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When the sample size is large enough,
the estimated probability (curve) may be close enough to the frequency (histogram)

and probability theory is applicable.

When no sample is available,
some domain experts are invited to evaluate belief degree of each event.

Since human beings usually overweight unlikely events,
belief degree may have much larger variance than the frequency

and then probability theory is no longer valid.
In this situation, we have no choice but to use uncertainty theory.
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Uncertainty Theory

Uncertainty theory is a branch of mathematics for modeling human uncertainty.

Axioms of Uncertainty Theory

Axiom 1. (Normality Axiom) M{Γ} = 1 for the universal set Γ.

Axiom 2. (Duality Axiom) M{Λ}+M{Λc} = 1 for any event Λ.

Axiom 3. (Subadditivity Axiom) M

{∞⋃
i=1

Λi

}
≤
∞∑
i=1

M{Λi}.

Axiom 4. (Product Axiom) M

{ ∞∏
k=1

Λk

}
=
∞∧

k=1

Mk{Λk}.

Liu B., Uncertainty Theory, 2nd edition, Springer-Verlag, Berlin, 2007.
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Uncertain Statistics

Uncertain statistics is a methodology for collecting and interpreting
expert’s experimental data by uncertainty theory.

Liu B, Uncertainty Theory: A Branch of Mathematics for Modeling Human

Uncertainty, Springer-Verlag, Berlin, 2010.

http://orsc.edu.cn/liu http://orsc.edu.cn/liu/ut.pdf http://orsc.edu.cn/liu/Lecture/Main.pdf



Uncertainty Theory Baoding Liu @ Tsinghua University

Uncertain Programming

Uncertain programming is a type of mathematical programming involving
uncertain variables.


min
x

E [f (x, ξ)]

subject to:

M{g(x, ξ) ≤ 0} ≥ α

Liu B., Theory and Practice of Uncertain Programming, 2nd edition,

Springer-Verlag, Berlin, 2009.
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Uncertain Set

Uncertain set is a set-valued function on an uncertainty space, and
attempts to model “unsharp concepts”.

Liu B, Uncertain set theory and uncertain inference rule with application to

uncertain control, Journal of Uncertain Systems, Vol.4, No.2, 83-98, 2010.
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Uncertain Logic

Uncertain logic is a methodology for calculating the truth values of
uncertain propositions via uncertain set theory.

Liu B, Uncertain logic for modeling human language, Journal of Uncertain

Systems, Vol.5, No.1, 3-20, 2011.
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Uncertain Inference

Uncertain inference is a process of deriving consequences from human
knowledge via uncertain set theory.

If X is ξ, then Y is η
X is a constant a

Y is conditional η∗ = η|a∈ξ

Liu B, Uncertain set theory and uncertain inference rule with application to

uncertain control, Journal of Uncertain Systems, Vol.4, No.2, 83-98, 2010.

Gao X, Gao Y, and Ralescu DA, On Liu’s inference rule for uncertain

systems, International Journal of Uncertainty, Fuzziness and

Knowledge-Based Systems, Vol.18, No.1, 1-11, 2010.
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Uncertain Process

Uncertain process is a sequence of uncertain variables indexed by time.

Liu B, Fuzzy process, hybrid process and uncertain process, Journal of

Uncertain Systems, Vol.2, No.1, 3-16, 2008.
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Uncertain Calculus

Uncertain calculus is a branch of mathematics that deals with
differentiation and integration of function of uncertain processes.

∫ b

a
XtdCt = lim

∆→0

k∑
i=1

Xti · (Cti+1 − Cti )

Liu B, Fuzzy process, hybrid process and uncertain process, Journal of Uncertain
Systems, Vol.2, No.1, 3-16, 2008.

Liu B, Some research problems in uncertainty theory, Journal of Uncertain Systems,

Vol.3, No.1, 3-10, 2009.
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Uncertain Differential Equation

Uncertain differential equation is a type of differential equation driven by
canonical process.

dXt = f (t,Xt)dt + g(t,Xt)dCt

Liu B, Fuzzy process, hybrid process and uncertain process, Journal of

Uncertain Systems, Vol.2, No.1, 3-16, 2008.
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