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IntroductionIntroduction

 Theory of Constraints Theory of Constraints -- TOC) was formulated TOC) was formulated 
approximatelyapproximately in 1980 in the USA. Some in 1980 in the USA. Some 
important roots of this theory were connected important roots of this theory were connected 
to the ideas incorporated in programs for to the ideas incorporated in programs for 
planning and production control  (Optimized planning and production control  (Optimized 
Production Technology)Production Technology)
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IntroductionIntroduction

 Author:Author: Eliyahu Moshe GoldrattEliyahu Moshe Goldratt
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The GoalThe Goal by Eliyahu Goldrattby Eliyahu Goldratt

 The goal of a manufacturing company?The goal of a manufacturing company?
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IntroductionIntroduction --novelsnovels

TOC has became popular particularly thanks to TOC has became popular particularly thanks to the the novels :novels :
 The Goal The Goal -- A Process of Ongoing ImprovementA Process of Ongoing Improvement
 ItIt´́s Not Lucks Not Luck
 The RaceThe Race
 The Critical ChainThe Critical Chain
 The Haystack SyndromeThe Haystack Syndrome
 Necessary But Not SufficientNecessary But Not Sufficient
 Late night discussionLate night discussion
 TOC was together with  TQM (Total Quality Management ) TOC was together with  TQM (Total Quality Management ) 

and JIT (Justand JIT (Just--InIn--Time) TOC classified as one of the most Time) TOC classified as one of the most 
important managerial methodimportant managerial methodss of the last two decades of the of the last two decades of the 
twentieth century .twentieth century .
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Some impacts of Some impacts of TOCTOC implementationimplementation
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Some impacts of Some impacts of TOCTOC implementationimplementation

Ford Motor Ford Motor –– Electronics Div.Electronics Div.

Revenue:Revenue: $3,000,000,000 $3,000,000,000 

Number of employees:Number of employees: 15,00015,000

Implementation Date:Implementation Date: 1991 1991 

TOC Applications:TOC Applications: DDBBR R 

CommentComment:: DDrumrum--BBufferuffer--RRopeope : : will be presented later in will be presented later in 

this course)this course)
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Some impacts of Some impacts of TOCTOC implementationimplementation

IMPLEMENTATION RESULTSIMPLEMENTATION RESULTS

Inventory Decrease:Inventory Decrease: Reduced 100 million Reduced 100 million dollars (50%) dollars (50%) 

OnOn--time performance:time performance: From 89% From 89% -- to 98% to 98% 

Lead times:Lead times: From 6.4 days with JIT to 2.6From 6.4 days with JIT to 2.6 daysdays

Cost efficiency:Cost efficiency: Reduced floor space by 57%Reduced floor space by 57%

Quality:Quality: Reduced quality defects by 50%Reduced quality defects by 50%
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LEAD Time explanationLEAD Time explanation--purchasepurchase

QuantityQuantity

TimeTimeDate of Purchase orderDate of Purchase order
PlacementPlacement

Date of DeliveryDate of Delivery

Lead timeLead time

Ordered QuantityOrdered Quantity
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LEAD Time explanationLEAD Time explanation--purchasepurchase
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LEAD Time explanationLEAD Time explanation--productionproduction
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Some impacts of Some impacts of TOCTOC implementationimplementation

McDonagh Furniture Ltd McDonagh Furniture Ltd 

Revenue:Revenue: $8,000,000$8,000,000

Number of employees:Number of employees: 100100

Implementation Date:Implementation Date: 2000 2000 

TOC Applications:TOC Applications: DBRDBR
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Some impacts of Some impacts of TOC TOC implementationimplementation

IMPLEMENTATION RESULTSIMPLEMENTATION RESULTS

Revenue Increase:Revenue Increase: 28% Yr 1; 17% Yr 2 28% Yr 1; 17% Yr 2 

OnOn--time performance:time performance: From 70% From 70% -- To 98% To 98% 

Lead times decrease:Lead times decrease: 20 %20 %

Net profit increase:Net profit increase: over 300%over 300%
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Some impacts of Some impacts of TOCTOC implementationimplementation

Some other companies using TOC applications:Some other companies using TOC applications:

 BOEINGBOEING

 MOTOROLAMOTOROLA

 GENERAL MOTORSGENERAL MOTORS

 LOCKHEAD MARTIN (F 22)LOCKHEAD MARTIN (F 22)

 BAE SYSTEMSBAE SYSTEMS

 ………………
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Measuring the goalMeasuring the goal (TOC metric)(TOC metric)

 Net profitNet profit (NP=T=OE) :(NP=T=OE) : ( T( T, I and OE will be explained later in , I and OE will be explained later in 
this course) this course) 

 CashCash

 Return on Investment (ROIReturn on Investment (ROI=NP/I) =NP/I) 
For a manufacturing enterprise, the goal can also be measured byFor a manufacturing enterprise, the goal can also be measured by: : 

 ThroughputThroughput

 InventoryInventory

 Operating ExpensesOperating Expenses
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Definition Definition (TOC metric)(TOC metric)

 Throughput:Throughput: The rate at which the system generates The rate at which the system generates 
moneymoney through sales.through sales.
 Note that the money is generated through sales and not production Note that the money is generated through sales and not production 

because if you produce something and don’t sell it, you have not really because if you produce something and don’t sell it, you have not really 
had throughput. (You’ve just put it into inventory).had throughput. (You’ve just put it into inventory).

 Inventory:Inventory: All the All the moneymoney that the system has invested in that the system has invested in 
purchasing things which it intends to sell.purchasing things which it intends to sell.

 Operational Expense:Operational Expense: All the All the moneymoney the system spends in the system spends in 
order to turn inventory into throughput.order to turn inventory into throughput.
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TOCTOC

Which is harder to manage?  Left or Right?

BA
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TOCTOC

 It is based on It is based on system approachsystem approach

 A company (enterprise) is to be understood as a A company (enterprise) is to be understood as a 
chain of dependent processes chain of dependent processes –– this picture below is very this picture below is very 

simplifiedsimplified

MarketingMarketing OrdersOrders PurchasePurchase ProductionProduction PackagingPackaging ShipmentShipment

See next slideSee next slide

http://images.google.cz/imgres?imgurl=http://69.90.174.249/photos/display_pic_with_logo/56744/56744,1137956849,1.jpg&imgrefurl=http://www.shutterstock.com/pic-910910.html&usg=__QitIISRMZjcsLk0mESqtqEBPtZk=&h=470&w=300&sz=59&hl=cs&start=4&um=1&tbnid=UWRuD_9PxscH4M:&tbnh=129&tbnw=82&prev=/images%3Fq%3DShip%2BChain%26ndsp%3D20%26um%3D1%26hl%3Dcs%26lr%3D%26sa%3DN
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Larger ProcessInput Output

Input Process Output Input Process OutputInput Process Output

Process Theory Process Theory –– more complex than one way chainmore complex than one way chain

Input Process Output
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RM FG

Aircraft assembly is more of an “A” Plant

RM
RM

RM
RM

RM

RM

RM
RM

RM

FGLinear or “I” systemRaw Material Finished Goods

Process Theory Process Theory –– more complex than one way chainmore complex than one way chain

http://images.google.cz/imgres?imgurl=http://www.military-aircraft.org.uk/military-aircraft.jpg&imgrefurl=https://www.wikispaces.com/user.shaunprimary6s%3Ff%3Dprint&usg=__TxU0-tDkQAqVjtE7N71tasUy4h0=&h=340&w=700&sz=47&hl=cs&start=5&tbnid=gRTl4MtFxkRo9M:&tbnh=68&tbnw=140&prev=/images%3Fq%3DAircraft%26hl%3Dcs%26lr%3D%26sa%3DG
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TOC TOC –– system approachsystem approach

 Organizations / Systems exist for a Organizations / Systems exist for a purposepurpose

 That That purposepurpose is  better achieved by cooperation of is  better achieved by cooperation of 
multiple, independent elements linked togethermultiple, independent elements linked together

 Each InterEach Inter--linked event depends in some detail upon linked event depends in some detail upon 
the other links.the other links.

 The system owner determines purposeThe system owner determines purpose
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TOC TOC 

 Most real systems could be seen in such a way, that Most real systems could be seen in such a way, that 
there there areare only a few or better only one element only a few or better only one element 
(factor)(factor),, which is the key point, where and only there which is the key point, where and only there 
all possible managerial methods have to be focused all possible managerial methods have to be focused 
in order to control whole  systemin order to control whole  system

 „„Every system is based on inherent simplicityEvery system is based on inherent simplicity”.”.
 This element in TOC is called This element in TOC is called Constraint of the Constraint of the 

system system = = bottleneck bottleneck 

 Bottleneck:Bottleneck: Any resource whose capacity is equal to Any resource whose capacity is equal to 
or or less thanless than the demand placed upon it.the demand placed upon it.

Inherent : základní, podstatná. neodmyslitelná….
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TOCTOC-- bottleneckbottleneck II

 Different link capabilities, normal variationDifferent link capabilities, normal variation

and changing workload make it impossible to balance and changing workload make it impossible to balance 
everything. everything. 

 One element of the system is more limited than another.One element of the system is more limited than another.
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TOCTOC-- bottleneckbottleneck IIII

 When the whole system is dependent upon the cooperation When the whole system is dependent upon the cooperation 
of all elements, the weakest link determines the strength of of all elements, the weakest link determines the strength of 
the chain.the chain.

 An exactly balanced chain (system) is stronger than a nonAn exactly balanced chain (system) is stronger than a non--
homogeneous chain, but when close to the breaking point, all homogeneous chain, but when close to the breaking point, all 
links must be managedlinks must be managed
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TOC  TOC  

 Why constraint ?Why constraint ?

 Constraint prConstraint preevents to reach the goal vents to reach the goal (make money now (make money now 

and in the future)and in the future)

 The TOC goalThe TOC goal : : „Make money now and in the future“„Make money now and in the future“

 Every system has at least one such a constraint.Every system has at least one such a constraint.

The system without such a bottlenecks would reach the The system without such a bottlenecks would reach the 

predefined business plans in infinite volumespredefined business plans in infinite volumes. . 
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TOC :TOC :

 Traditional approachTraditional approach –– world of where the aim oworld of where the aim of f 
any endeavour is to optimize locally every segment any endeavour is to optimize locally every segment 
of the chainof the chain, , meaning balancing meaning balancing the capacitythe capacity of of 
every element and every element and not the flownot the flow through the chainthrough the chain

MarketingMarketing

OrdersOrders

PurchasePurchase ProductionProduction

PackagingPackaging

ShipmentShipment

Maximization of the effortsMaximization of the efforts

of the costsof the costs

http://images.google.cz/imgres?imgurl=http://www.stiefel-eurocart.cz/tovar/242.jpg&imgrefurl=http://www.stiefel-eurocart.cz/info.php%3Fproduct%3Dfyzicky-politicky-globus%26i%3D242&usg=__QqCOOs2rMefbJ8FXyIwlw7V_mrA=&h=400&w=292&sz=21&hl=cs&start=1&tbnid=M5ZK1cBDDo62jM:&tbnh=124&tbnw=91&prev=/images%3Fq%3Dglobus%26hl%3Dcs%26lr%3D
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TOCTOC : : 

 Use of : „common sense“Use of : „common sense“

 The consistent focus of the bottleneckThe consistent focus of the bottleneck--
–– global optimizationglobal optimization

of the throughputof the throughput

Maximization of the effortsMaximization of the efforts

MarketingMarketing OrdersOrders PurchasePurchase ProductionProduction PackagingPackaging ShipmentShipment

http://im.super.cz/fun/41/71-mapa.jpg
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TOCTOC

http://images.google.cz/imgres?imgurl=http://images.buycostumes.com/mgen/merchandiser/20146.jpg&imgrefurl=http://www.buycostumes.com/browse/Accessories-Makeup/Everyday/Superman/_/N-3fZ26Z1z141p5/results1.aspx&usg=__yYrbkQ7m3_iaS1YibKy9_EeNhH4=&h=1600&w=1600&sz=291&hl=cs&start=18&tbnid=MdDJJkskv50NTM:&tbnh=150&tbnw=150&prev=/images%3Fq%3Dchain%2Bship%26hl%3Dcs%26lr%3D
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TOCTOC

World of costs:World of costs:
 main metricmain metric –– the the 

weight of the chain weight of the chain 
(every decrease of the (every decrease of the 
weight of any weight of any 
components will result components will result 
in better efficiency in better efficiency 
(performance)(performance)

 Total improvementTotal improvement = = 
sum of local sum of local 
improvementsimprovements

World of throughput:World of throughput:
 main metricmain metric ––the   the   

compactness of the compactness of the 
chain  chain  

 Only improvement of Only improvement of 
bottleneck will improve bottleneck will improve 
performance of the performance of the 
whole chainwhole chain

 Total improvementTotal improvement = = 
improvement of the improvement of the 
bottleneckbottleneck
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Life showLife show

 http://www.tocca.com.au/http://www.tocca.com.au/

http://www.tocca.com.au/
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TOCTOC

Five steps process:Five steps process:
Step 0.   Identify the Goal of the System/Organization
Step 0.5 Establish a way to measure progress to Goal

 Step 1.  IdentifyIdentify the system’s constraint.

 Step 2. ExploitExploit the system’s constraint.

 Step 3.  SubordinateSubordinate everything else to the above decision.

 Step 4.  ElevateElevate the system’s constraint.

 Step 5.  If a constraint is broken (that is, relieved or improved), go back 
to  Step 1. But don’t allow inertiainertia to become a constraint.
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TOCTOC

 „„Cost Accounting is Cost Accounting is enemy number oneenemy number one of of 
productivityproductivity“. *“. *

 Impact on the behaviour of the people and they Impact on the behaviour of the people and they 
habits of finding and improvements of local elements habits of finding and improvements of local elements 
having reason in optimising of these particles. having reason in optimising of these particles. 

 New metrics were introduced New metrics were introduced –– already presented already presented 

*  *  Eric Noreen, Debra Smith and James t.  MackeyEric Noreen, Debra Smith and James t.  Mackey
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TOCTOC ––required trendsrequired trends
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T,I,OE,NP and ROI exampleT,I,OE,NP and ROI example

 NP=TNP=T--OEOE

 ROI=(TROI=(T--OE)/I=NP/IOE)/I=NP/I

 where T=total throughputwhere T=total throughput

1010 1313 77 99 1111

AA BB CC DD EE

1.1. Only one productOnly one product
2.2. Unit Price (selling price) = 100 USDUnit Price (selling price) = 100 USD
3.3. Raw material /one product =35 USDRaw material /one product =35 USD
4.4. T/product=100T/product=100--35=6535=65
5.5. 176 hours/month176 hours/month
6.6. T=176   *     7    =  1232 T=176   *     7    =  1232 parts/monthparts/month
7.7. MonthlyMonthly T =1232 * 65 USD = 8 080 USDT =1232 * 65 USD = 8 080 USD

CCRCCR=Capacity=Capacity
Constraint Resource=Constraint Resource=
==weakest linkweakest link
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T,I,OE,NP and ROI exampleT,I,OE,NP and ROI example

 1st suggestion is to optimize B from 131st suggestion is to optimize B from 13-->14 parts per hour>14 parts per hour

 T will not  increase T will not  increase -->You cannot produce more than 7>You cannot produce more than 7

 Investment to optimize B=5000 USD with depreciation 10 %Investment to optimize B=5000 USD with depreciation 10 %

 OE/month =(5000 OE/month =(5000 USD USD * 0,1)/12= 41,67 * 0,1)/12= 41,67 --> 42 USD> 42 USD

1010 1313 77 99 1111

AA BB CC DD EE

CCRCCR=Capacity=Capacity
Constraint Resource=Constraint Resource=
==weakest linkweakest link
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T,I,OE,NP and ROI exampleT,I,OE,NP and ROI example

 T will not increaseT will not increase

 NPNP ((netnet profit)profit) will decrease based on increased OE will decrease based on increased OE (41,67(41,67 USD USD /month) /month) 

 Based on NP decrease ROI is negative  Based on NP decrease ROI is negative  

 Bad suggestionBad suggestion !!!!!!!!!!!!

1010 1313 77 99 1111

AA BB CC DD EE

CCRCCR=Capacity=Capacity
Constraint Resource=Constraint Resource=
==weakest linkweakest link
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T,I,OE,NP and ROI exampleT,I,OE,NP and ROI example

 2nd suggestion is to optimize C from 72nd suggestion is to optimize C from 7-->7,1 parts/hour >7,1 parts/hour 

 part of the 2nd suggestion is an extra load of E  so it goes part of the 2nd suggestion is an extra load of E  so it goes 
from 11from 11-->10 >10 

 Necessary investment is 5000 USDNecessary investment is 5000 USD

 Increase of the production/month = 0,1*176=17,6 partsIncrease of the production/month = 0,1*176=17,6 parts

 Increase of the company T= 17,6*65 USD= 1 1Increase of the company T= 17,6*65 USD= 1 1444 USD4 USD



1010 1313 77-->7,1>7,1 99 1111-->10>10

AA BB CC DD EE
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T,I,OE,NP and ROI exampleT,I,OE,NP and ROI example

 Necessary investment isNecessary investment is 50005000 USDUSD = I = I 

 Increase of the production/month = 0,1*176=17,6 partsIncrease of the production/month = 0,1*176=17,6 parts

 Increase of the company T= 17,6*65 USD= Increase of the company T= 17,6*65 USD= 1 11 14444 USDUSD

 OE/month =(5000 * 0,1)/12= 41,67 OE/month =(5000 * 0,1)/12= 41,67 --> > 4242 USDUSD

 OE will be increased by 41,67 USD/monthOE will be increased by 41,67 USD/month

 Annual increase of theAnnual increase of the NP = (TNP = (T--OE)*12=(OE)*12=(11441144--42)*12 42)*12 ==13 24413 244 USD USD 

 ROI=NP/I = ROI=NP/I = 1313 244244//50005000 = 265 % !!!= 265 % !!!

 T T does not measure local efficiencies, except at the constraintdoes not measure local efficiencies, except at the constraint

1010 1313 77-->7,1>7,1 99 1111-->10>10

AA BB CC DD EE
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Implementation of TOC is complicated switchover Implementation of TOC is complicated switchover 
processprocess

 it represents challenging adventure, where it represents challenging adventure, where 
the invested efforts are often not predictable  the invested efforts are often not predictable  

 it requires cooperation, coordination and use it requires cooperation, coordination and use 
of well informed and trained teams on both of well informed and trained teams on both 
sides.   sides.   

 you will certainly overcame natural resistance you will certainly overcame natural resistance 
against changes and persuade distressed and against changes and persuade distressed and 
indolent peopleindolent people

 no one is willing to change anythingno one is willing to change anything
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Implementation of TOC is complicated switchover Implementation of TOC is complicated switchover 

processprocess

 try to find somebody who could accept try to find somebody who could accept 
changeschanges

 you must persuade these guys, that the you must persuade these guys, that the 
suggesting changes are in fact their idea and suggesting changes are in fact their idea and 
without their creativity TOC would be  only without their creativity TOC would be  only 
toothless beast.toothless beast.

 but how to achieve it ??   but how to achieve it ??   

http://images.google.cz/imgres?imgurl=http://arts.uwaterloo.ca/~gasp/QuestionMark.jpg&imgrefurl=http://www.multichannelmetrics.com/&usg=__HR-rPqkpK-s9w5oKn637T4yrevY=&h=480&w=394&sz=208&hl=cs&start=11&tbnid=-DRiI4Eu9PLuyM:&tbnh=129&tbnw=106&prev=/images%3Fq%3Dquestion%26hl%3Dcs%26lr%3D
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Implementation of TOC is complicated switchover Implementation of TOC is complicated switchover 

processprocess

 Socratic teachingSocratic teaching –– proving the logic by use of proving the logic by use of 
dialog  dialog  

 BuyBuy--in approachin approach –– initiator of the changes initiator of the changes 
must have  interpersonal and communication must have  interpersonal and communication 
talents in order to persuade the targets and talents in order to persuade the targets and 
squeeze from the people their best ideas. squeeze from the people their best ideas. 



43

Socratic teachingSocratic teaching
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Implementation of TOC is complicated switchover Implementation of TOC is complicated switchover 

processprocess

We have to find out the answers to these questionsWe have to find out the answers to these questions::

1. 1. What to change?What to change?

2. To what to change to ? 2. To what to change to ? 

3. How to make the change happen?3. How to make the change happen?
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Implementation of TOC is complicated Implementation of TOC is complicated 
switchover processswitchover process

What to change?What to change?

 Objectives :Objectives : Situation assessment, description of “current Situation assessment, description of “current 

reality,” and identification of the core problem or conflict and reality,” and identification of the core problem or conflict and 
assumptions that sustain it. Diagnosis, systemic root cause analysis.assumptions that sustain it. Diagnosis, systemic root cause analysis.

 Layers of resistance:Layers of resistance: Lack of agreement on the problem Lack of agreement on the problem 
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RESISTANCERESISTANCE
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Implementation of TOC is complicated Implementation of TOC is complicated 
switchover processswitchover process

To wTo what to change?hat to change?
 Objectives :Objectives : Verbalization of vision/solution, description of strategy to attain Verbalization of vision/solution, description of strategy to attain 

the desired state, and avoidance of undesirable side effects. Prescription, decisionthe desired state, and avoidance of undesirable side effects. Prescription, decision--
making, and solution development.making, and solution development.

 Layers of resistance:Layers of resistance:
 Lack of agreement on a possible direction for a solution Lack of agreement on a possible direction for a solution 
 Lack of agreement that the solution will truly address the problemLack of agreement that the solution will truly address the problem
 Concern that the solution will lead to new undesirable side effects Concern that the solution will lead to new undesirable side effects (“Yes, (“Yes, 

but…”)but…”)
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Thinking Process ToolsThinking Process Tools

 offer the answers to three TOC questions about offer the answers to three TOC questions about 
changes changes 

 help to clear away every layers of resistance  help to clear away every layers of resistance  

 visualisation of the thinking processvisualisation of the thinking process

 verbalization of the thinking processverbalization of the thinking process

 use of  use of  casual logiccasual logic (cause (cause -->effect)>effect)

 use of use of sufficiency logicsufficiency logic -- „IF „IF -- AND AND -- THEN“THEN“

 use of use of necessity logicnecessity logic -- „IN ORDER TO „IN ORDER TO -- THEN THEN -- BECAUSE“BECAUSE“

http://images.google.cz/imgres?imgurl=http://www.pandoraconsulting.co.uk/images/brain.jpg&imgrefurl=http://www.pandoraconsulting.co.uk/thinking.htm&usg=__SHa2Ncl9JJIMHgZsvdd_kpKXH_Q=&h=248&w=320&sz=12&hl=cs&start=9&tbnid=pPrmVjwjpMbbSM:&tbnh=91&tbnw=118&prev=/images%3Fq%3DThinking%2Bprocess%2Btools%26hl%3Dcs%26lr%3D
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Thinking Process ToolsThinking Process Tools

I am eating truffles 
every day

I will survive

in order to survive i must 
eat truffles

Necessity logic
IN ORDER TO - THEN - BECAUSE

http://images.google.cz/imgres?imgurl=http://whatscookingamerica.net/Foto3/BlackTruffles3.jpg&imgrefurl=http://whatscookingamerica.net/Truffles/OregonTruffles.htm&usg=__0KG99qCsTqkoOVUsb7IuL10EqAc=&h=355&w=360&sz=48&hl=cs&start=1&tbnid=I3HxI2E21uZkgM:&tbnh=119&tbnw=121&prev=/images%3Fq%3Dtruffles%26hl%3Dcs%26lr%3D
http://images.google.cz/imgres?imgurl=http://www.edukshun.info/wp-content/uploads/2008/04/big-muscles.jpg&imgrefurl=http://www.edukshun.info/211/want-to-have-big-muscles/&usg=__MRToLHPzNk7NJw2HyfJFF_Dy3KQ=&h=596&w=400&sz=33&hl=cs&start=1&tbnid=P0LEdjIKl4JfvM:&tbnh=135&tbnw=91&prev=/images%3Fq%3Dmuscles%26hl%3Dcs%26lr%3D
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Thinking Process ToolsThinking Process Tools

I have one good 
bulb in my castle 

hall

The chandelier is 
connected to the 
electric network

Switch is on

I have in my room a 
lot of light

AND

Sufficiency logic
IF - AND - THEN

http://images.google.cz/imgres?imgurl=http://xenia.media.mit.edu/~verp/projects/praha/cr_pics/Hall/hall.gif&imgrefurl=http://xenia.media.mit.edu/~verp/projects/praha/hall.html&usg=__OTysDC6W5__WoTXLwF-hvqmNeCA=&h=602&w=402&sz=183&hl=cs&start=3&tbnid=2u2Q283YN9ixNM:&tbnh=135&tbnw=90&prev=/images%3Fq%3Dcastle%2Bhall%26hl%3Dcs%26lr%3D%26sa%3DG
http://images.google.cz/imgres?imgurl=http://www.freefoto.com/images/33/10/33_10_11---Lights_web.jpg&imgrefurl=http://www.freefoto.com/preview/33-10-11%3Fffid%3D33-10-11&usg=__updYdfpTj81GRps3MHnizYmDkp4=&h=400&w=600&sz=137&hl=cs&start=2&tbnid=OAar5kh5A0PZ2M:&tbnh=90&tbnw=135&prev=/images%3Fq%3Dlights%26hl%3Dcs%26lr%3D
http://images.google.cz/imgres?imgurl=http://www.brakes.co.za/images/old_switch_gear.jpg&imgrefurl=http://www.brakes.co.za/brake_testing_equipment/brake_tester_002.php&usg=__crUqMS6I0ubkKU2couQh62GlxHM=&h=319&w=450&sz=37&hl=cs&start=3&tbnid=FgsxBshF9Y0bxM:&tbnh=90&tbnw=127&prev=/images%3Fq%3Dold%2Bswitch%26hl%3Dcs%26lr%3D
http://images.google.cz/imgres?imgurl=http://farm1.static.flickr.com/6/6860536_6e0ef57349.jpg%3Fv%3D0&imgrefurl=http://www.flickr.com/photos/cesare_photos/6860536/in/set-172847/&usg=__n0fiv5U35gmsyElq0d4ic-Jgv-A=&h=500&w=375&sz=40&hl=cs&start=9&tbnid=WBwI8NakwNBHiM:&tbnh=130&tbnw=98&prev=/images%3Fq%3Dold%2Bswitch%26hl%3Dcs%26lr%3D
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We have to solve the crucial question: We have to solve the crucial question: 
what is a core problemwhat is a core problem (what should be changed)(what should be changed)

A tool for solving such a taskA tool for solving such a task : : Current Reality TreeCurrent Reality Tree

 Why to change something and what is something (core Why to change something and what is something (core 
problem=constraint, bottleneck)problem=constraint, bottleneck)

 Summary of all undesirable effects (UDE)Summary of all undesirable effects (UDE) and their layout and their layout 
based on based on casual logiccasual logic -- sufficiency logicsufficiency logic

 Core ProblemCore Problem –– common cause of all UDE common cause of all UDE 
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UDE 1

UDE 3
UDE 2

UDE 9

UDE 4

UDE 7Cause 1 UDE 6

UDE 8

Root  

problem

Cause 2

UDE 5

Current Reality Three

We have to solve the crucial question: We have to solve the crucial question: what is what is 
a core problema core problem (what should be changed)(what should be changed)
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I touch a hot 
cook stove

I will burn
my hand

I touch a hot 
cook stove

I will not burn

my hand

I will use
“pot holder“

Causality: 
IF a lot of snow AND snowboarding in restricted area THEN avalanche

AND

We have to solve the crucial question: We have to solve the crucial question: what is what is 
a core problema core problem (what should be changed)(what should be changed)
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We have to solve the crucial question: We have to solve the crucial question: what is what is 
a core problema core problem (what should be changed)(what should be changed)

IN ORDER
to avoid to be singed

I may not touch a hot
cook stove

BECAUSE IF I will touch 
the hot cook I will be singed (wounded)

Necessity logic:

IN ORDER to avoid something I HAVE TO do this
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I cannot manage
my time

I  am surfing 
on internet  to much

I am very busy
(no time)

I visit often 
fast food

No sporting

Oversupply of
calories

I am obese
(overweight)

No time for
rendezvous

No girl

I am alone

I am very shy
because of my 

figure

I am very shy 
to negotiate

dating

No rendezvous

I am killing anxiety 
having reason in solitude

by eating and
drinking liquors

Current Reality Three
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Current reality threeCurrent reality three

List of UDEList of UDE´́s :s :
 UDE1 :UDE1 : lack of financial consultants (FC)lack of financial consultants (FC)
 UDE2 :UDE2 : late handlate hand--over of required services during implementation and supportover of required services during implementation and support
 UDE3 :UDE3 : a modern design of ERP is not easily understood by rigid customera modern design of ERP is not easily understood by rigid customer´́s s 

accountants   accountants   
 UDE4 :UDE4 : the customerthe customer´́s accountants tend to use old fashioned methods and s accountants tend to use old fashioned methods and 

processes which are difficult to manage by using a modern ERP processes which are difficult to manage by using a modern ERP 
 UDE5 :UDE5 : rigirigidd remuneration doremuneration doees not allow to pay more FC than the otherss not allow to pay more FC than the others
 UDE6 :UDE6 : high level of fluctuation and jobhigh level of fluctuation and job--hoppinghopping
 UDE7 :UDE7 : overburdened FC as a consequence of  bad multitasking (overburdened FC as a consequence of  bad multitasking (will be explainwill be explaineed d 

later in Critical Chain PWP)later in Critical Chain PWP)
 UDE8 : FC are fed up by permanent repetitive explanation to the UDE8 : FC are fed up by permanent repetitive explanation to the customercustomer´́s s 

accountantsaccountants who do no want to understand who do no want to understand 
 UDE9 : bad multitasking UDE9 : bad multitasking 
 UDE10 : UDE10 : FC are unhappy because of a salary, which is FC are unhappy because of a salary, which is much more much more lower then their lower then their 

expectationsexpectations
 UDE11 : UDE11 : The management sticks to Cost world and tendThe management sticks to Cost world and tendss to decrease costs by to decrease costs by 

minimising payroll and having all resources as a CCR (Critical Constraint Resources)minimising payroll and having all resources as a CCR (Critical Constraint Resources)
 UDE12 : UDE12 : Customer is unhappyCustomer is unhappy
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Current reality threeCurrent reality three

1111

55

1010

66

11

33

99

77

44

88

22

1212

ROOT PROBLEMROOT PROBLEM

Customer is unhappyCustomer is unhappy
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Evaporating Cloud TreeEvaporating Cloud Tree

 the change without any compromisethe change without any compromise -- basic and starting basic and starting 

impulse  for the changeimpulse  for the change

 use of „use of „necessity logicnecessity logic“ “ –– common goal, necessary condition common goal, necessary condition 
to reach this goals, what have to be done and where is a to reach this goals, what have to be done and where is a 

conflictconflict

 „„well thought out from the scratchwell thought out from the scratch“ of the problem, “ of the problem, 
disclosure and verbal definition of hidden disclosure and verbal definition of hidden assumptionsassumptions

 WinWin--win solution of the whole conflict = win solution of the whole conflict = injectioninjection

We have to solve another crucial question:  We have to solve another crucial question:  

the direction of solving the direction of solving a core problema core problem

(what is the main reason (injection) supporting the change)(what is the main reason (injection) supporting the change)
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Necessary

condition C

Goal A

Necessary 

condition B
Activity  D

Activity  D´

Conflict

Evaporating Cloud tree ( a conflict tree, a conflict resolution diagram)

We have to solve another crucial question:  We have to solve another crucial question:  
the direction of solving the direction of solving a core problema core problem

RequirementRequirement

RequirementRequirement

PrerequisitePrerequisite

PrerequisitePrerequisite

ObjectiveObjective
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How to read this Evaporation treeHow to read this Evaporation tree

In order to have objective A, we must have requirement B..

In order to have requirement B, we must have prerequisite D...

In order to have objective A, we must have requirement C...

In order to have requirement C, we must have prerequisite D'...

But prerequisites D and D' are in conflict...
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Evaporation cloud treeEvaporation cloud tree-- example 1example 1

Performance ManagementPerformance Management
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Evaporation cloud treeEvaporation cloud tree-- example example 22

Implementation of TOCImplementation of TOC
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Evaporation cloud treeEvaporation cloud tree-- example example 33

Sales and pricesSales and prices
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Transition Evaporation Cloud Tree      Future Reality Transition Evaporation Cloud Tree      Future Reality 
Tree  (FRT)Tree  (FRT)

Common objective

Evaporation Cloud Tree

Conflict
idea

idea FRT
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Future Reality Tree  (FRT)Future Reality Tree  (FRT)

 The FRT The FRT is similaris similar to the CRT in structure, but with new proposed actions, to the CRT in structure, but with new proposed actions, 
policies, and behaviour injected into it in order to create a new vision of policies, and behaviour injected into it in order to create a new vision of 
the future reality of the systemthe future reality of the system. . 

 The power of the logical "The power of the logical "ifif--thenthen" construction is that if any one of the " construction is that if any one of the 
lowerlower--level causes are removed or mitigated, everything that is above it is level causes are removed or mitigated, everything that is above it is 
subject to change.subject to change.

 If any one of the three „IFIf any one of the three „IFss“ are removed or modified, the „THE“ are removed or modified, the „THENN“ may be “ may be 
removed from consideration as a problemremoved from consideration as a problem

I have
fuel

I have
ignition 

I have
oxygen

I have
a fire

I have
fuel

I have
ignition 

I do not have
oxygen in contact 

with fuel

I do not have
a fire

CRTCRT
FRTFRT

INJECTION
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Future Reality Tree  (FRT)Future Reality Tree  (FRT)

 The objective of the FRT is to communicate a vision of how to change the The objective of the FRT is to communicate a vision of how to change the 
undesirable effects found in the CRT to desirable effects. undesirable effects found in the CRT to desirable effects. 

DE 

DE 

DE 

DE 

Injection

Injection

DE 

DE 

DE 

Injection

DE- Desirable effect
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Future Reality Tree  (FRT)Future Reality Tree  (FRT)

NEW ERP
IMPLEMENTATION

Reliable system

Data OK

ATP,CTP

Finite Capacity
Planning

Improved logistics

Cost
decrease

Higher efficiency
of resources

Delivery due date
performance improved

Purchase
planning

Stock related costs
decreased

Better
liquidity

More flexible reaction
to requirements

Competitive
price

Sales increase
Market share increase

Stock value
decreased

Business-Production
OK
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Negative Negative Branch Reservations (NBR):Branch Reservations (NBR):

 use of use of sufficiency logicsufficiency logic –– by by taking into consideration taking into consideration 
objections of other involved personsobjections of other involved persons

 these objections were related to possible these objections were related to possible 
undesirable impacts of the injection implementation undesirable impacts of the injection implementation 

 NBRNBR is often a part of is often a part of FRTFRT

 Evaporation Cloud Tree, FRT and NBR enable to Evaporation Cloud Tree, FRT and NBR enable to 
answer the second question : answer the second question : To What To change ?To What To change ?

YESYES,  ,  this could be managedthis could be managed BUTBUT…………
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We will implement 
new remuneration 

rules in order to pay 
better FC

Other consultants will 
not understand the 

logic and the cause of 
these new rules (UDE)

These rules might be 
mistakenly interpreted

The result could be worse that  
the current situation

FC will be partly satisfied 
others will be angry

FC fluctuation will stop

Negative Branch Reservations

YESYES,  ,  this could be managedthis could be managed BUTBUT…………
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We cannot implement it, becauseWe cannot implement it, because…..…..

(Prerequisite Tree)(Prerequisite Tree)::

 use of  necessity logic use of  necessity logic –– identification of obstacles identification of obstacles 

 use of the human ability to invent any reason use of the human ability to invent any reason 

WHY IT IS NOT FEASIBLEWHY IT IS NOT FEASIBLE

 setup of the necessary intermediate objectivessetup of the necessary intermediate objectives

 setup of the schedule for change processsetup of the schedule for change process
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We cannot implement it, becauseWe cannot implement it, because…..…..

(Prerequisite Tree)(Prerequisite Tree)::
 The preThe pre--requisite tree ought to be considered the most important tree in requisite tree ought to be considered the most important tree in 

the the Thinking ProcessThinking Process suite.suite.

 It is the tree that allows us to overcome the obstacles that stop us from It is the tree that allows us to overcome the obstacles that stop us from 
implementing our plan. implementing our plan. 

 It is also the tree that in fact becomes the implementation plan.  And it is It is also the tree that in fact becomes the implementation plan.  And it is 
the tree to which timelines, responsibilities, and accountabilities can be the tree to which timelines, responsibilities, and accountabilities can be 
assigned to.  It is also the tree that I have most often seen skimmed over.assigned to.  It is also the tree that I have most often seen skimmed over.

 There is an English saying that you can plan to fail, or you can fail to plan.  There is an English saying that you can plan to fail, or you can fail to plan.  
The preThe pre--requisite tree occupies the position of “plan” amongst the requisite tree occupies the position of “plan” amongst the 
Thinking Process tools.Thinking Process tools.
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Prerequisite tree Prerequisite tree -- constructionconstruction
So our first step will look like thisSo our first step will look like this
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after obstacles after obstacles 
wwere overcomeere overcome
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Prerequisite tree Prerequisite tree -- exampleexample

 Tea MissionTea Mission (we want to have a nice cup of tea in the (we want to have a nice cup of tea in the 
wildernesswilderness) ) 

 ObsObs--1 1 : : We do not have material to burn We do not have material to burn 
ObsObs--22 : : Collection of such material is not allowed inCollection of such material is not allowed in the wilderness. the wilderness. 
ObsObs--3 3 : : There could be a strong wind There could be a strong wind 
ObsObs--44 : : We do not have matches We do not have matches 
ObsObs--55 : : We do not haveWe do not have cups cups 
ObsObs--6 6 : : We don’t have a container to boil the water We don’t have a container to boil the water 

 IOIO--11 :: We have some pieces of wood in the trunk of the car. We have some pieces of wood in the trunk of the car. 
IOIO--33 :: We have a sheltered place to light the fire We have a sheltered place to light the fire 
IOIO--4.14.1 :: We have a packing list for the tea activity We have a packing list for the tea activity 
IOIO--4.24.2 :: The tea kit is loaded into the car The tea kit is loaded into the car 
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Prerequisite tree Prerequisite tree -- exampleexample
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We cannot implement it, becauseWe cannot implement it, because…..…..

((Transition Tree):Transition Tree):

 detailed schedule of change implementation processdetailed schedule of change implementation process

 what actions have to be taken in order to reach what actions have to be taken in order to reach 
intermediate  objectives using sufficiency logic (IFintermediate  objectives using sufficiency logic (IF--
THENTHEN--ELSE)ELSE)
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We cannot implement it, because…..We cannot implement it, because…..

((Transition Tree) Transition Tree) http://www.thedecalogue.com/Tools/trt/TREE.htmlhttp://www.thedecalogue.com/Tools/trt/TREE.html::
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We cannot implement it, because…..We cannot implement it, because…..

I do not I do not kknow in details now in details 
costs assignmentcosts assignment
by departmentsby departments

ActionAction

NeedNeed

ReasonReason
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NBR-

OBJ

UDE 

UDE UDE 

UDE 

UDE 

UDE Příčina UDE 

UDE 

CP

Příčina

UDE 

DE 

DE 

DE 

DE 

Injekce

Injekce

DE 

DE 

DE 

Injection

Injekce
Opposite

UDE UDE (DE) 

UDE UDE (DE)

Injekce

Top 

Objective=injectio

n

IO 3

IO 4

IO 2

IO 7

OB 

3

O

B 

1

O

B 

5

O

B 

2

IO 6

IO 5

OB 

4

NEEDREASON

IO 2

IO 1

NEEDREASON ACTION

ACTION

Starter

CRT

Evaporating 
cloud tree

FRT

Prerequisite tree

TT

Thinking Process Tools RelationshipsThinking Process Tools Relationships

Injection
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Additional metrics of TOC (appendix 1)Additional metrics of TOC (appendix 1)

 Inventory dollar days (IDD)Inventory dollar days (IDD)
 A measure of the effectiveness of a supply chain A measure of the effectiveness of a supply chain –– i.e., did it do things that i.e., did it do things that 

it shouldn’t have done and as a result is the supply chain holding it shouldn’t have done and as a result is the supply chain holding 
inventory of products the customer doesn’t want? IDD accounts for two inventory of products the customer doesn’t want? IDD accounts for two 
things: 1. the time from when a unit is placed in stock until it is actually things: 1. the time from when a unit is placed in stock until it is actually 
needed by a customer; and, 2. the monetary value of the inventory being needed by a customer; and, 2. the monetary value of the inventory being 
held. IDD is calculated by multiplying the monetary value of each held. IDD is calculated by multiplying the monetary value of each 
inventory unit on hand by the number of days since that inventory inventory unit on hand by the number of days since that inventory 
entered the responsibility of that link. The system should strive for the entered the responsibility of that link. The system should strive for the 
minimum IDDs necessary to reliability maintain zero throughput dollar minimum IDDs necessary to reliability maintain zero throughput dollar 
days. days. 

 NOTE: The resulting unit of measure is "dollarNOTE: The resulting unit of measure is "dollar--days". It is neither days". It is neither 
monetary nor time based. Attempts to compare dollarmonetary nor time based. Attempts to compare dollar--days to other days to other 
monetary measures are invalid. IDDs can be compared only to other IDD monetary measures are invalid. IDDs can be compared only to other IDD 
levels.levels.
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Additional metrics of TOC (appendix Additional metrics of TOC (appendix 22))

 Throughput dollar days (TDD)Throughput dollar days (TDD)
 A measure of the reliability of a supply chain. TDD considers two things: 1. A measure of the reliability of a supply chain. TDD considers two things: 1. 

the monetary value of the things a link is committed to deliver but does the monetary value of the things a link is committed to deliver but does 
not; and, 2. the number of days by which the link misses its commitment not; and, 2. the number of days by which the link misses its commitment 
to deliver. TDD is the summation of the commitments not delivered on to deliver. TDD is the summation of the commitments not delivered on 
time during the chosen time period. The TDD value of individual missed time during the chosen time period. The TDD value of individual missed 
commitments is calculated by multiplying the dollar value of the end commitments is calculated by multiplying the dollar value of the end 
product times the number of days the commitment is/was overdue. The product times the number of days the commitment is/was overdue. The 
system should strive for zero throughput dollarsystem should strive for zero throughput dollar--days. days. 

 NOTE: The unit of measure "dollarNOTE: The unit of measure "dollar--days" is neither monetary nor time days" is neither monetary nor time 
based. Attempts to compare dollarbased. Attempts to compare dollar--days to other monetary measures are days to other monetary measures are 
invalid. TDD levels can be compared only to other TDD levels. invalid. TDD levels can be compared only to other TDD levels. 
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