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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: 

(a1) 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 (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; 

(e1) 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 (e1) a plurality of times for different data records 

in the faulty dataset; and 

(g1) 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 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. 

 

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: 

(a1) 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 (b1) 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 (a1) to create an augmented new data record; and 
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(e1) 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 uniquely 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: 

(a1) 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); 

(e1) substituting the replacement data value for the invalid data value in said field 

identified in step (b1) to create an augmented training data record including said 

replacement data value in place of said invalid data value; 

(f1) repeating steps (b1) through (e1) 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 (h1) to create said respective replacement data values for the multiple 

fields having invalid data values identified in step (g1); 

(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 (e1) 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 (e1 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 

(l) 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. 

 


