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What 1s claimed 1

1. A method, comprising:

receiving a plurality of target atiributes associated with a chemical product formulation
and a plarality of priority values of the plurality of target attributes;

determining, based on (1) a first noural network, (2) the plurality of target attributes and
(3) the plurality of prionty values, a plurality of sample formulations, each sample formulation
from the plurality of sample formalations including a plurality of ingredients;

determining a plurality of scores based on the plurality of sample formulations, each
score from the plurality of scores being associated with a sample formulation from the plurality
of sample formulations;

selecting, based on the plurality of scores and the plurality of target attribates, a sample
formulation from the plurality of sample formulations having a score greater than remaining
scores trom the plurahity of scores;

deternuning an origin associated with the sample formulation; and

when the origin is included in a pre-determined group, generating a report including the

sample formulation as the chemical product formulation.

o

The method of claim I, wherein:
the plurality of sample formulations is a first plurality of sample formulations;
the sample formulation is a first sample formulation;
the method further inclades:

modifving a plurality of weights associated with the first neural network to
determune a sccond plurality of sample formulations;

selecting a second sample formulation from the second plurality of sample

formulations; and

the report includes the second sample formulation as the chemical product formulation.

()

The method of claim 1, wheremn:
the phurality of sample formulations is a first phurality of sample formulations;
the sample forroulation is a first sample formulation;
the method further includes:
modifying the first sample formulation to generate a modified sample

formulation;
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determining, based on the first neural network and the modified sample
formulation, a sccond phurality of sample formulations; and
the report includes a second saraple formulation selected from the second plurality of

sample formulations as the chemical product formulation.

4, The method of claim 1, further comprising:
repeating unti a pre-determined condition is met:
determinung a new plurahity of sample formulations; and
selecting a new sample formulation from the new phurality of sample

formulations.

5. The method of claim 1, wherein:
the plurality of target attributes includes at least one of a class, a viscosity, ora pH level.
6. The method of claim 1, wherein:
the first neural network inchides a recurrent subnetwork.
7. The method of claim 1, wheremn:
the chemical product formulation is a skin care product.
8. A non-transitory processor-readable medium storing code reprosenting instructions to

be executed by a processor, the code comprising code to cause the processor to:

receive a phurality of target attributes for a chemical formudation;

encode the plurality of target attributes to generate a signal;

determine, using a first neural network with the signal as a first input, (1) a chemical
data sequence ncluding a plurahty of ingredients and {2} a plurality of characteristic values,
gach mgredient from the plurality of mgredients associated with a characteristic value from the
plurality of characteristic values;

determine, using a second neural network and with the chemical data sequence and the
plurality of characteristic valoes as a second input, a plorality of scores of the plurality of
mgredients and associated with the plurality of target attributes;

modify a plurality of weights associated with the first neural network to increase the

urality of scores ¢ senerate a ified neural network;
turality of scores and generate a modified neural network;
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determine, based on the modified neural network, a modified chemical data sequence
inchuding a modified plurality of ingredients; and
generate a report including the chemical formulation having the moditied chemical data

sequence associated with the plurality of target attributes.

9. The non-transitory processor-readable mediwn of claim ¥, wherein the chemical

formulation is a personal care product formulation,

10, The non-transitory processor-readable medim of claim 3, wherein the code to cause
the processor to generate the report further includes code to cause the processor to:

determine, using the modified chemical data sequence as a third mput, an ongin
associated with the modified chemieal data sequence; and

gencrate the report when the origin is included in a pre~-determined group.

11, The non-transitory processor-readable medinm of claim 8, wherem:
cach characteristic value from the plurality of characteristic values is associated with a
concentration percentage of an ingredient from the plorality of ingredients and from a plorality

of concentration percentages.

12, The non-transitory proccssor-readable medium of claim 8, wherein:
each charactenstic value from the plurality of charactenistic values is associated with a

mixing stage of an ingredient from the plurality of ingredients and from a plurality of mixing

13 The non-transitory processor-readable medium of claim 8, wherein:
the plurality of target attributes includes at least one of a class, a viscosity, ora pH level.
14, The non-transitory processor-readable medium of claim 8, wheremn the code to encode

the plurality of target atinbutes to generate a signal includes code to cause the processor to

perform one-hot encoding.

15, The non-trapsitory processor-readable medium of claim 8, wherein the code to encode

the plurahty of target attributes to generate the signal includes code to cause the processor to
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map the plurality of target attributes to a pre-determined set of diserete values when the

plurality of target attributes is continucus.

16. The non-transitory processor-readable medium of claim 8, wheren:
the first nearal network inchudes a recurrent subnetwork and one or more output layers,
the recurrent subnetwork includes stacked long short-term memaory cells, and

the one or more output layers includes time-distributed dense layers.

17, The non-transifory processor-readable medium of claim 8, wherein the code further
mehades code to canse the processor to:

receive a base chenucal data sequence,

the code to determune the chemical data sequence inclades the code fo cause the

processor to determine the chemical data sequence based on the base chemical data sequence.

18.  The non-transitory processor-readable medinm of claim 8, wherem:

cach target attribute from the phurality of target attributes is assoctated with a priosity
value from a plurality of priority values,

the code to cause the processor to modify the plurality of weights associated with the

first neural network is based on the phuality of priority values.

19, The non-transitory processor-readable medium of claum 8, wherein the code further
inchides code to cause the processor to train the first neural network using a stochastic gradient

descent with backpropagation technique based on a training data set.

20, The non~transitory processor-readable medium of claim 8, whercin the code to cause

the processor to modify the plurality of weights further includes code to cause the processor

to:
modify the plurality of weights using reinforcoment fcarning.
21, The non-transifory processor-readable medium of claim 8, wherein the code further

mehades code to cause the processor to:
repeat determining a new chemical data sequence untd a pre-deternuned condition 1s

met.
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2. An apparatus, comprising:

]

a processor; and
a memory operatively coupled to the processor, the memory storing code representing

mstructions to be executed by a processor, the code comprising code to cause the processor to:

reeeive a plorality of target atiributes associated with a chemical produet
formulation;

determine, based om a first neural network, a first plurality of sample
formulations associated with the plurality of target attributes, each sample formulation from
the first plurality of sample formulations mcluding a plurality of ingredients;

determing a first plurality of scores, cach score from the first plurality of scores
associated with a sample formulation from the first plurality of sample formulations;

select, based on the first plurality of scores and the plurality of target attributes,
a first sample formulation from the first plurality of sample formulations having a score greator
than remaining scores from the first plurality of scores;

determine, based on the fivst neural network and the first sample formulation, a
second plurality of sample formulations;

determine a second plurality of scores, each score from the second plurality of
scores associated with a sample formulation from the second plurality of sample formulations;

sefect, based on the second plurality of scores and the plorality of target
aftributes, a sccond sample formulation from the second plurality of sample formwlations
having a score greater than remaining scores from the second plurality of scores;

determine an origin associated with the second sample formulation; and

when the origin i3 included in a pre-determined group, generate a report

including the sccond sample formulation as the chemical product formulation.

23, The apparatus of claim 22, wherein the code further includes code to cause the
processor for
repeat until a pre-determined condition 1s oot
determining a new plurality of sample formulations; and
selecting a new sample formulation from the new phuality of sample

formulations.
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