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Initial DOE Software Development and Verification

Software development began in the mid-1990s in consultation with recognized leaders in
the field of Statistical Design of Experiments methodology.

DOE Verification by Douglas C. Montgomery, Ph.D.

Dr. Montgomery is a well known authority in the field of Industrial Statistics with a special
emphasis on Design of Experiments. He is the author of the best selling book Design
and Analysis of Experiments (John Wiley and Sons, Inc.). Dr. Montgomery has
consulted in the development and verification of all major DOE features, including:

»  Wizard guided experiment design selection
»  Wizard guided data analysis
» Automated regression modeling capabilities

S8 S-Matrix,



Initial DOE Software Development and Verification

DOE Verification by John A. Cornell, Ph.D.

Dr. Cornell is considered the foremost authority on mixture experiment design. He is the
author of the best selling book Experiments With Mixtures (John Wiley and Sons, Inc.).
Dr. Cornell worked closely with S-Matrix on development of our mixture design and
analysis capabilities. Among the specific capabilities that he has guided and verified are:

» Unconstrained and Singly-constrained Mixture Designs

» Unconstrained and Singly-constrained Mixture-Process Designs
»  Mixture-Process Designs with Multicomponent Constraints

»  Analysis of Mixture and Mixture-Process Experiment Data




[ICH Q8(R?2) - Guidance for Industry, Pharmaceutical Development, August, 2009]

("Quality by Design (QbD) h
“A systematic approach to development that begins with predefined objectives and emphasizes product
and process understanding and process control, based on sound science and quality risk
management..”

\ < /

(Formal Experimental Design )
“A structured, organized method for determining the relationship between factors affecting a process
and the output of that process. Also known as “Design of Experiments.”

< J

(QbD Design Space 3
“The multidimensional combination and interaction of input variables (e.g., material attributes) and
process parameters that have been demonstrated to provide assurance of quality.”

€ J
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QbD Design Space

QbD Design Space - “The multidimensional combination and interaction of input variables (e.g., material
attributes) and process parameters that have been demonstrated to provide assurance of quality.”

Curves defining the
acceptable performing
regions are generated by
equations (models)
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The design space is the
un-shaded overlapping
region of acceptable
performance
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Fusion Pro — Critically Differentiating Features

¢ S-Matrix,

Which Support QbD-aligned R&D

Automated Design of Experiments (DOE)

Response Data Handler

Automated Analysis and Modeling

Fully Integrated Monte Carlo Robustness Simulation
Best Answer Search Wizard

Design and Operating Space Characterization



Feature 1 — Automated DOE

Integrated DOE with Automated and User-interactive Design Modes

e Automated Mode — selects the most efficient design for you.

Preferences

Design ‘Wizard Mode

Analyziz Wizard Mode

¥ Automated

" User Interactive

] 4 Cancel | ﬂ|

¢ 9S-Matrix,



Automated DOE

Integrated DOE with Automated and User-interactive Design Modes

e User-interactive Mode — you select and tailor the design.

Preferences

— Design Wizard Mode

 Automated

—Analyziz Wizard Mode

i Automated

™ |zer Interactive

OE.

Cancel | ﬂ'l

~ S-Matrix,

Design Types

7 Twolevel

" Besponze Suface
7 Mixed Level

" Modelrobust Process
7 Modelrobust Mixture

7 Modelrobust Misture-Process

| Available Designs

,

Central Composzite Full [25 Rung]

=

<MNone Selected:

Box-Behnken (27 Runs
Central Composzite Full [25 Buns]

Central Composite IV [17 Runs)
Star [9 Bunz)

" FRotatable
" Spherical

% Face-centered  AlphaValue

7 Userdefined

[ Ingcribe

<¢ Back MHest =

Cancel | gl




Feature 2 — Response Data Handler (RDH)

Handles Response Data Simply and Easily
e Single test result per run.
e Descriptive Statistics — multiple test results per run.

e Time Series — results at multiple time points per run.




Single Test Result Per Run

Responses consisting of
only one measurement
per run (no test repeats)
can be entered directly
onto the Experiment
Design grid.

~ S-Matrix,

Responze Units

= r

v Lower Limit v Upper Limit

I 0 ¢=Responze <= I 100

[~ Add fallowing to empty cells:

I 0 Update |
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Descriptive Statistics — multiple test results per run

File Edit Module Tools Windoy—~telp
O @M= ._| & ||E| (" Create Testing Design )— Delete Testing Design &' Export [EE Create Response | BE Edit Response = Delete Response i Response Reductions @

Design of Experiments \Eﬁme/ : Create Response .
': + (Create a Design Fiespon Responze Units ™ Upper Limit

+ [Design Reports IDtth ;I Ix i T.53| I <= Resgponge <= I

Data Entry / Analysis

N

" Create Testing Desigr

Testing Design Mame Testing Design Type
Testing Design (TD1) Descriptive Statistics

Reference Standards Replication Scheme

Reference Standard Runs 15 Ma. of Preparation Repeats

Apply Replication Scheme Mo. of Injection Repeats per Preparation

The settings are valid.

Back [ Finish ] [ Cancel

*S-Matrix, " 11




Descriptive Statistics — multiple test results per run

@ Fusion Product Development -
File Edit Module Tools Window Help

- Coater Optim

O me ._ &} | |82| 4 Create Testing Design = Delete Testing Design &' Expprt [EE Create Response | B Edit Response #8 Delete Response il Response Reductions g

Design of Experiments A N - Lini
+ Create a Desgign esponse Mame peer Limit

» Design Repors |Dther j |“ J <= Response <=

Data Entry / Analysis

Response

S-Matrix,

Rezponze Mame Rezponze Unitz [ Lower Lir
Tablet Hardrness J * g
A B C ] E F G
Run Mo. T1 T2 T3 T4 T6 TE

1 |1 74,08 7E.54 75,02 7374 75,84 75,87

2 |2 7Bl 7hED 75,43 74,33 74,86 75,03

R E 7321 BT 77T 7706 7722 75.94

4 |4 740 7748 74,95 7E.E1 74,78 7E17

5 |5 VE.03 7E.43 75,89 74,86 75,49 7514

E |b 7R E1 7810 75,82 7E.74 7574 75,55

77 7418 TE.21 7348 73.EE 73,34 74,56

g |8 73,30 7EB.92 7E. 36 7703 7E.29 75,55

9 |3 7A.01 75 46 75,75 7241 7513 74.01
10 |10 7E14 7473 7E.E2 75,92 7471 74,94
11 |11 74.04 7362 74, B3 73,80 7E. 26 74,73
12 |12 7h26 7414 74,32 75,79 74.07 74.14
13 |13 7420 7344 75.19 74,39 74,53 74,53
14 |14 7363 7R07 77.09 7E.E5 7E.45 7E.45
15 |15 77 B4 7414 7364 75,30 74,28 77,58
16 |1E 7.0 7923 7E.42 7E.74 75,88 7774
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Descriptive Statistics — multiple test results per run

Can automatically: %

Data Distribution fiarial Bistribitisn ) |
* handle test repeat data Probability density function
« handle non-normally distributed ! o cai
data e
« Log-normal i
« Exponential STV TYT
« Gamma N AT N
» Weibull
« compute descriptive statistics P —
based responses oot | o
« compute differences of all e ~ o
statistics from a reference SECTTETe = S )
sandare
« map all computed responses to ‘Dlu . —

the experimental design for
analysis

rﬂ MNormal Distribution: Mean = Median = Mode

Back [ Finish ] [ Cancel ]

~ S-Matrix, 13



Time Series — results at multiple time points per run

ErFusinn Product
File Edit Module Tools Windoygs

(i == ..l =3 ”%("‘ Create Testing Design )‘ Delete Testing Design 4 Export [HE Create Response % Edit Response [ Delete Response &, Import Responses| liit Response Reductions &

Design of Experiments
Fies

Fiespanze Units

[¥ Lower Limit [~ Upper Limit

': = Create a Design

+ Design Reports I‘Z Relea

=l

= '_'D'Sl ID.D <= Response <=

Diata Entry / Analysis

N

‘ S Testing Design Name _Tesﬁng Design Type l. ) C an auto m at I Cal Iy
Testing Design (TD3) Time Series - H
| : handle:
(| Reference Standards Replication Scheme |
e senderdurs | 1% o o prepston s | 1 e Uniform or variable
|| Apply Replication Scheme Mo. of Injection Repeats per Preparation 1= testi n rotoco I S
Sampling Rate g p
.z.m F:.r mrm ) Variable Measurement  Time Point (I*‘Wirmes}mJ ; ° M u Itl p I e S am ple
N::‘::‘: :: : :eH - iﬂ . pre paration re peats
Start time at 0.0 Update E gg}g = .
no * Multiple test repeats
: o at each time point
= = « Internal test standard
data

h The settings are valid.

S-Matrix,

Back
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Time Series — results at multiple time points per run

Can automatically:

handle test repeat data

compute average
profiles

compute f1 & f2 curve
fit metrics

compute sensitive
Weibull curve fit metrics

compute additional
profile response metrics

Map all computed
responses to the
experimental design for
analysis

~ S-Matrix,

'[‘. Respnnse Reductions Wizard - API - % Relea

Target Profile Options |Reference Standard |

Reference Standard Ref.Std 1 - ° Graph (0 Table

75
0 5p)
)
<
> o5
0
0 100 200 300 400 500
X-Axis

Set Target Profile

| 1 selected Target Profile Option Graph Mode
 Connect-the-Dots Plot - |

Reference Standard

APl - % Released

E==)
|
Chart Settings

T __.‘rf S
] A e ™
é L e —— | _:_f-..-"- ..............
- v R
JELo (SR o - e e T o e e s
0
a S0 100 150 200 250 300 350 400 450 500
X-Axis
m— T Profile —8- 11— 2 3 4 F5 [ 75 a9 0 -8
12 13 = 14 ¥ {5 = 15 B {7 18 19 20 ra i o]
- W25 e - 2 2 ® R, S0 1

Profile Similarity Metrics

[V] f1 (Difference Factor
%CVT st . o )

[#] £2 (Similarity Factor)

[¥] Map to
[¥] Map to

Y-axis Data Endpoint for f1and f2 |85.0

[~] wieibull Difference Factors Map to

Respanse Profile Metrics

Design Number of Responses | 215
Designi
Y-Mean atX = - | (240
a || L J
Design | XatfMean= o 75

Map to Design

[7] Map to Design

h The settings are valid.

[ Finish ] ’ Cancel
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Feature 3 — Automated Analysis and Modeling

1. Statistical DOE runs — information rich data set.

2.  Automated modeling generates a highly predictive and diagnostic model for each
critical performance characteristic studied.

O . Gun Distance (inches) Sproy Rote (mg/min)
- 4 5 B 7 B 9180 80 80 100 190
O) ® s
4 T o) L 70
T
1200-- } - - @ O ® O S 765
o 5
EE J<H]
) ® O g h
| !
%)
. : 5 4 - w
Spray @ ) O R S
Rate — ' s £
55_ — g
oy
40.0-=F - f’ﬂlLlllg O —@
FAir :
10 - - . >

4.0 Gun Distance 10.0

Hardness = 9.3 + 4.2(GD) - 5.4(SR)2 + 12.7(AA)2 + 1.3(PA*GD) + 1.6(SR)2AA+ ...

Interaction
Effects

¢ S-Matrix, 16

Complex Effects

|
|
Linear Effects : Curvature Effects




Automated Analysis and Modeling

Automated Modeling Includes:

e Error Analysis

* Regression Analysis

« Transformation Analysis
» Outlier Analysis

Instant Analysis Reports Include:

* Model Sufficiency Summary

« Analysis Detail Reports
e Error Analysis
» Regression Analysis
» Residuals Report and Graphs
» Transformation Analysis
» Coefficients Table and Model
* Mean Effects Report and Plot

~ S-Matrix,
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Feature 4 — Fully Integrated Robustness Simulation

Simultaneously optimize mean performance and robustness

during development!

1 Robustness Simulator

It

Maximum Expected Variation:

The £+ 3 o value defines the “total” variation in the experiment
variable around its defined setpoint that is expected to occur
on transfer and normal use of the method over time due to
statisticly random error,

Variable Settings

Maximnum Expected Varaton Arcund Setpeing for Each Variable

) ; ) Maximum Expected Variation
Enabled | Experiment Variable Units (& 3 0 Value)
Atomizing Air Pressure psi 000
Pattern Air Pressure psi 5.000
Spray Rate majmin | 2.000
Gun Distance inches  |0.250
[ Select Al ] l Select Mone l [ Set Defaults
h The settings are valid.
Back l Mext l [ Cancel

~ S-Matrix,

NOTE - the value
defines the maximum
expected setpoint
variation for the study
factor.

18



Fully Integrated Robustness Simulation

Simultaneously optimize mean performance and robustness

during development!

1. Robustness Simulator

It

lower acceptance limit,

upper acceptance limit.

1. The response goal is Maximize, and the predicted
responses are generally not near an absolute

m

2. The response goal is Minimize, and the predicted |—
responses are generally not near an absolute

Mote: the Tolerance Limit Delta (£) value defines S

S—
Cp - Maximum Allowabse Diterenca From Mean Result for a Given CO8
Cpm Use C_when (a) the response has a defined maximum ||| T
C allowable amount of variation, and (b) one of the two e Wi
pk cases below applies to the response: [ Maximum Allowable Difference
| Cpkem |

LT

a7 ’ +30
Critical Quality Attribute

(Distance Fram Mean)

3

3 uTL

! —

i

1 +——— [MPORTANT,
Maximum Allawable Offference value

| dalines 1he maximum felerance

l (aeceptanes) limiia on resporaa
warlaticn.

Response Settings

Additional |Additional Error Amountl

Enabled | Response ?no dbEu;mess ;‘:ﬁ:[n ;}E Lo LSL UsL | Target Ery
Tablet Hardness - Mean (TD1) Cp

API - % Released - f1 (TD2) Cp| 5.000 ]
AFI - % Released - 2 (TD2) Cpl 10.000 ]

[ Select All ] [ Select Mone ] [ Set Defaults

4= \|OTE - the Tolerance Limit Delta

values define the maximum allowable +
limits on response variation.

h The settings are valid.

[ Back ] l Finish l [ Cancel

~ S-Matrix,
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Fully Integrated Robustness Simulation

Critical Quality
Attribute (CQA)

‘Gun-to-Bed Distance
(inches)
Spray Rate
(gm/min)

X

Atomizing Air
(psi)

Process Flow — Simulate 10,000 Runs >
‘ ‘ ‘ = variation around setpoint

Process A - Small Variation
* S-Matrix, Process B - Large Variation 20

A ceptable'
ariation




Process Capability - Quantified

Process Capability (Cp) — a direct, quantitative measure of process robustness used
routinely in Statistical Process Control (SPC) applications. The classical SPC definition
of “Inherent Process Capability” (C) is

Critical Quality

UTL -LTL Attribute (CQA)

C — =
p
60 varlation
LTL UTL
UTL and LTL = Tolerance Limits (tolerance width).
60 Variation = +30 process output variation.

Traditional Goal 2 1.33

- based on setting the UTL and LTL at +40 of = a
process performance variation. ; R
60

A - Note: a 6-sigma process would have a C,=2.00 Variation
" S-Matrix,

21



Probability

Process Capability: Example Response = f1 (curve fit metric)

$Yo3
Cp = 6_ =1.00 +30 Variation = Tolerance Limit Interval
O

X

3.0
S-Matrix,

API - % released — f1

7.0

v

22



Probability

Process Capability: Example Response = f1 (curve fit metric)

8o

Cp = 6_ =1.33 +30 Variation = 75% of Tolerance Limit Interval
(o)

X

3.0 API - % released — f1 7.0
S-Matrix,

v

23



Process Capability: Example Response = f1 (curve fit metric)

120 L .
CIO =—=2.00 +30 Variation = 50% of Tolerance Limit Interval
oo
X
" T 3.0 API - % released — f1 7.0

> S-Matrix.

24



Fully Integrated Robustness Simulation

Simultaneously optimize mean performance and robustness

during development!
With built in robustness metrics — no additional experiments are needed!

f1 =5.00: Good Mean Performance
C, <1.00: Poor Robustness (steep slope)

XI

w0 10 20 30 —~
g &
n 1:!4_ f_~u Py
La¥)
3 172 -2 0
A& A0 10 \

- &

[
(=3

b4 Relegeag — £1 ¢

) (zan) W PR
L)
1

\
r

3.0 5.0 7.0

wg.fmtn B e
j FJ-:J
API - % Released —f1
25
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Fully Integrated Robustness Simulation

Simultaneously optimize mean performance and robustness

during development!

With built in robustness metrics — no additional experiments are needed!

f1 =5.00:
C, 21.33:

Good Mean Performance
Good Robustness (shallow slope)

Pattera Ar Pressure (psi)

g.tll % - |C|V
o
|

) (zan) W PR
L)
1

¢ S-Matrix,

0o A0 20 30 40 36 120 100

Spray Ry

- &

[
(=3

s
To2) (%)

-._'IID

b4 Relegeag — £1 ¢

APy

XI

v

3.0

5.0 7.0
API - % Released —f1
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Feature 5 — Best Answer Search Wizard

epee—
Fieport Mame
{ |Numerical Search 2 bodel Prediction Ermor C.1. for Report + m
Relative
Response Name Goal Lower Bound  Upper Bound Rank
W |Tablet Hardness - Mean (T01] [Target =] | 74 | 7500 |1 |
I W |&Pl- % Released - f1 [TD2) [irimize | | oo | 1 |1 |
| | W |API-% Released - £2(TD2) |Maimize ¥ | | BOOD | 10000 |1 |
¥ |Tablet Hardness - Mean [TD] - Cp [Magimize  ~| | 133 | 200 |1 |
W |4P1-% Released - f1TD2) - Cp [Masimize  ~| | 133 | 200 |1 |
¥ [&PI-% Released - 12[TD2) - Cp |Masimize v | | 133 | 200 |1 |
[Fa] v alidation Status: Your settings are valid.
st Besel e, || | Edembeks | | «doad: sl Eere) |£|

~ S-Matrix,



Best Answer Search Wizard

Name: Administrator
Company: 5-Matrix
Project: Project 1

Answer #1

Variable Settings

Level
Variable Setting
Atomizing Air 208

Pressure

Pattern Air Prezsure  |55.0

Spray Hate 592

Gun Distance 8.8

Predicted Results

Date: November 4, 2012 7:52:37 PM PST [GMT-08:00]

Numerical Search Results - Experiment 1

Predicted -2 Sigma +2 Sigma
Response Goal Result Desirability Conf. Limit |Conf. Limit
Tablet Hardness - Mean (TD1) 75.0 7499 0.9837 T4.85 75.13
Tablet Hardness - %RSD (TO1) Minimize 1.64 TR E:] 1.55 1.74
API- % Released - 1 (TD2) Minimize 1.43 09016 0.71 2.51
API - % Released - 12 (TDZ) Maximize 8723 07445 84 .86 89.59

Cumulative Desirability Target = 1.0000
Cumulative Desirability Result = 0.8172

S-Matrix,
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Feature 6 — Design and Operating Space Characterization

Peak 4 Res. 381

Peck 5 Res. '3 |

30
- PH
a3

m\ ] S-Matrix,

Edge of Failure — Mean Performance

<
<

34

28

A

Edges of Failure — Robustness

29



Design and Operating Space Characterization

pH (")
w
o

Oven Temperature (°C)

40.0

31 Peak 4 - USPResolution - Cp: 1.33|

pH ")
w
o

286
Peak 4 - USPResolution: 2|
2,

5.0 s 30.0 325 35.0

Oven Temperature (°C)

<" S-Matrix.

375

Design Space —

joint region of acceptable mean
performance and robustness.

35
3.4
a3
- /
a1
- Peak & - USPResolution - Cp: 1.33]
= L
3.01
I (B)

28
28 v
27
28 e — .
Peak 4 - USPResolution: 2|
25 ]
250 27 300 325 350 37 400

Oven Temperajure (C)

Operating Space —

Joint safe operating ranges of critical
study parameters

30



Design and Operating Space Characterization

Reports Graph
0.5.-5.R.600,G.0. 6.0 |
50.0
Freth Belis APl - % Released - f2 (TD2) - Cp: 2
Tablet Hardness - %RSD (TD1): E-| |Tab|et Hardness - %RSD (TD1}):
Lower Upper Pointer -
Name Units Bound Bound Coordinate 40.0 |AP| - % Released - f1 (TD2) - Cp: 2|
¥|Atemizing Air Pressure = |psi 10.0 50.0
W |Pattern Air Pressure ¥ |psi 0.0 535.0 E
Spray Rate |—D_ | 50.0 g /
Gun Distance | L | 6.0 % 30.0 \_B’r \D)
o
r = B L
Yerification Run Settings = l q)
E
H o
[¥ Include Bounded Operating Space £ 200 @) Cc)
. o
Operating Ranges
Lower Upper
Variable Bound Bound Center Point
Atomizing Air Pressure 25.0 35.0 20.0 10.0
Pattern Air Pressure 20.0 20.0 23.0 ' 4P| - % Released - f2 (TD2) - Cp: 2
I |
AP - % Released - f1 (TD2) - Cp: 2|
Werification Funs W Show Verification Fun Labels 0.0
5 Atomizing| Pattern Air Gun 10.0 167 233 30.0 36.7 433 50.0
Point Run ID Air Pressure Pressure | Spray Rate Distance . ) -
A 0.5._-_S.R._60.0 25.0 20.0 50.0 6.0 Atomizing Air Pressure (psi)
B 0.5._-_5.R._60.0 23.0 30.0 50.0 5.0
c 0.5._-_5.R._60.0 23.0 20.0 50.0 5.0 R Sl
) 0.5._-_S.R._60.0) 35.0 20.0 60.0 .0 SERONTE SElings
T 0.5._-_5.R._60.0 20.0 25.0 60.0 5.0 Lower Upper Target Pointer Contowr -
Name Goal Bound Bound Predictions | Predictions Label Caolor — |
¥ |Tablet Hardness - Mean (TD1) Targst 74,00 76.00 74,70 I Red | —
¥ |Tablet Hardness - %RS0 (TO1) | Minimize « 5.00 2,90 = Blus
¥ |API - % Released - f1 {TD2) Minimize « 15.00 7.10 I Green
ﬂ|’ API - % Released - f2 (TD2) Maximize w 50,00 7071 i Orangeﬁ
1 3

S-Matrix,



Design and Operating Space Characterization

 Acceptable Mean Performance — all performance characteriastics

 Acceptable Robustness — all performance characteriastics

3'd Factor = Low @ 30 Factor af —=———) 34 Factor = High
Setpoint

Fi h Fi h
50.0 [4.PI - % Released - 2 (TD2) - Cp: 2| 50.0 50.0
(4Pl - % Released - f2 (TD2) - Cp: 2|
[Tablet Hardness - %RSD (TD1): 5 [Tabiet Hardness - %RSD TD1):

0o 0o |API- % Released - f1 (TD2} - Cp: 2 0o
T T T
= = =
£ [Tablet Hardness - %RsD (TD1): 5 [Tablet Hardness - %RSD (TD1): 5 £ £
o T 1 I 7] o
? 300 \Bj D ? 300 \Bj \'Dl ? 300
=4 =4 =4
o o o
= = =
= T ) = T ) =
5 a0 § I a0 Iy E M
E 20.0 @J C E 20.0 @J \C) Iﬂblet Hardness - %RSD (TD1): E-@)__(C}Tablet Hardness —:ﬁji} (Tt

10.0 10.0 10.0 |

APl - % Released - f2 (TD2) - Cp: 2| APl - % Released - 12 (TD2) - Cp: 2 g
—— I I —
API- % Released - 2 (TD2) - Cp: 2| 4P - % Released - 11 (T02) - Cp: 2| 4P - % Released - 11 (TDZ) - Cp: 2|
0.0 | | | 0.0 Hlet Hardness - Mean (TD1): 76} |
10.0 167 233 30.0 8.7 433 50.0 10.0 167 233 30.0 8.7 433 50.0 10.0 167 233 30.0 8.7 433 50.0

Atomizing Air Pressure (psi) Atomizing Air Pressure (psi) Atomizing Air Pressure (psi)

32
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Design and Operating Space Characterization

Tablet Coater Optimization Example

Reports Graph
Fusion AE Graph
0.5.-5R.60.0,G.0. 7.0 ~|
50.0 API- % Released - 12 (TD2) - Cp: 2|
Lower Upper Pointer
Name Units Bound Bound Coordinate 40.0
¥|Atomizing Air Pressure « |psi 10.0 50.0
| Pattern Air Pressure ¥ |psi 0.0 55.0 E
verfication Run Settings £ |Tablet Hardness - %RSD (TD1): E-| |Tab|et Hardness - %RS0 (TD1): 5
2 300 (B} {D)
¥ Include Proven Acceptable Ranges (PARs) g N p
) o
Operating Ranges 5 @
Lower Upper E
Variable Bound Bound Center Point % 200 fA\ .r"c)
Atomizing Air Pressure 25.0 35.0 20,0 o e N %
Pattern Air Pressure 20.0 30.0 25.0
Verfication Runs v Show Verfication Run Labels 10.0
Atomizing Air Pattern Air - -
Paint Run ID Pressure Pressure|  Spray Rate| Gun Distance APl - % Released - f2 (TDZ) - Cp: 2
A 0.5, -_S.R._6 25.0 20,0 50,0 7.0 | | |
B 0.5. - SR 6 25.0 30,0 50,0 7.0 0.0
C 0.5._-_S.R._6 25.0 20.0 50.0 7.0 10.0 167 233 30.0 BT 433 50.0
o Q.5 - 5R._6 35.0 30.0 50.0 7.0 Atomizing Air Pressure (psi)
T 0.5._-_S.R._6 30,0 25.0 60,0 7.0
Rezponze Settingz
Lower Upper Target Pointer Contour )
Name Goal Bound Bound Predictions | Predictions Label |
¥ [Tablet Hardness - Mean (TD1) Targst » 74,00 76,00 74,70 I Rec—
¥ [Tablet Hardness - %:RSD (TD1] | Minimize 5,00 2.90 I Elu
¥ | API - % Released - f1 (TD2) Minimize v 15.00 7.10 = Gre
¥ | API - % Released - f2 (TD2) Maximize v 50,00 7071 I o~
| v ]
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Design and Operating Space Characterization

Tablet Coater Optimization Example

Reports Graph
Trelis - 0.5, + P&Rs j - Spray Rate = 55.0 Spray Rate = 60.0 Spray Rate = 65.0
7 H
g o
w
ﬁ |1 n
iz Wanable Units Lower Bound  Upper Bound ﬁE_ 2 ) T &
s I | &
% |atomizing Air Pressure (& i 0.0 50.0 = ]
tomizing w o ~lpsi | | : 3
c
e |F'attern Air Prezzure [B) ﬂ psi | nn | 5E.0 E 2 e L | a3
o
b}
Harizantal Trelliz W ariable Wertical Trelliz Variable z o
|Spla_l,l Rate [C) ﬂ |Gun Distance [D) ﬂ % - W
[ 8
™ [=
Low Lewel Lo Lewel = g
G i § 2
. i To =]
M edium Level redium Level oo ]
E0.0 7.0 2
High Lewvel High Lewel % g
B5.0 a0 O u
& 8
2" :
m
g =1
lerification Run Settings i 5
Verificatiol al E g = 6
¥ Include P Az ble R PAR: r t { b t 1t t {
nelude Proven Acceptable Ranges (PARs) T00 300 500100 300 500 100 300 500
Operating Ranges Atomizing Air Pressure  Atomizing Air Pressure  Atomizing Air Pressure
Lower Upper
Variable Bound Bound EentesPommt Response Settings
Atomizing Air Pressure 25.0 35.0 30.0
Pattern Air Pressure 20.0 30.0 25.0 Lower Upper
Name Goal Bound Bound Color
¥ | API - % Released - f1 (TD2) Minimize + 15.00|Green «
- - I API - 5 Released - f2 (TD2] Maximize + 50.00 Jrange
e Hluns - - - - W |API - % Released - f1 (TD2) - Cp|Maximize « 2.00 Teal -
|‘ | | b|:‘ I API - 9 Released - f2 (TD2) - Cp|Maximize + 2.00 Purple

S-Matrix,



Final Report - Output file formats include Word and PDF

Mame: Adminlztrator ¥ .i‘
Company: 5-Matrix Corporation
mw11?.2m34;11:45m P5T [GMT-08:00] ¢ S-Matrix

Owerlay Graphics - Trellis - D.5. + PARs

Eprery ARIE = EE0 Bprny Rale = R0 Epray Rale = BED

B

=
S

[Riid] Sl S

aaa
"EE
|

Pl i P
ki)

oo

L]

Paliam & P
2

450 00
I
]
——

Caw Disbance =& 0

Fatem A Fressine

A camm | eeaaam | =

oo ua FORTT] i Z00 10.8 ann T

Aamizing AF Prassere Ajerizing A Press e Aporizing Air Pressurs
s Saftin
Ao b | Hame Lower Bousd | Upper Bossd
X | A A P i | 25,0 350 300
¥ |Pabem Al Prossre 2000 e 3510
Warficadon Runs
Albzmioeg & Fatiern fr Spray den
Puaint |Fies Il Prasdurn P ure Fate Distance
ol A& = Ei 55
E Tralia_- D8+ PaRs_ A1_E|250 200 =5 [

~ S-Matrix,




Conclusions

The Fusion Pro QbD-based Approach:

v' Greatly accelerates successful R&D through:
- Automation
- Statistically valid experimentation

- Novel data treatments
v' Provides quantitative knowledge of all critical parameter effects

v' Enables establishing Design Space for both:
- Mean Performance (setpoint optimization)

- Process Robustness (operating space)
v" Required time for the work is dramatically reduced

v' Success promotes further the use of QbD
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Fusion Pro — QbD-aligned R&D Software

Case Study 1 —

Tablet Coating Process

Fusion Pro

QbD-aligned DOE Software System

S-Matrix,

S-Mmirec. the S-Mistrc iloge. and Fusion S50 are sthar
Corporetion in the Uniec Sixter and'or cther counires. Windowa o sther @ negatered
T o = in tha Uniad Shatey anc'or
e czuiraee. Probecies by a UL Petenin. Pebein pandng 0 te LS
e cther countree. © 'FRS-Z0E SNt Corponstion.
Al rghts remeroes. Viace n the SRR




Case Study 1 — Tablet Coating Process

The experiment was undertaken to optimize a tablet coating process for several
critical tablet quality characteristics. The two which will be discussed in this
case study are Hardness and Dissolution (% Released profile).

The four critical process parameters (CPPs) selected for study are entered into
the Experiment Setup template shown below.

—Process Wariable Settings

Mo, of Process Wanables |4 =

Mame Units Type Lower Bound Upper Bound
Atomizing dir Pressure pei E TO-S |E0ntinu0us j | 100 RO.0

State
* Vanable
" Constant

Mame Units Type Lower Bound Upper Bound
Fattern Air Pressure pai il |C0ntinuous ﬂ | oo 5.0

State
v Variable
" Constant

Mame Units Type Lower Bound Upper Bound
Spray Rate grn/min E TO-S |E0ntinu0us j | 400 125.0

State
* Vanable
" Constant

Mame Units Type Lower Bound Upper Bound
Gun-to-Bed Distance inches il |C0ntinuous ﬂ | 40 10.0

State
v Variable
" Constant

e S-Matrix,
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I Fusion Product Development - Training Example 1 - Tablet Coater Optimization - Ro

File Edit Activity Tools Window Help
=

DD @ ER

Automated Experiment Design Generation

Design of Experiments
U9 Create a Design.
+ Design Reports
Data Entry f Analysis
+ [Data Entrv

Update Setup Dafg B Generate Design @)

Process Wanable Settings

Mo, of Process Wariables |4 -

55.0--A---Q r

PAP O
(psi) i

O

S-Matrix,

One Click:

Software maps the experimental
design to the study factors.

Run No Atomizing Air Pressure Pattern Air Pressure | Spray Hate Gun-to-Bed Distance
101 a0 55 825 7
2 |2 30 275 225 1a
3 |3 50 0 125 1a
4 |4 1a 0 40 1a
5 |5 10 55 125 10
E |E 10 55 40 4
707 a0 278 425 4
g |8 a0 1] 225 7
9 |9 50 i) 40 10

10 10 50 1] 40 4
1 n a0 278 425 7
12 12 10 i) 40 10
13 13 10 1] 125 4
14 |14 50 55 40 4
15 |15 10 1] 40 4
16 |16 10 1] 125 10
17 17 50 55 125 10
18 |18 50 274 825 7
19 |19 50 1] 40 10
20 |0 a0 274 825 7
21 & 10 55 125 4
2z |22 50 55 125 4
23 |23 10 1] 40 4
24 |24 10 278 825 7
25 |25 a0 278 825 7
26 |26 30 275 40 7
27 |27 o 55 40 4
28 |28 50 0 125 4
29 |29 50 0 40 4
30 J30 a0 275 125 7
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Generate Design — Statistical Efficiency

5 levels of Atomizing Air Pressure
5 levels of Pattern Air Pressure
5 levels of Spray Rate

5 levels of Gun-to-Bed Distance

5x5x5x5 = 625 possible combinations
Fusion Screening design = 25 runs (excluding replicates)

~ 25x efficiency.
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Create Testing Design — Hardness Testing.

E’_Fusiun P_mduct Develo

File Edit Activity Tecls Window Help e
[ = faq l_ | & ||é| 2 Edit Run No. Labels  # Matrix Master &' Export % Create/Edit Response Data QCreate Testing Desig@
E———

Design of Experiments . i ] — ]
': s Creste aDesign Run Ho. Atomizing Air Pressure Pattern Air Pressure Spray Rate i-to-Bed Distance
+ Design Reports 1 1 an Lala] 825 7
Data Entry / Analysis 2 |2 a0 275 825 10
Data Entry 3 |3 50 0 125 10
s MNata Anahxis 4 14 10 ] 40 10

\/

Testing Design Mame Testing Design Type
Hardness Testing (TD3) Descriptive Statistics |

Reference Standards Replication Scheme
Reference Standard Runs 15 Ma. of Preparation Repeats 1=
Apply Replication Scheme Mo. of Injection Repeats per Preparation 615

The settings are valid.

Back [ Finish ] [ Cancel ]

S-Matrix,
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Testing Design Data Entry — Hardness Data

@ Fusion Product Development - Training
File Edit Module Tools Window Help
O me ._ &} | |82 4 Create Testing Design = Delete Testing Design &' Exp

Design of Experiments

+ Create a Desgign
» Design Reports |Dth3' j
Data Entry / Analysis

Eyample 1 - Tablet Coater Optimization - Analysis.smas

ot [EE Create Response Edit Response [ Delete Response il Response Reductions &

Response Mame Response s [ Upper Limit
* <= Responze =

=k Create Testing Design = Delete Testing Design g Export BE Create Response 5 Edit Response &= Delete Response i Import Responses il Response Reductions @

Response Name Fiezponze Units ™ Loweer Lirit I Upper Limit
|Tablet Hardness ﬂ * <= Response <=
& B G D E F G H |
Fun Mo. Ti T2 T3 T4 T8 TE Mean %Relative 5D
11 7517 7358 7EE2 7424 7753 74.03 75.18 207
2 |2 74.00 7491 75.54 7E.06 75.56 74.36 75.07 1.05
K E B3.26 97.04 70.56 91.25 80.56 60.20 7715 19.48
4 |4 7795 74.44 7E.5S 78.30 7276 7734 76.23 287
5 |5 7372 77.89 7TE3 74.23 7375 7B.70 75.65 2E0
£ |f 57.40 E4.80 GE.89 97.75 81.26 86.45 75.76 2014
7 |7 7353 75.25 477 74,55 74.38 7297 74.24 113
a2 |8 733 75.80 7549 7799 772 75.65 75.91 213
9 |9 7557 7296 7627 7475 75.00 7322 74.63 1.75
10 |10 73594 7616 7598 78.49 73.00 75.54 75.52 253
11 |11 7283 74.20 7311 75.54 LAk 74.25 74.52 217
12 |12 73595 74.20 TEE3 7285 75.56 74.51 74.62 1.77
13 |13 7351 74.50 4.3 7347 770 7347 74.35 1.84
14 |14 86.94 84.70 58.27 94.76 £B.53 6212 75.89 1963
15 |15 78.06 74.09 73 7715 75.86 74.20 75.43 254
16 |16 85.36 8240 9892 7592 £1.19 54.71 77.25 19.45
17 |17 7E.01 75.93 7575 7273 417 7B.67 75.54 25
18 |18 81.81 E2.77 7272 90.73 74.98 55.08 74.68 14.00
13 |19 78.98 7517 7801 74.28 73.33 7E.ED 76.06 288
20 |20 7384 7E.88 T2E2 77 73.90 75.42 437 212
21 |2 78.80 7294 7489 7338 75.43 7314 74.78 297
22 |22 72.80 7450 7219 74.54 7743 77.40 74.81 297
23 123 75.02 79.38 744 74.23 74.75 7477 75.43 259
24 |24 74.06 8817 58.73 FE.27 70.29 80.55 74.68 13.30
25 |25 7240 74.02 7539 7iM 75.25 772 74.70 219
26 |26 83.55 7456 59.33 82,56 7355 74.64 74.70 11.64
27 |27 57.36 7621 67.38 98.40 B3.36 86.93 75.94 19.42

S-Matrix,
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Response Data Reductions — Hardness Data

Software automatically: A reore et oo T i S w0
Data Distribution  formal Distribution ;|
* handles test repeat data Probability density function
 handles non-normally distributed S T B T DA
data fEES
* Log-normal 2" ik
 Exponential S o , I,
+ Gamma AN
« Weibull e

X

i Computes descriptive Statistics The red line is the standard normal distribution
based responses Ref Standarcs [Ref. Std 1+
. . . atistic ap to Design thfference from Standar ap to Design
« computes differences of all statistics [ L — O B e
L =di=n = L Median
from a reference standard e NS
|| Variance :.ﬂ.\a'ariance _
* Maps all computed responses to the [ S Devin ) | B S Driton )
experimental design for analysis U%j’“jiﬁm N S
[ Kurtasis [] & Kurtasis
‘ [ select Al [ Select Al [ Select Al Select Al

F:I MNormal Distribution: Mean = Median = Mode

Back [ Finish ] [ Cancel ]

~ S-Matrix,



Response Data Reductions — Hardness Data

Tablet Hardness -

T ablet Hardness\

Run Mo. Atomizing Air Prezsure Pattern Air Pressure Spray Rate | Gun Distance Mean [TD1) %RSD (TD1)
1 |1 a0 Lala] 825 i 7518 1.47
2 |2 a0 27.5 825 10 7507 .61
3 |3 a0 0 125 1|] 7715 1.01
4 |4 10 0 40 1|] 7E.23 1.53
5 |5 10 Lala] 125 10 75,65 0,20
£ |E 10 Lala] 40 ! 7576 0.71
7|7 a0 27.5 825 ! 7424 1.44
g |8 a0 0 825 i 75.91 1.82
3 |9 a0 Lala] 40 10 7463 1.EE
10 |10 50 0 40 ! 75,52 1.07
11 |11 30 27.5 825 i 7452 1.29
12 |12 10 Lala] 40 10 7462 097
13 |13 10 0 125 ! 74,38 076
14 |14 50 Lala] 40 ! 75.89 1.71
15 |15 10 0 40 ! 7543 235
16 |16 10 0 125 10 7725 1.54
17 |17 50 Lala] 125 10 75,54 089
18 |18 50 27.5 825 i 74,68 1.34
13 |19 50 0 40 10 7E.06 1.42
20 |20 30 27.5 825 i 7477 1.61
21 |2 10 Lala] 125 ! 74,76 0.91
22 |22 50 Lala] 125 ! 74,81 1.52
23 |23 10 0 40 ! 7543 077
24 |24 10 27.5 825 i 74,68 1.02
25 |25 30 27.5 825 i 74,70 093
26 |26 30 27.5 40 i 74,70 1.15
27 |27 10 Lala] 40 ! 75,94 1.52
28 |28 50 0 125 ! 74.39 1.69
29 |29 50 0 40 7546 1.43
a0 |30 30 27.5 125 74.59 1.58
N
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Create Testing Design — Time Series (Dissolution) Testing.

ﬁ_Fusinn Product
File Edit Module Tools Windoygs

(i == ..l =3 ”%("‘ Create Testing Design 3‘ Delete Testing Design 4 Export [HE Create Response % Edit Response [ Delete Response &, Import Responses| liit Response Reductions &

Design of Experiments
Fies

Fiespanze Units

': = Create a Design

+ Design Reports I‘Z Relea

=

[ Lower Lirit

[~ Upper Limit

|°/o T ‘_‘,53| ID.D <= Response <=

Diata Entry / Analysis

N

“.. Create Testing Desi X
| Testing Design Name Testing Design Type
| Testing Design (TD3) Time Series H
(|
|
(| Reference Standards Replication Scheme
Reference Standard Runs 1% No. of Preparation Repeats 15
|| Apply Replication Scheme Mo. of Injection Repeats per Preparation 15
Sampling Rate
i
@ Uniform () Variable L
Measurement  Time Point (Minutes)
Uniform 0.0 «
r I 1 10.0(
No. of Measurements |8 ¥ | per | Hour x| 0.0
Total Time Period |8 ~ | Hours 0.0
40.0)
Start time at 0.0 Update E 50,01
7 50.0)
70.0
80.0)

10 50.0)
100.0|
110.0|

13 120.0|

14 130.0|

15 140.0|

16 150.0) _

h The settings are valid.

Software automatically
handles:

e Uniform or variable
sampling plans

* Multiple sample
preparation repeats

* Multiple test repeats at
each time point

* |nternal test standard
data

S-Matrix,

Back
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Create Testing Design — Import Test Results From the CDS.

@ Fusion Product Development - Trai

ple 1 - Tablet Coater Optimization - Analysis.smai

File Edit Module Tools Window Help
(i == .. &b ||E=]| ¢ Create Testing Design = Delete Testing Design & Exfort EE Create Response

Design of Experiments
Create a Design
Design Reports |Z Releazed ﬂ
Diata Entry / Analysis

Edit Response [ Delete Respense & Import Responses | !4ii Response Reductions &3

Fesponse Hame Fesponze T Lawwer Lirnit ™ Upper Limit

4 J |D.D <=Responze <=

A B C D E F G H | J K L M M
Run Ho. t-0.00 t- 20,00 t- 40.00 t- 60.00 t- 80.00 t-100.00 t-120.00 t-140.00 t- 160,00 t-180.00 t- 200.00 t- 220,00 t- 240,00
1 |la 0.00 350 13.30 17.20 21.10 26.60 29.50 32.30 35.40 38.80 .40 44.20 46.50
2 b 0.00 3.40 13.50 17.60 21.60 25.40 29.60 32.80 3560 38.30 41.50 44.90 46.50
3 |lc 0.00 350 13.60 17.80 21.80 26.50 29.40 32.40 35.40 38.30 M.60 44.60 46.50
4 |1d 0.00 380 13.60 17.70 21.30 26.50 29.90 32,50 35.50 38.40 .30 44.50 46.40
5 |le 0.00 320 13.40 17.40 21.50 26.70 29.30 32.60 35.50 38.60 4.60 44.30 4670
5 _|1.f 0.00 360 13.60 17.30 21.70 26.30 29.30 32.40 35,60 38.60 41.60 44.50 46.40
7 _|2a 0.00 8.20 12.00 18.50 24.60 30.60 36.50 41.80 45.80 50.00 53.70 57.00 60.70
g8 |2b 0.00 7.E0 12,40 18.30 24.70 30.90 3E.90 41.40 4610 50.00 53.60 57.10 B0.60
3 |2c 0.00 790 12,30 18.50 24.80 31.20 3670 41.60 46.50 50.30 53.50 57.30 60.50
10 |2d 0.00 210 12.00 18.20 24.80 30.40 36.00 41.40 46.00 50,10 53.20 57.00 60.50
11 |2e 0.00 2.40 12.00 18.40 26.30 31.20 36,30 41.40 4610 43.90 53.80 57.10 60.50
12 [2f 0.00 7.80 12,50 18.50 25.20 .10 3E.60 41.40 4610 50.30 53.20 57.10 60.20
13 |3a 0.00 5.70 8.50 9.30 10.20 1270 14.60 15.60 17.40 18.90 21.60 2340 28510
14 |3b 0.00 .00 870 9.60 10.90 12,50 14.30 16.20 17.10 15.00 21.70 2360 25.00
15 |3c 0.00 5.80 8.30 8.20 10.20 12.80 14.10 16.50 17.00 18.90 21.90 2350 2510
16 |3d 0.00 5.90 860 9.30 10.00 1270 14.30 16.90 17.10 18.60 21.70 2340 24.90
17 |3e 0.00 .00 840 9.30 10.70 12.40 14.20 16.40 17.10 18.70 22.00 2340 25.00
18 |3 0.00 6.00 8.50 3.70 10.40 12.50 14.30 15.40 17.50 18.70 21.90 2310 25.50
19 |4a 0.00 7.50 11.60 16.30 20.80 26.40 30.70 34.50 38.00 40.90 44.60 47.40 50.40
20 |4b 0.00 710 11.40 16.00 21.30 25.90 30.70 3410 38.00 41.10 4450 47.70 50.20
21 |4c 0.00 750 11.10 16.50 21.00 26.20 30.20 34.70 38.30 41.50 44.70 47.20 50.00
22 |4d 0.00 7.B0 11.70 15.90 21.30 26,10 30.40 34.40 38.20 40.60 44.30 47.50 50.00
23 |4e 0.00 760 11.30 15.90 21.00 25.90 30.40 34.60 38.20 41.30 44.40 47.60 50.00
24 |4 0.00 710 11.30 16.00 21.20 26.10 30.60 34.70 37.90 41.20 44.50 47.60 50.00
25 |ha 0.00 710 11.10 16.40 21.50 26.60 31.20 35.30 38.50 42.40 46.20 43.70 51.90
26 |5b 0.00 6.80 10.80 16.30 21.50 26.20 30.90 35.50 38.80 42.20 46.30 43.80 5210
27 |5 0.00 6.70 10.80 16.40 21.70 26.40 31.00 35.30 3310 4220 4670 43.40 51.90
23 |5d 0.00 6.80 10.90 16.70 21.70 26.60 31.00 35.60 33.20 4270 46.30 43.70 52.30

S-Matrix,
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Response Data Reductions — Time Series (Disso) Data

1 Response Reductions Wizard - API - % Released @
H . rast Profie Options | Reference Standard | : Selected Target Profile Option  Graph Mode
SOftwa re aUtomatlcally' et R F—— 1 @ c h S Reference Standard jCDnnect—ﬂ'neDots Plat 'i
Reference Standard | ™1 =t ¥ | @ Grapn () Table
* handles test repeat data
e computes average 75
. .! SD ._....._....._....._...._..._....._....._...._....._... -E

profiles 3 e ERN

e compute f1 & f2 curve fit -~ =
. ] i

metrICS a 100 200 .SDD 400 500 ’ 0 50 100 150 200 250 200 350 400 450 500
e computes sensitive 'S e

W 'b ” f't t H 12~ 13 = 12 W= 15 = 18 B 17 18 19 20 21 2 42

eipull curve TIt metrics w2y W25 w2 - A28 420 0 O Rel S

° CompUteS additional ‘P:oﬁle Sirnilarity Metrics Response Profile Metrics

prOfiIe response metrics -CVTest [#] f1 (Difference Factor) [¥] Map to Design e L=

£2 (Similarity Factor) Map to Design
e Maps all computed , |
t the ¥-axis Data Endpoint for f1and f2 |85.0 = |f-Mean at X = - [¥] Map to Design
responses to P
. . [] weibull Difference Factors Map to Design % at Y-Mean =
experimental design for Y-SD. atX =
a n a IyS i S ﬁ Response Profile Metrics - a value must be specified for the response.

*S-Matrix, 47



Response Data Reductions — Time Series (Disso) Data

Run No. | Atomizing Air Preszure | Pattern Air Prezsure | Spray Rate | Gun Distance Tal;:itaﬂ EE'Td[;'.f]ss . Ta%l;lslaa[r}:lgﬁs . Helgzlt;dz— fl Helgzlt;dz— 2
1 11 30 o) 825 ¢ 7518 1.47 434 781
2 |2 30 2758 825 10 78.07 161 2212 4822
3 |3 a0 1] 125 10 715 1.01 4307 4.0
4 |4 10 1] 40 10 7B.23 1.53 E.E2 ¥1.35
5 |5 10 o) 125 10 7565 .20 943 B4.77
£ |6 10 o) 40 4 7576 071 4,35 38.90§
7|7 30 2758 825 4 74.24 1.44 2280 47.91 I
g |B 30 1] 825 ¢ 7591 1.82 447 77.43)
q |9 a0 o) 40 10 7463 1.6E 2.02 E8.57
10 (10 a0 1] 40 4 75.52 1.07 325 83.71
11 |11 30 2758 825 ¢ 7452 1.29 956 E4.14
12 |12 10 o) 40 10 7462 .97 1.49 94.E3)
13 [13 10 1] 125 4 74.38 = 14.47 EE.BEI
14 [14 al 55 40 4 75.89 1.71 1461 56 70)
15 [15 10 1] 40 4 7543 235 13.35 5825
16 [1E 10 1] 125 10 7725 1.54 28.74 4214
17 [17 a0 o) 125 10 75.54 D.EEI 2892 45.02
18 |18 a0 2758 825 ¢ 7468 1340 282 E5.93)
19 [139 a0 1] 40 10 7EB.0E 1.42 20.05 B0.01 I
20 |20 30 2758 825 ¢ 7477 1.61 282 EE.EEI
21 |4 10 3] 125 4 7476 0 J6.56 3?.52'
22 |22 1] 3] 125 4 748 152 13.37 E3.29)
23 |23 10 1] 40 4 7543 077 11.75 B0 52
24 |24 10 27.5 825 7 7468 1.0 943 B4 46
25 |25 a0 27.5 825 7 7470 093 9.30 E4. 78]
26 |26 a0 27.5 40 7 7470 1.15 A7 ?5.?9'
27 &7 10 3] 40 4 7594 152 2467 38.?3'
28 |28 1] 1] 125 4 74.39 1.69 364 821 EI
29 |29 1] 1] 40 4 7046 1.43 345 92,83
a0 |30 a0 27.5 125 7 7459 158 1415 5725
S-Matrix, 48




Analysis Wizard. Automated Mode

— Design Wizard Mode Select Responses for Analysis

Flace a check in the checkbox for each responsze that you want analyzed in the
Automated analysis mode.

= User Interactive

Tablet Hardness - Mean (TD1)
Tablet Hardness - %R5D (TD1)
AP - % Released -f1 (TD2)
—Analysis wizard Mode AP| - % Released -12 (TD2)

% Atomated

£ Uszer Interactive

Select Al | Select None | OK | Cancel |ﬂ|

One Click:

Software automatically creates a predicitve and diagnostic equation
(model) for each response that characterizes the effects of the study
variables on the response.

~ S-Matrix,
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Numerical Answer Search — Best Overall Conditions

Set goals and Acceptable Performance
Execute Search - Response Goals Limits for each Response

Repart Mame
Mumerical Search 2 todel tion Error C.1. for t + |2 Sigma
Relative
Goal Lower Bound

Response Name Upper Bound

W |Tablet Hardness - Mean [TD1) Target  w| | 7400 | 7600 |1
W |Tablet Hardness - RSO (TD1) Minimize  +| | 0oo | 200 |1
W |API- 3% Released - 11 [TD2) Minimize | | ooo - | 1000 |1
W |API- 3% Released - 12 TD2) \Maimize v | | G000 | 100.00 |1

Evalidatinn Status: our settings are valid.

Modity Search Reqion... Restore Defaultz i Finizh

50



Numerical Answer — Best Overall Conditions

The software automatically identifies and reports the best overall answer — the level
setting combination which meets your defined performance goals for all responses
simultaneously.

Name: Administrator

Company: S-Matrix Corporation

Project: Project 1

Date: July 25, 2014 5:14:21 PM PDT [GMT-07:00]

Numerical Answer Search - Numerical Search 1

Answer #1

(‘Jriable Settings \
Variable Level Setting
Atomizing Air Pressure 197
Pattern Air Pressure 55.0
Spray Rate 40.0
Gun Distance a1

o

Predicted Results

/

Predicted -2 Sigma  [+2 Sigma
Response Goal Result Desirability Conf. Limit [Conf. Limit
Tablet Hardness - Mean (TD1) 75.00 7499 0.9908 7485 75.13
Tablet Hardness - %RSD (TO1) Minimize 1.34 0.3224 0.47 221
AP|- % Released - 11 (TD2) Minimize 0.45 0.9545 0.19 1.06
AP| - % Released - f2 (TD2) Maximize 9222 0.8056 89.62 94,82

Cumulative Desirability Target = 1.0000
Cumulative Desirabilty Result = 0.7074




Graphical Visualization — Best Overall Conditions

The graphics wizards can generate graphical representations which visualize the
linear, interaction, and complex effects of the study variables for each critical
response.

Gun—to—Bed Distance {inches) P70 Rute (gm/ma'n)
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Spray Rate (gm/min)

S-Matrix,
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Graphical Visualization — Best Overall Conditions

Note: different Critical Quality Attributes have different regions of good performance.

- % Relessad - £2 (TD1) Response Surface
Duou--nng...wo":\“*"w M--une..-mn":'“'r"‘""m
R TN = 5 AR R RN
:um;of B uocom rancoan &
=2 A
LT E
Loy ‘%
songy, g P
. E!
_ i 3
B Jg 2
R a
N B L
e

inj

E 1054
-
o
£
=
o
B
o
>
C B0
0
Il

45,0

a0 11,0 PR0 330 440
Poltern Afr Precaure (pai}

Spray Rale {rag/f

I T T T T
4.0 11,0 230 IE0 44,0

Poltern Afr Precaure (par}

1200

T
E 1050

Spray Rale {rag/f
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z{e}

450

4.0 11,0 230 330 44,0

Pgltern At Pracaure (pa}

X- Axis = Pattern Air Pressure (psi)
Y-Axis = Spray Rate (mg/min)

Atomizing Air Pressure = 10 psi
Gun-to-Bed Distance = 9 inches

53




Graphical Visualization — Mean Performance Design Space

Note: Shaded region indicates the

Spray Rate and Gun-to-Bed Distance
combinations which do NOT meet Fusion AE Graph
performance requirements.

Fusion Pro Overlay Graph.

Each color on the graph
corresponds to a response for

which goals have been defined. e
A region shaded with a given color § 8oy
shows the study variable level 7
setting combinations that will NOT g
meet the goals for the s
corresponding response. EE

Z B0t

0

Note: the un-shaded region
corresponds to level setting
combinations that meet all 5.0
response goals.

—|AF‘I— % Released - 1 (TD1 ) 1E-|__

4.0 t t t t t t t t t t t
40.0 o542 66.3 82.5 057 110.8 125.0

Spray Rate (gm/min}

> S-Matrix, o4



Graphical Visualization — Mean Performance Design Space

Reports Graph

Fusion AE Graph

Mean Performatce Design Space j 10.0

Graph Settings 8.0
Lower Upper Pointer —
Name Units Bound Bound Coordinate [
*|Spray Rate * [gm/min 40,0 125.0 === ]
| Gun-ta-Bed Distance + |inches g 10.0 £
@
Aromizing Air Pressure I it I 21.0 %
; W -
Pattern Air Pressure I O I 55.0 a 0 Tablet Hardness - % Relative

et Hardness - %:Relative SD (TD2): E-|

pd

)
=

| Operating Space Settngs
6.0

Gun-tol

APl - % Released - f1 (TD1): 1E-|__

Unshaded Region With =0 —

Predicted Best Settings: B #@.- e

40.0 542 68.3 825 96.7 110.8 125.0

AAP — 21.0 pSI |/ Spray Rate (gm/min)

PAP = 55 . 0 p S | Rezponse Setings \

— 1 Lower Ui inter Conto
Spray Rate = 60.0 gm/min ame - = | ..
. _ . ¥ |ADI - 9 Released - f1 (TD1) Minimize v 15.00 & Red
G-to-B Distance = 9.0 inches V71 v poleazed 2 (T01) Vaximiz=~| 50,00 A T
I Tablet Hardness - Mean (TD2) Target = 74.00 76.00 I Green ¥
Tablet Hardness - %Relative S0 (Tp2)| Minimize » 5.00 I Orange +

* S-Matrix.



Graphical Visualization — Mean Performance Design Space

Mean Performance Edges of Failure

DN

AN

— Report: — Giraph

\ Fusion AE Graph

Mean Performatce Design Space LI 10.0

 Graph Settings 9.0
Lower Upper Pointer

Name Units Bound Bound Coordinate '@

%|Spray Rate > |gm/min 40.0 125.0 === 5 &0
| Gun-to-Bed Distance * [inches 4.0 10.0 £
@
Aromizing Air Pressure I it I 21.0 E

Pattern Air Pressure I ] I 55.0 E 7.0 Tablet Hardness - %Relative
|
Tablet Hardness - %Relgtive SO (TD2): 5|

— Operating Space Settings

2
£ 60
a
v
~{aPi- 5% Released - 11 (TD1): 18]
5.0
APl - % Released - £2 (TD1): S-Ul
4.0
40.0 542 58.3 825 96.7 110.8 125.0
Spray Rate (gm/min}
— FHesponze Settings \
Lower Upper inter Contowr
Name Goal Bound Bound ictions | Label Colar
¥ |ADI - 9% Released - fi (TD1) Minimize + 15.00 & Red
¥ | AP - 9 Released - f2 (TD1) Maximize 50.00 = Blue
¥ | Tablet Hardness - Mean (TDZ2) Target = 74.00 76.00 I Green ¥
Tablet Hardness - %Relative S0 (Tp2)| Minimize » 5.00 I Orange +

S-Matrix,



Robustness Simulation — Expected Variation of CPPs

7

1. Robustness Simulator

It

Maximum Expected Variation:

The £+ 3 o value defines the “total” variation in the experiment
variable around its defined setpoint that is expected to occur
on transfer and normal use of the method over time due to
statisticly random error,

Maximnum Expected Varaton Arcund Setpeing for Each Variable

| Maxirum Expactad Vanation
[Saritral Linvt Diita = £3a3

— |MP¢R|’MT
............ AP farthe:
rp-unlmlsl.mi el
ndi basad o
cewbnwwm ol n

NOTE - the value

defines the maximum

Hrudy Viarishl
Variable Settings
) ) ) Maximum Expected Variation

Enabled | Experiment Variable Units (& 3 0 Value)

Atomizing Air Pressure psi 000

Pattern Air Pressure psi 5.000

Spray Rate majmin | 2.000

Gun Distance inches  |0.250

[ Select Al ] l Select Mone l [ Set Defaults

expected setpoint
variation for the study
factor.

h The settings are valid.

Back l Mext l [ Cancel

~ S-Matrix,
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Robustness Simulation — Acceptable Variation Limits in CQAS

7

1. Robustness Simulator

It

S—
C
] - Maximum Allowabie Differenca From Mean Result tor a Given GO
C Use Cp when (a) the response has a defined maximum || —
pm 5 UTL-LIL
C allowable amount of variation, and (b) one of the two Cr =]
pk cases below applies to the response: [ Maximum Allowable Difference
— (Distance Fram Mean)
| Cpkem | o o % .
1. The response goal is Maximize, and the predicted|| LT g uTL
responses are generally not near an absolute —
lower acceptance limit,
e |MPORTANT,
. . e . - | Maximum Allowable Ditference valus
2. The response goal is Minimize, and the predicted i 1he maximom toleramte
responses are generally not near an absolute tn:‘c:wnm limits an responaa
— variation.
upper acceptance limit.
Mote: the Tolerance Limit Delta (£) value defines S

Critical Queality Attribuie

Response Settings

Additional |Additional Error Amountl

<_E' NOTE - the Tolerance Limit Delta

Enabled | Response ?no dbEu;mess ;‘:ﬁ:[n ;}E Lo LSL UsL | Target Ery
Tablet Hardness - Mean (TD1) Cp

API - % Released - f1 (TD2) Cp| 5.000

AFI - % Released - 2 (TD2) Cpl 10.000 ]

[ Select All ] [ Select Mone ] [ Set Defaults

h The settings are valid.

values define the maximum allowable +
limits on response variation.

[ Back ] l Finish l [ Cancel

S-Matrix,
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Final Design and Operating Space — Mean Performance + Robustness

The software automatically visualizes the final robust design space.

'~ Reparts Graph

Fusion AE Graph

1007
APl - % Released - f2 (TD1) - Cp: i

[£P1- % Released - 11 (101} - Cp: 2|

Graph Settings 5.0
Lower Upper Pointer
Name Units Bound Bound Coordinate
¥|Spray Rate * lgm/min 40.0 125.0 --- 2.0
W |Gun-ta-Bed Distance v |inches 4.0 10.0
Atomizing Air Pressure | 1t | 21.0
Pattern Air Pressure | ] | 35.0 7.0 Tablet Hardness - %cRelative

T

et Hardness - %Relative SD (TD2): E-|

| Operating Space Settings
6.0

Giun-ta| & H Distance (inches)

|API - % Releazed - 11 (TD1) - Cp: 2
APl - % Released - 1 (TD1): 1E-|

T
APl - % Released - 12 (TD1): 50
APl - % Released - £2 (TD1) - Cp: 2

40.0 542 633 825 96.7 110.8 125.0
Spray Rate (gm/min}

Responze Settings

Lower Upper Pointer Contouwr
Name Goal Bound Bound | Predictions |  Label Colar
¥ | API - % Released - f1 (TD1) Minimize v 15.00 I Red
¥ | API - % Released - f2 (TD1}) Maximize 50.00 I B ~
W |Tablet Hardness - Mean (TD2) Target = 74.00 76.00 I Green v
e Lo L 3 S A U AL o0 I Orange v
¥ | API - % Released - f1 (TD1] - Cp Maximize v 2.0000 = Teal
M |API - % Released - f2 [TD1] - Cp Maximize + 2.0000 I Purple +

.=

S-Matrix,



Final Design and Operating Space — Mean Performance + Robustness

You can also graphically represent your safe operating ranges within the region, and the
software will define verification runs to demonstrate that all performance goals are met.

Reports Graph
Fusion AE Graph
Fiobust Design Space j 1007 |
APl - % Released - f2 (TDM) - Cpr 2
- AP - % Released - 1 (TD1) - Cp: 2
Graph Settings 9.0 | |
Lower Upper Pointer
Name Units Bound Bound Coordinate 'g ~
%|Spray Rate * |gm/min 40.0 125.0 5 &0 \.BJ \DJ
- - c
| Gun-to-Bed Distance v |inches 4.0 10.0 =
@
Atomizing Air Pressure | F | 21.0 %
Pattern Air Pressure [ 0| 55.0 E 7.0 JJ
=]
. . @
I+ Operating Space Settings &
- Fary {1
Operating Ranges 5 60 A C
perating Riang a ] hd
) Lower Upper Center [£P1- % Released - 71 (701} - Cp: 2]
Variable Bound Bound Point
Spray Rate 70.0 100.0 85.0 50
Gun-to-Bed Distance 6.0 5.0 7.0
Werification FRung W Show Verification Fun Labels APl - % Released - f2 (TD1} - Cp: 2
Atomizing Pattern Air Gun-to-Bed 4,
Point Run 1D Air Pressure | Pressure Spray Rate | Distance 40.0 542 683 825 96.7 110.8 125.0
1 |A Robust_Desig 21.0 55.0 70.0 6.0 -
2 |B Robust_Desig 21.0 55.0 70.0 8.0 Spray Rate (gmimin}
3 c Robust_Desig 21.0 55.0 100.0 6.0
4 D Robust_Desig 21.0 55.0 100.0 8.0 Responze Settings
5 |T Robust Desig 21.0 55.0 85.0 7.0
Lower Upper Target Pointer Contowr
Name Goal Bound Bound Predictions | Predictions | Label Color
¥ | AP - % Released - f1 (TD1) Minimize + 15.00 4.51 r Red il
¥ |API - 9% Released - f2 (TD1) Maximize * 50.00 7672 = Blue ~
¥ |Tablet Hardness - Mean (TDZ2) Target = 74.00 76.00 75.22 r Green
M |Tablet Hardness - %sRelative SO (TD2)| Minimize + 5.00 2.39 r Crange *
¥ AP - % Released - f1 (TD1) - Cp Maximize * 2.0000 3.4708 i Teal
¥ |API - % Released - 2 (TD1)- Cp Maximize v 2.0000 5.1526 = Purple +

" S-Matrix, 60



Fusion Pro — QbD-aligned R&D Software

Case Study 1 — END

Fusion Pro

QbD-aligned DOE Software System

S-Matrix,

S-Mmirec. the S-Mistrc iloge. and Fusion S50 are sthar
Corporetion in the Uniec Sixter and'or cther counires. Windowa o sther @ negatered
T o = in tha Uniad Shatey anc'or
e czuiraee. Probecies by a UL Petenin. Pebein pandng 0 te LS
e cther countree. © 'FRS-Z0E SNt Corponstion.
Al rghts remeroes. Viace n the SRR




Fusion Pro — QbD-aligned R&D Software

Case Study 2 —

Tablet Excipient
Fusion AE™ Formulation & Processing

Automated Experimentation Software System
WINDOWS®

EE ] S-Matrix,

S-Matriz, the S-Matrix logo, and Fusion AE are either registered trademarks or trademark S-Matrix
‘Corporation in the U hadSta‘hes andior other countries. Windows is either a regisi hered
trademark trademark of musuﬂCurpuram n the Lk medSl.a.lesndl'

Dlherm.ntnes. Protected by a Patent. Patents pending
and other countries, 91995—21]]85— atriz Gorpolaum
All rights reserved. Made in the USA.




Case Study 2 —Tablet Excipient Study

The three critical excipient formulation parameters (CPPs) selected for study
are entered into the Experiment Setup template shown below.

The one critical excipient process parameter (CPPs) selected for study is also
entered into the Experiment Setup template shown below.

Misture W ariable Settings

Mo, of Misture Variables |3 -
LUrits b iture Amount
B 100 %8 %8
Mixture Variable State Lower Bound | Upper Bound
Excipient 1 “ariable * 0.0 100.0
Excipient 2 “ariable * 0.0 100.0
Excipignt 2 “ariable * 0.0 100.0
r Process Variable Settings
Mo, of Process Warables |1 -
MHarme Units Type Lawer Bound Upper Bound
Compaction Force kM |D:nntinuu:|us j | 100 21.0
State
(& Wariable
(™ Consztant

e S-Matrix,

63



Case Study 2 —Tablet Excipient Study

The experiment was undertaken to optimize the excipient formulation and the
critical process parameter for two critical tablet quality attributes:

Friability and Dissolution Profile

For the dissolution response, the two critical release goals were:

® 10% Released att =10 minutes
® 259% Released att = 60 minutes.

~ S-Matrix,
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Automated Experiment Design Generation

I Fusion Product Development - Training Example 1 - Tablet Coater Optimization - Ro :
i Fusion = One Click:

File Edit Activity Tools Window Help

BNl n =l| & Update Setup Da Software maps the experimental

Design of Experiments Process Vanable Settings ———— deS|gn to the Study factors
T Create a Design .
» Design Reports Mo, of Process Wariables |4 -
Data Entry f Analysis

> Data Entrv Run Mo. | Excipient 1 Excipient 2 Excipient 3 Compaction Force
1 0 0 100 1812
2 a0 0 B0 1812
= = 3 100 0 0 20,35
4 0 100 0 933
i \ 5 0 50 50 20.35
. - P " [ 1E.7 EE.7 16.6 17.73
o - 7 0 100 0 1812
* . o o 3 100 0 0 1812
oy 1 iz =t iz g ] ] B0 9.99
) 10 0 0 100 933
0y 11 a0 0 B0 20,35
12 0 0 100 20,35
T . 13 a0 a0 0 1812
: "~ 14 100 0 0 9.88
0 ) - - 15 BE.7 16.7 16.6 125
2 e . . 16 16.7 16.7 EE.E 17.73
} + 17 ] 100 ] 9.88
1 13 50 50 0 20,35
19 0 0 100 20,35
. . P . 20 33.3 333 334 1512
1 -- - 21 1] 100 1] 20.35
* . o o 22 BE.7 16.7 166 17.73
oy Y iz =t 1 iz 23 0 100 0 2035
i i : 24 33.3 333 334 1812
i . i 25 50 50 1] 9.83
+ e & * 2 167 BE.7 166 125
27 1] 1] 100 9.83
28 50 1] B0 9.83
29 16.7 16.7 (19 125
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Enter Test Results — Friability Testing

@ Fusion Product Develo

File Edit Medule Tocols Window Help

[ = ] 1| & | 5= ¥ Edit Run No. Labels Matrix Master &' Expdg [ Creata‘EditHe@ Create Testing Design &

Design of Experiments
+ Create a Design

Run Mo. | Excipient 1 Excipient 2 Excipient 3 I_Impa-::tiun Force

» Design Reports 1 |1 ] 0 100 15.12
Data Entry / Analysis 2 |2 a0 ] al 1512
5] Iniata Entns! 2 |2 110N n g MR

Ir*.'.‘.r\aatE.-"Edit Respons; Data 1
Responses Consisting Of i:::?;:je Mame ﬂ i:;:asponse Unitg: - ngl_z v Lower LimitD P [~ Upper Limmit
only one measurement — n _
Fun Ho. Friability — | [ Add following to empty cells:

per run (no test repeats) i s 7 D Updse |

2 .
can be entered directly 3l 0215

. 5 |5 0,369

onto the Experiment s o os9
Design grid. — =

10 {10 2428

1 1 0.275

12 |12 03s

13 [13 0.651

14 |14 1.538

15 [15 1.028

16 |16 0529

17 17

18 |18 0. 266

19 [19 0.371

20 |20 072

21 &1 0.351

22 |22 0,406 -

EVaIidation Status: Your settings are valid.

Mew Delete DK Cancel | g

> S-Matrix.



Create Testing Design — Time Series (Dissolution) Testing

ErFusinn Product
File Edit Module Tools Window Hel

(i == ..l & ”%mireateTesting Design % Delete Testing Design 4, Export [HE Create Response % Edit Response [ Delete Response &, Import Responses| liit Response Reductions &

Design of Experiments

Fiesporsp-bd Fiespanze Units [¥ Lower Limit

': = Create a Design +
+ Design Reports I‘ZFleIea ;I I/o o _,58' ID.D <= Response <=

Diata Entry / Analysis

[~ Upper Limit

N

Testing Design Name Testing Design Type Testing Instrument
Dissolution Testing (TD2) Time Series - Fusion AE Demo - Alliance 2695 HPLC

Reference Standards Replication Scheme
Reference Standard Runs 15 MNo. of Preparation Repeats 1

[] Apply Replication Scheme Mo, of Test Repeats per Preparation 1%

sampling Rate

Measuremant Time Point (Minukes)

() Uniform (@) Variable

Variable

No. of Measurements |2 hl

Minuk
Time Interval Units NULES

Start time at 0.0 Update

Ba The settings are valid,

Back [ Finish ] [ Cancel

S-Matrix,

Software automatically
handles:

e Uniform or variable
sampling plans

e Multiple sample
preparation repeats

e Multiple test repeats at
each time point

* |nternal test standard
data

67



@ Fusion Product Development -

Create Testing Design — Enter Test Results

File Edit Module Tools Window Help

(i == .. &b ||E=| 4 Creste Testing Design = Delete Testing Design & Exfort EE Create Response )

Design of Experiments
= Create a Design
+ Design Reports

Diata Entry / Analysis

t Coater Optirm

Edit Response [ Delete Respense & Import Responses | !4ii Response Reductions &3

S-Matrix,

Fesponse Hame Fesponze T Lawwer Lirnit ™ Upper Limit
|‘Z Released j % J |D.D <= Response <=
B B C
Run Mo, t-10.00 k- E0.00

1N 78.18 9317
A 11.18 19.40
3 |3 2.566 20.87
4 |4 464 24.91
5 |5 21.56 3E.23
£ |E E.33 21.63
7|7 595 28,60
g |8 2.43 20.24
9 |9 13.72 35,71
10 |10 78.07 93.01
11 |1 11.14 2010
12 |12 78.10 99,26
13 |13 484 18.64
14 |14 8.45 20.51
15 |15 8.458 1768
16 |1k 10.70 2E.EE
17 17

15 |18 541 1770
19 |18 /783 99,82
20 |20 E.73 21.18
21 1A 2.03 2E.06
22 |22 910 19.24
23 |23 a1z 25.E5
24 |24 B.71 2097
25 |25 423 18.08
26 |26 514 22.3
27 |27 V.24 93,75
28 |28 11.14 18.89
29 |25 10.07 26.74
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Response Data Reductions — Time Series (Disso) Data

-
' Response Reductions Wizard - % Released

[S)

Software automatically: e et o [l TagiPale o] | sl TarotPofe Otion_ Gaphide —
Build Target Profile Connect-the-Dots Plot + Chart Settings

handles test repeat data U
computes average ool -
profiles Y
compute f1 & f2 curve fit Nurber of Segments | 2% 3=
m et r'i C S End Point X Valuz  End Point ¥ Value  Select Curve Type e
CompUteS SenSitive :’ggg I ;gggg ’ 10 15 20 25 30 35 40 45 50 55 a0
Weibull curve fit metrics = e

computes additional
profile response metrics
Maps all computed
responses to the
experimental design for
analysis

~

Profile Similarity Metrics
Data endpaint for F1 and F2 calculations :60.00 -
[| Fi (Difference Factor) Map ko Design

[ F2 (Similarity Factor) Map to Design

[] weibull Difference Factors Map ko Design

Response Profile Matrics

Mumber of Responses | 25
Y-MeanatX= v 10 Map ta Design

¥-MeanatX= - | |60 Map ta Design

h The settings are valid,

/

Two critical release goals:

® 9% Released att =10 minutes
® 9% Released att = 60 minutes.

S_MatPiX@J



Analysis Wizard. Automated Mode

— '

I Select Responses for Analysis

Place a check in the checkbox for each response that you wart
analyzed in the Automated analysis made.

— Design Wizard Mode

= User Interactive

Friability
|w| % Released - Y-Mean at X = 10{TD1)
% Released - Y-Mean at X = 60 (TD1)

—Analysis Wizard Mode

% Atomated

£ Uszer Interactive

Select Mone

One Click:

Software automatically creates a predicitve and diagnostic equation
(model) for each response that characterizes the effects of the study
variables on the response.

~ S-Matrix,
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Numerical Answer Search — Best Overall Conditions

Limits for each Response

Set goals and Acceptable Performance

- -
Optimize Responses - Response Varnable Goals

Response HName Goal Lower Bound Upper Bound

Relative
Rank

¥ |Friabilty |Mirimize v | | 0.00 1.00

=]

W I‘ZHeleased-"r’-MeanatK='IEI[TD'I] ITarget | | 8.00 12.00

W |%Released - Y-Mean at X = 60 (TD1] [Tast =] | 27.50

Confidence Limits for the Predicted Flesponze(z] + |2 Sigma *I

EValidatiDn Status: YWour settings are valid.

Bestore Defaults << Back

~ S-Matrix,

Cancel | 7]
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Numerical Answer — Best Overall Conditions

The software automatically identifies and reports the best overall answer — the level

setting combination which meets your defined performance goals for all responses
simultaneously.

Name: Administrator ?r- S

Company: 5-Matrix Corporation I |

Project: Project 1 | .
Date: November 4, 2012 7:31:42 PM PST [GMT-08:00] ¢ 9-M atrix,
Numerical Search Results - Excipient Formulation Study

Answer #1

ﬂ.’ariable Settings \

Level
Variable Setting
Excipient 1 19.8799259450
Excipient 2 18.80754 7806
Excipient 3 61.222522654
Compaction 20.35
\Furce j

Predicted Results

-2 Sigma +2 Sigma
Rezponse Goal Predicted Result |Desirability Conf. Limit Conf. Limit
Friability Winimize 0.33 0.6719 0.32 0.34
% Released - -Mean at X = 10 10.0 10.00 1.0000 5.139 10.65
(1o}
% Released - r-Mean at X = 60 25.0 25.00 1.0000 23.60 26.53
(1o}

Cumulative Desirability Target = 1.0000
Cumulative Desirabilty Result = 0.8759

*S-Matrix,
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Graphical Visualization — Best Overall Conditions

The graphics wizards can generate graphical representations which visualize the
linear, interaction, and complex effects of the study variables for each critical
response.

Friability Ternary Plot
Compaction Force = 10.00
A =1100.0
*’fJ Legend
o I - 4453
i d 2 3007
S 2 1560
Ao 213
gl 18667
Sl 17220
0.0 VA A R A X 15773
ey S 14327
L0 / 1.2880
AN AV Yy 11423
PR AR A 09967
A AN A A WY 0 0.8540
S0 ;S B 07093
VARV A A B 05647
PR R AR B B 0200
B= ."lllr .)Ir .")I ."I.r _-"..I ll-f'l'lr I.."ll I)"I L=
100.0 0.0 100.0
A = Excipient 1
B = Excipient 2
C = Excipient 3




Graphical Visualization — Mean Performance Design Space

Fusion Pro Overlay Graph.

Each color on the graph
corresponds to a response for
which goals have been defined.

A region shaded with a given color
shows the study variable level
setting combinations that will NOT
meet the goals for the
corresponding response.

Note: the un-shaded region
corresponds to level setting
combinations that meet all
response goals.

~ S-Matrix,

Note: Shaded region in this graph identifies
all excipient formulations which do NOT meet
performance requirements for % Released at
10 Minutes.

Fusion AE Graph

Excipient 1
100

100 0 100
Excipient 2 Excipient 3
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Graphical Visualization — Mean Performance Design Space

— Report:

INumericaI Optirnizer Anzwer 1

v Shaow Temary dxis Lines

 Graph Settings
Lower Upper Painter
Name Units Bound Bound Coordinate
¥ 1||[Excipient 1 w |8 0.0 100.0
2 |Excipient2  w [5g 0.0 100.0
X3 |Excipient3 = |gg G 100.0

Compaction Force b I

— Operating Space Settings

Unshaded Region With

Predicted Best Settings:

Excipient 1 = 20%
Excipient 2 = 23%
Excipient 3 = 57%
Compaction Forve

20 kN

— Graph

Excipient 1

Edges of Failure

100

Fusion AE Graph

~ S-Matrix,

100 100
Excipient 2 Excipient 3
— R esponze Settings
Lower Upper inter Contouwr
Name Goal Bound Bound ictions | Label Colar
¥ [Friability Minimize 1.00 r Red ~
¥ |o% Released - v-Mean at X = 10 (Fo1)| Target = 8.00 12.00 = Elue -
¥ |2 Released - ¥-Mean st X = 50 (Fo1)| Target = 22.50 27.50 1= Green v
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Robustness Simulation — Expected Variation of CPPs

1. Robustness Simulator

[t |

Maximum Expected Variation:
The % 3 o value defines the “total” variation in the experiment
variable around its defined setpoint that is expected to occur

on transfer and normal use of the method over time due to
statisticly random error.,

Variable Settings

Enabled | Experiment Variable

MMaximum Expected Variation Arcund Setpeint for Each Variable

| Mazimum Expaciad Waniatian
DZaenirol Limit Cwedta = £30)

—il MPUHTMI'
llllllllllll s apeca far thes
awiga nl-\.ml:iLmi e r
wctand i Easad o
-:m:-ahltwwm - 1&

Maximum Expected Variation |

LT (% 3 o Valueg)
Mixture Compasition %o
Compaction Force kM 1.000

2000 ==t N|OTE — Enter the expected

Select Al l [ Select None ] [ Set Defaults

variation (x3o value) around
target setpoint for each study
variable.

The settings are valid.

Back [ Mext ] [ Cancel

*S-Matrix,
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Robustness Simulation — Acceptable Variation Limits in CQAS

1. Robustness Simulator Iﬁ

b=
»

Maximum Allowabde Difterence From Meaan Result for a Given COA

cpm se Cp when (a) the response has a defined maximum || —
. & L
c allowable amount of variation, and (b) one of the two " [
p cases below applies to the response: T Manimum Allewable Ciarancs
— (Distance From Mean)
| Spkm | B e %
1. The response goal i Maximize, and the predicted| = LTL : uTL
responses are generally not near an absalute ll P
lower acceptance limit., i
!I — |MPORTANT,
i

2. The response goal is Minimize, and the predicted | —
responses are generally not near an absolute

Flaximum Allowable Oifference walue
dafines the maximum folerance
(AEeRptance] Hmits O respenas

1
Prudicted

upper acceptance limit. i Marpi vesaen.
- : +3o
Mote: the Tolerance Limit Delta (£) value defines & Gritival Guality Atiribute
Response Settings
Robustn Tal Lirnit Additional | Additional E A t
Enabled | Response InDdEu: 55 Dil?ﬁtaglzlt:}? ML sk Talrget‘,_ rhona - _! ona lr,r?r 1m|::un ‘
Friabity cosn A== N|OTE - the Tolerance Limit Delta (+ value)
% Released - Y-Mean at X = 10... Cpl2.000 ) ) i )
e colz.000 defines the maximum acceptable limits on

process performance variation.

l Select All l [ Select None ] [ Set Defaults

This can be your Process Specification.

The settings are valid.

| Back | [ Fnsh | [ Cancel ]H
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Final Design and Operating Space — Mean Performance + Robustness

The software automatically visualizes the final robust design space.

~ Reports — Giraph

Excipient 1 Fusion AE Graph

100

IDesign and Operating Space - CF. =16.0 ;I

[ Show Teman Axis Lines

 Graph Settings
Lower Upper Pointer
Name Units Bound Bound Coordinate
1 |Excipient 1 = |gg 0.0 100.0 ===
¥2|Excipient 2 w | %4 0.0 100.0
¥3|Excipient 3 w | %4 0.0 100.0 ---
Cempaction Ferce | ———| 16.00

I [Uperating Space Setings

100 100
Excipient 2 Excipient 3
— Responze Settings
Lower Upper Pointer Contouwr
Mame Goal Bound Bound Predictions Label Color

I Friability Minimize * 1.00 r Red -
M |56 Released - V-Mean at % = 10 [TD1}) Target = .00 12.00 = Blue
¥ o6 Relessed - V-Mean st ¥ = 60 {TD1} Target v 22,50 27.50 = Green v
¥ | Frizbility - Cp Maximize ¥ 2.00 - Orange +
i % Released - ¥-Mean at X = 10 [TD1) - Cp|Maximize « 2.00 r Teal -
i % Released - ¥-Mean at X = 60 [TD1) - Cp|Maximize « 2,00 r Burple

S-Matrix,



Final Design and Operating Space — Mean Performance + Robustness

You can also zoom in and graphically represent your safe operating ranges, and the
software will define verification runs to demonstrate that all performance goals are met.

Reports Graph
X1 Fusion AE Graph
|Safe Operating Ranges j
30
[v Show Temary Axis Lines
Lower Upper Pointer
Name Units Bound Bound Coordinate
¥1|Excipient 1 w |5g 10.00 30.00 ===
¥2|Excipient 2 * |94 0.00 50.00
¥3|Excipient 3 * |9 40.00 80.00
Compaction Force | 20.00
40 0

¥ Include Proven Acceptable Ranges (PARs) \ //
Operating Ranges Medure Amount: 100.0 % H /! ) \
Lower Upper

Variable Bound Bound
Excipient 1 15.00 25.00
Excipient 2 15.00 25.00 B GD E
Excipient 3 55.00 65.00
- - A F
Verfication Runs [v Show Verfication Run Labels /// / /
Compaction
Point Run 1D Excipient 1| Excipient 2| Excipient 3 Force SUM E,rﬂ .1_6 al
A Safe_Operat 15.00 25.00 50.00 20.00 100.000
E Safe_Operat 20.00 23.00 55.00 20.00 100.000 X2 X3
= Safe_Operat 25.00 20.00 55.00 20.00 100.000 -
& Safe_Operat 25.00 15.00 60,00 zo.00] 100.000 Response Settings
E Safe_Operat 20.00 15.00 65.00 20.00 100.000 Lower Upper Target Pointer Contour
F Safe_Operat 15.00 20.00 65.00 20.00 100.000 Name Goal Bound Bound Predictions | Predictions | Label Cd
T Safe_Operat 20.00 20.00 50.00 20.00 100.000 = Friability Minimize 1.00 0.33 N Red
¥ |56 Released - v-Mean st % = 10 [TD1})| Target » 8.00 12.00 9.74 [ Blug
¥ |26 Relessed - V-Mean st ¥ = 60 (TD1}| Target = 22.50 27.50 24,95 [ Gre
4 »
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Fusion Pro — QbD-aligned R&D Software

Case Study 2 - END
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