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Definitive Screening Designs
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Dr. Neil W. Polhemus



Definitive Screening Designs

A class of statistically designed experiments that
may be used for both screening and optimization.

Handle both quantitative and categorical factors.

Quantitative factors are run at 3 levels, which
allows the estimation of both linear and quadratic
effects.

First described by Bradley Jones and Christopher
Nachtsheim in a 2011 article in the Journal of
Quality Technology.
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Properties

The required number of runs is very small, usually between 1 and 3 more
than twice the number of factors.

Main effects are independent of two-factor interactions.

Two-factor interactions are not perfectly confounded with other two-factor
interactions, although they are correlated.

For continuous factors, all of the quadratic effects can be estimated.

Quadratic effects are orthogonal to linear main effects and only partially
confounded with two-factor interactions.

For designs involving 6 through 12 factors, the full second-order model
can be estimated for any 3 or less factors.
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DOE Wizard

* The Statgraphics DOE Wizard provides DSDs for
any combination of 4 to 16 factors.

» Both blocked and unblocked designs are available.
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Example #1

* Optimization of a chemical reaction from Statistics for
Experimenters by Box, Hunter and Hunter (2005).

* Response variable Y: percent reacted

« Experimental factors:
— X1: feed rate
— X2: amount of catalyst
— X3: agitation rate
— X4: temperature
— X5: concentration
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Step 1: Define Responses

Design of Experiments Wizard - Define Responses

Dezign file:  <untitled:

Comment: IDefinitive goreening design for 5 factors

MHumnber of responzes: |1 j Responzes 1-16 I Rezponzes 17-32 |

Responze Mame [ hits Analyze Goal Target Impact [1-5]  Sensitivity kinirum [ B
1 Ireacted I?é IMean ;I IMa:-:imize ﬂ IU.E |3.U IMedium _I I Imd

[var_2 | [Mean ] [Masimize -] [05 EE [Medum <] | |

3 [val3 | [Mean ] [Masimize -] [05 EE [Medum <] | |
4 fvars | [Mean ] [Masimize -] [05 EE [Medum <] | |
5 [Vas | [Mean | [Maximize ~] [05 oo [Medium ]| | |
6 [vas | [Mean ] [Masimize -] [05 EE [Medum <] | |
7 |va7 | [Mean ] [Masimze ~] [05 EE [Medim <] | |
8 |va_s | [Mean ] [Masimze ~] [05 EE [Medim <] | |
3 |va_s | [Mean ] [Masimze ~] [05 EE [Medim <] | |
10 |va_io | [Mean ] [Masimze ~] [05 EE [Medim <] | |
1M [Var | [Mean | [Marimize ~] [05 ER [Medium ] | |
12 |va_1z | [Mean ] [Masimze ~] [05 EE [Medim <] | |
13 |va_13 | [Mean ] [Masimze ~] [05 EE [Medim <] | |
18 [var14 | [Mean | [Marimize <] [05 ER [Medium ] | |
15 [Var15 | [Mean | |Masimize =] [05 |20 [Medurn  ~] | |
16 [Varl6 | [Mean | |Masimize =] [05 |20 [Medurn  ~] | |

Cancel | Help |
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Step 2: Define Experimental Factors

Design of Experiments Wizard - Define Factors >

Deszign file; dzd.sgs

Carmment: IDefinitive zoreening design for & factors

Mumber of controllable process factnrs:lE—::II MNumber of controllable mixture components: |0 :ll Mumber of noige factars: |0 :ll
Factor Mame IIhitz Type Role Lo High Levelz

A |feedrate |lters/min |Confiuous ¥ | Controllable {100 |15.0 [10.0.15.0

B [catalyst [z |Contiruous v | Controllable 1.0 |20 [r020

C  |agiation |rpm |Contiuous | Controllable  [100.0 [120.0 [to00.1200

D |temperature |degrees | Continuous v | Cantrallable 140.0 |180.0 [140.0.180.0

E  |concentration | |Continuous | Contrallable |30 |60 [a060

F IFau:tu:ur_F I IEDntinunus ;I |-1.EI I'I.IJ |'|,2,3,4

G IFau:tu:ur_G | ||:.3nnnu.;us ~| |-1.c| |1.u |1,2,3,4

H |Fa|:t|:ur_H I IEDntinunus ;I |-1.|:| |1.|:| |'|,2,3,4

I IFau:tu:ur_I I IEDntinunus ;I |-1.EI I'I.IJ |'|,2,3,4

J IFau:tu:ur_.J I IEDntinunus ;I I-'I.EI I'I.IJ |'|,2,3,4

K, |Fau:tn:ur_K | ||:.3nnnu.;us ~| |-1.c| |1.u |1,2,3,4

L [Factor L | | Contiruous - | |10 i [1.234

k IFau:tu:ur_M I IEDntinunus ;I |-1.EI I'I.IJ |'|,2,3,4

Total far controllable misture components: I'ID— Factors &-k | Factorz M-2 |

Back | Cancel | Help |
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Step 3: Select Design

Design of Experiments Wizard - Select Design

De=ign file: dzd.zgx Fobust Parameter Deszign

— - - % Combined aray
Comrment; IDeflnltwe zoreening design for b factors

" Croszed amay

Segment Factors Runz Blockz [ezign
Optiohs. .. | Process factars 5 1] 1] Press the Options button.
Dptions... | Misture components 0 1] 1]
Dptians... | 1] 1] 1]

COMBINED 5 Designs for Continuous or Two-Level Factors >

BLOCE. feed rate — Design Class 0K chientration

liters/min 4
¥ Screening
Cancel
" Responze Suface

= Multilevel Factorial Help

™ Orthogonal &may

" Computer Generated

0k, | Cancel | Herandumizel I:u:unstraintsl Help |

== Statgraphics’
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Step 3: Select Design (cont.)

Design of Experiments Wizard - Select Design

Deszign file: dad.sgs

Robust Pararmeter Dezsign

% Combined amray

Camment: IDefinitive zoreening design for 5 factars

Seqgment Factaors Funs Blocks Dezign

Optionz... Process factors ] 1] 0

" Croszed aray

Prezs the Optiohs buttan.

Screening Design Selection

Options. . hd it

Options. ..

M armne

iy

Rezolution

*

Error d.f. Block Size

itive scresning design
Blocked definitive screening design 12 Iv

User-specified design

Factorial 2"5 3z v+ 1e 3z LI
Factorial a5 az v+ 1€ 3z

Factorial in 2 blocks Z°5 az v+ 13 1€
Factorial in 4 blocks 25 3z v 13 B ntration
Factorial in B blocks=s Z°5 az Ivs 11 4 4
Factorial in 1€ klocks 25 3z Ivs 11 2

Half fractiom 2°5-1 1€ v o 1€

Irreqular fraction 252378 1z ~IW 12

Quarter fraction 2752 -] III B

Mixed lavel fraction

Mimed level fraction

Half fractiom in Z klocks

¥ Dizplay Blocked Desighs

o |

Cancel Back

Help

(1] 8 | Cancel | Rerandomize |

Help |

Conztraints |

== Statgraphics’
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Step 3: Select Design (cont.)

Design of Experiments Wizard - Select Design

Deszign file:  dsd.sgs Fobuzt Parameter Dezsign

{* Combined aray

Carmrment: IDefinitive soreening design for B factors o ;
rozsed array

Segment Factorz Funz Blocks [re=ign
Options... | Process factors 5 0 1 Definitive screening design
Options... | Misture components 0 1] 0
Options... | 0 Definitive Screening Design Options >

COMEIMNED 5 Centerpoints—————————————— Replizate Design

BLOCE. feed rate LR itz chientration
g | o
Placernent

¥ Randomize

& Random
" Spaced
 Firat
7 Last

x|

(1] | Cancel | Herandnmizel Eunstraintsl Help |

== Statgraphics’
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Step 3: Select Design (cont.)

Design of Experiments Wizard - Select Design

Design file: dsd. =g

Robust Parameter Design

Comment: |Definitive zoreehing design for 5 factors

Segment Factors Runs Blocks Dezign
Process factors 5 16 1 Definitive screening design
Misture cormponents 0 0 1]
1] 1] 1]
COMEBIMED 5 16 1 Samples per rur: |1
BLOCE, feed rate catalyst agitation temperature cncentration
literz./min X Tpm deqgrees i
1 1 15.0 1.0 100.0 180.0 15
2 1 10.0 1.0 110.0 180.0 6.0
3 |1 15.0 1.0 120.0 140.0 6.0
4 |1 10.0 20 120.0 140.0 15
5 1 125 1.0 100.0 140.0 a0
6 1 125 2.0 120.0 180.0 6.0
71 125 15 110.0 160.0 15
g 1 1256 15 110.0 160.0 15
9 1 10.0 15 100.0 140.0 6.0
m 1 15.0 15 120.0 180.0 an
11 1 1256 15 110.0 160.0 45
12 1 125 15 110.0 160.0 45
13 1 10.0 1.0 120.0 160.0 30
14 1 10.0 20 100.0 180.0 an
15 1 15.0 2.0 100.0 160.0 E.0
16 1 15.0 2.0 110.0 140.0 3.0 ||
-
4 [»

k.

Cancel

Rerandaomize

statgrap
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Step 4: Specify Model

DOE Wizard Model Options

— Praocessz Factars Model — Mimture Componentz baodel — 0k,
" Mean & tean
Cancel
" Linear [Main Effects) " Linear
" 2Factar Interactions  Ouadratic Help
& Quadratic " Special Cubic
" Cubic " Cubic
[nclude:; Esclude:;
& feed rate &R
B:catalyst AC
C:agitation A
D:temperature AE
E:concentration BC
B BD
BE BE
CC ChD
oD CE
EE DE
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Step 5: Select Runs

» Not required since the design already has the
desired number of runs. This step is used for a
computer generated design (such as a D-optimal
design) when a subset of a large set of candidate
runs needs to be selected.
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Step 6: Evaluate Design

ANOVA Table
SOUrce D.F.
Model 10
Total Error h

Lack-of-i ?
Pure error |3
Tow@al (corr.) |15
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Step 6: Evaluate Design (cont.)

Model Coefficients

Power at | Powerat | Power at
Coeficient | Standard Error | VIF Ri-Squared [SN=05 [3N=10 |3N=20
constant 0.494152 7.01% 13.19% 37.52%
A 0.316228 1.0 0.0 G 95% 25.18% 71.61%
B 0.316228 1.0 0.0 0 05% 25.18% 71.61%
C 0.316228 1.0 0.0 8 95% 25.18% 71.61%
D 0.316228 1.0 0.0 8 05% 25.18% 71.61%
E 0.316228 1.0 0.0 8 96% 25.18% 71.61%
A4 0.646007 1.96977 [0.362063 6.17% 0. 74% 24.28%
BB 0.646007 1.56977 [0.362063 6.17% G 74% 24 28%
CC 0646007 1.56977 [0.362063 6.17% G 74% 24 28%
DD 0.646007 1.96977 |0.362063 6.17% 0 74% 24.28%
EE 0.646997 1.56977 [0.362063 6.17% G 74% 24 28%

alpha = 5.0%, sigma esimaied from fodal error wih 5 d f.
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Step 6:

Evaluate Design (cont.)

Alias Matrix

Efiect A A A A BC BD BE CD CE DE

constant 0.1163 |-0.1163 |0.1163 [-0.1163 (01163 ([-0.1163 (01163 (01163 |-0.1163 |0.1163

B

C

O

E

AL 0.1628 |-0.1628 |0.1628 |-0.1628 |-0.8372 |(-1.1628 |-08372 |-0.8372 [-1.1628 |-0.8372

BB 0.1628 |-1.1628 |-0.8372 08372 01628 [(-01628 (01628 |-0.8372 (08372 |1.1628

CC -0.8372 |1-01628 (11628 (08372 (01628 (08372 (11628 (01628 |[-01628 |-08372

oD -0.8372 108372 101628 |-1.1628 |1.1628 [(-0.1628 |-0.8372 (01628 (08372 |0.1628

EE 1.1628 08372 |-0.8372 |-0.1628 |-0.8372 (08372 01628 |1.1628 |-0.1628 |0.1628
statgraphics’
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Step 6: Evaluate Design (cont.)

Correlation Matrix

i

[ |

fi il

MM

BB

CC

pD

EE

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

mio|ca|m| 3=

0.0000

0.0000

0.0000

0.0000

1.0000

0.0000

0.0000

0.0000

0.0000

0.0000

2=
=

0.00:00

0.0000

0.0000

0.0000

0.0000

1.0000

0.4667

0.4667

0.4667

0.4667

0.0000

0.0000

0.0000

0.0000

0.0000

0.4667

1.0000

0.4667

0.4667

0.4667

CC

0.0000

0.0000

0.0000

0.0000

0.0000

0.4667

0.4667

1.0000

0.4667

0.4667

DD

0.0000

0.0000

0.0000

0.0000

0.0000

0.4667

0.4667

0.4667

1.0000

0.4667

EE

0.0000

0.0000

0.0000

0.0000

0.0000

0.4667

0.4667

0.4667

0.4667

1.0000

statgraphics’

centurion




Step 6: Evaluate Design (cont.)

15 o] a o o a (=] Q a o o a Q
feed rate o x ol a x ol e X % * -
10 o o al| a o ol o a] al a a] o
5 a o o a o ol o o al a o o
u] x a] Cata|yst u] x o| o x o| o x u]
1 o a] a o o al a a] ol o a] a
120 o o o a o o Q o o| o o a
u] x ol o x u] agitation a] x o| o x u]
100 a o o o (m] Q o o a a o o
180 a o o| o o ol a o o a o o
o X ol o x o| o x o temperature o X o
140 o a] al a o ol o o a o o a
6 o o al a o ol o o al a o o
o x ol o x of| o x o| o x o|concentration
3 a a] o| o o a| a o ol o a] a
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Step 6: Evaluate Design (cont.)

Prediction Variance Plot

agitation=110.0,temperature=160.0,concentration=4.5

Stnd. error

11
12 13 1 catalyst

14 15
feed rate
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Scaled prediction variance

Step 6: Evaluate Design (cont.)

FDS Plot
(cuboidal region)

15 |~ ]

)

Fraction of design space
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Step 7: Save Experiment

Bm Save Design File As %
A » ThisPC » Local Dhsk (C:) » Data » Webinars » v Search Webinars gl

Organize * Mew folder = - (7]

el
[ This PC

“J 3D Objects 5 | il

B Desktop BB N

Documents i '\

; Downloads Top Ten dsd Local Disk () -
Shortcut

J"J Music

[&] Pictures

B Vvideos

e Local Disk ()

I:?' Metwaork v

File name: | dsd o

Save as type: | STATGRAPHICS Experiments (*.5gx) w

# Hide Folders Save Cancel

statgraphics:
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Step 8: Analyze Experiment

Design of Experiments Wizard - Analyze Data X
Reszponze Faore... | Tranzformation Foweer &ddend
reacted Iﬁ |-|_|:| ||:|

INDne j |1.|:| ID
INDHE ;I I'I.EI IEI
INDHE ;I I'I.EI ID
INDHE ;I I'I.EI ID
INDne j |1.|:| ID
INDne j I'I.EI II:I
INDne j I'I.EI II:I
INDHE ;I I'I.EI ID
INI:II"IE-' ;I |'|.|:| ID
INDne j I'I.EI II:I
INDne ;I I'I.EI II:I
INDne ;I I'I.EI II:I
INI:II"IE-' ;I |'|.|:| ID
INI:II"IE-' j |'|.|:| ID
INI:II"IE-' j |'|.|:| ID

] Cancel | Help |
statgraphics:
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Pareto Chart of Effects

B:catalyst
D:temperature
DD
E:concentration
BB

CcC

AA

A:feed rate

EE

C:agitation

Standardized Pareto Chart for reacted

my

Standardized effect

statgraphics’

centurion
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Collapse Design

Exclude Effects Options

[hclude:

B:catalyst

BB

BD

BE

0 temperature
oD

DE
E:concentration

EE

Exclude:

& feed rate
A
A8
AL
A0
BE

BC
C: agitation

CC
1l
CE

| lgnore Block Mumbers

OE.

Cancel | Help

statgraphics’
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Pareto Chart for Collapsed Design

Standardized Pareto Chart for reacted

o

3 6 9 12 15 18
Standardized effect

B:catalyst

D:temperature

DD

E:concentration

DE
BD
BE
EE

BB

o Rt L T
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reacted

98

93

88

83

78

73

68

Main Effects Plot

Main Effects Plot for reacted

/r

140.0 180.0
catalyst temperature

3.0 6.

1

concentration

statgraphics’
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99

89

reacted
\‘
©
|

69

Interactions Plot

Interaction Plot for reacted

+ /+ -
i + + i
+ +

SICH i

1.0 2.0 1.0

2.0 140.0 180.0
BD BE DE
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concentration

T T T T

l.
Jl

W

)

Mesh Plot

Estimated Response Surface Mesh
feed rate=12.5,agitation=110.0

catalyst

hics’

centurion

temperature

reacted
Bl 56.0
Bl 1.0
W 66.0
0 71.0
76.0
W 81.0
7 86.0
91.0
96.0
W 101.0
B 106.0




Step 9: Optimize Responses

Optimization Options Y
Stark at
art & -
[ LCenter of design
C |
| Best obzerved design point anee
| Best predicted design point Help

| Best predicted vertex
W Al design points

w Al vertices

statgraphics’
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Step 9: Optimize Responses (cont.)

sep & Opimize the responses

Response Values at Cpamum

Response | Cptimized | Predicion | Lower 95.0% Limit Upper 95.0% Limit Desirability
reacied yes 100484 |96.4202 104.548 1.0
Facior Se@ings at Opamum

Factor Sefting

feed raie 111815

catalyst 1.949574

agitason 110.873

lemperafure 174,556

ConCeniraion 3.01764

statgraphics’
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Designs with Categorical Factors

« DSDs may also contain 2-level categorical factors.

* The next example shows a design with 4
continuous factors and 2 categorical factors.
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Example #2

Design of Experiments Wizard - Define Factors

Dezign file:  <untitied:

Comrnent:
MNurnber of controllable process fau:tu:urs:IE_::II Murmber of controllable mizture components: |0 ::ll MNurnber of noise factars: |0 :II
Factor Name Unitz Type Ruole Loy High Lewvels

A |Factor_A | |Continuous _+| Controllasble 1.0 [10 [1.2.3.4

B [Factor B | |Contiruous v| Contiolable |10 [1.0 1.2.3.4

C IFau:tu:ur_E I IEDntinuDus ;I Cantrollable |'1-':| |1-':| |'|,2,3,4

D [Factor D | |Contiruous v| Contiolable |10 [1.0 1.2.3.4

E [FactorE | |Categorical v | Controllable |10 [1.0 1.2

F IFan::tn:-r_F I IEategDricaI ;I Controllable I'TD |1-':' |12|

G IFau:tu:-r_G I IEDntinuDus ;I I-'I.EI I'I.EI |'|,2,3,4

H IFau:tu:-r_H I IEDntinuDus ;I I-'I.EI I'I.EI |'|,2,3,4

[ IFau:tu:-r_I | ||:.;.ntinu.3us ~] |-1.n |1.n |1,2,3,4

J IFau:tu:-r_J I IEDntinuDus ;I I-'I.EI I'I.EI |'|,2,3,4

K. IFau:tu:-r_K I IEDntinuDus ;I I-'I.EI I'I.EI |'|,2,3,4

L |Fau:tu:-r_L | ||:.;.ntinu.3us ~] |-1.n |1.n |1,2,3,4

b |Fau:tu:-r_M | ||:.;.ntinu.3us ~] |-1.n |1.n |1,2,3,4

Total for controllable misture components:; I'IEI— Factors A | Factors M-2 |

Back | Cancel | Help |

statgraphics:
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Example #2 (cont.)

Design of Experiments Wizard - Select Design *

Dezign file;  <untitled: Robust Parameter Dezign

{* Combined aray

Comment;
I " Croszed aray
Segment Factorz Funs Blocks Dezign

Opticns... | Process factors g 1] 1] Press the Options buttor,

Tlaie.. | Wit Screening Design Selection >

Options... | Mame Runs Resolution Error d.f. Block Size
Definitive scresning design 1a v o 1a hd
Factorial in 8 blocks E €4 Ve as B A

Iw=
Iw=

276

Factorial in 1€ blocks 276

Factorial in 22 blocks 276

Half fractiom Z27E— v+
Half fraction in Z blocks Z27E— e
Folded Flackett—Burman Iv
Irreqular fraction

Juarter fraction

Flackett—Burman 2~g*af1e

Irreqular fraction 2~g*af1e

Eighth fraction 2~g-3

Def screening design

Blocked definitive screening

User-specified design

¥ Display Blocked Designs

(1] I Cancel

0k, | Cancel | Herandnmizel Ennstraintsl Help |

== Statgraphics’

statgraphics.com Centunon



Example #2 (cont.)

Design of Experiments Wizard - Select Design >
Dezign file:  <unhitled: Fobust Parameter Design
¥ Combined aray
Comment: I
" Crozzed amay
Segment Factorz Runz Blocks Deszign
Optians... | Process factors G 14 1 Definitive screening design
Optionz. .. | Misture components 0 0 0
O ptionz... | n n n
COMBIMED B 14 1 Samples per run: I‘l
BLOCK Factor_a Factor_B Factar_C Factor_D Factor_E Factar_F ﬁ
O I 1.0 1.0 1.0 2 1
2 |1 1.0 1.0 1.0 1.0 1 2
a3 n 1.0 on 1.0 1.0 1 1
4 N 1.0 -1.0 on 1.0 2 1
5 1 0o on on 0o 2 2
E 1 1.0 1.0 on 1.0 1 2
7N 1.0 on 1.0 1.0 2 2
a N 1.0 1.0 1.0 1.0 2 1
9 N1 0o on on nn 1 1
10 1 0.0 1.0 1.0 1.0 1 1
11 1 1.0 1.0 1.0 nn 1 2
12 1 1.0 1.0 1.0 0o 2 1
13 1 1.0 1.0 1.0 1.0 1 2
14 |1 0.0 1.0 1.0 1.0 2 2
|
< D

Cancel | Herandumizel Eunstraintsl Help |

statgraphics’
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Designs with Blocking

« DSDs may be run in more than one block.

* The next example shows a design with 6
continuous factors divided into 2 blocks.
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Example #3

Design of Experiments Wizard - Select Design et
Design file:  <untitied: Robust Parameter Degign
¥ Combined aray
Comment: I
" Crossed anay
Segment Factors Runs Blocks Dezign
Optians... | Process factars B 1] 1] Piesz the Options buttan,
T | it Screening Design Selection >
Options... | Marne Runs Resolution Error d.f. Block Size
Elocked definitive screening design 13 v ) 7 LI
Factorial in 8 blocks 2°g £4 e 25 8 A
Factorial in 1€ blocks 2°g g4 e 21 q
Factorial in 22 blocks 2°g g4 e e z
Half f£ractiom 2°g-1 az U+ 10 az
Half fraction in 2 blocks 2°g-1 az v 3 1e
Folded Plackett-Burman 2 g2a/m 24 v 17 24
Irregular fracticn 2 g2a/m 24 -y z 24
Cuarter fraction 2°e-2 1€ Iv 2 1€
Plackett—Burman 2 ERa/1E 1z III 5 1z
Irregular fraction 2E*2 1E 1z ~IW ] 1z
Eighth fractiom 2g-2 8 III 0 8
Definitive screening design 132 Iv 1] 132

Elocked definitive screening

User—specified design

¥ Dizplay Blocked Designs

(] I Cancel Back Help

Ok | Cancel | Herandumizel EDnStraintsl Help |

== Statgraphics’

statgraphics.com Centunon




Example #3 (cont.)

Design of Experiments Wizard - Select Design

Design file:  <untitled:

Fiobuzst Parameter Dezign

¥ Combined aray

Comment:
I " Crossed anay
Segment Factors Runs Blocks Design
Optians... Process factars B 0 0 Press the Options buttan.
Ophians... Misture componentz 0 1] 1]

iy

Ophions...

COMBINED B

d Definitive Screening Design Cptions

BLOCK.

ak |

— Centerpoints Replicate Design
Mumber: Humber:
Factor_a Factor E
(T o
Placement
= )
& Randam v Fandomize
" Spaced Murnber of blocks:
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3|2 1.0 1.0 1.0 0o 1.0 1.0
4 N 0o 1.0 1.0 1.0 1.0 1.0
5 |2 1.0 0o 1.0 1.0 10 1.0
E |2 0o 0o 0o 0o nn 0o
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a N 1.0 1.0 1.0 1.0 1.0 0o
9 N 1.0 1.0 1.0 1.0 na 1.0
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11 2 1.0 1.0 1.0 0.0 1.0 1.0
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