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The emergence of export systens ws oawe of the major ar
eas of activity within Al has reulbed in 2 rapid growth of
interest within the AL contundty in lssues velating to the
management of uncertainty and evidential reasoning. Dur-
ing the past two years. in particular, the Dempster-Shafer
theary of evidence has attracted considerable attention as
a protmising method of dealing with some of the basic prob-
lems arizing in combnation of evidence and data fusion.
To develop an adecpate tmlerstanding of this theory re-
quires copgiderable effort and a good background in proba-
bility theary. There is. boweser. a simpbe way of approach-
ing the Dempster-Shafer theory that only requires a mine
imnal familiarity with relational nusdels of data. For some-
one with a background in Al or database management,
this approach has the advantage of relating ix a natural
way bo the Familiar franework of Al and databases, Fur-
thermors, it clarifies some of the controversial issues in the
Dempatar-Shafer theory and points to ways in which it can
he extended and wade useful in Al-oriented applications !

The Basic Idea

The basic idea underlying the approach in question is that
in the context of relational databases the Dempster-Shafer
theory can be viewsd as an instance of inference from
second-order relations, that s, relations in which the en-
tries are first-order relations.® To clarify this point, let
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1The approsch described in thin artiche ia derived from the appli-
catbon of the concepte of possibility and certainty (or necesslty) ta
information granalasity and the Dempster-Shafer model of uncer-
tainty (Zadeh, 19798, 1981). Extensive treatments of the concepis
of paseibility #n<d necessity asd thelr application to retrieval from
incomplets databases can be found in recest papers by Dubois and
Prade (1582, 1984).

?In the terminology of relational databases, & first-cedar mlation &

us first consider & standard example of retrieval from a
first-order relation, such as the relation EMPLOYEEL (or
EMP1, for short) that is tabulated 1o the following:

EMP1 Name | Age
1 23
2 28
3 21
4 a7
3 30

As a point of departure, consider a simple example
of a range query: What fraction of employees are be-
tween 20 and 25 years old, inclusively? In other words,
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& relation which is in first normal form, that &, a eelation whose
plements are atomic rather than set-valued,
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what fraction of employees satisfy the condition Age(i) ¢
Q,im1,...,5 where @ is the query set § = [20,25], Count-
ing those i's which satisfy the condition, the answer is 2/5.

Mext, et us assume that the age of i is not known with
certainty, For example, the age of 1 might be known to
be in the interval [22,26]. In this case, the EMP1 relation
becommes a second-order relation, for example:

EMP2 Name Age

[22,246]
[20,22]
[30,35]
[20.2]
[25,30]

;oA e R

Thus, in the case of 1, for example, the interval-valued
attribute [22, 26] means that the age of 1 is known to be
an element of the sst {22,723, 24,25, 26}, In effect, this
set i the set of possible values of the variable Age(l) or,
equivalently, the pessibility distribution of Age(l). Viewed
in this perspective, the data entries in the column labeled
Age are the possibility distributions of the values of Age
Similarly, the query set & can alse be regarded a3 a possi-
hility distribution. In this sense, the information resident
in the database and the queries about it can be described
as granulor {Zadeh, 1979a, 1981), with the data and the
queries playing the roles of grenuies

When the attribute values are not known with cer-
tainty, tests of set membership such as Age(i) ¢ Q cease to
be applicable. In place of such tests then, it is natural to
congider the possability of &) given the poesibility distribu-
tion of Age(i). For example, if ¢ = [20, 25] and Age(l) £
|22, 26]. it is possidle that Age(l) £ ); in the case of 3, it
is mot possible that Age(3) £ Q; and in the case of 4, it is
certain {or necessary) that Age(4) £ §: more generally:
[a) Age{i)eQ is possible, if the possibility distribution of

Ageli) imtessects G that is, D; N Q # @ where Dy

denotes the possibility distribution of Age(i) and 8 is

the empty set.

(b) @ ls cerfoin for necessary, if the possibility distribu-
thon of Ageli) is contained in @, that is, D; © Q.

{e) Qs not possible if the possibility distribution of Age(i)
does not intersect @ or, equivalently, is contained in
the complement of &, This implies that—as in moedal
logic—poesibility and necessity are related by

necessity of ( = not [possibility of complement of §).

In the case of EMP2, the application of these tests
to each row of the relation vields the following results for
@ = [20,23) ;
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EMP2 MName Age Test
i [22,26] | pos
2 20,22 cerlh
3 (30,38 | - poss
4 [20,22] cert
5 [28,30] = poss

(In the Test column, poss, cert, and — poss, are ab-
breviations for possible, certain, and not possible, respec-
tively. )

We are now in & position to construct & surrogate an-
swer to the original question: What fraction of employess
are between 20 and 25 years old, inclosively? Clearly, the
answer will have to be in two parts, one relating to the cer-
tainty (or necessity) of Q) and the other to its possibility;
in symhbals:

Reap(Q) =(N(QR D), (1)

where Resp(Q), N{Q), and II(Q}) denote, respectively,
the response to G, the certainty [or necessity) of @, and
the possibility of §. For the example under consideration,
counting the test results in EMP2 leads to the response:

Resp[20, 25) = (N([20, 28]) = 2/5; TI{[20, 25]) = 3/5),

with the understanding that ceri counts also a= poss be-
cause certainty implies possibility. Basically, a two-part
response of this form. that is, cerfainly o and possbly 8,
where ¢ and # are absolute or relative counts of objects
with a specified property, s characteristic of responses
based on incomplete information: for example, certainly
10% and possibly $0% in response to: How many house-
holds in Falo Alto own a VORT

The first constituent in Resp(Q) i= what iz referred to
as the measure of behisfin the Dempster-Shafer theory, and
the second constituent is the measure of plousibihify, Seen
in thig perspective then, the measures of belief and plaus-
bility in the Dempater-Shafer theory are, respectively, the
certainty [or necessity) and possibility of the query set §
in the context of retrieval from a second-order relation in
which the data entries are poesibility distributions.

There are two important observations that can be
made at this point. First, assume that EMP is & rela-
tion in which the values of Age are singletons chosen from
the possibility distributions in EMP2. For such a relation,
the response to & would be & number, say, alpha. Then, it
iz evident that the values of N{Q} and T1[Q) obtained for
@ {that iz, 2/5 and 3/5) are the lower and upper bownds,
respectively, on the walues of alpha. This explains why
in the Dempster-Shafer theory the measures of belief and
plausibility are interprated, respectively, as the lewer and
upper probobilities of (.






