Owverview Kanerva's Perspective

& Distinbuled representalion for natural Esyguasge and anakogy. & Human nieligence and inguage are undamentsly analogical
#= Peniti Kanense Dual role of aralogy in the design of & ocognitiee i )
compuier. In K Holyoak, D. Geniner, and B. Kokinow, edilors, = [Danger in relying oo much on the computer metaphor.
N T LR St Rl = Girawth af human mind is largely due 1o analogical perceiving
frovm ifer Cogentive, Compulatonal, and Newald Soenoes, pages ard) hinking.
164-170. 1998,

= [mitation is a more advanced form of leaming.
= Peniti Kanensy Large patterns make grest symbolss An example

of lesming from example. NIPS*98 workshop, 1998, ® Possibility of the coevolution of analogy and kanguage.

& We musl pult figurative meaning and analogy o the center, 1o
desagn a new kind of “cognitive™ computer.

Kanerva's Perspective: Continued Binary Spatter-Code (Kanerva 1998)
101100010101 10710101 01000 - - 1011070

* Space of Representation: kege N -dimensionsl veclors [where
N i wery lanrge, 1, 000 << & < 10, 000, The wechors can

# Descripion v explanation: lermalismes are good ke describing,
bt may not be good enough o explain comples thmgs ke

human thaught.
represent:
# The main focus is on patlerns generiled by sensory mput and 1 sablees (rode)
mew paticeres that are desined. i )
# “Human mind conguers the unknown by making anakyges o that A, composed stroctures, and
which e knoem, it understands the new in lerms of the old. Inoso " |
domng, il creales nch netaorks of mental connections and
N all m the same space.
becomes robus)”

= [ltem Memory and Clean-up Memory: Viechars reswlting fram
manipulations are nol exact, ad a lookup Eble of vabidknown
veciors i needed o comect emors inlreduced during the

rmaanipulations.
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Binding and Unbinding Binding/Unbinding Example

o Mol and hiller wechars:
Operalors:

» Binding: Basically a bil-wise XOR funcion. x = 1111011011

a = 0110111001

X & A, where
= Hinding
i @ aq,foralls = 1N, %@ a = 1001 100010
where x and & are vieciors and the meaning of the operation s
& LUnbinding

the wamiable assignment © = a.
# LUinbinding: Aetrieve sther the robe ar the fler.

a@(x®@a) = 1111011011

You can wse matlab to iry this:

Xx@H(xEa)=a (reineved the fler) x=[1111011011]
a=[0110111001]

a®(x@a)=3x (reheved the noke) 0. 2)
Sp—
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Merging Property of Merging
& Merging: superimposing, also known as bundling or churiking Praperty of the menging opesator:
through nommalized sum: e the resulting veclor i similar 1o all constibuen wecors,
G+ H), & Example: given 10,000-dimensional random wechors %, v, &, and

I, v can calculake
whese each resulling bit i determined by a bil-wise majority

rule ko each bil position with ies broken radomly (i.e., when m = {x + ¥ + £},

the number of 0% and 15 are the Ssme). e - Ficients: of Hhe lirg —

# Examgle: the relalion [ A, 7)), represented as 1 = A and corstituents are around 0.5:
it corr{x, m) = 050, corr(y, m) = (L48_ corr(z, m) = 051
R=i{r4+rl@A+r2aB),

e 1 i e roinies of the pelation, F1 e frt ke, F2 e while-for anciar Sadom vacks I nol maped i m,

second role, and A and B the fillers e[ E, m) = (.01



Example of Merging

n

¥ =

%

1101010110
(W11 110
1 LENMB L0 L0M)

x4+ ¥y + 2 =22011213M)
(% + ¥ + =) = 11001101 10

Faor excample, in Mallsb or Oclave, try:

x — [(aigni{rand(l, 10004) 0. %«onas (1, 10000]) ) +onea (1, 100001 3 F2;

¥ - [(aignirand{l, 10004} 0. S«onea (1, 10000) ) +onas (1, 1RDOD) ) A2
m - {sign{i{x+yl-1.%+onas (1, 10000} )+onaa {1, 1LODAO) ) /2

and calculate corrooef (=, m), elc.

Given a representation | ko relation +( A, ), you wan o find oul

Probing

whal the first role 1 & bound 0.

R=r+rl@A+r22B)}

& Simple unbird H with r1:

Al =riah

A’ rigrt+ri@{ricA)l+ric(rzaid)), by dsribtiity
A" ={ri@r+ A+ rl & (r2 e B)}, by unbindng,

thus, A’ is similar bo A

s Other simikar vectors rl & rand rl & (r2 @ B) are not in the

ri@{r+rl & A +r2 @ I3)

dlesnup memory and are realed as noise.

= Among all polenlial fller veciors, we can find which one is moest

similar bo A

Distributivity

» Distributivity: binding and unbinding operstors can be
disiributed over fhe menging operalor.
x@IG+H+L =x@G+xaH+xaI)

* This property i key in the analysis of BSC.
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Advanced Operations
# [Mulipl: operalions can be slapped iogether, e.g., mulliple
subshitutes.

# Mappeg can be done in many dilfesent ways:
= mappiyg between things that shawe struclures,
= mapping between things that shaee objects, e

» Hiokstic mapping and smpie analogical retrieval,
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