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Disclaimer 

Points of view in this presentation are mine and 
do not necessarily represent the official position 
or policies of the National Institute of Standards 
and Technology or the U.S. Department of 
Justice. 
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Validating Software for Probabilistic Genotyping 

 Tests where 𝐻𝑝 is true: 

 

 

 

 Tests where 𝐻𝑑 is true: 

Does the model correctly include 
a known contributor? 

Does the model correctly exclude 
a known non-contributor? 
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Three Main Points 

1) The average value of the likelihood ratios 
(𝐿𝑅s) obtained for tests where 𝐻𝑑 is true is 1. 

 

2) Information on the chance of adventitious 
matching is provided by the 𝐿𝑅. 

 

3) This theory provides a framework for 
assessing the performance of interpretation 
models. 
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Scenario 

person of 
interest (POI) 

crime stain 

𝐿𝑅 =
1

1
1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛

= 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 likelihood ratio 

𝐻𝑝: The POI is the donor. 

𝐻𝑑: An unknown person is the donor. 
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999,999,999 randomly chosen individuals have a 
different genotype than the POI:  
 

𝐿𝑅 = 0 

1 randomly chosen 
individual has the same 
genotype as the POI:  
 

𝐿𝑅 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 

Our Expectations if 𝐻𝑑 is true 

1 billion randomly chosen individuals 
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Average value of the 𝐿𝑅s: 

 
999,999,999

1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛
× 0 +

1

1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛
× 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 

Our Expectations if 𝐻𝑑 is true 

999,999,999 individuals:  
 

𝐿𝑅 = 0 

1 individual:  
 

𝐿𝑅 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 

= 1 
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1) The average value of the likelihood ratios 
(𝐿𝑅s) obtained for tests where 𝐻𝑑 is true is 1. 

 𝑃𝑟 𝐸𝑖|𝐻𝑑 × 𝐿𝑅𝑖
𝑖

 

  =  𝑃𝑟 𝐸𝑖|𝐻𝑑
𝑃𝑟 𝐸𝑖|𝐻𝑝
𝑃𝑟 𝐸𝑖|𝐻𝑑

𝑖

 

  =  𝑃𝑟 𝐸𝑖|𝐻𝑝
𝑖

 

  = 𝑃𝑟 𝐸1 ∪ 𝐸2 ∪⋯∪ 𝐸𝑛|𝐻𝑝  

  = 1 

the expected factor for 
a wrong hypothesis in 

virtue of any 
experiment is 1 
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Three Main Points 

1) The average value of the likelihood ratios 
(𝐿𝑅s) obtained for tests where 𝐻𝑑 is true is 1. 

 

2) Information on the chance of adventitious 
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In court What were the results of the comparison of the crime 
stain’s DNA with the POI’s DNA?  

The DNA typing results of the crime stain are 
1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 times more probable to have been 

obtained if the POI is the donor of this DNA than if 
an unknown person is the donor of this DNA. 

How many other people would 
adventitiously match this profile?  

? 
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𝐿𝑅1 ≤ 𝐿𝑅2 ≤ 𝐿𝑅3 ≤ ………………………………………………… ≤ 𝐿𝑅𝑁 

1     2      3        ……………………………………………………………………………………………......      N 

𝐿𝑅𝑃𝑂𝐼 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  

average of 𝐿𝑅s smaller than 𝐿𝑅𝑃𝑂𝐼  

= 𝛿  

average of 𝐿𝑅s 
greater than or 
equal to 𝐿𝑅𝑃𝑂𝐼  

= 1 − 𝛿  
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𝐿𝑅1 ≤ 𝐿𝑅2 ≤ 𝐿𝑅3 ≤ ………………………………………………… ≤ 𝐿𝑅𝑁 

1     2      3        ……………………………………………………………………………………………......      N 

𝐿𝑅𝑃𝑂𝐼 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  

𝑘 individuals:  
 

𝐿𝑅𝑖 ≥ 𝐿𝑅𝑃𝑂𝐼 
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Average of 𝑘 𝐿𝑅s: 

 

 
𝑘

𝑁
 𝐿𝑅𝑃𝑂𝐼 + 휀 

  

 = 1 − 𝛿 
 

 

𝐿𝑅𝑃𝑂𝐼 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  

……………… ≤ 𝐿𝑅𝑁 
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2) Information on the chance of adventitious 
matching is provided by the 𝐿𝑅. 

Average of 𝑘 𝐿𝑅s: 
 

 
𝑘

𝑁
 𝐿𝑅𝑃𝑂𝐼 + 휀 = 1 − 𝛿 

 

 

𝐿𝑅𝑃𝑂𝐼 = 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  

……………… ≤ 𝐿𝑅𝑁 

𝑘

𝑁
=
1 − 𝛿 − 휀

𝐿𝑅𝑃𝑂𝐼
 

 

𝑘

𝑁
≤
1

𝐿𝑅𝑃𝑂𝐼
 

 

The proportion of randomly chosen 
non-donors expected to yield a 
likelihood ratio of 𝐿𝑅𝑃𝑂𝐼 or larger is 
less than or equal to 1 in 𝐿𝑅𝑃𝑂𝐼. 15 



In court What were the results of the comparison of the crime 
stain’s DNA with the POI’s DNA?  

The DNA typing results of the crime stain are 
1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 times more probable to have been 

obtained if the POI is the donor of this DNA than if 
an unknown person is the donor of this DNA. 

How many other people would 
adventitiously match this profile?  

The proportion of randomly chosen non-
donors expected to yield a likelihood ratio of 
1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 or larger is less than or equal to 

1 𝑖𝑛 1 𝑏𝑖𝑙𝑙𝑖𝑜𝑛. 
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Three Main Points 

1) The average value of the likelihood ratios 
(𝐿𝑅s) obtained for tests where 𝐻𝑑 is true is 1. 

 

2) Information on the chance of adventitious 
matching is provided by the 𝐿𝑅. 

 

3) This theory provides a framework for 
assessing the performance of interpretation 
models. 
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This theory also applies 
to mixtures. 
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3) This theory provides a framework for assessing 
the performance of interpretation models. 

The model’s performance can be evaluated using 
𝐻𝑑 𝑡𝑟𝑢𝑒 tests. 

 

1. Simulate random genotypes (these are the randomly chosen 
non-contributors) 

2. Compare with the mixed DNA profile 

3. Generate a 𝐿𝑅 for each with propositions 

       𝐻𝑝: The DNA came from Random Person and unknowns. 

       𝐻𝑑: The DNA came from unknowns. 
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3) This theory provides a framework for assessing 
the performance of interpretation models. 

The model’s performance can be evaluated using 
𝐻𝑑 𝑡𝑟𝑢𝑒 tests. 

 

 Calculate average 𝑳𝑹 

 

 Calculate the proportion of 𝑳𝑹s greater than or 
equal to the known contributors’ 𝑳𝑹s 
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  Tests where 𝐻𝑝 is true 
 

  Tests where 𝐻𝑑  is true: 

Conclusions 

Is the average 𝐿𝑅 close to 1? 

Is the proportion of 𝐿𝑅s greater 
than or equal to the known 

contributor’s 𝐿𝑅 smaller than or 
equal to 1 over this 𝐿𝑅? 
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