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Lean Six Sigma is a Business Process and Quality Excellence Improvement framework.

Individually, Lean Management focuses on waste elimination and Six Sigma focuses on process variability and defect reduction.

As a Business Process and Quality Excellence Improvement framework, Lean Six Sigma is a synergy of Lean Management and Six Sigma.

The overall aim of this synergy is to increase the business process efficiency, effectiveness, and productivity.

Lean Six Sigma is a fact based and data driven approach and Statistics is right at its very core.

Statistics remains a notoriously daunting subject for most, often perceived as a demanding and strenuous subject.

Statistical analysis has long been the "bottleneck" of the Lean Six Sigma journey. 

We at NinthSigma over years of experience, have observed that the reason for Statistics being perceived so is pedagogical rather than intellectual.

The high barrier to learning Statistics, in our experience is often pedagogical rather than intellectual.

The reason being, first there are a lot of Statistical concepts, terms, formulae and calculation required to be learnt by Green Belts and Black Belts executing Lean Six Sigma projects.

The sheer number of statistical concepts and terms required for effective project execution can be overwhelming.

Second thing is the Green and Black Belts are expected to learn the complex formulae for each of these Statistical metrics. 

Over-reliance on learning complex formulas for each metric, rather than focusing on the practical application and interpretation of results, creates an unnecessary burden.

We at NinthSigma understand this.

For years, we have seen practitioners getting stalled at the Measure and Analyze phases, intimidated by complex Greek notations and the daunting requirement of a statistical formulaic understanding just to run the necessary statistical tests.

This book changes that.

We believe that Statistics in a Lean Six Sigma project execution is a value game, not a math problem.

This is especially true for a Lean Six Sigma practitioner where the focus needs to be quality rather than formulae.

Our approach is built on three revolutionary pillars for current modern age of AI:


✓  Zero Formulas: You will not find a single manual calculation in these pages. If you can understand a "Greater Than" or "Less Than" sign, you have all the math skills required to achieve the Black Belt proficiency.

✓  Value-First Framework: Instead of memorizing formulas, you will learn to ask the right questions for your data. We focus on the why—the practical business application and implication of statistical operations—rather than how of the statistical formulae.

✓  The AI Statistical Assistant: In a first for Lean Six Sigma literature, this book introduces Prompt Engineering for Statistical Analysis. We move away from traditional spreadsheet based, Gui based and programming-based tools. Instead, we introduce NinthSigma, the world’s very first State of Art Generative AI Command Prompt based Statistical Solution for Lean Six Sigma. And we will teach you how to leverage this powerful Gen AI tool to perform all the robust statistical analysis.



Whether you are a Green Belt candidate or a seasoned practitioner looking to modernize your toolkit, this book is designed to remove the "fear factor" of statistics. 

Our goal is to empower you to spend less time memorizing and calculating and more time solving the root causes of process waste and variation.

Welcome to the future of Lean Six Sigma—where the data speaks, and you finally have the tools to listen.

This book will not only introduce you to the magic of NinthSigma, but will also actually teach you all the relevant Statistical Operations required to execute a Lean Six Sigma project.

It will super simplify all the Statistical operations and functions relevant to the Lean Six Sigma project execution for you.

So much so that you will start enjoying performing all the statistical operations once you experience the power of command prompt-based Gen AI and NinthSigma.  


-  Sumeet Savant, Founder Director NinthSigma
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Statistics for Lean Six Sigma Super Simplified
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Statistics for Lean Six Sigma Super Simplified, this book will make a few commitments right at the start of the book.

They are as follows:


✓  It will present 100+ Statistical Concepts - comprising all the relevant Statistical operations you will ever need for almost all your Lean Six Sigma projects.

✓  It will explain these concepts the way a Lean Six Sigma Green Belt or a Black Belt should actually understand - devoid of the complex formulae, yet within the right context of where exactly the statistical operations should be used – to get the highest value out of it. 

✓  It will present the NinthSigma software as a service – the world’s very first Command Prompt Gen AI statistical solution dedicated for Lean Six Sigma.

✓  We guarantee that you will love this software, because it has been conceived, designed and developed by industry experts who have worked with a number of GE Businesses – the company that made Lean Six Sigma itself famous.

✓  It will present 100+ example prompts that are needed to execute all these Statistical operations - in the right amount of detail, that the lean six sigma practitioners should actually know.

✓  It will present 60+ real world solved case studies – covering most of the major industries where Lean Six Sigma is used including Manufacturing, Healthcare, Financial Services (Banking and Insurance), Information Technology, Logistics, Pharma, Energy, Public Services, Retail and Hospitality.

✓  It will also present you 50+ real world case studies to try as exercises – so that the statistical concepts and operations get firmly rooted in your mind.

✓  And it will do all this within the least number of words possible – Because we respect your time and wish that you utilize it in the best possible way while learning all the necessary statistics you will ever need to execute your Lean Six Sigma projects.
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NinthSigma
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NinthSigma is the world's first State of Art Command Prompt based Generative AI Statistical Solution for Lean Six Sigma.

It is conceived, designed, and developed by Lean Six Sigma Industry Experts, Professionals and Mentors who have spent decades working with various GE businesses, the very company that made Lean Six Sigma so famous.

It is a powerful software that covers all the relevant Statistical operations required to execute a Lean Six Sigma project.

The Command Prompts that NinthSigma implements are intelligently designed commands to actually make sense, be logically relevant, and easy to remember.

It is a straight Forward, Intuitive, and user-friendly statistical solution.

All you need to do is enter a very straight forward command prompt to perform a statistical operation and viola NinthSigma does it for you within seconds. 

It is available as software as a service, over the web, hence, it can be accessed from any machine over the internet without the need for single machine installations (which most other statistical software do need).

And, the most amazing part of NinthSigma is that it is not for profit, but purely for quality initiative - Finally Quality is Free.

It not just offers absolute freedom from Monthly or Annual Paid Plans, Subscriptions or even Registrations, it also offers maximum data privacy and anonymity.

The advantages it has over standard spreadsheet applications are:


	Freedom from manual cell selection, which makes it mistake proofed.

	Focused Statistical operations relevant for Lean Six Sigma.

	Focused Sophisticated Charting relevant for Lean Six Sigma.

	Processing happens on the cloud, which means users do not have to bother to meet any special machine, hardware or operating system requirements.



The advantages it has over standard GUI applications are:


	GUI software is found to be confusing and cumbersome, especially due to huge number of links, clicks, nested menus, tabs, dialogue boxes and the amount of navigation involved.

	They were also found to be clunky, as users have to manage multiple open windows and configuration panels simultaneously.

	Freedom from manual cell selection, which makes it mistake proofed.

	Processing happens on the cloud, which means users do not have to bother to meet any special machine, hardware or operating system requirements.



The advantages it has over Programming Languages are:


	Freedom from remembering difficult syntax and code.

	Freedom from writing large pieces of code that takes considerable manual effort.

	Focused command based statistical operations relevant for Lean Six Sigma.

	Focused sophisticated command based charting relevant for Lean Six Sigma.



And finally, the reason why we chose command prompt over Natural Language over Prompt Engineering are:


	Freedom from ambiguity of prompt engineering as commands use a strict syntax where a specific input always produces the same output.

	Freedom from rework of reframing prompts to get the right control which can be achieved using faster intuitive commands.

	Freedom from hallucination of language models that can cause arithmetic errors, replaced by precision and accurate calculations by command prompts and actual statistical formulae.

	Focused command based statistical operations and charting relevant for Lean Six Sigma.





	[image: ]

	 
	[image: ]





[image: ]



NinthSigma Interface 
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You can browse to NinthSigma software as a service at the following link: https://www.ninthsigma.org/
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Click on “Try NinthSigma” Button.

On the software, Use Excel File Upload for > 30 records.
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Use Data Entry Table for data <= 30 records.
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You can click “Data and Prompt Reference (Opens in a new window)” to access Data and Prompt Reference; 

Data needs to be entered starting at first column as shown.

Under the Configuration section...

[image: ]

You can select the following:


	
Significance: Significance Level for Statistical operations. 

	
Precision: Precision for the Statistical Results. 

	
Theme: Theme for the generated Charts. 

	
Palette: Color Palette for the generated Charts. 

	
Scale: Scale for the generated Chart Elements. 



These are set to 0.05, 5. ‘Greys’, ‘Plain’, ‘Standard’ – for case studies for simplicity, you can vary as per need.

Finally, enter the Command and click Process Prompt to perform the Statistical operation as shown below.

[image: ]

This will generate a relevant chart.
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And statistical results as shown.
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As can be seen and understood, it is so easy and elegant to perform statistical operation using NinthSigma.

Further, as mentioned earlier, in this book we will look at all the 100+ relevant statistical operations along with real world Lean Six Sigma case studies and exercises.

In all the case studies we will stick to around 10 data points, to ensure the brevity of the book content, analysis and focus on key learning outcomes.

You will appreciate how these statistical operations can be easily and conveniently performed with the power of command prompt-based Gen AI using NinthSigma and develop a firm grasp over the subject.



	[image: ]

	 
	[image: ]





[image: ]


Financial Analysis
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Financial Analysis in a Lean Six Sigma project is crucial for evaluating project viability, prioritizing resource allocation, and highlighting cost saving achievements of the project; it helps in informed executive decision making.

The primary financial analysis metrics useful in any Lean Six Sigma projects are:

Benefit to Cost Ratio (BCR): helps assess the financial value of a project by comparing its associated benefits and costs. 

In lean six sigma project its application includes:


	
Define Phase: It helps in project opportunity selection justification.

	
Improve Phase: It helps in potential solutions evaluation.

	
Control Phase: It helps in actual impact quantification post solution implementation.



Higher BCR is typically preferred as it indicates greater financial efficiency and lower relative risk for the cost invested.

Financial Impact (FI) (Cost of Quality): helps assess the current monetary loss associated with a specific process problem. 

In lean six sigma project its application includes:

	
Define Phase: It helps while drafting the Problem Statement in the Charter, especially in quantifying the problem's severity in terms of monetary value.


Higher FI is typically useful for prioritizing opportunity as it indicates greater financial problem and higher relative risk if left without improvement.

Net Present Value (NPV): helps assess how effectively a Lean Six Sigma project generates absolute financial value by comparing the present value of future cash inflows to the initial investment, adjusted for the time value of money. 

In lean six sigma project its application includes:

	
Control Phase: It helps in validating the ongoing financial viability of the project by tracking actual versus projected cash flows to ensure the improvement continues to create measurable value over its lifecycle.


A higher positive NPV is typically considered to be better as it indicates greater value creation for the organization and a return that exceeds the required cost of capital, reflecting lower risk relative to the project's hurdle rate.

Pay Back Period (PBP) helps assess the specific length of time required for a project's cumulative savings (or cash inflows) to exactly match or equal its initial investment.

In lean six sigma project its application includes:


	
Define Phase: It helps in project opportunity selection justification.

	
Improve Phase: It helps in evaluation of the potential solutions.  



Lower PBP is typically preferred as it represents a less risky investment and a faster recovery of capital.

Return on Asset (ROA): helps assess how effectively a lean six sigma project extracts maximum profit from the cost of assets incurred to implement the improvement solution. 

In lean six sigma project its application includes:

	
Control Phase: It helps in validating the effective utilization of the cost invested in assets.


Higher ROA is typically considered to be better as it indicates greater financial efficiency and lower relative risk for the cost invested in the assets. 

Return on Investment (ROI): helps assess how effectively a lean six sigma project extracts maximum profit from the cost involved to implement the improvement solution. 

In lean six sigma project its application includes:

Control Phase: It helps in validating the effective utilization of the overall cost invested.

Higher ROI is typically considered to be better as it indicates greater financial efficiency and lower relative risk for the overall cost invested.

Case Study 1: In the Define phase, a Support Helpdesk team wants to prioritize opportunities (L1, L2, and L3 Support ticket defect reduction) based on the financial impact in terms of the annual occurrences of the tickets, effort in hour spent per ticket and dollar wage of the support analyst per hour. 

[image: ]

Prompt: fi

This generates the chart and result as follows:[image: ][image: ]

As seen, L3 ticket defect reduction has the highest financial impact (FI 2), hence it can be given the highest priority.

Case Study 2: In the Control phase, the Support Helpdesk team wants to evaluate opportunities based on the net present value. 

[image: ]

Prompt: npv 

This generates the Chart and Result as follows:[image: ]
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––––––––
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As seen, Level 2 Support ticket defect reduction has the highest net present value (NPV 1), hence it can be given the highest priority.

Case Study 3: In the Define phase, the Support Helpdesk team wants to prioritize opportunities based on the payback period. 
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Prompt: pbp

This generates the Chart and Result as follows:[image: ]
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––––––––
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As seen, Level 2 Support ticket defect reduction has the lowest payback period (PBP 1), hence it can be given the highest priority.

Case Study 4: In the Control phase, the Support Helpdesk team wants to prioritize opportunities based on the return on investment. 

[image: ]

Prompt: roi

This generates the Chart and Result as follows:[image: ]
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––––––––
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As seen, Level 2 Support ticket defect reduction has the highest ROI (ROI% 1), hence it can be given the highest accolades.

As case study exercises, you can try the following:

Exercise Case Study 1: As an extension to Case Study 3 perform CBA to prioritize opportunities based on Investment and Annual Benefits. 

Prompt: cba

Expected Result: Level 2 Support defect reduction.

Exercise Case Study 2: As an extension to Case Study 4 perform ROA to know which opportunity has the best return on asset at the same Investment for Asset for all three opportunities of $750,000.

Prompt: roa

Expected Result: Level 3 Support defect reduction.

Financial analysis prompt reference:
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MSA
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Measurement System Analysis (MSA) in a Lean Six Sigma project is crucial for evaluating the measurement system’s quality, reliability, and validity before it can be used to collect data for process improvement.

It helps to ensure that any observed variation in the data is from the actual process being measured rather than errors within the measurement process itself.

The primary MSA metrics useful in any Lean Six Sigma projects are:

Bias: helps assess the difference between an observed average of a set of measurements and a known true or reference value.

In lean six sigma project its application includes:

	
Measure Phase: It helps in assessing the accuracy of a measurement system.


A one sample T test compares the observed average against the reference value at a chosen significance level (alpha typically 0.05).

Higher P-value (greater than chosen alpha) is typically necessary as it indicates not enough evidence to conclude the observed average differs significantly from the reference; which leads to failing to reject the null hypothesis.

Linearity: helps assess how the bias changes (or doesn’t) across the measurement system’s operating range.

In lean six sigma project its application includes:

	
Measure Phase: It helps in assessing the consistency of accuracy of a measurement system for all measurements.


A simple linear regression between the bias (observed value - reference value) and reference values over the range of the measurement system is used to check the slope.

The slope is typically required to be 0 as it indicates a constant bias, any different value of slope indicates a linearity problem, meaning the bias increases or decreases as larger or smaller items are measured.

Stability: helps assess how the bias changes (or doesn’t) over time.

In lean six sigma project its application includes:

	
Measure Phase: It helps in assessing the consistency of accuracy of a measurement system over an extended period of time.


An XR control chart monitors the average and range of the values observed at different time intervals.

All the points on the control chart should be within the upper and lower control points as any points outside the limits indicates that the system is drifting or unstable.

It is important to note that Bias, Linearity and Stability are measures of Accuracy of the Measurement System, the system’s ability to provide results that are close to the true or accepted value, indicating correctness. 

Attribute Gage Agreement: helps assess the reliability and consistency of measurement systems that produce qualitative data like "Pass/Fail" "Go/No-Go" or categorical ratings.

In lean six sigma project its application includes:

	
Measure Phase: It helps in assessing the accuracy and precision of a measurement system used to classify items.


It calculates kappa and agreement values for the following:


	
Repeatability which answers whether the appraiser agree with themselves across multiple trials of the same item?

	
Reproducibility which answers whether different appraisers agree with each other on the same items?

	
Accuracy which answers whether the appraiser agree with a known master standard or reference?



Higher kappa values (greater than 0.7) where kappa is a measure of agreement that accounts for chance, are typically necessary as it indicates good to excellent agreement.

Crossed Gage R&R: helps assess the amount of variation in a measurement system when every operator measures every part multiple time; it is a non-destructive testing where the part remains unchanged after measurement.

In the Measure phase, it helps in assessing the following:


	
Variation and Contribution of Repeatability (Equipment Variation): The consistency of a single operator using the same measurement tool on the same part multiple times.

	
Variation and Contribution of Reproducibility (Appraiser Variation): The consistency between different operators measuring the same set of parts.

	
Variation and Contribution of Operator-by-Part Interaction: It identifies if an operator's ability to measure varies depending on the specific part being measured.

	
Variation and Contribution of Gage R&R: The combined sum of all the above.

	
Variation and Contribution of Part-to-Part Variation: The actual differences between the parts themselves, which should ideally account for the vast majority of the total observed variation.

	
Variation and Contribution of Total Variation: The combined sum of Gage R&R and Part-to-Part Variation.



Lower Gage R&R contribution (less than or equal to 9) is typically necessary as it indicates that the measurement system is adequate for almost all applications as the variation is dominated by the parts.

Nested Gage R&R: helps assess the amount of variation in a measurement system when every operator measures unique part once; it is a destructive testing where the part is changed or destroyed during measurement.

In the Measure phase, it helps in assessing the following:


	
Variation and Contribution of Repeatability (Equipment Variation): The consistency of a single operator using the same measurement tool on the similar (not identical) parts from the same batch multiple times.

	
Variation and Contribution of Reproducibility (Appraiser Variation): The consistency between different operators measuring different parts highlighting differences in technique or environment.

	
Variation and Contribution of Gage R&R: The combined sum of the Repeatability and Reproducibility variations. 

	
Variation and Contribution of Part-to-Part Variation: The actual differences between the batches themselves (the "parts" in this context), which should ideally account for the vast majority of the total observed variation.

	
Variation and Contribution of Total Variation: The combined sum of Gage R&R and Part-to-Part Variation.



Lower Gage R&R contribution (less than or equal to 9) is typically necessary as it indicates that the measurement system is adequate for almost all applications as the variation is dominated by the parts.

It is important to note that Repeatability and Reproducibility are measures of Precision of the Measurement System, the system’s ability to provide results that are close to one another over multiple measurements, indicating consistency.

Case Study 5: In the Measure phase, an Automotive Transmission Components Manufacturing team working on reducing rejection rates on rear axle bearing diameters is evaluating Bias with a 30.000 mm master reference.  

[image: ]

Prompt: mbias 30.000

This generates the chart and result as follows:[image: ]

[image: ]

As seen, rejecting the null hypothesis (0.00001 < chosen alpha 0.05) confirms that measurement system has a persistent "positive bias" of 0.0026 mm.

Case Study 6: In the Measure phase, the team now wants to evaluate Linearity over the expected measurement range (20 to 60 mm).

[image: ]

Prompt: mlin

This generates the chart and result as follows:[image: ]

[image: ]

As seen, the slope 0.0003 is not 0, hence measurement system has a linearity problem.

Case Study 7: In the Measure phase, the team now wants to evaluate Stability over 5 weeks per 3 shifts. 

[image: ]

Prompt: mstab

This generates the chart and result as follows:[image: ]

[image: ]

As seen, one or more XR Control Chart Rules fail, hence measurement system has a stability problem.

Case Study 8: In the Measure phase, a Tier-1 Automotive Supplier team working on reducing the rejection rates from surface scratches on DRL components is performing an Attribute Agreement Analysis with Two appraisers (A and B), two repeated inspections on 6 unique parts against an expert standard for "Pass" and "Fail" (1, 0) classifications.

[image: ]

Prompt: grragr

This generates the chart and result as follows:[image: ]

[image: ]

As seen, one or more kappa values less than 0.7 threshold, hence measurement system has an Attribute Agreement problem.

Case Study 9: In the Measure phase, an Automotive Supplier company team working on improving the precision of Brake Disc Thickness (mm) components is performing a Crossed Gage R&R study with Two operators (A and B) and on 4 parts.

[image: ]

Prompt: grrcross

This generates the chart and result as follows:[image: ]

[image: ]

As seen, Gage R&R Contribution > threshold (9%), hence measurement System is unacceptable.

Case Study 10: In the Measure phase, the Automotive Supplier company team is now performing a Nested Gage R&R study with Two operators (A and B) on 4 parts (1, 2, 3, 4) with data recorded in mm. 

[image: ]

Prompt: grrnest

This generates the chart and result as follows:[image: ]
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As seen, Gage R&R Contribution > threshold (9%), hence measurement System is unacceptable.

Measurement System Analysis prompt reference:
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Sampling
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Sampling in a Lean Six Sigma project is crucial for efficient, time-saving, cost-effective data collection, allowing teams to study a manageable, representative subset (sample) to draw valid conclusions (inferences) about a larger group (population).

Sampling in a Lean Six Sigma project usually consists of two main operations, the first is to decide the sample size and the other is to select a sampling plan.

Determining the right sample size helps ensure that the sample is large enough to ensure statistical power and reliability, yet small enough to be practical and resource-efficient. 

Selecting a valid sampling plan helps ensure that the data collection method is unbiased and the collected sample is representative of the actual population. 

The primary ways to determine the right sample size in any Lean Six Sigma projects are:

Sampling size for continuous data and an unknown population size: helps assess the sampling size, when the data is continuous and population size is unknown.

The representative sample size can be evaluated using the significance level (typically 0.05), estimated population standard deviation and acceptable margin of error.

Sampling size for continuous data and a known population size: helps assess the sampling size, when the data is continuous and population size is known. 

The representative sample size can be evaluated using the significance level (typically 0.05), population standard deviation, acceptable margin of error and the population size.

Sampling size for discrete data and an unknown population size: helps assess the sampling size, when the data is discrete and population size is unknown.

The representative sample size can be evaluated using the significance level (typically 0.05), estimated proportion (typically 0.5) and acceptable margin of error.

Sampling size for discrete data and a known population: size helps assess the sampling size, when the data is discrete and population size is known. 

The representative sample size can be evaluated using the significance level (typically 0.05), estimated proportion (typically 0.5), acceptable margin of error and the population size.

In lean six sigma project its application includes:

Measure Phase: It helps in assessing the sampling size based on the type of the data sample, and the population size.

Here, 

Significance Level: is the probability of rejecting the null hypothesis when it is actually true, typically set at 0.05 (5%) or 0.01 (1%).

Where a significance level of 0.05 means you're willing to accept a 5% chance that your results are due to random chance, not a real effect.

Estimated population standard deviation: is a value calculated from a sample to approximate the true variability of the entire population. 

Estimated proportion: is the expected percentage of a population that possesses a specific attribute, such as a defect or a "pass" result.
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