Self-Awareness through Access
to Self-Knowledge

“I can play the piano”,

“I grew up in Ohio”
“I'm an aspiring scientist’
t “My best friend is Alice”
~r

Self-model = knowledge about oneself that
can be accessed, and can be used together
With general (stored) knowledge to reason

(& talk) about oneself in relation to the world.

But how can we represent such self-knowledge
and general knowledge in a machine?
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REPRESENTING KNOWLEDAE
IN FIRST-0RDER Losuce (For)

Much. of the knowledne that we |
can iwformu exjoress n ardim.vy

P e can ormally wmares -
ew?k FoL ‘(: 7 |

But u-(l ouv 30«.(, 's To caplure such
‘verbalizeble " -fm:‘f:) why net use
ovdmary lanause (Englsh, Maudariy,
Sanskrit,..) 27 '

WWWVM Q
. "I SAW THE Moong oF JUP\TER ©
WITH & TELESCOPE LAST NIGHT * %

o AURIGLOVS
o INDEXICAL
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FOL avoids ambiﬁuﬂ‘y’ mdexicality™ "7

° usc'nﬁ bmcke'(’s
0 usin% ummbiquous SXMBOLAS_

o us{ng {I'ovmlized versions o-P- -
and “or, not  yuplies
° usan 3) V) and variables o

talle abouT exn‘rhi«.a, unsyneoi{l{af(
individusls  or aboit all imeluviduls

* T its wodt aeneral sone, ‘{wtcm'ulify’
reters 10 all The contextual Jactors that
W Mean.t'vsg " \w:h&dma. backﬂmum( k”w(euge.
Covswder : |

T the storm, o e, foll on gur voof. [efbmepues
I'lurul @ crew b:{'gm;’;; _t_i}___, mgvgcl .

-Dlﬂlosw: ‘ " . dmucvlamj
1) I"‘ s.t“d" “3 w#r \ evr SCeNee . < wm Q‘bo .‘ 21
"I woctly welth ection wovier . e Y
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We need at least the expressivenes
of FoL if we wishe to
o vefer Jo ndividuals

Nedon , oSCZ¥Y | Rowe X ...

o express pra,oe‘rfies :

Nasdie 3 a\‘nﬂ_(_e 5 Ode has mbies y,

o express vetod'ionskips + The Morning Star s che.s),
Roweo loved Tuti&f) M. Curie Acseoverasd mdcim)
the population @{ the worls exceeels 7 billion | ...

o expres alternatives . (V)
yeu got to school on fool, on a bicyele,

y buc, or by car .

e

o erpress negative fucl—g : ()
There it no &,fi: on Mavs

o efppves geneval facts : (V) ‘
AL poodles ave dogs , ALl (Living)

———

parents are elder thaw thetr childven
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RS ORALYAL,
SYNTAX OF FOL | - see mduchve
_ defimtion
" o Preducation and cfu.a.u'ly
Dogq (Fide) |
Loves (Roweo, Juliet)

l'lom{n%-&mf = Planet-Venus

o Logwal sonnectives
“Likes (Cheney , Nader)
Loves (Zaucaﬁul.ie'l') A Loves (‘J’u.l(ef, Epmgp)
At-home (Mary) V At-work (Mary)
Poodle (Fiti) = Deq(Fifr)
(A>T) &> (B<A)
v Pwoit(tkg mbl,j wd'y
(PR v 1@, B)A R (8, %)

(oﬁ-it‘,l'ol.uy, conynchions, dlisyunctions | quartified
sevlenees / &cc;ualf"l’{cs ave MW%YS bv'uckc-[’“()
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o Funchions (jprefuced & wefixed) ¥
Hot (surface -of (Planct: Venus)
|arger-than (surface-of (Burth), surface-of(Vens)
Sum (weight (Tohw), weight (Mary)) = 200
wu’akfﬁow) + ,wec'ﬁu- (Hary) = 300 \\ 25

releTions
e Quarhfication
(Vx Entity ()
(Vx (Poodie () => Dog ()
(3 x RCobet ()
(Vx (Robst(x) = @y Bult (y,)))
(Yx (Robet () => = Iulelligent(x))
(3% (Robot () A Tntellisa ()
Robet (Daneel) A (Vx (Robet(x) = x = Daneel )

% Funcliong are singte-vaLued relations
and can be partial or total
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S:{M,W 0{' FDL;{ wmore -eprm%

<fwfi\/M ww&‘\’awﬁ} a= ARLE [ Tohn | Blerkd | Blockz| .~
(vaviable) = x [yl z | xt ] x2| bloc| --.
(fuwdr‘mu sonstanct ::= alblc ] wcigkﬂsum [ mO'HfuﬁV‘-oH
Clerwey 1= (individual eonstaut)y |Cvariable) |
(funchion constant) ((termp, .. (terwey)
(Fvcdica}e cows{wcb & A\&lQlDoK[Lovu\ch.s[...
{brrary comvectives 11 = |V >|e | e
(formula) 1= ( p\(cd(:ca:té coustaud) ((rermy, ..., femy) }
(Crewny = Ctevrmy) | =1 (formulecy |
((forWlIO binary GOVLKCC—{’CVC> <fOVW(&>> l
(vvariabley (formula)) | (2 Siariabie) (formuclay)

or V{var) ¢ {form.) or Ivary. (Fovm.)
IQO:ES .
&> ave wmedg[iguisic symbols (st part of- the
language lvcfucd ﬂte(ifuai)
-?uno{{m 2 cha@ica'k sonstambc are sovted wio 1-place )
2-place, - avd maesT be used cwsisbdhf R way
idivi duad sowstavtt alco wclude 0,1, 2, »
funchisn sonctantt also melude b Lanchons . + ~%x/tuN
Freaﬁca{—e constants also melde [nﬁx \fvedac‘ca.(':s <>S2€

‘ . coc2
(_uwuk( =, Yhese ave -Frccu{ kavaehQQ )



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




Not all knowledge is symbolic ...

Some is analogical at the feature level

AN s FURAT I!- o [ Ji bl R gl
& oby ision THEF BPEdw ot <R
adld BN, hblﬂ QA % ECa ﬂﬂﬁs

mammal —— placental —— carnivore —— canine —_ ——workingdog —— husky

AvE Qs aE™ 1Y | Ehﬂ ENS
mlE e ald wal [z IE!
o f7% - TIRF N Eaal) Wi Mpcid

vehicle craft — watercraft — sailingvessel —  sailboat —_— tnmaran

A SIMPLE NEURAL NETWORK

e.g., new image of a dog = output "dog” (or “beagle”, etc.)

In effect, the NN makes an analogy between the training images & given new ones

A woman fell in love => The woman was happy;

A man had an accident => The man was unhappy;

A child received a present => The child was delighted;

A student was mugged => The student was furious;
A man tfripped and fell => The man was embarrassed;

upscare
element-wise sum and
transposed conv.
Tement-wise sum and
transposed conv.
Slement-wise sum and
transposed conv.

Many thousands
of examples

e.g., a student graduated =>» The student was proud

In effect, the NN makes an analogy between the [premise => conclusion] examples
& the conclusion that corresponds to a new given premise (also “learning English”)



Not all knowledge is symbolic ...
Some uses analogical representations

* Imagistic knowledge (3-D visualization) [Miller, Kosslyn]

e R o

Consider the following situations:

a. "Walking alongside the lioness, Joy Adamson stroked its head".
b. "Walking alongside the giraffe, Joy Adamson stroked its head"

For a computer, use graphics rather than symbols

* Temporal knowledge (before/after, when, duration)

e = > The arrow sequences
\. >—> are analogues of event
> sequences

* Taxonomic knowledge (type hierarchies)

Phys- ObJ Phys-stuff Abstract-obj
Non-@ Living | \\ / \ \
VAN
NaT obj Ar-hfac'r C;ea‘rur'e Plant\
\ / \ Human mal\
/\ /\
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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;)"




