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Abstract of the original article: Human agents draw avariety of inferences effortlessly, spontaneously, and with remarkable efficien-{ S

as though these inferences were a reflexive response of their cognitive apparatus. Furthermore, these inferences are drawn wiM
reference to a large body of background knowledge. This remarkable human ability secms paradoxical given the complexity 2
reasoning reported by researchers in artificial intelligence. It also poses a challenge for cognitive science and computatio
neuroscience: How can a system of simple and slow neuronlike elements represent a large body of systemic knowledge and perfom
raugeofinferenc:es“ﬁthsmhspeed?Wedesmibeammpuﬁaﬁondnwddthattakesastepmdadhﬁsmgdn
challengeandrmdvingthem-ﬁﬁcia]inteﬂigenceparadoxWeshmvhcmamnnecﬁonistnetworkmnenuﬂemiﬂ%moffadsand g
involving n-ary predicates and variables and perform a class of inferences in a few bundred milliseconds. Efficieat reasoning
the rapid representation and propagation of dynamic bindings. Our model (which we refer to as SHRUTT) achieves this by represcs
(1) dynamic bindings as the synchronous firing of appropriate nodes, (2) rules as interconnection pattems that direct the propagati
thythmic activity, and (3} long-term facts as temporal pattern-matching subnetworks. The model is consistent with recent
'logica]evidencethztsyncbroma:ﬁvityocuminthebrainandmayphyareprﬁentaﬁonalmleinnanﬂ‘ 011
pmaﬁng.%nﬁelabmkawﬁcmbgmﬂyﬁgﬁﬁantpruhcﬁomahﬂ&emdm
mnstraintsontheformofmlestha:maypmﬁdpatehnmhmﬁngmdmhtesthempaﬂyufﬁwmrﬁngmnmryuﬂdeﬂy
reﬂexivereasoningtobkﬂogica}pammetersnxiuasthelmn&dﬁequemyatwhidlnodesmmstainsynchmmmpaﬁomand_

coarseness of synchronization.

SHRUTI’S ontology is representational

Luca Bonatti

mmm@ma&mammi
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Abstract: 1 that SHRUTIs ontology is bemily committed to a
represcatational view of mind. This is best seen when one thinks of how
SHRUTY could be developed to account for psychologios) data on dednctive
Teasoning,

A representational theory of mind (RTM) sees mental processes as
operations over representations. In this framework, reasoning too
nwybeseenasaspeda]setofsuchoperaﬁons.'fheview, i

seemsobviousataﬁrstblush,tumsmttoraﬁsemanyphﬂoscphical
ridd]es.Onem)cia]quesﬁmconcemsthemeansbywhichrepre-
sentations are internally encoded. There must be such a means, if
theviewiscnrre-ct,butnctallrepresentaﬁmwiﬂdo.For
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examnple, images are representations, but are oo poOTEe]
arﬁuﬂatem andmptra.ins of thoughts (m 1975). HeeZ
one is led to the view that the representational device of a think®
beingmustbeasrichasaﬁ:]]nmmlanguagewﬁtha i3
typified structure, and rules of compositions TESETViGg ConS
ency relations — call it, for lack of fantasy, a age of the
(LOT). And from there, one finds harder and T q
How is such an internal language organized? Which kin:2
evidence could inform us about its nature? How are its
internally represented? What is its relation to observable, oWl
natural]anguage?Andwi:ﬂ:keepsinphasemthjngsm'- 3=
as an internal and the external world? A
The temptation to cut all such riddles at their roots is strong T3NS
haspushedanincreasingnumberofphilosophersandsﬁe tisi=)
embrace connectionism, which has an apparently &
native picture, mkingta.[kof[ﬂ'l’,mles,andrep esental]
largely unnecessary.! Yet, in the domain of deductive reasor :
theahemaﬁveﬁewhasmfarpmdlmdsystemsofm,if k




%= - interest. We owe to Shastri and Ajjanagadde (1993)
" ¢ first serions copnectionist alternative in this area. s
" iom, SHRUTI, also an alternative to LOT and RTM, as
nientators have suggested (Oaksford & Malloch 1993)?
_«ht,itmayseemso;onemjghtbeledtobelieveitwhen
- Xt SHRUTI “does not apply syntactic rules of inference
"~ nadus ponens. There is no separate interpreter or infer-
Lapism that manipulates and rewrites symbols™ (p. 420};
“spontaneously similates the behavior of the external
- in doing so makes predictions and draws inferences™
20
7 . to show that SHRUTI is another source of support for
Lﬁx-:[’-_-.thatitlends rt to the belief that once a system
1. tp model real ical processes, it needs to make
-2 use of representations. One should distinguish three
-t levels of representational commitment: (1) to repre-
-35 of a certain sort, (2) to a LOT, and (3) to expiicit
sations of rules. An RTM-like system is commiited at
f> (1) and (2), and possibly, but not necessarily, to (3)
= 1887, Ch. 1 and Appendix). I claim that SHRUTT too is
#ed to (1), (2), and most likely to (3). This is not to say
IRUTI is a “mere implementation” of a classical systerm.
ire important architectural comsequences proper of
i1 and of no other system (see Shastri & Ajjana-gadde
3 St 8). However, for what concerns representational
sment, SHRUTI is no alternative to RTM. T will proceed
£+ =ws. T will first recall the features of SHRUTI pertinent to
's way with reflexive reasonfng. SHRUTI intends to
¥ hoaw dynamically gencrated facts (facts the system is given
fe spot,” without consulting its internal memory) can interact
- with long-term structures to generate quick inferences. In
- ke, it implements a theory of meaning postulazes (Fodor et
" %3). Such a theory was meant to account for nonlogical
k.ces among predicates and the solution it was to
Ee relcvant inferential relations explicidy. For example, (4}

1]

and “own” must be respected, and this is a tough problem
Frectionist networks. S&A solve it by exploiting two ideas.
.f:ﬁ»erjenrichthenodesforpredicﬂeswith]abelsidenﬁfying
:';ﬁfcrol&s.So(bermixrgasidedherm)dﬁnotreleﬁmm&e
B point) “give” is represented as in Figurc 1 and {4} is
2 by wiring in the connections between the thematic roles,
= Pigure 2. It is very important that nodes be labeled; other-
= the system will mishehave. Likewise, to dynamically repre-
* 1 fact such as

71 has to be explicitly given the full information concerning
4 individuals involved in the fact, bat

The representation of “give” in SHRUTL
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OWN

Figure 2 (Bonatti). The represeatation of a meaning postulate
in SHRUTI.

their roles as well. This is achieved by activating a set of nodes that
imﬂudﬂspedﬁcnod&sforthemﬁcrdes.Seumd,S&Ause
temporal synchrony to assure that predicsie arguments are cor-

assigned their thematic roles: the nodes for the arguments
and the nodes for their roles will fire synchronously. So, a syn-
chronous pattern of activation such as the one generated by the set
of nodes for {5) matches the antecedent of (4); this activates the
consequent of (4), and SHRUTI ends up to dynamically represent
anoither fact, (6),

6. Mary owas the book
which is the desired inference.

Representations and psychictogical adequacy. It is templing
to conclude that, first, SHRUTI does not need general purpose

ic rules, because the derivation of (6) does not invoke one
and second, that it may even do without a LOT, because, after all,
insrmUTltbereareon]ymdeslﬁ;::Edhernodcsandnot
symbol manipulations. Two points caution against such
general conclusions, however.

The first point concerns SHRUTT's other representational com-
mitments. It is true that SHRUTI does not contain explicit repre-
sentations of syntactic rules such as modus . but this only
means that its representational commitment does not fully em-
brace level (3}. As for (1) and (2), remember that node labels have
to be taken seriously. They determine whether a fact is correctly
expressed, or whether an inference will be triggered. So, the
functionally relevant primitives in SBRUTI are nodes with their
labels, and labeled have the same roles as typified symbols in
alanguage 2 In fact, it is easy to match each of SHRUTTS activation
states with formulas in a langnage: for example, the activation
structure for (5) can be paraphrased thus:

7. John is the giver [the node for ‘Jobu and the node for ‘Give’

fire synchronically], Mary is the receiver [the nade for ‘Mary'

and the node for ‘Recetver fire synchronically], and book is

the object [the node for ‘Baok’ and the node for ‘Given object’
SHRUTI already contains temporal “and” and “or” nodes realizi
logicalcmnecﬁves;onoe&nemksoﬂabelsarealsomnside
one can see that SHRUT! implements a LOT, by means of which it
explicitly represents the data structures expressing dynamic facts.
So SHRUTI is committed to {1} and (2}.

S&A do not un away from representational commitments. In
criticizing the of distributed represcntations, they write
that “a distributed system - at least in its pristine form — cannot
have the necessary combination of expressiveness, inferential
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adequacy, and scalability. . . .There is a basic tradeofl between
distributed representation, systematicity, and paraflelism: no
amount of handwaving can make this tradeoff disappear” (p_ 485).
The logical conclusion is that SHRUTI is no alternative to RTM.
Nevertheless, one may argue that SHRUTI reduces the need for
explicit representations, and in this sense it also reduces the role of
representations in reasoning. Notably, it would show that general-
purpose, syntactic rules for deriving inferences need not be
explicitly represented. My secorxd point, then, is that once SHRUTI
is made psychologically more adequate for modeling reasoning, it
may even be committed to type (3) representations.
S&A point out a number of extremely interesting psychological
cxmsequermsofﬂ:ar model, but these are very broad architec-
rties of a cognitive system, not specifically geared to
t&d:lngr:f:orns of deductive reasoning. A plausible model for
reasoning should address many microproblems that sHRUTI does
not yet handle. For example, everybody masters the rule of double
negation, or excluded middle, but not mssters uncon-
strained reductio (Braine et al. 1984). Or, to give another example,
people are very good at modus poncns, but also faisly at
modus tollens; however, they do modus tollens better with “only if ™
problems than with “if then™ problems {Johnson-Laird et al.
1992). Mmymckyphenomenaofdmhndenstandcaﬂforan
. There may be no pri difficulties in developing
SHRUTI to account for facts like these, butthesystemmrtspresent
form does not do it 2
How could it do it? Notice first that sHRUTT is already partially
commiitted to level (3). Meaning postulates are explicitly repre-
sented, since for them as well one can decode labeled nodes and
find unique corresponding formulas. Yet it does not represent
“syntactic rules of inference such as modus ponens™ (p. 420). This
is because it does not do modus ponens at all: in fact, it dgrives
certain inferences by explicitly representing meaning postulates,
and by locally building into them the absiract inferences.
The reason for representing meaning postulates is
that people are good at inferences ed by them. But if it
turns out that are also at inferences unrelated to
speciﬁcmntents such as modus , then the most natural
way to i sucbﬁndmgmsrmlmwmﬂdbeprfsumably
to treat abstract rules just like SHRUTT treats meaning postulates.
'I'hlscwldbedonebyett-:ndmgtbenohonofdynmnmfa:tto
dynamic abstract miles. We may imagine that, instead of
only declarative queries about facts, SHRUT1 can also be given
conditional queries, which create a dynamie pattern of activation
such that a static fact, or a further dynamic declarative input,
allows releasing their consequents. But then sHRUTI would con-
tain a that guarantees that once the antecedent of a
rule/query fires, so does its consequent - that is, it would contain
modus as part of an explicit representation of the lexical
entry for “if” {Braine & O'Brien 1991). Notice that even if such a
modification would be a substantial enrichment of SHRUTTS rea-
soning abilities, it would not be a major theoretical
sHRUTI already contains two logical connectives (in the form of
special nodes representing the truth conditions for temporal
"and™ and “or”); to allow conditional queries would amount to
explicitly adding another connective, as abstract 25 logic wants it
to be.

This argument applies to other possible nonreflective abstract
rules for ing. It seerns that there is a quite rich — though not
too rich — set of abstract rules use reflexively while
reasoning (Braine et al 1984} The natural way to adapt SHRUTI to
accommodate these abilities would be to represent such rules
explicitly just as meaning postulates are. Then the set of such rules
would correspond to the content of a classical box for reasoning,
realized in a paralle] architecture.

In conclusion, SHRUTI cannat do without {1) and (2), but
probably is comm:itted even to (3). It is just a matter of developing
it far enough to make the representational entology emerge out of
its nodes. However, this does not mean that SHRUTT merely
implements a classical systern. There are other psychological
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consequences that it has and classical system do not have, 3

&

original coniribution has to be found there. T
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NOTES

1. Specifically referting to reasoning, Rumelhart (1980, p- 28)
“some believe that the existzoce of i erences implies a kind of
systemsimi!_:-rtotlwlemp}oyedmmnhnﬁzr symbolic-proc
modek.lhx.—ebwomeinutaﬁnﬁ'mﬁmdlhatmudadudm“
reasoning can better be accoumted for by such as pagt
matching and generalization, which are well carried out by PDP mode;
And 1zl and Abmahomsen (1991, p. 174) write: =if conrectionis: 3
able to provide an account on how {patterns involved in logical proofs] il

as seetss quite plausible, then we shall not have to ¢
fowmiv:!ate logical expertise in terms of a set of mental rules or procedy e
rather, we can treat it as a quite different sort of knowledge.”

2. Labeled nodes may stand for clusiers of more elewe; ml)rnodes,
&nsﬁnotunportantﬁmchona.’h*mlyﬂ:ehbeﬁdnui&sddermm #ﬂz
behavioe of the system, and these are lunctionally equivalent to elem?
of a languaze. .

3. sERUTI has many logical limitations. However, this is not necesss
aslm“ﬁmgforasystemme.nttuexplamr#l.wmmg(
Dawson & Berkeley 1993). The real question is whether
exhibit similar limitations when reasoning reflexively. This question carg
be&odedamﬁmamaﬂnrcf;sychobgmalmves&gahm_ nd

tlsnﬂ:erthdmofsnnmsbglcalhmﬂ«‘mnmmm
E;lofwbaiwhmabmtdeducﬁvermmmg
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Shastri & Ajjanagadde (1993) (S&A) argue convincingly that 5%
structured connectionist networks and parallel dynasiic inferzaes
mgare necessary for reflexive reasoning - a kind of inferenad

that occurs rapidly, spontaneously, and

PR e, ety limmﬁiq

conscious effort, and which seems for everyday
sm:hasnaturallanguageunde AsS&Adesa'lbe
re(pnresaso!uhnntoﬂ)e

t'hatls howtoenddesystemahcandabsumhnw‘ledge oo
mstantlaxe itin situations to draw appropriate inferes

ic artificial mtellizence systems trivially
dynarmc bmdmg problem using uters’ registers and p
it has remained a difficult problem ;01' connectionist systers

Fodor & Pylyshyn 1988). S&A’s temporal synchrony solution

binding problem using synchronous firing of 2
umisandtheenhh&sthalmbwndtothemﬂlustr«tﬁm o
whichmnechonmmornmdotbxsumnga ..u..w-‘w

important class of long-term knowledge rules. Their
connectionist solution allows ic inferencing to p 0
parallel and therefore has a number of advaniages for
reasoning over most other connectionist and symbolic

An altermative structured connectionist sofution to the d
binding problem that has similar advantages is to represea
coneeptmﬂlenetworkwﬂhaumqued:sirbutedp&
activation (its ire) and to represent each argum-e'l’
ensembie of binding units {Lange & Dyer 1989). An 3
h:vundtoagwenva]uewhentheactwahonacmss:ts hindmg !
is the same as the signature pattern representing that g
Dynamic bindings are therefore represented as signatures a1
propagated through network connections between approg
argument units much as in S&A's system. The ~pattern o0
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