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REPRESENTING Kn;wLEME
IN FIRST-0RDER Loaue (Fou)

Much of the knowlcatge. thot we
ean iwformu exjoress I ordimwy

| mall 4
:w? can (-’ar Y Yepves

W W FOoL

But if our goal isfo capture such
‘verbelizable” facts, why ot use
“ovdwnary lauauge ( Eu.‘l.s':‘\., Mavelarin,
Sanskrit, ...) ?7 consider truth, reasoning

‘Q’

I SAW THE MooNS oF JUP\TER &
W ITH & TELESCOPE LAST NIGHT ?

"

o AMBIGLOVS

Open question: How can LLMs
® \NDEXICAL |help us get from NL to FOL,
while abstracting away irrel-
evancies? E.g., suppose we
want to infer that the sky
was not clouded over...
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FOL avoids ambiﬁuﬂ‘y’ ;M(ex;mafydr By
° uSI'na bmcke'(' S

0 usin% ummbijg.ous SXMBDLS

o us[ng {:‘ovmlized versions 3‘0. |
and or, not wuplies
o us(ml 3) V) and variables o

talle about exishing, unspecified
individusls  or abowt all ineluvieduals

* T i wodt qeneral sone, “indevicality”
"m o\l Fie contextual Jactors that

W meaning , mcludmg backﬂmuml lcowlerdge

Covsider : - [ :

T e forw, o T, Foll on our roof. [l
TR E T e

-Dinlogue: challenge |
"Tw s'l'ud\, Wy W\Wrﬂ' SCIENEE . ~
"I woctly welch action wovies .7 Ry
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We need at least the expressivenes
of Fol if we wisk. 4o
o vefer Yo mdividuals

Nuh;a, gsczwy l?.om.e_, g - -

o express Pmperfie: :
Naslia i3 a\'ngl_e , Odie has mbies | ...
o express reloctionships @ The Horning Star i Verus

Roweo loved TuLi&‘t‘) M. Curie Acseovevad mdaimj
tHee pgi«ld‘ion a{ the worldl exwedx 7 billcon -
o expres alternatives « (V7

yeu got to school on fool, on a bicyele,
by bus, or by car.

o erpress negative fud;g : ()
There it no &:&c on Mavs

° eppves geneval facts : v) :
AlL poodles ave d%_% , All (Living)
pavents are older than thew chuldren
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R ORALVAL,
SYNTAX OF FOL | - see mduchve
_ deliition
" 6 Preducation and efuwly
Dogq (Fide) |
Loves (Roweo, Juliet)

l'lom{n%-&mf’ = Planet-Venus

° Loaical. aonnectives
tLikes (Cheney , Nader)
Loves (Roweo,Juliet) N Loves (TulieY, Romeo)
#t-home (Mary) V At-weork ( Hmy)
Poodle (Fiti) = Deq(Fifr)
(A7T) &> (B<A)
® Pwoif(ukg Mbtj m“'y
(P v "R, BN R (G 4

(OHH‘,I'd.uy’ wn}uno‘h'om, dt'sjuuc;l's'ans - f(uau.',h'{-ia(
sevilences / &qualf‘l’{cs ave thﬂvYS bva,ckg{'“()
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o Funchions (jprefueed & wefixed ) i
Hot (surface -of (Planct: Venus))
|arger-than (surface-of (Garth), Swrface-of( Vmu»
Sum (weight(Tohw), weghtt (Mavy)) = 200
weight (o) + weigie (Hary) = 300\ _
weight (Takn) > weightt (Hary) _— infied

relcTions
' &uanthca.‘hOM
(Vx Entity ()
(Vx (Poodie () => Dog &)
(3« Robet ()
(Vx (Robst(x) = @y Bult (%))
(Y% (Robot () => = Tutelligent(x)))
(3 % (Robot () A Tntelligad ()
Robet (Daneel) A (¥ (Robot(i) = x = Daneel )

% Funcliong are singte—valued relations
and can be partial or total
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&/wbuc 0{' (:DLT, WMore form%

(\“uﬂi\/w dowd’awf} o= ARLE | Tohn | RleckA | Blockz| .
(vavioble) = x|ylz|xt] x| bleca] ---
({uwcﬁow tonstant 1= albic| weight | sum | MOW\”‘?{ [~
(e 1= (individual eonstauty |(variable |
(fuvtd'iou conctart) ({terwy, ..., (terw)
(\ovcdicc&e cows{wd> = A\&l(‘_lboKILovc_\\chsl...
<b\kay CO%MCHV€> = K] =>[<—") &>
{{lwwtulq) sre pvcd,(:caf(é consiant) ({ termy, oy (o)) 1
(Crewiy = termy) | 1 (formuley |
( (formmlay bmary downca{—iw} (-Fovmf.«}) l
(vvariable) (formula) | (2 Sariabley foruslay)
or V{var) ¢ {form.) or TLvary . (Fovm-)
Nodes :

Loy ave melglingwistic sywbols (ust part of the
language bc{vwd ﬁte(:fua&)

,'?"“'tr’{'{m ¢ Ym:’am'k constamtc are sorted wio l;&lace :
2-place,--- and muesT be used cws?ﬂm‘fhf S way

Lh,d,{\/ipwwﬁ sowstavty alco wclude b, 1z, ,

-%und’l«;% OOMW"’& also L;LC(A&D@C p.'LE)( -Func-{—fvwg .t —-*/‘T vn

‘sreaacai-e ponstrwdy also helude mfix Wcééca&ts <>S2E€

\ g -
(_uw(«okc =, fhese ave -F\rchL{ \,w\cv‘ywe{ué(g wr)

2



ray

Kensonwa
ﬁe_rrolpd ‘s (Robbie's) KB E

{ Robet(Robb ie), Located-ue (Robbie, lochester, CurrTme¥)
Dog (Sneopy), Person(Tack) 5 ( 4
(Vx) Rersonly) = 1 Robet () } w&is::(s:) &Eo?o't(xo
(9x) Dog(x) B - Person (9
(vx) Dog() = = Rebet (<) 3

Question i * Nre you e person. Person(] Rotbic) 7

Kusomﬁs_: Rersonx) V- Cobst (%) , Robot(Robbio)
| Person (Robbie) | c.e., "No”

Question 2: Where eve you?

@x) Loeaded-in(Robbic, X , Curr-Tme®)

?easwc‘&a_;_ Tedmdick & fo Rochester , ca )
® (. Rockester 7

Ruestion 2 : Ts there o olvs.) @) Doglx) 7

Keasonng - ..Efv\fl’awll’('nllt x 4o Snoopy; w.e.,
b SMOP]"
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M « What can be M%@U»Y &\wac::ca( e Wordy
tan be m.{rw»aﬂj &\vaesscd m €a§ic

Types af mference from facks
=&t 0 g = ¥

» Deduwckton @
-—HM\{ hos a anﬂ&e nomed Tl ot
DOES HMavy #AVE A DOG v Pt
- Lule ¢ FE's mother @nd is alive) Wfﬁé
TS 1ULD VYOURGER OR OLDER THAN FIF!? dﬁc
- Bl afe a eookie
WHERE DID THE coplhE (O P
s Uneertam & nonmonoteuic [wfcwwce |
—(2 Ve Cow(d{) Haaf TWCd‘(»j s a sanaly, HWCjM
TWEETY PROBATLY FLIES ba y. inference
— Guiven thedt John it s Lm R has a ore throat sclfce::“
but wo fever, he pro ob&( hat a co(.ﬁ( aition,
Qll
o Abducton atogy

_ Guven. that all the crowe TVve seen ave (o(ad(
conjecdure that ALL CRowS ARE WTLACKH

e PLaww\w%/

- (aivent W C&”’Q 4o cet 4o Mitme Nev.2 ,
T <hould book a fa‘ahi) aryan(c {%r TR
Yo sub for me, el

Advortaces &g Lmtc as K=

— \C,V\QJA‘ Lb{
— w(—"ﬁ‘f\' Yf{'ﬂ ((vb/

-~ wrerin ! G/(y
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What abeut "how to" knowledge ?

® ﬂauY skills are havel 4o express
~ wmwwords | € seewe dvo low-level do be
expressed declarmhively (it seemes

better fo wse weckaniw/proceduver
to wmplewment ov weodel thew ).

~ how the tune -Ew‘ “Twinkle ,'l'Wt‘wk(.c“
— kow o ride & bike, cateh a ball ,
wte chopsticks, +ic skoelaces, . ..
- how Yo wnterpret vetinel 150(.13&8
~ how to speak gmm‘im@,,
- kow to learw

° Proeutu.m[ kumolulge ocan be J“d"L&
\"mv\spurev:t and "l.o?icuﬁ“ @l
fachal kuowcclge
- recipes, asse ishutchion ¢

cuetge)uoy P‘:‘:bclzung, g‘( .)
- dynawic eoqic |
— procedures wriltew at a lu'élv. bevel y

with all sywbols wmeanivgfiel w the domam
(no “extraweout xyw,bol;)"




