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Predictable vs. Unpredictable
Main Queuing Insight Variability
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» The relationship between waiting time and
capacity utilization is strongly non-linear!
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Capacity Tradeoff : Congestion Analysis
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Arrival rate (1/E[A])

Service rate per server (1/E[S])
Inter-arrival time distribution
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Congestion Analysis Tools

Build-Up Diagrams Queuing Theory

Predictable Variability » Unpredictable Variability

«  Mt) - u(t) > 0 o.k. « AMp<1only

» Short Run Analysis « Long Run Analysis

 Variable rates o.k. » Fixed rates only

+ assumes workflow is « stochastic analysis with
continuous and inter-arrival and service
deterministic time distributions

Today’s Focus

Inventory Buildup Diagram:
Airline Check-In Problem

Part A Inventory Buildup Diagram
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Inventory Buildup Diagram:
Airline Check-In Problem

The check-in counter of an airline can service 6 people/ minute.

Assume that 1 person arrived per minute between 9:00 and 9:15.
At 9:15, a bus with 40 people all arrived at once.

Then, from 9:15 until 9:30, 8 people arrived per minute.

From 9:30 until 9:50, 4 people arrived per minute.

No one arrived after 9:50 AM.

Please draw the queue buildup diagram for this scenario.

Inventory Buildup Diagram:
Airline Check-In Problem

Part B:

The airline now caps the number of people who can wait in line at
30 (by offering a special check in process to all people beyond a
certain point in line).

Draw the inventory buildup diagram for this scenario.
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Inventory Buildup Diagram:

Airline Check-In Problem

Part B Inventory Buildup Diagram

The E51 Elevator
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The E51 elevator

The lobby of E51 has an elevator that arrives every four minutes
beginning at 9 a.m. The elevator can hold 10 people.

Throughout the day, again beginning at 9 a.m., a person arrives in
the lobby every minute to ride the elevator.

At 10 a.m., a class of 60 students lets out into the lobby. 80% of
them wish to take the elevator. However, every two minutes
one of them gives up and takes the stairs.

Please draw the inventory buildup diagram for people in the lobby
from 9 a.m. to 11 a.m.

Overnight Package Service

The Overnight Package Service (OPS) provides express small package delivery overnight.

Airplanes arrive 24/hrs a day at its national hub, where their contents are unloaded onto small

4-wheeler trucks, each capable of holding 1,000 packages. The trucks transport the packages

to the sorting center. After being sorted, another fleet of trucks transports the packages to the

outgoing planes.

*  During the day (6am-6pm), airplanes arrive at a high rate providing an approximately
continuous arrival flow of packages with an average rate of 25,000 parcels/hour.

»  During the night (6pm-6am), however, air landings are slower, resulting in an average
arrival rate of 5,000 parcels/hour.

*  OPS runs two 12-hour shifts for its sorting center: the day shift starts at 8am has the
largest amount of employees and can process up to 20,000 parcels/hour. The night shift is
smaller and can process up to 10,000 parcels/hour from 8pm-8am.

Draw the inventory build-up diagram for this scenario.
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Overnight Package Service

The total storage area of the unloading zone at the sorting center is designed to store up to
50,000 parcels. Trucks had to wait when the unloading zone is full.

What are the effects?

Overnight Package Service

Three solutions proposed.
1. Increase the unloading storage area to store an additional 15K

2. Run three shifts: 2 day shifts (8am-4pm and 4pm-10pm) processing 20K parcels/hour and 1
new night shift (10pm-8am) processing 10K parcels/hour

3. Move the first shift to 6am-6pm and second shift to 6pm-6am

Discuss the effects of these solutions using the inventory build-up diagram
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12:15, 200

12:20,0 12250 14.36,0 15,0

12:15, 80

Total Demand

Total Production

Begin inventory

Unmet Demand

%

1400 1400
720 720
200 400
480 280

34.3% 20.0%

McDonald’s Example

Demand for burger patties in McDonald on a holiday weekend during
lunch hour:

»  12:15-12:25: 60 patties per minute
» 12:25-12:35: 20 patties per minute
» 12:35-12:45: 60 patties per minute

Maximum patty production is 24 patties per minute and assume that the
production occurs continuously rather than in batches. Also assume that
burgers must be thrown out if they are not sold within 10 minutes.

Draw the inventory build-up diagram when the starting inventory at 12:15
is (a) 200 and (b)400

How Best can you get?

600 -
% 12:15,560
500
400
300 e
12:35,240
200 .
100
\, 12:45,0
Total Demand 1400
Total Production 720 Or start at a high
Begin inventory 560 inventory level at
12:15 and vary
Unmet Demand 120 production rate in
% 8.6% the first 10 minutes




Process Flow Analysis: Ceramics Line

Consider the following three stage production process of glass
ceramics, which is operated as a worker-paced line.

: : - : ; . .. Finished
Components & min/unit 5 min/unit 4 min/unit Gaast
/ Rework

Process Flow Analysis:
Ceramics Line

General Analysis: :

Operation 1: A,= 5 unit/hr, 4,=10 unit/hr, p;= A,/p;=5/10 = 1/2

Operation 2: A,= 0.8* A, = 0.8* 5 unit/hr = 4 unit/hr, p,=12 unit/hr,
po= A fp, =4/12 =1/3

Operation 3: A,= 0.75* A, = 0.75* 4 unit/hr = 3 unit/hr, y;=15 unit/hr,

p,= Ay/l1;=3/15=1/5

Rework: AR; 0.2*A,+ 0.25*A, + 1/6* A, = 0.2*5 unit/hr+ 0.25*4 unit/hr

+ 1/6* 3 unit/hr = 2.5 rework unit/hr, pz=6 rework units/hr

pr= AplHg=2.5/6= 5/12

A. p=A/p=1/3
B. Compare p’s, Operation 1 is the Bottleneck!
C. 10 Unit/hour

Process Flow Analysis:
Ceramics Line

The process is experiencing severe quality problems related to
insufficiently trained workers. Specifically, 20 percent of the parts
going through Operation 1 are badly processed by the operator.

Rather than scrapping the unit, it is moved to a highly skilled rework
operator, who can correct the mistake and finish up the unit
completely within 10 minutes.

The same problem occurs at Operation 2, where 25 percent of the parts
are badly processed. Operations 3 also has a 1/6 ratio of badly
processed parts. All badly processed parts require 10 minutes to
correct and finish up the unit completely.

A. What is the utilization of Operation 2 if work is released into the
process at a rate of 5 units/hour?

B. Where in the process is the bottleneck? Why?

C. Whatis the process capacity?
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MIT Sloan School of Management
15.761 Introduction to Operations Management Spring 2011

Case: MGH-Pre-Admission Testing Area (PATA)

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 23
Feb (24 Feb 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 allmumbers 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.

PATA Case Questions:

1. Construct a process flow diagram of the PATA visit from a patient's perspective. Calculate the
capacity and utilization rate at each step in the process.

2. Use capacity analysis tools (build-up diagrams or/and queuing) to decide if and where there is a
bottleneck in the clinic. If a bottleneck does indeed exist, how long do patients wait as a result of
the bottleneck? (As an approximation, assume that all appointment slots were filled and patients
arrived on time)

3. Evaluate the three Task Force diagnoses - not enough time between appointments, not enough
rooms, not enough physicians. Are these diagnoses valid? If so, are they primary contributors to
long patient wait times? Why or why not?

4. What factors contribute to variability in PATA process flow and what control, if any, does the
clinic have to eliminate it?

5. What changes would you recommend to improve PATA?
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Announcements

PATA case report is due now
No recitations this week
Next week: Process improvement and innovation

Reminder: The Goal report is due April 7; start
reading!

Stakeholder Issues with PATA

Mp

MGH Pre-Admission Testing Area

PATA - Stakeholders views
Capacity analysis
Evaluation of task force recommendations

What would you do to improve PATA?

Patients
arrive

Review
10 minfpt

37 minfe |
i

Provider poth

MD Chart

PATA Process Flow Diagram

N“‘ Queue 2

E[S]+2 min/pt fWaiting Rocrr) E(5)=10 min/gt Chakiog heom 5t M‘l
14 =30 pt/h Ji= 6 pth e i
m=1 attendant m=2 technicians
=12 pt/hr
:“a’:,""m ;'J;,,.:‘f:ﬂ,,, RN Visit RN Visit
=058

27 min/pt 1
Queue 3 1
———

Provider pc th
cn k i Vul; +EKG
[— achin —b — in m, —b

L3

§i- 1.4 pth

E[S]<5 min/pt mys=7 pt/he

\c'wm MD Visit = 12pth (lunch: 2. er]
me=3 technicians =1

mji=36 ptfhr,
(lunch: 20 pt/hr)

el I ey

17 min/pt E[$]r64 min/pt Leave
94 pth (Wasting Roam) E[S]=1 min/pt
ma=8 MDs u= 60 pth
my=l.S pt/he m=1 attendant
(lunch: 3.75 pt/hr) myi=60 pt/hr
=093 p=0.12

RN Chart
(Exsm Raom) E[S]=43 min/pt Wiite-Up

11 min/pt

Queue 4 015
MD Chart
\Hmu-:ln Blood Work Patients
Wait \ =t

H}ﬁ CQPQ@H’T

Méﬁz
as T 4l



Step 2: Demand/Capacity Analysis

For each process step i, determine:

« J;: demand or input rate (in units of work per unit
of time)

« p;: realistic maximum service rate, assuming no
idle time (in units of work per unit of time)

v <
p; = M, : capacity utilization  A;- ; @ build-up rate

Throughput

L,: number in buffer
1

I v v [ AN P o

+ Foras long as L1>0, then A, =,

« After waiting for long enough:

[ A, = min(h,, M)J

Congestion Analysis Queue 2

G/G/N Queuing Formula

Approximation with an infinite buffer size:

J2(N+D) . Cj 7 C;
1-p 2

L

average number waiting
capacity utilization (=A/Np)
A coefficient of variation: inter-arrival times
s coefficient of variation: service times
number of servers

ZO0©




Congestion Analysis Queue 1,3,4

Vitals+EKG: wait 6.1 min, activity 10 min
RN: wait 40 + 5 min, activity 27 min
MD: wait 8.6 + 10 min, activity 37 min
Blood work: wait 0 min, activity 5 min
Total: wait 70 min, activity 79 min

(Total visit length 148 min= 2.5 h)

Recommendation 1: Spreading Patient Arrivals

J=4 pt/O.Shr=8 pt/hr  7-12and 2-3 ‘i> =4 pt/0.75hr=6 pt/hr 7-122nd 2-5
»=2 py/0.5hr=4 pt/hr  12-2 (lunch) =2 pt/0.75hr=3 pt/hr 12-2 (lunch)

Pros:

Cons:

Recommendation 2: More Rooms

Recommendation 3: More Physicians




PATA Improvement Recommendations

MGH PATA Wrap-Up

. Capacity problems require systemic and quantitative

analysis: remember the extra room and extra
physician requests

. PFD = utilization analysis > congestion analysis >

financiallimpact analysis

. Process analysis and reengineering opportunities in

health care

. Management of change is a major challenge
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Announcements

1. Recitation this week on the PATA case

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

CVS Pharmacy Service Improvement

1. What is the existing fulfillment process and what
are the problems?

2. Proposed process and IT changes?

Process Design (Reengineering)

Focus on.the organization of work, not its substance
Reengineering can yield dramatic performance improvement

Performance
Continuous

Improvement

Reengineering

Continuous
Improvement

for b}g chaags

time

Reengineering TQM ! 6o
Impulse top = down bottom = up
Scope global local

Note: Many slides and examples in this lecture are derived from material initially developed by Dr,
Michael Hammer

OM Definition: The Process View

* Operations Management is the activity of designing
and managing processes in order to achieve results
of value to the various stakeholders of an enterprise

+ A Process is a set of coordinated activities relying
on various resources to transform inputs into
outputs

input —> _activities = output

3

resources

/e~
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¥ Lo

The Reengineering Revolution Process Design Levers / Variables
Industrial Revolution Reengineering Revolution Process design is not about what (input) you do, but how you do it:
Labor market Unskilled labor Skilled labor f
Tight class barriers Permeable class barriers Gsignileva Example
Market goals Standardized Customized Who
Volume Response Time
When
Organization Scalable Integrated
Management Control Support Where
Reports / Audits Customer Feedback
Whether c{o J f, e
Design principles Division of Labor End-to-end work M e'-'cf'l- ’\a-"e 4’0 d }f & /
Simple Tasks Cpmplex Tasks What order
Complex processes Simple processes
Symbol Line worker Case worker What frequency (how often)

Process Design Principles 1990 Eﬂ?

4 eaﬂ‘tnﬁ

G/G/N Queuing Formula

Approximation wnh an mfinite buffer size:

* Organize around outcomes, not tasks

{ l‘ L ‘ﬁ *13 N A.G@j Nﬁ O‘q M\&C + Have those who use the output of the process
2(N+1) CZ + Cz perform the process
L= Q452 + Subsume information-processing work into the real
1 -0 2 work that produces the information

+ Treat geographically dispersed resources as though

\ they were centralized
L average number waiting b t H\QJ + Link parallel activities instead of integrating their
p capacity utilization (= A/ {“\‘\m \ﬁg Q@@l results

* Put the decision point where the work is performed,
and build control into the process

+ Capture information once and at the source

Ca coefficient of variation: |nter-arr|va! times
Cs coefficient of variation: service times
N number of servers




Process Design Principles 2000 CVS- Flow Diagram

* Work should be done by whoever is in the best
position to do it

+ A process should be performed by as few people as Dmf) O](
possible

+ Do work at the best time for it to be done

\
L e L i By PRAT,, Ghode = Pl

+ Structure in terms of alternatives rather than

exceptions
+ Consider the context when performing work _ : pﬁ/bk
+ Control must be subjected to cost-benefit analysis, p‘ l\ = &-—/‘_ ¢
just like everything else “’ [C‘/{\

CVS- New Process Work Assignment Principle

:> Have those who use the output of the process perform
the process

Examples: HP Procurement, ABP, Customer repair, Shouldice
hospital

Rationale?

Limitations?

2000: Work should be done by whoever is in the best position
to do it

Re (gt
£ Oinp Lo (Nhl\[qg ,Oicftr@)



Information Principles

1990: Subsume information-processing work into the real
work that produces the information
Capture information once and at the source

e e——— e ——
Examples: Ford A/P, Hospital vitals
Rationale: Simplify, reduce interface, reduce NVA
Limitations:  Incentives, Constraint management

Control Principles

1990: Put decision point where work is performed, build
control into process
T —
2000; Control must be subjected to cost-benefit analysis, just
.-'-—-__—-—-_—--_—-_

like everythi

Examples: Progressive Insurance, Ford A/P, Newspaper vending
machines, Toyota Poka-Yoke, Hertz Gold Club

Rationale?

Limitations?

'@p-@(@% ;f\‘(o whin
\{0\/ (yf H’

nNol gluay Coalro)]

Time & Location Principles

2000: Do work at the hest time for it to be done
Locatlon is a variable, not a given

Examples: Building Inspector, Insurance Processing

Rationale: reduce NVA, increase motivation, hierarchy inertia

Limitations: ~ Capacity requirements

Parallel Tasks Principle

1990: Link parallel activities instead of integrating their results
Examples: Multiple bank divisions, Product Development
Rationale?

Limitations?

e

]; Cmf/o
Cost ofteclie

Oon 1 0l
(Contr]



Successful Reengineering
Guidelines

Clean sheet thinking

Nothing off-limit

Surface and challenge all underlying
assumptions

Creative use of IT

Start with customer and see what happens
(no organizational restrictions)

Reengineering Project Steps

O 03 by, =

o

Top Ways to Fail at Reengineering

Don't focus on processes

Spend a lot of time analyzing the current situation
Proceed without strong executive leadership

Be timid in redesign

Go directly from conceptual design to
implementation

Reengineer slowly

Place some aspects of the business off-limits
Ignore the concerns of your people

1

Process Design Wrap-Up

Industrial revolution Vs. Reengineering

2. Design principles: examples, rationale, limitations

3. Reengineering execution: steps and pitfalls

Recommended follow-up readings:

Reengineering the Corporation by M. Hammer and J. Champy
The Reengineering Revolution Handbook by M. Hammer and S. Stanlon
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Announcements

CVS Pharmacy Service Improvement
1. Recitation this week on the PATA case

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

What is the existing fulfillment process and what
are the problems?

2. Proposed process and IT changes?

Process Design (Reengineering)

OM Definition: The Process View
Focus on the organization of work, not its substance

Reengineering can yield dramatic performance improvement

Performance

- Operations Management is the activity of designing
and managing processes in order to achieve results

Continuous

Improvement

of value to the various stakeholders of an enterprise

Continuous

Reenglneering
Improvement

» A Process is a set of coordinated activities relying

on various resources to transform inputs into
outputs
time
Reanginseringi QIOM /60 input—> activites —> output

Impulse top > down bottom = up

Scope global local
Note: Many slides and examples in this lecture are derived from material initially developed by Dr.
Michael Hammer

3
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Old Phone Connegtion Process

Planning Rights of way Construction Metering

End-to-End Principle

- Organize around outcomes, not tasks

@) ®L|®
1 2 3
Vs.

Ak AN AN Az
Ol [ Jel=] [+Jo]:] []o]:]

Rationale?

Redesigned Process

| e

Rights of way support

End-to-End Principle Cont’d

Limitations?




The Reengineering Revolution Process Design Levers / Variables

Industrial Revolution Reengineering Revolution Process design is not about what (input) you do, but how you' do it:

Labor market Unskilled labor Skilled labor :
Tight class barriers Permeable class barriers Dosighitever Example
Market goals Standardized Customized Who
Volume Response Time
When
Organization Scalable Integrated
Management Control Support Where
Reports / Audits Customer Feedback
Whether
Design principles Division of Labor End-to-end work
Simple Tasks Cpmplex Tasks What order
Complex processes Simple processes
Symbol Line worker Case worker What frequency (how often)
G/G/N Queuing Formula Process Design Principles 1990

Approximation with an infinite buffer size:

» Organize around outcomes, not tasks

+ Have those who use the output of the process
pﬂ/z(N+1) Cz i Cz perform the process
L= N N » Subsume information-processing work into the real
e D 2 work that produces the information
- Treat geographically dispersed resources as though
they were centralized
L average number waiting « Link parallel activities instead of integrating their
P capacity utilization (=A/ Np) results
C, coefficient of variation: inter-arrival times * Put the decision point where the work is performed,
Cs coefficient of variation: service times and build control into the process

; : .
N mberof=ervers Capture information once and at the source



Process Design Principles 2000 Work Assignment Principle

e i H. th ho use the output of the process perform
Work should be done by whoever is in the best ave those who P P

o = the process

position to do it 2

A process should be performed by as few people as

possible : - Examples: HP Procurement, ABP, Customer repair, Shouldice

Do work at the best time for it to be done hospital

Location is a variable, not a given

Structure in terms of alternatives rather than

exceptions

Consider the context when performing work Limitatiansr

Control must be subjected to cost-benefit analysis,

just like everything else -

2000: Work should be done by whoever is in the best position
to do it
Information Principles Insurance Claims Processing
1990: Subsume information-processing work into the real
work that produces the information
Capture information once and at the source > '
Al

Examples: Ford A/P, Hospital vitals
Rationale: Simplify, reduce interface, reduce NVA

Limitations: Incentives, Constraint management



Insurance Claims Processing

Time & Location Principles

2000:

Examples:

Rationale:

Limitations:

Do work at the best time for it to be done
Location is a variable, not a given

Building Inspector, Insurance Processing

reduce NVA, increase motivation, hierarchy inertia

Capacity requirements

Control Principles

1990: Put decision point where work is performed, build
control into process

2000: Control must be subjected to cost-benefit analysis, just
like everything else

Examples: Progressive Insurance, Ford A/P, Newspaper vending

machines, Toyota Poka-Yoke, Hertz Gold Club

Rationale?

Limitations?

Parallel Tasks Principle

1990: Link parallel activities instead of integrating their results
Examples: Multiple bank divisions, Product Development
Rationale?

Limitations?



Traditional Product Development

5

s
* 5

| S |
Marketing <+——— Engineering +———  Research

U

Development

/<'.‘..-.__ 1

Finance Sales

Successful Reengineering
Guidelines

Clean sheet thinking

Nothing off-limit

Surface and challenge all underlying
assumptions

Creative use of IT

Start with customer and see what happens
(no organizational restrictions)

3M Product Development

2-3 ,!——; >
business ¢
plans _"".
8 " Prioritization Market Techm.cal
st omoL Fanta 2y, Day (feasibility, desirability) evaluation planning

el

' fq kA la imp|en11;2ntation
(N -5‘-- plans

3 plans

Launch Development

Reengineering Project Steps



b= D0 by

=)

Top Ways to Fail at Reengineering

Don’t focus on processes

Spend a lot of time analyzing the current situation
Proceed without strong executive leadership

Be timid in redesign

Go directly from conceptual design to
implementation

Reengineer slowly
Place some aspects of the business off-limits
Ignore the concerns of your people

Process Design Wrap-Up

1. Industrial revolution Vs. Reengineering
2. Design principles: examples, rationale, limitations

3. Reengineering execution: steps and pitfalls

Recommended follow-up readings:
Reengineering the Corporation by M. Hammer and J. Champy
The Reengineering Revolution Handbook by M. Hammer and S. Stanton



(Qélfsm%’n‘«e p()/swwlfe atd® gpd W-Jy
9ol v 9F fFs

u% Co{Mp&'M

Pid at e wolkS

Kyoh
Ms of 6[03% k5“7“"’35
oty of fide

HOW Cda W; @v\[pibf (7‘{)5 469, ;A 0 Cﬂét’//:

Lqrgf, ql:m( loeaplé

[l defedy stand -0k

[sj% of  sales @rmﬂay

Suitth oy 'la/w fodes f@(ms/csbk

] P/xw}cai ocder Shetls for parks | s
Sl Cepafn linig,
4 fows on o ot Spples b o ’pf&{

L6od g o o dat
A g &.
J vt e gzoﬁ
~ 40 ma Jly
&(M]/f& |t [od gfdﬂfnj oA
M/Lﬂ@\ﬂ ~vendar Poncf



@,
SG&Jr \/m;a:f fon fw la@@
bald et of cac in emnnhile
bt Wby Sedd e
— b o peabilites
k% \ocﬁ g)an £ (ew;b;“?t(
T\‘tsénf) put of . flaw

P

Todle  OVA

~ ey fwld o Cactede

"ok bl honda s nat copied

— fhLooks i
- M aduwuy Vecy {(&jb/ﬁ
—( ‘L@%\é @mblm 50]/:(!@ rothad
—Smdiflc pgfnad
- fﬁ’arn‘m} @
?%W Vg Jehild  adedon dteps

w50,

“otelic ask tny uhat oy o don
(fa stecthe Spectfug Cvergfhng ot HC}
e é\[reu{‘ Cow(,\cf*“L \,// g(ﬂw\‘\lef




4
Eﬂp]ove@ el by ok for MW

W@ Oﬂe/@ (?ﬂ(wmgQ W’\‘D)ﬂ{egg b 592”0 ‘P’Ubém M g
Ot Yo oot oF Pm})]m rosobe b

No 1(or\~5 or \0095 "m M)@H Cnals
Y &(ﬁw (s Gad 0?@%@)
Po € fo . cpue g
D%\i@rwﬁ@i Eeaph Yo gupish
ol doypaded 0w badeps
\Pa\tr% for 4pplies
ddon. (ol g “couter Moasies fob " ol

T ity e e P hy il
]‘(QEP ff\\/?f%r\( 5@,?0@‘@ for i+ (095

54,“’(’1 6YL0(JL -~ (V\a(,h}t (vllwn‘};hwej

\Mﬂtbh = ([J\Anqwsfgf Tdke f(:rvp

VOH'}\HL\[ of Qoand —pffer 5’196£
dad ¢ o Tpdue regd for Cah

04 Sl ot slandye et
TR gl eal bes-
7(&(99} backcks of 1



y

(DOQ& $C"/ﬂ N)CJ [\f l\/ﬂ(ﬁ/pﬁt@(é
The res o ‘ﬂw:bil#r



157%) Touify

H‘WY Cue%o%
btetn muﬁfcn’mqw (Mgl

Viles

gnd [ff by oA
e by

—1d [Véhh?/ bt oy pue
Mgt o o Plins

Contlagap i frovert/

Waste  (edet o0

\chﬁéy F@b?w capidly

(dpd poblip, 50[.//'@ + escilotin = 1 ok,
Clting o preilied

Y e |
( (0 (/f ‘ l/'

| Saduigabon £ Tods prved diploe

iy C()mﬂlw(f cal

J. & Ffo(egﬁ

L(. Y CMH/@% gr»rjr’wgﬂm}



@

/‘Hé@ 7 ‘ofm%j

'*éhm/ia«d
~|iky fhdmedt 4f fuasor

p(o(ébé% (e COA+(50vo(7 36&63/19&
Toyota chose & be hyghly  process —eound
o O% Cﬁmpam[@b }W@ = CE/HLC’f@d/ ﬁ(ﬂm f}/eg(;?wl

7

}%C@% ~Cenfered =0 fwos/

f)@pz’d fese i ffen o

Piocess t Yo (edeed
(Moo of  problen golwhj - impovened}
~hgh el of gy indareat

ot see prablen
“hot cokel 5!#"@ bohal pur  cApUte

’[3; { . rh%\_
Yot ot
(feafuity = suaovation Thm»gh Tl praceess

i ! .f( ( !
=) o (a/0T00 5l pente |

(pefomndt s f
/ﬁ_/\ Coll FM % s PO ] inaabios
" r{ﬂ PMN} /J incentataf

fir




Q

}'la;ue At Sen  regt §

- Zlpae
o= B@'Her p{ e
Just i Tine
/% Pf\'ﬂ{;[@eg g'f 6@?}(\43
| N G i aleays wmrﬂ

%W}“’ ;'b ‘h‘( 51L/0ﬂﬂ ﬂa@f}m 24 f};;‘ﬁ 51,/)10/7 Chw(l¢
oo du fa Any Maestos

mﬁﬂ JLW{?; 5[/#91% Ch@(\ﬂ 10(% u// M[ 5‘10}0//)6’6

\/OfCaf\,‘ﬂg }3, @{Wij (/‘/[0“9 -MC@MILM”/ \/)%fdctfgd
~6nly me whin mz geﬂ( & wdor

——

Toyte d0er b Natage oy
Maclie  That (4l (‘Wge e [iorl) "

?( ot japan
S “Manages ﬂm@hm [Wf/(

[956 (990



0

moﬁ' Cas o\(e EQL@H 6’{‘C e lzﬂL
30- ot

BMW ‘m GQ/MV moaﬁr N{Je o m{&/‘

SCML wigs for hak o arder
Ll mOnf’hb
Demard Mty ooyt
~ (estet S(/pply & S Pwew tfenmd
_[0% LY, ﬁ@fwvbie 6fmwﬂ7

g byild bt Vi employers ¢ w,op/z’ers
/erped for pcapze 5 al, fom‘ of TA
ﬁ*?/l /lu/vua —wﬁ@
Dol —'préce, Y Pwl& was baed g Lt was O Shik
Fue Whys—findeg ot cause 5 gL,
Wea Fust P el dni hide hingg

BRI people

\ﬂo\/mlct (q@ﬂ for ¢ elecking t tainig
wﬁ'ﬂ'/‘fude j

i Qs
H al fo Eng(me(zr* [ov Chanester tine
fe M ot 1o et Jisetled
~ Poletin coils |wer Than Pdﬁfy uied GEAF @



3
OOTW Confanies dy il
i

Q]L(cw Cn A& gl Conpary oLa f?w't‘ac
Ww[rw% WA teq Mp”arg
PQ()W& B ad Mmabe a deal | §
(ZW‘K% T Jow, st
““5%\/9%’@

—Callaggate

e Nt

eat Dol

m o ceet szbfm or probfem i

o conlosty =) oy defes”
Faps Hon

é&f&tfn?«tj ~ant Ll putfein
Z(ok’h\hj Cost
/More Plﬂ{’) o

h@OL\ d‘f”%@@é
b‘ﬁ baoUzjﬁ o cae fo b Cixed

/f/)(ue,m}, /}0‘(’ Cﬁ”}@ f/( /EQI/HL
Gy Oy Gom  had fo ceqd

go (/ma/y



9
UMUy shp [l Jie
~ (090 iHve  diosiace

"‘--\____./_-—.-

O i rags o sobe  eadl

T8 o ve afud 6 sty fin?
_{;/Wu‘w) dmff.é; 2 AM ngf ége/( fa/[&ed o bad o 7 //

f)fO(Qs 4 ‘
— hol delgy ehg&!nQUZ/lj (@(V@f last (n shftle

19}0}2@( Waofu/;gy 'S /\a/@{/
/561'% P/Db}—fﬂ; :A [@54’ 79&/

PfO“[ '- YW (aﬂ\‘f ﬁy‘coL\ b Choose fedfue
T a )mLe@fm’@J 5 7@1[617 |
___Orm';(‘ C(dmpa/»,'g) '[C:)L %@5 PO(/} 4@@9}(7@/ “ 3 O/% (5%5/%@

~ Ny Toyoh  Poduetan Ferhbtes

N

Wik b i Tags  Adrp
bead & ruer bl + Gy

6(“»@“} an Qng;ree/



Lifleflgh Debof

e o

etk
GCV 1o
" o mib  {glet
o N f@(/\ﬂld/f‘,gq
No bettly racs
p([or“[h)/@ a0 %J;T
@ WW Cﬁ/l(;fﬂﬂ’*c(

-y .
) /ﬂ b gt st af by eal +
LY )olﬂs f(/l Z/Ld J;ﬁ/ao/rb



% Chy 7 Viroklt g,

! :
"delﬁﬂj \u, Vtg”;[e F o qan aylaj

®Oau(5 o ben J@m@d {"eﬂf)oa/j

~Utilizaton 5 g6
Bor i vogaly ity

0N dvar Me u;}{k‘g@ﬂp/z 4LOO
~ ot T vaunlity Cae

17 spily

Jings Gomoliney

C’)’LL % éng 'llo be he, LQ}' 6(,a5 OF M {‘?L{(er ,Oarfof he Lbcsj)

e VW(an[j !\5 S(J,CMJ'WY _Bffc(} F(pnft Cq’ﬂdwll"f P[Obft’"'l {O/ @
~ S man pffd |, @

Wl Uhvealisti, Gll oater

Slwl chus '!L:LLL k{ m:/? |

Mm{ a{ﬂ M/\/ §/m4

5 ol bt no et tlug!
Covalh= §'als e b
=15 calls poe L

cAvate - 9,
d quﬂ/zb i

Noow 44 heg § \ git!




0

Bﬂt of 33 "}Lb i That S}MP/B!
/Jm LWZ f’dxﬂ’@@ (g dom
Colls oke J forent lrght o {1

% may s Do hat i nad

e while rmay 7 wades  (OR B /IJ/Z?,
e cals it oo o hol

“faks o while fo go back o(vwr(

~and meanshile Pofle hae Wd b holl for cang. fiue

S i clwqp G'_)B%UOK‘ s ber
Wb hee s get ofen
Coml e s ffer

Tl Vmia,b:];fr 15()11((({5“’ M_Q@Wﬂﬂful
[th 5 it 1oy agat]
““\/W{’otbm'(v/ Con ,’,ﬂm @lc (Cglond's

o ‘ Hi!
l/dfmbﬂl{‘y in aof}u;fy Ty

gﬂgueéﬁ Wtw (/LVZJ( 1{\

~(p500i e m?t Qlwng A 4”«{“@

~ (gadm (’VHaﬂ @:
L(I9VQ65 WLQA [Dd«lﬂj q} eve(a,”/ultm\d,,“ ]0(0(%5

{ W 24 ( J ‘,\
— il g v: o < 40 Mu{ Now zmpofiﬁ
Coefme of [/modmf\ C /{/L Vaton s

May e Doroblﬂms



g

_2*_3 M[wwg o | Process

el Twe AT,

Literariial Hags = 14; = /H}H “A,T/t\

Do d,a/ﬂ AL I;glg fa mwh SUp ‘Jﬁ" dre 0]( lvljh a(/dty/
L f PO slalndy - o 1 choyg

N ol (Rl ditindod
ﬁf)f @ﬁu A CCUH C(Z/r}Q( “&(r\tvcpl Cafe Ls #56%0%/“

4ol oy by

&W\PW d}{é\ du@ +0 MW/ "\f@{(@d_‘( a P@H{fn]
Vace ‘Mb”;fz "Sf'mplf (daglo!
Mpﬁt e ()ff‘w/’ ‘Hp@

(i
C ub}(‘

A e
Tf Collows 6'}(0\/('@)11“ ]\m = \[S &ﬁ{f}om {

—/D: AR C(/NQJ, 29 5@“50%(
B(‘/@(L \{N"'p Smller P"ece,j H” “/l?, |L$ ﬂ?mﬂ]’ﬁ(
L 6’1?!]{‘10(1«7 at flo  mic ~ vl



g

\DWLE(MV(J«( Yo often Loloe g @WM (f&dl
P(o CEA L )O

A= 0y meQf arconl Him

pm%oﬁ\
{fs U cw“t/

(hemou{ (%5 »\,lOBj th W/#Qf \NW }w.mﬁfld 1'n faﬁf

@Dfi/
. o (Vede=1

Tl L/d,[

(reg
Sontlis pot- pxguwerly|
—lle o schedlel oy

(,Ua i O_:m/
My




&)

Zq g@fv‘tce Th \/o{lzf&{d};)[ ;
Aduw\ WEHM &l o i wg[/
Maun 3 5. Jyy (aphee fle v Hod
Gl vy

1) P&‘{“d{w& Woallag T | Qestvize_

‘“.'L(M‘s; moedtty, £loy afe, o, fine

Tone e
— Unlimited LA 5 pace

Ut = M 2 %ﬂ = < lod
Cafecily jp — a

A=09 gl (Ui

P¥ v Servie fiu

H&/ T T(‘A’Q :\a Queve fﬁdtfvl‘f/ ton
Tq/ i 5 P
()
I /H/e'ﬂl@/ 5 I’l"e/l'lbr\] z’fl Qu&,e it IM/LW 7 ;n )D(GC%)
Iq/ i \1\_{)
\NM\ onlz (QQMZf f¢ IO '(3 ) :1‘ @ gewic@
P{oé fat Gocer " M,@ b"ﬁf < [/‘)lw%ﬁM here.



\‘h f/’ (
Tie n quae = Adily i o Y0t g2y oy
/’UW:‘W}M Z

16 dig o vt exomulia] L o Thes s approx.
Waltng Tl 16 amdtjple of acfiaty fine
Uhlizatlon rat e ¢ 500'7,“’
\Wiaiing Thee 0 ol vastahiliy

The a4 Y CEVM!
he is G chady -slafe Sydons

" |
l[d\ ﬁ?w Pa«ﬁa/u% whed 579’3;« o Ps WDVLU, have (OMV Mf( l[f/"?ff
\/5Q Uﬁk»"r LW ’fa COM/JU*Q l‘numhy ‘F;ONL ﬁlb

Iq~ 1 g, conl G ot e @ ma o
Ip 3 fIOb o Eale—bag— s La‘m& Usad (&’rre oaly 1)

b Predictin Woit Tig - Pulidle Qesosies

Vo hae denticd ’ pmﬂél seivers

UJ{“ML\(M :M o ) Tuorival Tine

=MUe g

P dem




@ﬁ

1/3 - |

T e = A do | Ul 00 1g2, 4
& | ~{hilizatio )

M= fof S0/

hoe wltualt Tine s an apploxinakion

Works bet by s high

l(o S R §,
J- £
&

17 Gonce Lo p@})]%j

e

B\ﬂ cub  dul (at abot avd seaice g “.“M[; Flam
Waqf i alls > *wge{‘ wilhf ff"nt CW)

Selie (ol = P( Lot e 2 TWl)

o (| _'F’ - T
v}\o‘}tm\“’ “ JM

Y %




S

/'}-U
7

7'5 E(ﬁm/n\l( Imﬁl(’m”"'?} t §fqz‘€r‘n3 ﬁm;

Tf%{(’- ot € Sory e leve| + (o6t

?5() #? }40[&} fim{ Cogf ﬁ Q/, Og(gxplls ﬂyf‘n
g@ft/icg (6k ffm (S8

Cost of J't/&f {a,b&f = 7Lf0%d/[ (natges (%F/ﬁq

e S G i

Ao cale i /Y
Lf Kedtbong| Uil cate ~6  for Qach

(Moce Gmplox G A(m\(s ! /P"qh oF (ol ng('ﬂ&;
71 ? &QJP/tﬂ ; ECGA OIC /((a,[g 7

Y At gy Chire
bl/‘\- Wﬂf;/‘lna T(/m, i/
i oF  abot “’XS'% gl

Goot(

[565(,904“

Wt Tho  ga go TMW

‘ as quee b,,/'fdj

8‘:/1[ il gy e guas —gf G Wy Uiratin 75
s ok o4 it fing,

;Qﬁ/f‘: L‘f (ings ot wde iy g Qels

9o fo @Agrfcﬁ I
(Sl Il 4 fn h

—Opratas  ped a Bégiw cate
vﬁl@ﬁ 'foc* Cemple;c CM%/ [o

! ofaf
I sl 64!4[3 do W/H(b{g ﬂl(‘x%
Fof o gting 4 b gey



49

\ (MJ /M/LL WYW}ka Mazﬁ%[/ gf C@"Z//& )D/afgg&
710 Pdwf;}% bl Wit Lines B

(55 (N f)ﬂ\m‘h@& n a /’z:&gf,

Soice Tue [Sotet Pocgiing Tix.

I w e fm&w&gs will 9o fast, dauay
m_ﬂmf will L by wat tt

gQwice%f;ld?ﬂ?ﬂd‘% C(rd ot for hiry)
hid To Keow Fou Lon\cf Saruce [l wel wid
S Fust-lmg Figh Sum
Gc (m M)O(;or(% }96094 o Uf@fMCy (fme/ﬁ(«(f (Wﬂ?/
0 }\m,/ goox»/. &  (Qust Vv ore
@ wott fime Ges ol d"‘mﬂG

L-even Lost "I, Flst b g st 1 by
"“L}v{‘ Vﬂfa/(f —

\/O\fzm]o‘/“lty s Oremy of °ps

Colte  aciva) Vi by by v/ cl,,ﬂpa(\]lhmh
Uk sy Dol Lok

bett ety o ok

bA Moy S b L wat fr gond L
Lcloes-»{/w¥ Chantye, ' wzde%ly?w aé@"\“dp PP@( "l



©
bo inCodles  baga gn Limg
—oarly  bidd Special s
Méo :A‘}@/M( &PQ(&#O/S nmL 0n 0&/3
B ‘}m\(fl\f/lj + ’fech(\a |037

"l Wl b gy wh
( decmg ol ved  of (sl

TUftdw\f‘”‘j quakty g0l

Higg by Etletre,

Cau Ja leéj eJ[t‘me Cedgl
~lile b Cals
— (2ports

Loty s e badbiy o [5567)



