Better Products — Finding
Models & Rules for
Product Formulation




~ What.

ANVindows-based software package
developed by Intelligensys

I Designed to be used by product formulators
= themselves

—  ‘Learns’ cause-and-effect relationships
within experimental data, automatically
- and expresses these as in the form
IF (ingredients are)...THEN (properties are...)
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:H\ Faster

ifiproved product properties
Yeonsistent guality
LAmore efficient processing

— _Jower cost

shorter time to market

conforming to new environmental
constraints and legislation
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NG mIght need to formulate in new
product domains, where you have not had
tilme to develop a deep expertise

& — And you can't afford to spend that time!

You want to accelerate the process of
finding out about your new formulations
and requirements
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S Etractmaximumknowledge, from your. data
Juickly andl easily

seind which inputs (ingredients and process conditions) REALLY
Saifect the properties of your product/formulation

= Find how changes in ingredients change properties

"
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- Make sure you are measuring and controlling all
Important variables — reduces *hit and miss’

Eliminate unnecessary ingredients

Decide where to take your next experiments to
get the most fruitful results

- ==
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JUSING a proven computational technique
(euroefuzzy logic) to discover models and
gilEsiwithin your own experimental data

= 'Presenting the results clearly to you, the
user — with graphical display and statistical

validations to help you understand them
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good your model is
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y SubModel:1 Output versus x4

y SubM odel: 1 Qutput

y SubModel:2 Output versus x6

bdel:2 Output

However, the dependence on
x6 is linear.




COUTdon't need to know in advance which
Veliales are important

CYOU don't need to know the functional form of

= ifie dependence

= —

- FormRules will discover all this for you

——

automatically and, at most, in minutes

Later in this presentation, you'll see exactly how




isEermRules can't build a good cause-
anad-effect model from your data....

L

== MiiS means that there is some ‘cause’ that

~ — |s not being measured, so you have an
tuncontrolled variable that is affecting your
results — a crucial piece of information for
you to know!




JEBmpanies like AstraZeneca, Cabot
Microelectronics, Syngenta and others...

= Formulating diverse products in the
& chemicals, pharmaceuticals and healthcare

E’- fields
Academic groups in Europe, America and
Asia
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® (cji| do)i[<la experimentalaté by varying the
I€cipe” (ingredients and process conditions) and
fieasuring end-use properties

aien import the data into FormRules

, ermRules will try many cause-and-effect
~—  models relating inputs and outputs to find the
one that best represents your system

Results are shown graphically, and in words as
IF...AND...THEN rules




~ What

_EGmRuIessusesrneurefuzzy - logic to
JEVEIOp cause-and-effect models

\Works well even for non-linear and complex
S Sjtuations

B Automatic ‘machine learning’ tool that

= —

= discovers rules for itself, directly from your

—

data

Integrated graphics and statistics help you
to interpret results easily




IS presentation will show' you some of the key
aspects off FormRules, illustrated using a data

setior controlled release pharmaceutical tablet
ormulation

= s

= —
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—  Because FormRules works on your own data,
though, it can be applied much more widely to
many formulations and processing situations.
See the on-line application notes for some

examples.




MWRenvoeu first enter
FormRules, you can start
a new project or load up
a previous one

Or, as a new user, you

might also want to look
at the on-line Tutorial

Capyright @ 2006 Intelligensy's Ltd I n th e n eXt SI Id eS / We ’I I

Al rights res d

look at a New task... one
where we have first to
collect our data

— Some issues are discussed
next....
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JASAVEIYoUr data In a spreadsheet or tab-
gelimited file
JIESCH lOW corresponds to a separate
== experiment or ‘recipe’
First row contains the ‘field names’
describing your inputs and outputs

—
—

- ==

rom the literature, so you can see
what’s involved.




UNEriollowing slide shows part of a data set for a
tallet formulation, used in our example

=Jingredients: Polymer A, Polymer B, Dextrose, and
CuBricant

=== 3 'process’ variables: hardness, % moisture, particle

—
=

— Size

— 10 outputs: amount of drug released at different
time intervals (1 hr, 2 hrs and so on)

22 different formulations were made and studied




PolyA PolyB Dextrose lubricant  Hardness size %moisture 1lhr 2hr 4hr ehr 8hr 10hr

28.8 9.6 89.6 2.8 11.1 156 3.88 7.7 15.6 34.5 60.7 87 99.2
57.6 19.2 179.2 54 9.77 156 3.88 3 11 26.9 46.4 64 85.2
86.4 28.8 268.8 2 8.97 156 3.88 6.4 11.9 25.1 40.4 57 76
19.2 19.2 89.6 2.8 9.53 141 3.85 10.8 20.6 36.9 59.4 82 96.4
384 384 179.2 54 8.79 141 3.85 9.6 15.7 28.7 42.8 58 74.5
57.6 57.6 268.8 2 8.67 141 3.85 5.7 11 22.1 35 50 67.3
9.6 28.8 89.6 2.8 70.5
19.2 57.6 179.2 54 50.4
28.8 86.4 268.8 2 47.3
28.8 9.6 384 1.8 72.1
57.6 19.2 76.8 34 77.3
86.4 28.8 115.2 29 | You can have just a few experiments —even | s
19.2 19.2 38.4 18 | fewer than the number of ingredients. In 101
38.4 38.4 768 34 | that case, simpler models will be developed. | ¢4
57.6 57.6 115.2 4.9 ———rrss TO-T nRcAs) 022 o 59.3
9.6 28.8 384 1.8 2.78 129 4.93 33.2 55.4 83.5 97.2 106 105
19.2 57.6 76.8 34 3.15 129 4.93 16.7 24.9 35.3 41.5 48 53.9

28.8 86.4 115.2 4.9 2.28 129 4.93 8.8 13.6 20.8 25.8 31 35.4




LWHER you select New Task from the
Welceme window, you'll see a
spreadsheet. (You'll see this on the next

= Ilde )
_ S Just copy-and-paste your own data...

You can have up to 150 inputs/outputs,
and as many experiments as you want




- Fire

ritn FormRules - [Enter/Edit Data]
[ Task Model Use Reports Window Help

plelm| Ol=lala] of
Graph | Statistics ]

| on to the next stage.

™ - ' - . m

el

Aute Adjust Column Widths
+ 500 Rows

Freeze Data Labels

Freeze Record Labels

data, or do
simple statistics
on it.

E3 Microsoft Excel -i % | 22:02




#fx FormRules - [Set Field Types] [-][=
] Task Model Use Reports Window Help - M

w|m| Olglols] o

Figld Mame Field Type

-

Mot Uszed

Processing Conditian
Property
T e

Mat 1 zed
Mat Uzed
Mot Uzed
Mat Uzed
Mot Uzed
Mot Uzed
Mot Uzed
Mat Uzed
Mot Uzed

Ingredient, Processing Condition
or Property.

clefolefofafofe]e]

You can also get these options by right-clicking with the mouse anywhere
over the screen.

-

4

Cancel ‘ C:\Pragram Fileznteligensys\FormBuleshinvitro2 Browse '

W Inbox - Outleok Express Microsoft PowerPaint ., ity FormRules




v FormRules - [Set Field Types]

E] Task Model Use Reports Window Help

D]e|m| O%0L] <

Field Hame

Field Type

Palymend,

PalyrmeB

D extrose

lubricant

Hardress

[ngredient
[nigredient
Ingredient
Ingredient
Ingredient
[ngredient
|ngredient

]
2
3
4
"
E
7
g

Froperty

Froperty
Property
Property
Froperty
Property
Property
Froperty
Property
Property

the screen looks like this...

Click on OK to move on to
Data Analysis.

T azk Mame: C:“Pragram Filez'InteligensyzFarn Browse |
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v FormRules - C:\ am Files\Intelligensys\FormRules\invitro? - [Data Analysis]

B Task Model Lse Reports Window Help d Lt d ’
nlel@l OlglEls] ol and ‘missing data’ sets
Data Shest | Graph - Analyze oK | Cancel | Help
Complete Data | Missing Dt
£ "y = I e e I e ) L O S e O )
1 — olyprnerd PalymerB Dentrose Iubricant Hardres:  Particle-size Zmoizture  Thr 2hr 4k
Z |Fecodhl 288 35 B36 28 111 156 388 77 158 15
3 |Recodz 576 192 179.2 54 377 156 388 3 1 2.3
3 |Recod#t3 864 288 268.8 2 a7 156 388 64 119 51
E |Recodtd 132 19.2 B35 23 353 14 285 108 206 .3
E |Recodts 384 34 1792 54 879 141 385 96 157 287
7 |Recodts 57 576 268.8 2 867 141 385 57 11 21
B |Recod? 96 288 895 28 554 116 £.65 211 26 465
5 |Recodts 132 575 1792 54 545 116 BE5 131 137 268
10 |Recodtts 288 B6.4 268.8 2 537 116 BE5 126 186 277
= 11 |Recoid#1 288 36 384 18 485 137 584 102 181 342
~ 72 |Recadtn 576 19.2 768 34 372 137 554 47 111 5.4
13 |Recodt12 864 288 115.2 43 388 137 588 47 111 754
14 |Recod#13d 132 192 384 18 503 1158 516 196 35 488
15 |Record1d 324 324 768 34 307 115.8 518 E7 138 735
16 |Recod15 57.6 576 115.2 43 29 1158 516 55 101 193
17 |Recod#1s 96 268 384 18 278 129 493 32 554 835
18 |Recoid#17 132 5756 768 34 315 129 493 167 249 33 . . .
13 |Recodls 228 BE.4 115.2 43 228 129 493 88 136 208 E t f tl
20 |Recordi13 57.58 192 3291 24 154 1209 765 E4 111 2 %38 Xamination 1or outlers
21 |Recodti2D 8642 2881 4338 36 301 1208 765 51 67 168 296 .
22 |Recodtizl 324 %4 3291 24 155 1018 28 54 144 241 3.4 Wlth Analyze button
23 |Recodti?? 57.61 5761 4339 36 136 1018 88 57 36 176 273
24 |Recodttzd 132 57.53 3291 24 133 1214 303 147 24 36 w5
Recoidizd 2881 B6.42 43,38 38 1.7 1214 303 141 16.2 239 295
Click on OK to move on
to Training




~ What.

JMDENINEd! as the process of building a model
gt connects your inputs to outputs
= Given specific inputs, the outputs are

&= predicted in line with experimental findings

=
-

— FormRules tries many possible models

— Uses statistical ‘assessment criteria’ to balance
complexity of model with goodness of fit to
your known experimental values




hw Training

Resulks

[ Interactive mode Parameters |

Cloze

Help

F'r|:||:uE!rl:j,I | Points | M5 Emor |

Spstern Shucture | Status |

shows the results if you do this.

You have full access to the Parameters if
you want to change them, though.



e Training

[T Interactive mode

Parameters |

Rezult
|7 Optionz Spreadshestsz Graphical

Train

FYaulls |

Stop Continue Repeat

Property

Fointz | kA5 Error | Syztem Stucture

| Status

24

Lo ul uull N w0 (N PR S

j—y
[}

24
24
24
24
24
24
24
24
24

0.00750& 1[4)

0.007145 1[4)

0.010033 1[3+2(2)
0.014630 2(2]+1(3)
0007725 2[21+1(214(2)+ 7]

0.015347 2(2)+7(2) FormRules: Message 3§

0.013233 2(2]+7(2)
0031357 2(3)
0.028507 2(3)
0.046240 2[2)

TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED
TRAIMED

gives idea of how well mode

fits the training data.

training parameters.

FormRules tries lots
of possible models, to
see which one is best
for modeling your
data.
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Task Model Use Reports Window Help

D@l Ol%ala] o
| Feport Graph | Clase Hep |
Tiain Diata | Training Log Model Statistics | Rules |
A B | C | i} E
1 |Train Set
2 |
3 |Source of Vaniation Sum of Squarss Degreas of Freedom Mean Squares Computed f ratia
4 |Model 10.61 4 227652 26,3254
5 |Enor 164.305 19 864762
B |Tatal 1074.92 23
7
8 | Train Set R-squared 84.7147
B
10 |2k
—i— 11 |Source of Vanation Sum of Squares Degreas of Freedom Mean Squares Computed f ratio
12 |Model 2067.88 4 516.969 241525
13 |Erar 406, 583 13 21.4044
14 |Total 2474 57 23
15
16 | Train Set R-squared 83,5655
4
18 |dhe
13 |Source of Yariation Sum of Squares Degrees of Freedom Mean Squares Computed f ratio
20 |Model 3376 i 84290 14.3504
21 _|Emar 1071.22 13 56.3799
22 |Tatal 4442 84 23
23
24 |Train Set R-squared 75.8889
25
26 |&hr
27 | Source of Vaniation Sum of Squarss Degreas of Freedom Mean Squares Cornputed F ratio
28 |Model 3851.72 4 962.931 10.2208
29 |Emar 1730.04 19 94.2126
30 |Total 5641.77 23
31
32 |Train Set R-squared 88.2717
3

If you can’t get a good model,
maybe it's because you aren't
measuring an important input
variable — valuable information

in saving you wasted effort doing
pointless experiments.

Here, the models are fine, so let’s
go on to look at more results.



hiw Training

Reszult

[ Interactive mode FParameters | Optionz Graphical

Help
| —

Train | Abort

Stop Continue Fepeat

Froperty Puointz | kA5 Error | Sywatem Stucture | Statuz
24 0007506 1(4) TRAIMED
24 0007145 1(4) = =
24 0010033 12+212)

24 0014630 2[21+113)

24 DO0FF25 2[21+1[2)4[21+7(2]
24 05347 221+712) . .
O screen gives you a graphical

24| 0028507 2(3) display of the results, as
= the next slide shows.

LA ul uull G S w0 O R S ]

—_
=




Froperty PDIymeA
PolymerB

Dextrose

lubricant SubModel:1

W Bidshicdms | Herdness

Particle-size

Cloze
=43 %moisture

RSgquared: 61.925
el PolymerA

PolymerB

Dextrose

lubricant SubModel:1

But 16 hr release depends
only on Polymer B.

Hardness

Particle-size

% moisture



PolymerA O
PolymerB [
Y SubModel:1
Dextrose
lubricant
Hardness

Particle-size

% moisture

(Polymer B has a bigger > controfied Dy Folyme
effect than Polymer A — term release by Polymer B. At

so it is shown in purple) intermediate times, the amounts of
both polymers are important.

This has been discovered automatically
from the data!




PolymerA

Bhr PolymerB

16k Dextrose

I|Subl'\a|c>¢:lel:2

lubricant m

Hardness

- v 0ld style dizplay

Particle-size

Clase SubModel:3

%omoisture O

that there is an interaction between the amount
of Polymer A and the amount of lubricant. The plots
and rules show exactly what this interaction is.
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Thr SubM odel:1 Output

241

X2

201

181

16

14

121

104

invitro2_ifp

1hr SubModel:1 Output versus FolymerA

Here, you can see that the 1 hour
release decreases roughly
exponentially with the amount of
Polymer A.

20

a0

FolymerA

affected by the ingredients — whether the relationship is linear
or complex.




drug released at
8 hours.

know the trends in behaviour, you can focus your
experimentation on the most important inputs, and
on the ranges most likely to give the properties
you want.




JEIPrandi support Is available throughout
JOUI session
=0n-line Help via the Help buttons
- Optlons of having ‘Tips’ displayed to tell you

= il
—
—

;.'. —  What's important about each of the screens —
the next slide shows this for the Enter/Edit
Data screen

e
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v FormRu

i) Task Model Use Reports Window Help

D|a|m| Ol%|ols] 2]

ram Files\Intelligensys mRL [Set Field Types]

| Fisld Hame Field Type Urits Min Mar |

1 |Palyment, ngredient -] 95000] 86 4200]
2 [Polymert Ingredient - 95000] 96 4200
3 [Desuiose Ingredient - 329100] 268 8000
4 |lubricant Ingrediert - 18000 5 .4000]
5 |tablet_weight Mat Used =] 82.2000| fﬁﬁﬁﬂi
& |cug/polymer Mot Used - no70] 02000
7 |Pobmet/Pomer. | Mot Used - 0300 30000
| & |Handness Ingredient =l 1.3300] 111000
|9 [Particle-sizs Ingrediert e 115,8000] 156 0000|
10 | %moistue Ingredient - 3500]  9.0300]
11 [1he Praperty - 30000] 332000/
12 f2h Froperty = 57000 55 4000
13 [dh Praperty Rd 16.8000 835000
14 J6h Praperty | 258000 97.2000]
15 |8he Proparty > 30.2000| Tﬁm
16 |10k Property _:4 35,3500 TMM
17 [12he Froperty R 39.9000| 1054000
18 |18k Property - 50.8000]  110.0000]
13 |20 Prapety d £1.0000] 113 6000
20 [2am Praperty - 723000]  113.5000]

Once you're an expert, you can switch

Set Field Types Screen

1. Set each data type ax an Ingredient, Processing Condition, Property or Mat
Uszed, by clicking in the Field Type and selecting the required option from the
pull-dowen men.

2. Processing Conditiohs: and Ingredients are bath inputs. Properties are the
outputs. IF Mot Used iz selected. that variable plays no part in developing the
model.

3. After zetting a Field Tope, nght-clicking anywhere above the main screen
area, o prezsing the Quick-Select button allows pou to set all fields below the
current one ta the same tipe a3 you have just et This speeds up the figld
zelection process.

4. Unitz are ophional and can be left blank.

5. By default, the T azk Mame will be the same as the imported file name, if data
from a tab-delimited fle was imported into the Enter/Edit data screen.

E.You can edit the Task Mame to avaoid owvenariting the data in an existing tazk
directory.

7.ou can press the Browse button to select a new task directary uzsing the
“afindows file browser. Please note you are selecting the directary to which the
task will be saved, not a file.

8. If pou have accidentally clozed the Set Field Types screen [the main screen
area iz emptly). select Set Field Types from the Model menu to get it back.

9. Press the Help button far further help.

10. Click the Mest button to move onto the next screen.

< |
Mﬁﬂdl Previous | Mt Help
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Rules is versatile

SHWorKs oni your own data, so as long as you have
SCalse-and-effect information hidden in that data,

S EermRules can find this information and present it to
& you clearly

“FormRules does not require specialist artificial

mtel

Igence expertise

— Defaults have been tested so that they are generally

re

lable for formulation problems

— You are given full information that enables you to
assess your models

— Tips and on-line Help are available throughout the
program
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Forrr

LEaIDe supplied'as a networkable licence,
ZIIOWIRG anyone on your LAN to access
tile software and share results

LIS backed by a full range of training,

- = —

= [Maintenance and support options

—

Is continually being developed in
collaboration with customers and
academic groups worldwide




EOIFImore information on FormRules,
sontact Intelligensys

N
o
;:. V

www.intelligensys.co.uk/Products/Downloads/downdemo.htm

Download the demo at




