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The theory of belief functions

>

Discernment space © = {01, ...,0,}, where 0; are the classes
exclusive and exhaustive

Mass functions defined onto

29 = {0, {61},{62}, {01 UB},...,0} with values on [0, 1].
©: ignorance

> mX)=1

Xe20

m(0) =0

Discounting by the reliability: m®(X) = am(X),
m*(0)=1-a(l —m(O))

Dempster's combination:

mp(X) = —— m1(Y1)ma(Y2)

where k = mconj(0)
Decision: credibility < pignistic probability < plausibility
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An example of model

Discernment spaces:

» Is individual A dangerous? ©1 = {Y7, N1}

» Is the suspect vehicle near the building B? O = {Y5, No}
4 sources:

» Sp Individual A is under surveillance due to previous unstable
behavior

» S1 Analyst 1 (who has 10 years of experience): it is probable
that individual A is near building B

» Sy ANPR: 30% probability that the vehicle is Individual A's
white Toyota

» S5 Analyst 2 (who is new in post): it is improbable that
individual A is near building B

Uncertainty Forum - Theory of belief functions, A. Martin July 28, 2010 3/6



An example of model

Model
» Sp Individual A is under surveillance due to previous unstable
behavior
Only on Oy: m(](Yl) = Fo mo(Yl U Nl) =1— By with
Bo > 0.5
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An example of model

Model
» Sy on Oq: mo(Yl) = 5o mo(Yl @] Nl) =1— [y with By > 0.5
» S1 Analyst 1 (10 years of experience): it is probable that
individual A is near building B
OnIy on O5y: ’I?’Ll(YQ) =5 ml(Ng) =1-— [ with 6; > 0.5
Reliability: a3 > 0.5
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An example of model

Model

» Spon Oq: mo(Yl) = B mO(Y1 U Nl) =1— [y with By > 0.5

» S1 Analyst 1 (10 years of experience): it is probable that
individual A is near building B
Only on Og: ml(Yg) = ml(Ng) =1-— [ with 6; > 0.5
Reliability: a7 > 0.5
With the discounting: mi(Y2) = a1 61, m1(Na2) = a1 (1 — (1),
ml(Yé UNQ) =1—0oy
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An example of model

Model
» Spon Oq: mo(Yl) = 5o mo(Yl U Nl) =1— [y with By > 0.5
> 51 on Oz my(Yz) = a181, mi(N2) = a1 (1 — Br),
ml(Yg UNQ) =1—-ag
» So ANPR: 30% probability that the vehicle is Individual A's
white Toyota Only on O2: ma(Y2) = 0.3 ma(N2) = 0.7
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An example of model

Model

» Sy on O1: mo(Yl) =05 mo(Y1 UNl) =1— #y with 8y > 0.5

> S1on O mi(Ys2) = a1 81, mi(N2) = aq (1 — Br),
ml(}/g UNQ) =1—a

> Sy on Oz ma(Ys) = 0.3 ma(N2) =0.7

» S5 Analyst 2 (who is new in post): it is improbable that
individual A is near building B
Only on O: mg(YQ) =3 m3(N2) =1-— [3 with 83 < 0.5
Reliability: a3 < 0.5
With the discounting: m3(Y2) = a3f3, msg(N2) = as(1l — 33),
m3(Y2UNz) =1 — a3
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An example of model

» Sy on Oq: mo(Yl) = 0o m()(Yl @] Nl) =1— [y with By > 0.5
> 51 on Oz my(Ya) = a1, mi(Na) = ar (1 — ),
ml(}/g UNQ) =1—ag
> S2 on @2: mg(}/g) =0.3 mQ(NQ) =0.7
> S3 0on O3 m3(Ys2) = azfs, ms3(Na2) = as(l — f3),
mg(Yg U Ng) =1—oag
Model on
@1X@2 T {(Y17Y2)7 (Y17N2)7 (Nla}/?)a (NlaNZ)} = {91702)93794}
» Spon Oq: m0(01 U 92) =B m0(91 Uéfy UBb3U 94) =1-70
with Gy > 0.5
» S1 on Og: m1(01 U 93) = a1/, m1(92 U94) = Oél(l — ﬂl),
m1(91U92U63U94) =1—-—o
> S5 on Og: m2(01 U 93) =0.3 m2(92 U 04) =0.7
> S5 on Og: m3(bh Ubs) = asfs, ms(f2Ubs) = as(1l - Fs),
m3(91U92U93U94) =1—ag
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An example of model: Results

1000 generated (o, 1, a1, P, 3) Same decision with pignistic
probability, credibility and plausibility
Decision according to the chosen values of 1 and a;

+  Bvacuate
*  not evacuate [

Py
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An example of model: Results

1000 generated (o, 1, a1, P, 3) Same decision with pignistic
probability, credibility and plausibility
Decision according to the chosen values of 1 and a;

+  Evacuate
03 + Mot evacuate
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