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A b s t r a c t 

Since Konol ige's t ranslat ion of default logic 
i n to st rongly grounded autoepistemic logic, se
veral other variants of Moore's or ig inal auto-
epistemic logic tha t embody default logic have 
been s tud ied. A l l these logics differ signif i
cant ly f rom Moore's autoepistemic logic (stan 
dard A E L ) in tha t expansions are subject to ad
d i t iona l groundedness-coridit ioris. Hence, the 
question natura l ly arises whether default lo-
gic can be t ranslated in to standard A E L at 
a l l . We show, that a modular t ranslat ion is 
not possible. However, we exhib i t a a fa i thfu l 
po lynomia l - t ime t rans lat ion f rom proposi t ional 
defaul t logic in to standard A E L which is non-
modular . I t fol lows tha t the expressive power 
of s tandard A E L is s t r ic t ly greater than that of 
default logic. Our t ranslat ion uses as import-
ant in termediate step an embedding of Marek's 
and Truszczyriski's nonmonotonic logic N into 
standard A E L . 

1 I n t r o d u c t i o n 

Reiter 's default, logic [16] and Moore's autoepistemic lo
gic [14] are among the most relevant formalizat ions of 
nonmonotonic logic. A first invest igat ion in to the re
lat ionship between default and autoepistemic logic was 
carried out by Konohge [8]. 

Konol ige [8] encountered some groundedness-problems 
in Moore's or ig inal version of autoepistemic logic (stan
dard A E L ) , which impeded a s t ra ight forward transla
t ion of default logic in to standard A E L . In part icular, 
the autoepistemic theory A tha t would mast in tu i t ive ly 
correspond to a given default theory T in many cases ad-
mits some addi t ional stable expansions that do not cor
respond to any default extensions of T. These addi t ional 
expansions are weakly grounded in the in i t ia l premises in 
the sense tha t they contain sentences p whose inclusion 
is merely based on the agent's belief in p. Consequently, 
Konol ige has defined a more restr ict ive version of au
toepistemic logic tha t we wi l l here call strongly groun
ded autoepistemic logic (SGAEL). In SGIAEL, only spe 

*This is a short version of the full paper [4] available from 
the author by emai l / f tp. 

cific strongly grounded expansions are admissible. Each 
strongly grounded expansion is a stable expansion in the 
sense of standard A E L , bu t not vice-versa. Konolige 
succeeds in showing tha t S G A E L exact ly corresponds to 
default logic and exhibi ts b id i rect ional t ranslat ions bet
ween these two formalisms [8] 

S G A E L differs s igni f icant ly f rom s tandard A E L . In 
part icular , in S G A E L it may be the case tha t two lo-
gically equivalent but syntact ica l ly dif ferent sets of pre
mises and have a different semantics, i.e., diffe
rent respective sets of SGAEL-expansions. Fur ther , all 
strongly grounded extensions of a theory are stable-set 
minimal for which is not the case in s tandard A E L . 

The second major approach of t rans la t ing default logic 
in to variants of A E L has been taken by Marek, Schwarz, 
and Truszczyriski [12; 20; 19] The i r approach is based 
on the concept of nonmonotonic modal logics as in t rodu
ced by McDermo t t [13]. They show tha t default logic is 
fa i th fu l ly embeddable in a wide range of dif ferent nonmo-
notonic modal logics. The simplest of these logics is the 
nonmonotonic counterpart of the pure logic of necessita-
tion N the modal logic consist ing of proposi t ional cal
culus augmented by the necessitation rule We wi l l make 
intensive use of this logic in the present paper. Note that 
just as S G A E L , nonmonotonic N is considered a stron
ger logic than standard A E L , since each N-expansion of 
a set of premises is also a s tandard AEL-expansion of 

but not vice-versa. 
In [17] it is shown that s tandard A E L corresponds to 

the nonmonotonic version of the modal logic K D 4 5 ba
sed on the modal axioms K, 4, 5, and D : 
Unfor tunate ly , the proposed t ranslat ions schemes which 
allow the embedding of default logic i n to a large num
ber of other nonmonotonic modal logics fai l to apply to 
nonmonotonic K D 4 5 , hence they are not applicable to 
standard A E L . 

Other methods for t rans la t ing default logic in to forma
lisms close to A E L have been developed by Nierncla [15J, 
Lin and Shoham [9], Siegel [18], and Kaminsk i [7]. Each 
approach introduces a dif ferent version of A E L which 
captures default logic. Each of these logics is more re
strictive than standard A E L in the sense tha t , in general, 
a set of given premises in these logics admi ts fewer ex
pansions than in standard A E L . 

In summary, al l previous methods translate default 
logic in to formal isms tha t are dif ferent f rom standard 
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A EL- The reason seems to be tha t standard A E L allows 
for expansions tha t are not suff iciently grounded in the 
premises. Consequently, these approaches are based on 
more restr ic t ive formal isms tha t admi t less expansions 

The question whether default logic can be translated 
in to s tandard A E L has remained open so far In the 
present paper, we solve this problem by giv ing both a 
negative and a positive1 answer. 

F i rs t ( in Section 2), we show that there exists no mo
dular t rans la t ion between default logic and A E L This 
means tha t after adding a new fact F to the formula set 
W of a defaul t theory ( D , W), a complete recomputat ion 
of the t rans la t ion becomes necessary. An exception are 
prerequisite-free default theories, which are modular ly 
t ranslatable to standard A E L . 

In Section 3, we show that it is possible to polynomi
ally t ranslate general default theories to standard A E L 
if one gives up on modu lar i ty . Section 4 concludes the 
paper w i t h a phi losophical in terpretat ion of our transla
t ion . 

In this paper we l im i t ourselves to consider proposi
t ional default logic and A E L . Note that the impossibi-
l i ty result for modular translat ions extends t r iv ia l ly f rom 
proposi t ional default logic to the more general first order 
case. We assume tha t the reader is famil iar wi th default 
logic and A E L and do not redefine these concepts. 

2 Imposs ib i l i ty of Modu la r Translation 
Let us f irst define the concept of faithful t ranslat ion. 

D e f i n i t i o n 2 .1 A fa i th fu l translation from default lo
gic to AEL is a mapping tr which transforms each de
fault theory D into an autocpistcmic theory tr('P) such 
that the objective parts of th( autocpistcmic expansions 
of tr(V) arc identical with the default extensions of D 

The concept of modular translation in the context of 
default logic was int roduced by Tomasz lmiel inski in [tij. 
Loosely speaking, a t ranslat ion scheme is modular if ad 
d ing new facts (not defaults) to a default theory is re
flected by the t rans lat ion through adding these new tacts 
to the result of the t rans la t ion , lmiel inski [6] considered 
t ranslat ions between default logic and circumscript ion. 
We adapt his formal def in i t ion of modular i ty to the con
text where A E L is the target system as follows 

D e f i n i t i o n 2.2 A translation tr from default logic to 
AEL is modular iff for each default set I) and each 

As lmie l insk i points out , modular translations are 
highly desirable both f rom the conceptual an]d the com 
pu ta t iona l po in t of view. Indeed, changes to a default 
theory (D, W), due to changes in the underly ing "real 
w o r l d " , w i l l in most cases affect W but not D, as the de
fau l t rules in D usually represent t ime-invariant, proper 
ties. W i t h a modu lar t rans la t ion, when W is changed, 
we do not have to recompute the result of the transla
t i on , bu t we may jus t add the new elements of W to the 
old result. 

Note tha t bo th Konolige's t ranslat ion f rom default, lo
gic to S G A E L [8] and Truszczyr iskrs translat ion T f rom 
default logic to nonmonotonic N are modular. In the 
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Theo rem 2.2 r is a faithful, modular, and polyno
mial translation from the class of prerequisite-jree default 
theories to standard AEL. 

PROOF. (Sketch) The proof follows directly from pre
vious results (Theorems 4.1.2 and 4.1.4) by Marek and 
'lYuszczirisky [11]; the result is also implicitly present in 
the work of Lin and Shoharn [9]. 

Some authors argue that prerequisite-free defaults are 
the only natural defaults. Delgrande and Jackson [ l ] , for 
instance, define P-Dtfault Logic based in prerequisite-
free defaults. By the above result, P-Default Logic is 
modularly translatable into standard-AEL. 

Note that in Definition 2.2 we defined a rather weak 
concept of modularity. Stronger types of modularity 
would require that each single default be separately 
translatable. Since we proved that even weakly modular 
translations in the sense of Definition 2.2 are impossi-
ble, the impossibility of any stronger type of modular 
translation follows. 

3 The Nonmodu lar Translat ion 

In this Section, we present a faithful polynomial time 
translation from default logic to standard ALL. By the 
results of the last section, such a translation must be 
nonmodular. In fact, our translation is rather involved 
and is based on sophisticated propositional coding tech
niques. It heavily exploits the self referential introspec
tive capabilities of AEL. For space limitations, we must 
omit most of the formal details and proofs and can only 
present the main ideas. The full development can be 
found in the extended report [4] which is already availa
ble from the author. 

We start by giving an informal rationale of the trans
lation. 

3.1 Rationale* of the T rans la t ion 

Marek, Schwarz and Truszczyhski [12; 20; 19] have exhi
bited different faithful polynomial translations from de
fault logic to nonmonotonic N, a variant of AEL which 
we will define below. We wil l use a translation t from 
default logic to nonmonotonic N as an intermediate 
step in our development. The translation t we use is 
just a slightly modified version of the translation intro
duced by Truszczyhski in [20], Our modification just 
makes sure that the translation also works for the in
consistent expansion, which is disregarded in [12; 20; 
19] 

Since default logic is translatable via t to nonmono
tonic N, it suffices to establish a faithful translation h 
from nonmonotonic logic N to standard AEL. Then, our 
desired translation c from default logic to standard AEL 
is obtained by composing / and h, i.e., c — hot. This is 
illustrated in Fig. 1. 
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