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Supporting Information 

 
Standard Error of the AUC 
 As given in equation 3 of the paper, the AUC can be expressed by averaging 
TPF values determined at each inactive compound in the ranked list. Equivalently, the 
AUC can be determined from an average of the FPF values determined at each active 
compound in the ranked list; i.e. ��� = 1 − 〈�	�〉�. Since the AUC can be determined 
by averaging over both active and inactive compounds, the numbers of each will 
contribute to the errors, and each average will have its own distribution. The standard 
error given in equation 5 of the paper, labeled equation S1 here in the supplementary 
information, incorporates both error sources.  
 

�
 = ������ +
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The variance due to active and inactive compounds are given as ���  and ��� , 
respectively, while the number of active and inactive compounds included in the 
estimate are given NA and NI, respectively.  
 The variance due to actives is given by equation S2 
 

��� = 〈��	� − 〈�	�〉���〉�                                           (S2) 
 

The A subscripts instruct that the averages should be carried out using FPF values 
determined at each active compound in the ranked list. Similarly, to determine the 
contribution from the inactive compounds, the following equation is used. 
 

��� = 〈��	� − 〈�	�〉���〉�                                             (S3) 
 
Standard Error of the ROC Enrichment Factor 
 The value of the ROC enrichment, equation 4 of the paper, is dependent on the 
active compounds, through the TPF, and the inactive compounds through the FPF. As a 
result, error arises from both active and inactive compounds. The standard error can be 
derived1 and takes the form giving in equation S4. 
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Similarly to equation S1, the variances of the active and inactive compounds are given 

��� and ���, respectively, while the number of active and inactive compounds included in 
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the estimate are given NA and NI, respectively. The FPF value is the value at which the 
EF is determined. The variance due to the active compounds is given by equation S5. 
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Similarly, the variance due to the inactive compounds is given by equation S6 
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In equation S6, S2 is the square of an approximation to the slope of the ROC curve, S, 
tangent to the point where the EF value was determined. The approximation is derived 

from an analytic estimate of the ROC curve due to Hanley2, " = #�� �$%� �$%⁄ , as 
described by Nichols1. 
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Training Method Scaling 
Exhaustive training. For N conformations, the exhaustive method forms all possible 
ensembles at each ensemble size from 1 to N. For an ensemble size of k, with 1< k <N, 
the number of ensembles that can be constructed is given by the binomial coefficient,  
 

+�,- = �!
,!�� ,�!                                                         (S8) 

 
The total number of ensembles constructed, T, can be determined by summing the 
values of the binomial coefficient from 1 to N. 
 

� = ∑ +�,-�,0�                                                        (S9) 

 
Equation S9 can be simplified by writing the binomial formula as follows. 
  

�1 + 2�� − 1� = ∑ +�,-1� ,�,0� 2,                                         (S10) 

 
If we set both x and y to a value of 1 in equation S10 and compare the results to S9, it 
follows that the total number of constructed ensembles grows exponentially with the 
number of conformations, as described by equation S11. This growth can be expressed 
using big O notation as, O(2N).  
 

� = 2� − 1                                                       (S11) 
 

Slow heuristic training. If there are N conformations, in the first step of the slow heuristic 
method, N one-membered ensembles are considered, and the best performer is 
retained. In the second step, N – 1 two-membered ensembles are considered and the 
best performer is retained. This process is repeated until a 1 N-membered ensemble is 
determined. The total number of ensembles constructed, T, is given by equation S12. 
 

� = 4 + 4 − 1 + 4 − 2 +⋯+ 1 = ∑ 4 − �6 − 1��,0�                (S12) 
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Equation S12 can be re-written as equation S13. 
 

� = 4�4 + 1� − ∑ 6�,0�                                          (S13) 
 
The sum in the second term of S13 is known as a triangular number and can be re-
written as 4�4 + 1� 2⁄ , and equation S13 can be simplified. 
 

� = 7�789�
�                                                     (S14) 

 
In the limit of large N, S14 approaches 4� 2⁄ . Using big O notation, this is expressed as 
O(N2).  
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