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Michel Baudin's Blog

Ideas from manufacturing operations

Is SPC Obsolete? (Revisited)

Six years ago, one of the first posts in this blog — Is SPC Obsolete? — started a spirited discussion with 122
comments. Reflecting on it, however, | find that the participants, including myself, missed the mark in many
ways:

1. My own post and comments were too long on what is wrong with SPC, as taught to this day, and too
short on alternatives. Here, | am attempting to remedy this by presenting two techniques, induction trees
and naive Bayes, that | think should be taught as part of anything reasonably called statistical process
control. | conclude with what | think are the cultural reasons why they are ignored.

2. The discussions were too narrowly focused on control charts. While the Wikipedia article on SPC is only
about control charts, other authors, like Douglas Montgomery or Jack B. Revelle, see it as including other
tools, such scatterplots, Pareto charts, and histograms, topics that none of the discussion participants
said anything about. Even among control charts, there was undue emphasis on just one kind, the XmR
chart, that Don Wheeler thinks is all you need to understand variation.

3. Many of the contributors resorted to the argument of authority, saying that an approach must be right
because of who said so, as opposed to what it says. With all due respect to Shewhart, Deming, and
Juran, we are not going to solve today’s quality problems by parsing their words. If they were still around,
perhaps they would chime in and exhort quality professionals to apply their own judgment instead.
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Example: Final Inspection and Failure Analysis

At the end of Lean Assembly, | devoted a chapter to a subject that is generally taboo in the Lean literature:
inspections, test and rework operations. Such operations may not be supposed to exist but they do, in
manufacturing processes ranging from socks to car engines and integrated circuits, and they won’t be
eliminated by next week. Let’s assume the following context:

eI -

Defectives

, Failure
Quality problem reports Analysis

At each operation Op.1, ..., Op. n, the production team does everything it knows how to avoid damaging
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workpieces and passing defectives onwards. Nonetheless, Final Test still uncovers a few defectives that are
passed on to Failure Analysis to identify the origin of the defects in the process and issue a report to the team in
charge. The tools discussed below address operational aspects of both Final Test and Failure Analysis and
neither is part of the standard SPC toolkit as described in the literature and taught in certification courses.

Sequencing For Fast Identification Of Defectives

If you need a final check, you need effective tests or inspections, the design of which is specific to each
product. On the other hand, there are general principles on how to run a test and inspection operation, like
sequencing by a decreasing figure of merit like the percentage of rejects found per unit time. It is a method |
was taught early on, which [ later realized applies only to tests or inspections that are independent, like paint
scratches and leaks. | later realized that it method did not work for tests that were not independent, such as the
ability of a microprocessor to work at different clock speeds. If it won’t work at 1 GHz, there is no need to
check it at 2GHz.

For the general case, | found a method called induction, where the outcome of each test or inspection takes
you down a different branch of a decision tree, chosen for maximum information gain. It was pioneered in 1972
in health care, applied to the diagnosis of kidney diseases using 22 different tests. It reduced to 7 the mean
number of tests needed to arrive at an answer.

Ross Quinlan

To implement this technique in those days, researcher Monica Bad probably had to start from the math and
write FORTRAN code on punch cards to run on something like an IBM 370; today, you can download various
free versions of a package called “C5.0” developed in Australia by Ross Quinlan and run it on your laptop.

Induction trees are just as applicable to the sequencing of industrial tests on outgoing products as to medical
tests but, in the 45 years since Monica Bad first used it, somehow it never found its way into the literature or
professional courses on manufacturing quality. | would love to be wrong about this and welcome any
contradictory input. If | am correct, why? Induction trees are practical, proven, understandable, and capable of
improving operations that quality professionals are involved with or responsible for.

Failure Analysis Of Defectives

At Final Test, your objective is to prevent defectives escaping to customers. It is a filter. The units that pass are
shipped, and you are left with the defectives. However you dispose of them, you want to establish the cause of
their defects and the point in the process where they appeared so that you can send problem reports to the
right recipients for action. That’s Failure Analysis and its output is this information, not the defective units from
which it is retrieved. The units delivered to Failure Analysis are a trove of problems to be mined, and this
operation’s productivity is measured in problems found per unit time.

Time is of the essence. If it takes you four months to issue a report in a fast-changing industry, the information
in it is obsolete; a week, and the information is still relevant but more defectives will have been produced while
waiting; an hour, and it is both relevant and timely.

There are many techniques you can use to organize this work — including a more detailed version of the
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induction trees described above — but | would like to focus on another one called Naive Bayes, that is equally
absent from the literature on quality, even though it has been applied to failure analysis for hard disk drives.

Assuming engineers have conducted an FMEA (Failure-Mode-Effect Analysis) on the product, you have a list of
failure modes and observable effects, or symptoms. You may also have the relative frequency of each effect on
units with that failure and on units without it. Now you are working your way back to probabilities of failure
modes given a set of symptoms.

Thomas Bayes

Bayes is Naive Bayes refers to Thomas Bayes, an 18th-century British clergyman who came up with a formula
to transform the probabilities of symptoms given a cause to the probability of a cause given the symptoms. We
know that if a unit is missing a gasket, there is a 60% probability that it will leak, 45% that it will overheat, and
30% that it will make a rattling noise. Bayes formula turns this around to tell us that, if it leaks, overheats and
rattles, it has, say, a 70% probability of missing a gasket.

The method is called Naive because it treats the symptoms as if they were independent. This means that the
probability of having several symptoms simultaneously is the product of probabilities for each:

Prob (Leak and Overheat and Noise) = Prob (Leak) x Prob (Overheat) x
Prob (Noise)

We know it’s not true, but it simplifies the calculations and the method has been found effective in spite of this
flaw.

Given the symptoms we have from the functional tests, Naive Base will give probabilities that they are due to a
missing gasket, a loose fastener, or a cracked casting, etc. You can then use these probabilities — in
combination with other information — to decide which one to investigate first. The other information includes,
for example, whether the method to confirm a cause is destructive and how much time it takes.

Bayes formula has been around for almost 280 years and has served as the basis for many analysis techniques
collectively known as Bayesian statistics that are used today in areas ranging from spam filtering of email to the
search for shipwreck survivors. They are not completely ignored in Juran’s Quality Control Handbook: the latest
edition, from 2016, references them on pages 612 and 620 — that is, in 2 of its 992 pages. On the other hand,
there is no mention of them at all in Douglas Montgomery’s Introduction to Statistical Quality Control or in
Pyzdek and Keller’s Six Sigma Handbook.

In this blog, simple Bayesian methods were applied in the discussion of Acceptance Sampling In The Age Of
Low PPM Defectives to questions that cannot be answered otherwise, like “When all previous deliveries of an
item from a supplier have been defect-free, what is the probability that the next one will be defect-free?” If you
google “Bayesian quality,” you only encounter a few academic papers.

The Quality Professions’s Body of Knowledge

It's 2017, and, in its handling of data, the quality profession still relies exclusively on a body of knowledge
frozen at the level of what could practically be used and was academically recognized in 1945. Induction trees
are based on information theory, which was created by Claude Shannon in 1948.

Bayesian methods existed before 1945 but were out of fashion. Shewhart, in his own words, was an
enthusiastic adopter of the developments in statistics from 1900 to 1920. These developments, however, were
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based on a philosophy now called “frequentist” that did not consider the Bayesian approach legitimate. The
tables have turned today, but, without taking sides in this debate, one clear effect was that Shewhart had no
exposure to Bayesian statistics and neither did his disciples.

These explanations are at the level of a first why: a body of knowledge frozen in 1945 cannot contain concepts
invented or recognized as valid afterward. It begs a second question: why was this body of knowledge frozen in
19457

World War Il was a period of rapid innovation in manufacturing in the US, with TWI introduced to train a new
workforce of highly motivated women, a moving assembly line for bombers in Willow Run, Liberty Ships built by
arc-welding vertical hull slices,... and the invention of new statistical methods in quality.

The aftermath of World War Il, on the other hand, rolled back much of this progress, with accountants taking
over US manufacturing and starting it down the path of focus on financial metrics. By the late 1950s, instead of
working to improve quality, some appliance companies had “reliability” departments engineering products to
fail as soon as the warranty expired.

In a previous post on Lean accounting, | cited the 1953 movie Executive Suite, in which the R&D manager and
the chief accountant of a furniture manufacturer compete for the job of CEO in a board meeting. In the movie,
the R&D manager wins over the directors with a passionate speech about products, quality, and pride in
workmanship; in real life, on the other hand, the accountants won.

Executive Suite - Climactic Scene @ &

R
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Perhaps, an environment where quality was not valued and professionals were fighting to prevent backsliding
was less conducive to keeping up with the latest development in what is now called data science than to a
hardening of the contemporary body of knowledge into dogma.

It's been 60 years and, since the early 1980s, the pendulum in US manufacturing has swung back towards an
emphasis on quality but the statistical body of knowledge of the quality profession is still stuck in 1945. In
management habits, effects endure long after their causes are gone.

Conclusions

The world of data science is faddish, and, for the quality profession to follow every fad would be as
questionable as remaining stuck in 1945. Induction Trees and Naive Bayes are basic workhorses of data
science, and not particularly fashionable.

Neural Nets, on the other hand, are fashionable but it doesn’t mean they are an appropriate tool to identify the
cause of quality problems. By feeding a Neural Net enough examples, you can train it to recognize a
handwritten “8.” You can easily gauge its ability to do so, and you don’t need to understand how it manages
this feat. Banks run into problems, however, when they apply this technique to credit risk assessment because
Neural Nets don’t explain why they recommend granting or denying a loan. Likewise, Neural Nets don’t have
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much of a role in quality problem solving, as humans need to understand and validate the reasoning behind the
identification of a root cause.

What the quality profession needs is technology watch. It needs to evaluate tools systematically on a continuing
basis for their validity and relevance, for the competitive advantage their application may bring, and for the risk
of being left behind that ignoring them carries.
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A popular means of learning data science is the course concentration on the subject offered by Coursera since
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