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NoNKoNOTONIC REASONING

NMR : Metkods o/[ Arawing conelusions
nondecluuchively, where fhese comclusions
Bamy be witholrawn . The ﬁwe o/ New mfvﬁ

-E-li') As we add new ﬂ«.’slsfc fo ax awlbine
flsht scheolule , we swrthodraw earlier
conclusions fhal there were no suck Flghts

£.9.) Joc londed gun, pontesl i} at Fres,
pulled the Higyer by Freel clicst

+ Joe unlonsled gun befove porshiug it
4 pulling the iu’”cr) I.—"Fya( ool t e
t Fred koo & hearl atlack = Fred ik
t+ Joe, » parmwssc, applied frvct o id
I; fra( dbln't dee
€., Toku 5¢f bird , Toveely, for ‘d«q l,-“Tm(y Flies
+ Tweely is & hon (= Tweety doein't fy

+ nglv S & :mu¢1cu & T;V"‘V ey
. ete,

NNE \.C
Kyproaches +o nonmonofonic.
Yeasonin NM R -
A CNHR)  agker

elaborabin.-tebam!
|, Assuwe completeness of the avaclele
vowledqe 1w some (clcv:vft m‘ ;

hewee draw comclusions ab

uot explictly sovered (CwA, eonp, circ)

eq., awline database - unlisleol gl dont exict

e§., unwersily course guide - a soure hax wo
preceguisites encept those spesitied

2. Provide ig&_tgﬂ vule dveu 1h
contlusions tewtatively, 'f:’ﬂte. uh:?u
of evidente Jo the 00 'lr"y (Aefault (o@'c)

eg.) (smal) bivds can m

g Quakerx owe pace

3. Draw tonclusions (wrove or letc cevitum
basel on statistioal or probabilisice
kmwledgc
€., wext Z cotn Hips will vclude one H (rob 3 )
e.q., wost of you know how o drive o car
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Closed World Assumption (CwA)

“I$ certam basic (qround atows
H et ikl I aetes

(So, any such fack L odont kuow abewt
ave te ! )

CWA . @iven & certain Finct-orler lang. |-
andl & knewledqe bese A L,
then for any ground atom P L,
$ AW P then assume 1P

€9., & kuowledge base A of geoqraphic

relochons : ndjuw\.f(u:( Canarla)
ad jucent (US, Mexico )

A Fgua 1 & jrceuk (Oanada., Mexico)
eq., arkine ot

e.y,, & kuswledge base A {-‘w VB souvse shucctuve :
preveq (£56172, cseLvz)
preveq (656242, CTE2W)
V. Lse-course(x) A x # ese17l D pveveg (06017, )
Vx,y,2Z. preves (x,y) Aprcw%(y, 2) > Y""‘%["' z)
A & preeeg (tseil) esczvy) e
A vowa Tpreveg (€52200, csezv)

"mv:{%mm-“s?@u_&;h 0 (weonsistoct)

NMR. 3

Yowe obwvvections abset CWA

. CWA doesn't s yeld w0 contictent
theoty , cven i the oviqueal theoey A is concidatt.
eqs, A= {P(A v P(2)}
let's define Dgagp = f 1| ot grovmed atont ofL

owed Ao}
We see TPA) € Aaim
" PCE) € Ao
But ¢ PCAV PCB), 1PA) ,7P(R)} + T

(ncou-
tithacd’

CWA(D)_

2. Tn aeneral denvation H (wa | ie, D, -,
s wot effective ) beemuse " ix wot offective .

A wove vealishic veviion of CWA weulel be : it

a certaim nthwic deductivon procesuse (one
that always ) eaw't slevive oL from A | thew
astume -vol .

3. Tf A is Hom awd comsistend, then AuLacm

15 consistent |

Provna this veouires anoluer theovem ...
(fk:%a. um?“
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Theorew (eoncictency condition Jov cwh)

‘ (M. 6.l m GOY
& m:ul’cﬂ't A) AUAQ“Q, W m:hh&'\ )

34, Mm{ ;“- for every +ve qrowmd ditjuncﬂov\ enteuleol
L by A‘) A alio entacly one o[» the dugjumets .

Pn_v{ sketth, &1 Autume A ewboule @ disyust of eack
qround ditjunchion it entadls . Wawt to show AvAsu
contistewt. Assume 1tk not, e, ALAam PO - Hhen
Av F.“.Pn {Q' Sowme f.\'\“'t Fllﬁ L~ A.;u . Then A‘"F..n'
(M gefwhﬁow theorewe ). Bud 1F . it & 4ve qrounat
d"\‘uud'(?n ,.\\uu A hf 'Pf Jome f .t "f € Parm )
m*vu#cw def> o{ Aaciw -

=D 1 Assume AvDaiw contistent. Want o show

A entails & disjunct vf cvery +ve qrownd disjunchivn

it eutedlt. Suppore (¥ dost not, ey AW fvvi
;k;v;h&e ;: ase '“t:*’““, but AWf, 1sick.

wr then14,, .- ¥ € w, & docether with § v..v

this lends \o i\:mxisfmv .‘ G s

Lewwa If A s Horn, it is uu“iauou

Preliwaary observations about resolicte

% t-tom,YA : " solction proofs

- ﬂu. vesolvent of am/'hn Horn clautes n a Rorn clae
- crf‘oue of the pavenls is mpldd.yn 'h've, so iadhe

- $actorine | edl :
Tactarind Bt needed (rmushly, becouse it-hus

ook atfer factoning, they can be resolved aay anyway )

NNMR 4§

Proof' of Lewuna . Firgt, ;A " o;tlut:lifatf' e, Ara,

Thex every wif (P can. be denved from A (becasise theon

Av{19Y - 0). So every ground odowe is denvable,
and 50 A is unambipuons.

Nedt, b A s mti:x‘ud’, and let Cfv-viK) , k22, be
any Assjunction of growssl atows s-t. A &= (fV--V fu):
Thex AV f1(fv-viI} F B, 06, AVfaf, - fic -0,
where we can Take i— 1o weean devivation by (narrow)
resoluction , beeante (umap resolution (s complete
for torn.” 3efs (wet allownng for epualily)-
Considder suck s reselidion refutation . There munl be
a first step ot whick one paverd cause i3
ErForrfi}, becanse A alone doss uct sternve 0 (by
e consicteucy assuwph). let #his paret be ~f, .
Now £ (for contradiction) that Av{~£T b~ T. Then
the resolvext =g, V-V 9. of the above step must have
m 21 (else we would have derived O, thus proviie
£c) - But theu the refidalion cannot be A
beeawte the LIera 19 vV 19, (and in ot descssd -
wuks, whick wust all be couypole negatie) ean on.l,
be “resolved away” using elauses from A (rxiler
than any of (+f,).,%x }), aswd if This were ’on'a‘é )
thew we world be able »‘otlev-ivellccmenz~
AV f:3, agamn cordrary to eur assungihid. oD
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Cor. (fromtheovew & lewmn) Tor A eonsivient
T‘N’Oﬂ\ ) AVAaw s concsislerct. (ﬂ OMM

> So M reazonable 4o wie CWA w fr :
tgﬂ%b;c»_n ar faclure’] (i.e.we assume 1
negation u’f‘an_uf;& it we foul to prove W)
Miniwad - wodél sewantics
Can we 'rvovddc o wodif
velation Ht
v.C. FEwa ?
Dohutively, CWA assuwes “uurtele kmw(a{%@

0{- +ve mstanees all rrcd-dca.bx o Al instapees
that” aren't provably tue are ecsuied. to be folse

So we seewt 19 be miniwzing the extensio a(
all preclicntes, swbjest \v‘ﬂu%uom courhaudt,
This Jurns ot to be *1-.: ease , uuder cevinin astumelion ,

Wy, Then , the semantic couukvpad’o( bewa )

Sawg Aﬁcwkq,wﬂﬂ*bhm*({ltw .
w ol wminiwal wodels {:hA (where we are “wimimizug
"o,

ko v
ely using ewa,

udh’). Some detouls

2 A chionad weoslel (ov interpreich !
Rl A properh oy i Trcktoe) aasign
weodel of A it it renders every P eD hun)

e For prop. weordels M M, SH, (ff M, atsigns F
et mm':«’..duf’“" o i b

|CBCWMIY AR - moimineal wcodels cc

Lemme . Let A be rropsiﬁ'ond tore sef

‘Tm i{ rv‘li.Vw-V""“ £ A' CM there
& @ minimal wodel M of A st AT RN KR

then A= P (q‘..e., p 13 true in g._quwdd.s o(—A).

Proof skettle - Siwee AL is mimimal | thom M
is wot & wonlel of A (i, we can't “switeh" gy .
the (3.,-,% fmT'b F). Hence some

clanre 0[' A fdxe " J“‘.;g. 'lh‘l‘moul’

be if ¢ s the puitive Liternd of that clause,

all the wagntwe Literals of the classe are F i 4(

T other words, eack ¢. st occur as e wve 1%
Giank of sowe clamse §.V g v--vag! €A, *17
where we agane have By g and '5«.[9'.»"')3"'3'

B‘I nifcn‘l‘im‘ Ol-‘ﬂds arsement (wore rnu‘.&d., )
by am indacctive avgument) , we see that A
uinst cowtmm & subtet A € A | where enci
preposttional vaviable ¢ oecurring i A'

(1) oteurs poth u:vh'teul ¢ &L g n A"-
(2) does wot occuy e A=D': and (3 is tre
A, e, By g Bube A is & miniead
model of A° (becanse of point (3), uet ouly of- A.

So every minmiweal model of A' s & wemacemcal moslel
rl.-.'.q&ct then every wodelof A' has all veriables

A' frue in ¥ L iwvertirulae .0 oo
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Theorew (pV Allew haudout) Fou propesitional ,

torn A, the wodels of ch CA) arc ,mmcu,
Hhe weisiwad weodels of

]’% D Assume Ep EWA(D) , but M s wot xuwininal
el of A.Thew there iy o."uore alte” wodel M' with

r"'leule P&I({ottonp) v ¥p, hence
TP € CWA(L) ) heuse P=F (from £y cwald). ¥

< Heve the Homm asxuur'l“w s onucial. Let M be

(3 mm Mdd A. S r‘& ¢" QWA(A) M#‘“ﬂp
Ly p ;".Jw 1reWA(A) Let H'&««fvmﬂ
only in p" F. {u‘& 'b be a uu(o( oA,
vv‘.v v-u“

cur,‘
%t:“\‘“t Ahr)(by the lewuua &b&i WAL {t. $;§

dels
Horw seh 1) | which contrndich Ppe cm?z),
e M'is & wmodel

of A, wheve N'< N, & anctradichis, .

_SE For wedes He) M, O‘— fw!l’-on(a (m’usel_
M. SM, t& have the sme olowain el
P c pt {or every ')rcdwq,k ryu‘o( Pwl.
_ﬂ&["‘ Mlen Wud’) For Horn A wite o
ﬂumjm, g™ and oo nm N
_&uph,m the wodels of CWACA) are precitely ) Der
the muwnl of P “‘1

e bort o o S Jo g
e rou ¢
Uupzs L»Eo‘?hm:’suu'u: we sah Y | L

Awvman M e A na

 NNR 7
Resticled CWA (appled do certuin prediende: ouly)

Det® WAp o (8) = Au{Pfe,disien, v,

ave qround , andl AR, 1“‘0}
Def” an-waldt Mot of @ lst-prder fasg. L

M Sp g Me i they hawe the :uma(om
and PMe P for 1siek. (Nole: othev pred.
\hhvpuhﬁut can difw uf‘bt‘h‘";‘l')

Theovoms ... ones uudoz

ot do previous two hold for
the W'A-“Vi&d cale “Mhluw{'ﬂ\- TAT T T.E moJiTl"‘rL)

Theovess ; with n MuMﬂ. ansl with
UNK & ‘bcA ﬁmm on(q Hhose m‘dwe vouno
Uievals whick ave e in all mcmuu? weoolels

of the poremcites.
Nok: We can't weaken Hhe Horm requivement +o

“Horn in P,. w Pa” (12, at most ouowemwmf
Ay " Pl P 1 & cingle elouuse).

ey, {PAVa, PCIVIQY s Horn i P
but CWh; exfonsion is iucons ishewt
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we looked at CWA : .
[I know all atoueie fruths (Gke P (A,3)

dmhi»g. Henee f I can't cleduf‘t an
atomic Ptk ik negaton holds.

- remsonnble 1k caser where Liltte deduchion (s
posseble (eg, anrline dlb)

- consistend for "uuumh"«.ﬂtt“ KB, es., Horn KBS

- covvesponds Jo minimal wodels (acnumiy whbu)

Newt: Predicate Complehion (onr)

"“"T know adl gmml sonsibions fw the
truth of P explicitly . Homee, no ofher
Such ,mcm/ sonelitions are true.”

Eq., A= POY el we know" (aboul )

As general sondd ’{or Wuth of P.

Vx. x= A > P(x)
Ascuming Tt is the !0_‘4! general dond 2 ;

V. P(x) ® x = A ’ .',e.) V. PMQ&-A)
couprA:-P1 {1}

NUR 9

ﬁo_{e: Frowe Y. Pl) &> x=A
we have 1P(R), 1PCL), ... if A¥E, Ase, .

Eg., A= {Pw), Pe)?
Ac gemers{ comlition for truth c(P;
Vx. (x=A VeaR) 2 P(x)
K this is the only eondehon :
V. Plx) ® (xsAVxet)
So [COMPLA; P] = {Va.P(x) <3 (rAvx=B)3]

Esg., & (e Penguit () = Bind ()
Thas s nlmulyl;tfhe of & gon
oondetion for auth of B / foﬁ?—d |
|conru\ N Binl) = { V. Pensmi«(x)é Kn'f/(l)}
‘ so the only hoads of hids are pengubint

Uy - buf thatt becawse we'w

May seem St
,or‘cu{u”nm( so Lith knowlelge. 13«&5 a
)oc«;m'u surely su't tie Q“—é covdle Fomm for
betg @ bordl !




NHR ©
E.s.) A~ [Binl (opus) Bird (Tiweety)

Vie. Rnguine (1) Bind (), V. Canary () 3 KMIQ}
Gonernd conslihion for B ;

Vi (x = Opus Ve sTweely V lomgumn )V Lanary(x) + Sird(x)
Adsling the sonverce .

ConrLA p ] =
U Vx. (= Opus VasTweely V Rruguingi) VCanary(x))& Bird(x)

So "there are wo bunds ofher Han Opus, Tweely,
I%QuquQdﬂuwﬂk”

'l'£‘| CWh

A T3n " BirA (Penny)

:fmc‘( condusion

A =2 gy T8 (g v Fonny s Opus v
Confiibn] = y = Tweehy V Fenguun (Fonny) V

Lo
(Pt

B > Burd(Penny) VPeupum (Pexny)
COMPLA; Bird], UNA . (Penny)

NHR 1

What about tome M& boke
A = [Bird(A)\VRird (R 7

There's still a way fo defrhe COMP[A; Birel]

What about A= {18t 7
No positive occurrences of Bird | so we have
V. Falte 2 Bird(x) (i, Y. True VBl ()
-3 CONPLA;Gil] = Au [ ¥x. Bird (x) = Falee ]
. & U { Ve Bid ()3
= {18l (A), V.1 Bind ()]
equivalently, L{ Vx. wcqu

'Dgf". A kb A is solfary m P iff, affer
conversion o clamte form, every elawse
Q‘ A that confams o ,cno’h'w ouUrvente

{ o{ P confawms no ofker occurvenses OfF
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_N_O_ls P A ro&"l'ary m P = A Hormm P

(but not necermn'ar Horm 1 geuen( )

eg., (QAVPDY  PA VPR
solctary iie P wol tom  Horm, ot solctary

General def2 of ConP(A; P with A whiay mP
P— 1-place pma'ué : (gama(«'z;fc:of obviow)
Let §,..,p €4 be ﬂtcfvmadax conTaming
a.?;m';gc occurvence of P (if wrillen arduua).
Rewrife cack (f; in the form Vi € P(x)

If there are no sush (s (n>0) then
coupd; P = A U {vx.2PO)3)

else conPla; Pl =AU (v P(x) -#(E,V...VEn)}

Theorem (‘-t,ﬁu 5&") ,IfA 't ”{g((’:’t.ff
| andl selitary wa P, then CoMPLAR] 1S consiclent

The conditions of the theorcwe are cufaoient for
cousistency , bict uol uecestary - e.c., consivier
aoun"a u'lum‘vlow Vx. P(x)v1P(x)

NHR 13
Parallel Predioate Completion CouP(A;B,..,P.]

Suppose: A is solctnry e eack of £, .., R and
no séshinet 7, P occur pocibively e the same

formula (if wrilen as & clauuse) -
Then we can write the fornualns of A conlaming
positive cccurrences of F,..,or Ry a

Vie. E;® P.(x) where E; contaic no u‘uffw
occurvences of R, .., P

(eack E; mny have been collecled from
severnl formulat of A !)

Then by definstion

ConP[4; R,...R]
s A U {Vx P‘(QQE" ) V“IZ[”»E"Q

Eq., A" fcﬂury (Tweety), V. Canary (x) » Brin 093
CONPLA; Canary, Bird] =
AU {VYx. Canar’[z)=>Xch‘y, . il (x) ® &Wy{xg‘
= § V. Camary ()  x Tweely, Y. Girsll) €& Canary ()]

So "beme @ bl " “bewsy a canary®, 8 “bemng Tweely"
ol becosie oquihlodt. bt 17T
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Det A is ordered m £, .., P if we ean
order the mbove formulay . E; 2 P.(x)

s such o way that! E; contaiies no occurvenas
of the F;,..., R, except ,oom'bly poschve oceurven-
ces 0’ Rrr By Clee, 'earlc'er'pm&hﬂ't)

E. 9, A = [ Canary (Tweely)  te. Ganavy (x) ékil(x)}
1¢ ordeved in Lanary, Rirsl

T ‘ ‘slent
ores,. If A is consitlenl aund ordeved
v 2., B then ComP[a; R,..,R] 0 mu‘tfen;\

Theorewe (semantice for complefion of I,md'cuft)’
For A solitary i F, the models of Conrla;el J

are precisely the Sp- minimal models of A

Nok : wo UNA, DCA needed [unlite for CWA)

NMR S
Expressing “defensible generlizations
using CoMP ( ’minimizc'ng‘noma&'fl')
“P are generally O."
Ve P AT Abpg () = BC4)

or wie Sowe arb c'fnvy Rumeree
inelex heve - GEN

Le, AL P that ave wot abuormal (wr.t. B Q)
are B

E‘S‘ . “Animals genenﬂy don't ﬂ, "
Ve A AL, g 00 ® 7 Fy(x)

. "
"Birds are abnormal (urt. Anisls Ay)
Ve. B0 2 Ab, o (%)

€., "Bink gemerally fly*
Vx. B(x) ArAbg o (%) => Fly (x)
4
“Chickens are abwormal (wr.t. binds, flyni)
Vie. C0) => Aby Ry (¥ )
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A bigeer example
A: ancmale, B: birds, €: chickens, D : ducke
€. ole’lum"'t "N understood {" eack fmula .
. Alx) nAbA' mm ® = Fly(x)
t. Bll)AVM‘.n'(x] w ﬂ’(x)

3. COAAbe g, () = 1Fly )

l{‘r. B(x) = A(x) A
. EC) > Alx)
' 6. C(x) = B(x) A"

2. D(x) = R(x)

Bix) = A‘A,Fl, (x)

£ 0. Falic = Abg pyta)

We 1cncmuy do the couqclcﬁ'ou of Ay (et 4)
-for +vd«, ocunying ml by —> d‘uu’cr rewelt
than downg ﬂu( -for ol 0/ a!
COHP[A“’ 8,A, Ab, Fly ) A‘B ) A‘Gﬂ.yj'
IA) @ 8mvew), B ccx)vb(x)
BO0 > Aby iy ()) Cx) &> Abg g (¥), b, 6 Ii

. Chickens olon't fly. To prove dick: fly, we need "c(x)v'vblx)
To prove olephants ulm't fly, we Weeol 160x) vIE(%).
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