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Notation

hypotheses: h; h;
background and auxiliaries: b
experimental/observation conditions:
C;,Cyyee b Gy 1 C
evidential outcomes:
€, ,...,€, I ¢
likelihoods: P[e"| h.b-c"]
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Notation

[Likelihoods Priors Posteriors

Ple|h] : P[h] = Plh|e]

o 1

Ple | h-b-c]: P h |b]= P [h |b-ce]
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P [h. | b-c™e"]

Ple" | hybc"] - P [h|b] P [c"|hb]

ol 1
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Pa[hj | b-c™e"]
P [h. | b-c™e"]

Ple"|h-be"]  Ph|b]  Pfc"|h-b]

Ple" | h.-b-c"] P [h

o 1

Ple"| hob-c”]  P[h| b]
Ple" | hbe"] P [h | b]
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P [~h. | b-c™e"]

Q [~h |bc™em] =
P [h. | b-c™e"]

Ple"| h-b-c"]  P,[h,|b]

. E’a[en|hK-b°cn] .Pa[hK|b]

Ple" |hobe] P [h |b]

where hy 1s the catch-all, “something-else”
hypothesis.
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Plen | hebct]  Py[h. | b]
Yy - —

™ Plen|heber] P [h |b]
< Q[~h |bc™en] <
Ple"| heb-c']  P[h | b
at]
Zj;ti : R _
Ple" |h-be"] P [h|b

+_

Ple? | h-b-c"]
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Pa[hj | b-c™e"]

P [h. | b-c™e"]

Ple" | hob-c”]  P[h| b]

Ple" | hbc?] P [h, | b]
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Sufficient Conditions for the
Likely
Bayesian Refutation

of False Alternatives to the
True Hypothesis
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choose any € > ()
consider the set of outcome streams:

et Ple" | hi-b-c"]/ P[e" | hyb-c"] <&

now consider the sentence:

vie": Ple" | hib-c?] / Ple" [ hib-c] <ef
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Consider

P[v{e": Ple" hj-b-cn]/P[en | h-b-c"] <&} | h.-b-c"]
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The Outcome Space

C; |c, |3 |4 |Cs |C¢ |C7 |Cg |C
01,1192.1193,1]94.1[95.1[96,197.1]98.1
01210221032]042(052[962|072]9082
01319231933[943]9053]963]973|083
014102419034]10441054]964|074|984
0151025/035]045|055 07519085
0161926936946 |956 0761986
017 0371947057 0771987
O3 0481953 0781938
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for each h,

Plo, 0., | h'bc, ]=0

2’ Plo, | hbc ] =
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Possible Path of

Evidence Stream
through the
Outcome Space

C; |c, |3 |Cc4 |Cs |C¢ |C7 |Cg |Cg
01.1192.1193,1]94.1[95.1[96,197.1]98.1
01210221032]042[052[962|072]082
013]19231933[94319053]963]973|033
014102419034]1044]054]964[074|984
015/025]035]|045|055 0751985
0161926936946 |956 0761986
017 0371947057 0771987
O3 0481953 0781938
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Possible Path of

Evidence
Stream
through the

Outcome Space

h.-b

1

en

C; |c, |3 |C4 |Cs |C¢ |C7 |Cg |Cg
01.1192.1193.1]94.1[95.1(96,197.1]98.1
01210221032]042[052[962|072]982
01319231933(943]053]963]973|033
014[1924[034]944|054|964|974|084
0151925/935]945|955 0751085
0161926936946 |956 0761986
017 03719470957 0771987
O3 0481953 0781938
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P[v{e™: P[e" hj-b-cn]/P[en | h-b-c"] <&} | h.-b-c"]
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Independent Evidence Assumptions:
1. P[eX] hj-b-ckﬂ-ck] = P[e| hj-b-ck];

2. Ple,., | hj.b.Ckﬂ.Ck.ek] =Ple,,, | hibc, ]

Ple" [ hib-e"] = [I,_," Ple, | h.-b-c, ]
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Detinition: o, 1s a falsitying outcome of ¢, for h;

with respect to h, 1t
Plo, | hj~b-ck] =0 but Plo, | h-b-c >0

Definition: h. 1s outcome-compatible with h; on ¢,
iff none of the outcomes of ¢, are falsifying

for h; with respect to h;
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Theorem 1: The Falsification Theorem:

Suppose ¢ contains a sub-sequence consisting of m
experiments or observations such that for each of them the
likelithood of obtaining a falsifying outcome 1s no less than
some number 6 > 0

ie, P[V{oy, :Ploy, |h-bc]=0}[h;bc] = 0.

Then,

P[\v{e" : Ple" [ hi-b-c"][/P[e" | h;b-c"] =0} | h b-c"]
> 1—(1-90)™.

(Notice: if there 1s a crucial experiment 1n evidence stream c”,
then we may choesémor | Rd®= 1.) 20



A measure of the Empirical Distinctness of Hypotheses
when Outcome-Compatible on the experiment

Definitions: Quality of Information from an outcome

QIfoy, | hy/h, | b-c, ] = log(P[oy, | hy-b-e,] / Ploy, |hyb-c,])
= log(P[oy, | hybc,]) —log(Ploy, | hib-c,])

QI[e” | hy/h, | b-c"] = log(P[e" | hyb-c"] / P[e" | hy-b-c?])

QIfe" | h/h, | be] =¥, " QIfe, | hy/h, | bre,]
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Definition: Expected Quality of information for an
observation or experiment:

for ¢, on which h; 1s outcome-compatible with h;,

EQI[c, [ hy/h, [ hyb] =2, Qlfoy, | by/h | b-c,] - Ploy, | hyb-c]

EQI[c” [ hy/h, | hyb] = > QI[e” | hy/h, | b-c”] - P[e" | hy-b-c”]

Definition: EQI[c"| h/h, [ hi-b] =EQI[c"| h/h, [ hi-b] ~n
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Theorem: Boundedness of EQI

EQI[c, | h/h; | h;b] = 0; and

EQI[c, | hy/h; [ hyb] >0

if and only 1f

for at least one of 1ts possible outcomes o, ,

Plo, | h-b-c, ] #Plo, | hj-b-ck].
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Definition: Variance in the Quality of Information for c,:

for ¢, on which h; 1s outcome-compatible with h;,

VQI[¢, | hy/h; [ hy-b] =

> (QIfoy, | hy/hs | bc, ] — EQI[¢, | hy/h; [ hy'b])* - Ploy, | hybre,]

VQI[cn | hy/h, | hyb] =
Ser (QI[e" | hy/h, | b-en] — EQI[e” | hyh, | hyb])? - Plen | hybecn)

Definition:  VOI[c" | hy/h, [ hi-b] = VQI[c"| h/h, [ hib] +n
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Theorem 2:
Non-falsifying Likelihood Ratio Convergence Theorem

Choose positive € < 1, as small as you like, but large enough

that (for the number of observations n being contemplated)
the value of EQI[c" | h/h, | h;'b] > —(log €)/n. Then

P[v{e™: P[e" hj-b-cn]/P[en | h-b-c"] <e} | h-bc"] 2

1 VOI[e" | hy/h, | hyb]
1 - - Y- .
n [EQI[c" | hy/h; | h;b] + (log g)/n]?
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Theorem 2%:

Non-falsifying Likelihood Ratio Convergence Theorem
Suppose there is some fraction y, 0 <y < (1/e)? (= .135)
such that for each possible outcome o, , of each observation
condition ¢, 1n c", either P[o, | h.-b-c,] =0 or

Ploy, | hybc J/Ploy, [ hybc ] =>1.

Choose positive € < 1 such that EQI[c" | h/h, [ h;b] > —(log €)/n. Then

P[\v{e": P[e" | hyb-c"]/P[e" | hyb-c”] <&} [hibc"] 2

1 (log )’
1 _— — . —
n [EQI[c" | hy/h, | h;'b] + (log €)/n]?
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Directional Agreement Condition: For each
experiment or observation ¢ and each of its possible

outcomes o, the likelihood ratios agree in direction:
1.€.,

P [o] hj-b-c] /P [o]h-bc] > 1 1tf
PB[O | hj-b-c] / P B[O | h.-b-c] > 1, and
P [o] hj-b-c] /P [o]h:bc] <1 1ff

PB[O | hj-b°c] / P B[O | h-b-c] < 1.
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