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DMAIC, Data Mining, and DOE

In both transactional and manufacturing Six Sigma situations,
large observational data sets relating to the processes of
Interest are often available.

These data sets can be “mined” in order to:

o |dentify well-scoped Six Sigma projects;

e Provide background information on relationships between
predictors and responses, prior to further data collection or
simply as background knowledge;

e Suggest causal relationships and potential solutions;
e |dentify anomalies;
e Reduce the number of predictors to be studied.
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DMAIC, Data Mining, and DOE

As such, data mining can support the Define, Measure,
Analyze, and Improve phases of DMAIC.

This talk will focus on the use
of a data mining technique,
called recursive partitioning,
In the Improve Phase.

Specifically, we will see how
partitioning and design of
experiments synergize.

Copyright 2006, North Haven Group
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What Is Data Mining?

Data Mining is the analysis of large observational data sets with
the goal of finding unsuspected relationships.

By “large” data sets, we mean either a large number of records,
or a large number of variables measured on each record.

The other key word in the definition is “observational”.

e Often, data sets used in data mining were collected for
purposes other than those of the data mining study.

e Conseguently, data mining data sets often lack the integrity
and relevance found in data sets collected as part of a well-
defined study.
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What Is Data Mining?

Types of algorithms typically associated with data mining include:
e Multiple linear and logistic regression,
e Classification and regression trees,
e Neural nets,
e Clustering algorithms, and
e Association rules.

However, other techniques are often used as well, such as:
o Extensive display and visualization tools,
e Variable reduction techniques, and
e Bayesian methods.

Copyright 2006, North Haven Group
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JMP® and Data Mining

JMP® provides a number of data mining tools for modeling:
e Multiple linear and logistic regression
e Classification and regression trees (the Partition platform)
e Neural nets
e Cluster analysis

In terms of visualization, almost all JMP analyses are supported
by extensive display and visualization tools.

JMP also provides convenient methods for preprocessing data.
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JMP® and Data Mining

JMP’s Neural Net platform fits a neural net with one hidden
layer to a continuous or categorical response.

JMP’s Partition platform is a classification and regression
tree-fitting methodology.

Other tree-fitting methodologies, found in high-end and very
expensive data mining packages, are CART™, CHAID™,
C5.0.

Since convenience data sets are often messy and unruly, JMP’s

display and preprocessing capabilities support the user in
data-cleaning.
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JMP® and Data Mining

JMP’s Partition platform is a version of Classification and
Regression Tree Analysis.

Both response and factors can be either continuous or categorical.

Continuous factors are split into two partitions according to
cutting values.

Categorical factors are split into two groups of levels.

If the response Is continuous, the fitted values are the means
within groups.

If the response Is categorical, the fitted values are the response
rates (estimated probabilities) within groups.

Copyright 2006, North Haven Group
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JMP® and Data Mining

The splits are determined by maximizing the LogWorth criterion,
which reflects the degree of separation for a potential split.

For a continuous response, the LogWorth is related to the sums
of squares due to the differences between means.

For a categorical response, it is related to the likelihood ratio
chi-square statistic.

JMP’s Partition platform Is extremely useful for both exploring
relationships and for modeling.

JMP’s Partition platform provides only a minimal criterion to

determine when to stop building a tree (a stopping rule). We
have found this advantageous.

Copyright 2006, North Haven Group 10
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The Press Band Data - Partitioning

We will illustrate JMP’s partition platform using a data set from
the rotogravure printing business.

In this printing process:
e An engraved copper cylinder is rotated in a bath of ink,
e EXcess ink Is removed,
e Paper is pressed against the inked image,

e Once the job Is complete, the engraved image is removed
from the cylinder, and the cylinder is reused.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

The image to be printed is
Incised into the cylinder.

The cylinder is rotated through
the ink fountain.

The doctor blade acts as a
squeegie, removing excess
Ink.

The paper is pressed against
the cylinder by the
Impression roll, transferring
the image.

Frinted
Side of

Impression Roll

Gravure
Cylinder

Ink
Fountain

~

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free Documentation License, Version 1.2 or any later version
published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. Subject to disclaimers.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning
A defect called banding can sometimes occur, ruining the
product.

Banding consists of grooves that appear in the cylinder at
some point during the print run.

Once detected, the run is halted, and the cylinder is removed and
repaired (repolished or replated).

This process can take from one-half to six hours.

Understanding the conditions that lead to banding is critical and
could save a printer enormous amounts of money.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

We will use a data set that contains observational data on
banding.

This data set can be found at http://ftp.ics.uci.edu/pub/machine-
learning-databases/ and is called cylinder-bands.

The target variable is “Band Occurred?”, whose values are
BAND and NOBAND.

We will tell the story of a fictional Six Sigma project team,
which is charged with reducing banding defects.

Copyright 2006, North Haven Group 14
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The Press Band Data - Partitioning

o] PressBandingData

A portlon Of v PressBandingData ©- Bocokl® Job
= Partition ¥ Date Date WY | Number | Cylinder Mo. Customer grain screened | proof on ctd ink paper type
. 1| 03/30/1990| 03/1990| 23040 [*750 GUIDEPOSTS  |YES YES UNCOATED
the Press = Columns (38/0) . 2| 040941990 04/1990| 34683 | G4ET ECKERD MO YES COATED
th solvent type af - 3| 04/0941990| 04/1990| 25416 %203 TYGUIDE YES YES UNCOATED
d d th type on cylinder . 4| 044144990 041950 | 34545 | 021 TARGET ¥} YES COATED
Ban ata. th press type . 5| 0441741990| 04/1990| 36858 |T313 EX¢OM YES YES UNCOATED
thpress . 6| 04/18/1990| 04/1990| 36053 |J68 WARDS NGO YES COATED
Set :: lcoﬁ‘c':l'f';r: size . 7| 04/18/19%0| 04/1990| 36053 |J42 WARDS NO YES COATED
. e plating tank . 8| 04/18/1990| 04/1990| 36858 |F329 Ex{OM YES YES UNCOATED
4 proof cut . o| 04/25M1990| 04/1990| 34664 |G4oE BURDINES YES YES UMCOATED
Py 10| 04/26/1990| 04/1990| 34545 |06 TARGET N YES UNCOATED
A caliper . 11| D4/26M900 | 041950 | 34545 014 TARGET ¥} YES UNCOATED
There are 540 A ink temperature . 12| 05/05/1990| 05/1990| 47103 |T244 MODMAT YES YES UNCOATED
A humidity . 13| 05/07/1990| 05M990| 47103 |M33 MODMAT NGO YES COATED
A roughness . 14| 05/071990| 0511990 47103 |M280 WODMAT YES YES UMCOATED
records and A blade pressure 15| 05M07/1990| 05/1990| 47103 |T363 MODMAT NGO YES COATED
A vamish pet . 16| D5O7/1990| 05/1930| 47103 [T78 MODMAT YES YES UNCOATED
39 A bl :Ffssfp%d . 17| osm7romn|  osMaon| 47103 M4 MODMAT YES YES UNCOATED
Varla eS. ":Dlvzit oct . 18| 0RD7/1990| 05/1990| 36928 |M432 HOMESHOPPIN | MO YES COATED
4 ESA Voltage . 19| 050741990 | 05/1990| 36928 |M257 HOMESHOPPIN |NO YES COATED
i . 20| 050941990 05A950( 47103 |F242 hAODMAT YES YES UNCOATED
A hardener . 21| 0541041990 05/1990| 47103 |FE72 MODMAT YES YES UNCOATED
A raller durometer . 22| 05/11/1930| 05/1990| 47103 |M2E0 MODMAT YES YES UNCOATED
A current density . 23| 051441990 05A990| 47103 |FE79 WODMAT YES YES UMCOATED
4 anode space ratio . 24| 0541741990 | 0541990 36054 %400 WARDS MO YES COATED
A chrome content . 25| 05/17/1990| 051990 34762 %76 TOYSRUS NO MO COATED
LT - - 26| 0sM7M990| 0sMBE0| 3475213 TOYSRUS NG NO COATED
27| 05A8M990| 05A950| 34402 1331 AUSTADS YES YES UNCOATED
~ Rows . 28| 05/2441990| 05/1990| 36648 |F227 JAMESYAY N YES UNCOATED
All rowes s, 29| 08M02/1990| 0GM990| 36859 |F5A0 NATLWILDLIFE |YES YES UNCOATED
ST i 30| 0BMO3M990| 0BA990| 36859 |FE7O0 NTLWILDLIFE ~ |YES YES UMCOATED
Ei"dcd':ﬂw g 31| 0BMOBM990| 06/A1990| 36859 |F331 NATLWILDLIFE |YES YES UNCOATED
o ol 32| 0BMOBA990| 0BA990| 36859 |F571 NATLWILDLIFE |YES YES UMCOATED
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The Press Band Data - Partitioning

The team used JMP’s Distribution Platform to generate the
analysis below, which indicates that banding occurred in 42%

of jobs.

* = Distributions

* T Band Occurred?

BArD

MOBARD

¥ Frequencies

Lewvel Count
BARD 227
MiCB A MDD 32
Tatal 534
M Mizzing 1

2 Levels

Prak
04215
057305
1.00000

The team would like to understand the root causes of banding.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

In the Measure phase, a Six Sigma team often constructs a cause
and effect diagram to determine potential root causes of the
defect (banding); the team then collects data, and constructs
Pareto charts to determine where to focus efforts.

But Pareto charts overlook complex relationships and
Interactions among possible explanatory variables.

In our example, the Six Sigma team has a large observational
data set available, and the team will use it to construct some
knowledge about the process.

The available predictors for banding consist of 11 categorical
variables and 18 continuous variables.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

* Contingency Analysis of Band Occurred? By press type

The team can explore two-way
relationships between the
predictors and “Band Occurred?”
using:

e Mosaic plots for categorical
predictors;

e Comparison boxplots for
continuous predictors.

A Contingency Analysis, with a

mosaic plot, is shown to the right.

The red bars indicate the
proportion of runs with banding.

Copyright 2006, North Haven Group

¥ Mosaic Plot

1.00

=

=]

i
1

Band Occurred?
=
n
(]
|

=

P

i
1

.00

T T
Alberty0 WioodHoe70

hiotterad
hatter 7O
press type
¥ = Contingency Table
¥ Tests
Source DF -LogLike  RSguare (L)
Maodel 3 13.36505 0.0364
Error 535  353.510%6
. Toatal 535 3B66.57604
M 539
Test ChiSgquare  Prob=ChiSg
Likelihood Ratio 26,730 =.0001*
Fearson 25728 =.00a1*

MOBAMD

BARD |
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The Press Band Data - Partitioning

A Oneway Analysis,

showing comparison
boxplots, Is shown to

the right.

But, although both
analyses show
significant
relationships,

complex interactions

are ignored.

Copyright 2006, North Haven Group

¥ = Oneway Analysis of press speed By Band Occurred?

— L L
F 1 .
= 2000 T S
) J e —_—— -
2 N e
0 B =
@ . “ir-
= - .
ol - - =
1000 - =
T
B M0 HOBAND

Band Occurred?

Missing Hows 12
¥ Oneway Anova

¥ Summary of Fit

Pt Test
¥ Analysis of Variance
Dource OF  Sum of Sguares  Mean Sguare F Ratio Prob = F
Band Occurred? 1 2236084 2236034 228464 <0001
Errar 526 51482144 87875
. Total 527 BI718L28
19



NHG

North Haven Group, LLC

The Press Band Data - Partitioning
The team could attempt to fit a logistic regression model, but
Including all the predictors is not reasonable.

This is because of the many categorical variables, and the fact
that numerous cells are not populated.

However, the team can easily construct a classification tree,
with “Band Occurred?” as target.

This analysis will provide rich information on the conditions
that lead to banding.

Copyright 2006, North Haven Group 20
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The Press Band Data - Partitioning

We note, at this point, that observational data sets must always be
examined for data integrity before they are analyzed.

For example, the
variable ESA Voltage
Is missing for all but
18 records:

¥ T ESA Voltage

=

|

* Moments

5.0694444
Std Dev 450025
=td Err Mean 1.1314368
upper 95% Mean 10456563
o

bean

M 18 >
_'J]]”ﬂﬂl TP riokest ——
0 10 Sum 14525

“Yariance 23.042688

Skewness -0.490032

kurtosis -1.034952

N Missing 522D

—~—

It Is unreasonable to include this variable in modeling efforts, and
the team will not include it in its classification model.

Copyright 2006, North Haven Group
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Report: Partition E@E|

A I 1 f. 1 Recursive partitioning
C aSS I I Catl O n Select Columns Cast Selected Columns into Roles Action
model Is requested | [4mma 2] B Oscurred?
- my il nlad ths orain screened
using the Partition i e S oot on ct
- dll press speed il. paper type
menu In JMP. dinkpet 1:.ink|tufr:rtet [Remove]
I solvent type
ﬁégf‘:tusgge Il:type on cylinder
ol o il pre=s= type
il hard i press
¢ Band OCCU rred?,, _ﬂr;:’eregz:gmeter |I| D':.""rldEr zize
- il current density il Incgtiun
is the response, and | 4scesecero gt
4l chrome contert y pruuf n:;tut
I anid Dccurted? vizcosity
28 variables are e
1 = 4l ink temperature
Input as candidate arnicty
all roughness
I Al blade pressure
predictors. e
dl press speed
link pct
ll solvert pet
Sl ez
l hardener
all roller durometer
4l current density
4l snode space ratio
4l chrome cortert
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The Partition report to
the right opens.

Points corresponding to
the runs are jittered In
such a way that runs with
banding are red, and are
In the area of the graph
beneath the horizontal
divider at 42.12%.

Blue points (no banding)
are shown above the line.

Copyright 2006, North Haven Group

¥ = Partition for Band Occurred?

1.00
arsH
. .
=
o
5
O 0,50
L=
=
[
17 . .
fin] L
0250 "
.00 -
All Roves
[Split] [F'rune] [Cu:nln:nr Paoints || RSguare M
0.000 539

AN Rowes
I
Cournit 2
539 73375209

Level Prok
BAKD 04212
MOBAMD 05785

P Candidates

) | moBAND

| BanD
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¥*| ™ Partition for Band Occurred?

We split once. A
Note that JMP chooses :
the variable “press” as I A '
the splitting variable. et RERE R

' press(§13, 824, 828, 827, 802) press(B16, 821, §15)

The split places four o) ) (o) romme
presses in a group where |

LA Rows

NOBAND is predicted, T e

338 73373209 11649327

and the three other

BAMD 04212

presses in a group where one o

BA N D | S p red | Cted . Toress(l 3, 524, 525, 527, 8020 || Tpressrs1s, 521, 815
I I
ot (L] Count [Elin]
270 30903158 269 36534979
Lewvel Prob Level Prob
BAMD 0.2593 BAMD 0.5836
MOBAMD  0.7407 MNOBAMD 04164
P Candidates P Candidates
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Based on this split, the team learns that some presses are more
affected by banding than others.

But this does not help the team in identifying root causes of
banding.

When splits occur on variables that are only tangentially useful
relative to process improvement actions, one can force attention
to more useful predictors by excluding the tangential variables
from the partitioning algorithm.

This Is done by selecting the Lock columns option in the Partition
platform menu.

The team “prunes” back the initial split, and then locks the “press”
column to prevent it from being used as a partition variable.

Copyright 2006, North Haven Group 25
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To lock the “press” column, first select Lock columns, then
select “press” from the column list.

Copyright 2006, North Haven Group

w = D*.':lrﬁﬁnn i:'.n.r Band Oecured Term I_l:ll:l"i: Term I_I:II:
Display Options 3 .
Split Best grain screened [ roughness ]
Prume Warst proof an ctd ink [ blade pressure [
Criterion i gl type (1 wamish pct []
Missing Walue Rule * ink type [] press speed ]
Minirun Size Splt. . salvent type L] ink pct []
Lack Colurnns type on cylinder [ solvent pet []
Small Tree View Press ’['_',"FIE! D LR I:I
Leaf Report nress hardener []
Colurnn Contributions cylinder size [ roller durometer [
Sl History Incgtlnn [] current density | []
K Fold Crossyalidation FI|E|’[IFIQ tank |:| anode Fpace ratio |:|
ROC Curve proof cut (1 chrome content [
Lift Curve viscasity []
Save Columns b ':E'“F'Ef |:|
Color Poinks ink ternperature [
Script b hurnidity []
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With the “press”
variable locked, the
first split now occurs
on the variable “press
Speed”.

Copyright 2006, North Haven Group

1.00
“
o 0,75+
= MCBAMND
g
5 050
go
=
=
]
Mp2s-
BAND
ooo4——" PR S S
press sp press speed<2220
eed==22
20

|@ RSquare

Al Rowes

0.087 539 1

AN Rows
I

Count

539 73375209 1111337
Lewal Prob
BAMND 04212
MOBAND  0.5788

G2 LogWorth

M M Splits  Imputes

Tpress speed==2220
|

Count ey

76 51147355
Level Prob
BAMD 01063
MOBAMD  0.8947

¥ Candidates

Count ey

463 B40.50374
Level Prob
BAMD 0.4730
NOBAND  0.5270

¥ Candidates

Tpress speed<2220
| |
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Here is the tree
after five splits.

Copyright 2006, North Haven Group

MOBAMD  0.5247

Ttype on cylinder(YES)
|

Count %2 Count
B3 17735775 13
Lewel Prob Lewel
BAnD 00317 BAMD

MOBAMND 09683
¥ Candidates

Ttype on cylinder(MO)
[

2

17 944825
Frob
0.4514

NOBAMD 05385
¥ Candidates

| 5plt | [ Prune | [ color Points || RSquare Mo N Splits  Imputes ST
0.150 539 5 13 L ——
Count "2 LogWaorth
539 73378208 11.11337
Level Prob
BAND 0.4212
NOBAND 0.5788
|
I
Toress speed==2220 Tpress speed<ZZ20
I R
Court G2 LogWaorth Count G2 LogWWorth
76 51147355 4.0393425 463 B40.50374 B.3356778
Level Prob Level Prab
BAND 0.1053 BAND 0.4730

MOBAND  0.5270

NOBAND 0.5545

T naper type(COATED, UNCOATED)
[ |

LogWWarth

Count %2
440 BO4. 72272 47254339
Lewel Prob
BiamD 0.4455

Tpaper type(SUPER)
|

Count 52
23 i]
Lewel Frob
BAMD 1.0000
NOBAMD  0.0000
P Candidates

Toress type(Motter70, MotterSd,
Albert?0)

Count G2 LogWarth
286 37493867 5.2327053

Lewel Prob

BAMND 0.3636

MNOBAND  0.6364

!—‘—\

Tpress type(WoodHoe )
[

Count 52

164 207 BOVE4
Lewvel Prob
BAMND 05574

NOBAND 04025
¥ Candidates

“ink temperature<17 || ™'ink temperature>==17
Count G2 Count 52
260 3256699 26 25456698
Level Prob Level Prob
BAND 0.3192 BAMND 0.8077
NOBAMND  0.6508 NOBAND  0.1923
¥ Candidates ¥ Candidates
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A sixth split selects
“grain screened” as
the partitioning
variable in the “ink
temperature < 177

branch.
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[Split ] [F‘rune ] [Cu:ulu:ur Poinks ]

RIguare
0.202 539

Mo M Splits

Imputes
= 26

Cou

Level

BAMD
NOBAND 06364

Tpress type(Motter70, Motterdd,
Albert?0)
[

hit 2

Prob
0.3636

LogvWorth
286 37403557 52327053

ink temperature<17

|

Count % LogWaorth
260 3256B99 3.4561463

Level Frab

BAMD 0.3192

NOBAND  0.6805

Tpress typeloodHoes )
| |

Count 52

154 207 BO0764
Level Prob
BAMD 05974

MOBAMD  0.4025
P Candidates

ink temperature==17
| |
Count [EL
26 25456508
Level Prob
BAMND 0.8077
MOBAMD 01923

P Candidates

T'grain screenad(MNO)
[
Count (e

122 131.43826
Level Frob
BAMD 0.2295
MOBAND 0.7705

P Candidates

T'grain screenediYES)
[
Count (e
138 185.58753
Level Frob
BAMD 0.3986
MOBAND  0.6014

P Candidates
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The Press Band Data - Partitioning

Note that splits have occurred both on categorical and continuous
predictors.

Note also that 26 values have been imputed.

This means that certain variables used in the analysis had
missing values, and so values, computed according to a
selected rule, have been substituted.

The user controls splitting; at each split, JMP provides the best
splitting variable and grouping of levels for that variable.

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

As trees get large, they become visually intractable.

JMP provides a Leaf Report, which gives the rule set and a
graphic display of the terminal nodes’ discriminatory ability.

¥ Leaf Report

Response Prob

Leaf Label BaAMD MOBAND
press speed<2220&paper type(SUPER) 1.0000 0.0000
press speed<2Z220&paper type(COATED, UNCOATED) &press type(Matter?D, Motter34, Albed?0)&ink temperature==17 0.8077 0.1923
press speed<2220&paper type(COATED, UNCOATED)&press type(MyoodHoe?O) 0.5974 0.4026
press speed>=22208&type on cylinder(M) 0.4615 0.5385
press speed<2Z20&paper type(COATED, UNCOATED)&press type(Matter?0, Motter34, Albet/&ink temperature<17 &grain screened(YES) 0.3986 | 0.6014
press speed<2220&paper type(COATED, UNCOATED) &prass type(Motter?0, Motterdd, Alben?0&ink temperature<17 &grain screened(MO) - 0.2295 0.7705
press speed>=2220&type on cylinder(YES) 00317 [ 0.9683
Response Counts
Leaf Label BanD MOBAND
press speed<2220&paper type(COATED, UNCOATED)&press type(MWoodHoe/0) 92 B2
press speed<2220&paper type(COATED, UNCOATED) &press type(Motter?0, Motter2d, Alber?&ink temperature<17 &grain screened(YES) a5 : &3
press speed<2220&paper type(COATED, UNCOATED) &press type(Motter?0, Motter3d, Alben?0&ink temperature<17 &grain screened(MOY 25 94
press speed<2220&paper type(SUPER) 23 0
press speed<2220&paper type(COATED, UNCOATED)&press type(Motter?0, Motter94, Albert70)&ink temperature=>=17 21 5
press speed>=22208&type on cylinder(M) B 7
press speed>=22208type an cylinder(YES) 2 E1

Copyright 2006, North Haven Group

31



NHG

North Haven Group, LLC

The Press Band Data - Partitioning

Formulas for the predicted probabilities, leaf numbers, and leaf
labels (rule set) can be saved to columns in the JMP data table.

(Note that the leaf labels have been truncated.)
1 @”\' ProbiBand ProkiBand
— Docurred?==BANDY | OcourredY==MNOBAMDY Leat Lakel
. 1 0.39353072 060144925 | press speed=22208paper type(COATED, UNCOATED &press type(Motter 70, Motterl4 | Albert70&ink temperature=1
. 2 05974026 04025974 |press speed=2220&paper type(COATED, UNCOATED ) &press typeWWoodHoe 7]
. 3 0.80769231 019230769 |press speed=22208paper typel(COATED, UNCOATED &press typeMotter70, Motter3d | Albert700&iNk tempersture==
. 4 022950582 0.7704918 |press speed=22208papet type(COATED, UNCOATED &press typeMotter 70, Motterdd | Albert70&iNk temperature=1
. a 0.395:55072 060144925 |press speed=22208paper type(COATED, UNCOATED Epress type(Motter 70, Motterad | Albert7 02Nk temperature=1
. G 0.031746803 096525397 |press speed==22208type on cylinder(YES)
. 7 0.03174603 086525397 |press speed-=22208ype on cylinder(E=)
. a 0.39355072 060144925 | press speed=22208paper type(COATED, UNCOATED)&press type(Maotter 70, Motterad | Albert70)&ink temperature=1
. 9 05974026 04025974 |press speed=2220&paper type(COATED, UNCOATED ) &press typedWoodHoe 0]
. 10 0.22950582 07704918 | press speed=22208paper type(COATED, UMCOATED Epress type(Motter 70, Mottera4, &lbert 700 &ink tempersture=1
. 11 02295052 0.7704918 |press speed=2220&paper type(COATED, UNCOATED &press typelhotter 70, Motter3d | Albert7 &Nk temperature=1
. 12 039355072 060144925 | press speed=22208paper type(COATED, UNCOATED ) Epress type(Maotter 70, Motterld | Albert70EiNk temperature=1
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The Press Band Data - Partitioning

Here Is the formula for the predicted probabilities that banding

OCCUrs.

Note that the formula simply follows the splits to terminal nodes,

and then assigns to a job that falls in that terminal node, the
proportion of banding that was observed in that node.

type an cylinder=="vES"=0.031746031746023
press speed==2220=If|type on cylinder=="M0" = 0.461538461538346
else =0
press pe== IrlnﬂntterTEI Y inktermperature =17 =If
if . ., |press type=="mMotter94 =If
paper type=="COATED =il |press type=="albertro"
|paper type=="LINCOATED" glse
else =4
press tpe==""WoodHoe70" = 0.597 4025974026
else =0
paper pe=="5LUFER" =1
else =0

grain screened=="MN0" = 02295081967 2131
grain screened=="YE5" = 0.3985507 2463763
alse =10

= 0807692307692

|

Copyright 2006, North Haven Group
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The Press Band Data - Partitioning

JMP provides a number of guides that aid the user in deciding
when to stop splitting. These include:

o R2

e Column contributions analysis
e Minimum split size

o Lift curves

e ROC curves

We will not pursue these here, but suffice it to say that the user
has complete flexibility in deciding when to stop splitting.

Copyright 2006, North Haven Group
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JMP® DOE Platforms

JMP 6 provides the DOE options shown
to the right.

Screening Design allows the user to
define standard two-level full and
fractional factorial designs, as well as
Plackett-Burman designs.

Full Factorial Design allows the user to
design multiple-level full factorials
with categorial or continuous factors.

BeaN Analvze Graph Tools  Wie
@ _ustom Design

]f[j acreening Design

*—I—* Response Surface Design
i Full Factorial Design

ﬂ Mizkure Design

. Space Filing Design
*. Monlinear Design
13 Taguchi Arrays

]‘fyj Augment Design

[7] Sample Size and Power

JMP also provides Response Surface, Mixture, and other design

platforms.
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JMP® DOE Platforms

A new feature in JMP 6 Is a greatly enhanced Custom Design
platform.

This is an incredibly flexible structure for designing simple to
complex experiments. It accommodates:

e Continuous and categorical factors with arbitrary numbers
of levels;

e Hard/easy-to-change factors, mixture factors;
e |nequality constraints on factors;
e Covariates and uncontrollable variables;

o User-specified lists of interactions and polynomial terms to
be estimated.

Copyright 2006, North Haven Group
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The Press Band Data - DOE

Now our Six Sigma team begins to address root causes.

The predictors that appear to be of interest as a result of the six-
split partition analysis are:

e Press type

e Type on cylinder
e Paper type

e Grain screened

e Press speed

e Ink temperature

Copyright 2006, North Haven Group
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The Press Band Data - DOE

Although the partition analysis suggests an association of these
predictors with banding, the team realizes that association is not
causality.

The team decides to run a designed experiment to determine if
these factors and their interactions have a causal effect on
banding.

A big challenge facing the team Is to define a continuous
measure for degree of banding.

This Is because an experiment based on a categorical response,
such as BAND or NOBAND, will require a large (often
prohibitive) number of runs to detect factor level differences.

Copyright 2006, North Haven Group

38



NHG

North Haven Group, LLC

The Press Band Data - DOE

A second challenge to the team

IS to determine factor level
settings.

Here, the partition platform
continues to be of value.

Press Type Is one of the factors
of interest.

Note that there are four Press
Types, and that in our six-split
partition model, these are split
Into two nodes as shown.
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T paper type(COATED, UNCOATED)
[

Count 52 LogWyarth
440 BO4.72272 47254939
Level Frob

BAMD 0.4455
MOBAND  0.5545

T press type(Motter/D, Motter9d, T press typeMyoodHoe? D)
Albert?0) I

I Count (5#2

Count G2 154 207 50764
286 374.93557 Level Proh
Level Prab BAND  0.5974

BAMD 0. 3636
MOBAND  0.B364

P Candidates

MOBAMD 04026
P Candidates
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The Press Band Data - DOE

Which Press Types should be included
In the experiment?

At each node, the red arrow contains
options relating to further splits at
that node.

At the Press Type (Motter70,
Motter94, Albert70) node, the team
chooses Prune Below to undo
splitting beyond this node.

Now the team chooses Split Specific
to choose a further split on Press
Type at the optimal split value.
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nnnnnnnnnn |"h..l1n++nr_.lr|:| Mntterg_d
Spllt Best

| Split Here |
Split Specific

Select Rows

Show Details

P Candidates

Tress type(foodHoe?0)
I
Count =
154 207 60764
Level Frob
BAND 0.5974

MOBARND 04026
P Candidates

JMP

Specify Split

solvent type

press
cylinder size
lacation

plating tank
proof cut
wiscosity
caliper

ink temperature

tiEe an t:élinder

2

Splic ab: | ontimal value w

S ¥
specified value
output split table Ly
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The Press Bar

This shows that Motter 70
presses and Motter 94 and
Albert 70 presses are different
relative to their effects on
BAND at this point in the
tree.

A further Split Specified at the

Motter 94 and Albert 70 node 4

Indicates that these two press
types appear to have a similar
effect on BAND.

Copyright 2006, North Haven Group

d Data - DOE

Tpress type(Moatter/0, Motter9d,
Albert?0)
] |
Count 5*2  LogWarth
286 37493557 20112153
Level Frob
BAMND 0.3636
MOBAMD  0.6364

Tpress type(Matter/O)
| |

P Candidates

Count (52 Count 52 LogWarth
45 46.327446 233 32019067 0.0055612
L b L b
BAMND 0.1875 BAMND 0.3992
HOBAND  0.8125 LOBAND 06008

Tpress type(hotterdd | Alberty/0)
| |

< BAMD 0.3585 TEAND

Tpress type(haotterdd)|| ™ press typelAlber/O)
] I | (N —

Count EL Count EL
163 225 96374 00 94 221633
L ob Le b
04000

MOBAMD 0.6012 | OBAMND 06000
P Candidates P Candidates
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The Press Band Data - DOE

Given this information and the bar
chart below, the team decides
on three levels for Press Type:

e \Woodhoe 70,
e Motter 70,
e Motter 94.

T press type

| 250
200
L 150 £
o0 3

Albertyo

M ottery

h otterad
WoodHaoeT0
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N\

Count

Level
BAMD
MOBAMD 06364

G2

Prob
0.36 36

Tress type(Maotter7 0, Motterad,
Alhert? )

LogWarth
28A  3T4.838A7 201121483

Toress typeiottery0)

Count G2
48 46.327446

BAND 01875
MNOBAND  0.8124

Count

Level
BANMD

Tpress typeiotterdd, AlbertT0)
[

238 32019067 0.0059812
Prob
0.3942
MOBAND  0.6008

G*2  Logworth

BAND
NOBAND 04026

press typedioodHoe70)
] |

Count G2
1484 20760764

0.5974

Tpress typeiMotterdd)
|

Count G2
168 225496874
vel
BAMD 0.3538
MOBARMD 06012

MOBAND  0.6000

} candidates

Toress typedlbertT)
I
Count G2

70 94221633
Level Prob
BAMD 0.4000
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The Press Band Data - DOE

The team now turns its attention
to Paper Type.

Super paper Is rarely used, but it

Is always affected by banding.

However, the team learns that
Its use Is being phased out.

Coated and Uncoated paper
seem to be affected at about
the same rates.

The team decides to hold Paper
Type constant at Uncoated
during the experiment.
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UNCOATED)

“paper type(COATED,

NOBAMND 05545

¥ Candidates

“paper type(SUPER)
|

() Count G"2

Count G*2 LogWorth 23 0
440 B04T72272 02305546 Level Prob
Level Prob BARD 1.0000
BAND 04455 NOBAMND  0.0000

“'paper type(COATED)
I

Count G2

161 219896841
Level Prob
BAND 04286

MNOBAND 05714
¥ Candidates

“paper type(UNCOATED)
I

Count

279 38453208

Level
BAND

MNOBAND 05448
* Candidates

Gr2

Prob
04552

* paper type

¥ Frequencies

Level Count Frob
COATED 224 0.41481
SUPER 23 0.04259
LNCOATED 293 0542549
COMTED  SUPER  LINCOATED Total 540 1.0000d
I hlissing 0
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The Press Band Data - DOE

Once factor levels have been determined for all factors, the team
must determine the randomization scheme for the
experiment.

The experimental factors are:
— Press type
— Type on cylinder
— Gralin screened
— Press speed
— Ink temperature

Complete randomization would require that factor-level settings be
assigned randomly to runs, and that equipment be reset from
scratch for each run.
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The Press Band Data - DOE

However, factors that involve the press setup will be difficult

and time-consuming to change, w
manipulated within a press run wi

The team determines that the difficu

— Press type
— Type on cylinder
— Grain screened

And that the easy to change (within

— Press speed
— Ink temperature

Copyright 2006, North Haven Group

nile factors that can be
| be easier to change.

t to change factors are:

press run) factors are:
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The Press Band Data - DOE

Note that the team faces a fairly complex design problem:
e A combination of continuous and categorical factors,
o Multiple-level factors,
e Hard and easy to change factors,
e [nteractions that must be estimated.

The team uses the JMP Custom Design platform to facilitate the
design process.
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The Press Band Data - DOE

The response and factors are added to the Custom Design list as
shown.

DOE- Custom Design E]@E

¥ = Custom Design

¥ Responses

[.ﬁ.n:ld Response v] [Remnve] [N Responses. .. ]
Fesponse MName Goal Lawer Limit Lpper Limit Importance

Banding Degree |Minimize |EI |1III |1

¥ Factors
[.ﬁ.n:ld Fackar V] [Remnve] Add M Factors 1

Marme Hole Changes “alues

¥ Press Type Categorical  Hard Woodhoe /O |Mutter?|:| |h’1|:|tter94
¥ Type on Cylinder  Categorical  Hard YES MO
¥ (Srain Screened Categarical  Hard K18 YES
A Press Speed Continuous  Easy 1420 2300
A \nk Termperature Continuous  Easy 14 17
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The Press Band Data - DOE

| Model

[Main EFFects] [Interau:tic:ns Vl [RSM] [Cru:uss] [F‘u:uwers V] [Remu:uve Term

The team decides on a - ST

c o Intercept Mecessary
design that estimates | Fesse Necessary
Type on Cylinder Mecessary
- (Grain Screened Mecessary
a'” tWO Way Fress Speed Mecessary
- - Ink Termperature Mecessary
I nte raC“ O nS . Press Type™Type an Cylinder Mecessary
Press Type*Grain Screened Mecessary
Press Type*Fress Speed Mecessary
d Press Type®lnk Temperature Mecessary
N Ote that the efau It Type on Cylinder*Grain Screened Mecessary
2 = X Type on CylinderPress Speed Mecessary
des I g n WI I I req u I re 24 Type on CylinderInk Temperature Mecessary
c - Grain Screened™Press Speed Mecessary
Grain Screened®Ink Temperature Mecessary

]
Press Speed®lnk Temperature Mecessary

require changes to the |- oesimtesaim
¢ Flumber of Whole Plots 12>
preSS Setup. wnﬁﬂuns: 24

) _hAinirrme I
® Default 24
L Compromise B

O Grid 43
O User Specified
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The Press Band Data - DOE

The design that the team will use Is shown below.

Design

1

oo~ 0 mMm = kR

H
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

1 Motter/0
1 hotter/0
2 Motterdd
2 Motterdd

3 Woodhoe/0
3 Woodhoe/0
4 Woodhoe?0
4 Woodhoe/0
] MuotterdO
hotter/0
MotterfO
hotter/0
Motterdd
hotterdd
hotter/0
MotterfO
hotterdd
9 Motterdd
10 YWoodhoe?0
10 WWoodhoe? (0
11 YWoodhoe?O
11 WWoodhoe? (0
12 Motterdd
12 hotterdd

L o It I IO B |

MO
MO
MO
MO
MO
MO
YES
YES
MO
MO
YES
YES
YES
YES
YES
YES
MO
MO
YES
YES
MO
MO
YES
YES

MO
MO
MO
MO
MO
MO
YES
YES
YES
YES
YES
YES
YES
YES
MO
MO
YES
YES
MO
MO
YES
YES
MO
MO

Fun ‘Whaole Plots Press Type Type on Cylinder Grain Screened  Fress Speed

1420
2300
2300
1420
2300
1420
1420
2300
2300
1420
1420
2300
2300
1420
1420
2300
1420
2300
2300
1420
1420
2300
1420
2300

Ink Temperature  Banding Degree
17
14
17
14
17
14
14
17
17
14
17
14
17
14
14
17
17
14
14
17
17
14
17
14
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The Press Band Data - DOE

JMP conveniently
saves the model
that will be used
to analyze the
experiment in the

data table.

When the team has
entered responses

from the

experiment, the
team will simply
run this model.
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C

= Custorm Design
Design

Custom Design
D Optimal

= Columns (7/10)

ik Whole Plots sk

th Press Type %

th Type on Cylinder 3
ik Grain Screenad &

4 Press Speed %

Al Ink Termperature 3
4l Banding Degree 3

v Rows
All rovas 24
Selected
Excluded
Hidden

Labelled

o s e i e |

Whale Plots | Press Type

Report: Fit Model

¥ ™ Model Specification
Select Columns

ik Whole Plots

th Press Type

th Type on Cylinder
ik Grain Screaned

4 Press Speed

A Ink Temperature
4 Banding Degres

Type an Grain
Screened | Press Speed | Temperat | Banding Degree

Cylinder

Pick Role Yariables

4 Banding Degree

optional

weight | | optiona! Murmeric
opttonal Nurmerc
optiona!

Construct Model Effects

Ink

Fersonality: | Standard Least Squares v
Emphasis:

Method:

Minirnal Report v
REML (Recammended) *

Unbounded Yariance Components
O Estimate Only Yariance Components

Whale Plots& Randam
Prass Type

Type on Cylinder

Grain Screened

Press Speed
i

Ink Temperature

Degree
Attributes =
Transform =

O Mo Intercept

Press Type™Type on Cylinder
Press Type*Grain Screened
Press Type*Press Speed
Press Type®ink Temperature

Type an Cylinder*Grain Screened
Type an CylinderPress Speed
Type on Cylinder*lnk Temperature
Grain Screened*Press Speed
Grain Screened®nk Temperature
Press Speed®ink Ternperature
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Case Study: Defect Reduction

A Six Sigma team was addressing the occurrence of a product
defect.

Although the occurrence rate was small (4.5%), occurrence
costs exceeded $10,000 per incident.

A large number of processing factors and raw material factors
were suspected of causing the defect.

To obtain information on which factors might be associated with
the defect, the team used the partition platform to analyze a
large observational database, containing process and quality
Information, for the product of interest.
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Case Study: Defect Reduction

The database contained Y —

6253 records. Fecursive paritioning
Select Columns Cast Selected Columns into Roles Action
= 4 ¥, Response | |l Defective? (0] 4
Nine process and raw s — —
. . C :
material factors (five 4p pr
- . 4D
continuous, four = ac s
categorical), were used | *" e
. .. ’ . il H
as Inputs to the Partition | ™= i
analysis. o
- optional
(The factors are generically p

named to preserve
confidentiality.)
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Case Study: Defect Reduction

The Partition analysis,
based on four
splits, is shown to
the right.

Three factors are
Involved:

G, A, and J.
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[pit] [Prure]|  RSquare Mo N Splits
0237 6253 4
|
T Al Rows
|
Count G2 LogWorth
6253 22866457 75237599
Level Prab
PASZ 09352
FAIL  0.0445
|
I |
~'5{High) T G(Low, Medium) i
Count G2 LogWorth Count G2 LogWorth
581 £39.33068 24.903963 8672 1320325 21410938
Level Prob Level Prob
PASE 07608 PASE  0.9751
FaIL - 02392 FAIL  0.0248
I |
| | | |
~ =05 T A<EEs ' Az=105 T A<105
] B || | I
Count &2 Count G2 Count 2 Count %2 Logvorth
277 3758801 304 167.92408 445 304.40541 827 93372817 91800167
Level Frab Level Prab Level Frab Level Prab
PAZZS  0.5848 PASE 09211 PASE  0.8921 PASE  0.5522
FAlL  0.4152 FAIL  0.0783 FAIL - 01079 FAL 00178
¥ Candidates ¥ Candidates ¥ Candidates | | |
T JWendorB) T JWendord) |
Count 42 Count 2
28 35923825 5188 889.67087
Level Frab Level Frab
PASS 06897 PASS 05838
FAIL - 0.3103 FAIL - 0.0182
¥ candidates ¥ candidates
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Case Study: Defect Reduction

The Column Contributions report
suggests that these three factors
explain a large amount of the
“variation” in the response.

Based on this analysis, the team
performed a 23 factorial
experiment with factors G, A,
and J.

The experiment led to root cause
Identification and elimination
of the defect.
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¥ Column Contributions
Term M Splits (542

A, 2 177 615895
B I I
C I I
O I I
E I I
F I I
(5 1 326952051
H I I
J 1 38.133478
Total 4 542731424

54



NHG

North Haven Group, LLC

Summary

This talk has discussed the use of partition analysis In
supporting variable selection for design of experiments.

Although both examples were classification tree models,
regression trees can be used in a similar fashion.

We have found this pairing extremely valuable in our Six
Sigma project work and training.

We introduce the Partition platform in both our Green Belt and
Black Belt training.

We are in the process of integrating JMP 6’s enhanced Custom
Design platform in our Green Belt and Black Belt training.
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Summary

Partitioning overcomes some of the shortcomings of multiple
linear and logistic regression (traditional regression).

Multiple linear regression modeling works well when the
predictors and the response are linearly related.

However, relationships are seldom linear.

Traditional regression can be adversely affected by outliers and
unruly distributions, both for the predictors and response.

Traditional regression does not deal well with categorical
predictors that have many levels (for example, Part Number,
Distribution Center, Sales Region).
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Summary

Partition methods:
e Assist In data exploration;
e Help with variable reduction;

e Inform variable recoding (grouping levels of categorical
variables into fewer categories);,

e Often allow the building of better models than would
traditional regression methods;

e Are intuitive and easily understood by Six Sigma project
team members;

e Combined with DOE, can greatly enhance project success.
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Summary

We provide the following guidance to Six Sigma project teams:

A Six Sigma project team should consider using tree-based
methods when any of the following hold:

o T
o T
o T
o T

nere Is a large observationa
ne team’s data contains mu

ne data Is unruly (many out

data set to explore;

ti-level categorical variables;

lers, missing data);

ne data may contain complex interactions.
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