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Abstract

Expert systems have been popular for about
twenty years and applied successfully in many do-
mains, Nevertheless, problematic expert system de-
sign issues remain-—uncertainty management is case
in point, This book investigates the issue, We
organize the book into the following five parts,

Part One MYCIN-Class Uncertain Reasonings

By forms of estimate for uncertainty, uncertain
reasonings can be classified into three sorts.poini-
type, interval-type and linguistic~type, Strictly by
fuzzy mathematics, this part derived an interval-
type model and a linguistic-type mode! from MY-
CIN certainty factors method, which has been
applied successfully in many expert systems, Clea-
rly,their basis is sound,and they inherit the adva-
tage of MYIN’s,i,e, the ability of distinguish the
belief from disbelief in a hypothesis referred to evi—
dence, Of course, they have own advantages,e.g,
the interval-type model can deal with the informa-
tion about ignorance, and the linguistic~type model
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can do fuzziness of linguistic terms, Tn addition,
they can coexist in a single system, which offers

some flexiblity for their application,

Part Two Uncertain Reasonings Based upon
Prrobability

‘The subjective approach in PROSPECTOR ic the
earliest probability~based uncertain reasoning model
used in expert systems,The main advantage of this
sort of models is that they are built on a sound
theoretic basis, But the values of prior probabilitics
of nodes in an inference net are needed to be sSup-~
plied for, which is difficult very much for human
experts, For the reason, they are employed in few
expert system, In this part, very much space is
devoted to discussing how io solve the problem,
Cbncretely, discussed are the marriage between LS,
LN and CF, and how to recover consistency bet-
ween the definition of the certainty factors and the
formulas for propagating their values through an
inference net,

Another important issue is that different uncer-
tainties have to be measured by different measures,
and even the same uncertainty maybe need to use
different measures to measure because of the diffe-
rence between the characters of different experts,

For the reason, we suggest eight kinds of measures
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for various uncertainties, Natually, we considet
the marriage between them in order to avoid sup-
plying values for prior probabilities, All of these
measures for uncertainties can be converted into
corresponding probability values, Therefore,we de-
velop a general framework for them, and explain
some issues concerned with integrating them into a

single system,

Part Three NT-Algebra, An Axiomtics of
Uncertain Reasoning Models .

On the basis of examining in detail many kinds
of uncertain reasoning models in rule-based expert
systems, by analysing the laws people must obey
in reasonings under uncertain cases, and from the
structure and constraint point of view,for uncertin
reasonings in rule-based expert systems like MYCIN
and PROSPECTOR, an axiomatics, NT-algebra, is
proposed in this part, This part studies some basi¢
properties of NT-algebra, and discusses issues
involved in, 1) necessary and sufficient condi-
tion,intersection and union,and generating elements
in respect to the subalgebra of a NT-algebra, and
2) relations between properties of product, quo-
tient of NT-algebra models,productablity and quo-
tientablity, In addition, this part defines homo-
morphism and isomorphism of NT-algebras, comes
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to several conclusions inciuding the tasical hom
morphism theorem,and discusses scme algebra stru-—
ctures consisted of homomorphic mappings, e, g,
semi-ring,

A model of NT-algebra needs 10 be defined on a
sort of space different from a metric space, For
this reason, this part introduces the concept of
near degree space, a specific kind of topologic
space,based on which the continuities of func:iions
on a metric space, of fuzzy functions and of other
types of functions can be considered uniformly,
Moreover, in this part, the concepts of subspace,
product and quotient of any near degree spaces are
consiructively introduced, on which continuities of
the corresponding functions are discussed,

By comparison with other related works, it is
concluded that NT-algebra as an axiomatics is su~
perior to those proposed by other people in the fol-
lowing aspects, 1)its reflecting the different more
cases of human brain’s estimating uncertainties of
evidence and rules,and 2) its reflecting more laws
of human brain’s uncertain resonings, i,e, more
laws of the propagations of uncertainty through a

reasoning network,

Part Four Logic Relative Multi-Ary Uncertain
Reasoning Models and Second-Order
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Uncertain Reasoning Models

The first object of this part is to study how 1o
handle uncertainty distributions over truth set of a
multi-valued logic,every componen: of which mea~
sures absolutely belief or change in belief on ta-
king the corresponding truth value, The conception
of logical relative multi~ary uncertain reasoning
models handling such distributions are introduced
in this part, To build such kinds of models, the
general theory and methodology of algebra-base based
on NT-algebra is developed, From our proving, the
D-S evidence theory can be viewed as a special alge~
bra-base,and by the constructions of our some con-
crete models, it can be concluded that our theory
and methodology of algebra-base is superior to D-S
evidence theory, Hence, further research on alge-
bra-base is well worth doing, Besides, it is stressed
that the previous researches published in respect
with uncertain reasonings are mainly directed agai-
nst two-valued logic, while curs in the part is di-
rected against any multi-valued logic,

The second object of this part is to study how to
handlerfpeople confindence-degree for a estimate of
some uncertainty, For this, the concept of second-
order uncertainty is introduced in this part, For any
uncertain reasoning models corresponding a NT-alge—

bra model, a genera! framcwork for the second-order
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uncertain rcasoning model is built up, In particular,
two second-order uncertain reasoning models corre~
sponding respectively to MYCIN’s certainty factor
model and PROSPECTOR’s subjective Bayesian
approach arc discussed, For any logic relative mul-
ti-ary uncertain reasoning model, two kinds of ge-
neral frameworks for the corresponding second-order
uncertain reasoning models are developed, In addi-
tion, this part discusses the following issues asso-
ciated with the application of these second—order
unceriain reasoning model, coexistence of first-order
and second-order uncertainties,efficiency of inferen-
ce and so-called semi-second-order models, Few re-
search on second-order uncertainty has been publi-
shed by other authors, which foundations are very
poor, while ours in this part is more systemical
and has a good foundation,

Part Five Uncertain Default Reasonings

In reality,for a piece of default rule,perhaps we
can not enumerate all of rerequisition and justifica—
tion, In some case,the correlation between the re—
requisition, justification and conclusion, which is
revealed by a default rule, may be uncertain, Mo-
teover, its rerequisition may not always be eom-
Pletely certain or negative, its justification may
pot always completely consist with what is known
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and so its conclusion maynot always be absolutely
certain, In addition, evidence also may not always
be completely certain or negative, Thercfore, in
default reasonings, uncertainty should be take into
account further, on the other hand, people usually
prefer use linguistic terms rather than numerical
values to estimate uncertainty, For this reason,

this part employs linguistic terms to estimate ba-
sic uncertainty and develops a framework for de-
fault resoning based on linguistic terms, 1In this
framework,both the first-order and second-order
uncertainty are taken into account, and both crisp
and fuzzy propositions are involved in If we view
previous research on uncertain reasoning as the
work associated with monotonic uncertain Teaso-
nings,ours in the part can be viewed as onc about

nonmonotonic uncertain reasonings,
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