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Applying Lean Six Sigma to Deliver
Reliable, Scalable Al Deployment

Building Successful Al Deployments: Four Proven Steps

Most Al deployments fail for reasons that have nothing to do with the technology. Lean Six
Sigma addresses those reasons directly, and paired with Al it changes the speed, the
depth, and the reliability of execution. The combination can reduce, and in many cases
eliminate, the pitfalls that end deployments in their second year.
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The problem is not the model

Industrial companies are investing in Al at scale. Across PLG'’s client base, boards at manufacturers,
distributors, chemical producers, and the private equity firms that own them are pressing the same
guestion: what are you doing about Al?

It's possible that in two years a good number of those programs will have been quietly shut down, and,
surprisingly the cause will rarely be technical. The models work. Software will run the analysis for you,
and technique stopped being the binding constraint some time ago.

The constraint is the operation underneath the model. A model inherits whatever process it is built on, so
an undefined process produces a confused model, and a process carrying waste produces automated
waste. What happens next is familiar enough. The pilot returns a promising number, the number does
not survive manual manipulation with the operation, and within a year or so the investment gets written
off as a technology decision that did not work. It was never really a technology decision.

A model in plain terms

A model is an algorithm built from a company’s own data. It takes the inputs a process consumes and
predicts the outputs that process will produce. A regression is a model. So is a decision tree. Al is what
acts on the prediction without waiting for a person to read it.

That last part is what raises the stakes. A wrong forecast a person reads is an error someone catches. A
wrong forecast a machine acts on is a decision, taken at machine speed, across every transaction, until
somebody finally notices.

What gets overlooked

Companies deploy Al on top of processes they have never defined, measured, or documented, and our
job is to make sure a client is not automating waste. The failure that follows is predictable, and it takes
one of four forms.

The model will never reach the accuracy it needed, because the data was incomplete and the process it
described was undefined. The model was accurate at launch and then drifted, because nobody
monitored it and no alert fired when the process moved underneath it. Most likely, the organization never
assembled the three roles the work requires, and one person ended up carrying the job of three. Or the
people closest to the work stopped trusting the output and went around it, at which point the documented
process became fiction and the model was describing an operation that no longer existed.

PLG CONSULTING 2



What Lean Six Sigma is

Lean Six Sigma carries more mystery than it deserves. It is not a certification scheme, and it does not
live only on a factory floor. It is a methodology for two jobs. The Lean half removes waste from a
process. The Six Sigma half reduces variation in a process. Together they define how the work is done,
measure it, find what drives the result, improve it, and then control it so the improvement holds.

An Al deployment needs every one of those jobs, and the software supplies none of them. Lean Six
Sigma defines the business process, including every input and every output. It establishes what to
measure and supplies the discipline, the governance, and the measurement rigor that Al leaves out.
Partnered with Al, it changes the speed, the depth, and the reliability of execution. It can reduce, if not
eliminate, the major pitfalls of deployment.

PLG’s specialists have practiced this method for a long time. We do not hand a client a framework and
leave. We run the method alongside the client's own team, on the client’s own processes. Most
importantly, we stay until the change is implemented and stable.

That combination is the substance of PLG’s Enterprise Transformation practice. We work across the full
value chain, from business process definition and data quality through modeling and process
automation. The choice of technology stays with the client. We ensure the operation underneath can
support the technology the client chooses.
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The pitfalls of deploying Al

Four pitfalls account for most Al deployments that do not hold. Each one appears below with the
conditions that produce it.

1. Model accuracy 3. Lack of required skillset
* Incomplete data * Business process engineer
» Data quality » Data scientist and data engineer

* Undefined business processes .
4. Manual interference

2. Model changes over time
e Lack of monitoring
* No alert system

* Process changes
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FIGURE 1

The four pitfalls of Al deployment

Each pitfall is produced by the conditions listed beneath it.

1 Model accuracy

2 Model changes over time

CAUSED BY
® Incomplete data
® Data quality

® Undefined business processes

3 Lack of required skillset

THE ROLES REQUIRED
® Business process engineer
® Data scientist

® Data engineer
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CAUSED BY
® Lack of monitoring
© No alert system

® Process changes

4 Manual interference

Work is performed outside the
automated process.

The correct process for Al deployment and

sustainment

The four steps below set out the correct process for deploying Al and for sustaining it in service. Run in

order, they close all four pitfalls.
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FIGURE 2

The correct process for Al deployment and sustainment

The steps run in order. Each one produces what the next one needs.

Process
Automation

Business Process Data Quality and

Definition Visualization R BETAITE

Understand and Clean, structure and Use the inputs and Automate actions
document the business transform the raw data.  outputs to create the based on the output.
processes. model.

STEP ONE

Business process definition

The first step looks obvious, which is exactly why it gets skipped. Understand and document the
business processes. A detailed process map or value stream map defines all inputs and outputs, and
those definitions determine the data the model will require. The same maps identify the waste. Before Al
arrives, those maps give the team a method to optimize the process, including the steps that will later be
automated.

It is critical not to automate waste.

This step also surfaces issues and opportunities, and it produces a prioritization matrix for improvement
projects. It defines the key process indicators, which the team uses later to create the model.

STEP TWO
Data quality and visualization

The next step cleans, structures, and transforms the raw data so that it is accurate, complete, and fit for
analysis within a Lean Six Sigma problem-solving framework. Step one has already identified which key
process indicators the process requires. Step two therefore secures two things: sound data quality and
the right data.
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FIGURE 3

Example of a process map / value stream map

A value stream map defines all inputs and outputs, and identifies the waste in the process.

PROCESS INPUTS (X)

Order transactions ERP master data Sensor and |oT data Supplier lead times Labor and shift records

Waltmg 3.1 days

of queued material A Rework loop
Order Entry m Material Staging Production m Pack and Ship
Cycle time 18 min Cycle time 4 hr Cycle time 52 min Cycle time 96 min Cycle time 24 min Cycle time 38 min
Rework rate 9% Plan changes 2.1/ order Stockout rate 6% Uptime 78% First pass yield 91% On time ship 84%
Operators 4 Operators 2 Operators 3 Operators 11 Operators 2 Operators 5
LEAD TIME LADDER Upper rung is process time. Lower rung is wait time.
18 min 4 hr 52 min 96 min 24 min 38 min
1.2d 0.8d 3.1d 2.4d 1.6d

TOTAL LEAD TIME VALUE ADDED TIME PROCESS EFFICIENCY WASTE IDENTIFIED

9.4 days 4.5 hours 2.0 percent 9.1 days

KEY PROCESS INDICATORS CARRIED FORWARD TO THE MODEL

Order to ship lead time First pass yield Machine uptime Queue depth by stage On time shipment
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Dashboards build cross-functional alignment and trust. They also drive culture change and
accountability. A graphical view shows trends and opens the path to analytics such as control charts.
Control charts explain variation and expose the special events that fall outside the normal process.
Seeing the variation clearly is what makes the difference.

STEP THREE

Data modeling

Step one produced a detailed process map or value stream map identifying all the inputs and outputs.
Those inputs and outputs build the model, and the model predicts the outputs. In mathematical terms the
relationship is simple: Y, the outputs, is a function of X, the inputs.

The inputs draw on historical data, sensor or 10T data, text, and transactional data, and they come
ultimately from a wrangled dataset. The mathematical functions include regression models, decision
trees, random forests, and neural networks, and multiple software packages will run them. The outputs,
which follow from the business process, include forecasts, alerts, and lead time.

Once the model exists, it's critical to evaluate it for accuracy and repeatability. The model will
continuously adjust to minimize error, but it still needs a periodic review of its performance. Miss this step
and consequently outputs start to drift over time.

STEP FOUR

Process automation

Automation comes last. It begins only after the process is defined, the data is sound, and the model is
proven. The prioritization matrix from step one already named the first candidates: the repetitive,
rule-based decisions.

Once the model is proven, its output can trigger action. If a forecast runs higher than expected, the
system can launch purchase orders for more product without human intervention. Data drives the
launch, not a timeline. Automated slotting is a second example. It reads order patterns, part velocity, and
other data to determine the best location for the product.

A model can also raise an alert when something falls outside the process or goes wrong. Computer
vision is a good example. A camera watches an assembly process, and when an operator builds a unit
incorrectly the system raises an alert or stops the line.

The best part is that the possibilities for Al are endless.
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FIGURE 4

Example of a dashboard

Dashboards create cross functional alignment and trust, and drive culture change and accountability.

Change figures are measured against the prior quarter.

ORDER TO SHIP FIRST PASS
LEAD TIME YIELD

MACHINE ON TIME
UPTIME SHIPMENT

78.0% 84.3%

V¥ 3.6 points worse

94d 91.2%

Control chart: order to ship lead time, by week
Days. Twenty six consecutive weeks.

Week 17: a special event outside the normal process
Control charts provide a way to understand variation.

s e e N

w1 w8 w17 W26

A graphical representation of the data shows trends and starts the path to analytics such as control charts.

Where the lead time goes
Share of total wait time by stage.

Material staging queue - ] 34%
Production queue I 26%
Inspection and rework ] 10%

Planning hold 13%

Outbound consolidation 8%

The key process indicators defined during business process definition are the measures shown here.
The same indicators are used later to create the model.
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FIGURE 5

Example of a model

The inputs and outputs identified by the process map are used to create the model.

Outputs are a function of inputs

Y - f (X) OUTPUTS (Y)

Forecasts

INPUTS (X)

Historical data
Sensor or 10T data Technique options Alerts
TeXt Regression Lead t|me

Transactional data Decision tree Outputs are based on the

business process.
All drawn from a wrangled Random forest

dataset.
Neural network

One technique, shown in full

Queue depth over 40 units
yes no
Uptime under 80 percent Supplier lead time over 9 days
yes no yes no
14.2 days 11.6 days 9.8 days 6.3 days
predicted predicted predicted predicted

Each split above is a variable identified by the detailed process map in step one.

EVALUATE FOR ACCURACY AND REPEATABILITY,
THEN REVIEW PERIODICALLY FOR PERFORMANCE BECAUSE

THE PROCESS HUMAN INTERFERENCE OUTPUTS

Can change Can occur Can drift over time
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The required skillsets for success

The business process expert knows how the work is actually done, which is rarely how the procedure
says it is done. The data scientist knows the data that happens to have been captured, and usually not
the operation that produced it. The data engineer builds and maintains the pipelines that carry clean data
to the model. Without that third role, step two falls apart the first time anyone relies on it.

Each of the three sees something the other two cannot. Put them together and the model gets the right
inputs and returns the right outputs. Leave one out and it does neither.

Data belongs outside the information technology department as well. Give it to the leaders who run the
business lines. They are the only people who can look at a model and say whether it describes the
operation they recognize.

Read data in one order. Practical first, graphical second, analytical last. If the
practical evaluation fails, stop there. With a business process expert and a
data scientist working together, Al will have a higher success rate.

A note on people

This kind of automation takes away tasks, not jobs. It handles the repetitive work and keeps the people
who know the operation.

Those people matter more after the model is built than before. When something in the process changes,
they are the ones who notice that the model no longer fits. Without them a model quietly goes stale and
keeps producing answers nobody checks.

They are also the best protection a company has against automating the wrong thing, because the
people closest to the work usually see it coming first. Al is not replacing people or jobs. Instead, we are
directing Al to work better for us.
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The benefits of combining Lean Six Sigma
and Al deployment

Lean Six Sigma brings discipline, governance, and measurement rigor. Its techniques identify the right
problem and drive change management. It also defines how the business process actually works and
sets out every input and every output.

Al then works on the data the process produces. The results are real, they repeat, and they hold up over
time.

Run the two together and improvement comes faster, the numbers can be trusted, people adopt the
change, and overall productivity increases.

PLG’s application of Lean Six Sigma and Al can take a company to the next
level of optimization by providing operational judgment.
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Start Here

The work is not nhew. The stakes are.

PLG has practiced this work for 25 years. Defining a process, measuring it, holding it in control: none of
that is new. Nor is the mathematics. Regression has been in use longer than most of the people now

applying it.
What has changed is the interval between analysis and action. Software completes the analysis in
minutes. Technology acts on the result before a person reads it. That compression is the source of the

advantage, and it is equally the source of the risk. A company that automates an undefined process does
not simply repeat its mistake. It scales it.

What to do first

The first step does not need a big budget. It needs a room, the people who do the work, and the
willingness to write down how the business process actually runs rather than how the procedure says it
runs. The session produces the process map or value stream map, and most companies find more in it
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than they expect: the waste, the issues and opportunities, and the prioritization matrix that ranks what to
fix first.

Experience is what turns a session into a finding. Our teams have run enough of them to challenge an
output on sight, catch errors early, and spot the data that is missing rather than just messy. We question
the data and we question the model, both from a business process standpoint, because a result no
operator recognizes will not get adopted no matter how good the statistics are.

The order after that is fixed. Step one defines the key process indicators, so step two knows which data
to clean, structure, and transform, and whether that data can be trusted. Build the dashboard that shows
those indicators, because visualization is what earns cross-functional alignment and trust. Only then
move to step three and choose what to model.

Why the combination is rare

Firms that implement Al are staffed by computer science and data people. They know the model, but
they do not know the business process that produced the data. Many firms that run Lean Six Sigma
know the process and stop short of the model. Each covers half the work, and the missing half is where
deployments fail. PLG sits between information technology and operations and works in both.

Why an outside perspective

A company can attempt all four steps alone. Most spend the first months arguing about which process to
map and which numbers to trust. An experienced team removes those months. We have run the method
across many operations, so we know which processes repay mapping first, where the data is usually
wrong, and which improvements survive the project team.

The return appears in three places. Execution accelerates, because the sequence is already
established. The process improves before any technology is purchased, and that improvement is value
the company retains irrespective of what it decides about Al. And capital that would have automated a
broken process is redirected toward something that performs.

Do it right the first time

Before scoping an Al investment, map the process the investment is intended to improve. The map will
establish whether the binding constraint sits in the technology or in the operation. In our experience it sits
in the operation. Establishing that at the outset costs a fraction of establishing it at the end. A company
that automates a process it cannot describe pays twice: once to build the wrong capability, and again to
unwind it. Doing it right the first time is the less expensive path. It is also the only one that produces a
result the operation will keep.
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About PLG Consulting’s Enterprise Transformation

PLG Consulting advises industrial companies and investors on operations, logistics, and supply chain
strategy. The Enterprise Transformation practice works across the full value chain, from business
process definition and data quality through modeling and automation.

CONTINUE THE CONVERSATION

To discuss how the process in this paper would apply to a specific operation, contact
PLG Consulting at info@plgconsulting.com or visit plgconsulting.com.
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