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Likelihood Ratio

quantitative rarity statistic in forensic science
data likelihood ratio (DLR)
match likelihood ratio (MLR)

Pr{d| X =x}
data data likelihood
Pr{X=xld} ratio
) . match . )
posterior probability —————— likelihood ratio
Match
it questioned "
ftem evidence suspect
data dQ dS
type Q S
M(Q.,S): for some value x € X
O=x&S=x
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Match Probability

for uncertain type Q, Pr{Q = x} = q(x)
for uncertain type S,Pr{S=x}=s(x)

Pr{M(Q,S)} = ZPr{Q =x&S= x} (disjoint values)

xeX

= ZPI‘{Q = x} . Pr{S - x} (assume types

independent)
xeX

=2.q(x)s(x)

xeX

Inner Product

Pr{M(0.5)} = q(x) s(x)

xeX
« standard pattern comparison method

« widely used, powerful math properties
Pr{M(Q,S)} = qu(x)-s(x)dx

Pr{M(Q,S)} = qu(x)~s(x)-u(x)dx

Match Rarity

for random type R, Pr{R = x} = r(x)

Define the Match Likelihood Ratio (MLR) statistic

_Pr{m(0.5)}

M= P M (0.R)]
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How to compute the MLR

MLR is a likelihood ratio

Hypothesis C: suspect S contributed to evidence item Q
Pr{MIC}=Pr{M(0.5)}
Pr{MIC}=Pc{M(0.R)}

_Pr{M(0.5)} Pe{micC}

MR o (Q.R)]  pe{mic)

MLR assesses match observation M under
alternative contributor hypotheses C and C'

How to report a MLR

_Pr{M(0.9)}

MLR——Pr{M(Q’R)}

The probability of a match between
evidence type Q and suspect type S
is (some number) times more likely than
the probability of a match between
evidence type Q and a random type R.
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Type Probability

posterior probability
q(x)= Pr{Q =xl dQ}
< Pr{d,10=x}Pr{Q=x}

likelihood function [¥] prior probability

Single Source DNA

1 x=x

likelihood  Pr{d,1Q=x}= {
prior Pr{Q=x}e1

posterior q(x)ocPr{dQ |Q=x}-Pr{Q:x}

0 otherwise

S5t
D WP R (xo)

%ﬂﬂﬂﬂ:

~

DNA Mixture: Inclusion
Pr{dQ|Q:x}={(1) alleles(x) < alleles(d

otherwise
Pr{Q=x}e<l1
q(x)e<Pr{d,10=x} Pr{0=x}
Yalx)sx)

MLR =&

;annngdn
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DNA Inclusion Example

24(x)-s(x)
MLR=3%————
2 a(x)r(x)
1
1 2 253(7‘)
= xel 1
25"(3‘)
Perpetrator  [1 1], [1 2], [2 2] el
Suspect [22] L
-3
1 2 2
5-(pl'+2p1pz+Pz‘)

1
P|2 +2pp,+ p22

DNA Mixture: Equality
Pr{dQ 10=x.V= y} _ {(1) alleles(x) U alleles(y) = alleles(dQ)

otherwise
Prio=x}«
q(x)ocPr{dQ |Q:x,V=y}-Pr{Q=x}

2 a(x)s(x)
MLR = X

2a(x)r(x) Xr(x)

xeX xeJ

DNA Equality Example
2 a(x)-s(x)
MLR=‘GX7
[ 2a(x)r(x)
1 2 (obligate allele) Z%A(x)
Vietim ~ [11] Zé-r(x)
Perpetrator [12,122] el
Suspect [22] 1,
_ 2
%'(2p|Pz+p22)
_ 1
2pp+py
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DLR is a special case of MLR

Suspect S

MLR

genotype
probability

DLR

Gendtype

Constant Prior

Evidence Q genotype
prior probability

Mixture: Evidence Q 0/1 likelihood function

DNA Mixture: Quantitative
Pr{d,10=xV=y}=N([wx+(1-w)y]-u.X)
Pr{Q=x}=r(x)
q(x)e<Pr{d,10=x,V =y} -Pr{Q=1x}

MLR =&
)

xeX

{
PriS=xIF=y M=z
rls=xiF =y =3} |

2.4(x)-s(x)

q(x)-r(x)

. 1, 2 & 3 unknown
;{q(x) S(x) low copy number
MLR = Zq(x)~r(x) damaged DNA
Yex case-to-case
method validation
DNA Kinship

Pr{d;|S=xW=w}

s(x)o<Pr{dg1S=xW=w}-Pr{S=xIF=y,M =z}

missing persons
paternity
familial search
mass disaster
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Population Substructure

Genotypes are not independent: shared ancestry
Coancestry coefficient []: allele IBD probability
Induces a measure [¥] on joint genotypes

qu(x)‘s(x)-u(e,x)

xeX

Conclusions

« introduced MLR: "match likelihood ratio"

* an inner product ratio statistic

« agrees with "data likelihood" DNA LR

« extends LR to other DNA applications

« statistical framework for non-DNA forensics
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