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WHAT IS CLAIMED IS¢

1. Inasystem for preparing a plurality of historical data records for use intraiging a
primary model machine learning algorithm, wherein each historical data record inclyfies a plurality
of fields containing data vahies designated as inputs for training the primary modgi machine
learning algorithm to generate an output of interest, a computer-implemented/method of preparing
the designated inputs in the pharality of historical data records in order to Jicrease the utility and
accuracy of the trained primary model machine learning algorithm whe# the designated inputs in
the historical data records include invalid data values, the method cgmprising:

segregating a base dataset containing the historical data fecords into a faulty dataset having
incomplete data records with invalid data values and a clean fataset having complete data records
with no invalid data values;

storing the faulty dataset and the clean dataselin a computer memory;

producing from the stored clean dataset abfeast one of (i} plural computer-implemented
secondary model machine learning algorithms fained to generate from values of the respective
fields designated as inputs in plural complejf data records a replacement value for a single invalid
data value in a corresponding field desighiated as an input in an incomplete data record, and (i} a
computer-implemented tertiary modfl machine learning clustering algorithm trained to generate
from plural complete data recordf comprising all values of fields designated as inputs replacement
values for multiple invalid daif values designated as inputs in an incomplete data record; and

using a computer-ifiplemented program to create augmented training data records by
substituting the replacginent data values for at least some of the respeciive invalid data values
designated as inpulf in the stored faulty dataset, whereby said augmented training data records can
be used with copiplete data records in the clean dataset to train the primary model machine
learning alggfithm to improve the accuracy thereof when generating an output of interest froma

new datafecord.
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2. Asystem as in claim 1, wherein the method further comprises:

training the primary model machine learning algorithm using the augmented traigfing data
records;

obtaining a new data record with fields corresponding to respective ones gf the fields in the
historical data records designated as inputs;

storing the new data record in a computer memory;

completing the new data record by applying to the stored new dgfia record the secondary
model machine learning algorithm to generate a replacement value v data in the new data record
with a single field containing an invalid data value, and the tertiagf model machine learning
clustering algorithin to generate replacement values for data jh the new data record with multiple
fields containing invalid data values; and

using the trained primary model machine learyfng algorithm to generate the output of

interest from the new data record.

3. Asystem as in claim 1, whergin ajfleast one field in an bistorical data record is
designated as an putput of interest compriging a target data vahie in numeric form, and the primary
machine learning algorithm uses supetrfised learning to {it a curve relating the data values of fields
designated as inputs in the historicgl data records to the numeric target data values in the historical

data records.

4. Asystem as inflaim 1, wherein at least one field in an historical data record is
designated as an outpuyof interest comprising target data values in the form of two or more
discrete classes, and/the primary machine learning algorithm uses supervised learning {o maximize
the probability tfat the values of the data designated as inpuis in the historical data records
determine thft the data record is a member of one of the two or more discrete classes comprising

ata values in the historical data records.
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5. Asystem as in claim 1, wherein the primary machine learning algorithin oufputo
interest is an identification of a collection of data records whose values designated as inpujf are
niore similar to other data records in the collection than said input values are similar tgfvalues

designated as inputs in data records which are not in the collection

6. Asystem asinclaim 1, wherein the seeondary modsl machine leaphing aigorithm
comprises at least one of a prediction modge! for generating replacement vglues for fields having
values in continuous nwmertc form and a classification model for geneyfting replacement values for

figlds having velues in the form of discrete classgs.

7. Asystem as in claim 1, wherein the secondary mogfiel machine learning algorithm

comprises a multi-layer feed-forward neural network traigfd by back-propagation

8. Asystem as in claim 1, whergin the tertigfy mode! machine learning algorithm
comprises a self-organizing map characterized by/a plurality of clusters based on the total number

of historical data records.

9.  Asysiem as in claim 1, whepfin the method of preparing the designated inputs in the
plurality of historical data records fof training of the primary model further comprises:

using a heuristic analysigfo identify any of the fields designated as inputs for the primary
model machine learning algopfthan that contain data vahies having no utility for training the
primary machine learning/algorithm to generate the output of interest;

creating a redyfed clean dataset without the fields containing data values identified as
having no utility fgff training the primary machine learning algorithm to generate the ouiputof
interest and stghing the reduced clean dataset in a computer memory;

creghing an auxiliary clean dataset without any fields representing the output of interest

and stogffng the auxiliary clean dataset; and
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using the stored auxiliary clean dataset as training data for the plural secondary mode

machine learning algorithins and the tertiary model machine learning clustering algorithn

10. A method of using a computer-implemented primary modsl machine leaghing
algorithm trained with a plurality of historical data records, wherein each historic#l data record
includes a plurality of fields designated as inputs for training the primary modg machine lzarning
algorithm to generate an output of inferest, wherein the method generates /£ corresponding output
of interest from a new data record with a plurality of fields correspondifig to the fields in the
historical data records designated as inputs when one or muare of thef fislds in the new data record
contains an invalid data value, the method comprising:

using one of a computer-implemented secondary moglel maching learning algorithm trained
using the historical data records to generate a replacemegfi value for a single field containing an
invalid data value, and a computer-implemented tertifiv model machine learning clustering
algorithm trained using the historical data recordgfto generate replacement values for a data regord
with multiple flelds containing invalid data valfes;

completing the new data record by fubstituting the one or more replacement values
corresponding to the data values in resyfective figlds of the new data record containing an invalid
data value; and

using the primary modei/nachine learning algorithm to generate from the completed new

data record the output of intgfest associated with the new data record.

11. A method gf in claim 10, further comprising:

accessing a bfise dataset with a plurality of the historical data records;

segregatfig from the stored base dataset a clean dataset having complete historical data
records withfio invalid data values;

sifring the clean dataset in a computer memory;
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producing from the stored clean dataset the secondary model machine learning algoniim

and the tertiary model machine learning clustering algorithm.

12. Amethod as in claim 131, further comprising;

storing in a compuier memory a faulty dataset having incomplete historicyf data records
with invalid data values;

using a computer-implemented program to create augmented traigfng data records by
subistituting the replacement data values for at least some of the respecgffve invalid data values in
data records in the stored faulty dataset and storing the augmentedfraining datarecords ina
computer memory; and

training the primary model machine learning algorithfn using the data records in the clean

dataset combined with the augmented training data recopfis.

13. A method of producing plural secondary// model machine learning algorithms for
replacing invalid data values in a stored base dalfiset that includes a plurality of historical data
records each having a plurality of fields desighiated as inputs for training a primary model machine
learning algorithm to generate an output ff interest, the method comprising:

using a heuristic analysis to idfntify any of the felds in the historical data records
designated as inputs for the primgly model machine learning algorithm that contain data values
having no utility for training thf primary machine learning algorithm to generate the output of
interest;

storing in a conyfuter memory a field status data structure with an entry associated with
each field in data reghrds in the base dataset, wherein each field status entry includes a field
number elementfndicating the position of the field in data records in the stored base dataset and an
elimination ¢fde element indicating whether the data values contained in said field have utility for

training tfe primary model to generate an output of interest;
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creating a clean dataset by eliminating from the base dataset any data records with invif
data values;

creating a reduced clean dataset by eliminating from data records in the clean dgffaset any
field having an elimination code element associated therewith that indicates the fielgfhas no utility
for training the primary model;

creating an ausiliary clean dataset by eliminating from data records igfthe reduced clean
dataset any field with a data value designated as the output of interest of e primary model
machine learning algorithin; and

using the data records in the auxiliary clean dataset as traiyfing data for plural computer-
implemented secondary model machine learning algorithms trgined by sequentially designating all
but one of the fields of said data records as containing traingig input values and designating said
one remaining field data value as the training output valfie for the secondary model machine
learning algorithm for that field;

storing in a computer memory a replacegfent model data structure with an entry associated
with each field in the base dataset, the positigh of each entry in the replacement model data
structure being indicative of the field number element in the corresponding field status data
structure, and each entry inchuding {a} field index element indicating the position for the feld
value in a data record organized fofuse by a primary model machine learning algorithm, and (b} a
secondary model element indigffting either {i} the trained secondary model machine learning
algorithm associated with sghd field, or (i1} that no secondary model machine learning algorithm is

associated with said fiely/

14. Amethld as in claim 13, wherein the method further comprises including in each field
status data stryfture entry a type code element indicating (i} whether or not the daia values in the
figld associgfed with said entry will be used to produce a secondary model machine learning

, and {11} whether the data values of the training outputs of data records used to produce
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the secondary model machine learning algorithm for said field are in continuous numeric forgf or

discrete class form.

15. A method as in claim 14, wherein the secondary model machine learningalgorithms

comprise multi-layer feed-forward neural networks trained by back-propagatio

16. A method for training a primary machine learning algorithin ugffig trained secondary
model machine learning algorithins produced as in claim 13, the methodfomprising:

{a} creating a faulty dataset comprising faulty historical datfrecords eliminated from the
base dataset and storing the faulty dataset in a computer memor

(b} identifying in the faulty dataset a faulty data recopld with a single field having an invalid
data value;

{c} accessing the entry in the replacement mofel data structure corresponding to the
single field having an invalid data value to determigf whether or not said single field in said faulty
data record has a trained secondary model macifine learning algorithm associated with sald field;

{d} using said trained secondary mghiel machine learning algorithin associated with said
field accessed in step {c] to create a replgfement data value;

{e} substituting the replacergent value for the invalid data value in the faulty data record
to create an augmented training dfta record;

{f1 repeating steps {Yf through () a plurality of times for different data records in the
faulty dataset; and

{g} wusing the §fta records in the clean dataset combined with the augmented training data

records to train the frimary model machine learning algorithm.

17. Aphethod for using the primary machineg learning algorithm trained in accordance with
claim 16 tofenerate an output of interest from a new data record with nput fields corresponding
put fields in the hase dataset, the method comprising:
{a} identifving in the new data record a single field having an invalid data value;
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{b)} accessing the entry in the replacement model data structure corresponding to th
single field having an invalid data valie to determine whether or not said single field in sgfi faulty
data record has a trained secondary model machine learning algorithin associated wit)f said field;

{¢} using said trained secondary model machine learning algorithm assocjited with said

field accessed in step {b) to create a replacement data value for the invalid datgfalue in the new

<,

data record;
{d)} substituting the replacement data value for the invalid datafalue to create an
augmented new data record; and
{e} wusing the primary model machine learning algorithn

‘o generate the output of inferest

from the augmented new data record.

18. A method of producing a tertiary meds! maghine learning algorithm for replacing

invalid data values in a stored base dataset that inclufes a plurality of historical data records gach
having a plurality of fields designaled as inputs fgf training a primary model machine learning
algorithm to generate an output of inferest, thf method comprising:
using a heuristic analysis to identiff any of the fields in the historical data records
designated as inputs for the primary mgdel machine lzarning algorithm that contain data values
having no utility for training the pripary machine learning algorithm to generate the outputof
interest;

storing in a computefmemory a field status data structure with an entry associated with
each field in the base datgset, wherein sach fleld status entry inchuides a field number element
indicating the positiof of the field in data records in the stored base dataset and an elimination
code element indifating whether the data values contained in said field have utility for training the
primary modejfio generate an output of inferest;

Aiing a clean dataset by eliminating from the base dataset any data records with invalid

data vajles;
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creating a reduced clean dataset by eliminating from data records in the clean dataset fny
field having associated therewith an elimination code element that indicates the field has yb utility
for training the primary model;

creating an ausiliary clean dataset by eliminating from data records in the rfduced clean
dataset any field with a data value designated as the output of interest of the prifnary model
machine learning algorithm; and

using the data records in the auxiliary clean dataset as training dgfa for a computer-
implemented fertiary model machine learning clustering algorithin fyhined by using all of the data
values in data records in the auxiliary clean dataset as training inphit values; and

storing in a computer memory a replacement model dgffia structure with a tertiary model

entry identifying the trained tertiary model machine learnjfig clustering algorithm.

19. A method for training a primary maching/iearning algorithm using the trained tertiary
madel machine learning algorithm produced as ig/laim 18, the method comprising:

{a} creating a faulty dataset comprisife favlty historical data records eliminated from the
base dataset and storing the faulty dataset/n a computer memaory;

(b} identifving in the faulty dgffaset a faulty data record with multiple ficlds having invalid
data values;

{c} accgssing the tertigfy model entry in the replacement modg] data structure;

{d) using said traingd tertiary model machine learning algorithm accessed in step {c} to

create replacement dataffalues for the invalid data values in the faulty data record;

faulty datgfet; and
g} using the data records in the clean dataset combined with the augmented training data

recgrds to train the primary model machine learning algorithm.
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20. A method as in clabm 19, wherein the trained tertiary model machine learning
clustering algorithim comprises a self-organizing map with a plurality of nodes having regfective
weights corresponding to data values in the auxiliary clean dataset, and step {d} compffises:

calculating a similarity metric defining a distance feature between the weights of each node
of the self-organizing map and each of the fields with valid data values in the fafity data record;

using the distance feature to designate a predetermined number of £inning nodes having
weights closest to the corresponding values of respective fields in the fafity data record with
invalid data values;

calculating an average of the weights of the winning nodef associated with each of the
invalid data values; and

using the average weights to generate respective yfplacement values for each of the invalid

data values in the fields associated with the weights.

21. A method for using the primary macjing learning algorithm trained in accordance with
claim 19 o generate an output of interest fropf a new data record with input fields corresponding
to the input fields in the base dataset, the ypethod comprising:

identifying in the new data recgfrd multiple fields having invalid data values;

using the trained tertiary igbdel machine learning algorithm to create replacement data
values for the invalid data valuef in the new data record;

substituting the repifcement data values for the invalid data values to create an augmented
new data record; and

using the prigfary model machine lgarning algorithm to generate the output of interest from

the augmented nefv data record.
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inputs for training a primary model machine learning algorithm to generate an output of interest
the method comprising:

using a heuristic analysis to identify any of the felds in the historical data records
designated as inputs for the primary model machine learning algorithm that contain djfta values
having no utility for training the primary machine learning algorithm to generate tjfe output of
interest;

storing in a computer memory a field status data structure with an gitry associated with
each field in data records in the base dataset, wherein each field status efitry includes a field
number element indicating the position of the field in data records igfthe stored base dataset and an
elimination code element indicating whether the data values conjgined in said field have utility for
training the primary model to generate an output of interest;

creating a clean dataset by eliminating from the bgfe dataset any data records with invalid
data values;

creating a reduced clean dataset by elimingling from data records in the clean dataset any
field having an elimination code element associfted therewith that indicates the field has no utility
for training the primary model;

creating an auxiliary clean datasgt by eliminating from data records in the reduced clean
dataset any fleld with a data value defignated as the output of interest of the primary model
machine learning algorithny

using the data recordy/in the auxiliary clean dataset as training data for plural computer-
implemented secondary rodel machine learning algorithms trained by sequentially designating all
but one of the fields offaid data records as confaining training input values and designating said
one remaining fielg/data value as the training output value for the secondary model machine

learning algorijfim for that fleld;
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using the data records in the auxiliary clean dataset as training data for a computer-
implemented fertiary model machine learning clustering algorithin {rained by using all of the fata
values in data records in the auxiliary clean dataset as training input values; and

storing in a computer memory a replacement model data structure with a tertigh
entry identifying the trained tertiary model machine learning algorithm and plural
model entries, each secondary model being associated with a respective field inghe base dataset,
wherein the position of each entry in the replacement model data structure j£ indicative of the field
number element in the corresponding field status data structure, and eagh entry includes {a) a field
index element indicating the position for the field value in a data recgfd organized for use by a
primary model machine learning algorithm, and (b} a secondary yode} element indicating either {i}
the trained secondary model machine learning algorithm assgfiated with said field, or {if} that no

secondary model machine learning algorithm is associategfwith said field.

23. A method as in claim 22, wherein the mgfhod further comprises including in each field

status data structure entry a type code glement ipflicating {1} whether or not the data values in the
field associated with said entry will be used tgfproduce a secondary mode! machine learning
algorithm, and {ii} whether the data valusyg/of the training outputs of data records used to produce
the secondary model marhine learning/algorithm for said field are in continuous numeric form or

discrete class form.

24. A method as in cifim 23, wherein the secondary model machine learning algorithms

comprise multi-layer feedforward neural networks trained by back-propagation.

25, Amethgf for training a primary machine learning algorithm using traingd secondary
madel machine lghrning algorithms and the trained fertiary model machine learning algorithm
produced as Y claim 22, the method comprising:

creating a faulty dataset comprising faulty histerical data records eliminated from the

taset and storing the faulty dataset in a computer memory;
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{b} identifyingin the faulty dataset a faulty data record with a single field having an Pfvalid
data value;

{¢} accessingthe entry in the replacement model data structure correspondinf to the
single field having an invalid data valie to determine whether or not said single fie)f in said faulty
data record has a trained secondary model machine learning algorithin associapfd with said field;

{d} using said trained secondary model machine learning algorithnyassociated with said
field accessed in step {c} to create a replacement data valug;

{e} substituting the replacement value for the invalid data vgiue in the faulty data record
to create an augmented {raining data record;

{f} repeating steps {b} through (e} a plurality of timeffor different data records in the
faulty dataset;

{g} identifying in the faulty dataset a faulty dajl record with multiple fields having invalid
data values;

{h} accessing the tertiary model entry Pf the replacement mode] data structure;

{i} wusing said trained tertiary modgf machine learning algorithm accessed in step (h} to
create replacement data values for the infalid data values in the faulty data record;

{i} substituting the replacergent values for the multiple invalid data values in the faulty
data record to create an augmentg training data record; and

{k} wusing the data regfrds in the clean dataset combined with the augmented training data

records created in steps {efand (i} to train the primary model machine learning algorithm.

26. A methodfas in claim 25, wherein the trained tertiary model machine learning
clustering algorithfn comprises a self-organizing map with a plurality of nodes having respective
weights corregfionding teo data values in the auxiliary clean dataset, and step (i) comprises:

calgfiiating a similarity metric defining a distance feature between the weights of each node

of the sghf-organizing map and each of the fields with valid data valugs in the faulty data record;
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using the distance feature to designate a predetermined number of winning nodes havifg
weights closest to the corresponding values of respective fields in the faulty data record wiy
invalid data values;

calculating an average of the weights of the winning nodes associated with egh of the
invalid data vahues; and

using the average weights to generate respective replacement values f0r each of the fnvalid

data values in the fields associated with the weights.
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CLAIMS

1. A method of producing plural secondary model machine learning algorithms for

replacing invalid data values in a stored base dataset that includes a plurality of historical

data records each having a like plurality of corresponding fields, plural said fields being

designated as inputs for training a primary model machine learning algorithm to generate

an output of interest, the method comprising:

storing in a computer memory a field status data structure with a field status entry

uniquely associated with each field in the data records in the base dataset, wherein each

field status entry includes a field number element indicating the position of said field in

the data records in the stored base dataset and an elimination code element indicating

whether or not the data values associated with said field have utility for training the

primary model machine learning algorithm to generate the output of interest;

creating an auxiliary clean dataset by eliminating from the base dataset any faulty

historical data record having at least one field with an invalid data value, any field that

has no utility for training the primary model, and any field representing the output of

interest;

producing the plural individual computer-implemented secondary model machine

learning algorithms by using data records in the auxiliary clean dataset as training data,

each secondary model machine learning algorithm being associated with one of the fields

of the auxiliary clean dataset, wherein each said secondary model machine learning

algorithm is trained by (A) designating all but one said field of data records in said auxiliary

clean dataset as training input data values and designating the remaining field data value

as a training target value for the secondary model machine learning algorithm associated

with said field, and (B) repeating step (A) for each field in said auxiliary clean dataset;

storing in a computer memory a replacement model data structure with

replacement entries uniquely associated with respective fields in the base dataset, the

position of each replacement entry in the replacement model data structure being

indicative of the field number element in the corresponding field status data structure, and

each entry including (a) a field index element indicating the position for the field value in

a data record organized for use by a primary model machine learning algorithm, and (b)

a_secondary model element indicating either (i) the trained secondary model machine

learning algorithm associated with said field, or (ii) that no secondary model machine

learning algorithm is associated with said field as indicated by the elimination code element

associated with said field in the corresponding field status data structure.

2. A method as in claim 1, wherein the method further comprises including in each field

status entry a type code element indicating (i) whether or not the data values in the field
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associated with said entry will be used to produce a secondary model machine learning

algorithm, and (ii) whether the data values of the training outputs of data records used to

produce the secondary model machine learning algorithm for said field are in continuous

numeric form or discrete categorical form.

3. A method as in claim 2, wherein the secondary model machine learning algorithms

comprise multi-layer feed-forward neural networks trained by back-propagation.

4. A method for training a primary model machine learning algorithm using trained

secondary model machine learning algorithms produced as in claim 1, the method

comprising:
(al) creating a faulty dataset comprising faulty historical data records eliminated

from the base dataset;

(b1) identifying in the faulty dataset a faulty historical data record with a single

field having an invalid data value;

(c1) accessing the replacement entry in the replacement model data structure

corresponding to the single field identified in step (b1l) to determine whether or not said

single field in said faulty historical data record has a trained secondary model machine

learning algorithm associated with said field;

(d1) using said trained secondary model machine learning algorithm associated

with said field accessed in step (c1) to create a replacement data value;

(el) substituting the replacement data value for the invalid data value identified in

step (b1) to create an augmented training data record;

(f1) repeating steps (b1) through (el) a plurality of times for different data records

in the faulty dataset; and

(gl) using the data records in the clean dataset combined with the augmented

training data records to train the primary model machine learning algorithm.

5. A method for using the primary model machine learning algorithm trained in accordance

with claim 4 to generate an output of interest from a new data record with input fields

corresponding to the designated input fields in the base dataset, the method comprising:
(a2) identifying in the new data record a single field with an invalid data value;

(b2) accessing the entry in the replacement model data structure corresponding to

the single field identified in step (a2) to determine whether or not said single field has a

trained secondary model machine learning algorithm associated with said field;

(c2) using said trained secondary model machine learning algorithm associated

with said field accessed in step (b2) to create a replacement data value for the invalid data

value in said new data record;
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(d2) substituting the replacement data value for the invalid data value identified in

step (a2) to create an augmented new data record; and

(e2) using the primary model machine learning algorithm to generate the output

of interest from the augmented new data record.

6. A method as in claim 1, further comprising using a heuristic analysis to identify any of

the fields in the historical data records designated as inputs for the primary model machine

learning algorithm that contain data values having no utility for training the primary model

machine learning algorithm to generate the output of interest.

7. A method as in claim 1, wherein the replacement model data structure includes a

security signature appended thereto for permitting detection of inadvertent or malicious

modification of the replacement data structure.

8. A method as in claim 1, further comprising using the replacement model data structure

to reorder field data values in @ new data record to place them in the same order as the

field data values in the historical data records so that data values in the new data record

are presented to the primary model machine learning algorithm in the proper order.

9. A method as in claim 1, further comprising using the replacement model data structure

to reorder field data values in a new data record to place them in the same order as the

field data values in the historical data records so that data values in the new data record

are presented to the primary model machine learning algorithm in the proper order.

10. A method of producing a tertiary model machine learning clustering algorithm for

replacing invalid data values in a stored base dataset that includes a plurality of historical

data records each having a like plurality of corresponding fields, plural said fields being

designated as inputs for training a primary model machine learning algorithm to generate

an output of interest, the method comprising:

creating an auxiliary clean dataset by eliminating from the base dataset any faulty

historical data record having at least one field with an invalid data value, any field that

has no utility for training the primary model machine learning algorithm, and any field

representing the output of interest; and

producing the computer-implemented tertiary model machine learning clustering

algorithm by using data records in the auxiliary clean dataset as training data, wherein

the trained tertiary model machine learning clustering algorithm comprises a plurality of

nodes with respective weights that are representative of clusters of records in the auxiliary
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clean dataset deemed to be similar based on the calculation of a similarity metric during

the training of the tertiary model machine learning clustering algorithm; and

storing in a computer memory a replacement model data structure with a tertiary

model entry identifying the trained tertiary model machine learning clustering algorithm

for use in creating respective replacement data values for historical data records with

multiple fields having invalid data values.

11. A method for training a primary model machine learning algorithm using the trained

tertiary model machine learning clustering algorithm produced as in claim 10, the method

comprising:
(a) creating a faulty dataset comprising faulty historical data records eliminated

from the base dataset;

(b) identifying in the faulty dataset a faulty historical data record with multiple

fields having invalid data values;

(c) accessing the trained tertiary model machine learning clustering algorithm

identified by the tertiary model entry in the replacement model data structure;

(d) using said trained tertiary model machine learning clustering algorithm

accessed in step (c) to create said respective replacement data values for the multiple

fields having invalid data values in said faulty historical data record identified in step (b);

(e) substituting the respective replacement data values for the multiple invalid data

values in said faulty historical data record to create an augmented training data record;

(f) repeating steps (b) through (e) a plurality of times for different data records in

the faulty dataset; and

(g) using the data records in the clean dataset combined with the augmented

training data records to train the primary model machine learning algorithm.

12. A method for using the primary model machine learning algorithm trained in

accordance with claim 11 to generate an output of interest from a new data record with

input fields corresponding to the designated input fields in the base dataset, the method

comprising:
(al) identifying in the new data record multiple fields with invalid data values;

(b1) accessing the trained tertiary model machine learning clustering algorithm

identified by the tertiary model entry in the replacement model data structure;

(c1) using the trained tertiary model machine learning clustering algorithm

accessed in step (b1l) to create replacement data values for the respective invalid data

values in said new data record;

(d1) substituting the replacement data values for the respective invalid data values

identified in step (al) to create an augmented new data record; and
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(el) using the primary model machine learning algorithm to generate the output

of interest from the augmented new data record.

13. A method as in claim 12, further comprising setting a limit on the number of invalid

data values to be replaced in a new data record.

14. A method as in claim 10, further comprising using a heuristic analysis to identify any

of the fields in the historical data records designated as inputs for the primary model

machine learning algorithm that contain data values having no utility for training the

primary model machine learning algorithm to generate the output of interest.

15. A method as in claim 10, wherein the replacement model data structure includes a

security signature appended thereto for permitting detection of inadvertent or malicious

modification of the replacement data structure.

16. A method as in claim 10, further comprising using the replacement model data

structure to reorder field data values in a new data record to place them in the same order

as the field data values in the historical data records so that data values in the new data

record are presented to the primary model machine learning algorithm in the proper order.

17. A method of creating an augmented training data record for training a primary model

machine learning algorithm by using a plurality of historical data records each having a

like plurality of corresponding fields, plural said fields being designated as inputs for

training the primary model machine learning algorithm to generate an output of interest,

the method comprising:

(a) creating an auxiliary clean dataset by eliminating from the base dataset any

faulty historical data records having at least one field with an invalid data value, any field

that has no utility for training the primary model, and any field representing the output of

interest:

(b) producing a computer-implemented tertiary model machine learning clustering

algorithm by using data records in the auxiliary clean dataset as training data, wherein

the trained tertiary model machine learning clustering algorithm comprises a plurality of

nodes with respective weights that are representative of clusters of records in the auxiliary

clean dataset deemed to be similar based on the calculation of a similarity metric during

the training of the tertiary model machine learning clustering algorithm;

(c) identifying a faulty historical data record eliminated from the base dataset and

having multiple fields with invalid data values;
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(d) using said trained tertiary model machine learning clustering algorithm to

create respective replacement data values for the multiple fields having invalid data values

in said faulty historical data record by (1) calculating the similarity metric between the

weights of each node and each of the fields with valid data values in said faulty historical

data record, (2) using the respective similarity metrics to designate a predetermined

number of winning nodes as having weights mot similar to the corresponding valid values

of respective fields in said faulty historical data record with invalid data values, (3)

calculating respective averages of the weights of the winning nodes associated with each

of the invalid data values, and (4) using said respective average weights to create

respective replacement values for each of the invalid data values in the fields associated

with the weights;

(e) substituting the respective replacement data values for the invalid data values

in said faulty historical data record to create an augmented training data record; and

(f) repeating steps (c) through (e) a plurality of times for different faulty historical

data records eliminated from the base dataset and having multiple fields with invalid data

values.

18. A method as in claim 17, further comprising using the frequency of assignment of

nodes during training of the tertiary machine learning clustering algorithm as a factor in

determining the number of nodes in the tertiary model machine learning clustering

algorithm that should be used to create replacement data values.

19. A method as in claim 17, wherein said tertiary model machine learning clustering

algorithm comprises a self-organizing map and the similarity metric is a distance feature

used to determine the nodes having weights most similar to the corresponding valid values

of respective fields in said faulty historical data record with invalid data values.

20. A method of producing plural secondary model machine learning algorithms and a

tertiary model machine learning algorithm for replacing invalid data values in a stored

base dataset that includes a plurality of historical data records each having a like plurality
of corresponding fields designated as inputs for training a primary model machine learning

algorithm to generate an output of interest, the method comprising:

storing in a computer memory a field status data structure with an entry uniquely

associated with each field in the data records in the base dataset, wherein each field status

entry includes a field number element indicating the position of said field in the data

records in the stored base dataset and an elimination code element indicating whether or

not the data values contained in said field have utility for training the primary model

machine learning algorithm to generate the output of interest;
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creating an auxiliary clean dataset by eliminating from the base dataset any faulty

historical data record having a least one field with an invalid data value, any field that has

no utility for training the primary model machine learning algorithm, and any field

representing the output of interest;

producing the plural computer-implemented secondary model machine learning

algorithms trained by using data records in the auxiliary clean dataset as training data,

each secondary model machine learning algorithm being associated with one of the fields

of the auxiliary clean dataset, wherein each said secondary model machine learning

algorithm is trained by (a) designating all but one said field of data records in said auxiliary

clean dataset as training input data values and designating the remaining field data value

as a training target value for the secondary model machine learning algorithm associated

with said field, and (b) repeating step (a) for each field in said auxiliary clean dataset;

producing the computer-implemented tertiary model machine learning clustering

algorithm trained by using data records in the auxiliary clean dataset as training data,

wherein the trained tertiary model machine learning clustering algorithm comprises a

plurality of nodes with respective weights that are representative of clusters of records in

the auxiliary clean dataset deemed to be similar based on the calculation of a similarity

metric during the training of the tertiary model machine learning clustering algorithm; and

storing in a computer memory a replacement model data structure with a tertiary

model entry identifying the trained tertiary model machine learning clustering algorithm

for use in creating respective replacement values for historical data records with multiple

fields having invalid data values, and plural secondary model entries, each secondary

model entry being uniguely associated with a respective field in the base dataset, wherein

the position of each entry in the replacement model data structure is indicative of the field

number element in the corresponding field status data structure, and each entry includes

(a) a field index element indicating the position for the field value in a data record

organized for use by a primary model machine learning algorithm, and (b) a secondary

model element indicating either (i) the trained secondary model machine learning

algorithm associated with said field, or (ii) that no secondary model machine learning

algorithm is associated with said field as indicated by the elimination code element

associated with said field in the corresponding field status data structure.

21. A method as in claim 20, wherein the method further comprises including in each field

status entry a type code element indicating (i) whether or not the data values in the field

associated with said entry will be used to produce a secondary model machine learning

algorithm, and (ii) whether the data values of the training outputs of data records used to

produce the secondary model machine learning algorithm for said field are in continuous

numeric form or discrete categorical form.
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22. A method as in claim 21, wherein the secondary model machine learning algorithms

comprise multi-layer feed-forward neural networks trained by back-propagation.

23. A method for training a primary model machine learning algorithm using trained

secondary model machine learning algorithms and the trained tertiary model machine

learning clustering algorithm produced as in claim 20, the method comprising:

(al) creating a faulty dataset comprising faulty historical data records eliminated

from the base dataset;

(b1) identifying in the faulty dataset a faulty historical data record with a single

field having an invalid data value;

(c1) accessing the entry in the replacement model data structure corresponding to

the single field identified in step (b1) to determine whether or not said single field in said

faulty historical data record has a trained secondary model machine learning algorithm

associated with said field;

(d1) using said trained secondary model machine learning algorithm associated

with said field accessed in step (c1) to create a replacement data value for said single field

having an invalid data value identified in step (b1);

(el) substituting the replacement data value for the invalid data value in said field

identified in step (bl) to create an augmented training data record including said

replacement data value in place of said invalid data value;
(f1) repeating steps (b1) through (el) a plurality of times for different data records

in the faulty dataset;

(g1) identifying in the faulty dataset a faulty historical data record with multiple

fields having invalid data values;

(h1) accessing the trained tertiary model machine learning clustering algorithm

identified by the tertiary model entry in the replacement model data structure;

(i1) using said trained tertiary model machine learning clustering algorithm

accessed in step (hl) to create said respective replacement data values for the multiple

fields having invalid data values identified in step (gl);

(j1) substituting the respective replacement data values for the multiple invalid

data values in said faulty data record to create an augmented training data record including

said replacement data values in place of respective said invalid data values; and

(k1) using the data records in the clean dataset combined with the augmented

training data records created in steps (el) and (j1) to train the primary model machine

learning algorithm.
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24. A method as in claim 20, further comprising using a heuristic analysis to identify any

of the fields in the historical data records designated as inputs for the primary model

machine learning algorithm that contain data values having no utility for training the

primary model machine learning algorithm to generate the output of interest.

25. A method as in claim 20, wherein the replacement model data structure includes a

security signature appended thereto for permitting detection of inadvertent or malicious

modification of the replacement data structure.

26. A method of creating an augmented training data record for training a primary model

machine learning algorithm by using a plurality of historical data records each having a

like plurality of corresponding fields, plural said fields being designated as inputs for

training the primary model machine learning algorithm to generate an output of interest,

the method comprising:

(a) creating an auxiliary clean dataset by eliminating from the base dataset faulty

historical data records having invalid data values, any field that has no utility for training

the primary model machine learning algorithm, and any field representing the output of

interest;

(b) producing plural computer-implemented secondary model machine learning

algorithms trained by using data records in the auxiliary clean dataset as training data,

each secondary model machine learning algorithm being associated with one of the fields

of the auxiliary clean dataset, wherein each said secondary model machine learning

algorithm is trained by (A) designating all but one said field of data records in said auxiliary

clean dataset as training input data values and designating the remaining field data value

as a training target value for the secondary model machine learning algorithm associated

with said field, and (B) repeating step (A) for each field in said auxiliary clean dataset;

(c) producing a trained computer-implemented tertiary model machine learning

clustering algorithm trained by using data records in the auxiliary clean dataset as training

data, wherein the trained tertiary model machine learning clustering algorithm comprises

a plurality of nodes with respective weights that are representative of clusters of records

in the auxiliary clean dataset deemed to be similar based on the calculation of a similarity

metric during the training of the tertiary model machine learning clustering algorithm;

(d) creating a faulty dataset comprising faulty historical data records eliminated

from the base dataset;

(e) identifying in the faulty dataset a faulty historical data record with a single field

having an invalid data value;
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(f) using said trained secondary model machine learning algorithm associated with

said field identified in step (e) to create a replacement data value for said single field

having an invalid data value;

(g) substituting the replacement data value for the invalid data value in said single

field identified in step (e) to create an augmented training data record for said single field;

(h) repeating steps (el through (g) a plurality of times for different data records in

the faulty dataset with a single field having an invalid data value;

(j) identifying in the faulty dataset a faulty historical data record with multiple fields

having invalid data values;

(j) using said stored trained tertiary model machine learning clustering algorithm

to create respective replacement data values for the multiple fields having invalid data

values identified in step (j) by (1) calculating the similarity metric between the weights of

each node and each of the fields with valid data values in said faulty data record, using

the respective similarity metrics to designate a predetermined number of winning nodes

having weights most similar to the corresponding valid values of respective fields in the

faulty data record with invalid data values, calculating respective averages of the weights

of the winning nodes associated with each of the invalid data values, and (4) using the

respective average weights to create respective replacement values for each of the invalid

data values in the fields associated with the weights;

(k) substituting the respective replacement data values for the multiple invalid data

values in said faulty data record to create an augmented training data record including

said replacement values in place of said respective invalid data values; and

(1) repeating steps (i) through (k) a plurality of times for different data records in

the faulty dataset with multiple fields having invalid data values.

27. A method as in claim 26, wherein said tertiary model machine learning clustering

algorithm comprises a self-organizing map and the similarity metric is a distance feature

used to determine the nodes having weights most similar to the corresponding valid values

of respective fields in said faulty historical data record with invalid data values.
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