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I. INTRODUCTION 
•••••••••••••••• 

ThT. ,aoar Drooo ••• a .at of 'Inlral conv.ntlon. '0' rlar ••• ntinD 
natur.I-lan,ua.. C. ' •••• ntlc" Infor.atlon In ~anr-.ort.~ 
fl;.t-ordl'r Dr.dle.tl calculu •• Thl DurOO.1 of thil work I., of 
oo~r... to Drovidl a tl.tlnl-Iround for axl.tlna th'O[I~-DrovinQ 
DrOlr •••• and to .u" •• t a .athod for u.lnG thlorl.-DroVlr. far 
Du.,tlon-.nlwlrlnQ and othlr Infor.atlon r.trl.val. Th. DurDo.1 I. 
NOT to orODO.1 .nr .r.tl' of 1011c. WI .tra" or.ctlcallt~ •• nd thl 
oont.nt. of thl. aaair •• r will bl Qulta trivial to • 10,lelan. 

Ou; .0Droaoh con.l.t. of .Dlclfr'ng functionl and r.latlon. that 
rl·I.Dr ••• oo •• onlr Incount.r.d conltruetlon. in n.tural lanlua'i 
CI~'. 'k.rn.' .lntanCI.', CO'Darl.on of .dJactlva., 'ubordln~ta 
"ntlnol' •• 'C., a. w.11 al 'Dactfrlnl tha Int.ndad Intlroratatlon 
fo;, .nd 10" a.to •• 'or tha •• function, .nd ralatlon •• Th. Ilv.n •• t 
of •• 10., I. Drobably incoMDI.t •• but hOD.fullr con.l.tant. No oroof 
of Ilth'r I. ,lvln, 

Thi. aooroaoh Ihould bl contr •• tld wit" thl, '.onk'r-banana' aoDro'ch. 
wh.rl on ••• 'Iot. ana Dartlcular Drobll •• nvlron •• nt, and trl.1 to 
wrlta down a notatlon and a •• t of axlo •• that wll I handl' thl, 
Invlron'lnt. Our raa.on for doln' thin" the war WI do I. a. ,ollow.: 

Whan a au •• tlon Or a orobll. I. 'Ivln to an .dvlca takar or ~noth.r 
li.llar IYltl" wa cl'arly wl.h Cln tha lon, run) that tha Drobl •• 
• tata •• nt .hall con.i.t only of v"r .o.clflc stata.ant. C'Con.ldlr a 
'00' In whloh tha,a 1. a ~onkar and a bOX'), Hora ,Inlral .tata'ant, 
C'Tf • lonklr I. at abo., ha e.n cliMb It" .hall not nlad to bl 
D.rt of thl Drobla. st.t ••• nt. but .hal I bl known to the advlca takar 
blforahand. 

WI .hould a.k. thlr.fOra. wh.t "n'ral .xlo ••• r. n.c •••• rr for 'uch 
•• r.t ••• and lauall~ I.oortlnt. how w. c.n .allct 'u"ctlon, .nd 
r.l.t'O" •• 0 th.t tha •• ount of knowlld,e th.t h •• to bl .torad 'way 
t. hlld ' •••• n.bl~ ,1nlt •• Wa blliave that thl" au •• tlon, 'rl b •• t 
an.wlr.d If w. eon.Yd., cl ••••• of •••• ntlc 'nfor.atlon fir.t, and 
'Daclfle •• Irel ••• aftlrward •• 
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1. APPROACH 
•••••••••••• 

In thl ••• otlon.~ •• h.11 autlln' In •• n'r.1 'or. 10 •• of th. 
Drobl ••• th.t On' .ncount.r. ~hl' ••• Dr.,.'nl natural-Ianaua •• CNL, 
1nior •• tlon in D,.dlcat. c.lculu. CPC). W •• hall .'10 outlin. 
oon~lntlon. which .re clal~.d to handl. th... Drobl... In • 
,.tl,f'ctorr .ann.r. Thl dlt.ll. of the no,.tlon .r. left to 1.'lr 
•• etlon •• 

Hlohlr·ord., 0 •• ,at10n • . -----_._-._.----.-.... 
Slvtr.' natura'-lan,ua,1 oonltruction. arl 'n • c.,t.ln •• n •• 
'hTgh.,-ordar'. rOr •••• D' •• If ~. r.Dr ••• nt '~ I, ,xD.n,Tv.' (whl, • 
• 1, an obJ.ct) through 

[kDlnalvIC.' 
(which I' a "'.on'bl •• althoulh not thl onl~ r ••• onabl. convlntion), 
th.n '. I. aorl •• Dln.lv. than n' a'lht b. w." •• D' •••• d throu.h 

MorICExDln.lv.,C •• ", 
wh.r' 'Ha,.' I.. .. cond-ord'r 
flrst·ordlr Dr'dlc.tl Into a blnarr 
iunctlon 'Hor" I. 0' cour,1 DrO.I, 
lnt.ro~.t.tlon to Dr.dlcat ••• uch •• 

functIon that .a.. a .ona,~ 
,I,.t-o,d.r Drldlc.tl. Such a 
o"I~ ., w. ""In an Tnt,n.lonal 
'[KD,n.'v.'. 

It ,. un'ortunlt" th.n. that although the t'ch"oloa~ 0' auto.atio 
th.or"-o,ovlnl ha, b"n d.v'IaDed ,at~., f., [ ••••••• Gr"n 1969. 
Allin 197', Luokha. 197.l, th.re Is Y'rY littl' ~ork don. on 
thlor,M-D,Oylnl In hllh.r-ord.r 1011e. Th. DID., by D.,IInaton In the 
or ••• nt volu.' I, an ,.c'D,Ion. It ha. Iv.n bl.n .uaa •• t'd [Robln.on. 
1969l to U" D" •• n' th.or"-Drovlr. '0' alMulatlng hTgh'r-ord.r 
loalc. 

With thla .tat. o' .f'alr •• w. D'ODO" ·t~.t the '~Io~.,-a'd.r· 
con.truct'on. In NL .hou,d b ••• D' •••• d dlr'ctl~ In f".t-ordlr PC. 
Th. ~.thod. 0' cour •• , 1. to r.· •• o' ••• what u.ed to b' Dr.dleat ••• , 
Individual'. and to u •• a .Inll. 'DDI'catlon Dr'dic.tt. 'hul '. 1. 
I.Den.I~.· ,. to bl •• er •••• d ., 

ISCa"xD.n.i_., 
wh.,. IS I. the 'oDllcatlon D,.d'ca' •• N' n"d to dl.tl"TuT.h b.t~ •• n 
lndl¥Id~al' 0' two t~D"1 OBJECTS and PROPERTIES, ••••• 1 ,T.d b~ '.' 
and 'ex •• n.lv.', "'D,ctlvl'~. Our oth.r •••• DI.. '. I. Mar • 
• xD.n.lv. th.n n'. 1. th.n •• D' •••• d t"rouo~ 

ISCa.MOR[THANC •••• n,tv',n') 
~h'rl "QRETMAN I •• func'Ion 

tD,oD.rtle. • ObJ.ct. • D,OD.,t, •• l 
with the obvlou. 'nt.nd.d Int"D,et.t'on. 

It .'aht b' obJ'ct.d that 
d •• lon'd to handl •• a"~-.o't.d 
•• "~·.o,t'd loole th.r.'o,. 

D, ••• nt 
loole, 
I, no 

2 

th.or'M-Drov.r. h.vI not b!'n 
and that a notatlon u.'nQ 
b.tt., than • notatIon 'n 



~'.h.r-ord'r 1011c. Th. Inl.lr I. t~a' 
1.7 •••• ] Indlcat. that undl' clrtaln 
ordinarr , •• clutlon.b •• ld thlorl.-D'OVI,. 
loaic to".ctl~ wIthout .v.n knowlnl 
unlflcatlon. will lVI' bl .ttllllotld). 

r'c'n' ",ult, eLuokha. 
CI.n'rou.' . ,1,trlo'lon,. 
will handll lIIany-'.rt'd 
.0 CI... only oo,rlot 

So f.,. D'ODI,til. have onl~ b •• n .D.olfll" Intultivlly •• 
count"D.,t. cf IdJletlvl' 0' noun •• WI sh.II not .ttllllDt to •• kl the 
1nt.'D,.tatlon of DfoDI,tll' •• ,1 orlcl •• th.n thl.. Onl IIIIDortlnt 
Doint. hOW'VI,1 Wi Ihall "aul,1 t~.t D,oOlrtl •• I" 101ll.thlnl 'Illor. 
than' thl 'It of .11 object. that haVI the DroDI,tr (by the IS 
,11.tlon). In oth., wo,d" "I .h.n NOT h'VI the followln, •• 101111 

t(YIII) IS(~'D) = IS(III.a'] 2 [D. aJ 
Thl. Intentlonll u •• g. of Drool,tl •• I. n.c •••• r~ •••• for our u,. of 
thl funotlon 'HORtTHAN', .bovi. 

In thl. DID'" WI 'h.11 not b. cono.rnld with tran,fo,.atlon, bltwl'n 
.Itultlons. 0, thl logIc of Ictlonl. If w. WI,.. w. would orObably 
0,000" that the D,ldlcltl IS .hould h.vI a third ',Iulllint. which 
would bl the .Ituation In which thl objlct h., the D,ODI,ty. ro, an 
Int,oductlon to thl ,lluatlon conc'Dt. SII I.g. [McCarthy and HaYI •• 
1969]. As long as IS o~IY ha. two a,Du •• nt., .1 .ha'i usually Dr"" 
to wrltl It Inflx.d. 'Ith.r than D,.fl •• d. Thu. w. w,lt. 

w. IS I.Dln,lve 
syno"r~ous'Y wIth 

ISCm.I.C)8nslvl) 

-----------------.-.--------
Exer,sslons such as 'John I. the f.th., of 'Itlr' 'rl 'la,I •• nt.d a. 
fol lows. w. eonsldl' 'flthl" al a DroD.,ty. Ind WI hay •• DroDlrty 
modlfY'~D function or of two .rIUlllent,. 

OF: CD'ODI,tl.. • obJlct. 4 DrODlrtll.] .0 th.t w. can w,lt. 
John IS f.thlr 

Ind 
Jonn IS (f.the, OF D.tlr' 

Thl .awe convention. and thl la~1 function or .r. U.ld fo, oth" 
sl~lIar con,t,uct10n., •• g. 'Ion of'. 'colo, of', 't.I.DhDn. nUlllb'r 
of', .tc. 

R'orl'lntatlon of 'entlnol ke,nlll 

-------.---------.-.--------------
The SIMDII.t kind of Ilnt.ncl with a .ubJ'ct and an Intran.1tl •• v.rb 
is ,'D,.sentld In the obvlou. WI~I the SUbJlct 101' Into an 'obj'ct' 
indiVidual; tnl ve'b 'nto. 'prODlrtr' Indlvidu.l. Thu. 'John I. 
,unnlno' goes into 

John IS running 

J 



'0; tr.n.ltlv. v.rb. C •••• ltV' •• tc.), w. u" ,~. ,ntlr, v"b-obJlot 
con,t,ll.tlon ••• VroD.rt~. T~u. 'Ja~n s ••• ".r~' 10 •• 'nto 

John IS 08JC ... 1 ng ••• r~) H.,.. 'OBJ' i •• function 
CDroD.rtl,s • obJ,ots 4 Drool,tl.,] 

cslMll.r In .tructur. to 'HORE', which 'nabl, u. to OO~Dou"d the 
DrODlrt~ fro. Indlvldu.11 th.t corr'IDand to n.tur.I-I.ngu.g. word •• 
In thl. D.,tlcul.r Cl'., It ,tl II •• k •• s.n •• to writ • 

. Iohn IS ... Ina 
In .~~I oth'r c ••••• thl. ~.~ not b. 10 ( •• g. 'John IS oDD~.~n,·). In 
.ue~ c., •• , w, .hlll •• ~ th.t the v.rb-oroa.rtv It •• lf C'ODDosino') 
1 •• DrOD.,tw th.t no ObJI.t c.n h.¥I. In arlnelall. It would b ••• r. 
,ttr •• tl¥. to add t~ the nu.b.r of .art •• and to I.t '.1. 'oDDoalnt' 
h.vI the .ort of • 'Dr'-DroD.,tr' which e.n b. ..DD.d Int. , 
oroD.rtr. u.lnt .0 •• sult.bl. funotlon, but It I ••• t for th. ~o •• nt. 
w •• h.11 ",t both'r to Introduc •• uch tlght-flttlnl .ort •• - W • 
• h.11 I.t., .noount.r •• v.r.' .I~' Ilr c •••• wh.,. w •• u.t .g.ln 
;I.i.t t~. ".D,.,lon to In',oduc. tco •• nr .ort •• 

for v.rb. with 'tv.r.1 obJ'ct. (',1'1.'. 'I.nd'). w. u •• '.¥.r.1 
function •••• il., to 'OBJ'. It •• k •• l'n'l to h.v •• function 'TO' 
.0; what I. rIDrl •• "t~d In ou, n.tur.1 l.n,uI,. '. the Indlr.ct 

, obJlct of • ye,b. ro, I.a.all, 'John ,Iy •• rldo to ",'~, would bl 
,.ar"lnt.d ,. 

John IS livlnl OBJ fldo TO •• r~ 
Oth., .1.11., functIons CBECAUSE, rROM, .te.) c.n b' Introduo.d Wh.n 
n •• d.d. 

Notici th.t t.r •• In our PC for~ul.. .r. Int.nd.d to d.not. the 
'~ •• "In,· (I' of "L Dhr ••••• r.th., than th ••• ohr •••• th •••• lv ••• It 
;oIIOWI th.t the conv.ntlon of hlvlnl function. 'OBJ' Ind 'TO' th.t 
corr.'Dond to NL dlr.ot-obJ.ct Ind Indlr.ct-obJ.ct con.tructlon •• I. 
~otlv.t.d b~ conv."l.nc., r.th'r thIn b~ loglc,1 n.c ••• ltr. It I. OK 
to r.o, ••• nt Dhr •••• lnvolvlnl .o~. vlrbs dlfflr.ntl~ (I.g, bv h.vina 
.or. funotlo". b •• ld" 'OBJ' and 'TD') ••• long a. w. arl Drlo.r.d to 
und.rtak. the h'.vl.r burden I" 'r.n.latlon. 

R.Drl •• nt.tlon of lubo~dln.t. ,,"t.nol' 
-------._._------.-.-.-.-----------._--
V.;b' th.t 10V'rn • lubordlnat •• '"t,ncI, suoh .s 'know. [th.t]', 
'know. [wh.th.r)·, 'b.II,v'I', 'clll ... [th.t]', ltc, •• ke It 
".c •••• r~ tD .dd .0 ... Mor. oonv."tlo"' for h'ndllnl th ••• lubo,dlnat • 
•• n'.nol •• W. 0'000., the followlnt conv.ntlon" 

w. Introduc. o~ •• 0,. lort, [VENTS. and a 'unction 
" [obJ.ot. • D,oo.,tl.. 4 Iv.ntsl 

L.t • bl .n obJ.c' Ind D • oroD.rtr C.lth.r an ,I, •• ntarr 
.uoh a. -'.o,n.lvl', or • DO.DO.lt. D'OD'rt~, .uch •• 
John'). W, •• Dr ••• 'n b.ll.vI, that. Is D' thrOUGh 

n IS 1.1'.vlnoeDC.'D)' 

DroD'rtr, 
'fath., of 

wh.,. 'B.II.vlnD; fa • funotlon [Iv,nt. • orODI,tl •• l. Th. IY.nt 



',C •• D" th.n •• " ••••• the Do •• lbll"r or 'hi Idla that • would ~.v. 
the Dro,.,tr •• 

It I. a .at'" of di.c,I'lon whlthl, 
function 'aIIIIV'n,' ., d.fln.d hl,I, 0, • 
'b.ll.vln,', u.ld 11kl in 

" IS (bl' I ev I n' THA T 'c., • , ) 
wh." THAT I, an Infl •• d. b'"a,~ funot'on, 

~I U.I •• In,II-.r,u.ln' 
(D'I-'D'OD.,tV indlvldu.' 

HI;I. a,.'n. I' I, 1MDor'ant th.t thl D'ODI,t~ D .hauld .a,rv ao,. 
lnfar.a'ion 'han M'r"~ thlt of blln, thl .,t of ai' obJlct. 'ha' 
havI thl D'O.lr'r D. ror. thl .'atl.'nt '. bIIIIVI. tha' n I, a 
unlcarn' MU.t bl can,ldlrld to bl dlffl"nt fro. thl ,'atl.ln' '. 
bl"'VI, tha' n ,. a zublahl'. IVln thouoh thl .1' of al) unloorn, 
eaual' thl •• t o' 'II zublahl •• aual' the ••• tr 'It. 

It i, h.rd to 'lnd. ,oDd [ngll.h Mne.on'c for the functIon I. In 
othlr [uroD,an lanDua,'" ~I ~ould havI •• I.ct.d thl .ubJunctlv. of 
the Drl.ent t,n,. of the vlrb 'to bl' (~.erl, .olt. ..ra. VOrl • 
• te. J, In [noll.h, br analo,r. ~. should ~rltl 'W,rl', It I. 
unfortunatl. t""n. t"at 'wlr" I. al.o uSld for Da.t t'n'l. In •• Itl 
of thl., ~I .hall r'D".,nt I a. an Infl.ld 'W[RE', and WI hODI thlt 
the ,'Idlr ~III 'It the ,Iaht , •• ocla'ion •• 

With the.e convlntlons, and 10.1 .ultab,1 D,lorlt~ convln,Ion. which 
~ak. UD for thl .uDDr ••• lon of .a'lnthl.'., w. oln writ. 'n bll'IVI. 
that M Is D' throuah 

" IS eel lIvinG m WERE D 

ath.r siMilar vlrbs (know, claiM, ,tc.) ar' handlld .lmllarlr '0 
bllllv" 

Rlar.,entatlon 0' 'know, what' 

-------------------.-.-.------
Sam' DroDlrtll' (I.a. 'fathlr or D"lr') arl onl, 
ob.llct. It I. r,a,onabll to hIVe .n ODlrator 'Thl' 
DrOD.rtles Into obJlct. In thl obvlou. ~,~. Thu. 
tall' would bl I-Drlssed a. 

'TI'II 'athl' or Dltlr IS tall' 
or More eXDI icltl~ 

'CThl (fathl' or .e'lr') IS tall' 

hald b~ one Ilnllo 
which •• D' luch 
'P.t'r'. father I. 

Thl us. of 'The' ma~ bl ~Iaard.d a. an InDut conv.ntlon Dnlr. Onl 
would then Illmln,tl 'Thl' baforl the theorem-Drovlr I, la' 10011 on 
, ,tate~ent 0' , QUlstlon. 

Consldlr now a ,tat.m.nt .ueh a. 'John knOWI Petlr'. f.th.;' 0; 'John 
knows Plte,'. tlleDhon. "umblr'. I" 'he flr.t .tat'.lnt. 'know,' 
orobablr h •• thl meanln, of 'I. aCQualn'od with'. If Diok II the 
iathe, of Pet.r, thIn thl flr.t .tatl.~nt In .~"on~.OUI wIth 'John 
know. Dick', I" thls c •••• the PC tra~.latlo" of the f',lt ,tat •• en' 
is 
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John IS A,au.lnt.d-wlth Tft. ef.,h.r OF D.'.r' 
wh'r' 'AcQu.ln,.d-w1th' II ••• 0D'n, [obJ'ct, • Droo.rtl.,l. 

8~ eontr.", th. ..c~nd .tat,a'nt c.,t.ln'~ •• an. 'John knOWI wha' 
P.t.,'. ,., •• hon, "uMb" Is', If P.t.,'. t.'IDhonl nuabl, 1. In fact 
321-5671. then th. "cond ,tat •• nt I. not IQulval.n' t~ 'John know. 
321-5611', Th. u •• af o,oo.,tl., .nab'" u. to handl. thl. klnd of 
•• nt.ne •• WI do It b~ 'nt,oduclnl I function 

Knowln' [o,,0.,t1.. • DroD.,tl •• ] 
.0 thlt WI Dan writ. 

John IS Knowing Chllohon.-nUMb'" 
with thl obvlou. a.ln'ng, It would 
oon,ld"lbl, aOr. o,oal,'ng 

OF olter , 
•••• that 

th.n 
orooo,.d '1 •• I-of-tlllohon.-nuab.,' eon.t,uetlon. 

Han. [19691. 

R.f.rlntlal o.acit, 
---.------_._._----

thl. IDD,oach I, 
the awkward 

b, HcCa,th, Ind 

In thl n,tltlon D'ODO,.d hi,.., all funct'on, and ,.'ation, ar. 
;.f.,lntla", tr.n1oarlnt CI ••• If x.,. ttle" f(x' • fe" .tc.'. Th. 
,.a,On wh, w. c'n o.r.lt th', .v.n for '.O""'onl InvolvinQ 
knowl,d", b,II" •• tc. I. of cour •• ttlat In ttll. notatlon, '0.' 
90n.truetlo", which .1,ht b ••• o' •••• d ullng 'ouallt, a, •••• r •••• d 
In othl' w.,., Fo, •••• 01 •• w. '.Dr ••• 'Slr ~.,t., Scott I, the 
.uthor of W,vI".,' thrOUlh 

,Ir-wal"r-,.ott IS C.uthor OF w,vlrl." 
or 'iinc' th.,. I. onl, on •• utho,., through .i,-•• It'r-,.ott • Thl 'Iutho, Of wlv.rll,' 
but not through 

.I,-wllt',-,oott 8 Autho,ofCw.v.rl.,) 

O.ductlon, froa b.,l.f • 
. ----------------.-.-.-
It I. conv,nl.nt to .Ikl el,taln a,'u~otlon' Ibout whit It .Ian. fa, 
a o.r.on to 'b.ll.v.' .0.lth'ni. Th. fl,st 01 th •• , 1.lu.Dtion. I. 
th.t If I •• ,.on b'IIIVI. I. InG If h' "10 blll,v •• b. then h. 
blll.v,. anr conolu,'on fro. CIAb). (Th. Allin Inould not bl tlkln 
to~ Iltlr'II')~ sl. la, ".UM.t'on. IDDlv to 'know,', ,tc. 

How can thl. a"uMDtlon b ••• loMltlzld1 W. oroDO" to do thl. I~ the 
fo,'owlnl'lnnlr l 

Ca, W. 'ntroduo. functions AND, OAt Not •• tc. wnlch .10 ,v.nt. (0, 
Dllr, of ••• nt., Into Iv.nt •• 

(b) W. In'roduc. On' -or. trol. 'hat of I '.ubord'na'. varllbll'. 
which I, UI'd I,ntactlcallr Ilk, , con"lnt, but whIch ,hould 
onl, oceu, In .ubo,dlnl'e '.0, ••• 1 .hould on The DurDo.I of 
.ubordln,tl va,llb.'. II to let 'Ikl vlrlabl •• In a .,.ul.tld 
logic that I. D.rfora.d on tn, Irgum,nt, of 'a,II,vlna' 'ltc". 
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'T~I. I. anftth.r ca.. Nhlrl we .a~ latar NI,h to add to thl 
nuw.ber 0' t~DeS to make th.~ fit tlg~tar'. 

(c) SUDDO" we arl olannlnD to u.e thl r.solutlon oDlrato; [Robinson 
1965J for dlductlon., We t~en invent a function 

RESOLVE. tevent. * .v.nt. • event,l 
Nhlch r •• olves all oalr. of 'clau ••• ' fro~ thl 'Ir.t and t~. 
,.cond araument. and forMS thl 'conjunction' (ullng the function 
AND on ,v,nt.) 0' the 'rlsolvent.', The function RESOLVE Must of 
cOurse do 'unification' on subordinate varlab- Ie., ItO, WI t~l" 
haYe t~e a.lom 

• IS Rei livinG e A m IS ae'levlng f ~ 
M IS aelllvinG RESOLVE( •• f) 

If we use .ome other Inference rule. Instead of or toalthlr Nit~ 
thl re,olutlon rull. then .1.I,ar functions on IVlnte and 
.Imllar axioms for Billeve (Itc.) arl Introduced. 

(d) DUrinG the deduction oroce.s. the function 'RESOLVE' i. handled 
with IMmediate eyaluatlon, Cf. [ J. 

This would seem to bl a satisfactorY wa~ of formulating the con­
vention that 'If m be, lives a and m believe. b, then m belilvls the 
conclusions from aAb'. It must be understood. of cour.e. that this 
convent Inn Is a rather crude aooroxlmetlon to the DS~chol09lcal 
reality. ([yen 1f m Is a comout,r. rath'r than a hu.an bling. It I. 
stil I an aDoroKimatlon for an~ reasonably Interofetatlon of 
'believes'), - The detailed develogmlnt of the" sugge.tlons 11 left 
to a later oaolr. and shal I not bother UI herl an~ further. 

Analytic VI, Imelrlcal facts 
.. -----.------._-.-.--------
Wt shal I make another, .Imllar convlntlon which aDoroxlmatl, r,ality. 
~ame'y. W. shall attlmot to dlstlnaulsh b,tw',n 'analrtlcal' and 
'Imelrlca;' facts. An 'anal~tlcal' fact II I fact such as 'all .In 
are ~aftrall'l an 'emolrlcal' fact I. a fact such as 'john ls asll,a'. 
The dlffer,nce between thl two Is crltlca' bleau,e of the followina 
conventlon l If a is an Imolrlcal fact. and b " an anal~tlc 'act, and 
ft bell.Yls a. thin. billeye, an~ conclusion fro~ lAb. In othlr 
word •• analrtlc factI are a.lu.ed to be bul It Into all a'lnt, Nho arl 
caDable of believ1ng (and knowing •• tc.), 

~row. thASI oonvlntions. it Imm.dlat'ly fOllow, that analytical fact, 
can ~ot be subjtcted to belief. knowlldge •• tc, Wt .hall therlforl 
adoot the convention that Imolrlcal facts ar •• xactly those '.ct. 
whIch are exerts.ed with the rllatlon IS (which .ean, they can be 
t~orlSlld as IVlnts, using the function WERE). Analytlca' facts ar, 
exorlslld with othtr r."tlons. In D.r~lcular. w, n'td' a binary 
rel.tlon SUB bltwten eroolrt'.,. used •• g. as in 

ellphant SUB mammal 
r~ls relation obtrS tht 1.10ms 

(0 SUB a) ~ (m IS 0 ~ m IS a' 
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Ind 
CD SUI Q) • Clelle.'ngCm WERE D) SUB lelievln,C. WERE a" 

Notice thlt WI do NOT hl.1 thl .tron'lr Ixlo. 
CD SUI Q) : CY .)Cm IS 0 ~ • IS a) 

WI do not. beclu.e Wi wlnt thl rllatlon SUB to IXDrl" that thl 
rllatlonlhlo b.twI'n D Ind Q la an anal~tlcone. 

In lu.mar~. onl~ ImDlrlc fact. can b' subj'ct to knowlldg •• bllil'. 
etc •• Ind onl~ anllvtlc faets ma~ bl e-Dr.s.ld wIth SUB Cand othlr. 
slml'lr relation •• whloh wi II b. Introducld Ilt.r on), 

Thl dl.tlnctlon bltwll~ anal~tlc Ind emDlrlc Itltl.lnta obviou,'~ hi • 
• o.e Dotlntlll DhllosaDhlca' ov.rtonl" WI haDe to avoid .o.t of thl. 
b~ formulltln, the dl.tlnctlon 'n t.rmS of In a"u.Dtion on the v'rb. 
believe. know, ItC •• rathlr than In tlr.' of DhIIalaDhical 
conaldlratlon,. 

Thl Dr'dlcatl 'Hold.' 
-----------------.-.-
Thl 'connlctldne •• ' 0' our a.t of function' and 
that thlr' .hould b •• o.a monarv rl'atlon 'Hold" 

Haldlem WERE DJ - m IS D 
W. Ihal' find fr'Qulnt UII for this rl'atlon. 

relation. 
such that 

rlQuirl' 

It .IIght bl arguld that 'Hold"I" is In ., .. ncl an ImDirlca' fact. 
and thlt It .hould thlrlfor. b' .XDrl,.ld through I.g • 

• IS t'UI 
(whirl 'truI' I. a D,oDI,t~ on IVlnts), HOWIVlr, thl onl~ Idvlntagl 
would bl thlt WI could writ. t'rm. of the 'or • 

• WERE trUI 
But this I. a Vlr1 dl'Dln'lbll f.aturl. slnc' w. havi In~wl1 that 

I WERE trul • I 
WI 'hall thlrlforl Drlflr to ual the or.dlcatl 'Hold.'. 

---_.--
In thl. I.ctlon_ WI 
functlonl: 

IS 
OF 
OIJ 
TO 
WERE 
Th. 
RESOLVE 
SUB 
AND. OR 
Not 

CobJects • 
[o,ool,th, 
[DroDlrth, 
CoroDirth, 
CobJlcts • 
[oroDtrths 
C .. lnt. • 
CoroDI;tl .. 
Clnnt, • 
Clvlnt, .. 

hlVI IntroduC'd the fallowing rltatlon. Ind 

oroolrth.l 
• obJlct. .. 
• ObJlct. .. 
• obJlcts .. 
Droolrt II. .. 
.. ObJlct.] 

DroD.rt'la] 
aroDlr"I.] 
aroD.rtill] 
IVlntll 

IVlnt. .. 'vlnt,l 
• DroOlrtlla] 

1.lnt. .. 'vlnt.l 
I •• "t.] 
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Ho'd. t.v.nt.l 
DIUI u •• ,uclalhld function' ( .. hoSi de"nltlon, "III lata, ... 
Modlflld'l 

8elllvln, t,v.nt. • oroDlrtll'] 
lcaUI'nted-.. ftn [obJlot,· 'D,ool,tl •• l 
Knowln, [Droo.,tll, • DrODertil.l 
MORETHAN [Droo.rtll. • obJlct, • o,oD.rtl •• ] 

Th... function, and re,a,Ion' a,1 Intendld '0' '.D; ••• 1n, NL 
In'Ofmatlon In a Mln~.so'tld. ffr.t-ord.r orldic.tl cal- culu.. W. 
have Ilv.n thl Intlndld Int.rO'ltation of th... 'unction, and 
rel.tlon,. and outlln,d thl r, •• on, '0' IIIlctin, thl" convlntlon,. 
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2. NOTATION AND OTHER CONVENTIONS 
•••••••••••••••••••••••••••••••••• 

a.fo,. w. DfOC •• d, w •• hlll 'D.cl'~ the notatlon.1 convlntion. that 
w. wil' u •• 'and whlch w. h.y. in fact .Ir •• d~ tacitl~ ulld). 

Ortol"Dh~ 

-----.-.-. 
8in'f~ function. and ,.I.tlons .r. uluallr wr.tten 'nf'.ed •• nd with 
c.D".1 I.tt.,. t~'DUI~outl OF, W£A£. 15. Functlonl h.v. hl'h'; 
D,lo,.t~ t~.n •• I.tlons. 

Hon.'~ functIon •• nd r.l.tlon. '.nG ODI,.to,., ••• b.low, af' w.lttln 
D.lfi.'d •• nd with .n 'n.ttal c.Dlt.1 I.tt,,: Knowlnl, Holdl. Thl. 
An~. Mon,'r functlon. h.v. hl,h •• Drlo,lt~ th.n b'na,w on'l. Th • 
•• Qu •• nt •• ,. nat n.c •••• "I~ .ncl.I,d b~ D.'.nth ••••• 

P.r.nth •••• "t uI.d fr"1~ to cl'rlf~ or modlf~ the ord., of 
aDGlleatlon 0' 'unctlonl 0, ,.I.t'on •• 

Con.t,nts .nd va,I'bl •• fo, obJ.ct •• nd DrOD'rtl ••• ,. w,Ttt.n with 
••• '1 I.tt.,. th,oughout. V.rlabl" a,. w,itt,n with onl~ an, ,.tt". 

w •• hal' lo •• tl ••• u.' b If •• functions. Th. Algol conl"uotlon 
'ji • thin W' II .n •••• DI. of a blfl., A funct'on II blll •• d If It 
i. introduo.d In ,h. fa,. 

Hor ••• THAN •• 
In .uoh c ••••• w. rt'II~ ••• n to h.y. on. blnarw function HOR£THAN 0; 
two ',Iu.tnt ••• nd WI w,It. 

Mo,' t.11 THAN DI", 
when WI •• an 

MOA£THAHCt.II.Dlt." 
An inflx-to-D,.fl. ".n.'ato. (In LISP) which allo t.k.1 car. of 
blli ••• I •• vallabl. f,o. the autho,. 

-----
In the I.qu.', w. Ihall n"d two .0,. lorts. Thul we UI, fIrlt-o,dl, 
Dredlcat. caiculul wlth the followlnl lort •• 
1. ObJ'ct. Cfo, o~~slc.1 object •• DI,lonl. ,tc.' 
2. ProD.rtle. efo' count.rD.,tl of nounl <,.ceDt D.Oatr " •••• ). 

adJ'ctlvel. and so •• v.,bl' 
3. Eventl Cfor ~~ooth.t'cal 0' ,1., ty.n'l 'n thl world. '.1. 

"thai IJk I, D.t.r's t.l-n." 
"th.t the .onk.~ 1. u~dlr tn. b.nlnl." 
"th.t the .onk.~ JUMDI to the c.llln," 

4. tnt' •• rl 
5. Loo.t'onl tfor IDatl., Do •• tlonl. 1.0. 'In the ,oom', 'und" the 

1. 



-------._-----------_._----
W. Ihall 
accordl", 

Ie. III, " 
D,a,r 
d.t.f 
v ... 
I • '" 

F' I "all w. 
a.R 
AD rOD 
sex, 

u.. d1fiert"t 
to the tOllowlna 
ObJectl 
DroD.rtlt' 
tV''''1 
Inte"r' 
10oatlo"1 

varlablt I'Mboll 
convtntIO"I' 

•• u.' the followl"a "otatlonl 
Modification functions C ••• below) 
Droo.rt¥ func,lon corre'D. to R 

for different 

II'eral .hlrt x I, on. occurrlncl of a ter. 

11 
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l. AMEND"~NTS TO rUNCTIONS or SECTION 1 
•••••••••••••••••••••••••••••••••••••••• 

In this 'Ictlon, ~I .hall aivi ,ami additional co ••• ntl on thl 

functlonl that ~I'I Introducld 'n .Ictlon 1. WI Ihal I allo introduol 

loml u'lful addltlona, function. which arl cloSlly rllatld to tholl 

of 'Ictlon 1. Th. thlnls In the Dr,slnt 'Ictlon ar. Mlnor d.tail •• 

Thl¥ ~Ir' not d,scribld In ,.ctlon 1 bicaUII that .Ictlon wal 

'UDDO,ld to Olv. an oVlrvll. of thl G.n.ral aporoacn In thT. Dap'r. 

\ 
Bool.an ailibra. for oroDlrtll. and IVlnt, 

----.--~ , .... -----~---------.-------.-----
WI u •• the functlonl AND, OR, and Not, thl rllat'on SUB, and thl 

conltants truth and tallltv In a Boollan ailibra In the obvloul .ay. 

eTh. dlrlctlon of SUB I, luch that 
I AND f SUB I 

.t cltlra). • I SUB f' II I ntlndld to •• an that f to 11 ow, 

analytlcall~ frOM f. AND, OA, and Not arl thl function' WI nl.d for 

thl functIon RESOLVE that ~a, outl Inld 'n la't siction. AxiOM' for 

this al,lbra Dan b' tak.n frOM any tl.tbook and ~'II not bl Itlratld 

1 n th I, oaDIf. 
i 

Thl follo~lna a"lo., a,. lIIorl . .o~. Iiss Obvious' 
Hold,cHot I) _ ~ Hold,el' 
Hold.el AND f) i Holdle., A Holdsef) 

WI .a,1 IY obtaIn thlOrlM' such as 
I SUB f A Hold.e., ~ HoldsCf) 
Holdle. OA f) i Hold.C.) v Holdsef) 

If w. havi a function RESOLVE Ilk. In or.vlous Ilctlon, WI alia nlld 

an a.lolII 
• AND f SUB AESO~VEC.,f) 

It I. conVlnllnt to have a rllatlon EXCLUDES. d.flnld b~ 
I EXCLUDES f _ • SUB Not f 

ro; •• all\ol., .1 havi 
III WEAE .all EXCLUDES 11\ WERE f.",al. 

A .111111ar al,lbra I, •• t UD for oroDlrtll'. u.lna thl .a •• 'rMbol, 

fa; thl funotlon. and rllatlon •• Thu. Not I, a function 
[( •• Int. • .vlnt., U (Drool,tfl •• DroD.,tll.'] 

and 'IMllarlY fOr the othlr'. 

W. rllate the two alVlbra. 
• WERE Not D • Note. 

throuIh the followl"I a.lo.' 
WEAE D' 

• WERE D AND m WERE Q 

and obta'n a. th'or.",. 
• • WERE CD AND a) 

M WERE P OA • WERE Q • 

D SUB a ' • WERE 0 

Thl;,e.t thlo,l. al;'.' with our 

"' WERE (D OR a) 
SUB III WERE a 
Intuitive Id •• that thl rlletlon SUB 
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on D'OI.,tl, I~oUld b. uI.d Ilk. In 
bOlf SUB ",al. 

--.----.---------.-.------------.---_.-. 
Functions Ilk. or. OBJ. TO, .tc. ,hall bl call.d "'Odlflcatlon 
function" Thl~ 'hall bl a"u"'ld to obl~ clrtaln axlo", •• I.g, If Fr 
and GG a,1 t~o a'blt,a,~ ",odlflcatlon function., WI .hall havi 

• Fr D CG Q • '" CG Q rr D 

In ordtr to handle 1.0. 'Pltlr know. whln John lot. to .chool', WI 
havi for lach ",odlflcatlon func,lon or an a.,oclatld o;ODI,ty 
function OfD'OC [Ivlnts 4 oroDI,tll,], ,atl,f~ina 

II' IS CD or n, _ n IS OhroD CIII WERE 0' 
ExaIllDII: John IS 01'1 I nG OBJ fldo TO ",ar~ 

I. louiva'int to 
f I do IS ObJDroD (John WERE glvlna TO lIIa,~' 

I, loulvallnt to 
"'a,~ IS TOD,OD (John WERE Glvlna OBJ fldo) 

In natural languagl. thl la.t ohr"1 would bl '",arY II tht onl John 
Qiv .. f Ido '0' Cor, "'orl Drlollll~. '",ar~ I. ont that john Givi' fido 
to'). 

ExaIllDII: Dlte, IS KnowinG TODroD (John WERE alvlna OIJ fldo' In 
natura' lanaua'l: Plter know, who'" John glvI, fldo to. 

--------_._------... 
L.t us Makl thl functions for IXD,I"Inl knowlldGI a"d bllilf 
.Ilahtl~ .or. ~"cl ••• WI u" thl followi"1 functlon,1 

Btllevlng 
Knowlna-whlthe, 
KnowinG-that 
Knowing 
Acoual "ted-w I th 

[,vtnts • o,oot,tlt.] 
[Iv,nt' • DroDt,tlt.] 
[tvlnts • oroDe,tll.] 
[DroD.rtll. • DroDI,tle.] 
[obJ'ct. • D'ODlrtl.s] 

Starting fro'" bllllvinG (thl In'lntlon of which I. Iitt un'~lclfl'd', 
WI SlY thlt a olr,on know, 'that' an IVlnt. Iff hi bIIIIVI, It. and 
1t hoios. A Dlrson I ••• d to know 'whlthlr' an IVlnt, 1f h •• Ith.; 
knowl that thl IVlnt, or know. thlt not thl IVlnt. Furthl;.o;.. WI 
say that a Dlrlon know. a DroDI,ty D. Iff hi can dltlr.lnl '0; '.Iry 
obJ.ct '" (glvan by hi nl" Ca'lumld to b' unla"I), ,.thl, than b)' a 
d.Icrlotlon,. whither (III WERE 0'. This knowI.d,1 oould oonc.lyabl~ 
bl ieDII"'lntld I.G. b~ .aln- talnln, • II.t of all obJlot. that ha •• 
thl Dr~D.rty (or of tho.1 thlt do not hav. It). 



rln.II~, • Dlr.on I •• oQualntld wl'h.n obJlct Irf hi know •• fOr 
.vlrW DrODlrt~ D. whlthl' the obJlct h •• 'hi. DroD.,t,. 

P.radO.' • . -.------

D"lr 
Dlt'r 
D,t" 
dick 

IS Knowlna Ct,I-n, or John) 
IS Knowlng-whlthl' C321 WERE tll-n, or John) 
IS Knowlna-that (321 WERE 'II-n' or John' 

IS ~nowlng-that CDttl' WERE Knowing 
Ctll-n, or John,) 

In a Drlvlous Ilotion, WI D'ODOlld that ont should I"troduci a 
countlrDart of varlabl" In the IVlnt st,uctu,'. Whln thIs 1. doni 
CWI .hall "at do It In thll D.DI", It bICO.I, Do.,lbl' to con.truct 
•• Drl •• lon. WhIch l,slntl.ll~ Involvi 

Hold. C. WERE KnowIng-that Not ., 
whirl I i •• ad. to reflrinci b.ck to thl WERE-I.D,I.llon, Thl. I. 
thin au' Inc.,nat10" of the cl.,.lcll D.,.doK. It I, l.Do •• lbl. to 
.tt,lbutl • t,uth-v.lul to .uch .n IKD,.ssIon. ~I can ••• two w.r. of 
dialIng with thl M.tt.r, bath of which have 10.1 .dv.nt ••••• 
Ca' Thl o.trlch (- h •• d-In-thl-'and' 'cDro.ch: It wll I b' a whil. 

until •• ch.n'c.1 thlor'.-DrOVlr' dlscoVI, thll D.r.dox. If WI 
c.n tru.t I'Ch othlr with not te' Ifna thl CO.Dut.~ about it. 
thin It. th'of •• -orOve, will r.t.ln It' lanlt~. 

(b) Th. ·thr •• -v"u.d loalc 'DDroach: Thl a.lo., .bov •• ~. wlak.n,d 
Into 

Hold.eNot " ~ ~ HoldsC., 
Hold.CI AND f' ~ Hold.CI) A Holds(" 

With th ••• C.nd DO'llbl~ 10.' other' conv.ntlon •• w. do not havi 
.n, 10n,I, thlt 

Hold,CI' v HoldICNot., 
'0 w. obtain a th,a.-valu.d logic on the .v.nt l'vII (.'nci WI 
account for IVlnt •• wh.re 

Hold.C.' 
Hold.CNot ., 
n.lth., , 

Undlr thl. aDorolch. the functIon RESOLVE will h.v. to D.rfor. 
r •• olutlon In a thr.l-valu.d loalc a. d'.crib'd In HI~" C1969'. 

Th. function 'Th.' Ind thl GDlrator. 'Any', 'So •• ' •• nd 'No' 

-----------.. ----.-.-------------------.--------------------
In tho •• '.'MDI,. whtr. WI tran.lat. II.DII "atYral-languaal 
.tat'~'nt. Into our not.tlon. WI can gain .uch convlnllnet b~ u.in. 
thl function. or op.r.tor. Thl, An,. So •• , and No. 
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Th. 'unotlon Th, [groD,rtl'l • obJ,otl) a •• u ••• that th. a;lu •• nt I. 
a orOD'rtr ~hlah 1 •• atl •• I.d b~ ,.aotlr on, obJ,ct. and ha. 'hi. 
ob.llot I' vllu" 

Th. oD',ato,. An~ and So.. a,' u •• d fa, tho.' c.... wh.,. th. 
'a;gu.'nt' i. not gua,lntl.d to .atllf~ the uniQUlnll. o,I,.,lu •• 

Th •••• r ••• lon 'Anr 0' (wh.,. D II I o,oD.rt~) II u •• d Ilk. a f". 
v.;la.l. rlnlln, ov., all •• uah that. IS p. 

Th •••• ' •••• on 'So •• 0' I. IQulvllln' to w,itlng • nl. con.tant 
Iy.bol C,'nlrat'd 1n a 'Inl~.·llk •• ann,,) on. and .'atln •• 0 •• wh"1 
that pn IS D. 

Th. '.o" •• lon 'No n' will onl~ b. u.,d In I oont,.t of the for. 'No 
D IS Q'. Ind II tak.n al an Ibb"vlltlon fo, 

m IS D ~ ~(m IS a) 

Ther' II an obvioul algorlth. for r •• ,ltln, '.D, ••• lonl that involv. 
Th,. lnr. So ••• and No Into OU'I D,ldlcatl cllcutu •• 

'Th" II obvioUIIY 11.lla,. Ilthou,h not id.ntlcal. to Chu,oh'l iota 
oo.,ato,. 

Th. function Slz.o; 
-------.--_._----.-. 
WI n •• d 10 •••• anl of ID.clfyln, when the OD"ltor 'Th.' .IY b. uI.d. 
It II D,ODOI.d to do thl. th,ough I function 

Slz,of [o,oo"tl" • D,oD.rtll.] 
wh.,1 the valu. 'ang'l av., D,oO'rtl,. on Int,g'r" Cit 1. Do •• lbl. 
that this should b' a "OI'lt •• ort. but WI shall not d.lv. 1nto thl • 
• ,tt.,). W, Int.nd 

v IS Sluof D 
to •• ,n "Mletl~ v dlff"'nt obJ.ct. hlVI thl DrODlrtr 0'. Thl ,Ilion 
why.w' u •• thll fo'mulatlon. rath" than •• g. 

SIUeD.V) 
11 of oau," thlt WI con.id., liz. to b. In '.01,1011 O,OD.,ty. 

Wh.n.v" In IMD, •• ,Ton 0' the fa,. 
SeTh' 0' 

1, u.'d. with thl 'Ub-'.O, ••• lon 'Th. 0' u •• d on In~ l.v.l •••• 1'1111 
f •• 1 ,ntitlld to d'ducl 

1 IS S I Zlof 0 
ThT. will lIter b. giv'n .. I ,ul. of In",.nOI, 

Th. function Whltll 

-----------------.-. 



rlnallr ••• n •• d .0 •• waw of handl'n, .1tuatlon. w~.,. a DI,.on know. 
Co; b.ll.v •••••• , .o~.thlnG about an obJ.ct whio~ h' know. bw it. 
d"erIDtlon onlr. w. Introduc' th. 'unction ·Whatl.' '0; thl. 
~u;oole. If 0 1. a ~r~~ert~. th.n ·Whatl. 0' I. 'ak.n t~ .ean ·thl 
~bJ.ct (whatlv" It I.) that ha. orOD.rir D', or .ore orudllr. 'the 
Id.a of an obJ.et with D,oD.rt~ 0', Th. function Whatl •• II.lna'l. 
th. n •• d for eonltruetlonl ,uch a. 'Idea-of-tll'Dhon'-nuMblr' whioh 
are u •• d In (MoCarth~ a Hay ••• 1969,. 

[.a.ol. 11 'John'. tel.ehon. nUMber I, ne.t to johanna'.'. viz. 
'D.te, b.llivi. that John's t.leDhon' nu~b'r Is ne.t ta Johanna',' 
can be "pr •• lnt'd al' 

The (tel-n, or jOhn) IS NI.t-to Th. 
et.l-nr or Johanna, 

D.t.r IS a'II.wing [Whatl. (t.l-n, or john' 
WERE NI.t-to Whatl. Ctel-n, or Johanna)] 

Notici that Dlte, MaY hold thl. bell.f without knowln, john'. Or 
Johanna', ,.I.ohon. nUMb.,s. Th.,.'o,e. w •• hould not w,lte 'The' 
1n.t.ad of 'What'.' 'n the .econd e.or'I.lon, 

[.aaol. 2: Con.lder the two •• ore •• tonl 

and 

Det., IS Knowlng-wh.the, 'Whatll Ct.l-nr or John' WERE 
tll-n, Or dIck) 

D.tl, IS Knowlng-wheth'r (Th' (te'-n, or John' WERE 
t.l-n, Or dick' 

If John'. actual t'll.hon. nuab., I. 321. then thl "r.t 0' the abovi 
s.nt.no.' tar. that P.t., would b' able to anlw.r corr.etlr the 
aue.tlon 

'Do John .nd DIck haw. th ••••• t.leohonl nUMb.rl-
wh.r'" aooo,dln, ta th ••• cond •• nt.nce, h. would b' abl. to .nlw'r 
th. au,.tlon 

'Is 321 the t.I.Dhon, nUMblr of Dick?', 
In vaGu, werd •• I; 'Th.' II UI'd, th'n th. dl.c,totlon I. '.valuatld' 
durinG the oonv.,.a,l'n bltw'ln ~ou and al. wh'rla. the 'whatil' 
;unetlon Dlrfor •• a kInd of auotlnG • 

. ----------._.-
w •• hall ob~lou'l~ n,ld so •• conv'ntlonal Inf.r,no. rul •• , •••• thl 
r •• olutlon oD'r.to') and a ,ull for handlinG .au.ll,w. It ~a~ or •• , 
not b. a Good Id.a to have IDlclal Infl,.nci rul •• fop 'h. OOlrata'l 
Thl, An,. and So~ •• CTh, altlrnatlv. II to IIIMlnat. th.,1 b.for. thl 
d.duotton .'art.,. In oa •• WI want to hav •• uoh Inf.rlnol ;ull'. h.rl 
thlw a'il 
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CU 

CI' 

(31 

(4) 

(5) 

II • 3" Shl I- SCW' 

.. IS D, S C Tt'lt D) I-

1- 1 IS Sluo' "D 

• IS D, S(An~ 0' I- SC., 

I- Cl.' • IS D 

In tach of th, •• rUI'" we I •• u.e 5 to be I Ilt'ral. W. I.tend the 
rul" to In'e,ene, rul" On ellu." In the obwloua WIW. 

A,.arkl In (5), onlY ONE aeeurr,no, of 'So., 0' In S Oln b • 
• ubatltut,d fa, at • tl.e, 'II' can be •• I'et,d al an~ vlrtabl' whloh 
do.a not occur In S or 0, 

So",e alClo., 
----_._.-.-
rlnally, Itt u, lo'cl'~ 10 •••• 10 •• '0' the g'n'rll C'aWlte.', 
fu~ctlon. ,nd r,l,tTons t~at have b"n Introdue.d In thl. a~otlon, 
'.10.. for 1110" 'D'e,al-Durool' fUnction, C •• g, the knowlldg, 
function') ar. oo,tDon'd to n •• t •• ctlon, The 1.10.' fOr the bool.an 
ala.br •• fe, DroDlrtll' and IVlnt. arl Ollllttid altoglthlr. 

C1» Hold. C. WERE D' - .. IS D 

(21 , Hold.CNot I' - .. Ho I diCe' 

C2b' Hold.C, AND f, - HeldlCI' " Hold8U) 

(3,) III wERE Not 0 • Not(m NERE D) 

Ub' III WERE Co AND 0) • ell NERE ." AND c. WERE oJ 

(4) D R III SUB D 

(5) D R 1ft Q n • D Q n R • 
(6) III IS R - n IS RDroD (. WERE D' D n = 
(7) 1 IS S I lIof 0 A • IS D " n IS 0 2 • • n 

(8) I 15 Sizeof 0 :t "'III IS 0' 

(9' No D IS a - [(w.) II IS 0 2 -ell IS on 
,.10 ... (7) and C8, n'ld to bl 'uDoll .. entld with .or' 'In,;al a.io.a 
io; thl 'unction s1 zI0" Ind with .n 1.lo.at l latlon of In'I"r., 
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WERE-Ifl.ltlo" of a.lo •• 
-------.---._ .. -.. -.-._. 
In t~. ".xt ••• tIOn. w~., ••• 10 •• fo, '0'0111 ."Vlron.lnt •• ,. ,lvI". 

WI .hlll 1.1 •• 11 the a.lo • 
• IS MOR£TMANeo.k, A k IS "ORETMANCp,n' ~ 

III IS HORETMANCo.n) ". CI' 
T~i ••• 101 I. of cou, •• o.,f.ctl~ 'Qulval.nt to 

Hold.C I WERE MORETHANCo.k' AND k WER~ HORETHANCD.n' IMPLIES 

III WERE MORETHANCD.n' , , •• (b) 

where '. IMPLIES " I, d.fln.d •• 'Hot. OR f', How.v.r, w. a'.o w.nt 

to 10111 tnl •• XIOM In deduction' .bout billef., If a D"lon blilivi. 

t~.t • I t.II., than k, .nd that k I, tal Ie, tn.n n. th.n c.rt.lnl~ 

h. b.lllv., that M 1. t.III, tha~ n. N.lthlr of thl aboYI •• 1 ••• 

OI;W,tt. u. to •• k. thT. a.ductlon .bout hll blll.f •• 

ro, b.ll.f, w •• n.11 loll. a" .x'om 
I SUB f ~ Bllllvln,' SUB a.lllvln, f 

It ,. ther"or. r.l.on.bll to .tr'nlthen Cb, I"to 
• ~ERE MORETHANCD,k) AND k wERE MORETHANCD.n' SUB 

.. WERE MDRETMANC D, n, • •• (c' 

A ·cla" •• for.' IQulvallnt of Cc) I. 
CHotCw, WERE "DRETHAN'o,k' OR 

NotCk WERE MORETMA~'D'~' DR 
• WERE MORETHANCa.n)J • truth ••• Cd) 

CII.,ly. th.n, 'I • truth' I. au' W.~ of •• ~Inl • ... c •••• 'll .. I' or 

(I'" 1I~.tlc.II~) '.v.r~body know. th.t .', ~. should not b • 

• u;D,I •• d th.' .11 .n.lytlc f.ct. come out •• Id.ntTc.l. fo, the 

, ••• on fo, Introducln, 'Y'nte w •• to hlY. '0.' obJ'ot fo, b.ll.f. 

knDwl.dge. .te,. .nd w. hav •• I, •• dy et.t.d th.t .".Iytie f •• t, ar. 

tho.' Which a,' not .ubJ'ct to b.II.'. 

In D,lnelol •• It would b. Dr.f.,.ble to .tlt. III .nllytic a.lo., 'n 

the ,t,onl" fo, ••••• ollfl.d In Ce' and Cd). rlth" th.n the WI.k., 

for. of c., a"d Cb). In thl .IQu.I, WI .hall .i.oly ,If I, to thl.1 I. 

thl .t,on,e, Ind tha wI.klr fO'I, "'Olctlvelr. S'"c. WI consider thl 

welke, for. 10" "atu,,1 Ind .0,1 11.lbl •• wi sha'i ,ref., to U'I it. 

To flll thl ",. w. 'DIcif~ hl'l thl Drociduri whl'I~V In •• 10. cln 

bl 'It,ln,thened i , 1.1. trlnsfor •• d frOM thl Wllkl' to the .t,onle, 

for., The "ocldur' ODI,ltl. on olau.Is, 

~.t (Ll. ••• Ln) bl I clau •• 'n thl wlak., fO'I. W. deflnl • 

function, on Ilt.rll. a' folloWI' 
;C'HOldl I') • ',' 
[C'~ Holdl I" • 'Not.' 
'Co. IS D" • '. WERE " 
rC'- • IS D" • 'NatC. WERE D" 

,nd undlfln.d for othl' Iftu.ln'l. Lit Li. L2 ••• , LJ (J t 1) bl 

thol' Ilt.,al. fr whIch' I, d.flnld. Con.truct 'h. claU'1 
C ,eLl) OR ,eL2) OR ... OR rCLJ) • truth. LCJ+U.,., L") 

(thl notation 1. 1.Durl, but thl 'nt.ntlon should b. ell'". Thl. 

1. thin thl d.II,ld. It,ln,th.ned olaul •• If J. I. thl cl,uI' 



can not bl ,trln,thlnld. 

Mo,t axlo •• In the .eauII do not nled .'rln,thlnlng. but a few do, 
AxTo~ (7) abovi Mu.t not bl .tr.nlth.ne~. 
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4. FUNCTIONS, THEIR INT[NDED INTERPRETATIONS, 
AND AXIOMS FOR VARIOUS DOMAINS 

.: ............•....................... 

In thl ••• ctlon, ~ •• hall work through varlou. t~D" of NL 
1n'or •• ,Ion, .nd 'uDgI.t a notation and • 'It of a.lo.. that 
r.Droducl thil kind of Infor~.tlon. In IVlr~ c •••• w. thall ;.I~ On 
thl "nl,al fr •• lwOrk th.t wal I.t UD In Drlvlous slctlonl. 

--.-.. -----------.-. 
ro!l~wln' thl dl'cutslon In orlvlou. "ctlonl, WI u.I the to~lowina 
ax 10,,1' 

Sllllv'n, [Ivlnt. • Droolrtll.] 
Kno~ln' [DroDlrtll' • proDlrtll'] 
Kno~lnD-whlthlr [Ivlnt •• DroDI,tll') 
Knowln,-tha' [Ivlnt. • D,00.,tl,13 
Acaualnt'd-w1th [obJlct,· DroDlrtll'] 

It . I, convlnlln, to Itart out froll thl function 'BllllvlnG', and to 
dl"n, the othl'l In tlr.' of It. 

(KNOW 1) 

(KNOW 2) 

(KNOW 3) 

(KNOW.) 

(KNOW !5) 

(KNOW 6a) 

(KNOW 6b) 

(KNOW 6c) 

(KNOW 7a' 

(KNOW 7b' 

(KNOW 70) 

CKNOW 7d) 

• IS Knowlng-th.t I = 
Holdl I A • IS BIIII.lnG I 

KnowlnG-whlthlr I • 
Knowln,-that I OR Knowing-that Not. 

• IS Knowing D _ 
CCVk) • IS Knowlng-whlth,r (k WERE D)] 

" IS Acaualnt,d-wlth n _ 
[(VD' • IS KnowlnG-whlthlr en WERE D)] 

" IS KnowIng D A " IS Knowln, 0 ~ 
"IS KnowinG-whlthlr (Wh.tl. D WERE 0' 

calltlvln'l AND a.lllving f) • Bllllvln'CI AND f, 

I SUB f 

• SUB f 

Belllvln' • 

B.lllvln, I SUB BlIII. i n, , 
Knowing-that. SUB KnowlnG-th.t f 

EXCI.UDES alllning Not, 

Knowing (Not 0) • Knowln, D 

Knowln,-whlthlr (Not.) • Knowlna-whlthlr I 

Kno~in'-that I EXCLUDES 
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Knowln,-that Not I 



Th.al axio •• afl nO, 1ndIDlndan'. C7., I. a dl,l.t ,o,ol'a;~ of (2). 
e7.n .an "I dldu.ld f,o. (1a' and thl ",In,tltlnld vlr.'on of (1" Ito. 
'xlo •• fo, th. connlctlv.. £T and IU. ---_.-.. ----_. __ .. -._-_.-.. _---.. -----_. 
Th. 'unot',n [T 11 ua.d to conatruct oO.Do,lt. ObJ.ct, ',0 •• 1 .. ,. 
~bJlct., fo, U" •••• In conltruotl'n. IUoh a. 'P.,., and "ai~ ar • 
• ar,itd'. 

In (n,lllh "lk, in •• v.ral oth., [urOD.,n lan,ua, •• ' th.r. I •• 
nu."" of 'Qulval.nt fo,.ulatlon •• uch al 

PIt" and "a,~ ar •• 'r,l,d 
PIt" t •• a"I'd to Mar~ ! 
"arr II .ar,l.d to P.t'r 

Pete, and Marr ar. Quarr.I'n, i 
P.t,r I. Quar,.IITn, Mit" Mar~ = 

i P.t., and Mar~ m •• t In the oltr 
P.t.r ••• t. Ha,r In the clt~ i ••• 

... 

WI Ihall .ak. unlv.,.al us. of the Gonn.ctlv. IU for 
DrlD.ltt'onl uI.er 'n natura' Eft,'llh (to, wIth •• ' 
would wrIt' '.a. 

D.t., IS mar,l'd !U .a,r 

D.t.,. lI.t,,. IS (.lltlnO 
£T ",arr IS 

t" Th, clt~) !U .arr 
m.,t'n, IN Tn, c't~ 

! 

the ... ,IDul ",), T~". w. 

MOrIOV." WI u., a SOIC'" (a"alr'lo) Dr.dl.at. !ulb'l to .ark tho •• 
DroD'rt',. Cmarrlad, ."tln" •• ,) which can ba t"at.d In thll way. 

WI .... ,y Jot down th, followlnl a. I 01111 

(EflU 1) • £T n • n ET II 

cEflU 2) CII ET n, ET k • • ET Cn ET k) 

c£TlU 3) • ET m • .. 
(ETIU ", IUllbl. II 

, 
(. IS II !U " i m ET n IS 0) 

A.io~. for I.atlal location ----_.-._-----.-._-_ .... _.-
W. 1ft'rodue. a n.w 10,t, LOCATION, and the 'ollowln, funotlo"., 

21 



Loa ClocltlOn. • DroD.,tl •• l 

In,idl tobJlct, • locatlon,l 
Outll d. -"-N.ar 

_ft_ 
F'a;froll -"-Atlnlldl -,,-
At -"-UDDn -"-Under -,,-
Abo .... -"-Selotl/ -,,-
B .. lde -"-
B.h .. n [obJ'cts • locatlon,l 

A location I. thought of a. havIng an EXTENSION In IDacl. and 
oDtlonall~. havinG an EDGE. An obJ'ct I, thOUGht 0' a. havlnt an 
EXTENSION and Calway,' an EDGE. WI writ. '. IS Loe I' (whirl II I, an 
ob.lect. I " a 10eUlon, Iff [1] the exUn.,on of '" 11 conta'nld In 
the ,.tln.'on of I, and [2l the Idgt of til ha •• o.t ',a.,nt In co •• on 
wIth the .da. of ,. 1, I ha, on •• eThls. Id, •• have b"n tak'" froll 
[Schank - TI,I'r - web'r. 197Il'. 

Th. followIng functIon •• ,nl,att locatIon, with an ed.I' Atln.ld •• 
At. UDon, Unde,. Th, oth" functions do not. Th, •• an1ng of all 
function' .hould bl r.th'r obvIous, In'ldle., hal the .a.1 I.tln,ion 
a. II, and no Idala Atln,ldl<.' ha. the 'a"" ,.tlnllon. but 1t a',o 
ha. tht tdtt of til I. It •• dg.; .tc. 

Th, function 'Bltw'tn' I, IUDoo.,d to take an araullent of thl for 'II 
ET n' or 'k ET II ET n', 

WI U'I a ,I,atlon SUBL on [location, • loeatlon,l to dl.crib, 
anal~tlc 10catlon-'nclu,lon. 

(LOC l' 
CLOC 2) 
(LOC 3) 
CLOC 4) 
Cl.OC 5) 
Cl.OC 6) 
Cl.OC 7) 
CLOC I) 
CLOC 9) 
(LOC 11' 
(LOC U) 

ClOC 12' 

CLoe 13) 

c, SUBL hJ - CLoc sua Loc hJ 
N.a, II SUBL Out,ld, • 
'a,from '" SUBL Out. Ide • 
Atln.lde '" SUBL In,lde • 
At '" $Ull Nta, • 
UDon .' SUIL At • 
Above • SUBl NI.r M 
UDOn M SUIL AbOVI M 
Und.r • SUBL At M 
SIIow • SUBL N"r • 
U"d" m SUBL B.,ow m 

III IS Loc R n : n IS Loe R • 
(WHERE R • N,.r. ra,',o., At. B.,tdl) 

II IS Loc UDon n " IS Lac Unde; • 
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CLOC 14, 

CLOC 15, 

'" IS Loe Aboyo n I n IS Lo. ~OI'N • 

'" IS Loc Rna 
~ k IS Loo 'ot.o.n • ET n 

(WHERE R • At. In,tdo' 

ror 10 •• of thl furth., I.'O~'. It I. oony.n'lnt to ~aYo an aUMllia,w 
ro'atlon EXCLUDE .. On [location' • 10eatIDn,l. .a~I"Q that tNO 
loeatlon, I" ~utu'l I~ •• clully •• 

CLOC 16) I EXCLUDE .. " - Loc I EXCLUDES Loc " fLoC 17) I n,ld. • E"CLUDEL Outsldo • fLOC 18) Nlar • EXCLUDEL rarfro. • CLOC 19) aOION '" ExCLUOEL AbOY. • CLOC 21/1) allo"" III EXCLUDEL h" do • CLOC 21) AboVI I! EXCLUDEL auldo • 

Dlductlon uolnG Loo axlo •• c'rtalnl~ n •• d. to b. 'UDDo;t.d b~ a 
natura I 1110 do I : 

It w.a~ 0' .a~ not b •• good Idoa to u.o funotlono 'Loeln,ld.'. 
'Loon.ar', ItC. N~lch "'10 dlrlctlw frOM an objOat to t~1 ,"ODI't~ 0; 
~avl"g a location r.l,t.d to thl objlct, WI ""ould thon avo d t;.atin, 
locations a. Iloarltl sort •• Hayln, • 'Dlclal oort '0, locatlon, t, 
Droblbl~ I good Idea, 1, ""I DIan to 'uooo,t the thoor'.-o;Ovl; Nith 
'0.' kind of natur" IIIOdll. 

Axia •• 'or t~e cOlllolrlson 0' Idj.ctiy.s 
.----------------.-.-----------.. ------
W. u •• the follo""l~o funotlon.' 

Mor. • • THAN . , Corou,tl .. • obJ.ot. • D'ODo,tl .. l 
A. AS • • -. -• • 
L. ... • • THAN . , - . -MO:lt • • AMONG •• [DrOD.,tl •• • DrOD.,tl., • oroDortl .. l 
L. ••• t • • AMONG , . -. -
Th •• I,nlno of th ••• Punotlon, ,hould b. cl.I,. E.a •• lo., 

< 

o.t., IS Mor. tall THAN John 
Jo"n IS LI" tal, THAN o.t.r 
John IS A, tall j~S . dick 
oeter IS Host ta I" ~"ONG (brother OF' dick' 

Th. lalt Ixor •• lion I-s Intlndld to .aw that Poto, la a b,ot~o, of 
Dick. Ind that no brotho, of Dlok I. tailor than Potor, Iithou.h •••• 
may be I. tall I. P,t.r. If ',t.r I •• trlctlr tho 'alii.' of Dtak', 
broth.rs. "". Cln ""rit. tho Itron"r .tat ••• nt 
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D.t., • T~. ,Mo.t tall AMONG (b,ot~'r or dick») 

To 'Iolaln that two DroD'rtl.. ar. .ac~ oth.r'. oDoo.lt •• , w. 
lntroduc, a Monary function 

Unl [DrOD.rtl.. 4 oroD'rtl •• ] 
to b. u •• d Ilk. In 

D.t'r IS UnCold' 
~oun, • UnCold) 

In c •••• wh.r •• o'rtaln natural 'anOu.,e o.r.it. I,v'ral ooDo.lt., 
of .n adJ'otlv. C •• g., both 'tall' and 'IO"g' ar. EnOll.~ oD.o.lt.~ 
of -.hort'), w. 'ha,' taka the .tandoolnt that thl. I, a ca •• of 
, •• Ieal a.bllulty C'or '.hort') or of ImDO"d r.dundanc~ C'tall' v •• 
'Ion,'), and that the •• t of DroD.rtl., mu.t b •• Mooth.n'd by u.in. 
two dlff,r'nt IndTvldual' to r.,olv. the a.bllulty C·.hartl' ,nd 
·.hort2', or by •• r,lnl the two r'dundant Droo'rtl.. Into on, 
C',on,+ta,I',. WIth .uch arrang ••• nt., the function 'Un' can b •• ,d, 
una.blgou •• 

Notio' the dlff.r.nc' b.tw"n 'Not p' and 'Un D'. I' the kind of 
orDD.rty •• Dr •••• d bY 'D' and 'Un D' I. not at .'1 .Dolle.blt to .n 
obj.et, th'n the obJ'ct h •• the DroO'rty NoteD', but not the DioD'fty 
UnCD). For •••• DI •• w. ,.y th.t • Iton' II 'Not(haDDY'" but not th.t 
1t I, ·Un'haDDY)'. 

Now 10M, a.lo.,1 

(CADJ l' m IS Mor' D THAN k It. k 15 Mora D THAN 
" :t II IS "or. D THAN n 

(CADJ 2, .. '" IS "or' D THAN II 

(CADJ 3) • IS L.,. 0 THAN k 5 
k IS "ore a THAN III 

(CADJ 4, • IS Mor' 0 THAN k :t 

• IS More D THAN Any UI D AS Ie) 

(CAOJ 5, • IS Mor' 0 THAN k :a 
Any CAl D AS M' IS Mor. 0 THAN k 

(CAOJ 6) • IS A. D AS n :a 
n IS AI 0 AS III 

(CADJ 7) n IS AI 0 AS n 

(CAOJ 8) m IS Mo,t D AMONG Q i 
(M IS a flo NO a IS Mor' 0 THAN "') 

(CAOJ 9) M IS L ... t D AMONG a -C. IS a flo No a IS L ... D THAN M) 
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(CAD., 'I' 

(CADJ 11) 

CCADJ 12' 
(CADJ 13) 

(CADJ 14' 

D • Un(UnCD») 

UnCD) sua Not(D' 

A, D AS n •. A, Un,,) AS n 
a. D AS n EXCLUDES Mol" D THAN n 

Mor. D THAN n • L,.. Unto) THAN n 

(CADJ 15' MOlt D A"ON~ Q 
A.TD~' for •••• ur •• on .dJ'ct'., • 

• L •• ,t Un(D) AMONG Q 

. -------------.-... _-------------
W. u., the followlng functIon. 

"tr¥ 
R.th., s,' ght I ¥ 

••• . . -
W •• I.D '.IUM' that .y.,~ obJ.ct h ••••• ctl~ on, of the tollowin, 
Droo'rtl ••• 

V'rY D 
Rath,.. D 
SII.ht'~ 0 
hot D 

;0; 'Y'r~ 'b •• le DrOD.rt¥' o. (V'r~ D. Aath,r D. ,tc. aI" not • ••• 10 
DrODlrtll", 10 w, dO not a.IU.I conltructlon. Ilk' 'V'r~ R.th.r I'). 

50.1 a.lo ••• ,1' 

CM~OJ 1) 
(MAOJ 2) 
CMAOJ J, 
OIAOJ 4, 
(MAOJ 5, 
(MAOJ 6) 
(MAOJ 7, 
C",'OJ 8) 
(MADJ 9) 

(M"OJ 11 a-c1 

Vlr¥ 0 EXCLUDES Rathl .. , 
Rathl, 0 EXCLUDES Sllghtl~ 
v.r~ 0 EXCLUDES 51 lohtl~ , 
V'''Y D SUB D 
Rath'r D SUB 0 
Sllghtl~ D SUB p 

D 

AnY V.ry D IS Mo,. D 
An~ Rathl, D IS MO'" 
Any VI .. ¥ D IS Mol" 0 

THAN An~ R.th" D 

IIIl$AsDASn 
n IS OD D 

(WHERE OD • 

D THAN An~ SlIghtly D 
THAN An~ S'l.htl~ ai·. 

• IS OD D 

VlrY, Rathlr, Slightly) 
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5. CONCLUSION 
•••••••••••••• . . , I 

. In t~ls DaDlr.Awl ft ... oroDo •• d a I.t of function. and ,.Iatlon. tftat 
~~. elll~ ar. lood fa, "-'.D, ••• 'nO a cro •• - •• ctlon of tYDloal NL 
con'truetlon,. W. ft.¥.~ ~n .om. 75 a.lo~. for th ••• function. 
and rllatlon.. Thls I. an ordlr' of magnltudl ~1.Dlr than the a.io. 
,.t, that Cto ev, kno~lldDI) havi b.fo'l bl.n u.ld In thlor'.-Drovina 
aroa,aM". and It should orl.lnt a chlll.ngi to thlm. )r, 
SaM' of thl'arobl.ns that should b' tr'atld nl.t ar.: 

a. Auto.at. the tranllatlon f'OM •• ,mDI Iflld natural lanauag. to 
thl notation Dr ••• nt.d hlr •• 

Thl rladl, will hav. notlc.d that In dlvlloolnG thl notation, w. took 
con.'d'rabll d'llaht 'n .taylnG clo,1 to NL conclDt, and 
for_ulatlon •• Thlrl ar. good and bad a'olct, to thi •• ana aood a.oact 
1, c.rtalnly that It ,hould .IMDllfy tran'latlon. 

b. Polish UD and •• tand thl a.'o~ ,ltS. 

Thl a.lo. 'at, that havi blln glvln In thll sCltchy oaolr ara 
'OMI~hlt haahazard. and th'Y n'ld debuaGlng. W. submit that tha. 
dabu.glna can ba.t bl OlrforMed In Intaractivi Ixo'rl.lnt. on a 
eOMoutlr. and that hUMan think Do-.r II not .ufflcllnt. WI Iub.lt. 
furthlr. that thl crltlrla for 1IIIctlnl an a.IOM 'It .u,t bl tho,. 
of DOW.r and at cOMDutatlonal .fflcllner, and that the crlt.rla 
ulually uSld In loale C.II.anCI, Minimal I.t of .xlo~., ItC.) a,. 
lara.ly Irrilivant. 

o. DavlloD .hort~eut •• thod. whlrlby • th.or.m-orov'r can .anlDulatl 
the al.lb,a. on Droolrtl •• and ,vlnts In an Ifflellnt way. 

d. Try to ,It '0.1 handl' 
Int.nd'd to convlY 
•••• rtlon. a"d which 
r'Qu •• t. (au.,tlon.'. 

on tho'l .,ntone" in NL Which ara not 
thl Infor.atlon of thllr 'fa9' v"u., 
a,a not Ilthir I"t,nd.d a, Info,.aton 

Ha"y of the •• nt.nC.' that w. u,. '.v.n In rl.ular. non-fiction 
oro,') .r. Dronounc.d only In ordlr to focu. thl 11.tln.,'1 .ttentio" 
on 10.1 faot th.t h' alr.adr know •• or to tell the 118tln'r that the 
ID •• klr k"oWI • c.,t.ln fact and h., account.d for 1t, .to. 
St.tl.lnt. .f thl, kind arl not adIQuat'l~ hand lid i' WI •• r.l~ 
t,an,Iat. th •• 'nto PC ."d Ihuffl' th •• Into a data b.... Thor .u.t 
'I t,.ated ault. dlff.,.ntlr. Wa consld.r tht, the MO.t IMDortant 
(and .110 the .Olt Iv •• lvl) D,obll. In NL Droc.,.lng tOday. 

26 



RErERENCES 
•••••••••• 
All." 197. 

Gr.'" 1969 

H.n. 1969 

Lucid, •• 197. 

McCarthy 1969 

RODI".on 1969 

Sch.nk 197. 

J. AII'n a"d D. Luokha. 
An Int.ractiv. Thlo,I.-Drovl". PrOI". 
Inl Maohlnl 11'1,.1 I lalnc. 5 

CB. ".Itz'r, D. Michll, Idll) 
EdinburGh Unlvlr.ltr Pr •••• 191' 

C.C. Grl.n 
Thlorl.-Provlna br R •• olutlon ••• a •• l. fo, 
QUI.tlon-An.w.rlna Sr.t ••• 
11'11 Machin. Int. I I lainci 4 

(0. Michl" Id.) 
Edlnbu,Oh U"lvlr.ltr Pr"" 1969 

p. H.)'I. 
A M.chlnl-Orllntld ror.ulatlon of th' 
Ext.ndld runctlon.I Caloulus 
St.nford '.1. P,OJlct MI.O , 16 

D. Luckha. 
Rlfln •• ,nt. In AI.olutlon Th.or)' 
Proc. IRIA S)'.DosluM on Auto •• tlc O •• on.".tlo" 
SDrln,lr VI,I.a. 1971, D. 163-19. 

J. McCarth)' and ~. H'YI. 
50.1 DhjloiooDhlt.al orobl, •• froM thl .t.ndDolnt 
of artificial In,.IIIOlnc' 
11'11 Machin. IntelllalnCI 4 

(0. Hlchll, Id.) 
EdinburGh UnlVlr.itr Pr •••• 19" 

J.A. AOblnsol'l 
A Maohln,-orllntld Loalc •••• d on thl R •• olutlon 
PrlnolDI' 
Journ.1 of tho ACH, Vol. 12 (1965), DO, 23-41 

J.A. Robinson 

Inl Maohlnl In'IIIla.no. 5 
(8. Hlltzlr, D. Hlohll. Idl.) 
Edlnburlh Unlv'rllt)' Pr •••• 197. 

R. Schank. L.T •• I.r. S,W''''r 
SPINOlA III ConclDtu'l Ca"-ba •• d Natural 
Lanoua,. Analy.tl 
Stanford A.I. ProJ.ct M •• o , 1'9 

27 


