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io

na
l 

cl
as

s 
of

 s
ys

te
m

s.
 T

he
 o

bv
io

us
 

ca
nd

id
at

es
 w

ou
ld

 b
e 

op
en

-l
oo

p 
ad

ap
ta

ti
on

s,
 s

uc
h 

as
 t

ho
se

 c
on

st
ru

ct
ed

 b
y 

ev
ol

ut
io

n 
an

d 
hu

m
an

 d
es

ig
ne

rs
. 

E
xa

m
pl

es
 w

ou
ld

 b
e 

a 
bi

rd
's

 w
in

g 
or

 a
 w

he
el

.
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S

um
m

ar
y

T
he

 o
bj

ec
tiv

e 
of

 th
e 

bo
ok

 is
 to

 b
e 

co
nv

in
ci

ng
 th

at
 c

og
ni

tiv
e 

sc
ie

nc
e 

is
 r

ea
dy

 f
or

 u
ni

fi
ed

 th
eo

ri
es

 o
f h

um
an

 c
og

ni
tio

n.
 S

o 
fa

r,
 I

 h
av

e 
be

en
 

la
yi

ng
 

th
e 

gr
ou

nd
w

or
k.

 
I 

ha
ve

 
in

tr
od

uc
ed

 
th

e 
m

aj
or

 
co

nc
ep

ts
 

ne
ed

ed
 t

o 
de

sc
ri

be
 c

og
ni

tiv
e 

sy
st

em
s 

ge
ne

ra
lly

, 
an

d 
as

sa
ye

d 
th

e 
m

ai
n 

ou
tli

ne
s 

of
 t

he
 h

um
an

 c
og

ni
tiv

e 
ar

ch
ite

ct
ur

e.
 M

y 
st

ra
te

gy
 i

s 
to

 p
re

se
nt

 a
t 

th
e 

ou
ts

et
 a

ny
th

in
g 

th
at

 c
an

 b
e 

di
sc

er
ne

d 
ge

ne
ra

lly
 

ab
ou

t 
th

e 
hu

m
an

 c
og

ni
tiv

e 
ar

ch
ite

ct
ur

e 
so

 t
he

re
 w

ou
ld

 b
e 

ju
st

 t
ha

t 
m

uc
h 

le
ss

 t
ha

t 
w

ou
ld

 h
av

e 
to

 b
e 

po
si

te
d 

in
 a

 p
ro

po
se

d 
th

eo
re

tic
al

ar
ch

ite
ct

ur
e.

I 
ha

ve
 p

ro
po

se
d 

th
re

e 
in

gr
ed

ie
nt

s 
as

 g
iv

en
, f

ro
m

 w
hi

ch
 to

 e
xt

ra
ct

 
th

es
e 

ge
ne

ra
l 

fe
at

ur
es

 o
f 

th
e 

ar
ch

ite
ct

ur
e:

 (
1)

 t
he

 h
um

an
 a

rc
hi

te
c­

 
tu

re
 i

s 
co

ns
tr

uc
te

d 
ou

t o
f n

eu
ra

l 
te

ch
no

lo
gy

; 
(2

) 
co

gn
iti

ve
 b

eh
av

io
r 

is
 c

le
ar

ly
 e

vi
de

nt
 a

t 
ab

ou
t 

on
e 

se
co

nd
; 

an
d 

(3
) 

co
gn

iti
ve

 b
eh

av
io

r 
re

qu
ir

es
 a

 s
ym

bo
l 

sy
st

em
. 

B
ec

au
se

 c
og

ni
tiv

e 
be

ha
vi

or
 s

ho
w

s 
up

 
ra

pi
dl

y 
in

 t
er

m
s 

of
 h

ow
 f

as
t 

ne
ur

al
 t

ec
hn

ol
og

y 
o
p
er

at
es

 t
h
e 

re
al

- 
tim

e 
co

ns
tr

ai
nt

 o
n 

co
gn

it
io

n 
th

ey
 p

ro
vi

de
 e

no
ug

h 
co

ns
tr

ai
nt

 t
o 

ob
ta

in
 s

om
e 

us
ef

ul
 r

es
ul

ts
.

Fi
rs

t 
of

 a
ll,

 
di

ff
er

en
t 

co
gn

iti
ve

 
w

or
ld

s 
at

te
nd

 
di

ff
er

en
t 

tim
e 

sc
al

es
 o

f 
ac

ti
o
n
s 

th
e 

bi
ol

og
ic

al
 b

an
d,

 w
hi

ch
 i

s 
st

ill
 i

n 
th

e 
re

al
m

 
of

 p
hy

si
ca

l-
ch

em
ic

al
 l

aw
; 

th
e 

co
gn

iti
ve

 b
an

d,
 w

hi
ch

 i
s 

th
e 

re
al

m
 

of
 r

ep
re

se
nt

at
io

na
l 

la
w

 
an

d 
co

m
pu

ta
tio

na
l 

m
ec

ha
ni

sm
s;

 t
he

 
in

- 
te

nd
ed

ly
 r

at
io

na
l 

ba
nd

, 
w

hi
ch

 i
s 

th
e 

re
al

m
 o

f 
kn

ow
le

dg
e 

an
d 

go
al

- 
dr

iv
en

 r
ea

so
n;

 a
nd

 a
bo

ve
 th

at
, w

ith
 in

cr
ea

si
ng

 fu
zz

in
es

s,
 th

e 
so

ci
al

, 
hi

st
or

ic
al

, a
nd

 e
vo

lu
tio

na
ry

 b
an

ds
. 

O
ur

 fo
cu

s,
 h

ow
ev

er
, w

as
 n

ot
 o

n 
su

ch
 a

 g
ra

nd
 s

ca
le

 b
ut

 o
n 

w
ha

t c
ou

ld
 b

e 
sa

id
 a

bo
ut

 th
e 

m
ec

ha
ni

sm
s 

an
d 

st
ru

ct
ur

e 
of

 th
e 

co
gn

iti
ve

 b
an

d,
 i

n 
w

hi
ch

 t
he

re
 a

re
 f

ou
r 

le
ve

ls
. 

T
he

 l
ow

es
t 

le
ve

l 
is

 t
ha

t 
of

 m
em

or
y 

ac
ce

ss
, 

w
hi

ch
 o

cc
ur

s 
at

 -
 1

0
 

m
s,

 t
he

 l
ow

es
t 

le
ve

l 
of

 n
eu

ra
l 

ci
rc

ui
ts

. 
T

he
 n

ex
t 

le
ve

l 
is

 t
ha

t 
of

 
el

em
en

ta
ry

 d
el

ib
er

at
io

ns
, w

hi
ch

 o
cc

ur
s 

at
 ~

~
10

0 
m

s.
 I

t 
is

 th
e 

le
ve

l 
of

 a
ut

om
at

ic
 b

eh
av

io
r.

 T
he

 n
ex

t 
le

ve
l 

is
 t

ha
t 

of
 s

im
pl

e 
op

er
at

io
ns

, 
w

hi
ch

 o
cc

ur
s 

at
 ~

~
l 

se
c 

an
d 

al
re

ad
y 

pr
ov

id
es

 m
in

im
al

 c
og

ni
tiv

e 
be

ha
vi

or
. 

T
he

 f
ou

rt
h 

le
ve

l 
is

 t
ha

t 
of

 c
om

po
se

d 
op

er
at

io
ns

, 
w

hi
ch

 
oc

cu
rs

 a
t 
 -

1
0
 s

ec
. T

hi
s 

is
 lo

ng
er

 th
an

 t
he

 m
in

im
al

 t
im

e 
fo

r 
co

gn
i­ 

tiv
e 

be
ha

vi
or

 a
nd

 s
ho

w
s 

a 
co

nt
in

ua
l 

sh
if

t 
to

 a
 r

ec
og

ni
tio

n-
ba

se
d

sy
st

em
.

T
hi

s 
ch

ap
te

r 
is 

hi
gh

ly
 s

pe
cu

la
tiv

e.
 I

t a
tte

m
pt

s 
to

 e
st

ab
lis

h 
st

ro
ng

 
st

ru
ct

ur
al

 s
ta

te
m

en
ts

 f
ro

m
 h

ig
hl

y 
ge

ne
ra

liz
ed

 c
on

si
de

ra
tio

ns
. 

W
e 

do
n'

t 
un

de
rs

ta
nd

 t
he

 f
ul

l 
va

ri
et

y 
of

 m
ec

ha
ni

sm
s 

th
at

 c
on

tr
ib

ut
e 

to

\\
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al
l 

th
es

e 
sy

st
em

 l
ev

el
s.

 I
n 

fa
ct

, 
al

m
os

t 
ev

er
y 

as
pe

ct
 o

f t
he

 a
na

ly
si

s 

ha
s 

su
bs

ta
nt

ia
l 

un
ce

rt
ai

nt
y 

as
so

ci
at

ed
 w

ith
 it

. T
ha

t 
is 

no
 r

ea
so

n 
fo

r 

no
t e

ng
ag

in
g 

in
 s

uc
h 

sp
ec

ul
at

io
n.

 T
he

 p
ot

en
tia

l g
ai

ns
 a

re
 v

er
y 

gr
ea

t, 

na
m

el
y 

to
 g

et
 s

om
e 

ge
ne

ra
l g

ui
de

lin
es

 f
or

 th
e 

co
gn

iti
ve

 a
rc

hi
te

ct
ur

e 

re
ga

rd
le

ss
 o

f 
an

y 
sp

ec
if

ic
 p

ro
po

sa
l. 

M
or

eo
ve

r,
 t

ak
en

 w
ith

 t
he

 r
ig

ht
 

at
tit

ud
e,

 s
uc

h 
sp

ec
ul

at
io

n 
is

 a
lm

os
t t

ot
al

ly
 b

en
ig

n.
 A

n 
ar

gu
m

en
t h

as
 

be
en

 la
id

 o
ut

. 
It

 li
nk

s 
to

ge
th

er
 s

ev
er

al
 g

en
er

al
 a

sp
ec

ts
 o

f t
he

 h
um

an
 

co
gn

iti
ve

 s
ys

te
m

. 
If

 s
om

e 
fa

ct
s 

co
nt

ra
ve

ni
ng

 th
e 

co
nc

lu
si

on
 c

an
 b

e 

fo
un

d,
 t

ha
t 

is
 i

nt
er

es
tin

g.
 T

he
y 

ca
n 

be
 ta

ke
n 

ba
ck

 th
ro

ug
h 

th
e 

ar
gu

­ 

m
en

t 
to

 f
in

d 
w

he
re

 t
he

 a
rg

um
en

t 
w

as
 w

ro
ng

. 
T

ha
t 

w
ill

 b
e 

in
st

ru
c­

 

tiv
e,

 b
ec

au
se

 t
he

 a
rg

um
en

t 
ca

n 
be

 t
ak

en
 a

s 
th

e 
ob

vi
ou

s 
lin

e 
of

 

re
as

on
in

g.
 T

hu
s,

 th
e 

fo
rm

 o
f t

he
 a

rg
um

en
t i

s 
im

po
rt

an
t a

nd
 n

ee
ds

 to
 

be
 s

ha
pe

d 
up

. 
Fo

r 
in

st
an

ce
, 

on
e 

ca
n 

at
te

m
pt

 s
en

si
tiv

ity
 a

na
ly

se
s,

 

su
ch

 a
s 

Fi
gu

re
 3

-1
0,

 t
o 

m
ak

e 
it 

ea
sy

 t
o 

fin
d 

th
e 

so
ft

 s
po

ts
.

In
 th

e 
fo

llo
w

in
g 

ch
ap

te
rs

 s
uc

h 
co

nc
er

ns
 a

re
 p

ut
 a

si
de

. A
ny

 c
an

di
­ 

da
te

 a
rc

hi
te

ct
ur

e 
fo

r 
hu

m
an

 c
og

ni
tio

n 
m

us
t e

xh
ib

it 
th

es
e 

ch
ar

ac
te

r­
 

is
tic

s.
 T

he
 a

rc
hi

te
ct

ur
e 

m
us

t b
e 

a 
fu

rt
he

r 
sp

ec
if

ic
at

io
n 

of
 th

e 
ou

tli
ne

 

sk
et

ch
ed

 h
er

e.

23
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 S
um

m
ar

y

It
er

at
in

g 
th

ro
ug

h 
th

e 
lis

t o
f F

ig
ur

e 
4-

24
 i

ns
til

ls
 c

on
fi

de
nc

e 
th

at
 S

oa
r 

is 
a 

go
od

 c
an

di
da

te
 f

or
 a

 u
ni

fi
ed

 t
he

or
y 

of
 c

og
ni

tio
n.

 T
ha

t 
is

, 
of

 

co
ur

se
, 

de
lib

er
at

e 
on

 m
y 

pa
rt

. 
O

ne
 w

an
ts

 a
s 

co
m

pl
et

e 
a 

pi
ct

ur
e 

as

j 
<I

98
8)

 f
°r

 a
 V

ar
ie

'y
 o

f 
""

"'
io

n
s
 «

 c
om

pu
ta

tio
na

l

S
ym

bo
lic

 P
ro

ce
ss

in
g 

fo
r 

In
te
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ge

nc
e 
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23

1

po
ss

ib
le

, 
ho

w
ev

er
, 

so
 I

 l
is

t 
he

re
 s

om
e 

of
 th

e 
pr

ob
le

m
s 

an
d 

is
su

es
 

th
at

 S
oa

r 
fa

ce
s.

So
ar

, 
lik

e 
an

y 
co

m
pu

te
r 

sy
st

em
, 

is 
a 

sy
st

em
 a

lw
ay

s 
in

 a
 s

ta
te

 o
f 

be
co

m
in

g 
so

m
et

hi
ng

 e
ls

e.
 M

an
y 

as
pe

ct
s 

ar
e 

no
t 

ye
t 

op
er

at
io

na
l, 

or
 

on
ly

 o
pe

ra
tio

na
l 

in
 s

om
e 

lim
ite

d 
w

ay
. 

I 
de

sc
ri

be
 h

er
e 

a 
cu

rr
en

t 

ve
rs

io
n,

 S
oa

r 
4.

5,
 b

ut
 th

en
 im

m
ed

ia
te

ly
 c

la
im

 th
at

 c
er

ta
in

 i
m

pr
ov

e­
 

m
en

ts
 a

re
 c

om
in

g 
in

 S
oa

rS
, 

th
e 

ne
xt

 m
aj

or
 r

el
ea

se
. 

T
he

se
 i

nc
lu

de
 

so
m

e 
im

po
rt

an
t 

as
pe

ct
s,

 o
th

er
w

is
e 

w
e 

w
ou

ld
 n

ot
 b

e 
m

od
if

yi
ng

 o
r 

en
ha

nc
in

g 
So

ar
 t

o 
in

cl
ud

e 
th

em
. 

O
f c

ou
rs

e,
 s

om
e 

of
 th

es
e 

ch
an

ge
s 

w
ill

 n
ot

 m
ak

e 
it 

ev
en

 t
he

n,
 s

o 
it 

w
ill

 h
av

e 
be

en
 p

re
m

at
ur

e 
to

 s
pe

ak
 

of
 th

em
. 

It
 is

 a
 g

en
ui

ne
 T

ri
st

ra
m

 S
ha

nd
y 

si
tu

at
io

n.
 I

n 
th

e 
tw

o 
ye

ar
s 

si
nc

e 
I 

de
liv

er
ed

 t
he

 W
ill

ia
m

 J
am

es
 L

ec
tu

re
s,

 S
oa

r 
ha

s 
ch

an
ge

d 

si
gn

if
ic

an
tly

. 
In

 p
ar

tic
ul

ar
, 

So
ar

5 
ha

s 
go

ne
 f

ro
m

 t
he

 d
es

ig
n 

st
ag

e 
to

 

im
pl

em
en

ta
tio

n 
an

d 
is

 n
ow

 b
ei

ng
 in

tr
od

uc
ed

. T
o 

up
da

te
 th

e 
bo

ok
 to

 

ta
ke

 i
nt

o 
ac

co
un

t 
So

ar
S 

w
ou

ld
 r

eq
ui

re
 e

xt
en

si
ve

 r
ew

ri
tin

g,
 d

ur
in

g 

w
hi

ch
 S

oa
r 

w
ou

ld
 c

ha
ng

e 
so

m
e 

m
or

e.
 T

hu
s,

 w
ha

t i
s 

re
pr

es
en

te
d 

to
 

be
 S

oa
r 

is
 r

ea
lly

 a
 m

ov
in

g 
av

er
ag

e 
th

ro
ug

h 
a 

tw
o-

ye
ar

 w
in

do
w

.

It
 i

s 
ea

sy
 e

no
ug

h 
to

 e
nu

m
er

at
e 

sp
ec

ifi
c 

ex
am

pl
es

 o
f 

im
po

rt
an

t 

as
pe

ct
s 

of
 S

oa
r 

in
 t

hi
s 

in
-b

et
w

ee
n 

st
at

e.
 T

he
 m

ai
n 

ne
w

 a
sp

ec
ts

 o
f 

So
ar

S 
ar

e 
co

m
po

ne
nt

s 
of

 th
e 

pe
rc

ep
tu

al
 a

nd
 m

ot
or

 s
ys

te
m

s 
an

d 
th

e 

ad
op

tio
n 

of
 t

he
 p

ri
nc

ip
le

 t
ha

t 
So

ar
S 

is
 a

bl
e 

to
 r

em
em

be
r 

on
ly

 a
 

si
ng

le
 s

ta
te

 w
ith

in
 a

ny
 p

ro
bl

em
 s

pa
ce

, 
as

 o
pp

os
ed

 t
o 

So
ar

4'
s 

cu
r­

 

re
nt

 c
ap

ab
ili

ty
 f

or
 r

em
em

be
ri

ng
 a

ll 
of

 t
he

 s
ta

te
s 

th
at

 h
av

e 
be

en
 

vi
si

te
d.

 B
ey

on
d 

So
ar

S 
ar

e 
m

od
if

ic
at

io
ns

 t
o 

re
du

ce
 t

he
 p

ow
er

 o
f t

he
 

m
at

ch
in

g 
ca

pa
bi

lit
y 

of
 p

ro
du

ct
io

ns
. T

he
 c

ur
re

nt
 o

ne
, i

nh
er

ite
d 

fr
om

 

O
ps

S,
 s

ee
m

s 
in

 s
om

e 
w

ay
s 

cl
ea

rl
y 

to
o 

po
w

er
fu

l 
fo

r 
w

ha
t 

ca
n 

be
 

do
ne

 i
n 

a 
si

ng
le

 r
ec

og
ni

tio
n.

 A
 m

or
e 

m
in

or
 i

ss
ue

 c
on

ce
rn

s 
th

e 
re

­ 

qu
ir

em
en

t f
or

 s
om

e 
pr

od
uc

tio
ns

 t
o 

ke
ep

 S
oa

r f
ro

m
 d

es
ce

nd
in

g 
in

to
 

in
fin

ite
 i

m
pa

ss
e 

pi
ts

. 
So

m
eh

ow
, 

on
e 

fe
el

s 
th

at
 t

he
 d

ef
au

lt 
be

ha
vi

or
 

ou
gh

t 
to

 b
e 

de
fi

ne
d 

en
tir

el
y 

in
 t

he
 a

rc
hi

te
ct

ur
e,

 b
ut

 t
hi

s 
ha

s 
no

t 

oc
cu

rr
ed

 y
et

.
C

er
ta

in
 t

hi
ng

s 
ha

ve
 n

ot
 b

ee
n 

de
m

on
st

ra
te

d 
w

ith
 S

oa
r, 

al
th

ou
gh

 

no
th

in
g 

in
 o

ur
 c

ur
re

nt
 u

nd
er

st
an

di
ng

 in
di

ca
te

s 
w

he
re

 th
e 

di
ff

ic
ul

tie
s 

w
ill

 a
ri

se
. 

O
ne

 l
on

g-
te

rm
 g

oa
l 

of
 a

rti
fic

ia
l 

in
te

lli
ge

nc
e 

ha
s 

be
en

 t
o 

co
ns

tr
uc

t 
no

nb
ri

ttl
e 

sy
st

em
s 

sy
st

em
s 

th
at

 d
o 

no
t 

ab
ru

pt
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immediately fatal. Big investments demand that abandonment be a 
deliberate business, done only when the preponderance of evidence 
shows it must be done.

(6) Unified theories of cognition must be made easy to use and 
easy to make inferences from. This becomes especially important 
for theories of very wide scope and for theories that are, in impor­ 
tant ways, embedded in simulations. We have learned in computer 
science the immense effort required to produce a successful pro­ 
gramming language or a new operating system or a new statistical 
package. It requires much more than the lone investigator with the 
good idea and the initial implementation as many lone pro­ 
grammers have found out to their sorrow. It requires attention to 
the user interface, to user documentation, to training workshops, to 
system support. These tasks are especially important for building 
up a community around a unified theory and have become a sig­ 
nificant component of the Soar community effort.

(7) Finally, I repeat the exhortation to acquire domains of appli­ 
cation, which can support and invigorate a theory intellectually. 
Building application domains, by the way, creates a community 
with a large investment in ease of use, and hence with a willingness 
to expend the effort to create the tools to make it happen.

So we end where we began, but with understanding.

Psychology has arrived at the possibility of unified theories of cogni­ 
tion theories that gain their power by positing a single system of 
mechanisms that operate together to produce the full range of human 
cognition.

I do not say they are here. But they are within reach and we should 
strive to attain them.


