales

* Objective:

Minimize holding and transportation costs under
service level constraints

Minimize overall expected cost (holding, ordering,
05QE Q) 2Q° Order size backlogging/lost-sales)

Periodic-Review System Periodic Review Policy

Cost=c+h+2p * Order-up-to S policy:

Every review period, check the inventory
position IP, and order Q such that:

5 QIR = S\ Base Stock

On-Hand Inventory=-2 |

Level
Inventory Position=-1 ;
Lead time: LT=2 Review Periods (2 RP's) ' i * In this system: IE= Ih v Ip
Random demands D,,D,... / \
Unit ordering (c), holding (h) and backlogging cost (p) | M - 0_”'h_and Inventory Inventory
B - ripeline On Hand in Pipeline
= - Demand




An Order-Up-To S Policy

‘ “order back to S every review period”
Set S as the newsvendor solution:

P(DDLTRP = S) =«
where:
- o is the desired service level (e.g., 95%)

- DDLTRP =
Demand During Lead-Time and Review Period

Periodic Review System

mm) “order back to S every review period”

LT = Lead Time

T = Cycle Time or
Review Period

DDLT = Actual

Demand During Lead

Time

Qi = Order Size

S = Order UpTo
Level

: _S.afety. S_toc_k_

Order 1 Order 1
placed received

Order-Up-To Policy

mm) “order back to S every review period”

inventory inventory
in transit on hand
(pipeline) \

N
"~
[RaEs

i ' . Cycle
___._.__._.:__.___.__E._ e b S e Inventory
RP i el ‘RP! e Seiel
2 i< i HE R b Stock

: : ' time
1 2 3 4

(review period)

Periodic Review Parameters

Main idea: set target level S such that:

P(DDLTRP =S ) =0 (ex:95%)

» Target Level:

+ Safety Stock:

+ Cycle Stock:

» Pipeline Inventory:
+ Total Stock:

S = E[DDLTRP] + ko[DDLTRP]
SS = ko[DDLTRP]

CS = E[DDRP] / 2

PS = E[DDLT]

TS=S-CS



Periodic Review Example Continuous Review System

mm) “order Q whenever inventory reaches R”
A PC assembly operation procures its 128Mb memory chips at $45

each (purchase + shipment cost) from a foreign vendor by placing Inventory 'éTDDLT
weekly orders. Assume a normally distributed weekly demand e, D[DLT ]
N(400,80), a delivery lead-time of 2 weeks, and an inventory holding

cost of 45%. What periodic review order-up-to S policy would you use
{o achieve a 95% service level? What is the Annual inventory cost?

Lead Time
Expected Demand During Lead Time
(Actual) Demand During Lead Time

mnn

=

Reorder Level R

_ Safety Stock

Order 1 B | Time
placed received

(R,Q) Parameters Inventory Lecture Wrap-Up

mm) “order Q whenever inventory reaches R”
« Set Q as the EOQ solution
+ Set R as the newsvendor solution:
P(DDLT =R)=aq

where a is a desired service level (e.g., 95%) .
DDLT = Demand During Lead Time

* Use basic models to develop heuristics for
multi-period models

Continuous and discrete replenishment
policies (safety stock formulas)

Example (cont’d): if weekly demand for 1?8Mb chips, each sr!ipmeqt

icso;t:’:;?i cf:zrs;o;?j;:azz,rx(e::lig’:ﬁmand is N(400,80) and delivery time E lnventory pooling effect

Q = 1,013 units (use EOQ formula with D=40, C=45, H=0.45/52, F=500)

R = E[DDLT] + 1.64 x c[DDLT] = 800 + 1.64 x sqrt(2) x 80 = 986 WCL}G
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Announcements Hewlett-Packard Case

Sport Obermeyer case report is due Wednesday, March 1

30 (boginning otclaes) . The HP supply chain and distribution system

Goal report is due Wednesday, April 6 2. What are the causes of the inventory /

service crisis?
Mid Class survey is still available. Lunches are schedule
to get direct feedback
3. Target inventory levels for European options

Simulation game: Data Available on April 1; Game April

10-15 ; :
4. Recommendations and Implementation Plan

Recitations this week on Multi-Period inventory
(continuous and periodic-review)

15

vl

Causes for the Inventory/Service
Crisis

HP Supply Chain



Periodic Review Parameters

A good heuristic is to set target level S such that:

P(DDLTRP < S ) =98%

+ Target Level: S = E[DDLTRP] + ka[DDLTRP]
+ Safety Stock: SS = ko[DDLTRP]

* Cycle Stock: CS = E[DDRP] /2

+ Pipeline Inventory: PS = E[DDLT]

* Total Stock: TS=S-CS

Sea Vs. Air Shipment

Demand Rate Stock
Par Month Peor Day Average Stock Laval Target Cast Per Year

Mean Stdev Mean Stdev Safety Cycle Pipeline Total Inventory Shipment Total
AA (Sea) 420 204 14 kI 496 49 490 1035 1084 § 273477 §5042§ 278219
AA (Air) 420 204 1“4 k) 242 49 42 m 382 5 B7.BED 3554628 14330

Probability Review

- Let X;, X, ..., Xy be i.i.d random variables (e.g.

X, = demand in week i) and
Ya= Xq it X

* Then E[Y] =N x E[X] and

Std[Y] = Sqrt(N) x Std[X]

» Without independence and Y = X, + X, :

Std[Y] = Sqgrt(Var[X,] + Var[X,] + Cov(X,, X,) )

Long Lead Times

- “order back to S every review period”

inventory inventory
in transit on hand
(pipeline) \
; . SEEEESSE] Cyels
_______..:__............__:.— - — I-—--—--u-_} _____ Inventory
i : H ! i 1
RP ! LTdsiin oo Bl Safety
s L] e HEP] Stock
: time
1 2 3 4

(review period)



Short Lead-Times

‘ “order back to S every review period”

inventory inventory
in transit on hand
(pipeline) /
s leeseai
(target
level) ! i
: : i R Cycle
_______ i_._ ____E,__ ___‘_“_j___ Ry Inventory
RP ST s bt S
) | 1 1 1 ] vy
e e o stock
et et L5 A time
1 2 3
(review
period)

Distribution System Example

Regional Warehouses

— N(10K,2K) / week

—> N(10K,2K) / week
demand
independent
across regions

— N(10K,2K) / week

— N(10K,2K) / week

Lead-time
=1 week

e

][]

@ Yy
< >

Assuming order-up-to S weekly review policy in each warehouse (95% service level);
How much safety stock should there be in this distribution system?

ss= 4x1.64 x std[Reg. DDLTRP] = 4x1.64xsqrt(2)x2000 = 18554

Per Month

Localization

Demand Rate
Por Day

Stock

Average Stock Level Target

Cost Per Year

Mean Stdev  Maan  Stdev

Localization US 23108
Locakzation DC 23108
Supplier

o

6244 o 1140

Safety Cycls Plpaline Taotal

22689 2696 26960 52345

18173 2698 26960 44820 47525

Inventery Shipmant Total

$13.819,206 $277,303 $14,096,509

§11,834,850 $277,303 $12.112,163

Central Warehouse

Central Warehouse

LT =1 week

N(10K,2K) / week
N(10K,2K) / week
N(10K,2K) / week

N(10K,2K) / week

% Profit

38.51%

33.08%

[

With an order-up-to S weekly review policy in the central warehouse
(95% service level), How much safety stock should there be now?

ss= 1.64 x std[Total DDLTRP] = 1.64xsqrt(8)x2000 = 9277



Recommendations Implementation Plan

Hewlett-Packard Case Wrap-Up

1. Cycle Stock, Safety Stock, Pipeline Stock

2. Delayed differentiation: Localize-to-Order,
Assemble-to-Order

3. Design of Supply-Chain — Local optimization
leads to global disharmony

4. Changing the Supply-Chain management



MIT Sloan School of Management
15.761 Introduction to Operations Management Spring 2011

Case: Sport Obermeyer

Case Analysis — Team Assignment

Note to Students:

Hand in one paper copy of the write-up for each student group at the beginning of the class on 28
Mar (29 Mar for Sections B & C). Your paper should provide answers to the specific case questions
listed below. The answers must be less than 4 pages in length (excluding appendices) with font size
of 12. Every graph or table/spreadsheet showing the results of computations must be accompanied
by both a clear description of what all numbers shown represent qualitatively, and an exhaustive
explanation of how they are computed, including relevant mathematical formulas or algorithms.

Our general policy for this class is that when preparing cases and assignments you should not receive
any related input from anyone who has already participated in a faculty-led discussion of the same
material, be it at Sloan or another school. When preparing any graded assignment you may not
consult or use material not already included in the course packet or posted on the course webpage,
unless this has been explicitly authorized by the instructor.

Case Questions:

1. Using the sample data given in Exhibit 10, make a quantitative recommendation for how many
units of each style Wally should make during the initial phase of production. Assume that all of
the ten styles in the sample problem are made in Hong Kong (minimum order quantity 600 units
per style, provided any quantity of a style is ordered), and that Wally's initial production
commitment must be at least 10,000 units because of capacity constraints later in the season.

WARNING: THERE IS NO ‘RIGHT’ ANSWER HERE. THE MODELS WE HAVE LOOKED AT WILL

NOT COVER ALL YOUR BASES ON THIS PROBLEM. BE QUANTITATIVE BUT CREATIVE;
IMAGINE IT’S YOUR COMPANY ON THE LINE.

2. What operational changes would you recommend to Wally to improve performance?
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F/’/td} L/@/&‘ IN Sport Obermeyer Case

Michael Plasmeier
Michael Nackoul
15.761

March 31, 2011

Question 1:

In the past, the Buying Committee of Sport Obermeyer Ltd. made decisions by
arriving at a consensus after spending several hours in a meeting. However, this
year Wally Obermeyer asked each member to write down their own forecast. From
this data, it is our job to instruct Wally how many of each of the 10 parka styles he
should order for next year.

We choose a “wisdom of the crowds” approach to processing each person’s forecast.
The wisdom of the crowds theory holds that various data points will assemble into
roughly a normal distribution, through the law of large numbers.

Because Wally reported that the Buying Committee’s forecasts were usually off by a
factor of two times the standard deviation, we used two times the standard
deviation of each member’s estimates in our model to reflect the additional
uncertainty.

We based our analysis off the “newsvendor” model. This model is most appropriate
when all of the stock needs to be ordered before the season begins. Although Wally
does not need to order all of his stock at once, he needs to order well before the
season starts.

This model seeks to balance the cost of liquidating excess inventory with the lost
revenue of running out and missing a sale. Although Obermeyer is able to liquidate
unsold inventory at the end of the year, they do so at a loss. The overstocking cost o
was given as 8% of the wholesale price. The understocking cost u is their gross
margin - which is 24% of the wholesale price.

We are looking for the point where, given our sales forecast, the next marginal unit
ordered will no longer make us money, but instead cost us money to liquidate. We
want to set the probability of running out to the understocking cost per item over
the sum of the understocking and overstocking costs per item.

Pld<q]=—2—
u+o

We then calculate the CDF of the probability and then take the inverse. We use the
inverse CDF (k) to find the amount of standard deviations we need to order away
from the original predicted forecast and get the forecast for the season. The forecast
is the mean of each person’s estimate, plus k times the standard deviation of the
estimates, adjusted for the additional uncertainty.
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Sport Obermeyer Case

qg=d +k*20

Sforecasted

The final task for our group was to determine how much to order at this time based
on the forecasted demand for the season. The minimum order for each particular
style was 600 units, with a total that had to be at least 10,000 units. This is only the
first order that Sport Obermeyer has to place. We decided to put in a good base
before the Las Vegas show. After the trade show, the forecast is updated and it
becomes more accurate (exhibit 5 in case), and another order can be placed.

We decided to order half of our forecast of each item at this time. We believe that
this would allow us to react to changes at the Las Vegas show. Further refinement
of the estimate might result in a reduction in the forecast, but we do not believe that
the reduction will be as deep as half of the item’s current forecast + 600 (so a new
order can be placed).

Our team thinks that this will give us enough cushion to give us a head start on the
next round of orders without overstocking.
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Sport Obermeyer Case

Question 2:

Under the current model, Sport Obermeyer has some operational flaws that could be
greatly improved upon. There are three main goals where Sport Obermeyer should
work to improve efficiency. Foremost, Sport Obermeyer’s biggest problem stems
from the uncertainly in forecasting demand for their products. They could either
estimate better or reduce lead times. Next, they could take other steps to have lower
labor and shipping charges at the same level of service. Finally, they could try to
find higher prices for liquidated goods. Here are some things that could be done in
order to accomplish these goals:

Improving Forecasting
e Run focus groups with consumers to see preferences

e Post products on their website or Facebook page and track consumer
comments
e Allow consumers to pre-order online and extrapolate demand
o Since the Designs are finalized in September of the previous year,
allowing customers to pre-order could give a much better detailed
forecast to the proportion of designs that need to be ordered
o Customers can “get a jump” on next years designs while they are in
the shopping season during September-October
e Ask for more real-time sales data from retailer for knowing last-year’s data
AND to reorder earlier
o Install a computer program that could track the sales of the previous
year instantly to get a better feel for how the market is operating.

Cut Costs and Lead Times
e Bring Lo Village Plant online
o Have Obersport strictly oversee operations in the new Lo Village plant
o Develop quality managers that could run the plant efficiently
o Develop a workforce of skilled labor at the plant
e Suggest to Alpine that they open plants in China
o Bringin managers from Hong Kong to oversee and develop skilled
Chinese labor
e Book time in factories without specific styles known yet
e Use common fabrics in multiple items
o Could aggregate stock to concentrate uncertainty (like the Amex
Travel Call Center)
o Ordering fabric in bulk and storing it can cut down on lead times
o Greige fabric is 30% of the total material cost, so reducing the
different types you have to buy would cut costs drastically
e Have less styles of items to aggregate demand as well
e Book ocean and air freight earlier to hedge prices on freight
e Ship directly from China to retailers without the Denver warehouse

Page 3



Sport Obermeyer Case

o could save the overhead of running a US warehouse and enable orders
to ship directly to retailer

Liquidated Goods at a Higher Value

Become better at liquidating excess product at the end of the year
Perhaps work with a deal site like Groupon or Woot to sell excess inventory
at higher prices than they are receiving now
o Online Barging Sites will help sell the bulk of the excess at a good
price for both sides
o May also help attract new customers to Sport Obermeyer
Sell inventory the next season at full price
Sell excess inventory at new locations
o Help to test new markets to see where Sport Obermeyer should
expand
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Gail 110 1017 388 24% 8% 26.4 8.8 0.75 0.773373 1.293038 1518.7 759
Isis 99 1042 646 24% 8% 23.76 7.92 0.75 0.773373 1.293038 1877.3 939
Entice 80 1358 496 24% 8% 19.2 6.4 0.75 0.773373 1.293038 1999.3 1000
Assault 90 2525 680 24% 8% 21.6 7.2 0.75 0.773373 1.293038 3404.3 1702
Teri 123 1100 762 24% 8% 29.52 9.84 0.75 0.773373 1.293038 2085.3 1043
Electra 173 2150 807 24% 8% 41.52 13.84 0.75 0.773373 1.293038 3193.5 1597
Stephanie 133 1113 1048 24% 8% 31.92 10.64 0.75 0.773373 1.293038 2468.1 1234
Seduce 73 4017 1113 24% 8% 17.52 5.84 0.75 0.773373 1.293038 5456.2 2728
Anita 93 3296 2094 24% 8% 22.32 7.44 0.75 0.773373 1.293038 6003.6 3002
Daphne 148 2383 1394 24% 8% 35.52 11.84 0.75 0.773373 1.293038 4185.5 2093

Sum 32191.8 16095 must be >10000
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Question 1:

In the past, the Buying Committee of Sport Obermeyer Ltd. made decisions by
arriving at a consensus after spending several hours in a meeting. However, this
year Wally Obermeyer asked each member to write down their own forecast. From
this data, it is our job to instruct Wally how many of each of the 10 parka styles he
should order for next year.

We choose a “wisdom of the crowds” approach to processing each person’s forecast.
The wisdom of the crowds theory holds that various data points will assemble into
roughly a normal distribution, through the law of large numbers.

Because Wally reported that the Buying Committee’s forecasts were usually off by a
factor of two times the standard deviation, we used two times the standard
deviation of each member’s estimates in our model to reflect the additional
uncertainty.

We based our analysis off the “newsvendor” model. This model is most appropriate
when all of the stock needs to be ordered before the season begins. Although Wally
does not need to order all of his stock at once, he needs to order well before the
season starts.

This model seeks to balance the cost of liquidating excess inventory with the lost
revenue of running out and missing a sale. Although Obermeyer is able to liquidate
unsold inventory at the end of the year, they do so at a loss. The overstocking cost o
was given as 8% of the wholesale price. The understocking cost u is their gross
margin - which is 24% of the wholesale price.

We are looking for the point where, given our sales forecast, the next marginal unit
ordered will no longer make us money, but instead cost us money to liquidate. We
want to set the probability of running out to the understocking cost per item over
the sum of the understocking and overstocking costs per item.

Pldsq)=—

u+o

We then calculate the CDF of the probability and then take the inverse. We use the
inverse CDF (k) to find the amount of standard deviations we need to order away
from the original predicted forecast and get the forecast for the season. The forecast
is the mean of each person’s estimate, plus k times the standard deviation of the
estimates, adjusted for the additional uncertainty.
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Sport Obermeyer Case

q= dforecm!cd +k* 20

The final task for our group was to determine how much to order at this time based
on the forecasted demand for the season. The minimum order for each particular
style was 600 units, with a total that had to be at least 10,000 units. This is only the
first order that Sport Obermeyer has to place. We decided to put in a good base
before the Las Vegas show. After the trade show, the forecast is updated and it
becomes more accurate (exhibit 5 in case), and another order can be placed.  _.
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Sport Obermeyer Case

Question 2:

Under the current model, Sport Obermeyer has some operational flaws that could be
greatly improved upon. There are three main goals where Sport Obermeyer should
work to improve efficiency. Foremost, Sport Obermeyer’s biggest problem stems
from the uncertainly in forecasting demand for their products. They could either
estimate better or reduce lead times. Next, they could take other steps to have lower
labor and shipping charges at the same level of service. Finally, they could try to
find higher prices for liquidated goods. Here are some things that could be done in
order to accomplish these goals: '

Improving Forecasting
* Run focus groups with consumers to see preferences\/
* Post products on their website or Facebook page and track consumer
comments
* Allow consumers to pre-order online and extrapolate demand
o Since the Designs are finalized in September of the previous year,
allowing customers to pre-order could give a much better detaile\cy
forecast to the proportion of designs that need to be ordered
o Customers can “get a jump” on next years designs while they are in
the shopping season during September-October
* Ask for more real-time sales data from retailer for knowing last-year’s data
AND to reorder earlier . +2
o Install a computer program that could track the sales of the previous
year instantly to get a better feel for how the market is operating.

Cut Costs and Lead Times-
* Bring Lo Village Plant online
o Have Obersport strictly oversee operations in the new Lo Village plant
o Develop quality managers that could run the plant efficiently
o Develop a workforce of skilled labor at the p].am;/‘3
* Suggest to Alpine that they open plants in China
o Bring in managers from Hong Kong to oversee and develop skilled
Chinese labor .~
* Book time in factories without specific styles known yet 2
* Use common fabrics in multiple items
o Could aggregate stock to concentrate uncertainty (like the Amex
Travel Call Center)
o Ordering fabric in bulk and storing it can cut down on lead times
o Greige fabric is 30% of the total material cost, so reducing the
different types you have to buy would cut costs dra;ti-c’élly
* Have less styles of items to aggregate demand as well
* Book ocean and air freight earlier to hedge prices on freight
* Ship directly from China to retailers without the Denver warehouse
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Sport Obermeyer Case

o could save the overhead of running a US warehouse and enable orders
to ship directly to retailer

Liguidated Goods at a Higher Value

Become better at liquidating excess product at the end of the year
Perhaps work with a deal site like Groupon or Woot to sell excess inventory
at higher prices than they are receiving now
o Online Barging Sites will help sell the bulk of the excess at a good
price for both sides +
o May also help attract new customers to Sport Obermeyer
Sell inventory the next season at full price
Sell excess inventory at new locations
o Help to test new markets to see where Sport Obermeyer should
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