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What is FormRules?What is FormRules?

•• A WindowsA Windows--based software package based software package 

developed by Intelligensysdeveloped by Intelligensys

–– Designed to be used by product formulators Designed to be used by product formulators 

themselvesthemselves

•• ‘‘LearnsLearns’’ causecause--andand--effect relationships effect relationships 

within experimental data, automaticallywithin experimental data, automatically

-- and expresses these as and expresses these as rulesrules in the form in the form 

IF (ingredients are)IF (ingredients are)……THEN (properties areTHEN (properties are……))



Why?  Worldwide Competition Why?  Worldwide Competition 

Requires Better Products... Requires Better Products... FasterFaster

•• improved product propertiesimproved product properties

•• consistent qualityconsistent quality

•• more efficient processingmore efficient processing

•• lower costlower cost

•• shorter time to marketshorter time to market

•• conforming to new environmental conforming to new environmental 
constraints and legislationconstraints and legislation



This meansThis means……

•• You might need to formulate in new You might need to formulate in new 
product domains, where you have not had product domains, where you have not had 
time to develop a deep expertisetime to develop a deep expertise
–– And you canAnd you can’’t afford to spend that time!t afford to spend that time!

•• You want to accelerate the process of You want to accelerate the process of 
finding out about your new formulations finding out about your new formulations 
and requirementsand requirements



FormRules can help youFormRules can help you……
•• Extract maximum knowledge from your data Extract maximum knowledge from your data 
quickly and easilyquickly and easily
–– Find which inputs (ingredients and process conditions) REALLY Find which inputs (ingredients and process conditions) REALLY 

affect the properties of your product/formulationaffect the properties of your product/formulation

–– Find how changes in ingredients change propertiesFind how changes in ingredients change properties

•• Make sure you are measuring and controlling Make sure you are measuring and controlling allall
important variables important variables –– reduces reduces ‘‘hit and misshit and miss’’

•• Eliminate unnecessary ingredientsEliminate unnecessary ingredients

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



How does FormRules do this?How does FormRules do this?

•• Using a proven computational technique Using a proven computational technique 

(neurofuzzy logic) to discover models and (neurofuzzy logic) to discover models and 

rules within your own experimental datarules within your own experimental data

•• Presenting the results clearly to you, the Presenting the results clearly to you, the 

user user –– with graphical display and statistical  with graphical display and statistical  

validations to help you understand themvalidations to help you understand them



What does that mean??What does that mean??
Here’s an example. FormRules has identified 
that only x2, x4 and x6 are important for property y.
x1, x3 and x5 play no role, so we don’t need
to worry about measuring or controlling them.

ANOVA R2 shows how
good your model is



But thereBut there’’s mores more……

The dependence on x4 is
approximately quadratic (i.e. 
y depends on the square of x4)

However, the dependence on 
x6 is linear.  



Advantages?Advantages?

•• You donYou don’’t need to know in advance which t need to know in advance which 

variables are importantvariables are important

•• You donYou don’’t need to know the functional form of t need to know the functional form of 

the dependencethe dependence

•• FormRules will discover all this for you FormRules will discover all this for you 

automaticallyautomatically and, at most, and, at most, in minutesin minutes

•• Later in this presentation, youLater in this presentation, you’’ll see exactly howll see exactly how



A Hidden Advantage!A Hidden Advantage!

•• If FormRules canIf FormRules can’’t build a good causet build a good cause--
andand--effect model from your dataeffect model from your data……..

•• this means that there is some this means that there is some ‘‘causecause’’ that that 
is not being measured, so you have an is not being measured, so you have an 
uncontrolled variable that is affecting your uncontrolled variable that is affecting your 
results results –– a crucial piece of information for a crucial piece of information for 
you to know!you to know!



Who uses FormRules?Who uses FormRules?

•• Companies like AstraZeneca, Cabot Companies like AstraZeneca, Cabot 

Microelectronics, Microelectronics, SyngentaSyngenta and othersand others……

–– Formulating diverse products in the Formulating diverse products in the 

chemicals, pharmaceuticals and healthcare chemicals, pharmaceuticals and healthcare 

fieldsfields

•• Academic groups in Europe, America and Academic groups in Europe, America and 

AsiaAsia



How does FormRules work?How does FormRules work?

•• You collect experimental data by varying the You collect experimental data by varying the 
‘‘reciperecipe’’ (ingredients and process conditions) and (ingredients and process conditions) and 
measuring endmeasuring end--use propertiesuse properties

•• Then import the data into FormRulesThen import the data into FormRules

•• FormRules will try many causeFormRules will try many cause--andand--effect effect 
models relating inputs and outputs to find the models relating inputs and outputs to find the 
one that best represents one that best represents youryour systemsystem

•• Results are shown graphically, and in words as Results are shown graphically, and in words as 
IFIF……ANDAND……THEN rules THEN rules 



WhatWhat’’s inside FormRules?s inside FormRules?

•• FormRules uses neurofuzzy logic to FormRules uses neurofuzzy logic to 
develop causedevelop cause--andand--effect modelseffect models
–– Works well even for nonWorks well even for non--linear and complex linear and complex 
situationssituations

–– Automatic Automatic ‘‘machine learningmachine learning’’ tool that tool that 
discovers rules for itself, directly from your discovers rules for itself, directly from your 
datadata

•• Integrated graphics and statistics help you Integrated graphics and statistics help you 
to interpret results easilyto interpret results easily

Let’s look at an example….



What youWhat you’’ll see herell see here

•• This presentation will show you some of the key This presentation will show you some of the key 
aspects of FormRules, illustrated using a data aspects of FormRules, illustrated using a data 
set for controlled release pharmaceutical tablet set for controlled release pharmaceutical tablet 
formulationformulation

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



When you launch FormRulesWhen you launch FormRules……

•• When you first enter When you first enter 

FormRules, you can start FormRules, you can start 

a new project or load up a new project or load up 

a previous onea previous one

•• Or, as a new user, you Or, as a new user, you 

might also want to look might also want to look 

at the onat the on--line Tutorialline Tutorial

•• In the next slides, weIn the next slides, we’’ll ll 

look at a New tasklook at a New task…… one one 

where we have first to where we have first to 

collect our datacollect our data

–– Some issues are discussed Some issues are discussed 

nextnext……..



Collecting Data Collecting Data –– the first stepthe first step

•• Save your data in a spreadsheet or tabSave your data in a spreadsheet or tab--

delimited filedelimited file

•• Each row corresponds to a separate Each row corresponds to a separate 

experiment or experiment or ‘‘reciperecipe’’

•• First row contains the First row contains the ‘‘field namesfield names’’

describing your inputs and outputsdescribing your inputs and outputs

In our example, the data is taken
from the literature, so you can see 
what’s involved.



DataData

•• The following slide shows part of a data set for a The following slide shows part of a data set for a 

tablet formulation, used in our exampletablet formulation, used in our example

–– 4 ingredients:  Polymer A, Polymer B, Dextrose, and 4 ingredients:  Polymer A, Polymer B, Dextrose, and 

LubricantLubricant

–– 3 3 ‘‘processprocess’’ variables:  hardness, % moisture, particle variables:  hardness, % moisture, particle 

sizesize

–– 10 outputs:  amount of drug released at different 10 outputs:  amount of drug released at different 

time intervals (1 hr, 2 hrs and so on)time intervals (1 hr, 2 hrs and so on)

•• 22 different formulations were made and studied22 different formulations were made and studied



35.43125.820.813.68.84.931292.284.9115.286.428.8

53.94841.535.324.916.74.931293.153.476.857.619.2

10510697.283.555.433.24.931292.781.838.428.89.6

59.34432.219.910.15.55.16115.82.964.9115.257.657.6

66.45639.823.513.66.75.16115.83.073.476.838.438.4

1018365.248.831.519.65.16115.85.031.838.419.219.2

77.36143.125.411.14.75.841373.884.9115.228.886.4

77.3614325.411.14.75.841373.723.476.819.257.6

72.16751.734.218.110.25.841374.851.838.49.628.8

47.34234.727.718.612.66.651165.372268.886.428.8

50.4443528.819.713.16.651165.455.4179.257.619.2

70.5635646.632.621.16.651166.542.889.628.89.6

67.3503522.1115.73.851418.672268.857.657.6

74.55842.828.715.79.63.851418.795.4179.238.438.4

96.48259.436.920.610.83.851419.532.889.619.219.2

765740.425.111.96.43.881568.972268.828.886.4

85.26446.426.91133.881569.775.4179.219.257.6

99.28760.734.515.67.73.8815611.12.889.69.628.8

10hr8hr6hr4hr2hr1hr%moisturesizeHardnesslubricantDextrosePolyBPolyA

Part of a typical data setPart of a typical data set

Each row describes a separate formulation.
Ingredient names, process conditions and
properties are given in the first row.

You can have just a few experiments – even
fewer than the number of ingredients.  In
that case, simpler models will be developed.



Loading DataLoading Data

•• When you select New Task from the When you select New Task from the 
welcome window, youwelcome window, you’’ll see a ll see a 
spreadsheet.  (Youspreadsheet.  (You’’ll see this on the next ll see this on the next 
slide.)slide.)

•• Just copyJust copy--andand--paste your own datapaste your own data……

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



First, enter your dataFirst, enter your data

1.  Data Sheet button gives you 2 
options

i.  Copy and paste from a spreadsheet
or
ii.  Import a tab-delimited file

2.  If you wish, 
you can graph your 
data, or do
simple statistics 

on it.

3.  Click on the OK button to move
on to the next stage.



Then, set inputs and outputsThen, set inputs and outputs

Set each variable as an
Ingredient, Processing Condition
or Property.

The Quick Select feature lets you pick blocks of ingredients, processing 
Conditions and properties, making it quick to set up all of the fields.

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



Setting inputs and outputsSetting inputs and outputs

When inputs (ingredients and
processing conditions) and 
outputs (properties) are set,
the screen looks like this...

Click on OK to move on to

Data Analysis.



Data AnalysisData Analysis

Data analysis allows the 
options for:

Graphical display of data

Statistical analysis

Examination for outliers 
with Analyze button

Click on OK to move on
to Training

Data  points are split into ‘complete’
and ‘missing data’ sets



What is What is ‘‘TrainingTraining’’??

•• Defined as the process of building a model Defined as the process of building a model 

that connects your inputs to outputsthat connects your inputs to outputs

–– Given specific inputs, the outputs are Given specific inputs, the outputs are 

predicted in line with experimental findingspredicted in line with experimental findings

•• FormRules tries many possible modelsFormRules tries many possible models

–– Uses statistical Uses statistical ‘‘assessment criteriaassessment criteria’’ to balance to balance 

complexity of model with goodness of fit to complexity of model with goodness of fit to 

your known experimental valuesyour known experimental values



The Training screenThe Training screen

The simplest option is simply to press the
Train button.  This will generate a separate
model for each property.  The next screen 

shows the results if you do this.

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



After trainingAfter training……

Now, results
are available.

These have 
been generated
using the default

training parameters.

FormRules tries lots
of possible models, to 
see which one is best
for modeling your 
data.

MS (mean-squared) error
gives idea of how well model
fits the training data.



Assessing Model QualityAssessing Model Quality

The Spreadsheets button
on the Training screen
gives you ANOVA

(ANalysis Of VAriance) 
statistics.  As long as the R2

value is good, you can feel
confident that the model
reflects the cause-and-effect.

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.



Getting ResultsGetting Results

Pressing the Graphical
button on the Training
screen gives you a graphical
display of the results, as
the next slide shows.



Graphical Display of ResultsGraphical Display of Results

1 h release depends only
On Polymer A.

But 16 hr release depends
only on Polymer B.



More ResultsMore Results

6 hour release depends on both
Polymer A and Polymer B.

So we can say that short-term release
is controlled by Polymer A, and long 

term release by Polymer B.  At 
intermediate times, the amounts of
both polymers are important.

This has been discovered automatically
from the data!

(Polymer B has a bigger
effect than Polymer A –
so it is shown in purple)



And even more powerfullyAnd even more powerfully……

FormRules can discover interactions between

inputs. Here, submodel 2 has 2 inputs, showing
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. 



You can get even more informationYou can get even more information

Press one of the ‘submodel’ boxes
on the Training screen, and you’ll
get the option to plot the model.

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

So, with FormRules, you can discover how each property is
affected by the ingredients – whether the relationship is linear
or complex. 



And you even get rulesAnd you even get rules

IF Polymer A is LOW AND lubricant is LOW          
THEN 8hr is HIGH (1.00)

IF Polymer A is LOW AND lubricant is HIGH 

THEN 8hr is LOW (1.00)
IF Polymer A is HIGH AND lubricant is LOW 

THEN 8hr is LOW (1.00)
IF Polymer A is HIGH AND lubricant is 

HIGH THEN 8hr is LOW (0.77)

Within FormRules, the models are expressed as
rules, with ‘confidence levels’ that show exactly
how high or low the property is.  Now that you
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.

Here are the rules
for the amount of
drug released at
8 hours.  



Minimizing your learning curveMinimizing your learning curve

•• Help and support is available throughout Help and support is available throughout 

your sessionyour session

–– OnOn--line Help via the Help buttonsline Help via the Help buttons

–– Options of having Options of having ‘‘TipsTips’’ displayed to tell you displayed to tell you 

whatwhat’’s important about each of the screens s important about each of the screens ––

the next slide shows this for the Enter/Edit the next slide shows this for the Enter/Edit 

Data screenData screen



““TipsTips”” for usefor use……

Once you’re an expert, you can switch
the Tips off, of course.



RememberRemember……

•• FormRules is versatileFormRules is versatile
–– It works on your own data, so as long as you have It works on your own data, so as long as you have 
causecause--andand--effect information hidden in that data, effect information hidden in that data, 
FormRules can find this information and present it to FormRules can find this information and present it to 
you clearlyyou clearly

•• FormRules does not require specialist artificial FormRules does not require specialist artificial 
intelligence expertiseintelligence expertise
–– Defaults have been tested so that they are generally Defaults have been tested so that they are generally 
reliable for formulation problemsreliable for formulation problems

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

–– Tips and onTips and on--line Help are available throughout the line Help are available throughout the 
programprogram



FormRulesFormRules

•• Can be supplied as a networkable licence, Can be supplied as a networkable licence, 
allowing anyone on your LAN to access allowing anyone on your LAN to access 
the software and share resultsthe software and share results

•• Is backed by a full range of training, Is backed by a full range of training, 
maintenance and support optionsmaintenance and support options

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



Expand Your HorizonsExpand Your Horizons

•• For more information on FormRules, For more information on FormRules, 
contact Intelligensyscontact Intelligensys

–– http://www.intelligensys.co.ukhttp://www.intelligensys.co.uk

–– sales@intelligensys.co.uksales@intelligensys.co.uk

•• Download the demo atDownload the demo at

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


