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FORMULACION DE PRODUCTOS CON BASE EN COMPUTADORA

REFERENCIAS A SOLICITUDES RELACIONADAS

La presente solicitud reivindica el beneficio de la
fecha de presentacién de la solicitud provisional de los
Estados Unidos serie No. 60/206, 619, la cual fue
presentada en mayo 24, 2000 y la solicitud de patente

Estadounidense serie NO. 09/608,879, presentada en Junio

30 de 2000.

ANTECEDENTES DE LA INVENCION

Los fabricantes de quimicos, y fabricantes vy
fabricantes en otras industrias, coinciden en informacidén
precisa acerca de las caracteristicas de los productos
que ellos producen. La informacidén precisa es necesaria
para determinas como se comportan unos productos bajo
diferentes ambientes y situaciones de uso y es usado como
guia en la investigacién y el desarrollo de productos. El
mercadeo y la literatura de informacién puede también

requerir de caracteristicas de productos descritas
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precisamente. Para determinar las caracteristicas de 1los
productos, y para producir nuevos productos con
caracteristicas deseables, 1los fabricantes confian en la
experiencia y el conocimiento avanzado de los empleados
en investigacién (por ejemplo quimica analitica). Los
investigadores comunmente confian en su conocimiento vy
experiencia con respecto a productos existentes y a
formulaciones de producto para poder determinar 1las
modificaciones deseables a productos existentes. Muchos
casos, sin embargo, esto puede ser un comportamiento de
ensayo \Y% error que requieren los empleados de
investigacién para producir muestras de versiones
modificadas de los productos y para ensayar estas
muestras y determinar si ellas son adecuadas para la
venta y la produccién masiva. El desarrollo de productos
por ensayo y error y el ensayo de los mismos puede
involucrar la produccién de una cantidad significativa de
productos de ensayo no usables. Esto puede ser un pProceso
muy costoso. Para reducir el costo en la produccién de
nuevos productos, o para modificar productos existentes,
herramientas automatizadas que pueden ayudar a producir
las caracteristicas de los productos, o que pueden ayudar
a formular productos con caracteristicas particulares,

son deseadas.
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RESUMEN DE LA INVENCION

En general, en un aspecto, la invencién caracteriza
un método implementado por computadora de formulacién de
un producto, (por ejemplo un producto quimico). El método
incluye recibir una descripcién de formulacidn del
producto. El producto es formulado a partir de un numero
de diferentes componentes y las guias de la descripciédn
de la formulacién de producto se establece en, por
ejemplo componentes requeridos y componentes opcionales y
grupos de componentes alternativos relacionados. Para
suministrar tal guia, el manuscrito puede incluir (i) una
opcién de seleccién de componentes que identifica
conjuntos de componentes de formulacién, (ii) por 1lo
menos una restriccién para identificar un rango numérico
asociado con una propiedad de uno de los componentes de
formulacién, y (iii) wuna restriccién de objetivo. E1
manuscrito de formulacién de producto es procesado para
determinar una coleccién de componentes de formulacidn
gue pueden ser usados para producir el producto tal que
una o mas propiedades del producto cumplan con las
restricciones objetivo asociadas. El procesamiento del

manuscrito también incluye seleccionar entre otros
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componentes de formulacién opcionales. Esta solucidn
puede llevarse a cabo determinando el conjunto de
componentes de formulacién gque van a Ser usados en la
formulacién del producto y determinar un rango permitivo
asociado con los componentes de formulacién. Este rango
permitivo autoriza al producto formulado para cumplir con

las restricciones objetivo.

Las implementaciones pueden incluir uno o més de las
siguientes caracteristicas. El1 manuscrito puede ser
procesado usando una red de conocimiento de formulacidn
gque inter relaciona propiedades de los componentes de
formulacién y las propiedades objetivo. Las propiedades
del componente de formulacién (que pueden ser recuperadas
de una base de datos) incluyen propiedades de materias
primas V% propiedades asociadas con procesos de
fabricacidn. El procesamiento del manuscrito puede
incluir complementos de formulacién determinantes que
deben ser incluidos y/o excluidos en la formulacidn. Los
rangos identificados por restricciones pueden incluir
tanto granjas de valores dque permiten restricciones
objetivo cumplidas y rangos de valores que causarian
restricciones objetivo no cumplidas. Estos rangos pueden

identificar, por ejemplo, la cantidad de un ingrediente
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para ser incluido en una formulacién. E1 procesamiento
manuscrito también puede incluir determinar que valores

de restriccién objetivo son logrables y cuales no lo son.

El método puede ser implementado en software usando
un sistema de computador de propoésito especial o un
sistema general. Los detalles de una o mas modalidades de
la invencién se establecen en los dibujos adjuntos y 1la
descripcién que sigue. Otras caracteristicas, objetivos y
ventajas de la invencién seran evidentes a partir de la

descripcién y dibujos, y de las reivindicaciones.

DESCRIPCION DE LAS FIGURAS

Las figuras 1 y 2 son representaciones de

conocimientos de formulacidn.

DESCRIPCION DETALLADA DE LA INVENCION

Un motor de formulacién puede ayudar a formular una
nueva composicién quimica (una “composicién objetivo”).
Esto se hace a través del procesamiento del conocimiento
estatico (SK) y la determinacién y el procesamiento del

conocimiento dindmico (DK). En general, el conocimiento
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estatico acompana los valores conocidos, predeterminados
o especificamente usados que son recibidos por el motor
de formulacién, mientras que el conocimiento dinamico
acompafia valores determinados e inferencias extraidas,
por medio del procesamiento por el motor de formulacidn.
Asi, el conocimiento dinamico es una funcién explicita o
implicita del conocimiento estatico y/o de otros tipos de
conocimiento dinamico. El1 conocimiento estatico puede
incluir, por ejemplo, datos a cerca de propiedades
intrinsecas de varias composiciones quimicas (por ejemplo
masa, volumen), facilidades de fabricacidn, (por ejemplo
capacidad), y procesos de fabricacién (por ejemplo,
temperatura) . El conocimiento estatico puede ser
representado en una base de datos o recibida por medio de
entradas hechas por el usuario. El conocimiento dinamico
incluye tipos similares de informacidén que pueden ser
indeterminados antes de -la complicacién por medio del
motor de formulacién. El1 conocimiento dindmico también
puede incluir propiedades intermedias requeridas para una
complicacién. Por ejemplo, si una temperatura de'proceso
es especificada por el usuario, entonces esa temperatura
puede ser considerada conocimiento estatico. Sin embargo,
si el usuario indica un rango de posibles valores que

restringen la temperatura de procesamiento, entonces la
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temperatura es parte del conocimiento dinamico, valores
de los cuales variaran dentro del rango especificado
durante una complicacién o un céalculo. La clasificacidn
de una variable particular como SK o DK es determinada
por el concepto y no solamente por el dominio del

conocimiento, sino también el requerimiento del usuario

especifico.

El motor de formulacién puede ayudar a determinar
una formulacién de una composicién objetivo. Esta
determinacién es basada en las propiedades deseadas
(“restricciones de salida”) de esta composicidén objetiva
y con base en propiedades especificadas de los

ingredientes constituyentes y los procesos de fabricacidn

usados para producir la composiciédn objetivo
(“restricciones de entrada”). El1 motor de formulacién
puede procesar las restricciones de entrada, el

conocimiento estatico, y conocimiento dinadmico para
determinar una composicién de terminacién objetivo que
satisfaga las restricciones de salida. Por ejemplo, en
una implementacién de formulacién de pintura, discutida
mas adelante, el motor de formulacién puede seleccionar
entre otros un conjunto de ingredientes constitutivos

especificos, V% determinar cantidades para estos
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ingredientes, para producir una pintura gque tanga una
propiedad de resistencia de bloque dentro de un rango

particular.

El motor de formulacié4n determina una composicidn
objetivo usando unas asociaciones predeterminadas y/o
determinadas dindmicamente entre conocimiento estatico y
dindmico. Estas asociaciones entre SK y DK son referidas
como una red de conocimiento de formulacidén (FKW). En
general, el procesamiento usando esta red de conocimiento
de formulacidén involucra (1) construir la red de
conocimiento de formulacién (FKW) entre SK y DK, y luego
(2) usar la red de conocimiento de formulaciédn (FKW) para
resolver un problema de formulacién. La construccidén de
la red de conocimiento de formulacién puede incluir tanto
procesos manuales (por ejemplo, etapas de programacidn
por un programador) y etapas automatizadas. En él ejemplo
descrito aqui, las relaciones determinadas manualmente
son especificadas en el lenguaje PROLOG IV, y 1la
determinacién automatizada VY% construccidn de las
relaciones puede ser llevada a cabo usando funciones de
inferencia y determinacidén del lenguaje de programacidn

PROLOG IV.
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Las relaciones entre SK 3% DK pueden ser
representadas de una manera direccional o no direccional
para el procesamiento por medio de un motor de
formulacién. Si tenemos un conjunto de conocimiento
dinamico DK de M variable, (DK, para n = 1 a N), y un
conjunto de conocimiento estatico SK de M variable (SK,
para m = 1 hasta M), entonces el FKW puede ser

representado como una serie de funciones:

DK, = f(SKn)

DKni = f(DKnz)

Para calcular completamente las recomendaciones de
formulacién, el motor de formulacién también debe usar

las funciones inversas:

SK, = f!(DK,)

DKn; = f'(DKn;)

En una representacién no direccional, tal como el
ejemplo Prolog IV que sigue, estas funciones inversas
estan implicadas explicitamente por las funciones
directas. En una representacién menos sofisticada, tal

como uno pudiera hacer en otro lenguaje, estas funciones
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inversas pueden ser construidas por el programador O por

el motor de formulacién.

La red de conocimiento de formulaciédn usada en una
implementacién particular difiere dependiendo de la
implementacidn particular. Por ejemplo, una
implementacién dirigida a formular pinturas tendran una
red de conocimiento de formulacidén 'diferente que una
implementacién dirigida a producir quimicos para
agricultura. En la discusién posible, un principio
generalmente aplicable ©para construir wuna red de
conocimiento de formulacidén se discute, seguido por
ejemplos de implementacién especificos. Este principio
general puede aplicarse directamente a, o ser adaptado

para, una variedad de dominios de problemas diferentes.

El principio general de construccién de una red de
conocimiento de formulacién involucra asignar variables
para representar conocimiento estatico y dinamico, vy
establecer las relaciones entre estas variables. Por
ejemplo, una variable SK; puede ser creada para cada
elemento del conocimiento estatico. Similarmente, una
variable DK; puede ser creada para cada elemento de

conocimiento dindmico. Las variables SK; y DK; pueden ser
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asignadas por un programador usando la declaracién PROLOG
IV, o las variables pueden ser Qeterminadas dindmicamente
con base en inferencias extraidas durante el
procesamiento PROLOG IV. Cada variable (DK;) puede tener
restricciones asociadas que definen un dominio de
establecimientos validos de esa variable. Por ejemplo, la
varible DK; puede estar restringida a tener valores entre
1 y 10. Las relaciones entre las variables también pueden
ser definidas por un conjunto de restricciones (por

ejemplo numéricas, Booleanas).

Una vez que el FKW ha sido construido, el motor de
formulacién puede usar el FKW para procesar la
requisicién de usuario especifica tal como un calculo de
DK (concluyendo todos los valores posibles para un (DKn)
o la optimizacién DK (concluyendo qué valor DK, se

necesita para optimizar DK,).

Un ejemplo simple de relaciones entre variables y el
uso de restricciones se 1ilustra por un célculo. de la
formulacién de peso total (TW). La formulacidédn de peso
total es el peso de una composicién objetivo y puede ser
determinada como una suma de los pesos de los materiales

individuales en la composicidén objetivo. Asi, para una

/Z/
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composicién objetivo compuesta de un conjunto de n

materiales, TW puede ser calculado como sigue:

como un simple ejemplo, asuma que TW puede estar
formada por dos materiales individuales, MW; y MW, y que
el usuario ha especificado en las siguientes
restricciones: 1000 <= TW, <= 1050; MW, = 800; y 100<= MW,
<= 300. El motor de formulacién procesa esta informacidn
y determina una formulacién de MW, y MW, que satisfaga las
prescripciones y las restricciones sobre TW. En este
caso, el motor de formulaciédn reconoce que, con base en
las restricciones de entrada, MW; debe tener el valor
fijo de 800, y, para satisfacerrlas restricciones sobre
MW, y TW, MW, debe tener un valor entre 200 y 230.
Combinando MW; y MW, de acuerdo con estos resultados se
producird una composicién objetivo con un peso entre 1000

y 1050.

Un motor de formulacién puede determinar la
informacién de formulacién de productos gquimicos usando
una base de datos que almacena conocimiento a cerca de

caracteristicas de, e interrelaciones entre, diversas

A5
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materias primas, aplicaciones de producto, procesos de
fabricacién y formulaciones de producto quimico. Estas
caracteristicas e interrelaciones pueden ser
implementadas interconectando diferentes variables en una
“red” de conocimiento. Esta “red” se recibe aqui como una

red de conocimiento de formulacidén.

El ejemplo anterior ilustra el uso de una red de
conocimiento de formulacién para la solucién de cantidad
de material. Implementaciones también pueden usar una red
de conocimiento de formulacién para seleccionar a partir
entre materiales diferentes u opciones de proceso. Por
ejemplo, dos materiales diferentes X y Y, cada uno con
sus propias restricciones Yy propiedades, pueden
satisfacer una restriccién asociada con una composicidn
objetivo. Una red de conocimiento de formulacién puede
ser usada para determinar qué X y Y estaré, de hecho,
satisfaciendo las restricciones de la composicién
objetivo. Asi, una red de conocimiento de formulacidn
puede representar conocimiento a cerca de la solucidén de
material, lo mismo que calculos cuantitativo (por ejemplo

cantidad de material, valor de propiedad).

Y
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Tratando ambas soluciones de material (o proceso) Yy

el calculo cuantitativo al mismo nivel del algoritmo es

util en la construccién del FKW de modo que el motor de
formulacién puede considerar simultdneamente tanto la
seleccién y la cantidad requerida en la requisicidn de
usuario. Este puede ser hecho, por ejemplo, expresando la
escogencia de material o proceso en términos numéricos
tales como su rango (rij) en la lista de escogencias
permitidas. La seleccién entonces se vuelve una funcidn
numérica del conocimiento dindmico (DK) y del FKW y luego

es completamente numérica.

RESOLUCION DEL PROBLEMA

Determinando las propiedades de formulacié4n usando
el motor de formulacidén se puede incluir el calculo de un
conjunto resultante de dominios (por ejemplo intervalos)
para cada uno de un conjunto de raptores (expresado como
variable) e influencian las propiedades de la
formulacién. Estos dominios pueden estar asociados con
variables en un grupo de variables de interface (IVG).
Las variables IVG de ejemplo pueden incluir nombres de

materiales, cantidades de material, valores de
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propiedades de formulacién, y valores de procesos de

formulacién y de fabricacién.

En algunas implementaciones, los 1intervalos de
cédlculo pueden ser llevados a cabo por la numeracidén de
todos los valores de variables, y luego calcular los
resultados para cada enumeracién (por ejemplo, el
resuitado puede ser determinado usando todas las
permutaciones de los valores de variable permitidos. Por
ejemplo, si X y Y son valores enteros usados para
calcular 2, y 1 <= X <= 2, y 1 <= 10 <= 3, entonces
calculando el intervalo de Z requiere calcular Z para 6
diferentes combinaciones (X, Y) (1,1), (1,2), (1,3),

(2,1), (2,2), y (2,3).

Un reto mucho mas complejo se presenta al resolver
el peso total del ejemplo anterior. Mientras que la
enumeracién del rango completo seria posible, es mejor
usar inicialmente un resolvedor de mérito que toma la
ventaja de un algoritmo de intervalo aritmético y de
punto fijo. En tal caso, un resolvedor numérico puede

hacer las siguientes deducciones.
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MW, se fija en 800 por la restriccidén inicial.
MW, estd en el rango [100, 300) inclusive por la
restriccidén inicial.

A partir de la definicién de suma de TW, TW esta
limitada por el valor minimo de 900 y por el valor
maximo de 1100,

A partir de la restriccién inicial sobre TW se
conoce que TW esta limitada entre 100 y 1050.

Con base en los dos limites de TW en los dos
puntos anteriores, el limite minimo mas blando en
TW es 1000, y el limite maximo més pequelio es
1050.

MW, estad limitado por la definicién de TW, el
hecho de que MW; estd fijado en 800, la conclusién
previa es que TW estd en el rango [1000, 1050]
inclusive. Tal que MW, estd limitado por el rango
[200, 250] inclusive.

Ningunas reducciones adicionales de los rangos de

variable son posible para detener el revolvedor.

este ejemplo el resolvedor ha concluido

correctamente el rango en MW,. Sin embargo, en el caso

general, los resolvedores numéricos pueden no ser capaces

4
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de concluir los rangos minimos reales, de manera que el
resolvedor puede ser combinado con un algoritmo de
enumeracién que explora el conjunto de restriccidn
reducido del resolvedor. Esto puede ser llevado a cabo
usando un algoritmo de particién de intervalo clésico.
Esta combinacié4n de <céalculo de rango Yy enumeracién
numérica logra entonces la reduccién final de los rangos
mas eficientemente que la enumeracién sola, ya que este
no tiene que buscar el espacio de recepcidén en completo
inicial, y mas confiablemente que el intervalo aritmético
solamente. Nuevamente, es claro que el tratamiento del
material o de proceso, variables numéricas de DK, en los
lugares FKW la seleccién de un material especifico o de

un elemento de proceso al mismo nivel que las

restricciones numéricas.

Los lenguajes de programacién modernos soportan
programacién de ldégica de restricciones y aritmética de
intervalos, tal .como el lenguaje PROLOG IV, puede
automotizar tales cédlculos a intervalos. En la
descripcién que sigue, un motor de formulacidén con base
en PPROLOG IV serd descrita aqui. Las implementaciones

pueden usar otros lenguajes de programacién.
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OPTIMIZACION DEL CONOCIMIENTO DINAMICO (DK)

El motor de formulacién puede llevar a cabo la

optimizacién del conocimiento dindmico para encontrar un
valor de una variable numérica (V;) que optimiza unas

caracteristicas de

formulacién particular. Un valor

6ptimo de una variable V; es afectada por las relaciones

directas e indirectas de la variable con otras variables

(esto corresponde a relaciones directas e indirectas

entre elementos DK). Las implementaciones pueden usar uno

o mas algoritmos de optimizacién para encontrar un valor

6ptimo para una variable. En general, un algoritmo de

optimizacién que puede suministrar un valor Oéptimo

verdadero es deseable (preferiblemente, el algoritmo

seleccionado debe suministrar optimizacidén verdadera aun

en la presencia de optimos 1locales). El motor de

formulacién puede suministrar para la optimizacidén de una

variable y puede identificar un dominio corriente de las

otras variables requeridas para obtener esta

optimizacién.

El algoritmo de ramificacién y enlace es un ejemplo

bien conocido de tal algoritmo de optimizacidén el cual

puede encontrar un valor Optimo verdadero aun en la
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presencia de éptimos locales. El algoritmo de enumeracidn
define un &arbol de busqueda y usos de la estrategia
Branch and Bound para encontrar el Optimo de esta
interaccién. Ese o6ptimo (0,) se vuelve limite para la
siguiente iteraccién, de manera que el algoritmo agrega
una nueva restriccién que establece que Ona > On la

iteracién continua hasta que el arbol estd completado.

Implementacidén de Formulacidén de Pintura

La operacién de un motor de formulacidén adaptado
para productos de formular productos de pintura seré
ahora detallado. En este ejemplo, el motor de formulacidn
es usado para seleccionar un aglomerante de pintura que
puede dar una buena resistencia de bloque tardio a una
pintura mientras que se mantiene el volumen (V), los
s6lidos de volumen (VS) vy contenido de volumen de
pigmentos (PVC) dentro de rangos de objetivo deseados. El
motor de formulacién del producto de pintura determina el
aglomerante de pintura usando una base de datos de
caracteristicas de materia prima (cada una de las cuales

puede ser expresada por un campo diferente en el registro

de la base de datos), y una red de conocimiento de
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formulacién que expresa el conocimiento de los diferentes

factores que afectan la resistencia del bloque tardio.

La figura 1 muestra un ejemplo de red de
conocimiento de formulacién que captura el conocimiento
de formulacién de pinturas. El cédigo fuente de programa
y los valores de la base de datos para una implementacién

de esta red de conocimiento de formulacién se dan en la

tabla 1.

Tabla 1:

Cédigo de programa Prolog IV

/* Database of Materials */

material (1, 'Water', ‘Water', (0,1,1,0)).

material (2, 'Propylene Glycol', 'Solvent', [0,1.036,1.039,0)).
material {3, 'Skane M-8', 'Biocide', [0.45,1.032,1.0345 0];.
material (4, 'Tamol 731','Dispersant',[0.25,1.104,1.665 0]1).
material (5, 'Triton CF-10', 'Surfactant', [1,1.05,1.05 Oi).
material (6, 'Ti-Pure R-700','TiO2',(1,4,4,0]). '
mater%al(?,'ASP-170','Extender',[1,2.58,2.58,0]).
mater}al(S,'Rhoplex HG-74D', 'Binder', [0.42,1.032,1.0715,7]) .
material (9, 'Rhoplex HG-95P', 'Binder', [0.465,1.0608,1.1429,9]).
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material (10, 'Rhoplex Multilobe

200', 'Binder’', [0.535,1.0648,1.1215,2]).
material(ll, 'Texanol','Coalescent', {0,0.95,0.95,0]).
material (12, 'Acrysol RM-2020','Thickener', (0.2,1.0426,1.2569,0]).

/* End of Database of Materials */

/* Relationships */

- mat_name (V) : -

material( ,V, , ).

mat class(V):-
material(_ , ,V, ).

mat_wt_solids(V, (V, , , ]).
mat_supplied_density(V,[_,V, , ]).
mat_dry density(V,(_,_,V,_1).

mat_late_block(V,(_,_, ,V]).

/* Builds Quantity Relations for each material */

~build material _quantity([]).
build material _quantity([((D, (Formula_Wt,Wet _Vol,Dry Wt,Dry VollQ]

] IData _Quant_List}) :-
% Gets data

mat_supplied_density (D, Supp Dens),

mat_dry density(D, Dry Dens),
mat_wt_solids(D,Wt_Sol),

% Sets Interval Solver Relationships
Wet_Vol = Formula Wt./.Supp Dens,

Dry Wt = Formula_Wt.*.Wt_Sol,
Dry Vol = Dry Wt. /. Dry_ Dens,

build material quantity(Data _Quant_List).

/* Builds Total Weight Relation */

tot wt([],0).

tot wt([[D Q] IData_Quant _List},V):
mat_ formula wt([D Q}, FwW),
V = FW.+. V1,

tot_wt(Data_Quant_List,Vl).

/* Builds Total Volume Relation */
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tot vol([],0).
tot_vol([[D,Q]lData_Quant_List],V):-
mat_wet vol([D,Q],wWV),
V = WV. +.V1,
tot_vol (Data Quant Llst vl1).

/* Builds Total Dry Volume Relation */

tot_dry vol((},0).

tot_dry vol([[D,Q]|Data _Quant_List],V):
mat_dry_ vol ([D, Q],DV),
V = DV.+.V1,
tot_dry_vol(Data_Quant_List,Vl).

/* Builds Pigment Dry Volume Relation */

pig dry _vol (Pigment_Data _Quant List,V):
tot_dry vol(Plgment Data Quant List, V)

/* Builds Total Dry Weight Relation */

tot_dry wt([],0).

tot_dry wt([[D,Q)|Data _Quant_List]),V):
mat_dry wt((D,Q], MDW),
V = MDW.+.V1,
tot_dry_wt(Data_Quant_List,Vl).

/* Builds Dry Weight Binder Relation */
dry wt blnder(Blnder Data_Quant List,V):
tot_dry_ wt(Blnder Data Quant List,V).
/* Builds Quantity Relations for Binders */
build fract _bind wt _Quantity(({]), ).
build fract blnd wt quantlty([[D,[ s ,Dry_Wt,_,Fract_Bind_WtIQ]]I
Binder _Data Quant _List),DWB) :-
Fract _Bind _Wt = Dry Wt./.DWB,
build fract _bind wt _quantity(Binder Data _Quant List,DWB).

/* Builds Volume Solids Relation */

vs (Formulation _Data_Quant List,v) :-
tot_dry vol(Formulatlon _Data _Quant_List,TDV),



v

>

\\‘

xS

23

tot vol(Formulatlon Data_Quant_List,TV),
vV = TDVA./.TV.

/* Builds Pigment Volume Content Relation */

pvc(Pigment Data_ Quant List, Formulation_Data_Quant List,V) :-
pig_dry vol(Plgment Data_Quant List, PDV),
tot_dry vol(Formulatlon Data Quant List,TDV),
V = PDV./.TDV.

/* Builds block PVC Relation */

block_pvc(Pigment_Data_Quant_List,Formulation_Data_Quant_List,V)
pvc(Pigment Data _Quant_List,Formulation Data _Quant List,PVC),
V = if(bco(PVC,0,0.3),0, if (bco(PVC,0.3,0.4), (PVC.~
.0.3).*.10,1)).

/* Builds Binder Late Block Relation */

bind late _block_tot([],0).
blnd late block _tot ([ [D, Q]IBlnder Data_Quant_List],V):
mat late block(D LB),
fract blnd _wt ([D,Q],FBW),
\Y) —(LB * FBW) +.V1,
bind late _block tot(Blnder Data_Quant List,V1).

/* -Builds Late Block Relation */

late block(Binder Data _Quant_ List,
Plgment Data Quant LlSt Formulation Data _Quant_List,V) :-
blnd late block tot(Blnder Data Quant List, BLBT),

block PVC(Plgment Data Quant _List, Formulation_Data _Quant_List,BPV
C),
vV = BLBT.+.BPVC.*, (10.~-.BLBT) .
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La formulacién puede tener acceso a una base de

datos y a todas las materias primas para determinar

caracteristicas inherentes de las materias primas lo

mismo que los usos de esos materiales. Por ejemplo, el

cédigo de programa de la tabla 1 incluye una base de

datos de 12 materias primas. Esta base de datos incluye

el nombre, clasificacién, fraccién de sélidos, densidad

suministrada, densidad en seco, Yy caracteristicas de

resistencia de Dbloque tardio en cada material. La

siguiente tabla explica mas completamente, y muestra el

contenido de esta base de datos de material de ejemplo:

Tabla 2
Mat name Mat Class. Mat wt_ [Mat_supp |Mat_dry_ Bind_
- solids lied_ density late
Density block
Agua Agua 0 1 1
Propilenglicol [Disolvente 0 1,036 1,039
Skane M-8 Biocida 0,45 1,032 | 1,0345
Tamol 731 Disper 0,25 1,104 1,605
sante
Triton CF-10 Tenso 1 1,05 1,05
Activo
Ti-Pure R-700 TiO; 1 4 4
ASP-170 Extendedor 1 2,58 2,58
Rhoplex HG-74D |Aglomerante 0,42 1,032 {1,0715 7
Rhoplex HG-95P |Aglomerante 0,465 | 1,0608 | 1,1429 9
Rhoplex Aglomerante 0,535 { 1,0648 | 1,1215 2
Multilobe 200
Texanol Coalescen 0 0,95 0,95
te
Acrysol Rm-2020 |Espesante 0,2 1,0426 | 1,2569
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El cédigo fuente de la tabla 1 también incluye un
conjunto de seis funciones para aplicar la informacidén a
partir de base de datos de materiales. Estas funciones se
muestran en forma de pseudo cédigo y explicado

adicionalmente como sigue:

Funciones para accesar la base de datos de

materiales

mat name (i): accesos a un nombre unico asociado con
un material.

mat_class (i): informacién de clasificacidén de
acceso a cerca del material. La informacién de
clasificacién puede identificar usos de material. En la
tabla 1, las clasificaciones de material incluyen “agua”,

“disolvente”, “aglomerante”, etc.

mat wt solidos (i): regresa la fraccidén de peso de
material (i) que es sdélido

mat supplied density (i) : retorna la densidad
(kg/li) de un material en su forma suministrada (liquido

o sb6lido)
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mat_dry density (i): retorna la densidad (kg/litro)
de los sbélidos secos del material en una pelicula de
pintura.

mat late block (i): regresa la resistencia de bloque
tardio de un pintura brillante 18 PVC con formulacidén en

base en el aglomerante (1)

En este ejemplo, una unidad basica de cada material
es el peso. Para una formulacién particular de
materiales, la formulacién de material total es el peso

de formulacién del material es expresado como:

mat formula wt (i) es el peso del material (i) en la

formulaciédn.

El motor de formulacién procesa una red de
conocimiento que interrelaciona los materiales lo mismo
que el conocimiento acerca de la formulacidén de producto
efectivo y los procesos de fabricacién. En el ejemplo
aqui,lla red de conocimiento de formulacién incluye una

representacién del conocimiento de formulacién:

El peso seco del material especifico es:

7
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mat dry wt(i) = mat_formula_wt(i)*mat_wt_solids (i)

la contribucién de volumen de un material especifico

(i) en la pintura humeda es:

mat wet vol(i)=mat_formula_wt(i)/mat_supplied densit

y (1)

la contribucién de volumen de un material especifico

(i} en 1 pintura seca es:
mat dry vol(i)=mat dry wt(i)/mat_rdy_density(i)

el peso total de la pintura es la suma de los pesos

de material individual:
tot wt=Z.11 materiaismat_formula wt (1)

el volumen total de la pintura es la suma de los

volUimenes humedos de materiales individuales:

tot vol=Z.11 materialsmat_wet_ vol (i)

=28
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el volumen total seco de la pintura es la suma de

los volumenes en seco individuales:

tot_dry vol=Z.1) materiaismat_dry vol (i)

el volumen seco de pigmento en la pintura es una

suma similar, aplicada solamente a los pigmentos:

pig dry vol=Zjigmentsmat_dry vol (1)

el peso seco del aglomerante la pintura es:

dry wt binder=ZX,)) pindersmat_dry wt (i)

la fraccién de aglomerante de un aglomerante

especifico (i) es:

fract bind wt(i)=mat_dry_wt (i)/dry_wt_binder

Los s6lidos de volumen de la formulacidén (VS) es:

VS=tot_dry vol/tot_vol

zZ
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El contenido de volumen de pigmento de la

formulacidn (PVC) es:
PVC=pig_dry_vol/tot_dry_vol.

En algunos casos, el objeto de los materiales sobre
las caracteristicas de una  formulacién pueden ser
representadas por una serie de foérmulas diferentes, en
algunos casos, el objeto de los materiales sobre las
caracteristicas de una formulacién pueden ser
representadas por una serie de férmulas diferentes, la
férmula particular a ser aplicada depende de la
concentracién del material en la formulacidn. Por
ejemplo, la sujecidén entre PVC y la resistencia al bloque
puede depender de la concentracién de PVC y puede ser

expresada por el siguiente conjunto de relaciones:

tot PVC add Block PVC
PVC<30% 0

30% < PVC < 40% | (tot_PVC-0,3)*10
PVC > 40% 1

La contribucién de aglomerante a la resistencia de

bloque es:
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Bind late block_tot=Zi-pinders

(bind late block(i)*frac_bind_wt(i))

La propiedad objetivo, bloque tardio, es:

Late block=bind_late_block_tot+block PVC* (10-

bind late block_ tot).

El motor de formulacién puede determinar las
caracteristicas de la férmula, y puede ayudar a
determinar una formulacién modificada con base en un
manuscrito de formulacién de producto. E1l manuscrito de
formulacién de producto puede disefiar una receta (por
ejemplo, una lista de materiales e ingredientes) que
pueden ser wusados para formular un producto, la
restricciones sobre unos ingredientes particulares en la
receta, opciones para la seleccién entre algunos
materiales, y restricciones de producto de salida que es
producido. Una lista de ejemplo de ingredientes puede
incluir 1los siguientes ingredientes en una receta de

formulacién de pintura basica:
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Tabla 3: Formulacién de punto de partida

Material Peso
Agua 5,00
Propilenglicol 40,00
Skane M-8 2,00
Tamol 731 8,00
Triton CF-10 8,00
Ti-Pure R-700 200,00
ASP-170 0,00
Agua 20,00
Rhoplex HG-74D 529,00
Texanol 30,00
Acrysol RM- 40,00
2020

Agua 121,00

Las propiedades esperadas de esta invencidén de punto
de partida debe ser calculada por el motor de formulacidn
usando la red de conocimiento de formulacidén de la figura

1 (segun se expresd por el cédigo de programa de la tabla

1). Estas propiedades de punto de partida son las
siguientes:
Propiedad valor
Peso total (kg) 1003,00
Volumen total (1) 833,95
Volumen de sbélidos (%) 32,79
PVC (%) 18,28
Late Block (0 a 10) 7,00
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Un usuario puede desear determinar una nueva
formulacién de pintura modificando la formulacidn de
punto de partida con base en un conjunto de
construcciones especificadas por el usuario. El
manuscrito de la formulacién de producto puede
identificar las restricciones especificadas por el
usuario tal como esta escogencia de materiales y las

restricciones del nivel de material.

A una restriccién de escogencia de material de los
grupos especificos de materiales son, hasta algun grado,
intercambiables. Sin embargo, las escogencias especificas
entre un grupo pueden tener diferentes propiedades. El
motor de formulacién puede determinar los miembros
especificos de un grupo que deberian ser seleccionados
para satisfacer las restricciones de formulacién
especificadas por el usuario. La informacién de
clasificacién de material en la base de datos de materias
primas puede ser usada para determinar materiales
adecuados para incluir dentro de un grupo. Como un
ejemplo, la base de datos de la tabla 2 identifica tres
aglomerantes diferentes. Al modificar la formulacidn de

punto de partida de 1la tabla 3, un usuario puede

33
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especificar que el aglomerante (“Rhoplex HG-74D” en la
tabla 3) puede ser alterado por el motor de formulacidén y
puede ser uno de los tres aglomerantes (i) Rhoplex HG-74D,
(ii) Rhoplex HG-95P o (iii) Rhoplex Multilobe 200. El
usuario también pude especificar el nivel de material;
(por ejemplo, “el peso del aglomerante esta entre 400 vy
600 kg inclusive). Para nuestro ejemplo, las

restricciones adicionales siguientes son especificadas:

Restriccidén del nivel de agua:

Hagamos que el agua de la ultima alguna en la

formulacién esté entre 0 y 50 kg inclusive.

Otros materiales:

Hagamos que la escogencia de materiales o niveles de
materiales en el punto de partida fijos a sus valores

iniciales dados en la férmula de la tabla 3.

En adicién a especificar restricciones sobre 1los
materiales de entrada, el wusuario puede especificar

restricciones objetivo para el producto formulado
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(salida). En este ejemplo, esta descripciones son COmo

sigue:

Hacer que el volumen de peso total sea cualquier
valor (sin restriccidn);

Hacer que el volumen total esté entre 833 y 835
inclusive;

Hacer el volumen de sbélidos entre 22,5% y 33,0%
inclusive;

Hacer el PVC que sea menos que o igual a 18,5%; y

Hacer el Late Block mayor que o igual a 7,0.

Desde las restricciones de formulacién de punto de
partida, el sistema de formulacidn, usando el
conocimiento de programa en la tabla 1, se puede concluir
que los siguientes dos espacios de solucidén satisfacen al
entrada especificada por el usuario y las restricciones

de producto objetivo:

Solucidn # 1:

La solucién #1 es una formulacién en la cual el

motor de formulacién ha seleccionado Rhoplex HG-74D como
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el aglomerante. El “espacio” de formulacidén resultante es

como sigue:

7Y

Material Peso min Peso max
Agua 5,00 5,00
Propilenglicol 40,00 40,00
Skane M-8 2,00 2,00
Tamol 731 8,00 8,00
Triton CF-10 8,00 8,00
Ti-Pure R-700 200,00 200,00
ASP-170 0,00 0,00
Agua 20,00 20,00
Rhoplex HG-74D 522,04 534,35
Texanol 30,00 30,00
Acrysol RM-2020 40,00 40,00
Agua 114,86 128,79

acuerdo a la solucién
especificos de materiales

siguientes rangos:

#1 dependera

Las propiedades especificas de pintura producida de

de los niveles

seleccionados y tendra 1los

Propiedad Valor min valor max
Peso total (kg) 989, 90 1016,14
Volumen total (1) 833,00 835,00
S6lidos en 32,50 33,00
volumen (%)
PVC (%) 18,15 18,47
Late Block (0 a 7,00 7,00
10)
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Solucidén 2

La solucién #2 es una formulacién en la cual el
motor de formulacién ha seleccionado Rhoplex HG-95P como
el ligador. El espacio de formulacién resultante es como

sigue:

Material Peso min Peso max
Agua 5,00 5,00
Propilenglicol 40,00 40,00
Skane M-8 2,00 2,00
Tamol 731 8,00 8,00
Triton CF-10 8,00 8,00
Ti-Pure R-700 200,00 200,00
ASP-170 0,00 0,00
Agua 20,00 20,00
Rhoplex HG-95P 502,94,04 514,80
Texanol 30,00 30,00
Acrysol RM-2020 40,00 40,00
Agua 147,35 160,53

Las propiedades especificas de una pintura producida
de acuerdo a la solucidédn #2 dependerdn de los niveles de
material especificos seleccionados Y% tendran los

siguientes rangos:

Propiedad Valor min valor max
Peso total (kqg) 1003,29 1028, 33
Volumen total (1) 833,00 835,00
So6lidos en 32,50 33,00
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volumen (%)
PVC (%) 18,15 18,47
Late Block (0 a 9,00 9,00
10)

Escogencias Rechazadas

El motor de formulacidén también determina que
ligador Rhoplex Multilobe 200 no puede satisfacer

restriccién especificada. Por lo tanto, el motor

formulacidén rechaza el Rhoplex 29200 como un ligador.

el

la

de

En

el caso del Rhoplex Multilobe 200, la red de conocimiento

de formulacién puede determinarse, para las restricciones

especificadas:

Bind late block=2

Fract bind wt=1

Block PVC=0

Estos resultados en la conclusién

bind late block tot=2 y que late_block=Z2. Esto no es un

resultado valido debido a la restriccidén especificada

que

que

requiere que late block sea al menos 7. Consecuentemente,

33
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Rhoplex multilobe 200 se rechaza por el motor de

formulacién.

Como se ve del ejemplo anterior, se utiliza
restricciones espeéificadas por el usuario, las
formulaciones que cumplen con aquellas restricciones se
pueden determinar. Sin embargo, las caracteristicas de
las soluciones de formulacién determinada no pueden
cubrir el espacio entero permitido por una restricciodn.
Por ejemplo, aunque las restricciones iniciales indicaban
que entre 400 y 600 kg de ligador puede ser incluido, si
este rango fuera, de hecho, utilizado en las
formulaciones de solucién, se violarian otras
restricciones. Para proporcionar guias de formulacidn
adicional, el motor de formulacién puede proporcionar
restricciones con nivel de entrada revisada para asegurar
que una solucién de férmula 100, de hecho, cumple las
restricciones deseadas. En este ejemplo, el motor de

formulacién puede hacer las siguientes determinaciones:

e El1 ligador debe ser bien sea Rhoplex HG-74D o

Rhoplex-HG95P.

37
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e El peso del ligador debe estar entre 522,04 vy
534,16 kg cuando se utiliza Rhoplex HG-74D vy
502.94 a 514,61 cuando se utiliza Rhoplex HG-95P

e El peso del agua debe estar entre 116,01 y 127,48
cuando se utiliza Rhoplex HG-74D y 148,50 y 159,26
cuando se utiliza Rhoplex HG-95P.

e El peso total estara entre 1001,49 y 1016,22

e El volumen estard entre 833 y 835 (igual que la
restriccidén de entrada)

e Los sbélidos en volumen seran 32,50 y 32,97

e El PVC estard entre 18,21% y 18,46% (m4s estrecho
que la entrada)

e El Late Block Ressistance estard entre 7 y 9 (mas

estrecho que la entrada)

Si un usuario subsecuentemente restringe el Late
Block Resistance adicionalmente para estar por encima de
8, el motor de formulacién concluird que el ligador
correcto serd Rhoplex HG-95P y las caracteristicas del
producto resultante tendran restricciones numéricas
expresadas anteriormente. De esta manera, el motor de
formulacién se puede utilizar para determinar los niveles

apropiados y niveles de materiales que cumplan tanto las

D
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restricciones de propiedad de entrada como de objetivo.
Dependiendo de la complejidad de los problemas a ser
resueltos, las implementaciones pueden utilizar numeros
mas grandes de propiedades de desempeno de pintura vy

materia prima y niveles.

El siguiente cédigo muestra los detalles esenciales
del texto de formulacién del producto PROLOG IV que
especifica la receta de formulacién de pintura basica de
la tabla 3, como también las restricciones permitidas en
las secciones para formular una pintura que utiliza una

receta béasica.

Y/



4]

ptm([(8,-1,0],

/* The following inputs enter a starting point formulation */

/* as well as permitted ranges for particular formulation */

/* and permitted selections */

/* The following 7 components have a fixed level */
((1,'Grind',17,1,eq('Water'),5,5,1],
(2,'Grind',18,1,eq('Propylene Glycol'),40,40,1],
(3,'Grind',7,1,eq('Skane M-8'),2,2,1},
(4,'Grind',4,1,eq('Tamol 731'),8,8,1],
(5,'Grind',15,1,eq('Triton CF-10'),8,8,1],
(6,'Grind',16,1,eq('Ti-Pure R-700"),200,200,1],
[7,'LetDown',l7,2,eq('Water'),20,20,1],

/* The following component allows a selection from */
/* a group of three materials */
[8,'LetDown',2,1,inlist(['Rhoplex HG-74D', 'Rhoplex HG-
95P', 'Rhoplex Multilobe 200']),400,600,1),

/* The following 2 components have fixed levels */
[9,'LetDown',3,1,eq('Texanol'),30,30,1],
[10,'LetDown',14,0,eq('Acrysol RM-2020'),40,40,1),

/* the following component can vary in the range 0-300 */

[11,'LetDown',l7,3,eq('Water'),0,300,1]],

/* The following commands identify the output data */
/* being requested and output constraints */

/* Total volume range 833-835 */

(['Total Volume',833,835, , ],

/* Total Weight is unconstrained */

('Total Weight', , , , 1],

/* Total PVC may be up to 18.5 % */

['Total PVC', ,0.185, 'Percent’, },

/* Volume solids can range from 32.5 - 33 percent */
('Volume Solids',0.325,0.33,'Percent',_],

/* Late block must be equal to, or greater than, 7 */
[‘Late Block',7,_,'10 Scale', ],

1.0)).
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Las ejecuciones pueden incluir un extremo frontal
con interface grafica de usuario para generar la entrada

y cédigo de pregunta precedente.

Implementacién de la base de molienda

Ademas de la seleccién y determinacidén de los
niveles de materiales, un motor de formulacidén se puede
utilizar para determinar la elaboracién, aplicacidn, vy
procesos de formulacién a ser utilizados por un material
particular. En el ejemplo que sigue, se utiliza la
ejecucién del motor de formulacién para determinar las
caracteristicas de la base de molienda para utilizarse en

preparacién de un herbicida.

En la preparacién de herbicidas para uso en
aplicaciones agricolas una de las etapas del proceso es
la preparacién de una base de molienda. La propiedad
clave de la base de molienda final es la distribucidn del
tamafio de particula. La propiedad clave de la base de
molienda fina es la distribucién del tamafio de particula,
que tenia en gran manera otras propiedades clave de la
formulacién final tales como el perfil de viscosidad, la

estabilidad, y la suspensibilidad. La distribucién se

V'3
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puede representar por medio del <cincuentavo tamafio
percentil y el noventavo tamafio percentil. El cincuentavo
tamafio percentil es el tamafo’ para el cual el 50% del
tamafio de las particulas es mas pequefio. El noventavo
tamafio percentil es el tamafio para el cual el 90% de las
particulas son mas pequerias) (estos tamafnos se
representan mediante las variables ps_50_final y

ps_90 final, respectivamente).

El tamafio de particula final de una base de molienda
se puede producir de la potencia del volumen especifico
utilizado, la densidad de los gldébulos en el molino, el
método de procedimiento que utiliza el molino, el tiempo
de molienda, la distribucién del tamafio de particula
inicial, y un numero de otras propiedades del equipo, el
proceso y el material. En el conjunto de variables vy
ecuaciones que representan este tipo de conocimientos se
expresa para una base de molienda de ingrediente activo

simple adelante:

Base de datos del equipo
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Una base de datos del equipo identifica el equipo de
molienda en las propiedades asociadas. La base de datos

del equipo puede incluir los siguientes campos de datos:

mill type: nombre unico del molino utilizado para
noler la base de molienda

milling powder draw: potencia maxima utilizada por
este tipo de molino

bead type: nombre unico del tipo de glébulos
utilizados

bead density: densidad de los glébulos utilizados

para este ejemplo, la base de datos del equipo se

pobla como sigue:

mill type mill power draw (Watts)
Dynomill KD-15 (15 L) 11,250
Dynomill KD-50 (49 L) 18,750
Netzsche ILMC 20 (20 L) 7,500
Netzsche LMC 60 (20 L) 18,750

bead type bead Density (g/ml)

Arena 2,5

Vidrio - sin plomo ,

Pedruzco de pedernal

Vidrio - sin plomo

ajwiN|N
-

~

-
(@] Ner Ke) K&

Oxido de Circonio (YTZ)

Carburo de Tungsteno 15,0
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Base de datos del proceso

Una base de datos del proceso identifica un proceso
de molienda particular y caracteristicas de aquellos
procesos. La base de datos del proceso puede incluir 1los

siguientes campos de datos:

mill operation type: nombre Unico que identifica el

método particular para correr un molino.

d90 to d50 ratio: proporcién esperada de 90" tamafio
de percentil a 50Y° tamafio de percentil par el método

particular para correr el molino.

Para este ejemplo, la base de datos del proceso se

puede poblar como sigue:

mill operation type d90 to d50 ratio
Recirculacidén continua 4,00
Un paso descrito 3,75
Dos pasos discretos 3,50
Tres pasos discretos 3,25
Cuatro o mas pasos discretos 3,00
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Base de Datos del Material

Una base de datos de material incluye
caracteristicas de las materias primas. La base de datos

de los materiales puede incluir los siguientes campos de

datos:

mat name: nombre Unico del material en la
formulacidn

mat wt solids: fraccién de peso y disefio del
material

mat dry density: densidad del material en la

formulacidn seca

mat supplied density: densidad del material en su
forma de suministro

tech surface_ energy: energia de superficie del
material activo clinico en la base de molienda

ps_50 initial  tamafio de particula del material

activo clinico en la base de molienda

para este ejemplo, la base de datos de los

materiales se puebla como sigue:

V3
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mat name |[mat_wt_sol |mat_dry de |mat_suppli tech_surfa {ps_50_init
ids nsity ed density | ce_energy ial_
(g/ml) (g/ml) (J/m?) (micrones)
Goal 100% 1,45 1,45 0,04 15
Tech
Kelzan 100% 1,50 1,50
Proxel 25, 3% 1,00 1,13
GXL
agua 0% 1,00 1,00

Las propiedades de una base de molienda preparada se
pueden determinar, en parte, con base en un conjunto de
propiedades iniciales asociadas con varias variables
relacionadas con la elaboracién. Estas variables pueden

incluir las siguientes:

mat name mat formula wt mill type bead type

bead size [mill operation type |milling time | bead fill fraction

Estos valores se pueden utilizar para calcular un

conjunto de propiedades intermedias de la base de

molienda. Las propiedades intermedias, y 1los calculos

para obtener estas propiedades, ©puede incluir las

siguientes:

mat dry wt(i)=mat_formula wt(i)*mat_wt_solids (i)

mat dry vol(i)=mat dry wt(i)/mat_dry density (i)

vd
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mat_dry_vol(i)=mat_formula_wt(i)/mat_supplied_densit
y (1)

tot_dry vol (i)millbase=Z.n materials in millbase
mat_supplied_density (1)

tot_vol_millbase=2ﬁ1m“endjinmuim5emat_wet_vol(i)

tot_wt_millbase=Zau mta&usinmUJMSQmat_formula_wt(i)

solids_factor_millbase=tot_dry_voi_millbase/tot_vol_
millbase

bead density factor=bead_density/2,5

milling_energy=milling_power_draw*milling_time

specific_milling_energy=milling_energy/tot_wt_millba
se

milling_efficiency=solids_factor_millbase*bead_densi
ty factor*bead fill fraction*bead_size

area_to diameter factor_millbase=0.006*solids_factor
_millbase/tot_wt_millbase

surface_area_increase=(miling_efficiency*specific_mi
lling energy)/tech_surface_energy

surface_area_SO_O_millbase=1,000,000*atrea_to_diamet
er factor millbase/ps_50_initial

surface area 50 final millbase=surface_area_50_0_mil

lbase+surface_area_increase
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los tamafios de particula final se pueden calcular de

las propiedades intermedias como sigue:

ps_50_final=l,OO0,000*area_to_diameter_factor_millba
ase/surface_area 50 final millbase

ps_90 final=ps_50_final*d90_to_d50_ratio

Estas relaciones se muestran en el cbédigo de
programa de la figura 2 que ejecuta este ejemplo seguido
de las ensefianzas del cédigo de programa de la tabla 1.
En este ejemplo, el conocimiento acerca de las
caracteristicas del material, el proceso y el equipo son
interrelacionados. La escogencia del material y el nivel
se representan mediante material name y mat_formula wt.
La escogencia de los procesos y los parémetros son dados
mediante mill operation type y las escogencias del tiempo
de molienda y bead fill fraction. Las escogencias del
equipo 3% los parametros son dadas mediante las
escogencias mill type y bead type y el parametro

bead size.

El uso del conocimiento de la formulacién
anteriormente descrita y la base de datos sera ahora

descrita. En el ejemplo que sigue, la red de conocimiento

4
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de una formulacién se utiliza para determinar 1los
procesos y el equipo dque pueden dar como resultado
tamafios de particula objetivo deseadas para ps_50_final y

PS 90 final.

El uso de una red de conocimiento de formulacidn de
base de molienda de iniciar con una seleccién de usuario
de un conjunto de decisiones iniciales. Para este
ejemplo, las restricciones seleccionadas por el usuario
incluye le material siguiente, la base de molienda
objetivo, la escogencia de equipo, el parametro del
equipo, la escogencia del proceso, y las restricciones de

parametro de proceso:

Restricciones del material especificado por el

usuario:
material name mat formula wt min|mat_formula_wt max
(kg) (kg)
Goal Tech 49,95 49,95
Kelzan 0,05 0,05
Proxel GXL 0,05 0,05
agua 49,45 49,45

37
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Restricciones del material de molienda objetivo

especificado por el usuario:

Propiedad Minimo (micras) Maximo (micras)
ps 50 final 0,9 1,1
ps 90 final 3,5

Restricciones de escogencia de equipos especificados

por usuario:

Tipo de equipo escogencias permitidas
mill type Dynomill KD-15 (15L)
Bead type Vidrio - sin plomo

Vidrio - plomo
Oxido de circonio (YTZ)

Restriccién de parametro de equipo especificada por

usuario:
Propiedad Minimo (mm) Maximo (mm)
Bead size 1 1

Restricciones de escogencia de proceso especificada

por usuario

S22
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Tipo de proceso Escogencias permitidas
mill operation_type [Recirculacién continua
Un paso discreto
Dos pasos discretos
Tres pasos discretos
Cuatro o) mas pasos
discretos

Restricciones de parametro de proceso especificada

por usuario

Propiedad Minimo Mé&ximo
milling time 30 90
(minutes)
bead fill fraction 0,8 0,8

Dadas estas restricciones, las bases de datos y las
relaciones del motor de formulacién pueden determinar
biolégicamente el proceso necesario para lograr los
tamafios de particula objetivo. Con base en las férmulas
descritas y las restricciones, el motor de la formulacién
puede alcanzar la siguiente conclusién con respecto al

tipo de operacién de molienda en el tiempo de operacidn:

Conclusién del tipo de operacidén de molienda:
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mill operation type Resultado
Recirculacidén continua (sin solucidbn)
Un paso discreto (sin solucidn)
Dos pasos discretos Puede cumplir restricciones
Tres pasos discretos Puede cumplir restricciones
Cuatro o mas pasos discretos| Puede cumplir restricciones

Conclusién tiempo de molienda (rango disponible

antes de fijar el mill operation_type)

Propiedad Minino Maximo
(minutos) (minutos)
milling time 79 90

Para un tipo de glébulo particular, el rango del
tiempo de molienda dependerd del tipo de operacidén de
molido. Por ejemplo, si el tipo de glébulo esta
restringida a 6xido de circonio (YTZ), el rango de tiempo

de molienda disponibles sera como sigue:

mill operation_type milling time milling time
seleccionado minimo (minutos) | maximo (minutos)
Recirculaciédn (sin solucién) (sin soluciodn)
continua
Un paso discreto (sin solucibn) (sin solucidn)
Dos pasos 88 90
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discretos
Tres pasos 81 90
discretos
Cuatro o méds pasos 79 90
discretos

De esta manera, un proceso de escogencia para
cumplir las restricciones objetivas especificadas por el
usuario es utilizar glébulos de 6xido de circonio (YTZ) y
un molino que opera utilizando tres pasos discretos para
un tiempo de molienda de 68 minutos. Esto produce un
ps_50 final de 1,00 micras y un ps_09 final de 3,24
micras. Otras escogencias dentro del espacio de solucidn
también cumpliran las restricciones especificadas por el

usuario.

La invencién puede ejecutar en un circuito
electrénico digital, o en un computador, un firmware, un
soporte 1lbgico, o en combinaciones de ellos. El aparato
de la invencién se puede ejecutar en un producto de
programa de computador tangiblemente acondicionado en un
dispositivo de almacenamiento de uno por maquina par la
ejecucién mediante un procesador programable, y las etapa
del método de la invencién se pueden desarrollar mediante

un procesador programable que ejecuta un programa de
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instrucciones para desarrollar restricciones de la
invencién al operar sobre los datos de entrada y generar
los de salida. La invencién puede ser ventajosamente
implementada en una o mas formas de computador que son
ejecutables sobre un sistema programable que incluye al
menos un procesador programable acoplado para recibir
datos e instrucciones a, un sistema de almacenamiento de
datos, al menos un dispositivo de entrada, al menos un
dispositivo de salida. Cada programa de computador puede
ser incrementado en un recibimiento de alto nivel o un
lenguaje de programaciédn orientado por objetivo, o en un
lenguaje “asémil” o de maquina si se desea; Yy en
cualquier caso, el lenguaje puede ser un lenguaje
compilado e interpretado. Los procesadores adecuados
incluyen, por via de ejemplo, tanto los procesadores de
propbésito general como especial. De manera general, un
procesador recibirad instrucciones y datos de la memoria
de solo lectura y/o de la memoria de acceso aleatorio. Si
los dispositivos de almacenamienté adecuados para
adecuarse tangiblemente a instrucciones de programa de
computador y datos incluyen todas la forma de memoria no
volatil, incluyendo por ejemplo dispositivos de memoria
con semiconductor, tales como EPROM, EEPROM, %

dispositivos de memoria de destello; discos magnéticos

-J E
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tales como discos duros internos y discos removibles;
discos magneto-épticos; y discos de CD-ROM. Cualquieré de
los anteriores puede ser suministrado, o incorporado en
ASIC especialmente disefiado (circuitos integrados de

aplicacién especifica).

Un numero de modalidades de la presente invencidn
son descritas. Sin embargo, se debe entender que varias
modificaciones se pueden hacer sin apartarse del espiritu
y alcance de la invencién. Por ejemplo, se pueden
utilizar otros lenguajes de programa para ejecutar un
motor de conocimiento de formulacidén se puede utilizar
con una interface basada en la red. El1 material, 1los
procesos y otros tipos de datos se pueden almacenar en
una base de datos externa, tal como la base de datos
basada en lenguaje con pregunta estructurada (SQL), una
hoja amplia, y otros sistemas de almacenamiento de datos
y accesados por medio de cdédigo de programa que ejecuta
el motor de formulacién utilizando interfaces de

programacién con aplicacién estandar (AAPI).

La invencién de la formulacidén descrita aquil se
puede utilizar para direccionar problemas de formulacidn

en una variedad de industrias. Las industrias que se

N
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pueden beneficiar de la invencién incluyen las de
preparacién de alimentos, petréleo o) cosméticos,
construccidn, electrénica, plastico, manufactura de
material, y ambiental. En la industria de preparacidén de
alimentos, una formulacién se puede implementar para
reformular la combinacién, coccibén, y procesamiento de
los ingredientes alimenticios asi como también reformular
los procesos tales como el de fermentacidén y combinacidn
de vino o cerveza. La industria de la construccién, los
procesos utilizados para producir productos de
construccién tales como la composicién del cemento,
arena, y otros materiales sdélidos con agua para producir
un mortero gque pueden reformular. En la industria del
petrdleo, las mezclas quimicas (por ejemplo,
procesamiento y mezcla de aceites béasicos y aditivos para
preparar aceite motor pueden ser reformulados). En la
industria del plastico 1la formulacién de un polimero
moldeado provenientes de glébulos de polimero Y
materiales de aditivo pléastico (modificadores de impacto,
pigmentos, etc.). En la industria de manejo ambiental, el
tratamiento de aguas que utiliza resinas, decantacidn, vy
otros procesos se pueden reformular. En general todos
estos ejemplos involucran la formulacién de uno o mas

materiales compuestos de wuno o mas materiales de

4=
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ingredientes, junto con informacién sobre las etapas del
proceso, condiciones de equipamiento utilizado en la
preparacién. En las reivindicaciones que siguen, estos
ingredientes y procesos se denominan como componentes de
formulacién. De acuerdo con esto, otras modalidades estén

dentro del alcance de las sigquientes reivindicaciones.
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REIVINDICACIONES
1. Un método ejecutado en un computador para

formular un producto, el método comprende:

Recibir un texto de formulacién de un producto, el

texto comprende:

Una opcién de seleccién de componente, la opcidn de
seleccién comprende una pluralidad de componentes de

formulacidn,

Una restriccién de componente de formulacidén que
identifica un rango asociado con una propiedad de

componente de formulacidn, y

Una restriccidén objetiva; y

Procesar el texto de formulacién del producto para
determinar una recoleccién de componentes de
formulacién que se pueden utilizar para producir un
producto, el producto tiene una primer propiedad de

acuerdo con una restriccidédn objetivo, en donde la

D
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recoleccién comprende le primer componente de 1la

formulacién y el procesamiento de texto comprende:

Determinar el primero de 1los conjuntos de los
componente de formulacién para la inclusién en la

recoleccidn; y

Determinar y permitir el rango asociado con el
primer componente de formulacién en la recolecciédn,
el rango permitido siendo consecuente con la

restriccién del componente de formulacidn.

2. El1 método de la reivindicacién 1 en donde el
componente de procesamiento del texto comprende
el procesamiento con base en una red de
conocimiento de formulacién, la red de
conocimiento de formulacidén interrelaciona
propiedades de los componentes de formulacidn

para las propiedades objetivo.

3. El método de la reivindicacién 2 en donde el
procesamiento de texto comprende ademéas la
recuperacién de las propiedades del componente

de formulacién de una base de datos.

E/
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El método de la reivindicacién 3 en donde las
propiedades del componente de formulacién
recuperadas de la base de datos comprende una
propiedad de un componente de formulacién que
comprende una materia prima propiedad de un
componente de formulacidén que comprende un

proceso de manufactura.

El método de la reivindicacién 1 en donde el
procesamiento del texto comprende ademas excluir
al menos uno de los otros —conjuntos de

componentes de formulacién de la conexion.

El método de la reivindicacién 1 en donde el
primer componente de la formulacién comprende un
componente de la formulacién en el primer

conjunto.

El método de la reivindicacién 1 en donde el
primer componente de la formulacidén comprende un
componente de la formulacién que no esta en el

primer conjunto.

&2
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8. E1l método de la reivindicacién 1 en donde el
rango identificado mediante la restriccidén de la
formulacién comprende el rango permitido y un
rango no permisible vy determinar el rango
permitido comprende determinar un rango de
valores que posibilitan 1la formulacidén del

producto de acuerdo con la restriccidn objetivo.

9. El método de la reivindicacién 1 en donde:

La restriccién objetivo comprende un rango de
valores que comprenden valores alcanzables de la
primer propiedad y valores no alcanzables de la
primer propiedad, y el procesamiento del texto
comprende determinar los valores alcanzables y los

valores no alcanzables.

10. Un sistema de computador para formular un

producto quimico, el sistema comprende:

Un procesador acoplado a un dispositivo de entrada

de usuario;
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Una base de datos acoplada al procesador y que
comprende instrucciones para configurar el

procesador para:

Recibir un texto de formulacién de producto, el

texto comprende:

Una opcién de selecciédn de componente, la opcidn de
seleccién comprende una pluralidad de conjuntos de

componentes de formulacién,

Una restriccié4n de componentes de formulacidén que
identifica un rango asociado con una propiedad de

componente de formulacidn, vy

Una construccidén objetivo; y

Procesar el texto de formulacién de producto para
determinar una conexidn de componentes de
formulacién que se pueden utilizar para producir un
producto, el producto tiene una primer propiedad de
acuerdo con la restriccidén objetivo, en donde la

conexiébén comprende el primer componente de

6K
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formulacién y las instrucciones para procesar Y el

texto comprende instrucciones para:

Determinar el primero de los conjuntos de los
componentes de formulacién para la inclusidén de la

conexidn; y

Determinar un rango permitido asociado con el primer
componente de formulacidén en la conexién, el rango
permitido es consecuente con la restriccién del

componente de formulacién.
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RESUMEN

Un método ejecutado en computadora para formular un
producto (por ejemplo un producto quimico) gque incluye
recibir un peso de formulacién de producto que guia la
formulacién de un producto desde un numero de diferentes
componentes. El texto puede, por ejemplo, establecer los
componentes requeridos opcionales y los grupos de
componentes alternativos relacionados. Proporcionar para
tal guia, el texto incluye (i) una opcién de seleccidn de
componente que identifica conjuntos de componentes de
formulacidn, (ii) al menos una restriccidn para
identificar una rango numérico asociado con una propiedad
de uno de los componentes de la . formulacién, y (iii) una
restriccién objetivo. El1 texto de la formulacidén de
producto se procesa para determinar una coleccidén de
componentes de formulacién que se pueden utilizar para
producir el producto de tal forma que una o mas de las
propiedades del producto cumple con las restricciones
objetivas asociadas. El procesamiento del texto también
incluye seleccionar de entre los componentes de
formulacidén opcionales. Esta seleccidn se puede
desarrollar al determinar conjuntos de componentes de

formulacién a ser utilizados en la formulacidén del

Ay
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producto y determinar el rango permitido asociado con los
componentes de formulacién. Los rangos permitidos
posibilitan al proyecto formulado cumplir con la o las

restricciones objetivo.
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Propiedades Objetivo

T

VS

wt

late_block
0 /
bind_late_ block_PVC
block_tot
fract_bind PVC

tot_wt dry_wt
_vol _vol _binder
| \ —7 /
A/
mat_dry
_vol
mat_dry mat_wet
_wt _vol
y \ \ 3
mat_formula mat_ mat_ mat_ wt_ | | mat_supl_| [ mat_dry_ | | bind_late
_w name class solids density density _block
Propiedades de la base de datos

Fig. 1
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REPRESENTACIOM Y PODER ‘\ POWER OF ATTORNEY
— I ASFRU A _.JL
Yo (nosotros), abajo firmado(s i I (we), the undersigned .William E. Lambert III

Lambert III,

William E. SecreLarlo

Adjunto, de ROHM AND HAZS COMPANY /]

por el presente nombramos a GERMAN CAVELIER, tpa. l/
832; GONZALO PERDOMO, tpa. 831; ERNESTO CAVE-
LIER, tpa. 11519; y EMILIO FERRERO, tpa. 31929; do- 1!
miciliados en la Carrera 4* N¢ 72.35, Bogota, Colombia,

en obedecimiento a lo dispuesto en el paragrafo 1°
del Articulo 543 del Cédigo de Comercio, el primero
como principal y los demas como suplentes, en su orden,
como nuestros representantes en todos los asuntos de
propiedad industrial con facultad para recibir notifica-
ciones y nombrar apoderados judiciales o extrajudiciales.

pal en caso de ausencia o impedimento temporal o defi-
nitivo de aquél. La misma regla se aplicard cuando el
segtindo representante suplente haya de: reemplazar al
priméro, o el tercero al segundo En tales.casos, el repre-
santante principal, o el primero,.o0 segundo suplente en
su caso, o ambos, declararan su intencién de no ejercer
la representacién mediante declaracmn autentxcada por
Notario Publico en Colombia, o por Notario u-otro Fun-
cionario Publico, o Cénsul de Colombia, en'el extranje-
ro; y si se tratare de impedimento, con el certificado
respectivo. Si alguno de los nombrados faltare definiti-
vamente, el siguiente tomara su lugar. Cuando cesare la
ausencia o impedimento del rep’resentan'te principal, o de

ejercer la representacion, en su orden, uno u otros segun
el caso, asumiéndola por ‘el solo hecho ‘de ejercerla,
cesando en ese momente el ejercicio de la representa-
cion por el primero, segundo o tercer suplente en su
€aso.

Ademas, y bajo las mismas reglas, conferimos poder a
los abogados arriba nombrados, para obtener la pro-
teccién de mi (nuestra) propiedad industrial y contra
la competencia desleal, a cuyo efecto autorizo(amos)
a los dichos apoderados para que me(nos) representen
ante cualesquiera entidades o personas, ejerzan o no
yurisdiccion, especiaimente ante las del orden adminis-
trativo, contencioso-administrativo y judicial, en todo lo
concerniente a los siguientes asuntos: a) Obtencién de
patentes de invencion, modelos y dibujos industriales;
el registro de marcas de fabrica, colectivas, defenswas
y de servicios; el deposxto de nombres comerciales y
ensefias; su renovacion, traspaso, cambio de nombre o
domxcxho cancelacion voluntarla y el registro de li-
cencias de uso de esos derechos; b) Las acciones de

nales, administrativos o contencioso- adxmmstratlvos
rel:rlonados con estos derechos; acciones y juicios que
. +OMOvVamos o0 se nos promuevan. Y para que en todos
los asuntos arriba determinados, puedan sustituir este
mandato, transigir, desistir, cancelar recibir, renunciar,
y ratificar los actos hechos por agentes oficiosos.

9 de abril de 1987

Dado y firmado hoy

: e }Oq’{‘;;

FIICIN GRODT
INTERPRETE QifiCiAL

Ass’stant Secretary

(Notary should execute on other side)
(Consular legalization necessary).

.................................................

in due compliance with the terms of paragraph lst. of
Article 543 of the Commercial Code, do hereby appoint
GERMAN CAVELIER, tpa. 832; GONZALO PERDOMO,
tpa. 831; ERNESTO CAVELIER, tpa. 11519; and EMI-
LIO FERRERO, tpa. 31929; domiciled at Carrera 4?
N¢ 72-35, Bogota, Colombia, the first as principal and
the others as alternates, in the order of their appoint.
ment, as our representatives for all industrial property
matters with faculty to receive notifications and to ap-
point attorneys in and out of Court. The first alternate
shall replace the principal in case of this absence or of
temporal or definitive impediment. The same rule will
apply when the second alternate representative is to re-
place the first one, or when the third is to replace the
second. In.such cases, the principal representative, or the
first or,sécond alternates in their turn, or both of them,
shall state their intention.not to act as representatives
through a declaration given before a Notary Public in
Colombia, or before a Notdry or another Public Official -
or a Colombian Consul abroad; and in case of impedi-
ment, the appropriate certificate shall suffice. If any of
the appointees were to bé definitely absent, the follo- .
wing alternate shall-take his place. When the absence or
impediment of the principal representative, or of the
first or second alternate in their turn ceases, the
representation can be taken again in their sequence, by

" the principal, the first or second alternate depending

on case, and the mere fact of its exercise will suffice.
The exercise of the representation by the first, second
or third alternates in their turn shall end at such time.
In addition, we.grant-a: Power of Attom@ in favor of
the above- n“ammmwﬁﬁe g ﬁ?%e §2 tlthey may ob-

tain the prbt Ag:'property and -
against thq mon or whigh purpose I
(we) authonze__t

trat.'.'c, admi-
Yall matters
nt of patents,
S trademarks,

) xg?e deposit of
commercial RaRies g ehs 7al, assignment,
change of name or domxcx]e voluntary cancellatlon

nistrative g
concerning ‘th

A

.and the registration of licenses of use of the above

rights; b) Actions of opposition, cancellation, nulli-
ty, infringement, granting of licenses; and in general
the civil, penal, and administrative suits relating to tho-
se rights; actions and suits institued by me (us) or
against me (us). And that in all the above matters they _
may substitute this Power of Attoriiey, compromise,
desist, cancel, receive, resign, and ratify acts done by
representatives without a g /}y‘,{ of attorney.

Given and signed this . ( ....... day . of April,.

TROLUCION MNo. 2153, 2x iU 17, 1953
DEL MINISTERID DE JUSTICLA.



a quien(es) doy fe de conocer y me consta que es (son)
la(s) persona(s) firmante(s) del documento que pre-
cede, vy quien(es) tiene(n) capacidad legal para otor-
garlo.

Notary Public (Notario Publico)

CERTIFICADO NOTARIAL (SOCIEDAD)-

9

oy, ..7. de 198.7..

comparecid (eron) ante mi

Lambert III

a quien(es) conozco personalmente y que firma(n)
este documento en representacion de la Sociedad
/Compariia denominada . Rohm and

Company

Certifico:

e

1. Que he visto los siguientes documentos:

a. Articulos de Constitucidén Confirma-
dos el 25 de abril de 1977 y refor-
mados el 5 de mayo de 1980.

b. Estatutos confirmados el 3 de enero, 1977,

y reformados el 1 de mayo, 1978.

c. Acta de la Reunidn:de’ Junta“Dlréétlva Dic.

2. {
Que 0ichos R Oh TR sasww& »
2.1. Que

es una Socxedad&émnwﬁ

“é t],egalment,e constxfuxd .
stado,

2 .

Que el objeto u objetos para los cuaies se otdrga
el presente poder estan comprendidos dentro dei ob-
jeto social de la mencionada Sociedad/Compaiiia.

il

£. Lambert III

William

2.4. Que el Sr.

esta(n) autorizado(s) para otorgar el presente Poder.

Filadelfia

Ciudad
Estado Pensilvania
Hoy . ¢ de abpil de 19

* Los documentos deben identificarse con fecha y origen.

TRADUTCIOM CFRILLAL,
HALICES GO
INTERPRETE crm,xA'
BISDLUCION Ma. 2185, Ae R, 17, 153D
GEL MINISTERIO RDE JUSTICIA.

Notario Publico — Notary Pubhc

to me known, and known to me to be the person(s)
who executed that foregoing document, and who has
(have) legal capacity to execute it.

NOTARIAL CERTIFICATE (CORPORATION)

-~
1987 q.'ﬂ
,.j/,/

William E. Lambert III

On this .......J.... .dayof ....apXrL.....

appeared before me

who (m) I know personally and who(m) signed this do-
cument as representative(s) of the Corporation/Com-

pany named Rohm and Haas Company
I Certify:
1. That I have seen the following documents *

a. Articles of Incorporation as Restated

April 25, 1977 and as Amended May 5, 1980

b. Bylaws as restated January 3, 1977
and as amended May 1, 1978

c. Minutes of Board of Directors Meeting
December 5, 1983

That the above documents duly prove the follow-
ing:

2.

2.1. That Rohm and Haas Company

is a Corporation/Company legally constituted and in
existence in accordance with the laws of the

State of Delaware

2.2. That the domicile of said Corporation/Company is
Philadelphia, Pennsylvania
2.3. That the purpose of purposes for which the pre-

sent Power of Attorney is granted are comorised -
within the corporation purposes set forth in the char-
ter of the mentioned Corporation/Company.

2.4. That Mr. William E. Lambert III

'is(are) authorized to grant the present. Power of
Attorney.

City  Philadelphia
State Penn?ylvania

This /.. .. 0 ... ... day of .. JAPRIL ... 1987

¢ Documen,ts must be 1dent1f1ed with date and origin.

CLAINE SHERN AN

viic, Philadeivhia
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DEL MINISTERIOD DE JUSTICIA.

0 ROTARIO SEXTO 0L AL DE SANTAFE -
E 80GOTA, HAGO CONSTAR QUE ESTA COPIA £G-

TOSTANICA CCINCIDE CON EL- ORIGINAL QUE HE
TENIDO A LA VISTA

JUAN /s
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF STATE

1-C NO 26068
OFFICE OF THE SECRETARY OF THE COMMONWEALTH

Harrisburg,
Pennsylvan a, ss

april 23,
1,

1987

JAMES J. HAGGERTY

wealth of Pennsylvania. custodian of the Great Seai of Pennsylvania and of the records
showing the appointment of Notaries Public within said State.

DO HEREBY CERTIFY, That

, Secretary of the Common-

ELAINE SHERMAN-—----==-===-========= “=-
whose official attestation eppears upon the annexed instrument, was. at the time of sign-
U. S. A, residing in the

ing the same, an acting NOTARY PUBLIC in and for the Commonwealth of Pennsylvania,

CITY OF PHILADELPHIA,

PHILADELPHIA COUNTY

duly appointed, commissioned and qualified, and, s such officer had power within said
Commonwealth, to administer oaths and affirmaticns, to make declarations and protests,
take depositions aud affidavits, take and receive the acknowledgment or proof of all deeds,
conveyances, mortgages and other instruments of writing, touching or coucerning any lands,
tenements or hereditaments situate, lying or being in any part of said State, receive the proof
or acknowledgment of all instruments of writing relating to commerce or navigation, letters

of attorney. and such other writings as have been usually proved or acknowledged hefore

notaries within said Commonwealth, etc.. according to law, in all matters belonging or inci-
dent to the exercise of the notarial office, and accordingly FULL FAITH AND CREDIT
are due and ought to be given to the ofbcial acts of eaid notary: That I verily believe the
seal and the signature attesting the same are genuine.

F10 HOTARIG SE¥TO DEL SIRC
£ BOGOTA, HAGC COHSTAR QUE £5-
QS1ATICA COINCIDE CON EL ORIGINAL

3
3 °
N c
™ O a
\ €, e
. 13%3% .9
J = =R
mLEA T
- pLAD 22324 %
o -:- 'E \’" P
O
CezOF
IN TESTIMONY WHEREOF, I have AP
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© F S
hereunto set my hand and caused the AR
% 22 \O,
Great Seal of the State to be affixed, EA -~
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TRADUCCION OFICIAL No, 107/87 de un documento escrito en
Inglés, el cual para su identificacién se sella con el se-

llo del traductor lo mismo que la presente. =-----=---------

Autenticaciones que se hallan a continuacién de un documento

de Representacién y Poder otorgado por la sociedad ROHM AND

3

HAAS COMPANY a los doctores GERMAN CAVELIER, GONZALO PERDOMO,

ERNESTO CAVELIER y EMILIO FERRERO.

Dado y firmado el dfa 9 de abril de 1987, en Filadelfia, Pen-

silvania,
(firmado) (firma ilegible)
William E. Lambert III
Secretario Adjunto
Al dorso, escrito en Inglés y en Espafiol, Certificado Nota-

rial (Sociedad) referente a la firma de William E, Lambert

III, en representacién de la sociedad ROHM AND HAAS COMPANY.

Otorgado en la Ciudad de Filadelfia, Estado de Pehsilvania,
el dfa 9 de abril de 1987.
Notario PGblico (firmado) Elaine Sherman

b1

0

Hay un sello que dice: ELAINE SHERMANus HSEaria :Ra
£ DEBOSOTA, HAGO CopbR e
Filadelfia - Condado de Filadelfia - Mibasis

26 de mayo de 1988,

Hay un sello en relieve, ilegible,

Anexo hay un certificado que dice: ¥
ESTADO DE PENSILVANIA
DEPARTAMENTO DE ESTADO
1-C No. 26068
OFICINA DEL SECRETARIO DEL ESTADO
Harrisburg, Abril 23 de 1987
Pensilvania, ss:
Yo, JAMES J. HAGGERTY, Secretario del Estado de Pen-

silvania, custodio del Gran Sello de Pensilvania y de los

archivos que muestran el nombramiento de Notarios P@Gblicos

REIOLUL1ON iz, 219,
OF emiaieer L~



en dicho Estado, POR MEDIO DEL PRESENTE CERTIFICO, que
ELAINE SHERMAN, cuyo testimonio oficial aparece en el ins-
trumento adjunto, era, en el momento de firmarlo, NOTARIA
PUBLICA en ejercicio en el Estado de Pensilvania y para el
mismo, Estados Unidos de América, domiciliada en la Ciudad
de Filadelfia, Condado de Filadelfia, debidamente nombrada,

comisionada y habilitada, y, como tal funcionaria facultada

]H“Den dicho Estado para administrar juramentos y afirmaciones,

para hacer declaraciones y protestas, recibir declaraciones

y testimonios, recibir el reconocimiento o prueba de todas
las escrituras, traspasos, hipotecas y demé&s instrumentos
escritos, que conciernan o se relacionen con tierras, tenen-
cias o herencias situadas, localizadas o que se encuentren

en cualquier parte de dicho Estado, recibir la prueba o reco-
nocimiento de todos los instrumentos escritos que se relacio-
nen con comercio o navegacién, poderes, y otros escritos que

usualmente hayan sido probados o reconocidos ante notarios

en dicho Estado, etd., de conformldad GQQuLﬁ' Sy atiEedos
DE BNGCTA. HAGE SONSTAR DUEESTA COPIFD: q_

& CCNCIDE TONEL (RMINALGUE'HE
los asuntos que pertenezcan o concom1t£ ﬁ@gmp

de las notarfas, y de conformidad, ple
y deben darse a los actos oficiales d
verdaderamente creo que el sello y laﬁﬁmmeMQMQMﬁ@ﬁ@ﬁﬁfggn
el documento son auténticos.

EN TESTIMONIO DE LO CUAL, he firmado el presente y
he hecho poner el Gran Sello del Estado, el dfa y afio escri-
tos anteriormente.

(firmado) James J. Haggerty

Secretario del Estado

Adherido hay un sello en relieve (oblea dorada), que dice:

SELLO DEL ESTADO DE PENSILVANIA.

ETE oFrCiaL

e -

KRs SQ..J~.\J 4 Pa. 9L, ARRL 17, 1969
QzZL raiNis TERIO D& JUSTICIA.



En espafiol, legalizaciones de la firma que antecede, hasta

por el Ministerio de Relaciones Ef}eriores de la Reptblica
de Colombia, bajo el NGmero 82260, de fecha 14 de mayo de
1987,

EE APt i i IF Ry
VLU

WA un valor de Veinte pesos ($20.00).

Bogota, Mayo 19 de 1987.
AG/c.

IRASDUCCISN CRICing No.

ES TRADUCCION FIEL Y COMPLETA del documento en referencia,

ALOTS GROGT
{NTESPRETE COFITIAL
RESOLUGION Me. 2155, ArR:L 17, 1368

DEL MINISTECRIO DE JUSTICIA.

€20 NOTARIO SEXTO DE BCGOTA
H1GO CONSTAR Qque LA FIRMA

QJE AUTORIZA ESTE DOCUMENTO
vORl B2 /¢
¥ Blee Fuwo¥ .
\,uil ) % — ({'l
St p 1 -
e .S§;j§f: ‘
:2 = - ‘:“3 ES AUTENTY
%é > s B "GOTA, D/E
Z o 8w
L =
=74

L LEUS NG TARID SEXT N A
s DE SOGTA. rAGC COHSTAR OUE ESTA COPIAF
{ TOSTATICA COINCIDE TN EL QJJSMNAL GUEH

NGTARIO



. o ABOGADOS
EDIFICIO SiSK!
WEB SITE: wwuw.cavelier-abogados.com CARRERA 4 No.72-35 " TELEFONO: (57)(11347-3611
E-MAIL: cavelier@colomsat.net.co BOCOTA 8, COLOMBIA TELEFAX: (57)(1)217-9211 (57)(1) 310-4995

Seflor Jefe de la

DIVISION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio
E. S. . D.

Poderdante: RCHM AND HAAS CCMPANY

Poder conferido el: 09-04-87

Yo, GERMAN‘CAVELIER, obrando en mi calidad de apoderado
principal del boderdante arriba mencionado, atentamente
manifiesto a Usted que sustituyo el poder que me ha sido
conferido en la persona del doctor EMILIO FERRERO, Abogado con
Tarjeta Profesionél No. 31.929, con todas las facultades que me

fueron conferidas.

Hago la anterior sustitucién conforme al articulo 66 del
Cédigo de Procedimiento Civil ya que los otros sustitutos

faltan en este momento.

Sefior Jefe,

B CL

GERMAN CAVELIER
. T.P.A. No. 832
‘ ' C.C. No. 2.877.924 de Bogotéa

Acepto:

S ol

EMILIO FERRERO
T.P.A. N° 31.929
C.C. No. 438.019 de Usaquén

2e-780-2

N 1T 860.041.367-3

26
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RECONOCIMIENTO Y FRESENTACION PLEIUNAL
Santafd de Bogets D. C. T\
Arie M JUAN MAN! '

L —
quien{gs) exZ/sié(ercn) lajs) C, Cﬂ _&Q@?@\
CLSSTiT = __
— -~ . )
f~ia(s) Ubreta(s) Militar(es): /&U - T
: S o el
= \

1omiatofs) en Bujols, v geviariiarsn) que la(s) fimas) que \
Ve £ p T (entd son) ls) Sepegsy ¢ ot
oAl JORESRETIORS 2

Ty el am e g e 5
TONTIRNR se Dtina eLie ciiigencia, 6 : B Rk
. »CO,:MG"\ HAGU@Q){STAR‘.QU;
265000T M N E:
A

TogTEcs 0! -
TEMDOSHS




late_block

ind_late_ block_PVC
block_tot
Vs ract_bin PVC
w
tot_wt tot_vol tot_dry pig_dry ry_wi
vol _vol _binder
mat
_vol
mat_dry mat_wel
- _vol
mat_formula mat_ mar_wi_ mac_supl_ | | mat_dry_ ind_late
» name solids density density Lblock

Propicdades de 1a base de datos

Fig. 1




PA 359055

e TR

N (I||IMI(_!IEIEE-HIul:l_ﬂlﬂl_(iI|||.h'l::IIIlllXIIIllIllI|l!'|!II|IIIII|I||l|llll“llil|l|lmlll[

. 410y e A e T e e mar

TQ ALL, TQ) WHOMTHESE; PRESENTS) SHAYT, COME:y

"UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

5> February 01, 2001

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

ST B S

e
S

AT

fo A X T

APPLICATION NUMBER: 60/206,619
FILING DATE: May 24, 2000
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By Authority of the
5 COMMISSIONER OF PATENTS AND TRADEMARKS
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Please a plus sign (+) inside thes box + PTO/SB/186 (2-98)
ype @ plus egn () - Approved for use through 01/31/2001. OMB 0651-0037 +
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coltection of inf tion unless i displays a
valid OMB control number.

PROVISIONAL APPLICATION FOR PATENT COVER SHEET

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 (c).

INVENTOR(S
Residence
Given Name (first and middle (if any]} Family Name or Surname (City and esther State or Foreign Country)
DR. JOBN W. HOOK, Warminster, PA 18974
DR. DANIEL PIETRI 83600 Les Adrets de I'Esterel, FRANCE

D Additional inventors are being named on the ____ separately numbered sheets attached hereto

JITLE OF THE INVENTION (280 characters max}
COMPUTER BASED PRODUCT FORMULATION

e R EEE—

Direct all comespondence to: CORRESPONDENCE ADDRESS
D Customer Number —l*’ Z‘asraéof;fmz I?le‘;em

OR . Type Customer Number here

m::‘w‘;;al Name | Clifford Chance Rogers & Wells
Address Attn: James V. Mahon
Address 200 Park Avenue

City New York State NY zp | 10166-0153
Country USA Telephone | 212-878-8073 |Fax {212-878-8375
ENCLOSED APPLICATION PARTS (check all that apply)
Specification Number of Pages 27 D Small Entity Statement

Drawing(s) Number of Sheets D Other (specify) I

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT {check 006)1

1T FILING FEE
D A check or money order Is enclosed to cover the filing fees AMOUNT ($
The Commissioner is hereby authorized to charge filing
fees or credit any overpayment to Deposit Account NumbenL50.0521 l 150.00

The invention was made by an agency of the United States Government or under a contract with an agency of the
United States Governmant.
X wo.

a Yes, the name of the U.S. Government agency and the Government number are

Respectfully

submz. V m Date
SIGNATURE .

JAMES V. MAHON REGISTRATION NO. | 41,966 7
PRINTED NAME (if appropriate)
212-878-8073 Docket Number: I6258-5 . I

LEPHONE

SE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT

This collection of information is magrred by 37 CFR 1.51. The information is used t;y the public to fle (and by the PTO to
frocess a pravisional application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection s estimated
o take 8 hours to complete, including gathering, preparing, and submitting the complete provisional application to the PTO.
Time will vary depending upon the individual case. Any comments on the amount of !im&a'w require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chiet Information cer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, Washington, D.C., 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Box Provisional Application, Assistant Commissioner for Patents, Washington, D.C., 20231
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"EXPRESS MAIL" Mailing Label Number EL478172295US
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Attorney Docket 006258/00005
COMPUTER-BASED PRODUCT FORMULATION

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of
the invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF THE FIGURES
Figs. 1 and 2 are formulation knowledge representation.
DETAILED DESCRIPTION OF THE INVENTION

A formulation engine can help to formulate a new chemical composition (a “target
composition”). This is done through the processing of static knowledge (SK) and the
determination and processing of dynamic knowledge (DK). In general, static knowledge
encompasses the known, pre-determined, or use-specified values that are received by the
formulation engine, while dynamic knowledge encompasses values determined, and inferences
drawn, through processing by the formulation engine. Thus, dynamic knowledge is an explicit
or implicit function of static knowledge and/or of other types of dynamic knowledge. Static
knowledge can include, e.g., data about the intrinsic properties of various chemical
compositions (e.g., mass, volume), manufacturing facilities (e.g., capacity), and manufacturing
processes (e.g., temperature). Static knowledge may be represented in a database or received
through user inputs. Dynamic knowledge includes similar types of information which may be
undetermined prior to computation by the formulation engine. Dynamic knowledge can also
include intermediate properties required for a computation. For example, if a specific
processing temperature is specified by the user, then that temperature may be considered static
knowledge. However, if the user indicates a range of possible values which constrains that
processing temperature, then temperature is part of the dynamic knowledge, values of which
may vary within the specified range during a computation. Classification of a particular
variable as SK or DK is determined by the context of not only the knowledge domain, but also
the specific user request.

The formulation engine can help to determine a formulation of a target composition.
This determination is based on desired properties (“output constraints”) of that target

composition and based on specified properties of the constituent ingredients and the
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manufacturing processes used to produce the target composition (“input constraints™). The
formulation engine can process the input constraints, static knowledge, and dynamic
knowledge to determine a target formulation composition satisfying the output constraints.
For example, in a paint formulation implementation, discussed below, the formulation engine
can select from among a set of specified constituent ingredients, and determine amounts for
those ingredients, to produce a paint having a block resistance property within a particular
range.

The formulation engine determines a target composition using pre-determined and/or
dynamically determined associations between static and dynamic knowledge. These
associations between SK and DK are referred to as a formulation knowledge web (FKW). In
general, processing using this formulation knowledge web involves (1) building the
formulation knowledge web (FKW) between SK and DK, and then (2) using the formulation
knowledge web (FKW) to solve a formulation problem. Building the formulation knowledge
web may include both manual processes (i.e., programming steps by a programmer) and
automated steps. In the example described herein, the manually determined relations are
specified in the PROLOG IV language, and the automated determination and building of
relations can be accomplished using inference-determining functions of the PROGLOG IV
programming language.

The relationships between the SK and DK may be represented in a directional or a

non-directional manner for processing by the formulation engine. If we have a dynamic

knowledge set DK of N variables, ( DK, for n=1to N), and a static knowledge set SK of M

variable (SK. for m= 1 to M), then the FKW can be represented as a series of functions:

DK, =AASKn) '

DK, = fADK,2)

To fully calculate formulation recommendations, the formulation engine also may use
the inverse functions:

SKn = /'(DKa)

DKz = f*(DKa1)

In a non-directional representation, such as the Prolog IV example below, these

inverse functions are implied explicitly by the direct functions. In a less sophisticated
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representation, such as one might do in another language, these inverse functions could be
built by the programmer or by the formulation engine.

The formulation knowledge web used in a particular implementation will differ
depending on the particular implementation. For example, an implementation directed to
formulating paint will have a different formulation knowledge web than an implementation
directed to producing agricultural chemicals. In the discussion that follows, a generally
applicable principal for building a formulation knowledge web is discussed, followed by
implementation-specific examples. This general principle can be directly applied to, or adapted
for, a variety of different problem domains.

The general principle of building a formiulation knowledge web involves allocating
variables to represent static and dynamic knowledge;-and establishing relations between those
variables. For example, a variable SK; can be created for each item of static knowledge.
Similarly, a variable DK; can be created for each item of dynamic knowledge. The variables
SK; and DK; may be allocated by a programmer using a PROLOG 1V declaration, or the
variables may be dynamically determined based on inferences drawn during PROLOG IV
processing. Each variable (DK;) may have associated constraints that define a domain of valid
settings of that variable. For example, the variable DK; may be constrained to have values
between 1 and 10. Relations between variables also may be defined by a set of constraints
(e.g. numerical, Boolean).

Once the FKW has been constructed, the Formulation Engine can use the FKW to
process the specific user request such as DK calculation (conchuding all possible values for
DK,) or DK optimization (concluding which value of DK, is needed to optimize DK,).

A simple example of relations between variables and the use of constraints is illustrated
by a calculation of Formulation Total Weight (TW). Formulation total weight is the weight of
a target composition and can be determined as a sum of the weights of the individual materials
in the target composition. Thus, for a target composition composed of a set of n materials,

TW can be calculated as follows:

TW=) MW.
1
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As a simple example, assume that TW can be formed from two individual materials
MW and MW,, and that the user has specified the following constraints: 1000<=TW<=1050;
MW, = 800; and 100<=MW,<=300. The formulation engine processes this information and
determine a formulation of MW, and MW, satisfying their constraints and the constraints on
TW. In this case, the formulation engine recognizes that, based on the input constraints, MW,
must have the fixed value of 800, and, to satisfy constraints on MW, and TW, MW, can have
a value between 200 and 250. Combining MW, and MW, according to these results will
produce a target composition with a weight of between 1000 and 1050.

A formulation engine can determine chemical product formulation information using a
database storing knowledge about characteristics of, and interrelationships between, various
raw materials, product applications, manufacturing processes, and chemical product
formulations. These characteristics and interrelationships may be implemented by
interconnecting different variables in a knowledge “web.” This “web” is referred to herein as a
formulation knowledge web.

The foregoing example illustrates the use of a formulation knowledge web for
selection of material quantity. Implementations may also use a formulation knowledge web to
select from among different materials or process options. For example, two different materials
X and Y, each with its own constraints and properties, may satisfy a constraint associated with
a target composition. A formulation knowledge web may be used to determine which of X
and Y will, in fact, satisfy constraints of the target composition. Thus, a formulation
knowledge web can represent knowledge about material selection, as well as quantitative
calculation (e.g. material quantity, property value).

Treating both material (or process) selection and quantitative calculation at the same
level of the algorithm is useful in building the FKW so that the formulation engine can
simultaneously consider both the selection and the quantity needed in the user request. This
can be done, for example, by expressing the material or process choice in numerical terms
such as its rank (r;) in the list of allowed choices. The selection then becomes a numerical

function of dynamic knowledge (DK) and the FKW then is fully numeric.
Problem Solving

NYB 1094021.1
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Determining formulation properties using the formulation engine can include
calculating a resulting set of domains (i.e., intervals) for each of a set of factors (expressed as
variable) influencing the formulation property. These domains may be associated with
variables in an interface variable group (IVG). Example IVG variables can include material
names, material quantities, formulation property values, and formulation and manufacturing
process values.

In some implementations, calculating intervals can be performed by enumerating all
values of variables, and then calculating results for each enumeration (i.e., the result may be
determined using all permutations of permitted variable values). For example, if X and Y are
integer variables used to calculate Z, and 1 <= X <=2, and 1<=Y <=3, then calculating the
interval of Z requires calculating Z for six different (X,Y) combinations (1,1), (1,2), (1,3),
(2,1), (2,2), and (2,3).

A more complex challenge is presented by solving the total weight example above.
While enumeration of the entire range would be possible, it is better to initially use a numeric
solver which takes advantage of interval arithmetic and fixed point algorithm. In such a case,
a numerical solver could make the following deductions:

* MW, is fixed at 800 by the initial constraint.

* MW is in the range {100, 300] inclusive by the initial constraint.

* From the addition definition of TW, TW is bounded b;l the minimum value of 900

and the upper bound of 1100 ,

o From the initial constraint on TW we know TW is bounded by 1000 and 1050.

* Based on the two TW bounds in the previous two bullets, the largest minimum
bound on TW is 1000, the smallest maximum bound is 1050,

e MW, is bound by the TW definition, the fact that MW, is fixed at 800, the
previous conclusion that TW is in the range [1000, 1050] inclusive. So MW?2 is
bounded by the {200, 250] inclusive.

* No further reductions of the variable ranges are possible so the solver stops.

In this example the solver has correctly concluded the range on MW,. However, in

the general case, numerical solvers may not be able to conclude the actual minimum ranges, so

the solver may be combined with an enumeration algorithm which explores the reduced
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constraint set from the solver. This may be accomplished using a classical interval partitioning
algorithm. This combination of range calculation and numeric enumeration then achieves the
final reduction of the ranges more efficiently than enumeration alone, since it does not have to
search the entire initial constraintl space, and more reliably than interval arithmetic alone.
Again, it is clear that treating material or process selections as numeric variables DK in the
FKW places the selection of a specific material or process element at the same level as the
numeric constraints.

Modern programming Janguages supporting constraint logic programming and interval
arithmetic, such as the Prolog IV language, can automate such interval calculations. In the
disclosure that follows, a Prolog I'V-based formulation eligine is described herein.
Implementations may use other programming languages. ~
Dynamic Knowledge (DK) optimization

The formulation engine can perform dynamic knowledge optimization to find a value
of a numerical variable (V;) that optimizes a particular formulation characteristic. An optimum
value of a variable V; is affected by the variable’s direct and indirect relationships to other
variables (this corresponds to direct and direct relationships between DK elements).
Implementations can use one or more optimization algorithms to find an optimum value for a
variable. In general, an optimization algorithm that can provide a true optimal value is
desirable (preferably, the selected algorithm should provide true optimization even in the
presence of local optimums). The formulation engine can provide for optimization of a
variable and can identify a current domain of the other variables needed to obtain this
optimization.

The Branch and Bound Algorithm is a well known example of such an optimization
algorithm which can find a true optimal value even in the presence of local optimums. The
enumeration algorithm defines a search tree and uses the Branch and Bound strategy to find
the optimum for this iteration. That optimum (O,) becomes a boundary for the next iteration,
so the algorithm adds a new constraint stating that O,., > O,. The iteration continues until the
tree is completed.

Paint Formulation Implementation:
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The operation of a formulation engine adapted for formulating paint products will now
be detailed. In this example, the formulation engine is used to select a paint binder that can
give good late block resistance to a paint while maintaining volume (V), volume solids (VS)
and pigment volume content (PVC) within desired target ranges. The paint product
formulation engine determines the paint binder using a database of raw material characteristics
(each of which may be expressed by a different field in a database record), and a formulation
knowledge web expressing knowledge of the different factors that affect the late block
resistance.

Fig. 1 shows an example formulation knowledge web that captures paint formulation
knowledge. Program source code and database values for an implementation of this

formulation knowledge web are shown in Table 1.

Table 1: Prolog IV Program Code

/* Database of Materials */

material{l, 'Water', '‘Water', [0,1,1,0]).
material (2, 'Propylene Glycol', 'Solvent', [0,1.036,1.039,0])).
material (3, 'Skane M-8', 'Biocide', [0.45,1.032,1.0345,0]).
material (4, 'Tamol 731', 'Dispersant', {0.25,1.104,1.605,0]).
material (5, 'Triton CF-10', 'Surfactant',[1,1.05,1.05,0]).
material (6, 'Ti-Pure R-700','Ti02',(1,4,4,0])).

material (7, 'ASP-170', ‘Extender’', (1,2.58,2.58,0]).
material (8, '"Rhoplex HG-74D', 'Binder’, (0.42,1.032,1.0715,7]).

material (9, 'Rhoplex HG-95P', 'Binder', [0.465,1.0608,1.1429,9]).

material (10, '"Rhoplex Multilobe

200', 'Binder’', [0.535,1.0648,1.1215,21}.

material (11, 'Texanol', 'Coalescent', [0,0.95,0.95,0]).
material (12, 'Acrysol RM-

2020', 'Thickener', (0.2,1.0426,1.2568,0]) .

/* End of Database of Materials */

/* Relationships */

mat name (V) :-
material(_,V, , ).

mat _class{V):-
material( , ,V,_}.

mat wt_solids(V,(V,_, , 1).

mat_supplied_density(V,[_,V,_,_]).

NYB 1094021.1



mat_dry_density(v,[_,_,V,_]).

mat_late block(Vv,( , , ,VI).

/* Builds Quantity Relations for each material */

build material quantity({]).
build _material quantlty([[D,[Formula Wt,Wet_Vol,Dry Wt, Dry Vol
10 Q)] IData _Quant_List]) :-
% Gets data
mat_supplied_density (D, Supp Dens),
nat_dry_ den51ty(D Dry Dens),
mat wt sollds(D Wt _Sol),
15 % Sets Interval Solver Relationships
- Wet Vol = Formula Wt./.Supp Dens,
Dry Wt = Formula Wt *.Wt_Sol,
~ Dry_Vol = Dry Wt. T/ Dry_ Dens,
_ build material quantlty(Data Quant List).
20

S

/* Builds Total Weight Relation */

.

tot wt([],0).

25 tot_wt([[D,Q) |Data _Quant List],V):~
mat formula wt([D Ql, FW),
V=FW+V1,
tot wt (Data _Quant List, Vl)

e R

TS
Lo

. 6

/* Bullds Total Volume Relation */

iirw o

tot_vol([],0).
,3 tot_vol ({[D,Q])|Data_Quant_ List],V):-
35 mat_wet_vol((D,Q],wWV),
V = WV.+.V1,
tot_vol (Data_Quant List,Vl1).

w arts

}w /* Builds Total Dry Volume Relation */

tot_dry vol(([},0).
tot_dry vol([([D,Q)|Data_Quant List],V):-
mat dry vol ([D,Q],DV),
45 V = DV.+.V1,
tot_dry_vol (Data_Quant List,V1).

/* Builds Pigment Dry Volume Relation */

NYB 1094021.1
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pig_dry vol (Pigment Data_Quant List,V):
tot_dry vol(Plgment Data Quant List, V)

/* Builds Total Dry Weight Relation */

tot _dry wt((],0).

tot_dry wt([[D,Q] IPata Quant List],V):-
mat dry wt([D,Q],MDW),
V = MDW.+.V1,
tot_dry wt(Data Quant List,Vl).

/* Builds Dry Weight Binder Relation */
dry wt_binder {Binder Data _Quant_List, V)
tot_dry wt(Blnder Data_Quant _ “List, V).
/* Builds Quantity Relations for Binders */
build_fract_bind wt_quantity([], ).
build fract blnd wt_quantity ([ (D, [, _+Dry Wt, ,Fract Bind Wti|Q
111 Binder Data’ “Quant_List],DWB) :-
Fract_Bind Wt = Dry Wt./.DWB,
bUlld fract _bind wt_quantity(Binder Data _Quant List,DWB).
/* Builds Volume Solids Relation */
s(Formulation_Data Quant List,V) :-
tot_dry vol(Formulatlon Data Quant List,TDV),
tot_vol (Formulation_ Data Quant List,TV),
V = TDVA./.TV.
/* Builds Pigment Volume Content Relation */
pvc(Pigment Data _Quant_ List,Formulation Data _Quant_List,V) :-
pig dry vol(Plgment Data Quant_ List, PDV),
tot_dry vol(Formulatlon Data Quant List,TDV},
V = PDV./.TDV.
/* Builds block PVC Relation */

block pvc(Pigment Data _Quant_List, Formulation Data _Quant_List,
vy :-

pvc(Pigment_Data_Quant_List,Formulation_Data_Quant_List,PVC),

NYB 1094021.1
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V = if(bco(PVC,0,0.3),0,if (bco(PVC,0.3,0.4), (PVC.-
.0.3).%.10,1)) .

/* Builds Binder Late Block Relation */

bind late block _tot((],0)
blnd late block _tot([([D, Q]IBlnder Data_Quant_ List],V):
mat late block(D LB),
fract bind | wt ([D,Q}, FBW),
V =(LB.* FBW) .+. V1,
blnd_late_block_tot(Binder_Data_Quant_List,Vl).

/* Builds Late Block Relation */

late block(Blnder Data_ Quant_ List,

Plgment Data Quant Llst Formulation _Dbata Quant List,V)

blnd late block _tot (Binder Data Quant “List,BLBT) ’

block _PVC(Pigment Data _Quant_List, Formulation _Data_OQuant_List,

BPVC),

V = BLBT.+.BPVC.*. (10.-.BLBT).

The formulation engine can access a database of raw materials to determine inherent

characteristics of the raw materials as well as uses for those materials. For example, the

program code of Table 1 includes a database of twelve raw materials. This database includes

the name, classification, solid fraction, supplied density, dry density and late block resistance

characteristics of each material. The following table, more fully explained below, shows the

content of this example material database:

Table 2
Mat_name Mat_Class. | mat_wt_solids | mat_suppli | mat_dry bind_la
ed_density | _density | te_bloc
k
Water Water 0 1 1
Propylene Glycol | Solvent 0 1.036 1.039
Skane M-8 Biocide 045 1.032 1.0345
Tamol 731 Dispersant | 0.25 1.104 1.605
Triton CF-10 Surfactant | 1 ' 1.05 1.05
Ti-Pure R-700 Tio2- |1 4 4
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Mat_name Mat_Class. | mat_wt_solids | mat_suppli | mat_dry | bind_la

ed_density | _density | te_bloc

k

ASP-170 Extender 1 2.58 2.58
Rhoplex HG-74D | Binder 0.42 1.032 1.0715 |7
Rhoplex HG-95P | Binder 0.465 1.0608 1.1429 9
Rhoplex Multilobe | Binder 0.535 1.0648 1.1215 |2
200
Texanol Coalescent |0 0.95 0.95
Acrysol RM-2020 | Thickener | 0.2 1.0426 1.2569

~ The Table 1 source code also includes a set of six functions to access information from
the materials database. These functions are shown in pseudo-code form and further explained
as follows:

Functions to Access Materials Database:

mat_name(i): Accesses a unique name associated with a material,
mat_class(i): Accesses classification information about the material. The classification
information may identify uses of the material. In Table 1, material
classifications include “Water”, “Solvent” Binder”, etc.
mat_wt_solids(i): Returns the weight fraction of material (i) which is solid
mat_supplied_density(i): Returns the density (kg/li) of a material in it’s supplied form
(liquid or solid)
mat_dry_density(i): Returns the density (kg/liter) of the dry solids of the material in a
paint film.
bind_late_block(i): Returns the late block resistance of an 18 PVC gloss paint
formulation based on binder (1)
In this example, a basic unit of each material is weight. For a particular formulation of
materials, the total material formulation is the material formulation weight expressed as:
mat_formula_wt(i) is the weight of the material (i) in the formulation. ‘
The formulation engine processes a formulation knowledge web that interrelates the

materials as well as knowledge about target product formulation and manufacturing
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processes. In the example herein, the formulation knowledge web includes a representation of
the following formulation knowledge:
The dry weight of a specific material is:
mat_dry_wt(i) = mat_formula_wt(i) * mat_wt_solids(i)
The volume contribution of a specific material(i) in the wet paint is:
mat_wet_vol(1) = mat_formula_wt(i) / mat_supplied_density(i)
The volume contribution of a specific material (i) in the dry paint is:
mat_dry vol(i) = mat_dry wt(i) / mat_dry density(i)
The total weight of the paint is the sum of the individual material weights:
tOt_ Wt = il materials Mat_formula_wt(i)
The total volume of the paint is the sum of the individual material wet volumes:
tot_vol = Xt matecials mat_wet_vol(i)
The total dry volume of the paint is the sum of the individual dry volumes:
tot_dry_vol = Xy matenats mat_dry_vol(i)
The dry volume of pigment in the paint is a similar sum, applied only to the pigments:
pig_dry_vol = 3 icmens mat_dry_vol(i)
The dry weight of the binder in the paint is:
dry_wt_binder = X,y bmers mat_dry_wt(i)
The binder fraction of a specific binder (i) is:
fract_bind_wt(i) = mat_dry_wt(i)/ dry_wt_binder
The Volume Solids of the formulation (VS) is:
VS =tot_dry_volitot_vol
The Pigment Volume Content of the formulation (PVC) is:
PVC = pig_dry_vol/itot_dry vol.
In some cases, a material’s effect on the characteristics of a formulation may be represented
by a series of different formulas, the particular formula to be applied depending on the
concentration of the material in the formulation. For example, the association between PVC
and block resistance can depend on the concentration of PVC and may be expressed by the
following set of relationships:

tot_ PVC_add block_ PVC

NYB 1094021.1
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PVC <30% 0
30% <PVC <40% | (tot_PVC-03)* 10
PVC > 40% 1

The binder contribution to block resistance is:

bind_late_block_tot = ¥;_pinses ( bind_late_block(i) * fract_bind_wt(i) )
The target property, Late Block, is:

late_block = bind_late_block_tot + block_PVC * (10 - bind_late_block_tot).

The formulation engine may determine formula characteristics, and may help to
determine a modified formulation based on a product formulation script. The product
formulation script can outline a recipe (i.e., a list of materials or ingredients) that can be used

‘to formulate a product, constraints on particular ingredients in the recipe, options for selection

n -1::.
o

o Ry R

R

—ﬁ::

10

-’Mm

Table 3: Starting Point Formulation

Material Weight
Water 5.00
Propylene Glyco! | 40.00
Skane M-8 2.00
Tamol 731 8.00
Triton CF-10 8.00
Ti-Pure R-700 200.00
ASP-170 0.00
Water 20.00

Rhoplex HG-74D | 529.00

Texanol

30.00

Acrysol RM-2020 | 40.00

Water

121.00

from among materials, and constraints on the output product that is produced. An example list

of ingredients can include the following ingredients in a basic paint formulation recipe:

NYB 1094021.1
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The expected properties of this starting point formulation can be calculated by the
formulation engine using the formulation knowledge web of Fig. 1 (as expressed by the

program code of Table 1). These starting point properties are as follows:

Property Value
Total Weight (kg) 1003.00
Total Volume (1) 833.95
Volume Solids (%) 32.79
PVC (%) 18.28
Late Block (O to 10) | 7.00
5 A user may wish to determine a new paint formulation by modifying the starting point

formulation based on a set of user-specified constraints. The product formulation script can

"
A\

identify user-specified constraints such as these material choice and material level constraints.
A material choice constraint specify groups of materials that are, to some degree,
interchangeable. However, specific choices within a group may have different properties. The
10 formulation engine can determine the specific members of a group that should be selected to
satisfy user-specified formulation constraints. Material classification information in the raw
materials database can be used to determine suitable materials for inclusion within a group. As
an example, the database of Table 2 identifies three different binders. In modifying the starting
point formulation of Table 3, a user can specify that the binder (“Rhoplex HG-74D” in Table
15 3) may be altered by the formulation engine and may be one of the three binders(i) Rhoplex
HG-74D, (ii) Rhoplex HG-95P or (iii) Rhoplex Multilobe 200. The user may also specify

material Jevel constraints; (e.g., “the weight of the binder is to be between 400 and 600 kg

N ) inclusive). For our example, the following additional constraints are specified:
Water Level Constraint:
20 Let the weight of the last water in the formulation be between 0 and 300 kg inclusive.
Other Materials:

Let all other material choices and levels in the starting point be fixed to their initial

values given in the formulation of Table 3.
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In addition to specifying constraints on the input materials, the user can specify target
constraints for the formulated (output) product. In our example, these constraints are as
follows:

Let the Total Weight be any value (unconstrained);

5 Let the Total Volume be between 833 and 835 inclusive;

Let the Volume Solids be between 32.5% and 33.0% inclusive;

Let the PVC be less than or equal to 18.5%; and

Let the Late Block be greater than or equal to 7.0.

From our starting point formulation constraints, the formulation system, using the program
10 knowledge in Table 1, can conclude that the following two solution spaces satisfy the user-
specified input and target product constraints:
Solution #1:
Solution #1 is a formulation in which the formulation engine has selected Rhoplex HG-74D as

the binder. The resultant formulation “space” is as follows:

Material Min Max Weight
Weight

Water 5.00 5.00
Propylene Glycol 40.00 40.00
Skane M-8 2.00 2.00
Tamol 731 8.00 8.00
Triton CF-10 8.00 8.00

" | Ti-Pure R-700 200.00 200.00
ASP-170 0.00 0.00
Water ' 20.00 20.00
Rhoplex HG-74D 522.04 534.35
Texanol 30.00 30.00
Acrysol RM-2020 40.00 40.00
Water 114.86 128.79

15 The specific properties of a paint produced according to solution #1 will depend on the

specific material levels selected and will have the following ranges:
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Property Min Value | Max Value
Total Weight (kg) 989.90 1016.14
Total Volume (1) 833.00 835.00
Volume Solids (%) 32.50 33.00
PVC (%) 18.15 18.47
Late Block (0to 10) | 7.00 7.00

77

Solution #2 is a formulation in which the formulation engine has selected Rhoplex HG-

95P as the binder. The resultant formulation space is as follows:

-

Material Min Weight | Max Weight
Water 5.00 5.00
Propylene Glycol | 40.00 40.00
Skane M-8 2.00 2.00
Tamol 731 8.00 8.00
Triton CF-10 8.00 8.00
Ti-Pure R-700 200.00 200.00
ASP-170 0.00 0.00
Water 20.00 20.00
Rhoplex HG-95P | 502.94 514.80
Texanol 30.00 30.00
Acrysol RM-2020 | 40.00 40.00
Water 147.35 160.53

The specific properties of a paint produced according to solution #2 will depend on the

)' s specific material levels selected and will have the following ranges:

Property Min Value Max Value
Total Weight (kg) 1003.29 1028.33
Total Volume (1) 833.00 835.00
Yolume Solids (%) | 32.50 33.00

PVC (%) 18.15 18.47

Late Block (0 to 10) | 9.00 9.00

NYB 1094021.1
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Rejected Choices
The formulation engine also determines that binder Rhoplex Multilobe 200 cannot

satisfy the specified constraint. Therefore, the formulation engine rejects Rhoplex Multilobe
200 as a binder. In the case of Rhoplex Multilobe 200, the formulation knowledge web can
determine that, for the specified constraints:

bind_late_block = 2

fract_bind_wt =1

block PVC =0

This results in the conclusion that bind_late_block_tot = 2 and that late_block = 2. This is not

a valid result due to the specified constraint requiring the late_block to be at least 7.~

Consequently, Rhoplex Multilobe 200 is rejected by the formulation engine. ~

As seen from the above-example, using the user-specified constraints, formulations
meeting those constraints can be determined. However, characteristics of the determined
formulation solutions may not span the entire space permitted by a constraint. For example,

although the initial constraints indicated that between 400 and 600 kg of binder may be

included, if this range was, in fact, used in the solution formulations, other constraints may be

violated. To provide further formulation guidance, the formulation engine can provide revised

input level constraints to ensure that a formulation solution does, in fact, meet desired

constraints. In this example, the formulation engine can make the following determinations:

* The Binder should be either Rhoplex HG-74D or Rhoplex HG-95P.

* The binder weight should be between 522.04 and 534.16 kg when using Rhoplex HG-
74D and 502.94 to 514.61 kg when using Rhoplex HG-95P

e The water weight should be between 116.01 and 127.48 when using Rhoplex HG-74D
and 148.50 and 159.26 when using Rhoplex HG-95P.

¢ The Total Weight will be between 1001.49 and 1016.22

* The Volume will be between 833 and 835 (same as input constraint)

* The Volume Solids will be 32.50 and 32.97

* The PVC will be between 18.21% and 18.46% (tighter than input)

* The Late Block Resistance will be between 7 and 9 (tighter than input)
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If a user subsequently constrains the Late Block Resistance further to be above 8, the
formulation engine will conclude that the correct binder will be Rhoplex HG-9SP and
characteristics of the resultant product will have the numeric constraints expressed above.
Thus, the formulation engine can be used to determine appropriate materials and material
levels to meet both input and target property constraints. Depending on the complexity of
problems to be solved, implementations may use larger numbers of paint performance
properties and raw materials and levels.

The following code show essential details of PROLOG IV product formulation script
that specifies the basic paint formulation recipe of Table 3, as well as permitted constraints

and options for formulating a paint using that basic recipe.

ptm([sl—ll o]i

/* The following inputs enter a starting point formulation */
/* as well as permitted ranges for particular formulation */
/* and permitted selections */

/* The following 7 components have a fixed level */
[[1,'Grind',17,1,eq('Water'),5,5,1],

(2,'Grind', 18,1, eq('Propylene Glycol'),40,40,1],
(3,'Grind',7,1,eq('Skane M-8'),2,2,1],

[(4,'Grind', 4,1, eq('Tamol 731'),8,8,1],
[S,'Grind',15,1,eq('Triton CF-10'),8,8,1],
[6,'Grind’,16,1,eq('Ti~Pure R-700'),200,200,1],
[7,'LetDown',17,2,eq('Water'),20,20,1],

/* The following component allows a selection from *x/
/* a group of three materials */
[8,'LetDown',2,1,inlist(['Rhoplex HG-74D', 'Rhoplex HG-
95P', 'Rhoplex Multilobe 200']),400,600,1],

/* The following 2 components have fixed levels */
[9,'LetDown',3,l,eq(’Texanol'),30,30,1],

(10, 'LetDown', 14,0, eq('Acrysol RM-2020'),40,40,11,

/* the following component can vary in the range 0-300 */
[11,'LetDown’,17,3,eq('Water'),0,300,1]],

/* The following commands identify the output data */
/* being requested and output constraints */

/* Total volume range 833-835 */

[['Total Volume’,833,835,_,_],

/* Total Weight is unconstrained */

['Total Weight’,_,_,_,_],

/* Total PVC may be up to 18.5 % */

['Total PVC’,_,0.185,'Percent',_],

/* Volume solids can range from 32.5 - 33 percent */

['Volume Solids',0.325,0.33,'Percenf',ﬂ],

NYB 1094021.1
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/* Late block must be equal to, or greater than, 7 */
['Late Block',7, ,'10 Scale', ],
1, 01).

Implementations may include a graphical user interface front-end to generate the
preceding input and query code.

Millbase Implementation:

In addition to selection and determination of materials and material levels, a
formulation engine can be used to determine the manufacturing, application, and formulation
processes to be used fof a particular material. In the example that follows, an implementation
of the formulation engine is used to determine characteristics of a millbase for use in herbicide
preparation. ~ _

In the preparation of herbicides for use in agricultural applications one of the process
steps is the preparation of a millbase. A key property of the final millbase is the particle size
distribution, which largely determines other key properties of the final formulation such as
viscosity profile, stability, and suspensiblity. This distribution can be represented by the 50th
percentile size and the 90th percentile size. The SOth percentile size is the size for which 50%
of the particles are smaller. The 90th percentile size is the size for which 90% of the particles
are smaller) (these sizes are represented by the variables ps_50_final and ps__90’_ﬁnal,
respectively).

The final particle size of a millbase can be pre;licted from the power draw of the
specific mill used, the density of the beads in the mill, thie process method in which the mill is
used, the milling time, the initial particle size distribution, and a number of other equipment,
process, and material properties. A set of variables and equations representing this type of
knowledge is expressed for a single active ingredient millbase below:

Equipment Database

An equipment database identifies mill equipment and associated properties. The
equipment database may include the following data fields:

mill_type: unique name of the mill used to grind the millbase

milling_power_draw: maximum power drawn by this mill_type

bead_type: unique name of the type of beads used
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bead_density: density of the beads used

For this example, the equipment database is populated as follows:

- N
’
{

o o

)

Sl S D

i

0 i

EERE SR

sl

mill_type mill_ power_draw (Watts)
Dynomill KD-15 (15 L) 11,250
Dynomill KD-50 (49 L) 18,750
Netzsch LMC 20 (20 L) 7,500
Netzsch LMC 60 (S0L) | 18.750
bead_type bead_density (g/ml) -
Sand 25
Glass - unleaded 25
Flint Pebble 26
Glass - leaded 3.6
Zircon Oxide (YTZ) | 6.0
Tungsten Carbide 15.0

Process Database
A process database identifies particular milling processes and characteristics of those
processes. The process database may include the following data fields:
mill_operation_type: Unique name identifying a particular method of running a mill.
d90_to_d50_ratio: Expected ratio of the 90th percentile size to the 50th percentile size
for a particular method of running the mill.

For this example, the process database may be populated as follows:

mill_operation_type d90_to_d50_ratio
Continuous Recirculation | 4.00
One Discrete Pass 3.75
Two Discrete Passes 3.50
Three Discrete Passes 3.25
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Four or More Discrete 3.00
Passes

Material Database

A Material database includes characteristics of raw materials. The matenials database

may include the following data fields:

mat_name: unique name of the material in the formulation

mat_wt_solids : weight fraction of solids of the material

mat_dry_density: density of the material in the dry formulation
mat_supplied_density: density of the material in its supplied form
tech_surface_energy: surface energy of the technical active material in the millbase
ps_50_initial: particle size of the technical active material in the millbase

For this example, the materials database is populated as follows:

mat_name mat_wt | mat_dry | mat_suppli tech_surfa | ps_50_
_solids _density | ed . ce initial
(g/ml) density —energy (micron

(g/mi) @m2) |

Goal Tech 100% 1.45 1.45 0.04 15

Kelzan 100% 1.50 150

Proxel GX1. 25.3% 1.00 1.13

Water 0% 1.00 1.00

Properties of a prepared millbase may be determined, in part, based on a set of initial

properties associated with various manufacturing-related variables. These variables may

include the following:
material name mat_formula_wt mill_type bead_type
bead_size mill_operation_type milling_time bead_fill_fraction

NYB 1094021.1



10

20

-22 -

These variables can be used to calculate a set of intermediate properties of the

millbase. The intermediate properties, and the calculations to obtain these properties, can

include the following:

mat_dry_wt(i) = mat_formula_wt(i) * mat_wt_solids(i)

mat_dry_vol(i) =mat_dry wi(i) / mat_dry_density(i)

mat_wet_vol(1) = mat_formula_wt(i) / mat_supplied_density(i)

tot_dry_vol_millbase = St muciats e mithwse mat_dry vol(i)

tot_vol_millbase = 2, materiats in mittbase Mat_wet_vol(i)

tot_wt_millbase = X materials in mittbase Mat_formula_wt(i)

solids_factor_millbase = tot_dry_vol_millbase / fot_vol_millbase

bead_density factor = bead_density/2.5 N

milling_energy = milling_power_draw * milling_time

specific_milling_energy = milling_energy / tot_wt_milibase

milling_efficiency = solids_factor_millbase * bead_density factor * bead_fill_fraction
* bead size

area_to_diameter_factor_millbase = 0.006 * solids_factor_millbase / tot_wt_millbase

surface_area_increase = (milling_efficiency * specific_milling_energy) /
tech_surface_energy

surface_area_50_0_millbase = 1,000,000 * area_to_diameter_factor_millbase /
ps_50_initial

surface_area_50_final_millbase = surface_area_50_0_millbase + surface_area_increése

Final particle sizes can be calculated from the intermediate properties as follows:

ps_50_final = 1,000,000 * area_to_diameter_factor_millbase /
surface_area_50_final_millbase
ps_90_final = ps_S0_final * d90_to_d50 ratio

These relationships are shown in Fig. 2. Program code implementing this example

follows from the teachings of the program code of Table 1. In this example, knowledge about
material, process and equipment characteristics are interrelated. Material choice and level are
represented by material_name and mat_formula_wt Process choice and parameters are given

by mill_operation_type and and choices of milling time and bead_fill_fraction. Equipment
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choices and parameter are given by the mill_type and bead_type choices and the bead_size

parameter.

Use of the above-described formulation knowledge web and databases will now be

described. In the example that follows, a formulation knowledge web is used to determine

processes and equipment that can result in desired target particle sizes for ps_50_final and

PS_90_final.

Use of the millbase formulation knowledge web may begin with user-selection of a set

of initial constraints. For this example, the user-selected constraints include the following

material, target millbase, equipment choice, equipment parameter, process choice, and process

parameter constraints:

User-Specified Material Constraints:

material_name mat_formula_wt mat_formula_wt
min (kg) max (kg)

Goal Tech 49.95 49.95

Kelzan 0.05 00.05

Proxel GXL 0.05 00.05

Water 49.95 49.95

User-Specified Target Millbase Constraints:

Property minimum maximum
(microns) (microns)

ps_50_final 0.9 1.1

ps_90_final 35

User-Specified Equipment Choice Constraints:

Equipment Type Allowed Choices
mill_type Dynomill KD-15 (15 L)
bead_type Glass - unleaded

Glass - leaded

Zircon Oxide (YTZ)

NYB 1094021.1

SO



N

e RN

TR A
B Sy w
=}

-
¥

idhs e i Enils ™

,.\
@
N\

¢

5

10

24 -

User-Specified Equipment Parameter Constraint:

Property minimum (mm) maximum (mm)

bead size 1

1

User-Specified Process Choice Constraints

Process Type

Allowed Choices

mill_operation_type

Continuous Recirculation
One Discrete Pass

Two Discrete Passes
Three Discrete Passes

Four or More Discrete Passes

User-Specified Process Parameter Constraints:

Property minimum maximum
milling_time (minutes) 30 90
bead fill_fraction 0.8 0.8

Given these constraints, the databases and the relationships the formulation engine can

dynamically determine the processes needed to achieve the target particle sizes. Based on the

described formulas and constraints, the formulation engine may reach the following conclusion

with respect to mill operation type and operation time:

mill_operation_type conclusion:

mill_operation_type result
Continuous Recirculation | (No Solution)
One Discrete Pass (No Solution)

Two Discrete Passes

Can Meet Constraints

Three Discrete Passes

Can Meet Constraints

Four or More Discrete
Passes

Can Meet Constraints

milling_time conclusion (range available before fixing mill_operation_tpe)
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Property

minimum (minutes)

maximum (minutes)

milling_time 79

90

For a particular bead type, the range of milling time will be dependent on the mill

operation type. For example, if the bead type is counstrained to be Zircon Oxide (YTZ), the

range of available milling times will be as follows:

/o6

mill_operation_type milling_time milling_time
minimum maximum
selected
(minutes) (minutes)
Continuous Recirculation (No Solution) (No Solution)
One Discrete Pass (No Solution) (No Solution) -
Two Discrete Passes 88 90
Three Discrete Passes 81 90
Four or More Discrete Passes | 79 90

Thus, one process choice for meeting the user-specified target constraints is to use
Zircon Oxide (YTZ) beads in a mill that operates using three discrete passes for a milling time
of 88 minutes. This yields a ps_50_final of 1.00 microns and a ps_90_final of 3.24 microns.
Other choices within the solution space will also meet the user-specified const.raints.

The invention may be implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in combinations of them. Apparatus of the invention may be
implemented in a computer program product tangibly embodied in a machine-readable storage
device for execution by a programmable processor; and method steps of the invention may be
performed by a programmable processor executing a program of instructions to perform
functions of the invention by operating on input data and generating output. The invention
may advantageously be implemented in one or more computer programs that are executable
on a programmable system including at least one programmable processor coupled to receive
data and nstructions from, and to transmit data and instructions to, a data storage system, at
least one input device, and at least one output device. Each computer program may be
implemented in a high-level procedural or object-oriented programming language, or in

assembly or machine language if desired; and in any case, the language may be a compiled or
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interpreted language. Suitable processors include, by way of example, both general and
special purpose microprocessors. Generally, a processor will receive instructions and data
from a read-only memory and/or a random access memory. Storage devices suitable for
tangibly embodying computer program instructions and data include all forms of non-volatile
memory, including by way of example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM disks. Any of the foregoing may be
supplemented by, or incorporated in, specially-designed ASICs (application-specific integrated
circuits).

A number of embodiments of the present invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from the spirit
and scope of the invention. For example, other programming languages may be used to
implement a formulation knowledge engine. The formulation knowledge engine may be used
with a graphical user-based interface or a web-based interface. Material, process, and other
data items may be stored in an external database, such as structured query language (SQL) -
based database, a spreadsheet, or other data storage system and accessed by program code
implementing the formulation engine using standard application programming interfaces
(APIs).

The formulation invention described herein may be used to address formulation
problems in a variety of industries. Industries that may benefit from the invention include food
preparation, building, petroleum, cosmetics, electronics, plastics, material manufacturing, and
environmental industries. In the food preparation industry, a formulation engine can be
implemented to reformulate combining, cooking, and processing food ingredients as well as to
reformulate processes such as fermenting and blending of wine or beer. In the building
industry, processes used to produce building products, such as the compounding of cement,
sand, and other solid materials with water to produce mortar can be reformulated. In the
petroleum industry, chemical blends (e.g., processing and mixing basic oils and additives to
prepare motor oil may be reformulated). In the plastics industry, formulation of a molded
polymer from polymer beads and plastics additive materials (impact modifiers, pigments, etc).

In the environmental management industry, water treatment using resins, settling, and other

NYB 1094021.1
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processes can be reformulated. In general all of these examples involve formulation of one or
more materials or composite materials from one or more ingredient materials, along with
information on the process steps, conditions and equipment used in the preparation. In the
claims that follow, these ingredients and processes are referred to as formulation components.

Accordingly, other embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A computer implemented method of formulating a product, the method comprising:
receiving a product formulation script, the script comprising:
a component selection option, the selection option comprising a plurality of sets of
formulation components,
a formulation component constraint identifying a range associated with a
formulation component property, and
a target constraint; and
processing the product formulation script to determine a collection of formulation
components that can be used to produce a product, the product having a first property
in accordance with the target constraint, wherein the collection comprises the first
formulation component and processing the script comprises:
determining a first one of the sets of formulation components for inclusion in
the collection; and
determining a permitted range associated with the first formulation component
in the collection, the permitted range being compliant with the formulation

component constraint.

2. The method of claim 1 wherein processing the script comprises processing based on a
formulation knowledge web, the formulation knowledge web interrelating properties of

the formulation components to target properties.

3. The method of claim 2 wherein processing the script further comprises retrieving

formulation component properties from a database.
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4. The method of claim 3 wherein the formulation component properties retrieved from the

database comprise a property of a formulation component comprising a raw material and a

property of a formulation component comprising a manufacturing process.

5. The method of claim 1 wherein processing the script further comprises excluding at least

one of the other sets of formulation components from the collection.

Y

6. The method of claim 1 wherein the first formulation component-comprises a formulation

component in the first set.

7. The method of claim 1 wherein the first formulation component comprises a formulation

component not in the first set.

8. The method of claim 1 wherein the range identified by the formulation constraint

comprises the permitted range and an impermissible range and determining the permitted
range comprises determining a range of values enabling formulation of the product in

accordance with the target constraint.

9. The method of claim 1 wherein:

the target constraint comprises a range of values comprising attainable values of the first
property and unattainable values of the first property, and processing the script

comprises determining the attainable values and the unattainable values.

10. A computer implemented system of formulating a product, the System comprising:

NYB 1094021.1
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a processor coupled to a user input device;
a database coupled to the processor and comprising instructions to configure the
processor to:
receive a product formulation script, the script comprising:
a component selection option, the selection option comprising a
plurality of sets of formulation components,
a formulation component constraint identifying a range associated with
a formulation component property, and
a target constraint; and
process the product formulation script to determine a collection of formulation
components that can be used to produce a product, the product having a
first property in accordance with the target constraint, wherein the
collection comprises the first formulation component and the instructions
to process the script comprise instructions to:
determine a first one of the sets of formulation components for
inclusion in the collection; and
determine a permitted range associated with the first formulation
component in the collection, the permitted range being

compliant with the formulation component constraint.
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" Target Properties

4

\-

late_block

AN

bind_late_
block_tot

block_PVC

:

{

fract_bind

tot_wt tot_vol
_vol _ _binder
mat_dry
_vol
mat_dry mat_wet
_wt _vol
| \ \ I
mat_formula mat_ mat_ mat_wt_ | | mat_supl_| | mat_dry_ | | bind_late
_wt name class solids density density _block
Database Properties
Fig. 1
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Attorney Docket 006258/00005
COMPUTER-BASED PRODUCT FORMULATION

CROSS-REFERENCE(S) TO RELATED APPLICATIONS
This application claims the benefit of the filing date of U.S. provisional application
serial number 60/206,619 entitled “Computer-Based Product Formulation” which was filed on

May 24, 2000.

BACKGROUND OF THE INVENTION
Chemical manufacturers, and manufacturers in other industries, rely on accurate
information about characteristics of the products they produce. Accurate information is
needed to determine how products perform under different environmental and usage situations
and is used to guide research and product development. Marketing and ipformationa]

literature may also need to accurately disclose product characteristics. To determine the

" characteristics of products, and to produce new products with desirable characteristics,

manufacturers rely on the experience and advanced knowledge of research employees (e.g.,
analytic chemist). Researchers commonly rely on their knowledge and experience about
existing products and product formulations in order to determine desirable modifications to
existing products. In many cases, however, this may still be a trial-and-error endeavor
requiring research employees to produce samples of modified versions of products and to test
these samples to determine whether they are suitable for sale and mass production. Trial-and-
error product development and testing may involve the production of a significant amount of
unusable test products. This can be an expensive process. To reduce the cost in producing
new products, or modifying existing products, automated tools that can help to predict
product characteristics, or which can help to formulate products with particular

characteristics, are desired.

SUMMARY OF THE INVENTION
In general, in one aspect, the invention features a computer implemented method of
formulating a product (e.g., a chemical product). The method includes receiving a product

formulation script. The product is formulated from a number of different components and the

NYB 1159221.1
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script guides the formulation of the product by setting forth, e.g., required and optional
components and groups of related alternative components. To provide for such guidance, the
script may include (i) a component selection option identifying sets of formulation
components, (ii) at least one constraint to identify a numeric range associated with a property
of one of the formulation components, and (iii) a target constraint. The product formulation
script is processed to determine a collection of formulation components that can be used to
produce the product such that one or more properties of the product meet associated target
constraint(s). Processing of the script also includes selecting from among optional formulation
components. This selection can be performed by determining sets of formulation components
to be used in formulating the product and determining a permitted range associated with the
formulation components. The permitted ranges enabling the formulated product to meet the
target constraint(s).

Implementations may include one or more of the following features. The script may be
processed using a formulation knowledge web that interrelates properties of the formulation
components and target properties. The formulation component properties (which can be
retrieved from a database) include properties of raw materials and properties associated with
manufacturing processes. Processing the script can include determining formulation
compdnents to be included and/or excluded from a formulation. Ranges identified by
constraints may include both ranges of values enabling target constraints to be met and ranges
of values that would cause target constraints not to be met. These ranges may identify, e.g.,
the amount of an ingredient to be included in a formulation. Processing the script also can
include determine which target constraint values are attainable and which are not attainable.

The method can be implemented in software using a general or special purpose
computer system. The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF THE FIGURES

Figs. 1 and 2 are formulation knowledge representation.

NYB 1159221.1
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DETAILED DESCRIPTION OF THE INVENTION

A formulation engine can help to formulate a new chemical composition (a “target
composition”). This is done through the processing of static knowledge (SK) and the
determination and processing of dynamic knowledge (DK). In general, static knowledge
encompasses the known, pre-determined, or use-specified values that are received by the
formulation engine, while dynamic knowledge encompasses values determined, and inferences
drawn, through processing by the formulation engine. Thus, dynamic knowledge is an explicit
or implicit function of static knowledge and/or of other types of dynamic knowledge. Static
knowledge can include, €.g., data about the intrinsic properties of various chemical
compositions (e.g., mass, volume), manufacturing facilities (e.g., capacity), and manufacturing
processes (e.g., temperature). Static knowledge may be represented in a database or received
through user inputs. Dynamic knowledge includes similar types of information which may be
undetermined prior to computation by the formulation engine. Dynamic knowledge can also
inchide intermediate properties required for a computation. For example, if a specific
processing temperature is specified by the user, then that temperature may be considered static
knowledge. However, if the user indicates a range of possible values which constrains that
processing temperature, then temperature is part of the dynamic knowledge, values of which
may vary within the specified range during a computation. Classification of a particular
variable as SK or DK is determined by the context of not only the knowledge domain, but also
the specific user request.

The formulation engine can help to determine a formulation of a target composition.
This determination is based on desired properties (“output constraints”) of that target
composition and based on specified properties of the constituent ingredients and the
manufacturing processes used to produce the target composition (“input constraints™). The
formulation engine can process the input constraints, static knowledge, and dynamic
knowledge to determine a target formulation composition satisfying the output constraints.
For example, in a paint formulation implementation, discussed below, the formulation engine
can select from among a set of specified constituent ingredients, and determine amounts for
those ingredients, to produce a paint having a block resistance property within a particular

range.

NYB 1159221.]
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The formulation engine determines a target composition using pre-determined and/or
dynamically determined associations between static and dynamic knowledge. These
associations between SK and DK are referred to as a formulation knowledge web (FKW). In
general, processing using this formulation knowledgé web involves (1) building the
formulation knowledge web (FKW) between SK and DK, and then (2) using the formulation
knowledge web (FKW) to solve a formulation problem. Building the formulation knowledge
web may include both manual processes (i.e., programming steps by a programmer) and
automated steps. In the example described herein, the manually determined relations are
specified in the PROLOG IV language, and the automated determination and building of
relations can be accomplished using inference-determining functions of the PROGLOG IV
programming language.

The relationships between the SK and DK may be represented in a directional or a
non-directional manner for processing by the formulation engine. If we have a dynamic
knowledge set DK of N variables, ( DK, for n =1 to N), and a static knowledge set SK of M
variable (SKy, for m= 1 to M), then the FKW can be represented as a series of functions:

DKy, = f{SKnm)

DK = ADK2)

To fully calculate formulation recommendations, the formulation engine also may use
the inverse functions:

SKin = f*(DKy)

DK = f"(DKa1)

In a non-directional representation, such as the Prolog IV example below, these
inverse functions are implied explicitly by the direct functions. In a less sophisticated
representation, such as one might do in another language, these inverse functions could be
built by the programmer or by the formulation engine.

The formulation knowledge web used in a particular implementation will differ
dependmg on the particular implementation. For example, an implementation directed to
formulating paint will have a different formulation knowledge web than an implementation
directed to producing agricultural chemicals. In the discussion that follows, a generally

applicable principal for building a formulation knowledge web is discussed, followed by
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implementation-specific examples. This general principle can be directly applied to, or adapted
for, a variety of difterent problem domains.

The general principle of building a formulation knowledge web involves allocating
variables to represent static and dynamic knowledge, and establishing relations between those
variables. For example, a variable SK; can be created for each item of static knowledge.
Similarly, a variable DK; can be created for each item of dynamic knowledge. The variables
SK; and DK; may be allocated by a programmer using a PROLOG 1V declaration, or the
variables may be dynamically determined based on inferences drawn during PROLOG IV
processing. Each variable (DK;) may have associated constraints that define a domain of valid
settings of that variable. For example, the variable DK; may be constrained to have values
between 1 and 10. Relations between variables also may be defined by a set of constraints
(e.g. numerical, Boolean).

Once the FKW has been constructed, the Formulation Engine can use the FKW to
process the specific user request such as DK calculation (concluding all possible values for
DK,) or DK optimization (concluding which value of DKy, is needed to optimize DK,).

A simple example of relations between variables and the use of constraints is illustrated
by a calculation of Formulation Total Weight (TW). Formulation total weight is the weight of
a target composition and can be determined as a sum of the weights of the individual materials
in the target composition. Thus, for a target composition composed of a set of » materials,

TW can be calculated as follows:
TW =Y MW.
1

As a simple example, assume that TW can be formed from two individual materials
MW, and MW,, and that the user has specified the following constraints: 1000<=TW<=1050;
MW, = 800; and 100<=MW,<=300. The formulation engine processes this information and
determine a formulation of MW, and MW satisfying their constraints and the constraints on
TW. In this case, the formulation engine recognizes that, based on the input constraints, MW,
must have the fixed value of 800, and, to satisfy constraints on MW, and TW, MW, can have
a value between 200 and 250. Combining MW, and MW, according to these results will

produce a target composition with a weight of between 1000 and 1050.
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A formulation engine can determine chemical product formulation information using a
database storing knowledge about characteristics of, and interrelationships between, various
raw materials, product applications, manufacturing processes, and chemical product
formulations. These characteristics and interrelationships may be implemented by
interconnecting different variables in a knowledge “web.” This “web” is referred to herein as a
formulation knowledge web.

The foregoing example illustrates the use of a formulation knowledge web for
selection of material quantity. Implementations may also use a formulation knowledge web to
select from among different materials or process options. For example, two different materials
X and Y, each with its own constraints and properties, may satisfy a constraint associated with
a target composition. A formulation knowledge web may be used to determine which of X
and Y will, in fact, satisfy constraints of the target composition. Thus, a formulation
knowledge web can represent knowledge about material selection, as well as quantitative
calculation (e.g. material quantity, property value).

Treating both material (or process) selection and quantitative calculation at the same
level of the algorithm is useful in building the FKW so that the formulation engine can
simultaneously consider both the selection and the quantity needed in the user request. This
can be done, for example, by expressing the material or process choice in numerical terms
such as its rank (r;) in the list of allowed choices. The selection then becomes a numerical
function of dynamic knowledge (DK) and the FKW then is fully numeric.

Problem Solving

Determining formulation properties using the formulation engine can include
calculating a resulting set of domains (i.e., intervals) for each of a set of factors (expressed as
variable) influencing the formulation property. These domains may be associated with
variables in an interface variable group (IVG). Example IVG variables can include material
names, material quantities, formulation property values, and formulation and manufacturing
process values.

In some implementations, calculating intervals can be performed by enumerating all
values of variables, and then calculating results for each enumeration (i.e., the result may be

determined using all permutations of permitted variable values). For example, if X and Y are
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integer variables used to calculate Z, and 1 <= X <=2, and 1<= Y <=3, then calculating the
interval of Z requires calculating Z for six different (X,Y) combinations (1,1), (1,2), (1,3),
(2,1), (2,2), and (2,3).

A more complex challenge is presented by solving the total weight example above.
While enumeration of the entire range would be possible, it is better to initially use a numeric
solver which takes advantage of interval arithmetic and fixed point algorithm. In such a case,
a numerical sotver could make the following deductions:

e MW, is fixed at 800 by the initial constraint.

e MW, is in the range [100, 300] inclusive by the initial constraint.

¢ From the addition definition of TW, TW is bounded by the minimum value of 900
and the upper bound of 1100,

e From the initial constraint on TW we know TW is bounded by 1000 and 1050.

o Based on the two TW bounds in the previous two bullets, the largest minimum
bound on TW is 1000, the smallest maximum bound is 1050,.

e MW, is bound by the TW definition, the fact that MW, is fixed at 800, the
previous conclusion that TW is in the range [1000, 1050] inclusive. So MW2 is
bounded by the [200, 250] inclusive.

¢ No further reductions of the variable ranges are possible so the solver stops.

In this example the solver has correctly concluded the range on MW,. However, in
the general case, numerical solvers may not be able to conclude the actual minimum ranges, so
the solver may be combined with an enumeration algorithm which explores the reduced
constraint set from the solver. This may be accomplished using a classical interval partitioning
algorithm. This combination of range calculation and numeric enumeration then achieves the
final reduction of the ranges more efficiently than enumeration alone, since it does not have to
search the entire initial constraint space, and more reliably than interval arithmetic alone.
Again, it is clear that treating material or process selections as numeric variables DK;; in the
FKW places the selection of a specific material or process element at the same level as the
numeric constraints.

Modern programming languages supporting constraint logic programming and interval

arithmetic, such as the Prolog IV language, can automate such interval calculations. In the
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disclosure that follows, a Prolog IV-based formulation engine is described herein.
Implementations may use other programming languages.
Dynamic Knowledge (DK) optimization

The formulation engine can perform dynamic knowledge optimization to find a value
of a numerical variable (V;) that optimizes a particular formulation characteristic. An optimum
value of a variable V; is affected by the variable’s direct and indirect relationships to other
variables (this corresponds to direct and direct relationships between DK elements).
Implementations can use one or more optimization algorithms to find an optimum value for a
variable. In general, an optimization algorithm that can provide a true optimal value is
desirable (preferably, the selected algorithm should provide true optimization even in the
presence of local optimums). The formulation engine can provide for optimization of a
variable and can identify a current domain of the other variables needed to obtain this
optimization.

The Branch and Bound Algorithm is a well known example of such an optimization
algorithm which can find a true optimal value even in the presence of local optimums. The
enumeration algorithm defines a search tree and uses the Branch and Bound strategy to find
the optimum for this iteration. That optimum (O,) becomes a boundary for the next iteration,
so the algorithm adds a new constraint stating that On+; > O,. The iteration continues until the

tree is completed.

Paint Formulation Implementation:

The operation of a formulation engine adapted for formulating paint products will now
be detailed. In this example, the formulation engine is used to select a paint binder that can
give good late block resistance to a paint while maintaining volume (V), volume solids (VS)
and pigment volume content (PVC) within desired target ranges. The paint product
formulation engine determines the paint binder using a database of raw material characteristics
(each of which may be expressed by a different field in a database record), and a formulation
knowledge web expressing knowledge of the different factors that affect the late block

resistance.
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Fig. 1 shows an example formulation knowledge web that captures paint formulation
knowledge. Program source code and database values for an implementation of this

formulation knowledge web are shown in Table 1.

Table 1: Prolog I'V Program Code

/* Database of Materials */

material (1, 'Water', 'Water', [0,1,1,0]).
material (2, 'Propylene Glycol','Solvent',{0,1.036,1.039,0]).
material (3, 'Skane M-8', 'Biocide’, [0.45,1.032,1.0345,0}).
material (4, 'Tamol 731','Dispersant',[0.25,1.104,1.605,0]).
material(5,'Triton CF-10', 'Surfactant',(1,1.05,1.05,0]).
material {6, 'Ti-Pure R-700','TiO2',(1,4,4,0]).
material (7, 'ASP-170', 'Extender', [1,2.58,2.58,0]).
material (8, 'Rhoplex HG-74D', 'Binder’, [0.42,1.032,1.0715,7]).
(9,

material 'Rhoplex HG-95P', 'Binder', [0.465,1.0608,1.1429,2]).
material (10, "Rhoplex Multilobe

200', 'Binder', [0.535,1.0648,1.1215,2])).

material (11, 'Texanol', 'Coalescent', [0,0.95,0.95,01}.
material (12, 'Acrysol RM-

2020', 'Thickener',[0.2,1.0426,1.2569,0]).

/* End of Database of Materials */

/* Relationships */

mat_name (V) :-
material( ,V,_, ).

mat_class(V):-
material(_, ,V, ).

mat wt _solids(V,[V,_, ,_1).
mat_supplied density(V,[_,V,_,_1).
mat_dry density(V,{ , ,V,_]).

mat_late block(V,[ , , ,V]).

/* Builds Quantity Relations for each material */

build material quantity([])
build_material_quantity([[D,[Formula Wt,Wet Vol,Dry Wt,Dry Vol
Q)] IData_Quant List]) :- B B B a
% Gets data

mat_supplied density (D, Supp_Dens),

mat dry density(D,Dry Dens),
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mat_wt_solids(D,Wt_Sol),

% Sets Interval Solver Relationships
Wet Vol = Formula Wt./.Supp_Dens,
Dry Wt = Formula Wt.*.Wt_Sol,

Dry Vol = Dry Wt. ./.Dry_ Dens,
build material _quantity(Data_Quant_List).

/* Builds Total Weight Relation */

tot_wt([],0).

tot_wt([[D,Q} IData _Quant List],V):-
mat forrmula wt((D,Q],FW
V = FW.+.V1,
tot_wt (Data_Quant_List,Vl1).

/* Builds Total Volume Relation */

tot _vol([(1,0).
tot_vol ([[D,Q]) |Data_Quant_List],V):-
mat_wet vol([D,Q],WV),
= WV.+.V1,
tot_vol(Data_Quant List,V1).

/* Builds Total Dry Volume Relation */

tot_dry vol(([],0).

tot_dry vol({{D,Q}|Data_Quant_List],V):-
mat dry vol([D,Q],DV),
V = DV.+.V1, :
tot dry vol(Data Quant_List,V1).

/* Builds Pigment Dry Volume Relation */

pig _dry vol (Pigment Data_Quant_ List,V):
tot dry_ vol(Plgment Data Quant List, V)

/* Builds Total Dry Weight Relation */

tot_dry wt([],0)

tot_dry wt([[D,Q])|Data_ Quant_List],V):=-
mat_dry wt([D,Q],MDW),

V = MDW.+.V1,
tot_dry wt(Data Quant_List,Vl).

NYB 1159221.1
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/* Builds Dry Weight Binder Relation */

dry wt binder (Binder_Data_ Quant_ List,V):
tot dry wt (Binder_Data Quant List,V).

/* Builds Quantity Relations for Binders */

build fract bind wt_quantity([],_).
build fract blnd wt_quantity({[(D,[_,_ ,Dry Wt,_ ,Fract_Bind_Wt|Q
111 Binder Data Quant List),DWB) :-

Fract Bind Wt = Dry Wt./.DWB,

bulld fract _bind wt_quantity(Binder_Data_Quant_List,DWB).

/* Builds Volume Solids Relation */

s (Formulation Data Quant_ List,V) :-

tot_dry_ vol(Formulatlon Data Quant_ List,TDV),
tot vol(Formulatlon Data Quant List, TV),

V = TDVA./.TV.

/* Builds Pigment Volume Content Relation */

pvc(Plgment Data Quant_List,Formulation_Data_Quant_ List,V) :-
pig_dry vol(Plgment Data Quant List, PDV),
tot_dry vol(Formulatlon Data Quant List,TDV),
V = PDV./.TDV.

/* Builds block PVC Relation */

block pvc (Pigment_ Data Quant List,Formulation_Data_Quant_List,
V) :-

c(Pigment Data Quant List, Formulation Data_Quant_List, PVC),
V if (bco (PVC,0,0.3),0,if (bco(PVC,0.3,0.4), (PVC.~
.0.3).*%.10,1)) .

/* Builds Binder Late Block Relation */

bind_late block tot(({],0).

bind_late _block tot([[D,Q]|Binder Data_ Quant List],V):-
mat_late block(D,LB), - - -
fract blnd  wt ([D,Q],FBW},
V =(LB.*.FBW).+.V1,
bind_late_block tot(Binder Data Quant List,V1).

NYB1159221.1
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/* Builds Late Block Relation */

late block(Binder_Data_Quant_ List,
Plgment Data Quant__ List, Formulation Data _Quant_List,V) :-
bind_late_. “block _tot(Binder_ Data Quant List,BLBT),

block PVC(Pigment Data Quant_ List, Formulation Data Quant_List,
BPVC)
Y

n~

BLBT.+.BPVC.*. (10.-.BLBT).

The formulation engine can access a database of raw materials to determine inherent
characteristics of the raw materials as well as uses for those materials. For example, the
program code of Table 1 includes a database of twelve raw materials. This database includes
the name, classification, solid fraction, supplied density, dry density and late block resistance
characteristics of each material. The following table, more fully explained below, shows the

content of this example material database:

Table 2
Mat_name Mat_Class. | mat_wt_solids | mat_suppli | mat_dry { bind_la
ed_density | _density | te_bloc
k
Water Water 0 1 1
Propylene Glycol | Solvent 0 1.036 1.039
Skane M-8 Biocide 0.45 1.032 1.0345
Tamol 731 Dispersant | 0.25 1.104 1.605
Triton CF-10 Surfactant 1 1.05 1.05
Ti-Pure R-700 Ti02 1 4 4
ASP-170 Extender 1 2.58 2.58
Rhoplex HG-74D | Binder 0.42 1.032 1.0715 |7
Rhoplex HG-95P | Binder 0.465 1.0608 1.1429 |9
Rhoplex Multilobe | Binder 0.535 1.0648 1.1215 |2
200 .
Texanol Coalescent |0 0.95 0.95
Acrysol RM-2020 | Thickener 02 1.0426 1.2569

NYB 1159221.1
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The Table 1 source code also includes a set of six functions to access information from
the materials database. These functions are shown in pseudo-code form and further explained
as follows:

Functions to Access Materials Database:

mat_name(i): Accesses a unique name associated with a material.

mat_class(3): Accesses classification information about the material. The classification
information may identify uses of the material. In Table 1, material
classifications include “Water”, “Solvent” Binder”, etc.

mat_wt_solids(i): Returns the weight fraction of material (i) which is solid

mat_supplied_density(i): Returns the density (kg/li) of a material in it’s supplied form

(liquid or solid)

mat_dry_density(i): Returns the density (kg/liter) of the dry solids of the material in a

paint film.

bind- late_block(i): Returns the late block resistance of an 18 PVC gloss paint

formulation based on binder (i)
In this example, a basic unit of each material is weight. For a particular formulation of
materials, the total material formulation is the material formulation weight expressed as:
mat_formula wt(i) is the weight of the material (i) in the formulation.

The formulation engine processes a formulation knowledge web that interrelates the
materials as well as knowledge about target product formulation and manufacturing
processes. In the example herein, the formulation knowledge web includes a representation of
the following formulation knowledge:

The dry weight of a specific material is:

mat_dry wt(i) = mat_formula_wt(i) * mat_wt_solids(1)

The volume contribution of a specific material(i) in the wet paint is:
mat_wet_vol(i) = mat_formula_wt(i) / mat_supplied_density(i)

The volume contribution of a specific material (i) in the dry paint is:
mat_dry_vol(i) =mat_dry_wt(i) /mat_dry_density(i)

The total weight of the paint is the sum of the individual material weights:

tot_Wt = Y.l materiats Mat_formula_wt(i)
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The total volume of the paint is the sum of the individual material wet volumes:
tot_vol = Yt materials mat_wet_vol(1)
The total dry volume of the paint is the sum of the individual dry volumes:
tot_dry_vol = il materiats mat_dry_vol(i)
The dry volume of pigment in the paint is a similar sum, applied only to the pigments:
pig_dry_vol = X iemens mat_dry_vol(i)
The dry weight of the binder in the paint is:
dry wt_binder = Y. binders mat_dry_wi(i)
The binder fraction of a specific binder (i) is:
fract_bind_wt(i) = mat_dry_wt(i)/ dry_wt_binder
The Volume Solids of the formulation (VS) is:
VS =tot_dry_vol/tot_vol
The Pigment Volume Content of the formulation (PVC) is:
PVC = pig_dry_volitot_dry vol
In some cases, a material’s effect on the characteristics of a formulation may be represented
by a series of different formulas, the particular formula to be applied depending on the
concentration of the material in the formulation. For example, the association between PVC
and block resistance can depend on the concentration of PVC and may be expressed by the

following set of relationships:

tot_PVC_add block_PVC

PVC <30% 0 )

30% < PVC <40% (tot PVC-0.3)* 10
PVC > 40% 1

The binder contribution to block resistance is:
bind_late_block tot = Yi-ynsers ( bind_late_block(i) * fract_bind_wt(i) )

The target property, Late Block, is:
late_block = bind_late_block_tot + block_PVC * (10 - bind_late_block_tot).
The formulation engine may determine formula characteristics, and may help to

determine a modified formulation based on a product formulation script. The product
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formulation script can outline a recipe (i.e., a list of materials or ingredients) that can be used

to formulate a product, constraints on particular ingredients in the recipe, options for selection

from among materials, and constraints on the output product that is produced. An example list

of ingredients can include the following ingredients in a basic'paint formulation recipe:

Table 3: Starting Point Formulation

Material Weight
Water 5.00
Propylene Glycol | 40.00
Skane M-8 2.00
Tamol 731 8.00
Triton CF-10 8.00
Ti-Pure R-700 200.00
ASP-170 0.00
Water 20.00
Rhoplex HG-74D | 529.00
Texanol 30.00
Acrysol RM-2020 {40.00
Water 121.00

The expected properties of this starting point formulation can be calculated by the
formulation engine using the formulation knowledge web of Fig. 1 (as expressed by the

program code of Table 1). These starting point properties are as follows:

Property Value
Total Weight (kg) 1003.00
Total Volume (1) 833.95
Volume Solids (%) 32.79
PVC (%) 18.28
Late Block (0to 10) | 7.00

NYB 1159221.1
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A user may wish to determine a new paint formulation by modifying the starting point
formulation based on a set of user-specified constraints. The product formulation script can
identify user-specified constraints such as these material choice and material level constraints.

A material choice constraint specify groups of materials that are, to some degree,
interchangeable. However, specific choices within a group may have different properties. The
formulation engine can determine the specific members of a group that should be selected to
satisfy user-specified formulation constraints. Material classification information in the raw
materials database can be used to determine suitable materials for inclusion within a group. As
an example, the database of Table 2 identifies three different binders. In modifying the starting
point formulation of Table 3, a user can specify that the binder (“Rhoplex HG-74D” in Table
3) may be altered by the formulation engine and may be one of the three binders(i) Rhoplex
HG-74D, (ii) Rhoplex HG-95P or (jii) Rhoplex Multilobe 200. The user may also specify
material level constraints; (e.g., “the weight of the binder is to be between 400 and 600 kg
inclusive). For our example, the following additional constraints are specified:

Water Level Constraint:

Let the weight of the last water in the formulation be between 0 and 300 kg inclusive.
Other Materials:

Let all other material choices and levels in the starting point be fixed to their initial

values given in the formulation of Table 3.

In addition to specifying constraints on the input materials, the user can specify target
constraints for the formulated (output) product. In our example, these constraints are as
follows:

Let the Total Weight be any value (unconstrained);

Let the Total Volume be between 833 and 835 inclusive;

Let the Volume Solids be between 32.5% and 33.0% inclusive;

Let the PVC be less than or equal to 18.5%; and

Let the Late Block be greater than or equal to 7.0.

From our starting point formulation constraints, the formulation system, using the program
knowledge in Table 1, can conclude that the following two solution spaces satisfy the user-

specified input and target product constraints:
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Solution #1 is a formulation in which the formulation engine has selected Rhoplex HG-74D as

the binder. The resultant formulation “space” is as follows:

217 -

Material Min Max Weight
Weight
Water 5.00 5.00
Propylene Glycol 40.00 1 40.00
Skane M-8 2.00 2.00
Tamol 731 8.00 8.00
Triton CF-10 8.00 8.00
Ti-Pure R-700 200.00 200.00
ASP-170 0.00 0.00
Water 20.00 20.00
Rhoplex HG-74D 522.04 534.35
Texanol 30.00 30.00
Acrysol RM-2020 40.00 40.00
Water 114.86 128.79

The specific properties of a paint produced according to solution #1 will depend on the

specific material levels selected and will have the following ranges:

Solution 2

Solution #2 is a formulation in which the formulation engine has selected Rhoplex HG-

Property Min Value | Max Value
Total Weight (kg) 989.90 1016.14
Total Volume (1) 833.00 835.00
Volume Solids (%6) [ 32.50 33.00

PVC (%) 18.15 18.47

Late Block (0 to 10) | 7.00 7.00

95P as the binder. The resultant formulation space is as follows:

Material

Min Weight

Max Weight

Water

5.00

5.00
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Propylene Glycol | 40.00 40.00
Skane M-8 2.00 2.00
Tamol 731 8.00 8.00
Triton CF-10 8.00 8.00
Ti-Pure R-700 200.00 200.00
ASP-170 0.00 0.00
Water 20.00 20.00
Rhoplex HG-95P | 502.94 514.80
Texanol 30.00 30.00
Acrysol RM-2020 | 40.00 40.00
Water 147.35 160.53

specific material levels selected and will have the following ranges:

Rejected Choices

Property Min Value Max Value
Total Weight (kg) 1003.29 1028.33
Total Volume (1) 833.00 835.00
Volume Solids (%) | 32.50 33.00

PVC (%) 18.15 18.47

Late Block (0 to 10) | 5.00 9.00

The formulation engine also determines that binder Rhoplex Multilobe 200 cannot
satisfy the specified constraint. Therefore, the formulation engine rejects Rhoplex Multilobe
200 as a binder. In the case of Rhoplex Multilobe 200, the formulation knowledge web can
determine that, for the specified constraints:

" bind_late_block =2

fract_bind_wt =1

block PVC =0
This results in the conclusion that bind_late_block_tot = 2 and that late_block = 2. This is not
a valid result due to the specified constraint requiring the late_block to be at least 7.

Consequently, Rhoplex Multilobe 200 is rejected by the formulation engine.
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As seen from the above-example, using the user-specified constraints, formulations
meeting those constraints can be determined. However, characteristics of the determined
formulation solutions may not span the entire space permitted by a constraint. For example,
although the initial constraints indicated that between 400 and 600 kg of binder may be
included, if this range was, in fact, used in the solution formulations, other constraints may be
violated. To provide further formulation guidance, the formulation engine can provide revised
input level constraints to ensure that a formulation solution does, in fact, meet desired
constraints. In this example, the formulation engine can make the following determinations:

o The Binder should be either Rhoplex HG-74D or Rhoplex HG-95P.

e . The binder weight should be between 522.04 and 534.16 kg when using Rhoplex HG-
74D and 502.94 to 514.61 kg when using Rhoplex HG-95P

e The water weight should be between 116.01 and 127.48 when using Rhoplex HG-74D
and 148.50 and 159.26 when using Rhoplex HG-95P.

e The Total Weight will be between 1001.49 and 1016.22

o The Volume will be between 833 and 835 (same as input constraint)

e The Volume Solids will be 32.50 and 32.97

o The PVC will be between 18.21% and 18.46% (tighter than input)

e The Late Block Resistance will be between 7 and 9 (tighter than input)

If a user subsequently constrains the Late Block Resistance further to be above 8, the
formulation engine will conclude that the correct binder will be Rhoplex HG-95P and
characteristics of the resultant product will have the numeric constraints expressed above.
Thus, the formulation engine can be used to determine appropriate materials and material
levels to meet both input and target propert); constraints. Depending on the complexity of
problems to be solved, implementations may use larger numbers of pain; performance
properties and raw materials and levels.

The following code show essential details of PROLOG IV product formulation script
that specifies the basic paint formulation recipe of Table 3, as well as permitted constraints

and options for formulating a paint using that basic recipe.

ptm( [81_1/ 0] ’
/* The following inputs enter a starting point formulation */
/* as well as permitted ranges for particular formulation */

NYB 1159221.1
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37

/* and permitted selections */

/* The following 7 components have a fixed level */
{(1,'Grind',17,1,eq('Water'),5,5,1],
[2,'Grind',18,1,eq('Propylene Glycol'),40,40,1],
(3,'Grind',7,1,eq('Skane M-8"),2,2,1],

(4, 'Grind', 4,1, eq('Tamol 7317),8,8,1],

(5, 'Grind',15,1,eq('Triton CF-10'),8,8,1]},

(6, 'Grind',16,1,eq('Ti-Pure R-700'),200,200,1],

(7, 'LetDown',17,2,eq('Water’'),20,20,1],

/* The following component allows a selection from */
/* a group of three materials */

(8, 'LetDown',2,1,inlist (("'Rhoplex HG-74D', 'Rhoplex HG-
95P', 'Rhoplex Multilobe 200']),400,600,1],

/* The following 2 components have fixed levels */

(9, 'LetDown',3,1,eq('Texanol’),30,30,1],

(10, 'LetDown', 14,0, eq{"Acrysol RM-2020'}),40,40,1],

/* the following component can vary in the range 0-300 */
{11, "'Letbown',17,3,eq('Water'),0,300,1]],

/* The following commands identify the output data */
/* being requested and output constraints */

/* Total veclume range 833-835 */

[['Total Volume',833,835, , ],

/* Total Weight is unconstrained */

['Total Weight', , , , 1,

/* Total PVC may be up to 18.5 & */

['Total PVC', ,0.185,'Percent’', ],

/* Volume solids can range from 32.5 - 33 percent */
['Volume Solids',0.325,0.33,'Percent', ],

/* Late block must be equal to, or greater than, 7 */
('Late Block',7, ,'10 Scale',_],

1, 00).

Implementations may include a graphical user interface front-end to generate the
preceding input and query code.

Millbase Implementation:

In addition to selection and determination of materials and matenal levels, a
formulation engine can be used to determine the manufacturing, application, and formulation
processes to be used for a particular material. In the example that follows, an implementation
of the formulation engine is used to determine characteristics of a millbase for use in herbicide

preparation.
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In the preparation of herbicides for use in agricultural applications one of the process
steps is the preparation of a millbase. A key property of the final millbase is the particle size
distribution, which largely determines other key properties of the final formulation such as
viscosity profile, stability, and suspensiblity. This distribution can be represented by the 50th
percentile size and the 90th percentile size. The 50th percentile size is the size for which 50%
of the particles are smaller. The 90th percentile size is the size for which 90% of the particles
are smaller) (these sizes are represented by the variables ps_50_final and ps_90_final,
respectively).

The final particle size of a millbase can be predicted from the power draw of the
specific mill used, the density of the beads in the mill, the process method in which the mill is
used, the milling time, the initial particle size distribution, and a number of other equipment,
process, and material properties. A set of variables and equations representing this type of
knowledge is expressed for a single active ingredient millbase below:

Equipment Database

An equipment database identifies mill equipment and associated properties. The
equipment database may include the following data fields:

mill type: unique name of the mill used to grind the millbase

milling_power draw: maximum power drawn by this mill_type

bead_type: unique name of the type of beads used

bead_density: density of the beads used

For this example, the equipment database is populated as follows:

mill_type mill_power_draw (Watts)
Dynomill KD-15 (15L) | 11,250

Dynomill KD-50 (49 L) 18,750

Netzsch LMC 20 (20L) | 7,500

Netzsch LMC 60 (50 L) 18.750

bead_type bead_density (g/ml)
Sand 25
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Glass - unleaded 25
Flint Pebble 2.6
Glass - leaded 3.6

Zircon Oxide (YTZ) | 6.0

Tungsten Carbide 15.0

Process Database

A process database identifies particular milling processes and characteristics of those
processes. The process database may include the following data fields:
mill_operation_type: Unique name identifying a particular method of running a mill.
5 d90_to_d50_ratio: Expected ratio of the 90th percentile size to the 50th percentile size
for a particular method of running the mill.

For this example, the process database may be populated as follows:

mill_operation_type d90_to_d50_ratio
Continuous Recirculation | 4.00

One Discrete Pass 3.75

Two Discrete Passes 3.50

Three Discrete Passes 3.25

Four or More Discrete 3.00

Passes

10  Material Database

A Material database includes characteristics of raw materials. The materials database

may include the following data fields:

mat_name: unique name of the material in the formulation

15 mat_wt_solids : weight fraction of solids of the material
mat_dry density: density of the material in the dry formulation
mat_supplied_density: density of the material in its supplied form

tech_surface_energy: surface energy of the technical active material in the millbase
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ps_50_initial: particle size of the technical active material in the millbase

For this example, the materials database is populated as follows:

mat_name mat_wt | mat_dry | mat_suppli | tech_surfa | ps S0_
_solids _density | ed ce initial
(g/ml) _density _energy (micron

(g/mi) Gm2) s

Goal Tech 100% 1.45 1.45 0.04 15

Kelzan 100% 1.50 1.50

Proxel GXL 25.3% 1.00 1.13

Water 0% 1.00 1.00

Properties of a prepared millbase may be determined, in part, based on a set of initial

properties associated with various manufacturing-related variables. These variables may

include the following:

material_name

mat_formula_wt

mill_type

bead_type

bead_size

mill_operation_type

milling_time

bead fill fraction

These variables can be used to calculate a set of intermediate properties of the

millbase. The intermediate properties, and the calculations to obtain these properties, can

include the following;

mat_dry wt(i) = mat_formula_wt(i) * mat_wt_solids(i)
mat_dry vol(i) =mat_dry wt(i) / mat_dry_density(i)

mat_wet_vol(i) = mat_formula_wt(i) / mat_supplied_density(i)

tot_dry_vol_millbase = Xai matcriais in millbasc Mat_dry _vol(i)

tot_vol_millbase = 2 i materisls in mitibase Mat_wet_vol(1)

tot_wt_millbase = Xl materials in mitivase at_formula_wt(3)

solids_factor_millbase = tot_dry_vol_millbase / tot_vol_millbase

bead_density factor = bead_density/2.5

milling_energy = milling_power_draw * milling_time

specific_milling_energy = milling_energy / tot_wt_millbase
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milling_efficiency = solids_factor_millbase * bead_density_factor * bead_fill fraction
* bead_size
area_to_diameter_factor_millbase = 0.006 * solids_factor_millbase / tot_wt_millbase
surface_area_increase = (milling_efficiency * specific_milling_energy) /
tech_surface energy
surface_area_SO_O_millbase = 1,000,000 * area_to_diameter_factor_millbase /
ps_50_initial
surface_area_S50_final millbase = surface_area_50_0_millbase + surface_area_increase
Final particle sizes can be calculated from the intermediate properties as follows:
ps_S0_final = 1,000,000 * area_to_diameter factor_millbase /
surface_area_50_final_millbase
ps_90_final = ps_50_final * d90_to_d50_ratio
These relationships are shown in Fig. 2. Program code implementing this example
follows from the teachings of the program code of Table 1. In this example, knowledge about
material, process and equipment characteristics are interrelated. Material choice and level are
represented by material_name and mat_formula_wt Process choice and parameters are given
by mill_operation_type and and choices of milling time and bead_fill_fraction. Equipment
choices and parameter are given by the mill_type and bead_type choices and the bead_size
parameter.
Use of the above-described formulation knowledge web and databases will now be

described. In the example that follows, a formulation knowledge web is used to determine

. processes and equipment that can result in desired target particle sizes for ps_50_final and

PS_90 final.

Use of the millbase formulation knowledge web may begin with user-selection of a set
of initial constraints. For this example, the user-selected constraints include the following
material, target millbase, equipment choice, equipment parameter, process choice, and process

parameter constraints:
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User-Specified Material Constraints:

material_name mat_formula_wt mat_formula_wt
min (kg) max (kg)
Goal Tech 4995 49.95
Kelzan 0.05 00.05
Proxel GXL 0.05 00.05
Water 49.95 49.95
User-Specified Target Millbase Constraints:
Property minimum maximum
(microns) (microns)
ps_S0_final 0.9 1.1
ps_90_final 3.5
User-Specified Equipment Choice Constraints:
Equipment Type Allowed Choices
mill_type Dynomill KD-15 (15 L)
bead_type Glass - unleaded

| Glass - leaded

Zircon Oxide (YTZ)

User-Specified Equipment Parameter Constraint:

Property

minimum (mm)

maximum (mm)

bead_size

1
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User-Specified Process Choice Constraints

Process Type Allowed Choices

mill_operation_type Continuous Recirculation
One Discrete Pass
Two Discrete Passes

Three Discrete Passes

Four or More Discrete Passes

User-Specified Process Parameter Constraints:

Property . minimum maximum
milling_time (minutes) 30 90
bead fill fraction 0.8 0.8
5 Given these constraints, the databases and the relationships the formulation engine can

dynamically determine the processes needed to achieve the target particle sizes. Based on the
described formulas and constraints, the formulation engine may reach the following conclusion
with respect to mill operation type and operation time:

mill operation type conclusion;

mill_operation_type result

Continuous Recirculation | (No Solution)

One Discrete Pass (No Solution)

Two Discrete Passes Can Meet Constraints
Three Discrete Passes Can Meet Constraints
Four or More Discrete - | Can Meet Constraints
Passes

10 milling_time conclusion (range available before fixing mill_operation_tpe)

Property minimum (minutes) | maximum (minutes)

milling time 79 90
For a particular bead type, the range of milling time will be dependent on the mill

operation type. For example, if the bead type is constrained to be Zircon Oxide (YTZ), the

range of available milling times will be as follows:
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mill_operation_type milling_time milling_time
minimum maximum
selected
(minutes) (minutes)
Continuous Recirculation (No Solution) (No Solution)

One Discrete Pass (No Solution) (No Solution)
Two Discrete Passes 88 90
Three Discrete Passes 81 90
Four or More Discrete Passes | 79 90

Thus, one process choice for meeting the user-specified target constraints is to use
Zircon Oxide (YTZ) beads in a mill that operates using three discrete passes for a milling time
of 88 minutes. This yields a ps_50_final of 1.00 microns and a ps_90_final of 3.24 microns.
Other choices within the solution space will also meet the user-specified constraints.

The invention may be implemented in digital electronic circuitry, or in cornputer
hardware, firmware, software, or in combinations of them. Apparatus of the invention may be
jmplemented in a computer program product tangibly embodied in a machine-readable storage
device for execution by a programmable processor; and method steps of the invention may be
performed by a programmable processor executing a program of instructions to perform
functions of the invention by operating on input data and generating output. The invention
may advantageously be implemented in one or more computer programs that are executable
on a programmable system including at least one programmable processor coupled to receive
data and instructions from, and to transmit data and instructions to, a data storage system, at
least one input device, and at least one output device. Each computer program may be
implemented in a high-level procedural or object-oriented programming language, or in
assembly or machine Janguage if desired; and in any case, the language may be a compiled or
interpreted Janguage. Suitable processors include, by way of example, both general and
special purpose microprocessors. Generally, a processor will receive instructions and data
from a read-only memory and/or a random access memory. Storage devices suitable for
tangibly embodying computer program instructions and data include all forms of non-volatile
memory, including by way of example semiconductor memory devices, such as EPROM,

EEPROM, and flash memory devices; magnetic disks such as internal hard disks and
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removable disks; magneto-optical disks; and CD-ROM disks. Any of the foregoing may be
supplemented by, or incorporated in, specially-designed ASICs (application-specific integrated
circuits).

A number of embodiments of the present invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from the spirit
and scope of the invention. For example, other programming languages may be used to
implement a formulation knowledge engine. The formulation knowledge engine may be used
with a graphical user-based interface or a web-based interface. Material, process, and other
data items may be stored in an external database, such as structured query language (SQL) -
based database, a spreadsheet, or other data storage system and accessed by program code
implementing the formulation engine using standard application programming interfaces
(APIs).

The formulation invention described herein may be used to address formulation
problems in a variety of industries. Industries that may benefit from the invention include food
preparation, building, petroleum, cosmetics, electronics, plastics, material manufacturing, and
environmental industries. In the food preparation industry, a formulation engine can be
implemented to reformulate combining, cooking, and processing food ingredients as well as to
reformulate processes such as fermenting and blending of wine or beer. In the building
industry, processes used to produce building products, such as the compounding of cement,
sand, and other solid materials with water to produce mortar can be reformulated. In the
petroleum industry, chemical blends (e.g., processing and mixing basic oils and additives to
prepare motor oil may be reformulated). In the plastics industry, formulation of a molded
polymer from polymer beads and plastics additive materials (impact modifiers, pigments, etc).
In the environmental management industry, water treatment using resins, settling, and other
processes can be reformulated. In general all of these examples involve formulation of one or
more materials or composite materials from one or more ingredient matenals, along with
information on the process steps, conditions and equipment used in the preparation. In the
claims that follow, these ingredients and processes are referred to as formulation components.

Accordingly, other embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A computer implemented method of formulating a product, the method comprising:
receiving a product formulation script, the script comprising:
a component selection option, the selection option comprising a plurality of sets of
formulation components,
a formulation component constraint identifying a range associated with a
formulation component property, and
a target constraint; and
processing the product formulation script to determine a collection of formulation
components that can be used to produce a product, the product having a first property
in accordance with the target constraint, wherein the collection comprises the first
formulation component and processing the script comprises:
determining a first one of the sets of formulation components for inchusion in
the collection; and
determining a permitted range associated with the first formulation component
in the collection, the permitted range being compliant with the formulation

component constraint.

2. The method of claim 1 wherein processing the script comprises processing based on a
formulation knowledge web, the formulation knowledge web interrelating properties of

the formulation components to target properties.

3. The method of claim 2 wherein processing the script further comprises retrieving

formulation component properties from a database.
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The method of claim 3 wherein the formulation component properties retrieved from the
database comprise a property of a formulation component comprising a raw material and a

property of a formulation component comprising a manufacturing process.

The method of claim 1 wherein processing the script further comprises excluding at least

one of the other sets of formulation components from the collection.

The method of claim 1 wherein the first formulation component comprises a formulation

component in the first set.

The method of claim 1 wherein the first formulation component comprises a formulation

component not in the first set.

The method of claim 1 wherein the range identified by the formulation constraint
comprises the permitted range and an impermissible range and determining the permitted
range comprises determining a range of values enabling formulation of the product in

accordance with the target constraint.

The method of claim 1 wherein:
the target constraint comprises a range of values comprising attainable values of the first
property and unattainable values of the first property, and processing the script

comprises determining the attainable values and the unattainable values.
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10. A computer system for formulating a chemical product, the system comprising:
a processor coupled to a user input device,
a database coupled to the processor and comprising instructions to configure the
processor to:
receive a product formulation script, the script comprising:
a component selection option, the selection option comprising a
plurality of sets of formulation components,
a formulation component constraint identifying a range associated with
a formulation component property, and
a target constraint; and
process the product formulation script to determine a collection of formulation
components that can be used to produce a product, the product having a
first property in accordance with the target constraint, wherein the
collection comprises the first formulation component and the instructions
to process the script comprise instructions to:
determine a first one of the sets of formulation components for
inclusion in the collection; and
determine a permitted range associated with the first formulation
component in the collection, the permitted range being

compliant with the formulation component constraint.
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ABSTRACT
A computer implemented method of formulating a product (e.g., a chemical product)

includes receiving a product formulation script that guides the formulation of a product from a
number of different components. The script can, e.g., set forth required and optional

s  components and groups of related alternative components. To provide for such guidance, the
script includes (i) a component selection option identifying sets of formulation components,
(ii) at least one constraint to identify a numeric range associated with a property of one of the
formulation components, and (iii) a target constraint. The product formulation script is
processed to determine a collection of formulation components that can be used to produce

10 the product such that one or more properties of the product meet associated target
constraint(s). Processing of the script also includes selecting from among optional formulation
components. This selection can be performed by determining sets of formulation components
to be used in formulating the product and determining a permitted range associated with the
formulation components. The permitted ranges enabling the formulated product to meet the

15 target constraint(s).
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