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ABSTRACT 

Although most commonly occur r ing de fau l t ru les 
are normal when viewed in i s o l a t i o n , they can 
i n te rac t w i t h each other in ways tha t lead to the 
de r i va t i on of anomalous de fau l t assumptions* In 
order to deal w i t h such anomalies i t i s necessary 
to re-represent these r u l e s , in some cases by 
In t roducing non-normal d e f a u l t s . The need to 
consider such p o t e n t i a l i n t e r a c t i o n s leads to a new 
concept of i n t e g r i t y , d i s t i n c t from the conven­
t i o n a l I n t e g r i t y Issues o f f i r s t order data bases. 

The non-normal de fau l t r u l es requ i red to deal 
w i t h de fau l t i n t e rac t i ons a l l have a common pat te rn , 
Default theor ies conforming to t h i s pa t te rn are 
considerably more complex than normal de fau l t 
t heo r i es . For example, they need not have ex ten­
s ions, and they lack the proper ty of semi-monoto­
n i c i t y . 

I INTRODUCTION 

In an e a r l i e r paper [Rei ter 1980a] one of us 
proposed a l og i c f o r de fau l t reasoning. The ob jec­
t i v e there was to provide a representa t ion f o r , 
among other t h i ngs , common sense f ac t s of the form 
"Most A 's are B ' s " , and to a r t i c u l a t e an a p p r o p r i ­
a te l og i c to charac ter ize cor rec t reasoning using 
such f a c t s . * One such form of reasoning is the 
de r i va t i on of de fau l t assumptions: Given a p a r t i c u ­
l a r A, conclude tha t "Th is p a r t i c u l a r A is a B". 
Because some Avs are not B's t h i s conclusion must 
be t reated as a de fau l t assumption or b e l i e f about 
the world since subsequent observat ions in the 
world may y i e l d tha t "This p a r t i c u l a r A is not a B". 
The d e r i v a t i o n of the b e l i e f that "Th is p a r t i c u l a r 
A is a B" is a form of p laus ib le reasoning which is 
t y p i c a l l y required whenever conclusions must be 
drawn from incomplete in format ion about a wor ld . 

I t i s important to note tha t not a l l senses o f 
the word "most" lead to de fau l t assumptions. One 
can d i s t i n g u i s h two such senses: 
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1. A pure ly s t a t i s t i c a l connota t ion , as in 
"Most vo ters r e fe r Ca r te r . " Here, "most" is being 
used exc lus ive ly in the sense of " the ma jo r i t y o f " . 
This s e t t i n g does not lead to de fau l t assumptions: 
given tha t Maureen is a vo ter one would not want to 
assume that Maureen pre fers Car ter . Defaul t l og i c 
makes no attempt to represent or reason w i t h such 
s t a t i s t i c a l f a c t s . 

2. A p r o t o t y p i c a l sense, as in "Most b i rds 
f l y . " There is a s t a t i s t i c a l connotat ion here -
the ma jo r i t y of b i rds do f l y - but there is a lso 
the sense tha t a c h a r a c t e r i s t i c of a p r o t o t y p i c a l 
or normal b i r d is being descr ibed. Given a b i r d 
P o l l y , one is prepared to assume that i t f l i e s 
unless one has reasons to the c o n t r a r y . * I t is 
towards such p r o t o t y p i c a l se t t i ngs that de fau l t 
l og i c i s addressed. 

The concept of a p r o t o t y p i c a l s i t u a t i o n la 
c e n t r a l to the frames proposal of [Minsky 1975] and 
is rea l i sed in such frame Insp i red knowledge rep re ­
senta t ion languages as KRL [Bobrow and Vinograd 
1977] and FRL [Roberts and Goldstein 1977]. That 
these are a l t e r n a t i v e representat ions f o r some 
under ly ing l og i c has been conv inc ing ly argued in 
[Hayes 1977]. Defaul t l og i c presumes to provide a 
f o rma l i za t i on o f t h i s under ly ing l o g i c . 

The approach taken by de fau l t l og ic is to 
d i s t i n g u i s h between p r o t o t y p i c a l f a c t s , such aa 
" T y p i c a l l y mammals g ive b i r t h to l i v e young", and 
"ha rd " f a c t s about the world such as " A l l dogs are 
mammals." The former are viewed as ru les of I n f e ­
rence, ca l l ed de fau l t r u l e s , which apply to the 
l a t t e r "ha rd " f a c t s . The po in t o f view is that the 
set o f a l l "ha rd " f ac t s w i l l f a l l t o completely 
spec i fy the world - there w i l l be gaps in our know­
ledge - and tha t the de fau l t r u l es serve to help 
f i l l i n those gaps w i t h p laus ib le but not i n f a l l i ­
b le conc lus ions. A de fau l t theory then is a pa i r 
(D,V) where D is a set of de fau l t ru les apply ing 
to some world being model led, and V is a set of 
"ha rd " f a c t s about tha t wor ld . Formal ly, V la a 

* One way of d i s t i n g u i s h i n g between these two 
senses of "most" is by rep lac ing i t s s e t t i n g using 
the word " t y p i c a l l y " . Thus, " T y p i c a l l y vo te rs 
p re fer Car ter " sounds inappropr ia te , whereas 
"Typ i ca l l y b i rds f l y " seems more accurate . In the 
res t of t h i s paper we s h a l l use " t y p i c a l l y " when­
ever we are r e f e r r i n g to a p r o t o t y p i c a l s i t u a t i o n . 
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I t is the purpose of t h i s paper to describe a 
va r i e t y o f se t t i ngs in which in te rac t ions i nvo l v ing 
defau l ts are important* and to uni formly general ize 
the not ion of a normal defau l t theory so as to cor ­
r e c t l y t r ea t these i n t e r a c t i o n s . The r e s u l t i n g 
semi-normal de fau l t theor ies w i l l then be seen to 
lack some important p rope r t i es : fo r example they 
need not have extensions, and they lack the semi-
monotonic i ty property which a l l normal theor ies en­
j o y . We s h a l l a lso see that the i n te rac t i ons i n ­
troduced by de fau l t ru les lead to a new concept of 
data base i n t e g r i t y , d i s t i n c t from the i n t e g r i t y 
issues a r i s i n g in f i r s t order data bases. 

This paper is an abridged vers ion of [Rei ter 
and Cr iscuolo 1980]. 

In t h i s sec t ion we present a number of examples 
of de fau l t ru les which, in i s o l a t i o n , are most 
n a t u r a l l y represented as normal defau l ts but whose 
i n t e r a c t i o n w i t h other de fau l ts o r f i r s t order f o r ­
mulae leads to c o u n t e r i n t u i t i v e r e s u l t s . In each 
case we show how to "pa tch" the representat ion in 
order to res to re the intended i n t e r p r e t a t i o n . The 
r e s u l t i n g "patches" a l l have a uniform character , 

These are both normal d e f a u l t s . Defaul t l og ic then 
admits the conclusion that "Typ i ca l l y A's are C 's" 
in the f o l l ow ing sense: I f a is an i n d i v i d u a l f o r 
which A(a) is known or be l i eved , and if "6(a) and 
~C(a) are not known or be l i eved , then C(a) may be 
der i ved . In other words, normal de fau l t theor ies 
impose t r a n s i t i v i t y of " t y p i c a l l y " . But t h i s need 
not be t r a n s i t i v e , f o r example: 
"Typ i ca l l y h igh school dropouts are a d u l t s . " ! (2 ,3) 
"Typ i ca l l y adu l ts are employed." J } 

From these one would not want to conclude that 
"Typ i ca l l y h igh school dropouts are employed."* 
T r a n s i t i v i t y must be b locked. This can be done in 
general by rep lac ing the normal de fau l t (2,2) by the 
non-normal de fau l t 

(2.4) 

To see why t h i s works, consider a p r o t o t y p i c a l i n ­
d i v i d u a l a which is an A i . e . A(a) is g iven . By 
(2.1) B(a) can be de r i ved . But B(a) cannot be used 
in conjunct ion w i t h (2.4) to der ive C(a) since the 
consistency cond i t ion ~A(a) A C(a) of (2.4) is v i o ­
la ted by the given A(a ) . On the other hand, f o r a 
p r o t o t y p i c a l I nd i v i dua l b which is a B ( i . e . B(b) is 
given) (2.4) can be used to der ive C(b) since p re ­
sumably noth ing is known about b 's A-ness - we do 
not know that A(b) - so that the consistency cond i ­
t i o n o f (2.4) i s s a t i s f i e d . 

The i n t roduc t i on of non-normal de fau l ts l i k e 
(2.4) is a p a r t i c u l a r l y unpleasant so l u t i on to the 
t r a n s i t i v i t y problem, f o r as we s h a l l see in Section 
H I B , the r e s u l t i n g non-normal de fau l t theor ies 
lack most of the des i rab le proper t ies tha t normal 
theor ies enjoy. For example, they sometimes f a i l 
to have an ex tens ion , they lack semi-monotonic i ty , 
and t h e i r proof theory appears to be considerably 
more complex than tha t f o r normal t heo r i es . Accor­
d i n g l y , to the extent tha t i t can be done, we would 
p re fe r to keep our representat ions "as normal as 
p o s s i b l e . " For tunate ly t r a n s i t i v i t y can be blocked 
using normal de fau l t s whenever i t is the case tha t 
in add i t i on to (2.1) and (2.2) we have "Typ i ca l l y 
B's are not A ' s " . This Is the case fo r example 
( 2 . 3 ) : "Typ i ca l l y adu l ts are not h igh school drop­
o u t s " . Under t h i s c ircumstance, the f o l l ow ing nor ­
mal representat ion blocks t r a n s i t i v i t y : 

(2.5) 

(2 .6) 

* Nor would we want to conclude tha t "Typ i ca l l y 
h igh school dropouts are not employed." Rather we 
would remain agnost ic about the employment s ta tus 
of a t y p i c a l h igh school dropout. 

271 



Notice how, whem given that B (a ) , a simple back-
chaining i n t e r p r e t e r would es tab l i sh the goal C(a) . 
Back-chaining i n t o (2.7) y i e l ds the subgoal 
B(a) A - A (a ) . This s p l i t s i n t o the subgoal B(a) 
which is given and hence so lved , and the subgoal 
~ A(a ) . This l a t t e r back-chains i n t o (2.6) y ie ld ing 
the subgoal B(a) which is so lved. There remains 
only to v e r i f y the consistency requirements assoc i ­
ated w i t h the de fau l t s (2.6) and (2.7) en te r ing into 
the proof i . e . to v e r i f y that (C(a ) , * A(a)} is con­
s i s t e n t w i t h a l l o f the f i r s t order formulae i n 
fo rce . Such a back-chaining de fau l t reasoner is an 
Incomplete r e a l i z a t i o n of the complete proof proce­
dure of [Rel ter 1980a]. The reader might f i n d i t 
I n s t r u c t i v e to s imulate t h i s back-chaining i n t e r ­
p re te r f o r the case that A(a) is g i ven , in order to 
see how a d e r i v a t i o n of C(a) is prevented. 

Not ice a lso tha t the representa t ion ( 2 . 5 ) , 
(2.6) and (2.7) y i e l d s a very i n t e r e s t i n g p red ic ­
t i o n . Given an i n d i v i d u a l a which is simultaneously 
an Instance of A and B, noth ing can be concluded 
about i t s C-ness. This p r e d i c t i o n is confirmed w i th 
respect to example ( 2 . 3 ) : Given tha t John is both a 
high school dropout and an a d u l t , we do not want to 
assume that John is employed. Not ice that the non-
normal representa t ion (2.1) and (2.4) y i e l d s the 
same p r e d i c t i o n . We s h a l l have more to say about 
de fau l t s w i t h common instances of t h e i r p re requ i ­
s i t e s i n Sect ion I I C * 

A somewhat d i f f e r e n t need f o r b lock ing t r a n s i ­
t i v i t y ar ises when i t i s the case tha t "Typ i ca l l y 
A 's are not C 's " i . e . in add i t i on to (2 .1) and (2.2) 
we have 

(2.8) 

For example, 
"Typ i ca l l y u n i v e r s i t y students are a d u l t s . " ] 
"Typ i ca l l y adu l ts are employed." I (2.9) 
" T y p i c a l l y u n i v e r s i t y students are not | 
employed." J 

Under these circumstances, consider a p r o t o t y p i c a l 
instance a of A. By (2.1) and (2.2) C(a) can be 
de r i ved . But by (2.8) ~ C(a) can be de r i ved . This 
means tha t the i n d i v i d u a l a gives r i s e to two d i f f -
erent extensions f o r the fragment default* theory 
( 2 . 1 ) , (2 .2) and ( 2 . 8 ) . One of these extensions -
the one con ta in ing C(a) - is i n t u i t i v e l y unaccep­
t a b l e ; only the other extension - the one containing 
" C(a) - is admiss ib le . But a fundamental premise 
of de fau l t l og i c is tha t any extension provides an 
acceptable set of b e l i e f s about a w o r l d . The prob­
lem then is to e l im ina te the extension con ta in ing 
C(a) . This can be done by rep lac ing the normal de­
f a u l t (2 .2) by the non-normal ( 2 . 4 ) , exac t l y as we 
d id e a r l i e r i n order to b lock the t r a n s i t i v i t y o f 
" t y p i c a l l y " . Now, given A ( a ) , B(a) can be der ived 
from ( 2 . 1 ) , and - C(a) from ( 2 . 8 ) . C(a) cannot be 
der ived using (2 .4) s ince i t s consistency r e q u i r e ­
ment is v i o l a t e d . On the other hand, given a prot>-

* 
i s a de fau l t r u l e then o(x) i s i t s p r e r e q u i s i t e . 
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t y p i c a l instance b of B, C(b) can be der ived ualng 
( 2 . 4 ) . 

Once again a non-normal de fau l t has been i n t r o -
duced, something we would pre fer to avo id . As 
be fo re , a normal representat ion can be found when­
ever i t is the case tha t "Typ i ca l l y B'e are not 
A V \ This i s the case fo r example ( 2 . 9 ) : " T y p i ­
c a l l y adu l ts are not u n i v e r s i t y s tuden ts " . Under 
t h i s circumstance the f o l l ow ing normal representa­
t i o n w i l l do: 

Not ice tha t t h i s representat ion p red ic ts that 
any I n d i v i d u a l which is simultaneously an Instance 
of A and B w i l l be an Instance of not C, ra ther than 
an inatance of C. This is the case fo r example 
( 2 . 9 ) : Given that Maureen is both a u n i v e r s i t y stu-
dent and an adu l t one wants to assume tha t Maureen 
is not employed. 

Figure 2.1 summarizes and extends the var ious 
cases discussed in t h i s sec t i on . The f i r s t three 
en t r i es of t h i s tab le are unproblerAt ic cases which 
were not d iscussed, and are included only fo r 
completeness. 

(2,7) 
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* Note tha t example (2.12) seems not to have t h i s 
charac te r . One Is u n l i k e l y to inc lude tha t t y p i -
c a l l y adu l t s are not 21 years o l d " in any represen­
t a t i o n of a w o r l d . 

In t h i s sec t ion we discuss the f o l l o w i n g pa t ­
t e r n , in which a p a i r of de fau l t s have contradictory 
consequents but whose p re requ i s i t es may share common 

Not ice tha t t h i s rep resen ta t i on , as w e l l as the 
representa t ion (2.10) and (2.13) p red ic ts tha t no 
conclusion is warranted about the C-ness of any 
given common instance of A and B. 

For example: 
" A l l Quebecois are Canadians." 
"Typ i ca l l y Canadians are na t i ve Engl ish speakers. " 
"Typ i ca l l y Quebecois are not na t i ve Engl ish 
speakers." 

As in Sect ion I lA ,a p r o t o t y p i c a l instance a of A w i l l 
g ive r i s e to two extensions fo r the theory ( 2 , 1 0 ) , 
(2.11) and ( 2 . 1 5 ) , one conta in ing C(a) ; the other 
con ta in ing " C(a) . To e l im ina te the extension con­
t a i n i n g C(a ) , replace (2.11) by (2 .13 ) . 

As be fo re , the i n t r o d u c t i o n of the non-normal 
de fau l t (2.13) can be avoided whenever i t is the 
case tha t "Typ i ca l l y B's are not A ' s " , by means of 
the representa t ion ( 2 . 1 0 ) , (2.14) and (2 .15 ) . 

Figure 2.2 summarizes the cases discussed In 
t h i s s e c t i o n . The f i r s t three en t r i es o f t h i s 
tab le are unproblematic cases which were not d i s ­
cussed, and are included only f o r completeness. 
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I l l DISCUSSION 

In t h i s sec t ion we discuss some Issues ra ised 
by the previous resu l t s of t h i s paper. Spec i f i ca l l y , 
we address the quest ion of data base i n t e g r i t y a r i -
s ing from de fau l t i n t e r a c t i o n s , as w e l l as some of 
the formal problems associated w i t h the non-normal 
de fau l t ru les Introduced to c o r r e c t l y represent 
these i n t e r a c t i o n s . We conclude w i t h a b r i e f d i s ­
cussion of semantic network representat ions f o r de­
f a u l t reasoning. 

A. I n t e g r i t y of Defaul t Theories 

A very n ice feature of f i r s t order l og i c as an 
A r t i f i c i a l I n t e l l i g e n c e representat ion language i s 
the e x t e n s i b i l i t y of any theory expressed in t h i s 
language. That i s , provided that some ax iomat lza-
t i o n of a wor ld has tha t world as a model (so that 
the ax iomat lzat ion f a i t h f u l l y represents c e r t a i n 
aspects of that wor ld) then the resu l t of adding a 
new axiom about the wor ld is s t i l l a f a i t h f u l repre-
sen ta t i on . I t i s t rue tha t spec ia l ized deduction 
mechanisms may be sens i t i ve to such updates ( e . g . 
adding a new "theorem" to a PLANNER-like data base); 
but semant ica l ly there is no problem. Unfor tunate ly , 
as we have seen, de fau l t theor ies lack t h i s semantic 
e x t e n s i b i l i t y ; the add i t i on of a new de fau l t r u l e 
may create i n te rac t i ons leading to unwarranted con­
c lus ions , even though in i s o l a t i o n t h i s ru l e appears 
p e r f e c t l y co r rec t . 

This observat ion leads to a new concept of data 
base i n t e g r i t y , one w i t h qu i te a d i f f e r e n t character 
than the i n t e g r i t y issues a r i s i n g in data base 
management systems [Hammer and McLeod 1975] or in 
f i r s t order data bases [Nicolas and Yazdanian 1978, 
Rel ter 1980b]. For such systems an i n t e g r i t y con­
s t r a i n t spec i f i es some inva r ian t property which 
every s ta te of the data base must s a t i s f y . For ex­
ample, a t y p i c a l i n t e g r i t y cons t ra in t might spec i fy 
that an employee's age must l i e in the range 16 to 
99 years . Any attempt to update the data base w i t h 
an employee age of 100 would v i o l a t e t h i s const ra in t . 
Formally one can say that a data base s a t i s f i e s some 
set of i n t e g r i t y cons t ra in ts i f the data base is 
l o g i c a l l y cons is tent w i t h the c o n s t r a i n t s . The r o l e 
of i n t e g r i t y cons t ra in ts is to r e s t r i c t the c lass of 
models of a data base to include as a model the par­
t i c u l a r wor ld being represented. Now the ob jec t i ve 
of the de fau l t representat ions of Sect ion I I had 
p rec ise ly t h i s character ; we sought representat ions 
which would r u l e out unwarranted de fau l t assumptions 
so as to guarantee a f a i t h f u l representa t ion of rea l 
wor ld common sense reasoning. But no t i ce tha t there 
was no no t i on of an I n t e g r i t y cons t ra in t w i t h which 
the representa t ion was to be cons is ten t . Indeed, 
consistency of the representat ion cannot be an Issue 
at a l l s ince any de fau l t theory w i l l be cons is tent 
provided I t s f i r s t order fac ts are [Re l te r 1980a, 
Coro l la ry 2 . 2 ] . I t fo l lows t h a t , wh i l e there i s an 
I n t e g r i t y Issue l u r k i n g here , i t has a d i f f e r e n t 
nature than tha t of c l a s s i c a l data base theory . 

We are thus led to the need fo r some form of 
i n t e g r i t y maintenance mechanism as an a id in the de­
s ign of large de fau l t data bases. The n a t u r a l i n i ­
t i a l data base design would invo lve represent ing a l l 
de fau l t ru les as normal d e f a u l t s , thereby ignor ing 

those p o t e n t i a l i n te rac t i ons of the k ind analyzed in 
Sect ion I I . An i n t e g r i t y maintenance system would 
then seek out possib le sources of i n t e g r i t y v i o l a ­
t i ons and query the user as to the appropr ia te de-
f a u l t assumptions to be made in t h i s s e t t i n g . Once 
the cor rec t i n t e r p r e t a t i o n has been determined, the 
system would appropr ia te ly re- represent the o f fend ­
ing normal de fau l t r u l e s . For example, when con­
f ronted w i t h a pa i r of de fau l t ru les of the form 
( 2 . 1 6 ) , the system would f i r s t attempt to prove that 
A and B can have no common instance i . e . tha t 
W u { (Ex) .A(x ) A B(x)} is i ncons i s ten t , where W is 
the set o f f i r s t order f a c t s . I f so , t h i s pa i r o f 
de fau l t s can lead to no i n t e g r i t y v i o l a t i o n . Other­
wise the system would ask whether a common instance 
of A and B is t y p i c a l l y a C, a " C, or n e i t h e r , and 
depending on the response would su i t ab l y r e -
represent the pa i r ( 2 .16 ) , i f necessary by non-
normal de fau l t r u l e s . 
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: M - A 
"A is added to t h i s theory a new theory is 

obtained w i t h unique extension Th({~ A}) and t h i s 
does not contain Th ( {B } ) . 

Most of the formal p roper t ies of semi-normal 
de fau l t theor ies remain unexplored. Two problems in 
p a r t i c u l a r requ i re s o l u t i o n s : Under what condit ions 
are extensions guaranteed to e x i s t , and what is an 
appropr iate proof theory? 

Network Defaul t Inher i tance in H ie ra rch ies ; 
Representations 

In Sect ion I I we focused on ce r t a i n f a i r l y 
simple pat terns of de fau l t r u l e s . Our choice of 
these pat terns was condi t ioned by t h e i r frequent 
occurrence in common sense reasoning, and by the 
fac t tha t they are t y p i c a l of the kinds of de fau l t 
knowledge which var ious "semantic" network schemes 
presume to represent and reason w i t h . Most such 
networks are designed to e x p l o i t the na tu ra l h i e r ­
a r ch i ca l o rgan iza t ion of much of our knowledge about 
the wor ld and r e l y heav i l y f o r t h e i r in fe renc ing 
power upon the inher i tance of p roper t ies associated 
w i th a general c lass "down the h ie ra rchy " to more 
r e s t r i c t e d c lasses. 

Space l i m i t a t i o n s prevent a thorough discussion 
of the r e l a t i o n s h i p between the considerat ions of 
t h i s paper and network representat ions f o r de fau l t 
reasoning. Instead we summarize var ious conclusions 
which are argued at length in [Re i te r and Cr iscuo lo 
1980]: 
1 . Except in the s implest o f s e t t i n g s , network i n ­

te rp re te rs f a i l t o reason c o r r e c t l y w i t h de fau l t s . 
2. Network representat ions are best viewed as in-

dexing schemes fo r l o g i c a l formulae. An impor­
tan t r o l e of indexing is the p rov i s ion of an 
e f f i c i e n t path t r ac i ng h e u r i s t i c f o r the cons is­
tency checks requi red by de fau l t reasoning. 

3. Such consistency checks are examples of the kind 
of resource l i m i t e d computations requi red in 
common sense reasoning [Winograd 1980]. 

IV CONCLUSIONS 

Defaul t theor ies are compl icated. Unl ike 
theor ies represented i n f i r s t order l o g i c , de fau l t 
theor ies lack e x t e n s i b i l i t y . Whenever a new de fau l t 
r u l e is to be added to a representat ion i t s poten­
t i a l i n t e rac t i ons w i t h the other de fau l t ru les must 
be analyzed. This can lead to a re - represen ta t ion 
of some of these de fau l t s In order to b lock c e r t a i n 
unwarranted d e r i v a t i o n s . A l l of which leads to a 
new concept of data base i n t e g r i t y , d i s t i n c t from 
the i n t e g r i t y issues a r i s i n g in f i r s t order data 
bases. These observat ions a lso suggest the need f o r 
a de fau l t i n t e g r i t y maintenance system as a t o o l f o r 
a id ing in the design of la rge de fau l t data bases. 
Such a system would seek out p o t e n t i a l l y i n t e r a c t i n g 
de fau l t s dur ing the data base design phase and query 
the designer about the consequences of these i n t e r ­
ac t i ons . 

Semi-normal de fau l t theor ies are compl icated. 
They have none of the n ice p roper t ies tha t make nor ­
mal theor ies so appeal ing. Moat of t h e i r formal 

p roper t ies are t o t a l l y unexplored* At the very 
least a proof theory is needed, as w e l l as cond i ­
t i ons under which extensions arc guaranteed to ex i s t . 
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