Announcements

. Simulation assignment and data will are out. Live

game, April 10-15

. Goal report is due Thursday, April 7

. Guest lecture on April 13, 11.30-1 (E51-345), Gavin

DeNyse, HP

Production Control and SC
Coordination

Production Control/SC Coordination is what determines:

@ * When work is performed
@ * What work is performed
@5 » Who performs work

SC/Production Control = process coordination

Key Definitions

Pull:
Work triggered by actual downstream (possibly
internal) demand

Push:
Work triggered by a forecast of demand

* Make-To-Order:

Work performed towards an existing (external)
customer order

Make-To-Stock:
Work performed for a yet unknown customer

Production/SC Control Methods

(this lecture) Push Pull

(R,Q) & Up-to-S
Make-To-Stock MRP Kanban
CONWIP

Priority Rules

Make-To-Order Scheduling




Delayed Differentiation

Customization Step

-
Steps

o
f-eeees

Target customer :
delivery LT :

Delayed Differentiation

Customization Step

Upstream
Steps

LT H LT2

o

Target customer :
delivery LT :

Distribution System Example

Regional Warehouses

N(10K,2K) / week

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

N(10K,2K) | week across regions

N(10K,2K) | week

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

Central Warehouse

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

LT =1 week

N(10K,2K) / week

N(10K,2K) | week

N(10K,2K) / week

[

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] = 1.64xsqri(8)x2000 = 9277




Customer and Process Timeline

stage stage
1 2

LT1

LT2

stage stage
3 Ll :
v : t

LT3 i LT4

Target customer
delivery LT

Kanban
Board

What is Kanban?

Jagban
____________ . b doe (a

| 4 bul
on ok

Multi-Stage Kanban & CONWIP

Kanban Squares

— Flowof .work . . / l
===+ Flowofinformation | ————— |
T
\work



An Order-Up-To S Policy

mm)p  “order back to S every review period”
Set S as the newsvendor solution:

P(DDLTRP = S)=a

where:

- a is the desired service level (e.g. 95%)

-DDLTRP =

Demand During Lead-Time and Review Period

(R,Q) Parameters
mmp “order Q whenever inventory reaches R"
- Set Q as the EOQ solution
« Set R as the newsvendor solution:
P(DDLT=R)=a

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=400, 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 Replenishment Policies
Comparison

Periodic Review (Up-to-S):

Continuous Review (R,Q):

» Fixed order time
= Variable order quantity
= No fixed order costs
High safety stock
SS = k x o[DDLTRP]

« Variable order time
Fixed order quantity
High fixed order costs

« Low safety stock

SS = k x o[DDLT]

Amazon.com:
Large-Scale Online Retail Supply
Chain Environment

The Slides on Amazon.com are borrowed from Jack
Muckstadt, Cornell University




Amazon.com Brief Profile

$8.5 billion in worldwide sales
in 2005; $4.7 billion in North
America

« Over 40 million unique
products sold on U.S. website

= Shipped over 100 million units
to U.S. customers in 2005

- Intemational websites and
fulfillment networks serve the
UK, Canada, Germany, Japan,
China, and France

Strategic Goals

+ What are the strategic goals of Amazon.com'’s online
retail business?

- Provide an online retail environment for as wide a range of
products across as wide a range of categories as is
economically feasible

— Provide these products at a price at or below that of a
typical "walk-in" retail environment

— Offer reliable short-lead shipping (for a fee) of customer
orders for as many of these products as is economically
possible

Amazon.com Sortable FCs

+ Five major Fulfillment Centers (FCs) for “sortable” products.
— Sortable products are within certain size restrictions.

— Sortable products can be sent to customers in multi-item
shipments.

Amazon.com Fulfillment Network

¥ Gy . 2




Order Fulfillment

Order Fulfillment

When a customer places an online order, what decisions must be
made? What information is needed to make those decisions?

~ lIs there enough inventory in the system to complete this
order?

Where is the inventory located?

~ What are the costs associated with available fulfillment
options?

What are the anticipated delivery times associated with
each option?

Which units will be used to fulfill the order?
Are we shipping those units together or individually?

I

What shipping routes and methods will be used?

Demand Forecasts

o S ——— 4.8 88 8%
—

MRP Purpose

Coordination of Production and Inventory in
large, multi-stage production systems
Capacity planning, supplier coordination
Timely dissemination of information

Central engineering and logistic database

1 |

ERP - Enterprise Resource Planning




Structure of MRP

Master Production Schedule

Inventory
Status April May
Fovicasts 1 2 3 4 5 6 7 8
Ladder-back chair | 150 150
Master Producti R :
Production MRP' & Purchase Bichen oy 120 121
Schedule Explosio Orders Desk chair 200 | 200 200 200
Customer B
Aggregate
Orgers production plan 670 670
for chair family
Bill of
Materials
Bill of Material Bill of Material Structure

Ladder-back Chair

X < - =2
: =
S

__Backslats
T




MRP Net Requirements MRP Demand Explosion 1
Item: Seat subassembly o
Lot size: 230 units - i)
oy Wesk reaemaras | 150) © | © | azof © | as0] s20f ©
time: 2 weeks 1 2 3 4 5 6 7 8 Lo | 23¢| 230
Gross sarseryeg
reaquirements | 150 | © | 0 | 120] ©0 | 450] 420| © = = I l
e e ——
hedule el s
recoipts 230 0 o 0 0 0 0 0 e — o —
= el [ P D T I T ] P T T PR I [P
Projected
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MRP Demand Explosion 2 MRP Problems

o B e
[ —

+ Deterministic model

(=258 o P 7 B T

e |[3)] 20 [o]f (5] 220 [ [B)f(e ) - Large data requirements and GIGO
= i = « Self-fulfilling lead-times

=R =) | - Difficulty and cost of installation and

=t maintenance
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Production/SC Control Wrap-Up
1. Production Control, Push, Pull, MTS, MTO
2. MRP, Kanban, CONWIP
3. MTS/MTO and Lead-Time Target

4, Risk Pooling and Delayed Differentiation
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The Goal

Michael Plasmeier

The Goal is the story of Alex Rogo and his plant owned by UniCo. Mr. Rogo is the manager of the plant.
At the beginning of the story, the plant is out of control. A focus to keep everyone busy hides true high-
priority orders, until the customer calls to demand the job immediately. Work in progress inventory is
stacked everywhere, but not much seems to ship without a “drop everything” intervention. Mr. Rogo
meets one of his old professors, Jonah, who gets him to focus on the bottlenecks of his plant and
building actual customer orders. Jonah teaches him that making the plant look busy by building to
inventory does nothing for the bottom line. After this and several other improvements, Alex is able to
turn the plant around and he is promoted to district manager as a reward.

1. A bottleneck is any process which is processing less than the demand put on it by outside sales.
At first, Ralph, the computer guy, tries to find the bottlenecks by going through computer print
outs. However, he quickly finds that these are out of date. Next Alex’s team talks to the

[ expediters to see where they often saw problems. Finally, the team decides to just go out on
the shop floor and look for what step had the highest WIP inventory pile in front of it. They find
two: the NCX-10 and the heat treatment machine.

2. Jonah believes that a bottleneck should be solved at almost any cost. The cost of the bottleneck
is equal to the hourly cost of the entire plant, because it is constraining the capacity of the plant.
Almost any steps should be taken to increase capacity. For example, setting up a second
machine or process, even if it is less efficient, would help relieve the bottleneck. In addition, if
the resource is sitting idle, dedicate additional personal so that the machine is never idle. If
necessary, reschedule lunch so that lunch is taken when the machine is running. At the heat
treat machine, Mr. Rogo stations dedicated employees at the machine all three shifts. In
addition, one of the employees figures a way to stage the parts so that they can be loaded
quickly. The employee also realizes that he can load lower priority parts that need the same
temperature in excess space in the furnace. Lastly, if one is very behind, one can use an outside
firm to catch up on a large batch of items. As long as the cost of the improvement is less than
the cost of running the entire plant, the improvement to the bottleneck is necessary.

3. Two part question:

LA

a. We have worked with dependent events and statistical fluctuations in class before. We
know that certain events take a pre-determined amount of time. For example, a robot’s
production is 25 items an hour. Period. It can’t move any faster. However, some
events may take a random amount of time. Humans sometimes have a good day and
sometimes have a bad day, where they work slower. In addition, some events may not
occur every day, for example, your supplier in Japan is hit with a tsunami. Calculating
how long a dependent event will take is easy, but predicting statistical fluctuations is
much harder. Both need to be taken into account when managing a system, as is shown



in chapter 17 where a team manages to their step on time, only to have the robot
backed up and they can’t ship the entire order.

b. What Jonah said is that a factory that tries to balance capacity with demand will go
bankrupt. We learned in the class that we should try to make all steps take an equal

O amount of time to have the factory be most efficient. Jonah feels that this cannot be

= donein real life. Capacity takes some time to ramp up and down. Hiring and training a
worker takes weeks. A worker cannot be fired without problems from the union and
lower morale for the employees. On the other hand, workers can leave at any time,
leaving the system in a lurch. All of these things will quickly break a carefully balanced a
plant. However, Jonah believes that once should try to balance the flow of product
through a plant with the demand from the market. There is little point in making stuff
just to stay busy. Even if you are making something to stock, it should be to meet a
certain safety stock target, and then it should be lower priority.

4. How |l understood it, smaller lot sizes allow the factory to be more responsive to the demand,
giving quicker response times and lower lead times. These lead to an advantage in the
marketplace, as it is one of the things customers look for when deciding where to purchase
from. However, smaller lot sizes also require multiple set up times. Obviously there is a sweet-

‘ spot where the tradeoff between the two effects is equal. Smaller lot sizes also does not force
the plant to make a bunch of items for stock at the same time as a customer order, tying up
capital in finished inventory. A large stock of finished inventory also discourages the
introduction of new products. In addition, smaller lot sizes also reduces the wait time that parts
face at non-bottleneck stations, further reducing WIP inventory and saving capital and space.

5. Optimally, the market should be the bottleneck. Any step or process in the plant should be able

'H % Vto be scaled up to reach the new order. That way the factory can take all of the orders that it
can, in order to make the most money.

6. Ireally liked how the book tied the operational issues in with an interesting story. 1 would
perhaps make the example plant more specific, by providing more data on this plant. | realize
that the authors wanted to make the plant sound like a generic plant, so that managers from
any industry could apply the lessons. However, | would like to see more of the details, like were
shared during the hike, to study this plants old and new performance more in-depth.



Zara Vs. Marks & Spencer

1. What are the key differences between M&S (or GAP)
and Zara from a customer standpoint?

2. Discussion of M&S’s supply chain and design-to-
shelf cycle

3. Discussion of Zara's supply chain and design-to-
shelf cycle

4. What are the relative benefits of Zara's business
model?

M&S Vs. Zara For Customers

Issue M&S Zara

Fast-Fashion Assortment Rotation

selling season

time

=2

@

1]
assortment

assortment

‘ Zara's average number of customer store visits per year (Spain)?

Zara/Inditex Background

- Flagship brand of Inditex group (operates 2,800
stores, sales € 6.74 B in 2005, net income € 803 M,
annual growth rate 25%)

» Zara: 900 stores in 62 countries, sales € 4.44 B in
2005, 200 designers

Sovrces: limites Geowp Pross Dumsier (2006, Freunan ot al (2007)




Zara’s Store Display Policy

remaining s remaining
i ion
sizes Actio sizes

S ML XLEI;_IEMQEM i

action

Not all combinations of sizes are
displayed:

- Sales vs. brand perception

- Key to inventory distribution

M&S Supply Chain and Design Cycle




Zara Supply Chain and Design Cycle

Zara Business Model:
Costs and Benefits

Wrap-Up

1. Newsvendor model and the trade-offs of ordering
under uncertainty (= §)

2. Costs and revenues should not be optimized
separately

3. Shorter design-to-shelf lead times is a big advantage
but costs money (capacity, labor, transportation)
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Announcements Zara Vs. Marks & Spencer

1. \éVRgg aredt‘l_ze kefy differenctes betweer(!I M&S 'sor
- and Zara from a customer standpoint
Goal report is due Now! (Wattana Kulkolakan)

Guest lecture on April 13, 11.30-1 (E51-345), Gavin 2. Discussion of M&S’s supply chain and design-to-
DeNyse, HP shelf cycle (Suhail Ahmad)
Simulation assignment and data will are out. Live 3. Discussiogienagias sUpply.chainaugices destos

: shelf cycle (Natalia Baryshnikova)
game, April 10-15. Recitations will cover material

relevant for the game 4. What are the relative benefits of Zara’s business

model? (Ankit Jain)

5N
S
G
M&S Vs. Zara For Customers Fast-Fashion Assortment Rotation
selling season
Issue M&S Zara = time
£
M&S §
Vs.
Zara

assortment

‘ Zara's average number of customer store visits per year (Spain)?



Zaral/inditex Background

* Flagship brand of Inditex group (operates 2,800
stores, sales € 6.74 B in 2005, net income € 803 M,
annual growth rate 25%)

+ Zara: 900 stores in 62 countries, sales € 4.44 B in
2005, 200 designers

Sources: Inditex Group Press Dossier (2006), Freiman et al. (2002)

Zara’s Store Display Policy

remaining rash remaining

e s action

Not all combinations of sizes are
displayed:

- Sales vs. brand perception

- Key to inventory distribution




M&S Supply Chain and Design Cycle

Suppliers

Zara’s Supply Chain

weekly shipments
24 - 48h transit

2 warehouses:
Arteixo and

backroom display

900 Stores:
45.4% -> Spain
37.3% - R. Europe
10.5% - America
6.7% = R, World

Source: Freiman, N., M. Singh, L. Arrington and C.
Paris, “Zara,” Columbia Business School Case, 2002,

Zara Supply Chain and Design Cycle

Zara Business NModel:
Costs and Benefits



Wrap-Up

Newsvendor model and the trade-offs of ordering
under uncertainty (= $)

Costs and revenues should not be optimized
separately

Shorter design-to-shelf lead times is a big advantage
but costs money (capacity, labor, transportation)



Announcements

1. Simulation now running!

2. Guest lecture on April 13, 11.30-1 (E51-345), Gavin
DeNyse, HP

Some of the slides in this lecture are based on slides of Professor Charlie Fine

HP vs. Dell

1. History of the PC/computing industry
2. Dell's supply/value chain - design and operations
3. HP vs. Dell - comparative supply chain perspective

4. How HP reacted

IBM Enters the PC Market

1980: IBM designs a product, a process, & a value chain

Consumers/  Distribution OEM Subsystem
Users Channel(s) Suppliers

r—! B Intel
o IBM
O— | @w

The Outcome:
A phenomenally successful product design
A disastrous value chain design (for IBM) °

- [MicrosdEJ

Vertical Industry Structure
with Infegral Product/System

Computer Industry Structure, 1975-85
IBM DEC BUNCH

l Microprocessors

Operating Systems
|
Peripherals

Applications Software
|

| Network Services

sjonpoid |Iv
sjonpoid 1Y
sjonpoid |Iv

i Assembled Hardware |

(A. Grove, Intel; and Farrell, Hunter & Saloner, Stanford)




Horizontal Industry Structure With Dell’s Supply Chain
Modular Product/System Architecture PPy

Computer Industry Structure, 1985-99

Microprocessors 1 Intel | i "‘l
Operating Systems I Microsoft ! Mac b@
Peripherals mp | Epson ISeagale = Lc

Applications Software ]
| Microsoft | Lotus| Novell |etc |

Network Services = 7
AOL/Netscape |Microsoft | EDS etc

Assembled Hardware

(1P| compag| 18M | Dl btc |
(A. Grove, Intel; and Farrell, Hunter & Saloner, Stanford) 5

Delayed Differentiation Delayed Differentiation

T
dlm.:nd Customization St camand)
) ion Step g
CustomizationStap / =
Upstream --l_ 5 ~ Upstream | \/ ; . e P
ﬂnmlnd ) Stops | L\\\ A domand

Steps | —

: /\ ;//”_*‘-\ : ";mll’lﬂ\“
. P e : 5 N
— e ; i
LT LT2 ? LT i L2 i
. ; = g ! y
0 ! i 0 H Target customer
i Target customer 9
3 i delivery LT

delivery LT




Customer and Process Timeline

stage|___[stage ] [stage | [stage |/ C\ciomer)
1 N HENE P
Lo LT2 H LT3 LT4 : t
0 Target customer :
delivery LT
- | MTO

— - o —— e S

[sta [ A ‘ 3
| stage stage \__, | stage stage | / \
T 7 S e oo
e SR = | L s S

HP vs. Dell

1. The concepts of Push, Pull, MTS, MTO are
connected to goals and capabilities of the
value chain

2. Product, Process and Supply chain designs

are all interrelated!

3. Different players in market have different

tradeoff balance
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Announcements

1. Simulation now running!

2. Guest lecture on April 13, 11.30-1 (E51-345), Gavin
DeNyse, HP

3. More feedback lunches

Some of the slides in this lecture are based on slides of Professor Charlie Fine

IBM Enters the PC Market

1980: IBM designs a product, a process, & a value chain

HP vs. Dell

1. History of the PC/computing industry
2. Dell's supply/value chain — design and operations
3. HP vs. Dell - comparative supply chain perspective

4. How HP reacted

Vertical Industry Structure
with /nfegral Product/System

Computer Industry Structure, 1975-85

Consumers/  Distribution OEM Subsystem
Users Channel(s) Suppliers
D | Microsoft

The Outcome:
A phenomenally successful product deS|gn
A disastrous value chain design (for IBM) °

IBM DEC BUNCH

Microprocessors
Operating Systems g 2 2
Peripherals ) B o

5 3 3
Applications Software o 8- 8-

: £ c c

Network Services (g) r o

@ 2 2
Assembled Hardware ] »

(A. Grove, Intel; and Farrell, Hunter & Saloner, Stanford)

41/0)\\6“\@ g

K <l



Horizontal Industry Structure With ~ g -
Modular Product/System Architecture Dell’s Supply Chain

Computer Industry Structure, 1985-99

Microprocessors Intel IMotol AT
Operating Systems | Microsoft I Mac |Unix

-

Microsoft| Lotusl Novell Ietc I

atc

Peripherals HP

I Epson |Seagate

Applications Software |

NopVOTh porvices |AOUNetscape|MicrosoftlEDS !etc |

Assembled Hardware

|HP| Compagq| 1BM | Dell  ltc |
(A. Grove, Intel; and Farrell, Hunter & Saloner, Stanford) 5

Dell’s Supply Chain Dell vs. HP Supply Chains

Global \ Demand/ D / i RN
RC ionﬂl Su 1 (2emani i . 1\ s d
P g ¢ M PPy ¢ Management ; Supplier =
| rocuremen anagemen ] FETR el etailer\ Customer
Continuity of Supply | N 3
% DolSHpRE] {] <+ Sales! < Supplier
\/ S e e ~ - - L — A J
TR : Build to customer | 2 &3 v Y. v
| s LY Y E 4 4 . Retailer Customer
Supplier — Speeyicatints : Materials ordering cycle ~ Retailer fulfillment inventory fulfillment |
; i 30 mi
SLC - Dell P o %Cust(]mer ] 10'180+ days 2 5 days - 30+ days i

<o ;:‘::;:\“‘ It
BRI | G Jatad 1 S ) old

Supplier —]

.~ PN, -
SRS 7. W S [— WO T
:,':J(; P r==Cr !‘” |gu5t01},lgr
Materials ordering cycle Customer fulfillment
10-180+ days 2-5 days NG
Materials ordering cycle Customer fulfillment
Modular Product Architecture enables Modular Supply Chain | 10-180+ days 20 days




Component Commonality

FG

Components

Demand
Shape

+ Instead of geographic differentiation, this is
an assembly differentiation

Delayed Differentiation

Customization Step

Upstream U
Steps Y.

LT1 g LT2

4]
L

4
L

s
<

AET T

Target customer
delivery LT

Delayed Differentiation

demand

Customization Step
gr:;;eam @
LT1 LT2
< 2% > t

Target customer
delivery LT

5

Customer and Process Timeline

stage stage _| stage stage
1 " 2 - - 'E customer
LT1 i LT2 LT3 LT4 ¢

0 Target customer

delivery LT
I MTO
stage _| stage stage _| stage
1 g 2 3 | 4
N~ —~ L
MTS



HP vs. Dell

1. The concepts of Push, Pull, MTS, MTO are
connected to goals and capabilities of the
value chain

2. Product, Process and Supply chain designs
are all interrelated!

3. Different players in market have different
tradeoff balance



Announcements Barilla Case

1. No recitations this week 1. What problem was JITD designed to solve? What
are its underlying causes?

2. Guest lecture TODAY, 11.30-1 (E51-345),

Gavin DeNyse, HP 2. What is the principle of JITD? Why is it supposed to

be effective?

3. What are the sources of resistance to this
program?

4. How can Barilla implement this program?

-
3
=
<=
=
LS L8
=
Barilla’s Supply Chain Demand Val‘lablllty i
S i?w:y”w:l”m“ ST : “ Sales and Stockouts 8t Cortese Northeast DC ;“
‘wh_mfmnhmnﬁnﬁmnnxnhﬁwnﬁ# &- l ?n_
x} !:' J \\E A \\%,:’i
!::: = e
& W s: Il :i
£ il =1
- * SR ] .

HAnNESCrsAEIFRNACSYEN

Inventory at Cortese DC

L

lﬁnj
b i s SRS
gum SO 1| B . PR -

£ 0

¥

0
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g
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Sources and Costs of Order Volatility Amplification in the
Variability Supply Chain: Bullwhip Effect

ORDER ORDER ORDER
INFO INFO INFO

T P TN
~ X T~ [ A A

Retailer Distributor CDC Factory

JITD Timeline Description 3 - s
Periodic Review Parameters

Ewendng Data oo Taceive Recvive Rrerive Toerve Taceive Kecorve Trive Tacoive Rexrive
Dlstributors Dutributor Disribusor Drstributar Dustributor Tatribrator Distributor Dastributor Distributor Distributor
Daty Dalsy Daty Datg Dits Daty Dy, L It
Barilla Updates its = Uplate Updaw Updane Updaie Upedate Updae |
s;u:.mif:d N Barilla Bovit Shnils Rarilla Banils Beritte i
R Uutabase and | | Dutsbase and | | Database and | | Database and | | Database and | | Ditabasc and |
o o) 2 et L orecasi |

Main idea: set target level S such that:

Truck Losding &
Detive alt

ery Patuerns:
P(DDLTRP =S )=a (ex:95%)
Barills Decisions Uvtermnine Funalize ¥
aboul Trucks Tenulive ¢ Trucks 1o use
Trucks 10 use Nest Week &
Next Wewk haxdule T
with Owrer-

B e = | [ | | [ * Target Level: S = E[DDLTRP] + ko[DDLTRP]

Conments: Pans for Next Mon k Tues Wed. Truck Thwat, Truk Truck
- . 3

i e e o » Safety Stock: SS = ko[DDLTRP]

e,
Information from Transat Tranamin Tranieit Transenit
Barilly to Truck Arrival km‘lm 5 Fi

B i R | T | ol * Pipeline Inventory:  PS = E[DDLT]
+ Total Stock: TS=S-CS

1 Distributor data Is received each morning. and captures the oulflow of Barilla product on the previous day.

2 Distributor sell-through data and/or updated Barilly forcasts were given (o production planning and inventory control daily.

3 The truck arrives at the distributer after the distributor’s outbound trucks have departed. Thus, for example, the contents planned and loaded on Monday will arriv.
Wedsesday afternoon in time for Thursday’s outbound deliveries.



Shipments from Barilla to the Marchese Distribution Center,
Before and After Start of JITD Program

&
\
Stat
!
Quintalsfweck I
(100 kg)
h‘!‘ I M l i Nli " -h
i tf h
-
Time

Stockout Rate from Marchese DC to Retailers, Before and After
Start of JITD Program

Stockout (%)
8 Stockouls
4 'y =
AL
Ty w
4
2
0 Da s e

Inventory of Barilla Products in Marchese DC, Before and After
Start of JITD Program

[nventory

Start

What Happened

1988: Maggiali appointed as Director of
Logistics (JITD concept already formulated)
1988-1990: Unsuccessful attempts to
convince 2-3 external distributors

Late 1990: Pilot program starts with Florence
depot

Late 1993: Convinced distributor (Marchese)
to start 6 month simulation + pilot
implementation

1994: Program implementation scaled up



Barilla Case Wrap-Up

1. Just-In-Time Distribution = Vendor Managed
Inventory = Continuous Replenishment
Program: Supply Chain Coordination!

2. Supply chain coordination strategies: high
payoffs, tedious implementation

3. Analyze Trust = Goodwill + Ability
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Announcements

1. Schedule changes next week and beyond

2. Break.Com individual assignment is
cancelled (still have to prepare for the case).
Retailer game report is due on May 3

3. Sport Obermeyer case reports are now back

4. Simulation game debrief

Quality Lecture

&
- @&
&

- What are the causes of quality problems on the
Greasex line?

. What should Hank Kolb do?

. Overview of Quality Management Approaches

What is Quality?

1.Fitness to Standards
2.Fitness to Use result from:
3.Fitness to Market

Marketing Needs Specs
Customer Product
Use Service

Production

Cost of Quality

* Prevention
cost - Inspection
* Internal Failure
+ External Failure

Total Cost
of Quality

prevention
costs

'
t
100% optimal 0%

(non quality) quality (perfect quality)
level

% defects

7



IhdiictarBanehmaic Four Common Principles of (Good)
ry Quality Management Approaches
a}
& 5 5 Me 1. Customer First
o L vy o
£ o i 2. Total Participation
ey b 3 Leadership, Education, Incentives
2 af—=A i = 3. Continuous Improvement
5 m pn @ flal
8w Hopg! = . (Observe - Assess
- = Eg E‘E ' “A defect is a treasure” (act) (oo Design - Intervenc)
o 20 40 60 B0 100 120 \4r|| 160 I;D jec
Assembly Defects per 100 Vehicles 4. Data-driven
MIT-IMVP: World Assembly Plant Survey 1989 “In God We Trust; All Others Bring Data”
Statistical Process Control X Charts (X bar Chart”)

/’l

1. Periodical Random Samples x; of n (= 4) items

1. Is the Process In Control?

_ + X+ X3 + X,
== X bar Chart, R Chart, P Chart A Xn + X2 4-".3 +Xia 7% T
30
2. Is the Process Capable? 3. Computep= %X /50 -mean estimator and
a; - Standar';i deviation estimator
==p SQC Histogram 4 UCL=p+3-0, LCL=pu-3-0,
5. Plot X;'s

6. Is Process out of Control ?
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SQC Histograms

LSL USL LSL

USL

Process Capability

Specification Width Specification Width

e Specification Width 1 Specification Width

AR - 2
» ~ [Process Width [67] ™ Process Width [65]

Sigma Measure = 3 x Capability

Control Vs. Capability

Possible Process States

In control, capable Out of control, capable
DD DD PDb P
I contrel, mel capable Ot uf cantrol, padt capable

A

)

NI

Why 60?

[99% Good (3.8 Sigma) | [99.99966% Good (6 Sigma)]

20,000 lost articles of mail per mmmje- * Seven articles lost per hour
hour

Unsafe drinking water for = One unsafe minute every seven
almost 15 minutes each day months

5,000 incorrect surgical I:,":
operations per week

1.7 incorrect operations per week

Two short or long landings at g * One short or long landing every
maost major airports each day five years

200,000 wrong drug —)

prescriptions each year 68 wrong prescriptions per year

No electricity for almost seven -~ One hour without electricity
hours each month every 34 years




60 and Dependent Components

* Consider a product made of 100 components
+ Assume a defect rate of 1% on each

component
* The defect rate on the product is:
(3.80)  P(defect) =1 — (0.99)100 = 63% |

(60) P(defect) =1 - (0.9999996)'%° = 3.4ppm !

Robustness To Process Shift
1.50

LSL UsL

60: 3.4ppm defective

LSL —=  USL

30: 7% defective

Learning Rate/Continuous
Improvement

Observation from
Process Experiment

LSL USL

Why 66?

« Large Volume or Costly Defects

« Connected Components

* Robustness to Process Shift

* Tolerance Buildup

+ Easier to Learn Process Improvements




Quality Lecture Wrap-Up
. Quality is very systemic in nature -remember Hank!

. Definition of quality (fitness to standards, use,
market)

. Four principles of successful quality management:
Customer first, Continuous Improvement, Total
Participation, Data-driven

. Statistical Process Control (SPC), Capability Vs.
Control, X bar chart
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Announcements

. Schedule changes next week and beyond

Break.Com individual assignment is

cancelled (still have to prepare for the case).

Retailer game report is due on May 2
. Sport Obermeyer case reports are now back

. Simulation game debrief

What is Quality?

1. Fitness to Standards
2. Fitness to Use
3. Fitness to Market

result from:

Marketing % Needs ==» Design = Specs =%| Production

Customer Product
Use Service

Quality Lecture
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1. What are the causes of quality problems on the
Greasex line?

2. What should Hank Kolb do?

3. Overview of Quality Management Approaches

Cost of Quality

* Prevention
cost * Inspection

Total Cost
of Quality

prevention

: costs
failure

1
1
]
1
1
1
1
1
]

: f
100% optimal 0%
(non quality) quality (perfect quality)

vl

* Internal Failure
» External Failure

» % defects

level t§
g\_)



Industry Benchmark
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MIT-IMVP: World Assembly Plant Survey 1989

Statistical Process Control

. Is the Process In Control?

X bar Chart, R Chart, P Chart

. Is the Process Capable?

SQC Histogram

Four Common Principles of (Good)
Quality Management Approaches

. Customer First
. Total Participation

Leadership, Education, Incentives

. Continuous Improvement

: Observe - Assess
“A defect is a treasure” @x Eesign 5 Intervene)

Data-driven
“In God We Trust; All Others Bring Data”

X Charts (“X bar Chart”)

1. Periodical Random Samples x; of n (= 4) items

S s QR aE e e 08 A
200 p e R s
4

50
3. Compute p= ZE‘. /50 - mean estimator and
i=1

O; =-Standard deviation estimator

4 UCL=u+3-0, LCL=u-3 0.
5. Plot X,'s

6. Is Process out of Control ?



X bar Tests For Control

The Number of Andon Pulls

Toyota Case (2)
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SQC Histograms
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Process Capability

Specification Width

Specification Width

Control Vs. Capability

Possible Process States

In control, capable Out of control, capable
pac. spac
e spc [

In control, not capuble Ot of control, not capable

g N b s N

spec

VAT

_ Specification Width

“» = Brocess Width [65]

_ Specification Width _ )

Sigma Measure = 3 x Capability

Why 667?

99.97% Good (3 Sigma)

20,000 lost articles of mail per
hour

Unsafe drinking water for
almost 15 minutes each day

+ 5,000 incorrect surgical

operations per week

Two short or long landings at
most major airports each day

+ 200,000 wrong drug

prescriptions each year

No electricity for almost seven
hours each month

EEE

=

99.99966% Good (6 Sigma)

» Seven articles lost per hour

« One unsafe minute every seven
months

» 1.7 incorrect operations per week

» One short or long landing every
five years

* 68 wrong prescriptions per year

« One hour without electricity
every 34 years



6c and Dependent Components
» Consider a product made of 100 components

+ Assume a defect rate of 1% on each
component

- The defect rate on the product is:
(30) P(defect) =1 — (0.997)1%0 = 26% !

(65) P(defect) =1 —(0.9999996)'°0 = 3.4ppm !

Learning Rate/Continuous
Improvement

Observation from
Process Experiment

LSL USL

Robustness To Process Shift

1.50
LSL —*: USL
|
/}\ 65: 3.4ppm defective
1
/ |
1
1.50
LSL —*: USL
|
/J:\ 30t 7% defective
1
1
Why 6572

Large Volume or Costly Defects
Connected Components

Robustness to Process Shift
Tolerance Buildup

Easier to Learn Process Improvements



Quality Lecture Wrap-Up
Quality is very systemic in nature —-remember Hank!

Definition of quality (fitness to standards, use,
market)

Four principles of successful quality management:
Customer first, Continuous Improvement, Total
Participation, Data-driven

Statistical Process Control (SPC), Capability Vs.
Control, X bar chart



