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Statistical Process Control (SPC)

SPC is a statistical tool used to identify normal(ie. 
Common or non-assignable) and abnormal (special 
cause or assignable) trends within data

Walter A. Shewhart invented the control chart and the method 
of statistical control in 1924.
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1) NORMALITY TEST



1) NORMALITY
TEST



1) NORMALITY TEST



2) ANOVA RESULTS
CMH17 STATS Official Correct formulas ERROR CMH17 STATS Official

CTD RTD ETD ETW CTD RTD ETD ETW CTD RTD ETD ETW
Sample Size 18 18 18 18 18 18 18 18 0 0 0 0

Mean 117.25 98.1 84.67222 76.49444 117.25 98.1 84.67222 76.49444 0 0 0 0
Std.Dev 6.095924 5.045441 3.78197 5.643265 6.095924 5.045441 3.78197 5.643265 0 0 0 0

Minimum 104 83.5 77.4 66.4 104 83.5 77.4 66.4 0 0 0 0
Maximum 128.4 104.4 89.4 85.9 128.4 104.4 89.4 85.9 0 0 0 0

No. of Batches 3 3 3 3 3 3 3 3 0 0 0 0

Sample Between-batch 
Mean Sq. (MSB)94.04167 70.20667 24.91056 190.9406 94.04167 70.20667 24.91056 190.9406 0 0 0 0

Error Mean Square (MSE)29.57611 19.48978 12.889 10.63389 29.57611 19.48978 12.889 10.63389 0 0 0 0

Estimate of Pop. Std. 
Deviation (S) 6.349832 5.286075 3.859092 6.378479 6.349832 5.286075 3.859092 6.378479 0 0 0 0

B-Basis Tolerance Limit 
Factor (TB) 3.495612 3.662662 2.8207 5.340005 3.495437 3.662498 2.82048 5.339951 0.000 0.000 0.000 0.000

A-Basis Tolerance Limit 
Factor (TA) 5.9847 6.271444 4.826207 9.150619 5.982594 6.26947 4.823566 9.149972 0.002 0.002 0.003 0.001

B-Basis Value 95.053 78.739 73.787 42.433 95.055 78.740 73.788 42.434 -0.001 -0.001 -0.001 0.000

A-Basis Value 79.248 64.949 66.047 18.127 79.262 64.959 66.058 18.132 -0.013 -0.010 -0.010 -0.004



3) NORMAL METHOD FOR MODIFIED CV



3) NORMAL METHOD FOR MODIFIED CV

sKxvalue BasisA A �˜��� �� )(
sKxvalue BasisB B �˜��� �� )(
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SIMULATED DATA



SIMULATED DATA



SIMULATED DATA

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
ANOVA F 0 1.625 0 6.117647059 13.76470588
ANOVA CRITICAL F 4.225201273 4.225201273 4.225201273 4.225201273 4.225201273
ANOVA RATIO 0 0.384597063 0 1.447894825 3.257763357
ANOVA RESULT PASS PASS PASS FAILS FAILS
ADK 0 4.096 0 10.143 17.425
AD CRITICAL 2.94 2.94 2.94 2.94 2.94
ADK RATIO 0 1.393197279 0 3.45 5.926870748
ADK RESULT PASS FAILS PASS FAILS FAILS
METHOD NORMAL ANOVA WEIBULL ANOVA ANOVA
B-BASIS 9.337139427 5.743 9.49 -9.676 -24.898
A-BASIS 6.69411189 -0.211 5.85 -28.878 -56.761
ANOVA F 0 0.5 4.5 2.5 5
ANOVA CRITICAL F 3.00878657 3.00878657 3.00878657 3.00878657 3.00878657
ANOVA RATIO 0 0.166179949 1.495619545 0.830899747 1.661799494
ANOVA RESULT PASS PASS FAILS PASS FAILS
ADK 0 1.365 6.277 4.297 6.569
AD CRITICAL 1.987 1.987 1.987 1.987 1.987
ADK RATIO 0 0.686965274 3.159033719 2.162556618 3.305988928
ADK RESULT PASS PASS FAILS FAILS FAILS
METHOD NORMAL weibull ANOVA ANOVA ANOVA
B-BASIS 9.337139427 9.34 6.997 8.774 7.117
A-BASIS 6.69411189 6.123 1.739 4.731 1.6

UNIT OF ANALYSIS BATCH BATCH-PANEL BATCH BATCH-PANEL BATCH-PANEL

BATCH ONLY

BATCH-PANEL 
COMBINATION



SIMULATED DATA



SIMULATED DATA

Descriptive Rules/Observations that follow from the results table:

Rule 1: If ADK ratio > 1 then the data fails ADK test (we use ANOVA method).
Rule 2: In general, there is a correlation between ANOVA ratio and ADK ratio.
Rule 3: If ADK passes for batch and fails for batch-cycle then the allowableswould be more 
conservative in the second method.
Rule 4: If ADK fails for batch and passed for batch-cycle then the allowableswould be greater in 
the second method.
Rule 5: If ADK fails for batch and we use this method then the allowablesmay be negative.
Rule 6: When using ANOVA method, ADK ratio is inversely proportional to the allowables.

General prescriptive rule/Recommendation: Compute or estimate the total number of all 
properties and environments in the dataset that fail ADK test. If it is a significant 
proportion of the total then we should use Batch -Cycle combination for statistical analysis.



AXIOM CMC DATA
ADK TEST RESULTS



1.1 DOUBLE NOTCH SHEAR (DNS)



1.1 DOUBLE NOTCH SHEAR (DNS)



BY BATCHES 

 

BY BATCH-CYCLE 

1.1 DOUBLE NOTCH SHEAR (DNS)

Env RTD(75) ETD(180)
Mean 1.618 1.595
Stdev 0.3808 0.4312

CV 23.53 27.03
Mod CV 23.53 27.03

Min 0.8723 0.8976
Max 2.251 2.319

No. Batches 4 4
No. Cycles 7 7
No. Spec. 24 23

B-Basis 0.9129 0.5485
A-Estimate 0.4072 0.0000

Method Normal ANOVA

 Basis Values and Estimates

Strength as measured

Double-Notch Shear (DNS)                      
Basis Values and Statistics



1.2 UNNOTCHED TENSION 1 (UNT1) 



1.2 UNNOTCHED TENSION 1 (UNT1) 



BY BATCHES 

1.2 UNNOTCHED TENSION 1 (UNT1) 

BY BATCH-CYCLE 



1.3 OPEN-HOLE TENSION 1 (OHT1) 



1.3 OPEN-HOLE TENSION 1 (OHT1) 



BY BATCHES BY BATCH-CYCLE 

1.3 OPEN-HOLE TENSION 1 (OHT1) 



1.4 FILLED-HOLE TENSION 1 (FHT1) 



1.4 FILLED-HOLE TENSION 1 (FHT1) 



BY BATCHES BY BATCH-CYCLE 

1.4 FILLED-HOLE TENSION 1 (FHT1) 

Env RTD(75) ETD(180)
Mean 27.24 19.46
Stdev 1.993 1.519

CV 7.317 7.809
Mod CV 7.658 7.905

Min 24.61 16.31
Max 31.41 21.56

No. Batches 4 4
No. Cycles 7 7
No. Spec. 21 21

B-Basis 21.61 15.14
A-Estimate 17.75 12.17

Method ANOVA ANOVA

B-Basis

B-Estimate

A-Basis

A-Estimate

Method

 Modified CV Basis Values and 
Estimates

 Basis Values and Estimates

Strength as measured

Filled-Hole Tension 1 Basis 
Values and Statistics

NANA



1.5 WARP TENSION (WT)



1.5 WARP TENSION (WT)



BY BATCHES BY BATCH-CYCLE 

1.5 WARP TENSION (WT)



1.6 FILL TENSION(FT) 



1.6 FILL TENSION(FT) 



BY BATCHES BY BATCH-CYCLE

1.6 FILL TENSION(FT) 

Env RTD(75) ETD(180)
Mean 44.17 31.97
Stdev 3.518 5.107

CV 7.964 15.98
Mod CV 7.982 15.98

Min 38.43 24.51
Max 51.10 39.16

No. Batches 4 4
No. Cycles 7 7
No. Spec. 21 21

B-Basis 34.42 17.30
A-Estimate 27.72 7.245

Method ANOVA ANOVA

B-Basis

A-Basis

Method

 Modified CV Basis Values and 
Estimates

 Basis Values and Estimates

Strength as measured

Fill Tension Basis Values and 
Statistics

NA NA



1.7 IN-PLANE SHEAR BY 45/-45 TENSION (45T)



1.7 IN-PLANE SHEAR BY 45/-45 TENSION (45T)



BY BATCHES BY BATCH-CYCLE

1.7 IN-PLANE SHEAR BY 45/-45 TENSION (45T)



1.8 IN-PLANE SHEAR PROPERTIES BY V-NOTCH SHEAR (VNS)



1.8 IN-PLANE SHEAR PROPERTIES BY V-NOTCH SHEAR (VNS)



BY BATCHES BY BATCH-CYCLE 

1.8 IN-PLANE SHEAR PROPERTIES BY V-NOTCH SHEAR (VNS)



1.9 LAMINATE OPEN-HOLE 
COMPRESSION 1 (OHC1) 



1.9 LAMINATE OPEN-HOLE 
COMPRESSION 1 (OHC1) 



BY BATCHES BY BATCH-CYCLE 

1.9 LAMINATE OPEN-HOLE 
COMPRESSION 1 (OHC1) 



1.11 SINGLE-SHEAR BEARING 1 (SSB1)



1.11 SINGLE-SHEAR BEARING 1 (SSB1)



BY BATCHES BY BATCH-CYCLE 

1.11 SINGLE-SHEAR BEARING 1 (SSB1)



JMADD E8 AM DATA (OPTIONAL)

Specimen Number Site
Powder 
Supplier

Site #
Powder 

Supplier #
Lot #

Specimen 
location #

Avg. 
Specimen 
Diameter 

[in]

0.2% Offset Yield 
Strength [ksi]

UTS [ksi]
Young's 
Modulus 

[Msi]

Elongation at 
Yield [%]

Elongation at 
Fracture [%]

Reduction of 
Area (%)

NIAR-ATI-1-D11-N1-E8-ZX-RTA-1-1 NIAR ATI 1 3 1 1 0.2500 146.79 158.1602522 17.25296901 1.0493 14.6138 45.653616
NIAR-ATI-1-D11-N1-E8-ZX-RTA-3-3 NIAR ATI 1 3 1 3 0.2501 146.22 157.3566431 17.37438701 1.0412 14.479 44.39289458
NIAR-ATI-1-D11-N1-E8-ZX-RTA-4-4 NIAR ATI 1 3 1 4 0.2500 146.05 157.1185155 17.2637594 1.0443 14.7375 45.24
NIAR-ATI-1-D11-N1-E8-ZX-RTA-5-5 NIAR ATI 1 3 1 5 0.2501 146.91 158.1406056 17.38594397 1.045 14.6187 48.08627529
NIAR-ATI-1-D11-N1-E8-ZX-RTA-6-6 NIAR ATI 1 3 1 6 0.2499 146.73 157.7964287 17.3652834 1.043 14.5234 46.1987436
NIAR-ATI-1-D11-N1-E8-ZX-RTA-1-7 NIAR ATI 1 3 1 1 0.2501 146.29 157.0611623 17.29717311 1.0441 14.6881 49.63030382
NIAR-ATI-1-D11-N1-E8-ZX45-RTA-2-8 NIAR ATI 1 3 1 2 0.2500 143.72 157.2072486 16.99786843 1.044 12.7122 43.027696
NIAR-ATI-1-D11-N1-E8-ZX45-RTA-3-9 NIAR ATI 1 3 1 3 0.2500 143.87 157.1217715 17.02031246 1.0443 13.5221 43.689984
NIAR-ATI-1-D11-N1-E8-ZX45-RTA-4-10 NIAR ATI 1 3 1 4 0.2501 143.96 157.2686424 17.09059964 1.0413 12.7131 41.799146
NIAR-ATI-1-D11-N1-E8-ZX45-RTA-6-11 NIAR ATI 1 3 1 6 0.2499 144.33 157.7605132 16.94619271 1.0507 12.7564 43.52468478
NIAR-ATI-1-D11-N1-E8-XY-RTA-1-12 NIAR ATI 1 3 1 1 0.2501 143.01 156.936946 16.81618329 1.0487 13.5443 43.5549091
NIAR-ATI-1-D11-N1-E8-XY-RTA-3-14 NIAR ATI 1 3 1 3 0.2501 142.87 156.3569064 16.89202105 1.0448 13.5774 42.58953756
NIAR-ATI-1-D11-N1-E8-XY-RTA-4-15 NIAR ATI 1 3 1 4 0.2501 141.42 155.4099915 16.89673546 1.0363 13.499 42.83164783
NIAR-ATI-1-D11-N1-E8-XY-RTA-5-16 NIAR ATI 1 3 1 5 0.2502 141.03 155.1085517 16.83937512 1.0368 13.5664 37.05714885
NIAR-ATI-1-D11-N1-E8-XY-RTA-6-17 NIAR ATI 1 3 1 6 0.2501 141.78 155.5807912 16.77359573 1.0427 13.3304 34.70119349
NIAR-ATI-1-D11-N1-E8-XY-RTA-4-18 NIAR ATI 1 3 1 4 0.2502 141.99 155.8850289 16.88845208 1.0395 13.5734 34.81793302

�7�H�Q�V�L�R�Q���3�U�R�S�H�U�W�L�H�V�����$�6�7�0���(�������±���5�7�$���������ƒ�)��
Strength & Modulus

JMADD Qualification 1 - Titanium 6Al-4V / EOS M290

DATA SAMPLE



0.2% OFFSET YIELD STRENGTH

1 Factor SITE
ENV RTA ETA 300 ETA 500 ETA 700 ETA 900
Mean 146.8803202
StdDev 5.585956081
Min 139.7835223
Max 160.7058037
Number of units 3
Number of specimens 321
ADK 21.79018519
ADC (2.5%) 2.377472832
ADK RATIO 9.165272004
ANOVA F 34.47717096
ANOVA FC 5% 3.024131773
ANOVA RATIO 11.40068408
ALLOWABLES Method ANOVA
B-basis / B-estimate 127.1504078
A-basis / A-estimate 111.0038222

RECOMMENDED FOR ALLOWABLES RECOMMENDED FOR SHOWING THE SCATTER PLOT
4 FACTORS SITE+LOT+LOCATION+SUPPLIERPOWDER SUPPLIER + LOT
RTA ETA 300 ETA 500 ETA 700 ETA 900 RTA ETA 300 ETA 500 ETA 700 ETA 900
146.8803 146.8803
5.585956 5.585956
139.7835 139.7835
160.7058 160.7058

69 12
321 321

2.649 13.784

1.173 1.512

2.25802 9.118062

ANOVA ANOVA
138.0472 134.1564
131.4168 125.2082

JMADD E8 AM DATA (OPTIONAL)



JMADD E8 AM DATA (OPTIONAL)



JMADD E8 AM DATA (OPTIONAL)

ULTIMATE TENSILE STRENGTH

1 Factor SITE

ENV RTA ETA 300 ETA 500 ETA 700 ETA 900
Mean 159.1633562
StdDev 4.976256486
Min 153.5270116
Max 172.0760434
Number of units 3
Number of specimens 321
ADK 32.42074983
ADC (2.5%) 2.377472832
ADK RATIO 13.63664366
ANOVA F 35.20890911
ANOVA FC 3.024131773
ANOVA RATIO 11.64265044
ALLOWABLES Method ANOVA
B-basis 141.4728007
A-basis 126.9925022

RECOMMENDED FOR ALLOWABLES RECOMMENDED FOR SHOWING THE SCATTER PLOT
4 FACTORS SITE+LOT+LOCATION+SUPPLIERPOWDER SUPPLIER + LOT

RTA ETA 300 ETA 500 ETA 700 ETA 900 RTA ETA 300 ETA 500 ETA 700 ETA 900
159.1634 159.1634
4.976256 4.976256
153.527 153.527
172.076 172.076

69 12
321 321

3.647 17.743

1.196 1.512

3.048333 11.73745

ANOVA ANOVA
151.2414 147.626

145.308 139.535



JMADD E8 AM DATA (OPTIONAL)



Alternate Sampling for ANOVA

Stefan Kloppenborg

2024-04-24



Introduction

I When there is signi�cant between-batch di�erences,
CMH-17-1H requires the ANOVA method for computing Basis
values.

I Minimum of 5 batches required
I Proposal to allow use of ANOVA for fewer batches, but

grouped by panel
I Example: 3 batches x 2 panels = 6 groups
I Same approach has been used for ULTEM 9085 (additive

manufacturing) dataset
I This presentation investigates the properties of this proposal

through simulation



Basis Values as Random Variables

I An A- or B-Basis value isnot a material property
I Basis values arerandom variables
I When you run two quali�cation programs on identical materials

with identical processing, you will getdi�erent Basis values
I B-Basis values have the property that 95% of the B-Basis

values from di�erent quali�cation programs will be below 90%
of the true population



Basis Values as Random Variables



Background: One-Way ANOVA

For one-way ANOVA, the model is

Zij = Xi + � ij

where
Xi � N (�; � B )

� ij � N (0; � e)



Background: Variance Estimates for One-Way ANOVA

The variance components are estimated as:

�̂ 2
e = MSE

�̂ 2
B =

MSB � MSE
n0

So, the total variance is

�̂ 2
total = �̂ 2

e + �̂ 2
B

S = �̂ total =

s
MSB

n0 +
(n0� 1)

n0 MSE



Background: Computing ANOVA Basis Values
The Basis value is computed as

B = �x � TS

where

T =
k0 � k1=

p
n0+ ( k1 � k0) w

1 � 1p
n0

w =

s
u

u + n0� 1]

u =
MSB
MSE

u =
� 2

e + n0� 2
B

� 2
e



Reparamaterize
De�ne � as the fraction of variance from batch

� 2
B = �� 2

total

� 2
total = � 2

e + � 2
B

� 2
e = ( 1 � � ) � 2

total

therefore,

u =
� 2

e + n0� 2
B

� 2
e

u =
(1 � � ) � 2

total + n0�� 2
total

(1 � � ) � 2
total

u =
1 � � + n0�

1 � �



Tolerance Factor vs. Fraction of Variance from Residuals



Typical Sources of Variance



Sources of Variance (Example)



Confounded Sources of Variance

I In case where groups are formed from combinations of material
batch and panel

I If one-way ANOVA is used, batch-variance and panel-variance
are confounded

I Use simulation to investigate this scenario



Simulation

I In the following slides, Monte Carlo simulation is used
I 10,000 random samples generated for each scenario
I B-Basis value is individually computed for each sample
I Distribution of these B-Basis values is shown

I Proportion of the B-Basis values that are below true population
quantile are shown numerically on graphs of distribution

I Population mean set to� = 100
I Total variance is constant� total = 8 (CV = 8%)
I Components of variance (batch vs. panel vs. coupon) is varied

for each scenario
I Several methods of computing B-Basis value are investigated

and several sample sizes are investigated



Structure of Simulated Data

Xijk = � + Bi + Pij + eijk

Bi � N (0; � B )

Pij � N (0; � P )

eijk � N (0; � e)

For simulation, select� = 100 and keep total variance constant
such thatCV = 8. De�ne constants� and  that de�ne sources of
variance.

� 2
B = �� 2

total

� 2
P =  � 2

total

� 2
e = ( 1 � � �  ) � 2

total

valid for � +  � 1



Grouped by Batch Alone



Grouped by Batch Alone � Distribution of B-Basis Values



Grouped by Batch Alone � Observations

I Simulation suggests that worst-case sources of variance
produces ~92% of B-Basis values below the true 0.10 quantile

I Fairly good performance
I When most variance is from batchor panel, basis values can be

very low



Grouped by Batch & Panel



Grouped by Batch & Panel � Distribution of B-Basis
Values



Grouped by Batch & Panel � Con�dence Level by
Simulation



Grouped by Batch & Panel � Observations

I When most variance is from panel, approximately correct
number of B-Basis values are below the population 0.10
quantile

I When most of the true variance is from batch, grouping by
batch & panel produces non-conservative B-Basis values
(approx 78% below population 0.10 quantile).

I Distribution of B-Basis values is �tigher� than when grouped
by batch alone and variance is mainly from batch.



Nested Approach

Xijk = � + Bi + Pij + eijk

Bi � N (0; � B )

Pij � N (0; � P )

eijk � N (0; � e)

I The nested approach estimates each source of variance above
and computes a Basis value (lower tolerance limit) based on all
sources of variance

I Method described in:
I K. Krishnamoorthy and J. Peng, �Approximate one-sided

tolerance limits in random e�ects model and in some mixed
models and comparisons,� Journal of Statistical Computation
and Simulation, vol. 85, pp. 1651�1666, 2015.



Nested Approach



Nested Approach � Distribution



Nested Approach � Observations

I Correct or conservative proportion of B-Basis values are below
the population 0.10 quantile.

I Low Basis values because sampling (3 batch x 2 panel x 3
coupon) produces a lot of uncertainty in the estimates.



Flowchart Approach

A �owchart approach has been proposed by some people

1. Perform Anderson-Darling k-Sample test on data grouped by
batch

I If no batch e�ect is found, use Normal distribution
2. Perform Anderson-Darling k-Sample test on batch + panel

I If no batch+panel e�ect found, use ANOVA grouped by batch
alone

I If batch+panel e�ect found, use ANOVA grouped by
batch+panel



Power of the Anderson-Darling k-Sample Test



Power of the Anderson-Darling k-Sample Test



Anderson-Darling k-Sample Test � Observations

I For typical sampling, the Anderson-Darling test has low power
for detecting batch or batch+panel e�ects

I e.g. When� = 0:50 and = 0, ADK test has ~50% chance of
detecting a batch e�ect.



Flowchart Approach � Distribution



Flowchart Approach � Branches of Flowchart Shown



Flowchart Approach � Observations

I Due to the low power of the ADK test, the �owchart approach
fails to identify the correct sources of variation

I Except when there is truly zero batch or panel variance, this
�owchart approach produces non-conservative results (worst
case ~78% of Basis values below population 0.10 quantile).



Comparison of Methods



Comparison of Methods



Comparison of Methods � Observations

I Flowchart method non-conservative, except when there is zero
variance from panel and zero variance from batch.

I Grouping by batch alone is approximately correct, but fairly low
values.

I Nested approach is correct, but typically has low values (equal
or lower that when grouping by batch alone).

I Grouping by batch+panel is approximately correct when there
is no batch variance (� = 0), but non-conservative otherwise.

I For this sample size, it appears that the method is approximately
correct if  > � (more variance from panel than from batch),
but this is not a general trend (see later simulations).



Current CMH-17-1H Recommended Sampling



Current CMH-17-1H Recommended Sampling



Comparison of Methods with Current CMH-17-1H
Sampling

I Same conclusions as for 3x2x3 sampling
I Distribution of Basis values is �tighter� and hence higher for all

methods



More Panels, Fewer Coupons



More Panels, Fewer Coupons



More Panels, Fewer Coupons � Observations

I Same conclusions as for 3x2x3 sampling
I Note that grouping by batch+panel is more non-conservative

when there is signi�cant batch variance (� > 0)



Larger Sample Sizes



Comparison of Samples Sizes � Grouped by Batch



Comparison of Samples Sizes � Grouped by Batch + Panel



Comparison of Samples Sizes � Nested



Comparison of Samples Sizes � Flowchart



Recommendations

I Flowchart approach should not be used because it produces
values that do no meet the de�nition of B-Basis.

I Nested approach is the most statistically correct approach, but
typically low results for small samples make it unattractive.

I Text matrix should include as many batches as you can a�ord
I More batches is always more better

I Using the Anderson-Darling k-Sample test to select between
approaches is not useful because of low statistical power:

I To decide on grouping approach, need to use experience with
similar material systems, preliminary (non-pedigreed) data,
engineering judgement and graphing your data.

I Grouping by batch+panel should only be used whenvariance
from batch is small(but, see comment above).

I In this case, sampling from 3 batches x 2 panels is acceptable
I In all other cases, sampling should include 5 batches



cmstatr

Composite Material STATistics
in R

Stefan Kloppenborg



�‡cmstatr
�‡Composite Material STATisticsin R

�‡An R package for computing basis values, 
equivalency/acceptance criteria and related 
statistical methods

�‡Implements the statistical methods from 
CMH-17-1G in the R language

�‡Use cases:
�‡Computation of basis values and acceptance 

limits (advanced users)
�‡Simulations
�‡As a back-end for more user-friendly software

Introduction



Software Goals

Flexibility

�‡ Choose any alpha, 
confidence level, 
etc.

�‡ Override 
diagnostics

Precision

�‡ Minimizes the use 
of approximations

�‡ No lookup tables 
used

�‡ No curve-fit 
formulas

Openness

�‡ Code is fully 
auditable

�‡ Code can be used 
inside other 
applications



�‡ �
�‡�Ù���\�Ù�Í�Ù�+�Í�2���j�Í���ô�Ù�Í�2�î�Ù�ô�2�}���X�:�2�1�ô�2�e�Ù���:�X�Ù�\�e�Í�e���\�e���è�Í�+�Ù�è�:�1�U�j�e���2���Ù�Í�2�î�Ù���X�Í�U�����è�\��
(https://www.r -project.org/about.html )

�‡ A specialized programming language for statistical computing

�‡ In widespread use in academia and certain industries

�‡ An interpreted language (not compiled like C/C++, FORTRAN, etc.)
�‡ R works well for interactive programming (you can run some code, get results and continue writing �ó�…�:�j�Ù�î�:�2�
�e�Ù���Í�}�ô�Ù�e�:�Ù

run all of your code at once)

�‡ R is available under the GPL license

�‡ Open source, freely distributable, zero cost to use

What is R?



cmstatrFunctionality
Category Functions in cmstatr

Comparable 
Software

Single-Point Basis Values

basis_normal()
basis_lognormal()
basis_weibull()
basis_hk_ext()
basis_nonpara_large_sample()
basis_anova()

CMH17-STATS,
STAT-17,
ASAP

Pooled Basis Values
basis_pooled_cv()
basis_pooled_sd()

Diagnostic Tests
For Distribution

anderson_darling_normal()
anderson_darling_lognormal()
anderson_darling_weibull()

Diagnostic Tests for 
Comparing Groups

ad_ksample()
levene_test()

Outliers maximum_normed_residual()

Equivalency
equiv_mean_extremum()
equiv_change_mean()

HYTEQ



norm_data %>%

filter(test == "WT" & condition == "RTD") %>%

basis_normal ( strength.norm , batch)

#> Warning: ` between_batch_variability ` failed: Anderson - Darling k - Sample test

#> indicates that batches are drawn from different distributions

#> 

#> Call:

#> basis_normal (data = ., x = strength.norm , batch = batch)

#> 

#> Distribution:  Normal    ( n = 28 )

#> The following diagnostic tests failed:

#>     ` between_batch_variability `

#> B - Basis:   ( p = 0.9 , conf = 0.95 )

#> 129.9583

Typical Use
Your data

Choose a subset of your data

Compute a Basis value 
using the method you 
choose

Failures of automatically-
run diagnostic tests

Basis value computed



�‡cmstatr has been validated against:
�‡CMH17-STATS
�‡STAT17
�‡ASAP 2008
�‡HYTEQ
�‡Various published sources

�‡Good agreement between cmstatr and other software/results

�‡Full details at: 
https://www.cmstatr.net/articles/cmstatr_Validation.html

Validation



�‡cmstatr was developed by Stefan Kloppenborg with help from Billy 
Cheng and Ally Fraser at Comtek Advanced Structures Ltd.

�‡cmstatr is released under the AGPL v3 license and is being freely 
distributed at zero cost

�‡What does that mean?
�‡The package is open source (you can view the source code, see what it does and 

how it does it, and audit the code)
�‡Anyone can use it for any purpose (either commercial or non-commercial)
�‡It can be incorporated into derivative worksprovided that the users of the 

derivative work are able to view the source code (i.e. derivative works are also 
open source)

cmstatrLicense



Who Might be Interested

�‡Advanced users/power users
�‡Ability to automate workflow

�‡People investigating properties of statistical methods
�‡Simulation

�‡People developing corporate tools
�‡Can use cmstatr inside other software



�‡Website, including reference manual, tutorials and 
installation instructions:

�‡https://www.cmstatr.net/

�‡Journal of Open Source Software
�‡Kloppenborg, S., (2020). cmstatr : An R Package for Statistical 

Analysis of Composite Material Data. Journal of Open Source 
Software, 5(51), 2265, https://doi.org/10.21105/joss.02265

More Information


