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ABSTRACT
MBR 1= a reasoning system which
allows multiple beliefs (beliefs Lrom
muitipie  agants contradictory beliefs,

hypothetical beliefs) to be represented

simultansously in the same knowledge base
and parforms reasoning within sets of
tnese beliefs. MOBR also contains provisos
te detect c¢ontradictions and to recover
f£rom them.

Tnis paper describes MBR's method of
ecting =and recording centradictions

T
Thin beliefs of different agents,
oWing an example o©f such process.

L. Tn‘:f-rhl(-:]'gn

nis paper reports a small feature of
Y

i
a large system, the MEBR {(Multiple Belief
Feasoner) system {31. MBR is fully
implem=nted in Franz Lisp, running on a
VAX-11/7%0 MBR is a reasoning system
wnich allows multiple beliefs (beliefs
Lrom multiple agents, contradictory
melyrefs, hypothetical beliefs) to be
rapresented simultaneously in  the same
knewledga base and performs reasoning
within sets ot these sets of beliefs. MBR
2ls0o contains rovisos for detecting
contradictions and for recovering from
tnam.

The problem ot detecting and
recording contradictions has been
csnsidered by several researchers f{e.g.,
2z, 4, 51). The part of MBR that deals

with this problem differs from the
previous approaches because, 1) It is
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based on & logic developed for such
purpose; 23 It is implemented such that
the detection of the hypothsses unaarlyaing
the contradiction is done by following
only two types of arcs; there is 02 nead
to explicitly mark propositions as
believed or dispbelieved; there 1s no need
to worry about circular procts; thare is
no need to Keep a separate data sTtIucture
to record previous contradictions.

2. Ihe GHM sysiem

The SWnt system 1is the logical
underliying MER. It is loosely based on
the logical systemszs of (11  and (73.
Listinguishing treatures of SWit 1include
recording dapenaencies ot wifz, nat
allowing irrelevancies to be 1intraduced,
and providing for dealing with
contradictions. '

system

The SWM gystem deals with objects
called iRetelol kel wi which are of the
torm Fit,a,p, in which E 1s a wrt, < {the
origin tag) is an element of the set (hyp,
der, ext}), a (the origin setl) is a set of
nypotheses, and p (the restriction set) 1s
a set of sets of hypotheses. The origin
tag (Ol) tells whether F s an hygotheses
{t=hyp), a normally derivead wif (t=Zer) or
a wif witnh an extended 0S5 (t=exz) tthis
latter case will not be discussed in this
paper). The grigin set {(0S) contains all
the hypotheses which were aztually used in
the derivatien ot F. The regstrictzzn. . sel
(RS) contains sets of hypotheses, each of
which when unioned with the hypotheses in
the OS5 forms a set which is knoun ta.  Dba
inconsistent. An inconsistant set, is a
set of wtfs from which a contradiction may
be derived.

RSs are very different entities from
OTs and OSs. Wheareas the OT and 0S of a
proposition reflect the way the
proposition was derived, the RS of a
proposition reflects the current knowledge
about how the hypothases underlying that
proposition relate to the other hypotheses
in the system. Once a proposition 1s
derived its OT and QS remain constanc,



whereas its RS changes as new
inconsistencies ara uncovered  in the
system.

3. Lontexte angd Helief Spaces

EBR 1s to be used as the deduction
System 1n a kxnowledge base which may
contain information entered by many users,
wvithn ditferent and even contlicting
interests. e assume that each user of
the knowledge base has some basic cet of
beliefs which he/she told MER about. ' Such
beliefs are - the user's pasic ascumptions
and wvere entered into the knowleaoge base
as hypotheces. Every proposition derived
Irom this set of Assumptions 1s assumed to
be be believed by the user.

He define a Lontext to be & gset of
hypotheses. A context represents the set
¢l assumptions of some user. A context
determines a el S; {BS) which is
the set of all the hypotheses defining the
context and all the pProposations which
vwere derived from them. Hithin the SWM

Iormalism (the logic underlying MBR), the
Propositions in a given BS are
Characterized by having an 0S which is

contained in the context.

At any point, the set ot all
hypotheses believed is termed the gurrent
Lontext (CCH, which defines the gurrent

Lelaef soace (C8BS).

Contexts
bases (callea

gelimit
Beliet

smaller kncwledge
Spaces) within the
knowledge base. The knowledge base
retrieval cperations onity retrieve the
pPrepositions within the CBS, ignoraing all
©ther propositions.

4. IThe randiing of contradictions

In thas section, we will discuss how
contradictions are handled by MBR.

MBR  relies on the two rules of
inference of SHM that handle
contradictions: Degarion introduction
(~I) and updatans  of LeStriciion sets
(URS) .

The zule of ~J
AiTt,a,p ana ~Aig,B,e
the hypotheses in aup a contredicticn,
A&~R, can Ce derived) we can degduce the
nheégaticn of the CGnjunction of any number
of hypotheces in aup under an 08
€ontaining the remaining hypotheses. The
meaning cf thais newly derived wff 1s that

states that ftrom
{meaning that from

Eueh  conjunction can not be considered
under the assumption of the other
hypotheses,
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The rule of (RS states that frgm
Ai1,a,p ana ~Ai€¢,8,0 we must update the R
of every nypothesis in Tug and of 211 the
wifs derived from them. This updating hae
the effect of recording the existence gof
the 1nconsistent set avg. Details o  thow

this 15 done can be found in (31,

Based in these two
inference, whenever MER
contradiction it
rellowaing actions:
1. If only one of the contrzdictory wiisg

belongs to the CBS the contradiction

is recorded (through the applicatien
ot URS) but nothing more happens. The
etfect of doing <=0 15 to recora that
some set of hypotnheses, strictiy
containing the CC, is pow xacwp to oa

Anconsactent.

2. 1f both contradictory wife beleng to
the - Ciis, Then the ruile or UKS i1e
applied but, in acdition, the ruie of
~1 1s =also applied. This has thre
effect of adding new wits to tne
knowledge base and also will cause the
CC to be revised.

Tules of
fainde a
takes one ot the

15

An Apnotared Mwamnla

He present in this section a
run using MBR. Suppose that MBR is be
used by some university as a meet:
scheduling system. The knowledge
contains, in this case, general statements
reflecting policies for scheduling
meetings and also statements €oncerning
the particular schedules of the users of
the system.

MBR is =asked te schedule meetings
among a certaln number of its users and 1t
gces so either by finding a time slot
which is compatible with their particular
schecules or by reporting that th
schedules of the users d&o not allew the
scheduling of the desired meeting. In
this exeample we will ascsume that:

1. Meetings are being scheculed within
one day only, theretore informaticn
about dates is absent ftrom cur

representation;

2. Meetings can not
morning and in
Fig.1).

3. Two ditferent meetings can not f:1
the same time slot, 1.e., merning  or
atternoon {hypZ, Fig.l).

both be in the
the afternoon (hypl,

We will follow MUR's behavior using the
information contalined in the schedules or
two of 1ts users, Htu and Tony. Botn
and Tony already have scome
meetings:

1. Stls schedule: Stu temsches & seminhar
in the morning (hypt, Fig.li.
2. ) : sohied : Tony has a tennis
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~2 snedules tor nhe afternoon ‘hyp7/,

baze also contarn
LT which objects ar
nyp4 and hyp5, Fig.l)
knowledga base for this
a shorthand, we doO not
sets of hypothases but
mnemonics representing

o

Ayzl @ ¥ixllicaeacingix} «
I tineix, morntingl «
~zimetx,attarasonl ) linyp, (hypl). {2

Ay22 @ ¥ix,yli(ameatingix) & meetingiy! & xEyr -
titizeix, marningl + timely,atterngenit}

tzinatix,afttearnasonl » :znnly.nornknglll)
tayp, (hyp2}, O

nys3 : oeetingtzweinartihyp, (hypd). ()

nypa : Dawningitsanis-gase)ihyp, (Aypal. {2
ny23 : mesting(faculty-mmet)ihyp,{hyp3l, ()
nypd ciaetseainar, morning) ihyp, (hypéd, ()

Ayp7 : timaltennis-gaase,attarncon) ihyp,{(nyp?i.O)

figure 1
Hypotheses in the knowledge base

Suppose that Stu wants to schedule 2

facu ity meeting and he wants to do sO
according to his schedule: he considers
<n2 general sStatements about meaLings
thypi, hyp2, hyp3 and hyp5) and also
cemeiders tne statements that reflect his
scnedule (hypb). 1ln  other words he does
reasoning within the BS detined by the
contaxt Gtu-schedule=(hypl, hyp2, hyp3,
rnyos%, hypbi. Within this HS, MBR derives
thz wifs represented 1in Figure 2. Arter
wiili tinelaNDLInET , mOTRLAYGY :xa-(z-cuL:y~m-Q:,at:ornconl

tdar, {hyp2,nyp3d. nyp3d, )
wizl: :;anl:.:u;:y-uﬁn:.-::-rnoonl:dar,(hypz,hyps,hyp5,nypé),l)

witl: sizaifaculty -~meet GrRingl -+
~timelfaculty-meet afzarnoon! idar, {hypl, nyps?, 2

wtt§: ~timaifaculty-nest,maraing’
:dnr,(hypl,hypl,hypi,hypi,hyp&),LZ

figure 2
wits derived from "Stu-schedule”

>
¥

sassion Stu concludes that the best
, for him, for scheduling the faculty
ting 1s in the afternocon (wff2}.

9ot
(i

bl
rt &0

]

Suppose now that Tony also tries to
tind the most convenient time, for him, to
have a faculty meeting. In this case, he
does reasoning 1in the BS defined by the
conzext Tony-schedule=inypl, hyp2, hyp4,
nypo, hyp72. Some results of such

L2441 tima{tannis-gumas, wizarncon) -+

Timsifaculty~mest ,marning! :der, {hyp2, hypa,bypS), ()

wirs: icelfaculty-meeT.morninglidar,(hypl hypd,hyp3.hyp??, (>

figure 3
wtfs Qarived £rom "Tony-schedule"

reasoning are reprasanted i Figure 3. in
this case nowever, whean wEiEf6
ttaima{faculty meeT ,marningl: 13 derived

the cystem £inds ©ut that =T contradicts
wti4 (~t1mct:acul:y~meet,m:rn;ng)" Tre
implementaticn O MoR guarasiaag TH2at this
wtf 15 tound withoaT having To search the
entire Knowliedge base. Since Wiiig does
not pelong tao the CS5 (which 1S novw the BS
detined by the context "fony-schadule™)
thare is no visible contradiction.
However the system records Tnat the union
of the contexts "Stu-schedule™ and
"Tony-schedule” ((hypl, hyp2, nyp3, hypi,
nyp>, hyp&, hyp7}) 1s an inconsistent
context. The rule URS is . applied
resulting in the knowledge base
represented in Figure 4. The system

hypl: ¥ixlimeatiagix) =«
{time(x,moratngt < ~zinetxn,attarnoonl) i

:ny?,(nypxl,(Lnyp:.byp:.:y;&.byps.hypé.hyp7))

nypa: ¥ix,y!{imestingix} & mearingiyl & Xwy, =
tlziaeix @arning) > timetly . sfcernoantt
&
teimeix, attarnoan) » wimse x,2OTRLAGHI T
:nyp.(hypl),L(nyp{.hyp}.hypA.byp5,nypé,nyp?))

hyp3: mastingissminar}
inyp,(Byp3d). (inypl Ayp2 . nype.Dyp3.2yps. ayp7))

) Rypa: maatingltanaiz-geae)
:hyp,(hy?A),(Chypl.hypz,kypl.hyy5.ny$i.nyp?!)

hyp%: meetlagitaculiy-sest]
. =nyp,(hyps)Altnyp;.hyyl.hypl.nyp&,nypG.nyp?))

nypé: timeiseainar,sorning)
ihyp.&hypé¥,(iaypl.Bygz,ay?i,nypA.hy75.nyp?))

hyp7: tizei{zennis-grae,aiternsan)
:hyp,(nyp7r.((bypl.ny;:,:y;:.hyp4.hy;s.hypé))

2f21l: timstzsninar moraingl - :&m-ltnculty-ean:,l::.rnocnr

:d-r,(hyp2.hyp3,hyp4},((hypl.uyp&.hypﬁ,nyp7))

wegl: timelfaculty-caet,afrarnosal
ld-r,(hypz.nypl.bypﬁ.nyps),(Caypx,hypo,ny;7))

wetd: Cimetfsculty-meat.afterncen) + ~rimel taculiy-oest . aarning?

:dnr.(hpr.aypS),(thypZ.xypB.bypA.hy?o.hypI))

wEtd: ~timetfaculiy-meet,morningl :
:d.r,tnypl.hypZ.ny;J,ny;&,hy;ﬁ).t(hy?a,hyp7))

wif%: timeltensiz-game,attarnsaal ¢instfaculiy~Deat, rorningd
:d.r,(hypz.hypa,nyp’).i{:ypl.hpr.:ypi.nypll)
[T 44-H :}aa‘t-cuLty-u--t,-azﬁxng)
;G-r.Lhy;:.nyp&,uypﬁ.ny;?).((hypx.:ypi,hypb))
figure 4
knowledge bace after URS

reports to Tony that the faculty meeting
should be in the afternocon.

Suppose that someona now wants to
schedule a taculty meeting with all the
members of the faculty, which include both
Stu and Teny. When that reqguest is made
considering a context containting
“Sru—schedule” and “Tony-schedule” the
system immediately reports that such
context is inconsistent. Notice that this
context contains, possibly among other
hypotheses, the nypothesas nypl, nyp2,
nyp3, hyp4, hypS. hypé and hyp7. The RS
of hypl, for example, is (thyp2, hyp3,
hyp4, hyp5, hyp6, hyp73) (Figure 4}, which
records that the set of nypotheses hypl
through hyp7 1is inconsistent. The system
responds that such contexXt 1s inconsistent
and a revision of the CC should be

performed.



Suppoze now tnat starting from the
knowledge bace represented in Figure 1 the
request 1s made to schedule tha faculty
meeting in a BS cefined by a cantext
containing "Stu-schedule” and
"Tony-schedule”.

In this case, there are no recorded
inconsistencies and the system wWill try to
scnhnedule the faculty meating in that HS.

Among the results derived are the wifs
represented in Figure 5. In this case,
wITl': =timm{faculty-seet, meraing)

téwr, {nypl, hyp2,nyp3, hyps, hyp6), {2

wI22': tims(faculiy-mest . mornicg):der, (hyp2,hypd,nypS, hyp?), ()

figure 5
wtfs deriveada within the CC

poth wfrl®' and wif2:°
tthe CC centains the hypotheses hypl,
hyp2, -hyp3, hyp4, hypS, hyps, hyp7).
Therefore, not only the 7rule of URS is
epplied, recording the inconsistent sat,
but aiso ~I is =applied in order to rule
out some hypothesis {or hypotheses)
cetining the CC.

belong to the CBS

MBR has Dbeen implemented in Franz
Lisp (runing on a VAX-11/750) using the
CNePS system [63. The example presented
here was cobtained Lrom an actual run Jjust
Just by slightly changing the output
syntax.

One of the main distinguishing
characteristics of MHR is that it is based
on a logic (SWM) especially designed for
Belief Revision systems.

In MBR propositions are
by network nodes and are linked with the
hypotheses in their 08 and the sets in
their RS. This way of representing
propositions makes it possible to know a
Priori the number of arcs that has to be
traversed to find out all the hypotheses
underlying a contradiction.

represented

Another characteristic of MBR
concerns the way c¢ontexts and BS are
defined. By defining a context as a set
of hypotheses we can have as many contexts
in the system as the power set of the
hypotheses introduced. Also, the network
retrieval functions only consider the
propositions in the cBe. When a
contradiction is detected, after selecting
©ne hypothesis (or several hypotheses) as
the culprit £for the contradiction, the
disbelief in all the propositions
depending on such hypothesis (hypotheses)
is done just by dropping it (them) from
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the cC. From then on, all sucn
prepositions are disregarced by MoR.

finally the cefinition ot KSs waives
“he neea to keep a separate data gstrucure

to record all the prev:ious contradictions
te.g., the NOGOOD Jast (211,
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