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Summary: Belief functions are mathematical objects deﬁned to satisfy three axioms that look somewhat
similar to the Kolmogorov axioms deﬁning probability functions. We argue that there are (at least) two
useful and quite diﬀerent ways of understanding belief functions. The ﬁrst is as a generalized probability
function (which technically corresponds to the inner measure induced by a probability function). The
second is as a way of representing evidence. Evidence, in turn, can be understood as a mapping from
probability functions to probability functions. It makes sense to think of updating a belief if we think
of it as a generalized probability. On the other hand, it makes sense to combine two beliefs (using, say,
Dempster’s rule of combination) only if we think of the belief functions as representing evidence. Many
previous papers have pointed out problems with the belief function approach; the claim of the paper is
that these problems can be explained as a consequence of confounding these two views of belief functions.
Reviewer: Reviewer (Berlin)
MSC:
68T15

Theorem proving (deduction, resolution, etc.) (MSC2010)

Cited in 40 Documents

Keywords:
Belief functions; generalized probability; evidence; updating; combination
Full Text: DOI
References:
[1]

Abel, S., The sum-and-lattice-points method based on an evidential-reasoning system applied to the real-time vehicle guidance
problem, (), 365-370

[2]

Aitchison, J., Discussion on Professor Dempster’s paper, J. R. stat. soc. ser. B, 30, 234-237, (1968)

[3]

Black, P., Is Shafer general Bayes?, (), 2-9

[4]

Cheeseman, P., In defense of probability, (), 1002-1009

[5]

Cox, R., Probability, frequency, and reasonable expectation, Am. J. phys., 14, 1, 1-13, (1946) · Zbl 0063.01001

[6]

de Campos, L.M.; Lamata, M.T.; Moral, S., The concept of conditional fuzzy measure, Int. J. intell. syst., (1990) · Zbl
0694.68058

[7]

Dempster, A.P., Upper and lower probabilities induced by a multivalued mapping, Ann. math. stat., 38, 325-339, (1967) · Zbl
0168.17501

[8]

Dempster, A.P., A generalization of Bayesian inference, J. R. stat. soc. ser. B., 30, 205-247, (1968) · Zbl 0169.21301

[9]

Diaconis, P., Review of “A mathematical theory of evidence”, J. am. stat. soc., 73, 363, 677-678, (1978)

[10] Diaconis, P.; Zabell, S.L., Some alternatives to Bayes’s rule, (), 25-38
[11] Fagin, R.; Halpern, J.Y., Uncertainty, belief, and probability, Comput. intell., 7, 160-173, (1991)
[12] Fagin, R.; Halpern, J.Y., A new approach to updating beliefs, (), 347-374 · Zbl 0742.68067
[13] Falkenhainer, B., Towards a general-purpose belief maintenance system, (), 125-131 · Zbl 0649.68108
[14] Feller, W., ()
[15] Fine, T.L., ()
[16] Genest, C.; Zidek, J.V., Combining probability distributions: a critique and an annotated bibliography, Stat. sci., 1, 1, 114-148,
(1986) · Zbl 0587.62017
[17] Good, I.J., Weights of evidence, corroboration, explanatory power, information and the utility of experiments, J. R. stat. soc.
ser. B, 22, 319-331, (1960) · Zbl 0122.36803
[18] Hacking, I., ()
[19] Halmos, P., ()

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH
Page 1

[20] Halpern, J.Y.; Tuttle, M.R., Knowledge, probability, and adversaries, (), 103-118 · Zbl 0783.68120
[21] Heckerman, D., Probabilistic interpretations for MYCIN’s certainty factors, (), 167-196
[22] Horvitz, E.; Heckerman, D., The inconsistent use of measures of certainty in artiﬁcial intelligence research, (), 137-151
[23] Hunter, D., Dempster-Shafer vs. probabilistic logic, (), 22-29
[24] Jaynes, E.T., Where do we stand on maximum entropy?, (), 15-118
[25] Jeﬀrey, R.C., ()
[26] Krantz, D.H.; Miyamoto, J., Priors and likelihood ratios as evidence, J. am. stat. assoc., 78, 382, 418-423, (1990) · Zbl
0518.62003
[27] Kyburg, H.E., Bayesian and non-Bayesian evidential updating, Artif. intell., 31, 271-293, (1987) · Zbl 0622.68069
[28] Kyburg, H.E., Higher order probabilities and intervals, Int. J. approx. reasoning, 2, 195-209, (1988) · Zbl 0647.68080
[29] Lemmer, J.F., Conﬁdence factors, empiricism, and the Dempster-Shafer theory of evidence, (), 167-196
[30] Li, Z.; Uhr, L., Evidential reasoning in a computer vision system, (), 403-412
[31] Lowrance, J.D.; Garvey, T.D., Evidential reasoning: an implementation for multisensor integration, ()
[32] Pearl, J., ()
[33] Pearl, J., Reasoning with belief functions: a critical assessment, ()
[34] Ruspini, E.H., The logical foundations of evidential reasoning, (), revised version
[35] Seidenfeld, T., Statistical evidence and belief functions, Psa 1978, 2, 478-489, (1981)
[36] Shafer, G., ()
[37] Shafer, G., A theory of statistical evidence, () · Zbl 0326.62009
[38] Shafer, G., Allocations of probability, Ann. probab., 7, 5, 827-839, (1979) · Zbl 0414.60002
[39] Shafer, G., Constructive probability, Synthese, 48, 1-60, (1981) · Zbl 0522.60001
[40] Shafer, G., Belief functions and parametric models (with commentary), J. R. stat. soc. ser. B, 44, 322-352, (1982) · Zbl
0499.62007
[41] Shafer, G., Perspectives on the theory and practice of belief functions, Int. J. approx. reasoning, (1990) · Zbl 0714.62001
[42] Shafer, G.; Tversky, A., Languages and designs for probability judgment, Cogn. sci., 9, 309-339, (1985)
[43] Smets, P.; Kennes, R., The transferable belief model: comparison with Bayesian models, (1989), IRIDIA, Université Libre de
Bruxelles Brussels, Belgium, Unpublished Manuscript
[44] Walley, P., Coherent lower (and upper) probabilities, (1981), Department of Statistics, University of Warwick, Unpublished
Manuscript
[45] Walley, P., Belief function representations of statistical evidence, Ann. stat., 18, 4, 1439-1465, (1987) · Zbl 0645.62003
[46] Walley, P.; Fine, T.L., Towards a frequentist theory of upper and lower probability, Ann. stat., 10, 3, 741-761, (1982) · Zbl
0488.62004
[47] Wasserman, L., Belief functions and likelihood, ()
[48] Williams, P.M., On a new theory of epistemic probability (review of “A mathematical theory of evidence”), British J. philos.
sci., 29, 357-387, (1978)
[49] Zadeh, L.A., A mathematical theory of evidence (book review), AI mag., 5, 3, 81-83, (1984)
This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically
matched to zbMATH identiﬁers and may contain data conversion errors. It attempts to reﬂect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH
Page 2

