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ABSTRACT

based on a logic developed for such

. . . purpose; 2) It is implemented such that

MBR Is a reasoning system which the detection of the hypotheses underlying
allows multiple bellets (beliets trom the contradiction is done by following
multiple agents, contradictory beliefs, only two types of arcs; there is no need
hypothetical beliefs) to be represented to explicitly mark propositions as
simultaneously in the same knowledge base believed or disbelieved; there is no need
and performs reasoning within sets of to worry about circular proofs; there is

these beliefs. MBR also contains provisos no need to keep a separate data structure
to detect contradictions and to recover to record previous contradictions.
from them.

This paper describes MBR's method of

detecting and recording contradictions
within beliefs of different agents,
showing an example of such process. The SUM system is the logical system
underlying MBR. It is loosely based on
the logical systems of [1] and [7].
Distinguishing teatures of SWM include
I Introduction recording dependencies of wffs, not
allowing irrelevancies to be introduced,
This paper reports a small feature of and providing tor dealing with
a large system. the MBR (Multiple Belief contradictions.
Reasoner) system [3]. MBR is fully
implemented in Franz Lisp, running on a The SUM system deals with objects
VAX--11/780. MBR is a reasoning system called supported wffs which are of the
which allows multiple beliefs (beliefs form F' :t,a,p, in which £ is a wtt, T (the
from multiple agents, contradictory origin tag) is an element ot the set thyp,
beliefs, hypothetical beliefs) to be der, ext>, a (the origin set) is a set of
represented Simultaneously in the same hypotheses, and p (the restriction set) is
knowledge base and performs reasoning a set of sets of hypotheses. The origin
within sets of these sets of beliefs. MBR tag (OT) tells whether F is an hypotheses
also contains provisos for detecting (x=hyp), a normally derived wft (x=der) or
contradictions and for recovering from a wif with an extended OS (T=ext) (this
them. latter case will not be discussed in this
paper). The origin set (OS) contains all
The problem of detecting and the hypotheses which were actually used in
recording contradictions has been the derivation ot F. The restriction set
considered by several researchers (e.g., (RS) contains sets ot hypotheses, each of
[2, 4, 51). The part of MBR that deals which when unfoned with the hypotheses in
with this problem differs from the the OS forms a set which is known to be
previous approaches because, 1) It is inconsistant. An inconsistent set, is a
set ot wffs from which a contradiction may
be derived.
Current address: Departamento de
Engenharla Mecanica, Instituto Superior RSs are very different entitles trom
Tecnico, Av. Rovisco Pais, 1000 Lisboa, OTs and OSs. Whereas the OT and OS of a
Portugal proposition reflect the way the
proposition was derived, the RS of a
This work was supported in part by proposition reflects the current knowledge
the National Science Foundation under about how the hypotheses underlying that
Grant MCS80-06314 and by the Instituto proposition relate to the other hypotheses
Nacional de Investigagaco Cientifica in the system. Once a proposition is

(Portugal) wunder Grant No.20536. derived its OT and OS remain constant.



whereas its RS changes as new
inconsistencies are uncovered in the
system.
3. Contexts and Bellet Spaces

MBR is to be used as the deduction
system in a knowledge base which may

contain information entered by many users,
with different and even conflicting
interests. We assume that each wuser of
the Knowledge base has some basic set of
beliefs which he/she told MBR about. Such
beliefs are the user's basic assumptions
and were entered into the knowledge base
as hypotheses. Every proposition derived
from this set of assumptions is assumed to
be be believed by the user.

We define a context to be a set of
hypotheses. A context represents the set
of assumptions of some user. A context
determines a Belief Spaces (BS) which is

the set of all the hypotheses defining the
context and all the propositions which
were derived from them. Within the SWM
formalism (the logic underlying MBR), the
propositions in a given BS are

characterized by having an OS which is

contained in the context.

At any point, the set of all
hypotheses believed is termed the current

context (CO, which defines the current
belief space (CBS)

Contexts delimit smaller knowledge
bases (called Belief Spaces) within the
knowledge base. The knowledge base

retrieve the
ignoring all

retrieval operations only
propositions within the CBS,
other propositions.

4. Ths bandling of coptradictigns

In this saction, we will discuse how
contradictions are handled by MBR.

MBSR rTelies on tha twg rTulss of
inference of SWM that handla
contredictions: nagation  introduction
t~1) and updating of resiriction sSels
{URS:.

The zuls of ~1
Ait,a,0 and ~A:g,8,9
the hypotheses in aup a contradiction,
A&~R, can be derived) wa can deaduca tha
nagation &f the conjunction of eny numbar
of hypothases in aup under an 05
containing the remaining hypothesas. The
meaning of this newly darived wif is that
such conjunction can not be considerad
undar the assumption of the othar
hypothesas.

statss that from
{mesning that from
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The rulea of (RS states tThat from
AitT,a,p0 ana ~A:¢{,.f,0 we MUSL update the i
of avery nypothasis in tuf and ©f all the
wifs derived from them. This updating has
tne etfect of recording the sxistence of
the 1lncongistent St aup. Vetalls of how
this 1s done can be found 1in [3).

Based in these two rules of
inference, whenever MBR finds a
contradiction it takes one of the
following actions:

1. If only one of the contradictory wtfs

belongs to the CBS the contradiction
is recorded (through the application

of URS) but nothing more happens. The
effect of doing so is to record that
some set of hypotheses, strictly
containing the CC, is now Known to__ be.
inconsistent.

2. If both contradictory wffs belong to
the CBS. Then the rule of URS is
applied but, in addition, the rule of
1 is also applied. This has the
effect of adding new wffs to the
knowledge base and also will cause the

CC to be revised.

5.  An Annotated Example

we present in this section a
run using MBR. Suppose that MBR is
used by some university as a
scheduling system. The
contains, in this case, general statements
reflecting policies for scheduling
meetings and also statements concerning
the particular schedules of the wusers of
the system.

sample

being
meeting
knowledge base

MBR is asked to schedule meetings
among a certain number of its users and it
does so either by finding a time slot
which is compatible with their particular

schedules or by reporting that the

schedules of the users do not allow the

scheduling of the desired meeting. I'n

this example we will assume that:

1. Meetings are being scheduled within
one day only, therefore information
about dates is absent from our
representation;

2. Meetings can not both be in the
morning and in the afternoon (hypl,
Fig.i).

3. Two different meetings can not fill
the same time slot, i.e., morning or
afternoon (hyp2, Fig.l).

We will follow MBR's behavior using the
information contained in the schedules of
two of its users, Stu and Tony. Both Stu

and Tony already have some scheduled

meetings:

1. Stu's schedule; Stu teaches a seminar
in the morning (hyp6, Fig.l).

2. Tony's schedule; Tony has a tennis
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game shedulsd for the stternoon (hyp7/,

Fig.li.
The knowiedge base also cantains
AnLrormation about which chjacts Aare
meatings (hypJd, hyp4 and hypS, Fag.l1,

Figure ! shows the knowledge base for this
smalli example. As a chorthand, we do not
represent ULi's as sets of hypothesaz but
rather as =Sets of MmMNeMONICS representing
the nypothessas.

nRypi : Vislimeatingisl =
iTLBMix . mOTOLRg)
~tim# i, aftarhaoani | ! hyp, (Rypli 13
hypd @ ¥re. ¥yl imaeTingisl & meatingiyl & wryl =
LItABEIN, ROFBING} - TiSely, SLTECAOANREI
&
Itamaiu_ siterncon! = vimaly.moraingtiil
‘hyp. Chypl}i, C)
hypd : BAATIAGISaB1NAL] ihyp. (hypd), (]
hypd4 : MeSTIRQITeRRIN-gams)  hyp, [hypd) {3
KypS @ mpatinglfaculty-mast! Ryp, thyp3), i}
aypé : Ties | SAMLDRAZ .mOTALAR) Thyp, (hyph), {1

hyp? : Timaitesalis-game,adterncon! hyp, (hyp?). i}

tigure 1
Hypotheses 1n thes knowledge bpase

SGuppose that 5tu wants to schedule a

taculty meering and he wantsE to do 8O
according to his sScheduie: he considers
the general statements about meetings

thypl, hyp2, hypd and hnyp5! and also
consldaers the stetements that refiect his
schedule lhyps). in other words he doec

reasoning within the HBS detined by the
context Ltu-schedule=(hypl, nypz, hypi,
nypo,., hypbl. HMWitnin thig HS, MBR derives
the wrts represented 1in Figure 2. Atter

wELl: timeleeELnar.morning? = timaifmculty-mast atrierncon!
aar, (hypl hypd  hyp3’.

witld: cimelfaculty-weet . sttarncan) der, (hyp2 hyp3, hypd hypai.

WEEdQ: LRI SRCULTY -Maet , ROFNILIAg) =
~timalipculty-naat aftarnosn! der,(hypl hypilr.

WEL4: ~LiMMiIACULTY-S44T,BOFRLRY!
ider, {hypl, hypi.hypd. hypd. hypé:,

rigure 2
wifs derived trom “"“tu-scheduie”

this session Stu concludes that, the best
time, for him, tor scheduling the faculty
meeting is in the afternoon (wff 2).

Suppose now that Tony also tries to
find the most convenient time, for him, to
have a faculty meeting. In this case, he
does reasoning in the BS defined by the
context Tony-schedule=<nypl, hyp2, hyp4,
hyp 5, hyp 7). Some results of such

wifB: timeltEnniB-gala.nftarncanl +
tt-altneulty-n.-t.-arnanginn-v.lhyp:,nypq.hypal.ta

wEEh: tn-lln:nlty-u.al.larnlngl||.r.(hypz.nypi.nypa.typil,la

figure 3
wffs derived from "Tony-schedule"

reasconing are represented 1in Figure 3. In

this cagse, however, whan wEte
ltameitaculty meet morning?!) is dearivad
the gystem rinds o©ut that 1t contradicts

wtr4 (~timel(taculty-maet morning)i. The
impiemenhtation ot MHR guarantisag that this
wtt 1S tound without having to search the
entire knowledge base. Since wit4 does
not belong to tha CHS {which i3 now tha BS
detined by the context "Tony-schedule™)
there is no vigihble contradiction.
However the system records that the union
of tha cCOntexty "Stu-schedule” and
"Teny-schedule™ ({hypl, hyp2, nhyp3, hyp4,
nypS, hypb, hyp7}) s an inconsistant
context. The Tule URG is applied
resulting in the knowledga base
representead 1n Faigure 4. The sy3atem

bypl: ¥ix!imsstingisl =
ithma I moroing) + ~Limaix. aitarnoon) il
LAYE. (hypl), {inypd . nypl . hyp4 . hyp%, hypb .hyp/ 1}

nyp: Vin,yliimastingix) L mastlngiy! w X¥yl +
1{timalx ,marning! + timeiy,sfternaonl!
&
[timaiy attarnoon) - timeid , ROFR1IAJ! 1]
thyp,thyp2) . { Lhypl . hyp¥? hypd hypS , hyps  hyp? )

hypi: maatinglwaminer!
Ihyp,thypd b, LOnypL hyp2 RyPa . RYPE. hype  hYPT 17

Rypd: S44TIAQICARRLE-aRe!
Thyp, Lnypd}l, Lihypl, hypd, hypd ,hyph hypt.hyp7 i}

Kyp%: Sascingifmculry-mast]
ihyp,ihypa 1, Lihypl , hyp2 Ay pd  hy P4, Ryps , hyp7i e

hyph: Tiss | daSinar . Sorfilng)
ihyp. ihypa), Lihypl hypd  hyp3, hypd , hyph, nyp?))

hyp?: timsltannjis-guas, ptcaFnaonl
URyp, (RYP7) . { (YRl byp2  AYPD . hYPA. nyp3 . nype ) )

#ffl: tildi{maminar,mornlingl + timsifRculty-Seal, Al Tternadan
idar, Chypd  nypd  hypd b, CONYRL, Ry pd  hyps Ryp7 1))

wEED: Time(CACulty -Buet, ALLarnOOh}
1der, ihypld , bypd Aypd Ayphl. LLRYRL . hypa hypt))

wit): timsilaculty-mest. afterncanl + ~timéi[aCulty-mest . morhlng!
1A8T, CAYPL  AYRTS ), (S RYPE , RYPd hypd . Rypa bypri)

WEL4: ~timelfaculcy-mast . morsing}
ider, Chyps hypd  hypd , hyp% AyRE 2, L CRy DA, hypT o)

wifS: TIRa{teANLe-ghia, AfTaFROOn! + tissiiagulty-maar morning)
ifdar, inypd. hypd hyp3 ), ({hypl  hypi . hyph, hyp? 1

wifh: timalflhCully-Swat ,sorningl
faer, LhypZ , hypd  Byp> hyp? 2, LRy Pl hypd, hypoi}

rigure 4
knowledge base atfter URS

reports to lTony that the faculty meating
should be in the attarncon.

Suppose that someone now wants to
schedule a faculty meeting with all the

members of the faculty, which include both

Stu and Tony. When that request is made
considering a context containing
"Stu-schedule" and "Tony-schedule" the
system immediately reports that such
context is inconsistent. Notice that this
context contains, possibly among other
hypotheses, the hypotheses hypl, hyp2,
hyp3, hyp4, hypb5, hyp 6 and hyp7. The RS
of hypl, tor example, is (hyp2, hyp3,

hyp4, hyp5, hyp6, hyp7)) (Figure 4), which
records that the set of hypotheses hypl
through hyp7 is inconsistent. The system
responds that such context is Inconsistent
and a revision of the CC should be
performed.



Suppose now that starting from the
knowledge base represented in Figure 1 the
request is made to schedule the taculty
meeting in a BS defined by a context
containing "Stu-schedule" and
"Tony-schedule"

In this case, there are no recorded
inconsistencies and the system will try to
schedule the faculty meeting in that BS.
Among the results derived are the wffs
represented in Figure 5. In this case,

time faculity-meet ,morning >
der. (hyp1 ,hyp2 ,hyp3 .hyp5,hyp6>, ()

wff 2': time faculity-meet, morning) der. <hyp2, hyp4 , hyp5 ,hyp7>, ()

figure 5
wffs derived within the CC

both wffl' and wft2' belong to the CBS
(the CC contains the hypotheses hypl,
hyp2, hyp3, hyp4, hyp5,  hyp6, hyp7).

Therefore, not only the rule of URS is
applied, recording the inconsistent set,
but also ~l is applied in order to rule
out some hypothesis (or hypotheses)
defining the CC.

6. Concluding Remarks

MBR has been implemented in Franz
Lisp (runing on a VAX-11/750) using the
SNePS system [6]. The example presented
here was obtained from an actual run just
just by slightly changing the output
syntax.

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

In MBR propositions are represented
by network nodes and are linked with the
hypotheses in their OS and the sets in
their RS. This way of representing

propositions makes it possible to know a
priori the number ot arcs that has to be
traversed to find out all the hypotheses
underlying a contradiction.

Another characteristic of MBR
concerns the way contexts and BS are
defined. By defining a context as a set
of hypotheses we can have as many contexts

in tha system as the power set of the
hypotheses introduced. Also, the network
retrieval functions only consider the

propositions in the CBS. Whan a
contradiction is detected, after selecting
one hypothesis (or several hypotheses) as
tha culprit for the contradiction, the

disbelief in all tha propositions
depending on such hypothesis (hypotheses)
is done just by dropping it (them) from
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the CC. From then on, all such
propositions are disregarded by MBR.

Finally the definition of RSs
the need to keep a separate data
to record all the previous
(e.g., the NOGOOD list ([2]).

waives
strucure
contradictions
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