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DATA
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Look at Distribution

Histogram
Stem-and-Leaf

Look at Trend versus Time

Trend Chart
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Model Response Distribution
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Optimization |

Optimization of Expected Value:
Linear Programming

Non Linear Programming

Yield Surface Modeling™




Section 1: Data

DATA

Look at Distribution

Histogram
Stem-and-Leaf

Describe Distribution-Moments

Mean
Standard Deviation/Variance
Skewness
Kurtosis

Determine Type of Distribution

Normal
Beta
Gamma
Exponential
Log Normal
General: Pearson Distributions

Test - Type of Distribution

Normal Probability Plot
Correlation Test for Normality
Chi Square Test for Distribution

Compare Distribution to Limits
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Variance from Target
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MiNITAB: DATA ENTRY AND HISTOGRAMS
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Stak  Graph  Editor  Window
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I~ Dotplot of data
[~ Boxplot of data
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Some helpful toolbar options:
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File Edit Manip Calc Skat Graph  Editor  Window Help
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More helpful toolbar options:
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More helpful toolbar options:

Help
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Show History

to review what you’ve done

OR
to use 1n generating an executable macro (“.mtb” file)
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Show the Report Pad

to bring up a convenient word processor within
Minitab that allows you to combine graphs and
text from Minitab with your own comments — to
use 1n a report or paste into PowerPoint or ...



More helpful toolbar options:

Help

e )

3 ]
!Shljl.-'-.l the Flepu:urtF‘au:Il:

Ifi=
|

]y | & OS2 = = e)E

ShOW the RCpOI’t Pad Stak  Graph Editor  Window  Help
1| »| B @FEE B o2

} Minitab Project Report

to bring up a convenient

word processor within Desecriptive Statistics

Yariable: Grades

Minitab that allows you
. Anders an-Crarling M ormality Test
tO COmblne graphs and ?—_iq;.lar.ed: gﬁ?ﬂ?
text from Minitab with > ean w07
“ariancs 4077
your own comments — Slamness 8401
. 20 @ 0 a0 1060 N =
to use 1n a report or . . . . . im0
paste into PowerPoint or ... SDurtie o000
95% Confiden ce Intenval for biu bz mum 8.0000
_ 25% Confidence Intenral for bl
442050 21.2470
ch 5h Eh ?h Eh gl:' 25% Confidence Intencal for Sigma

21580 <0, 207

L T 1] 05% Corfidence Intensal for Mesian

24 % Confide nce Intenval for Median 27 1458 . SR

This 15 a graph of the Grades of the students it this statistics class. They graded each other,
sometithes faitly, occasionally delightfially unfairly.




DiISTRIBUTION PARAMETERS

e MEAN

e STANDARD DEVIATION
e VARIANCE

e SKEWNESS

e KUuRTOSIS



MEASURES OF LOCATION
(CeENTRAL TENDENCY)

MEeasurRe SymBoL DEFINITION
Mean Y > X /N
Median M 50% values > M

50% values <M
Mode Mo Value or category with
largest frequency

Note: X, X,,....... X are data points in sample of size N



MEASURES OF VARIABILITY OR SPREAD

MEASURE SymBoL D EFINITION
Range R X, - X

2. (x,— Xy
Variance S? N_ ]

Standard Deviation S 2. (%, —X)?
(N-1)




WHy Use 2 (X - X)2 2
(n -1)

c 2 = Population variance = Y (X - p) ?

n

Desire to estimate this, using x instead of p
(sample mean instead of population mean)

c? = X [(X-Xx)-(-x)°}

n

2

6?2 ={¥ [X-X) 2-2(X-X)(H-X)+ (u-X?]}
n n n




continued

Since X (X - X) = 0, the middle term is zero:

c? ={X [X-X)?+ (u-%)7}

n n

The last term is the definition of standard error, or the variance of sample means
about the population mean:

Standard error=3 [(M-X)%]= o2
n n




continued
c? = > (X=x)*+ o°

n n

From the central limit theorem, standard error is equal to the population

variance o2/ N; however, we don’t know the population variance, and instead
estimate it with s2/ N

Estfc?] = s2= Y (X—-x)?+ s?
n n

Multiply both sides by N, then combine s? terms:

s2(n-1) = ¥ (X=X )2

Divide both sides by (N - 1) to obtain sample variance

X (X- %)
- (n-1)

82



ADDITIVITY OF VARIANCES

100

80 4
60 4
40 4
20 4
0- T —
Total Var due Var due Var due Var due
Variance to x1 to x2 to x3 to x4

STANDARD DEVIATIONS COMBINE

10 +

8 -
6 +
4 1
2 4
0 t
Total S due S due S due S due
StdDev to x1 to x2 to x3 to x4
Total Standard deviation =
Std dev
due to x2 \/(stddev due to x1)*2 + (stddev due to x2)"2

Std dev due to x1




MOMENTS OF A DISTRIBUTION

S (x-T)
Kth Moment about T =
n
Y (x-0)

1st Moment about 0 =

-2
Z (x —x)
2nd Moment about mean =

\ Population / n

VARIANCE




SKEWNESS

The third moment about the mean is related to the asymmetry or skewness of a
distribution: —\3
2(X—X)

n

H3 =

A unimodal (i.e. a single peaked) distribution with y, < 0 is said to be skewed to
the left — that is, it has a left "tail". If y, > 0, the distribution is skewed to the
right. For symmetric distribution p, =0

Skewness = 1/:81 = ﬁ;
A

The quantity measures the skewness of the distribution relative to its degree of
spread. This standardization allows us to compare the symmetry of two
distributions whose scales of measurement differ.



SKEWNESS (Conrn)

Positive Skew

Zero Skew

Negative Skew




KURTOSIS

The fourth moment about the mean is related to the peakedness —also called
kurtosis—of the distribution and is defined as

Ex=%)

n

L4

= H4
Kurtosis = [32 =7
indicates how sharply the distribution reaches a peak. For example:

f(x) normal distribution. (g, = 3.0)

141- B2 = 3 (normal distribution) uniform distribution (B, = 1.8)
12 /\< B2 = 1.8 (uniform distribution)
o} /
0.8 /
06
04
02 /
0 | | x

-05 0 05 10 1.5




NoRMAL DISTRIBUTION

l Parameters Probability Density Function
1 —~(s—u)P /202
—00 < {1 < 00, f(x)=62ﬂe S
o> 0 —00 < X<
l Expected Value Variance \/E

U c? 0




NoN-NoRMAL DISTRIBUTIONS

e BETA

e GAMMA

e EXPONENTIAL

e LOG-NORMAL

e UNIFORM



BETA DISTRIBUTION

Symmetrical

l Parameters Probability Density Function
‘ﬁ>0,v>0 f(x)= .F(n"'V)Xy—l(l_x)n—l, 0<x<l1
I(mI'(y)
0 elsewhere
l Expected Value Variance : ,31 ,82
y ny = 201 0+ 172
n+vy (n+y)2(n +v+1) (ny)%(y+n+2)/

3n+y+1)y + ) +my(n+7y —6)]
myn+y +2)(n+y +3)

Bo =




GAMMA DISTRIBUTION

l Parameters Probability Density Function
A>0 n
e f(x) :{ A nlehx x>0
n>0 I'(m)
l Expected Value Variance e b,
m n 2 3(7+2)
A % Vi 7



EXPONENTIAL DISTRIBUTION

——

Parameters Probability Density Function
A>0 =re™;x20
T = 0 elsewhere
Expected Value Variance b ,32
1 1 2.0 9.0
A 2

oy
U
%)




Loc—NoRMAL DISTRIBUTION

,.:ec:ceecs

Parameters Probability Density Function
—00 < 41 < 00; 1 |1 2]
’ X) = exp, —=—— (logx — w)
o>0 /() ox 27 L 26° ’
x>0
Expected Value Variance Wi 5

eu+)/202

62“+62(662 —1) (962 —1)%(962 +9

B,=3+ (W-1)(w?+3w2+6w+6); w=e”




UNIFORM DISTRIBUTION

f(x)
1
H— Hy
0 ——— . .
Ky Hy
Parameters Probability Density Function
h
Ho, Ky, WEre f(X)={ My Sx <
H < H, H — Hy
0 elsewhere
Mean Variance v B,
Ho + 1y (1) — 1)’ |
> 7 0 1.8



PEARSON DISTRIBUTIONS

df(x)  (x— dg)f(x)

dX  ¢g+ hy X+ hoX?

General equation for distributions.



PEARSON DISTRIBUTION
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Region in (31,R32) plane for various type Pearson distributions. Letters U and J denote U-shaped and J-
shaped distributions. (from E.S. Pearson, Seminars, Princeton University, 1960.)



REGIONS OF DISTRIBUTIONS

'
[
]

o ]

Regions in (31,32) plane for various distributions. (From Professor E.S.
Pearson, University College, London.)



Furtosis (BetaZ2) Axis

Distributions in Kurtosis vs Skewness Plane
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/
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t-Distributions

Beta

Beta

Distribution Distribution
Region Region
. -
Region 4_ Uniform Region
-2 -1 0 1 2
Skewness (VBeta1) Axis



Box-Cox Transformation

Minitab’s Box-Cox transformation can help determine how to transform data
that doesn’t follow a normal distribution to more nearly approximate normality.

File / Open “CYCLETIME.MPJ”

IH Graph  Editor  indo
Basic Statistics
Regression
MO,

DioE

3
3
3
3
Conkrol Charks k
Calicy Tools b
Reliability ' Surwival b
Pulkivariake k
Tirme Series 3
Tables b
Monparametrics k
EDA b
Power and Sample Size  »

Define Tests..,

Biox-Cox Transformation. .

®bar-R...

xbar-5...

I-MR...

[-MR-R./5 (Between)Within). ..
Z-MR...

=har. .,
R...
Fnoo

Individuals. .
Mowing Fange. ..

EMMA, ..

Mowing Average. ..
CLSLM. ..

Zone, .,

I= I 12 1o
: i _-U:

=18]x
=18]x

39 MINITAE - cycletiime.MP] - [Box-Cox Plot for Cycle Time]
[7] Ble Edit Manp Calc Stat Graph Editor window Help

| glm(B[o]E] =@

|| @ ¢ (wlel - B CED B ol
Box-Cox Plot for Cycle Time
95% Confidence Interval
z Last Iteration Info

Lambda StDev

130 — e Low 0508 1185

75} Est 0562  1.185

i= Up 0618 1185
. =]
Y S
Q 125 - S
w <
=
=
£
]

120 —fF---—-==-----3 s
[
I I l l l [ l l I I
5 4 3 2 1 0 1 2 3 4 5
Lambda
Current Workshest: Warkshest 1 [ [view [miodam




Depending on the lambda where the std dev reaches a minimum,
The following transformations are suggested for the data:

Lambda Transformation

-2.0 Inverse Square

-1.0 Inverse

-0.5 Inverse Square Root

0.0 Log (either Natural or Base 10)
0.5 Square Root

1.0 Untransformed

2.0 Square




Excel or other Files > Minitab

For Excel or other spreadsheet:
Data should be in the format of
different columns for different parameters,
different rows for different values of the same parameters.

Three primary ways to import data:

1) Open Worksheet, select the type as “Excel” or another acceptable format.

2) Copy the data (including labels) to import from Excel or other table or worksheet.
Go to the Minitab Worksheet page

If there are labels included, click on a label cell in the Minitab worksheet and paste.

If there are no labels, only data, click on a value cell below the label cell and paste.

Then, type in labels for each column.

3) Go to the file menu on Minitab and choose the "import file'" option.

If the file format is consistent with one of the options Minitab supports,
select that format and import the file into Minitab.



File Edit Manip Calc Skat Graph Editor  Window Help

ChrlH-O
Ctrl+5

Help ok Cancel

istockprices, xls

File Edit Manip Calc Skak  Graph  Editor  Window Help

BlEw, .. Chel-HT

2pen Project. ., Chel+0

Save Projeck Chrh5 File name: Istuckprices.:-:ls Open
Save Projeck As, ..

Project Description... Files of tpe: | Eucel  sls) ;ﬂ: Cancel

Cpen Workshest, ., k Help |

Query Database (ODEC). ..

Save Current Wiorksheet .
= iof Minitab [5.mtw il I8 *
Save Current Waorksheet as. ., eseny _ [ ) JJEIE % Open
iZlose Workshest binitab [*. mbv] )
- Minitab Project [5.mpj]

Open Graph. .. | Minitab Portable [* mitp

Save Session Window As. .,

E!uttrn:l [¥.wb1 % wgl]

Cther Eiles b 123 [ k7]
Print Session Window. .. Chrl+F dB aze [*.dbf]
Print Setup Text [*bxt]

B Data [ dat)
Exit Al

1 D:ASIRSIEMAL, . ARMIMIT A~ S MESTEDANCWAPCHAMMEL T
2 Di\sixsigmab,,. . \minitab filesileakagecurrent. P

3 Duhsixsigmanl, yminitab Files\CYCLETIIME, MPI
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Cleaning up data for analysis

* When you extract data from databases, test systems.... - there often are ""Outliers"
* Outliers are data points that don't fit with the predominant range of values for the rest of the data.

1) Outliers shouldn't simply be tossed out without considering what they might be telling you.
Sometimes, the outliers are the REAL story
Example: A study with bacteria colonies being grown on petri dishes...one petri dish didn't fit in.
It turned out to be contaminated with mold. Result: the discovery of penicillin, our first antibiotic!

2) Outliers are sometimes individual values, and sometimes groups or clumps of values
- Individual outliers are generally due to something being different - measurement problem, misprocessing...
- With some distributions (ex: lognormal), some values that look like outliers can actually be part of the distribution
- Clumps of outliers can be due to:
* Measurement problems, misprocessing
* "Pegging' on some sort of limit (testing limit, short, open...)
* Bimodal distribution (or trimodal, or...), which can be due to:
- Different processes, tools, measurement systems ...
- Nested variance: different lots, different wafers
- Different populations (example: EU vs USA GSM)
- U-shaped Beta distribution (peaks near 0% and 100%)

Rules of Thumb:

a) Look at the histogram of the data. Where do the outliers lie? What does the distribution without the outliers look like?
b) What might the outliers be telling you? (see list 2 above)
¢) If you are ready to discard the outliers, come up with a rational rule as to what is and what is not an outlier to discard.
* If the main distribution resembles a normal distribution, then may be able to use a "recursive filter'" approach:
- Obtain mean, std dev of entire data set with outliers, discard any points outside mean +/- 6 std dev;
repeat as appropriate
* For non-normal distributions, you may need to first use a transform (example: distribution of logarithms of values)



CENTRAL LIMIT THEOREM

1) Standard Deviation of Means = Standard Deviation of Population
SQRT (N)

where N = Sample size for
determining means

Note: used in ANOVA and T-Test Theory

2) Regardless of the shape of the distribution of the population,
the distribution of means will be more nearly normal.

Larger Sample Size —» More nearly Normal Distribution of Means




CENTRAL LiMIT THEOREM EFFECT ON
NoN—NORMAL DISTRIBUTIONS

Exponential U-Shaped Uniform

Sampling Distributions of ¥ Sampling Distributions of ¥ Sampling Distributions of ¥



d - ) ° °
random 190 c-c16 Minitab Execs / Macros

Nanme c¢16'nor nd'

nane
namne
namnme

le c17Hcl+c2+c3+c4)/ 4
le c18 cl+c2+c3+c4+c5+c6+c7+c8+c9)/9
lg c19— cl+c2+c3+c4+c5+c6+c7+c8+c9+c10+c1ll+c12+c13+c1l4+c15+c16)/ 16

%Descri be C16, c17,¢c18,c19
Confi dence 95 Q

cl7'average 4
cl8'average 9
cl9'average 16'

random 100 c1-c16;
exponertid 5

Nanme c16'exponertid’
name cl7'average 4
nanme cl8'average 9
name cl9'average 16'

random 1000 cl-clé6; let c175cl+c2+c3+c4)/ 4

et 5 5. le c18 cl+c2+c3+c4+c5+c6+c7+c8+c9)/ 9
leg c19< cl+c2+c3+c4+c5+c6+c7+c8+c9+c10+c1ll+cl12+c13+c1l4+c15+c16)/ 16

Name cl6 'beta U-shaped' )

name cl7 'average 4 %Descri be C16, clv, 018, Clg;

name cl8 'average 9' Confidence 95 Q

name cl9 'average 16'

name c20 'average 2'

let c20=(cl+c2)/2

let cl7=(cl+c2+c3+c4d) /4

let cl8=(cl+c2+c3+cd4+c5+c6+c7+c8+c9) /9

Let cl9=(cl+c2+c3+cd+c5+co6+c7+c8+c9+cl0+cll+cl2+cl3+cld+clb+cl6) /16

$Describe c¢l6,c20,cl7,cl8,cl9;

Confidence 95.0.




File Edit Manip Calc Skat Graph Editor  Window Help

MinTaB ExampPLE: CeENTRAL LiMT THEOREM
NoRrwmAL DISTRIBUTION

BlEw, .. o
Dpen Project. .. CErHO
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Project Descripkion, ..

Cpen Worksheet,

Query Dakabase (ODBC). ..
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Print Worksheet. .. Zkrl+P
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Import Special Text. .,
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Exit
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Help
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centrallimitexponential, mkb
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Help




Graph Editor  Window H PSS x|

Layouk, .. .

1 Hormall Graph variables:
Blat... 2 Hormalz ﬂ
Time Series Plak, ., 3 Hormal3s Graph x

C4 Hormald |
Chart. ., CE Heans 3 Hormall
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Marginal Plot. .. = Er'ilj. "
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Multiple Graphs

Generation of Multiple Graphs
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Restare Icons
Arrange Icons
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Z-Table and associated Cpk - Cumulative Normal Distribution Tail Probabilities

CPK z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0 0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
1 0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
2 0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
3 0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
4 1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 0.0808 0.0793 0.0778 0.0765 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
5 1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0574 0.0559
1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
6 1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
7 2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
22 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
23 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
8 2.4 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
9 2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 00014
1.0 3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
32 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
1.1 33 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
34 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
3.5 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
1.2 3.6 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
3.7 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
3.8 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

1.3 39 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Capahility Bnalysis (Between/Withind. ..
Capability Analysis (Weiboll), .
Capability Sixpack {Mormal). ..

Capability Sixpack (Between)Within). ..

Capability Sixpack (weibull), ..

Capability Analysis (Binomial}. ..
Capahbility Analysis (Poisson]. ..

Gage Fun Chart., ..

Gage Linearity Study...

Gage R&R Study (Crossed). ..
Gage R&R Study (Mested), ..

Aktribute Gage R&R Study

rulki-wari Chart, ..
Symmetry Plot. ..

Capability Analysis {(Normal Distribuktion)

Select

Help

Data are arranged as
|NDrmall

# Single column:

Subgroup size: |1

[use a constant or an ID column]

" Subgroups across rows of:

[
[

I?EII [ Boundary
Upper spec: [fzo~ I Boundary
Historical mean: I— [optional]
Historical sigma: I— [optional]

Lower spec:

Estimate...

Options...

Storage...

Cancel




;MINITAB - Untitled - [CAPA for Mormall] - =] x|
Eile Edit Manip Calc Stat Graph  Editor Window  Help _|5||£|
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Process Capability Analysis for Normal
LSL USL
Process Data

5L 120.000 Within
Target *
L5L 70.000 Crverall
kMeEZN 100.252
Sample M 1000
StDew WVithin) 9.33614
StDew (Owerall)  9.514783
Potential (within) Capahility
cp 0.89
P 0.71
ZPL 1.08
Cpk 0.71 | | | | | | | |
Corn . B0 70 a0 90 100 110 120 130

Crerall Capat:lilitg,r Dhserved Performance E}{ICI. "Within" Performance E}{ICI. "Cyerall" Performance
Pp 0.as8 FPM < LSL 2000.00 PPM < L5L 295 .97 FPR < L5L T37.68
PPL 0.69 PP = LISL 19000.00 PP = LISL 17206.04 PP = LISL 18970.28
PPL 1.06 PPR Total 21000.00 PPrA Total 17803.01 PP Total 19707 .96
Ppk 0.69 s

Current Worksheet: Worksheet 1 [view  |5:43PM



TAGUCHI VARIANCE

2 2 N 2
S2 =8 +(x-T)
Variance Variance of
about mean mean from target

T\2
NOTE: 2 _g2 2(X—X) Second moment about mean
N

o 2(X-— T)2 Second moment about target

N
» Can be used to separate the amount of the "problem" due to:

St

- Deviation of mean from target - P
(x—=T)
(miscentered/mis-targeted) X
from +
- Deviation of parts from mean
("Process variability") S?



WHAT 1S QUALITY?

Fitness for use — Juran
Conformance to requirements — Crosby
Meeting expectations of customers — Feigenbaum

Minimization of the loss imparted to society by a product due to deviations of
the product's functional characteristics from desired target values — Taguchi

Conformance to_target and reduction of variability — Luftig



CONFORMANCE TO SPECIFICATIONS
VS.
CONFORMANCE TO TARGET

An example: Sony TV case

LSt usL
TOLERANCE

SONY Japan

SONY
San Diego

+
m-5 m m+5

Distibuition of color concentration (from ASAHI, 4/17/79)



TAGUcCHI Loss FuncTioN ALL PARTS
IN SPEcC ARE NoT oF EQuAL CosT

EXPECTED LOSS ($) =K [ (V- 12 + s2 1

“ Y Y TARGET
?

| |
-DISTRIBUTION OF PARAMETER

| 0SS
-n=
>

MANUFACTURER
TOLER(WC €
|

I\

11

_’Y

"

T T-8 T T+3 T1+a

Performance Characteristic



TAGUCHI'S QuALITY Loss FuncTioN AND SPC

Vol limits: - 1.830 to - 1.683
Vol target: - 1.756

Vol mean: - 1.822

Vol Std Dev = .0097

X-TR = .0043  98%
S2 = 000093 2%

Total = .00445 100%
(S, = .0667)

98% of variance from ideal distribution is due to miscentering
Cp(T) = -1.683-(-1.83) = 0.37

6 x .0667 -
Cpk = -1.822-(-1.83) = 0.28
3 x .0097
Cp = -1.683-(-1.83) = 2.53

6 x .0097



MC10175 ECL VOL

TacucHl Loss FuncTioNn -FAR FRom TARGET!! BUT Cpk>1.51!

LSL Target USL

PIN 13
PIN 14
PIN 84
PIN @3
PIN 02

-.98-.97-.96-.895-.94-.93 -.92-.91 -.9 -.B9 ~.88-.87 —-.86 —-.85



